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FOREWORD 

Worldwide interest if styheans cootiinies to increase. In the pact several 
decades, soybeans haw risen from a iriot crop t') a major world source of 
oil and protein. With this (rowih i imrportance, research interest has also 
increased, al 1Pti¢ nlet oM( f pe.ll,. Involved has (row( ral)i(ly. 

Trhe First W/oild S vwmn ft 'tire w,s held at Ut tana, Illinois, in 
1974. The citferir vi, wI Ltt!llt!d(1' with (300 rlarticiltants from aboot 
50 countritis. At tn co(Jwtcr0tl f the cotf(e':!.r , tti'rtJgeneral COIlSelnSLS wr,; 

second ffellcet tothat a cl:t j hbotill iw held iii three five year;. Thu location 
and exact iat: 11c'tt)ldetif?rinint(. Wit the ettcr1rar(q'lent of inlustry 
Ifalers such ad;MI toh ut .lUdd, National Soyhean Crop IImprevemernt Asso
ciatiun, and Dr. Rithert Howell, Chaim an of the 1974 conferirn-e, Nolth 
Caolin State Univesity c:ji eud to hos, the Second World Soybean Con
ference. 

Wol d Suybean Col ftenct II was helti it the Jane S. McKimmon Center 
for Cotttinirinq Education, N. C. State Univeisity, Raleigh, N, C. This volume 
contairns 74 of the 83 invited p ajers presented at the conference. Abstracts 
(of all papers were )iLirhr;etl sepairately and ilistribtited at iegistratfon. There 
wet' a total of 220 papers presentert with 29% of these from foreinn part ci. 

l) lt S. 
Our goals froin the confererce were to improve comrunication among 

soybean research and extinsion specialists, to share current information on 
the various disci)lires, to )rovide a forum f)r multidisciplinary discussions, 
and to stimulate new research ideas. We feel that we accomplished these 
goals. Many par ticipants indicate(d that they gained a better understanding of 
their own area as well as a familiarity with the current research in other areas. 
Several new cooperative endeavors were established and others updated and 
expanded.
 

BecaLse of the number of papers and the array of disciplines, concurrent 
sessions were necessary. However, an attempt was made to minimize con iicts 
and maximize multidisciplinary exchanges. Plenary sess;ons were used for 
topics of general interest to all participants. 

xiii 



xiv Foreword 

In an effoi t to make the conferenie init!rI atil)naI and to assist pa ticipa
lion from soybeallnl spcialists floml (he, ;Iopii(J C iltt ie,, a USAID cjanit was 
obtained. Also USA I[D finu; IS)LS USDA-SEA hunts were 11s( In aossi, I with 

the fuh)lication of Alhstacts aid Pr'cfe(iill s. ()tiers Isi't at ill this ,oltlllle 
coitrihuiteui to eni ulf:, support. Ti isiirlt tw, ciiticll 1() the condouct 
of thle conlfer eeCt. 

Wef,wvant to thank all thos sh!i Cillti)h i to thW ri)fllerillI (.-Jl 

s;ln;ols, the participa.nts, lt ftculty eml tihe ,toiis. whC (iad Worldl 
Soyheall Colfei ellc( a success. My special tl~illk, to lle faculty Wi1, pro

vi(d lfa(Jershi) fo thl1e van [ous conrinittles and to Di. Fled Co bin ani Mrs. 
PRll Wilsoln l0r tli' effolts il,the imely Coinll)!iiorrl of tiW, VOlume. 

Billy E. Caldwell 

Conforence Chairman 



PREFACE
 

The 1WFr/i Soylbean? liosox-c (Crw!?Ivrcti 1/ ("locee/atq'; shttld wstr as 
all f.XC011lilt reSouICe for SrWirsiS IMOV(1vui ('ntl r ;rtlY inl va tLlS [phaSeS Of 
soyhrrar research. FriltevrI)WO, 11to. Volltrit o ir Jatrh did to StLld(tItSat 

Si illrr: Wl ~I~I ;lLIl OI wct it ~r lit iti i Ic ale:I: ti i 	 t t c-triot 

i 	 ti c rriirtl l t;, tr wEr!) t!0 o)killi trrrJ t Ahi I; ahi ch~ 

di tet~et(I ll! it 1 k''I it 11,1011 tt r,od W O l Ofiti) ~ ) il iiJ. 01 Zroit 

C t5tz ll~ i Ir~ iit tr~ , r!rof nt011,i 11Wi rt~r i i i: ririrr 
~trrIritlw iu irrr t I PI llrir lido; rr lttrtli tritipotlr'i)d trtd ' 111 i 

reH illc), )H1inK itt I ('11()".ie (it ;( [mi. linrI'll), DI.n in)t irrl ),i . '11)( 

I ar111ttsfolraiy i t t it.1 mlr ;1ir bVlook Itt ir1t1~i](11ts)nir : int iIcal 

lettitltor M i itlli r ite ryptn1!ltrr ini.w , Iln limD ni. D. ie trlfm 

iOr) tIld finl1 yr toof 10 of turn Jlarr ~irjrIiS. 1-'I 'Sttnjq(tiiOrIS VWet IWJaloahie ill 

tile [)LlhliCati0!r of hoth th., Abstiacts anid Tile Proceediirrs. 

--	 Frcderick T Corbin 
Edit-or 

xv 



DESIRABLE QUALITIES OF SOYBEANS-JAPANESE VIEWPOINTS 

1-1.N'akamura 

It is my great honor and ptivile e to be invitcd to tile second Wotild Soy
hen Research Conference and to make a keynote address oil the desirable 
(Foualities of soyhearns fre the world mlmket. 

I thitik it is Iitot ically siql ificant fmt this Colifeli Coeto 1), hhId in North 
C61i1111a, IcAt e ill t(t i',li, !:) o Of Uifittcl States soyheal I)IO(IUC to1 at 
tic ii ,it'tninti of thi c r, t 1 , SviKOs \el Iio st (lowi herw and the domiaes
tiCl,,l Hi!o S aimt' ; .. l Ic,('jKc lto oil 3(1 o etil iii 1915 1y tih Eliza-

Oil, CoogKml 
S,'\CtVJ( t ' I Oil I,,tS ,, Nito Fi Catoiol a hegai I)locesiln( soyheans for 
,)il ;,l~c 11/Ji!. ht't tly ' s ill(' tt ty of soyl) tIwl.Vas avilei for Crlsiting 

olhil'tv tht sjc'ed stlolll dl 

' thCity F ",t i/,r ny iatElizahutii City in this State. Also, 

't o to high Fti ices af the wlicli was in and for 
it". o -; dili ligt those alily yeals. I thb.past rtfty yeals since its small 
be(gilnihlI irl Notth Cdrnlia, imtrc: soyban i)rodetioi1 h3:; increased at 

astotthiig tLcc taor.iy the Un;ited States has heCOlne by3,, t(n far the largest 

IProJu.el ad t)l)Ce.ssiD Of SOyhlafs ilne world. 
The e-;o.tlh antd ti) ; lrobpet ity of the Alerican SOybeanl industry ha 

untC/l brot111h. ildoot Dy s,leui efforts of Countless innahersl of people in all 
segiaellts of thet A malicain soybean imd, try, ircluding growers, processorc,, 
scienttists, fandlers, and a!F others who are corinectedt in some way with tile 
lroduction, tilization ani 11iarketincl or soyb;eanrs in this couttr,/. The U.S. 
goveronent itas ais, player? art imporant role in the growth of the soybeati 
in' ut tr[y. 

On th: basis of a glorious hi'story of success of the Arnerican soybean in
dustry in the past, I thiiik it is most alttiopriate for ti '- 5e gathered here '1 
this historic soybean state of North Carolina and to look into the future of 
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soybean prodLIction and ulilization in the word. Fo)i this IpULpos I think it 

is irnportL!t at this time to review the chiracterlsti(:, of soylhan (tmand in 

f)reff " othe worIld and 11 vr.OcOT It ! i (I' (f f If o III11InIl soyh -a[s it
 

the world nalk it.
 

With It '1).)v it i ii 1i, todiy I w ill fif l (i X fl i;, thie nltit Ioof soybean
 

deland illtho ji dj1d107 nilktit twtr niOltil i t, >dtiid;fill(,
1 Ih1 types of soy
twit ls11 !lw, iIn . t ili .
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OIfyear'; , h , t !,.wd Is ii,i,i ti7id itT h t1I ' s>igi(t industry. 

Ill ii p ,iletiti i t iti hIov,- tlhLt 5.t tdIiT5 T ! i illOt(dy ls'd aISal 

1J1pt iOTnt ill V.iT ll Liy, fomi ill tht i!hli h ct litily. Sil~lcT! tim e i

II'linOTidllsoy itoans is' ho-llnIT11[l li! op tli JltlO,:t1I*l'lt; sT ( iot, tot)tlh

eT w hitfish md I co. Thl()11,i111til t, ('1,11til; ios Itlif fholdsl ellt Itpes of SO(litlwTT 


huvei7, n dTii ( 7117! ,, TiK tl TTn liw i tii, iltiTTtIOlalldiiT d
v l't /,1 I ti, tlily 

foodl itfTT1s, "Id ) ,' i t o O I \'iwoi i ll lld, Ill1 ) )1I tinltTlltTf SnyToa i 5,O!), 

feilTnttt'7 ,tyhiT linTif ndlsyiatt) of 5 ill (TP ti'Icf 5,t)yOhemTl floit Tll s.) 0el!. 

.41T aVe{lit(I' Jtl7,inT175 I1;lT()t 'd Tol Of o ll ,V&I\/hlii 11il7 ' h'us ny fotIds 
,I , d :OtVy (in 11i k tI ,II(tint'.I'ct h',ill dil, i dlir ith."i)Ws .J11i1t l ih,,<,e 

out tasteT dll f '(VIIl 

Fo til lh ll 1i)1t ,i ft t Ot it ll ,of ii tiI( il7 t ( mt kon Japai 

COT):,LII I17S il)[tOXI(ItiJOY 800,000 1t0IeS Of 110dt '29 ItilliTT! bLushls (if whOle 

sovlw!otis emcd y dIl.ii Itlliill . Tn, 200,000 lurlTof soyheau l l a ate; 

Ulsed1(fm77TilTli itt li! .0) 1tt il Thtus, yoii 7/ i (lht'l 'toyh'i!!i foids. whtei 

co(lillle v ole' J<,,Il: IIll111, , l l, dil01,11tS
Int ;t,OI dl 11)(I tr 'irto ltal 

t.rIISs "'Itll'lITll of 1.2 r illlTrltTi!T(1 e Cm ,ii.i, dM ilIally foriT li 

f )I lIft 0)0s. ()If I t Il ( 11ttti Oasis, Itis ik ihltit 10 kicor 22 lb of soyleanl 
COVISI-111)ti()nrl l11101 [WI~ yj! l.h(td it'!;( 


Till, J~ipii -t! soyhi!.iii f Iol Il tlultiCturii s have Iti glietn tie IC(t'toienl to 

us:ng IIOnlestic or il ittTd Chil se T rilltif Igsoybeall ItldiT Ictci prOCeSs. 

Since they s!5'fTTIolT (TOyhtxItT1 directlv isfoiod thI\ e very ilChI coT cu ld 

with tlIT .. L Iity. they i)refr soyltIaCis of o clear yTllow COi T, uliforml size, 

and hitih l1rot(in Cori(tei with no foeitn ina tials. Whimi American soybeans 

Wele first tirSOCfty th, JapitlnSese ;oyl)r- food industry illthe lastu 1950's be

caule of the ack of Chinese soylheaiis, m ry comlllaints w/1(1 iised (against 

American soy)eans reilardinq tihet i)Xselice of foreign materiais, iwircentage of 

green beans, irregutlairity of size and lower protein content. As it vis neccs
sary to cleani American soybeans, varieus cleaning devices h, . been devel
oped to (let lid of th(! oteiqn matetials alld dust iswell as broken particles 

of soybeans. ThLIs, through mechanical cleaning otpiat ors, tood ulanufactur

ers obtain dockage-free American soybeans of uniform size. 
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With regard to the level of protein concent, most Japanese food manu
facturers have discovered that soybeans grown in the central and northern 
parts of Illinois, Indiana, and Ohio are generally high in protein and suitable ' 

for their soybean products. Therefore, they pay some premiums for soybeans 
from these areas. However, miso manufacturers still prefer Chinese soybeans 
and they say they can obtain a better product through the fermentation 
process when they use Chinese beans as the raw material. The reasons for 
these preferences are not.-welLdefinedscientifically,-but are saidtobe related.. . 
to the softness of beans when boiled, and the thickness of hulls of American 
soybeans. 

Tofu or soybean curd manufacturers prefer Indiana-Ohio beans, because 
they can make a better product by using high protein American soybeans 
grown in these areas. In terms of quantity of tofu, people annually consume 
half amillion tons or about 18million bushels cf U.S, soybeans. 

The general quality requ rements of the traditional Japanese soybean 
food manufacturers are clean yellow soybeans with a high protein content. 
Depending upon different products they have adefinite preference for atype 
of soybeans to be used as raw material, and when they find their favorite 
typo they are willing to pay a higher price for the suitable beans. They say 
the tastes of their products are related to the types of beans they use. Under 
such circumstances there is an opportunity for plant breeders to develop a 
high protein and a high yielding soybean variety suitable for various types of 
soybean foods in the Japanese and other Asian markets. Moreover, if and 
when more soybeans are used directly as human food in the vyorld, there 
will arise a greater need for developing a suitable soybean variety for food 
uses. Seed and hilum color, size of seed, cooking time, swelling, taste, and 
texture will all become important factors for developing such a food variety. 
Preferences of consumers must be the basis for developing a new soybean 
variety for direct food uses. 

In the calendar year 1978 Japanese soybean consumption for all pur
poses amounted to approximately 4.1 million tons or about 150 million 
bushels, of which 80% or 3.3 million tons were used by the soybean proces
sors to make oil and .neal and 20% or 800,000 tons were used by food manu
facturers. In terms of current world consumption it is estimated that more 
than 90% of the total soybean demand is for crushing and only 7 to 8% is 
used for food products, mostly in Asian countries. 

Now let me speak on preferred types of soybeans by the Japanese proces
sors. As a matter of fact, desirable quality requirements of soybean processors 
may be universal throughout the world, because processors are first interested 
in high oil content beans, which will enable them to get a higher yield of oil 
per bushel in their extraction process. Since the price of oil per pound is 
generally 2.5 to 3 times higher than that of meal, a higher oil yield means a 
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higher products value per bushel of soybeans crushed, and naturally a better 
margin for processors. 

Of course, processors are also concerned with the protein content of soy
beans, as soybean meal is traded on protein basis. A protein level high enough 
to make 44% protein meal without dehulling isa minimum requirement. 

With respect to quality of soybeans for processing, it must also be men
tioned that even for large-scale processing operations it isdesirable, as in the 
case of soybean food manufacture, that the level of foreign materials be as 
oT6w-aspossibleI arvestng and handling equipment must be so improved as 

to reduce foreign materials in harvesting and handling operations. Also, it is 
necessary to control weeds in the soybean fields in order to reduce admix
tures of weed seeds in soybeans. 

One characteristic of the Japanese processing industry is that all the proc
essors refine their crude oil production and sell refined oil under their brand 
names in the domestic market. Now, let me briefly explain the edible liquid 
vegetable oil market in Japan. The annual domestic production of soybean 
oil in 1978 was about 600,000 tons, rapeseed oil production 350,000 tons, 
corn oil and other vegetable oil production combined amounted to about 
200,000 tons. In addition, Japan imported about 45,000 tons of cottonseed 
oil and other vegetable oils in 1978. The total of all these edible liquid vege
table oils in 1978 was 1,200,000 tons or about 2.65 billion lb. These figures 
do not include palm oil and coconut oil. 

Of the total supply of 1.2 million tons of edible seed oils, about one
third was sold by processors in consumer packs in liquid form for household 
consumption; one-third went for restaurant and other institutional uses; and 
another one-third was sold in bulk to manufacturers of margarine, shortening, 
mayonnaise, and other food items. 

In the category of household market for edible vegetable oils, rapeseed 
oil accounts for 70 to 80% of the consumption, and use of soybean oil is 
quite limited due to its color and flavor reversion problem. 

Oils for restaurant and other institutional uses are sold in a five-gallon 
can and consist mostly of refined soybean oil. In this category oil is con
sumed in a relatively short period of time and color and taste reversion is 
not much of a problem. 

Oils used by the food fats and oils processing industry are sold in bulk 
and both refined soybean oil and ira,,eseed oil are used extensively. Since 
the Japanese oilseed processors generally refine all their crude oil production 
and sell refined oil under their brand, they are very much interested in tt~e 
quality of crude oil. 

Polyunsatu;rated oils are preferred for health reasons. For household 
consumption oils are sold mostly in glass bottles or plastic containers. Be
cause of the flavor and color reversion tendency of soybean oil, rapeseed 

. ' ' ' 
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oil is definitely preferred in consumer' packs in the Japanese market. In a 
reversed sense, this means that if the stability of soybean oil against light, 
heat, and oxidization is enhanced, demand for soybean oil, hence for soy
beans, will be greatly increased. Such a change in the nature of soybean oil 
could be attained possibly only through breeding a new variety of soybeans 
having a new composition of fatty acids. 

In this connection, the Canadian success of rapeseed breeding activities 
may be cited as an example. As you know already, the concerted efforts of 
the governent ad i~~fhhsfiiifitions Fr Carailhave cujlminatedf in -de 
veloping new rapeseed varieties with low erucic acid and low glucosinolate 
content. The low erucic acid characteristics of Canadian rapeseed have cer
tainly contributed to a greater acceptance of rapeseed oil in the world mar
ket. Also, low glucosinolate rapeseed meal may be accepted more readily by 
feed manufacturers than before. Thus, the basic changes in the nature of 
Canadian rapeseed through breeding have greatly enhanced the prospects of 
demand for Canadian rapeseed and products. 

As in the case of Canadian rapeseed, if the fatty acid composition of 
soybeans could be changed to make soybean oil more stable by developing 
new varieties, the market for soybean oil would be further expanded. Of 
course, yields of new varieties must be as high as the present varieties to 
make them an economical crop. 

Now let me review next the soybean meal market in Japan. In the 
calendar year 1978 Japan produced 2.54 million tons of soybean meal from 
the 3.3 million tons of soybeans processed. In addition, Japan imported 
350,000 tons of soybean meal in 1978, of which 300,000 tons were from the 
United States, and most of the balance from Brazil. Thus, the total supply 
of soybean meal was about 2.9 million tons. Subtracting the 300,000 tons 
of meal used for manufacturing traditional soybean foods such as soy sauce, 
the balance of 2.6 million tons wias used to manufacture 21 million tons of 
mixed feeds in 1978. 

The demand for soybean meal for feeds in Japan has increased at avery 
rapid rate in the past two decades along with the increasing production of 
mixed feeds for the 'fast growing livestock industry. For instance, the quan
tity of soybean meal used for the manufacture of feeds in 1960 was only 
160,000 tons, which in a period of 18 yr increased nearly 15 times to a level 
of 2.6 million tons in 1978. During the same period the production of mixed 
feeds increased seven times from 2.9 million tons to 21 million tons. From 
these figures it can be noted that the demand for'soybean meal has increased 
at a rate much greater than that of production increase of mixed feeds die to 
the fact that the percentage of soybean meal mixture in the total ingredients 
of mixed feeds has increased from 5.4% in 1960 to 11.3% in 1978. This in
crease in the mixing rate of soybean meal has been brought about by the 
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recognition by the Japanese feed manufacturers p%the excellent feeding 

value of soybean meal as a source of protein at a reasonable cost, Also, de

pendable and increasing supplies of soybeans from the United States have 

provided a background for the greater use of soybean meal by the feed indus. 
try in Japan. 

Since soybean meal is used by the feed industry as a high protein ingre

dient, the price of meal is determined by protein content. A higher protein 

level commands a higher price. So, given the oil content, processors prefer 

of soybean processors that soybeans with high oil and high protein content 

are most desirable, and superior quality soybeans in this respect couldcom
mand a premium in the market. In the light of the negative correlation be
tween the level of oil and protein, it may be very difficult to satisfy high oil 

and high protein content requirements in one variety, but such a combination 
is clearly most desirable from a processor's standpoint. 

After satisfying the requirements for oil and protein content, soybean 
buyers prefer soybeans with the least amount of foreign materials. The pres

ence of foreign materials incurs cleaning costs. For overseas buyers additional 

ocean freight is also incurred. For manufacturers of traditional soybean foods 

in Japan, soybeans must be completely free of foreign materials when soy
bean foods are made directly from soybeans. 

With regard tO the nature of soybean protein for feeding purposes, the 
amino acid composition is well balanced except for the low level of methio
nine. The low level of methionine is supplemented by synthetic methionine 

or fish meal. Therefore, if a new soybean variety containing more methionine 
could be developed, the value of soybean meal would be enhanced and the 

market for soybean meal would be further expanded. In this connection, the 

development of high-lysine corn in the United States may be recalled as a 

case in point. A corn variety with a high protein level has a better feeding 

value and it is only natural to make efforts to 'develop such a variety. 

Now let us consider the use of soybeans directly as human food. Al
though in the minds of the American people soybeans are defined as an oil

seed which is used by soybean processors to make oil and meal for indus
trail uses, in Japan and Asia soybeans have long been considered a food grain 

like rice or wheat and used in various types of daily foods as a source of pro
tein. Soybeans are properly called the "meat of the fields" and constitute an 

important part of the Japanese diet along with rice, fish, meat, and other 

livestock products. In addition to protein and oil, soybeans contain Vita
mins A, B, D, and E, and also lecithin, calcium, phosphoric acid, and potas

sium, which are all necessary for the maintenance of the human body. 
In terms of calories, 100 g of soybeans have 400 to 430 calories com

pared with 350 calories in 100 g of rice and other food grains. In terms of 
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I, Off, ;.l~t, d 
past 5 0 thO 1i,,r ;itho l;litr0 l ,t ,;i ty Crop, 

A (I i('iilt', l. 'if nti't. ' ,St tm ialt, 'ic: wil likhed illtile 

yr ,, ; i ,i I(l, Io; 1,1 O r l lIt'd '-I t 
"soy Iwalts",w l,,I ;. . C I I it(It!tlli", It) I I:n ,iftc A e,i,:aJa!liC:UItouIe.,I o n 

through hllt,, i ,. I a tiv ,. have, rlit, 'tr It ic IIi Thrs),scitmw ific efforts 
beencil :(tt , l' ('tqt~ fi ',0yhttli 1p[odU(tiont,! rli,, , lj f/1 l Clt C'f 

and( pi, :timll of .{'., { ,t from wniotls h a rds, suchlilt! if) aIsplant 
diseases, iflsec:(l ld i,!,"'.,,il,.!I,!( '*Ow l I'llvh(;1m 11lill1 Coulditions. O f 
COWrse-, Sli::h ,(wtr i . f , fultacl'L ni to rmaintainPHffIt r. ,tIll! t ld i *In er 

an tt tl: c , Iutmli ,, oIt 'yhein)s in wo rht agr i-Ii I 


Cl-liture. High oil, hi~lh piottiin, h-(jh-ywViefhn, :tmd highly disease-resistant 
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vartlli ies ,Ire ;uricvjy 	 d ,iiii ft h III uildlition , I o,.'v s I(iS. Old[ the limt? 1111 

:t llr *,1 ilv fi l )c()ometo itrllki: 'toi *l. fiv is ti Im r\ lft., quui o l tei o ")' It'-

Slrif ' :hfuru( TFr 'Fi,-t:c If mlii i r l r it ttc iC(i plltll i\'iillif e in) crcrkt. 
Sorfelr (;1il ,t' , ,1 , I w ;' v,'cIr foir c t11i.' tiIrr fil Ii , h rl rllrfowlr(.rc ) 	 . fr'> 

,! - i, II,,). , -1..t, [lit i i t: ,i , i ir i r'' if nii r''c-

I h . l i , ''Ii i.'l rrr i r rji dt hi[i',Ii iFt iii i riiici r i;iil,," 

+ ! ,II	 1' l; ) t 'i , t'tf ( ]1,1 , )I++ 	 I+ 

I irlf j ri , i .n ri I . , Fri . , ,i1 I I I' ir rrri[ I 1 i: i ' 1'ti: rI 
1t i I Iiit n cI I I I I It t 1c I rI J Ii rI I cIi(: -( iW I 

ci'1 rd J 1 iii1 ' I Wit !IIli cIl rnrrr:, I t -.Yi 1F)11irii t ticl 5 

fit Il t -	 M ' V i ,I) ,'+, i ,.t it ' II r?t , 	 r ' I t , l i i 

ir] i.t'rf ri-c-c-i-'.+ iii '.e I i:, l l i . t diitli1' flri , n ':, '/ JtU !l)in!! 	 icicflc'cti F +l:rci ' 	 i'(,tim -tsr( rrt rl- t c llit f:k , ill I:lCiAl j 1 l ' IJ I( I I !Ji 'tt I
j imlJ II)(t l 1!1')1 Il i l ()I i . l't' I [f ,o hl'; t r r! + IfId [ ' J I I I I I I 1t L d 	 Ii I t l H ) )' 

dit~i' if+ 'rt i rr: r;+q r(Jrrr'rrlr i' Fri()lJtiri- ric iP ci ;Fi3't ' Fir tii'C H 	 ir/\ 	 tt \i)ti- if 

M O N, i t' 10 1111tt++I , 1 .	 > ; 1 . f ' . , l 	 l 

+ '; ,. 	 , 1+ + + , l o~t-'. ) [+t' ; x ). tfl 	 h:+t v( I II I I , i ,,.Y : h~ I r1, 1 + 

)H3 u iti C'icrlr'n: C 	 Ii,' F;~ltli'rr il- iit'i +l1! hirici-icruic l tinci . tl th+'iii-'iri, 	 n 

'' ( F \ [iI ,' I.r c ill c r l i+ pi ti r r c i() A it. Ff:rir . ccii F i , ),)Fr 

oh ic , (n + t, ,[ ,<, : i t1, \v lt., h lo t f fti d tilt,l ll ,s O :d,. 	 1h li< (1 ,l -l) r4 Iti rtf, .	 r Iltyt c il w. t i 	 l f r rr ti i rii ii 'Ilis-ci+l~Fri . ",lisr: Fr' rr fs , Irfr -irrr.t'i~r for'l i ' c'',r r+,,~ 	 :[]1 tho F3 n Jn.S lttlS 

F:- ir-, I ' FrtrIfII( r! 'll.iI - l ! ir tiI c LrIriI 

NOTES 

Hiroshi Nackamcura, Hohrcin OiF Co., Ltd., Tokyo, Japan. 



SHARING AGRICULTURAL TECHNOLOGY 

P. Findley 

They tell me ther' is nothing like slrinqtnme in North Carolina and I 
can helieve it.I certaini hp,e e (Jsen the end of winter. I'm sure you 
all heard altort t!er~l e wits';,l.i,,ishinqtton. It(lot so cold that the 1) l
titlews wvete ptutiitij thzIr Ii I in m) t i ckets!ttt ehei 

Wht-i, D .i!t Li-jte,. (A tit; Sc:hool of Aqrietl:trt: ld Litie Sciences here 
ivitard n,," to ,rt c p. illV(il (t fIt,t i ,tt tIe chance hecause 

it k.liV the ()p[ o to) O (MI llh: IA W.vof~f; I)L?( l lli/t 110 I y~iv 

I at bert totlill-t t') d i0 (0 4 05 t t i OloIif salvation. YoU 

Sight call it the G t , Ait:Olit ito Patlt. fltat", PJtl i', y, [tot St. Paul, 
I ha!tew it)ctl( 

Solious;ly, 1w )5,St1 I Ilrealh t llittilt It; Ith fromwot,elof salvation 
tpe.stilerlci, h oln1 flo w/"if.11llinle, 'T I (ti tIoil)l.
 

It is a (:all dihty, tt for that the gIreatto a t'ail actio)n a cauSe (inhoditts 
est and deepest hititItnItt1iiian corinmilments of Christltiw:ty, Judaiso, and 
the M)slemrll faith feetliosi 1): hunsrly, helpini She dowvntiodden, bringing 
Igiht where thire is (I iness, hope wilere theie isdespair. 

All this .lospel needs is converts, witne';ses , and evmtelism. And the 
result will he an end to faminle, in 1nti !) Ilrsilttit il,an end to hunger and 
starvation. 

If that sounds like a tall order coming fri aCongressman, hear me out. 
The gospel I preach is famine l)iuvention. And the was' to this glorious 

destination is to he found in Title XII of the Foreign Assistance Act, also 
known as the Famine Prevention Act. 

Title XII offers food to a hulsgry world. Here is how it works, plain and 
simple, with all the hurcaucratic language stripped away. Title XII leads to 

11
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systems of education I: lie small falmer struggling for sUIlViwl ill distulit 

fields. It holds wtomise that thetse ffr errs will soon begiui to Iecetive on a 

regUltr hdsis tTchnice.l nfurnrtiri0 ald g1uidance that vvill -i:llhi hoem tc 

glow note food ant lif,? ththus have a i,:rtel for thienscls aInd thcir :tilies. 

rItia s. allJ J,It est'iithj ,st c,ffh P I edUCot'Iat Title XIII s I il 


tiOliilleach j C JI J IiihI I,. i a
deveIt )IrInIq nt I a II : i , L't ,,'! 1 ti I I 

falllesthwIlt iifsIt t!iio hut tIl ii at tht Iriticii(ticfltve tiyim .ii h-Itt 

fromrr IIh(IeUStLiiitI lh1' hitvt' t hiii+
 

That is th es e etii, if [-ilIt1 tTitetotlhXII-asyste!ro 
, hI th , Ill ll. 1 . t, t - ;'i hI L i hI i ':1 i ii l t fLi . 

Under Titl XII , ,,strl of etit,,tiO:l VillIW Icai- aidlaladitti, Of 

CILrStO[( I heillh l the local 9ovei ltwtit in Coi,i It tstjh.,lr iy 
-ire LatirlI ' LI a'It[s 1W iWx) l n-I. lingqvt ',iwtis ty spot lvvhidie i[ lCte~ id ,le st 

an !d i q 'IO U S sy t lll d:Ill hi ;l U S . fa lll l S g1.4L ilf0 rrn0 ;)ulit t h , Iii. :1 tc lothe 

lion ielilf.i i :L njii to . iI :I f -IIIit iI tire best sense of tIIe t kIIiu . 
lhe L)S .i.,i iIr,, ti-ishteal g il a"fai(e-edcationIt, \,vtinn-it 

i)l1O(It I til, )i IrI t xIIl, ititlr ]il to 1110ilt vh-lltr-Vti chaillhtri(s thet!tLitLIre 
I til1 j 

ihe ,)OsIit Jti,,, I ;tlaci ttaIChtts us that f OrrigI assistancel Lf nit that 

SlIoL id ?ihIsnIIiasi<' (i,"/1f-; i illti t1,a1ti' (/0/0. 

i ttrtcho It fit fl til( 

ilt hinciiy n,111ti litWlp hel t es,,ves, of cresting their 

This tioSutp , l hi it li0ttti i titVtiOI)tIIig cotitltries-

ts ft th,i hr l initeat 
dtuplidelhnlcy ( ;l theils. 

And liht grosptl is the t, ti1Il itleXII i hy thetraiItr %h:ir was .tithored 

late SMirJt: I ltlt!t iitiihI' Il/tydid iL Lid tignietii-toIW iM late 1975. 

I I11w'iirLJt lii fit'ttiie that 1 itadI StNItOI liumi r)Il-SIWt!y . . . h was 

in tht s-ucoid liL ... of aifive-iiinite talk. It istitit t;A btinttia Him 

threy's t)liitrlry it; h uiI l. I wtmtirtltits(lli.2-iie cileocked iln(of his 
spe-ches at 350 %%OIrtls . with ILIits olpto 700.d loilitti . 

Believe me,when litioI say that Iam fa, takin ties with the Iercli y of 

that very i tm!nrkilhe rlan. He tad a tilt selse of h11tirO, iot hW di't o Il) t 
great foliit i1 comptassion for tie hnngiy and trrainourirsd of the world. 

Hrii.-t Fluilmh-iryty was oat: of the mott itisirini persons I rve ever 
koxn a.i liet adchJ 1neow hUignt of elO(ititflt: at the, Farrine Piet\er-tion 

SyM)OSiulm a year a(lo Dueoniher. He ,tasliterall, a dying mail and three 
weeks latei hr was gone. Despiite his flailty, iIUStroke With great -loqoIunce, 

fervor, ard nassiol of the teedfor the litile XII Famine Prevention Program. 
This toqlant ih irisAtiler cdr ow-how to the ag(ricuItore of develop

ing nations upon i,,hicl, is a remarkablethree-fcti..rth, of nankind duciids. It 

cooperatw ventt, re that hat nsses into a working team our University system 
and overor ent. It recognizer, the great contributions that agricultural col
leges and univernitiss--especially the land-grant institutions---have made 
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i teveloping Ainetica's bOuItiflI agjricultu1al outLJut, Through this team 
work, itoffers the, vast ,dItcational, extension, and research resources of these 
institLItiOIIS to h ltj) (Jt-C 0J aritpicltut ih hes.I (t-developred countrie+s. 

Title Xt st III) th Bl)u, l for iterlInatiioral1 f-oO idil AglliCultjI al De. 
veloptinili, iv if? '",d to Iby its ,CiI-) isI- I.AD,mImi;/e thisi ' 1,,. 


gigantic lol II ll vii A y Iniritiorol Dt.vulnjrment
Ct),lillti1i, i th tl(m fo, 

of tile U .S. St 1 l I llltll 
Fitll("" X 11 i, Ilot ,Ih,1ill , i),,w rot t (k))lc m itlfo ,€ to poorjolt jIlll m I l 

coiul(Iiii s. Hoovrvel linu lmit, < i il ,iimt)lo h !,, el ;l i i11). hit- in the 
short tir, if tle i l !J irt tends to akct huIt i lCitfiti uItiV sUl) .e.rvient 
1(, tlhmrt irOI fliatimii ,imin '.nvlm r' tS iff trllby lhe iit , iitfll(cOulIny to in/

rmv, 1t5O\VII "oi)d )tlCtiJIJ. 

Fitl XII oiqu_.l
I
) m

m 
vidjmm iJ Ii1tflhtlsMvJs to h)e.< lm I., l lmtloil <,  

I i t hr'i!Iiyr(i h. s li-:f i iitll,") l\ tlhi .'n i 'eiS iil .t ioJth;I their 
0Ct ,rI(I llit~! e lhl l!ti ll j [I tf!..i, them~ 

is the iaiolit, hiit)li Li5Cffil 
liit Fine.. -nesV j i hit tii .i ft. l1o tlt f iri 'liOf(tCV(.+lOjliiglJ atiOnjS. 

I l , iii i i fi t loom l!ij(j in the 

-Ilhikfe,' esI*iih )i( t I ISytJ, tn LvdiiCh tech

i iit l; tv,I , l v .mithii [ ii ,31 {iyt WI i 

i)e.It0 (i irts ' Soy il ie il llij.ti illlt o co tielths. II ," fintles Orom i
untll ll himjh ;,inttim Iiinlji fi ots. Aiit SOy t'_ Ii lCtnE l)IoviCh; I)rOteill

ii:h hitc ijl hfiitri. co miisliri 'ie iilltiiii. Both esset to imlorl (j (tiets and 
~im..imlm, wmil m't ht! illiliit illtht itvuI mih)Irrilt I f l Iit ilMt0 :hirLIgth 

1i'!! XlI. 

Ouf .lt i j f im hioilolnlmt ia i Oplgol mllilv , t,tl lUovimhfmdcVe!Ol)ing 

IiilMiiS L! . ,I ml jwiif tiult il t ! iJ s iIli i:! 'jit I)lOjilts (fl:t r O nVI1 

t IIIIIes. I! I I ,,t IIill rhe sy ti , titIStit ' kes ii y !w elem entary and 
baSi;, A tire '.-lllIs V "i(' 11W l.i n )u! Ov.'v!r aind grant*ililIlimlllr lm),i 
ili lltj s mth i ..,,)rI!tuctive-. . v /l mje'iistrnce-levth r f iOi/i to 

+

fLil ii0Ito{Iji. u;inl,(if ,iIt<.''XIluiti! i(jil!VhiefonIs., t I 01n(1! t. 

It is I Il(I'm v,hiuh colJdJ lit, t c ihj d hy fat relis hlack home as "get 

trIg the y lOd VI'UIC tInt1 CaiVt SC lI Ijet aI it."11] itf0 ' 

tuch ill i'.Itr i!IIllet I ' ieIIn ISrlalaiilli , addition to fitrM ill I t iiic! t ( i 

iou-ty1)e extension IIJigr naIs I3ni ,(tjI IV I rW,It :I i' 'I o inI Oji tiIs 
Modeled to the agj.riciltUlT' of tIhlearlharh, 1(,Oiitliy nri 0Irtoduction pos 


tential. 

Through the litle XII Irograrn we can shlare nLr lanti-grant resource 
with a hungry worl ail shire it troadly. 

I woolt h le.ss than honest with you, however, it I did not point out that 
therc are grave uncertainties that could threaten the future of the Title X1l 
progiam. Wiril theOroftram was enacted tllree and a half-years ago it has 
made only a small Ibeginning toward the enormous goal of helping developing 

nations help themselvues to become self-sufficient. 
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The time has come to give this pograni a much higher Iiiouity, than it 

has been given in the Ati'ncy fc'r IntnailRI;itil Develoninen (AID). Human 

life is literally hanuino t* h anc lid eaich (!I/'s uI,,iay t nIlslates into 

countlen' O. arid dehility the t,%otld's 1,1tii)eaths ;lnioin (1 ialiloulisiled 

peopled.
 
IH Hlle t, ile: ill the U .,S .tld vaho. VLv I llt i , n( ]ixoto tll-] tHl ldf 

iq Of lhit; pii,-) , o ilmi 1 . faIct tii'it lhtTileririii XlI is a loV.-C:Ost 
al:]li~roa(ch to {)(:hlev (11h,1i ,011;11o0H 0! hur~n{JmIr 10,111)(i tit O W 1110hth'11 wet+!(I 

It has a hihl. fev(i (:;u t-lih'r t i, i:1) airi I,, inl ed flotaljih hi that fI. 

spect. 

Ilt i I itl cw tolty C i ,J I Tr10 )f ad( Tifni it , ]3 rtii. h"t y VaCu iim I a! 

.ic( l(,l 

Gilli . Pci fiji , rI h t fl; j)cI \ill h all sw ii to lanigY ish wit oui t''e 

lw:(.~i !s itlq th I elocent iisi iiwtihin if AID Administritoi John 

Mi, wIi 


11) 1 tiw toII d . I n( S rn alh
t

:I I oI il It.
ItI, hIllif)itrat r gVU 

A i tI , I L I I C I H t l I)t i ,mIri0 h ) r r' ll( I (if e!-t Ljinivcr }S! andt iei 

, .tIi m J' I iti : dh o V,,' I it OL lih t( )I tthoif Iiom: ! " t I I tci tr 1e Oqt] tl ll 

the full lon liiit ti nIt t Ti I v coi f lill its m issioI" 

W C nItlS I 'v('At it ;I)oLIt!e o pl Oil .jI cy th iO l)Oi Ian If 
that sell )I ll .t't! iInI' ! inivelce piolo u tiol to,)tie o\,,ing desj II te r 
pair of III,: ,vw if:', cinr , IntitOiilaci .Iiii i ) n ci ny fill i( that the Title 

XfI plof /u.ll l )[110h hi Iilwst ;iatioi lI p ririty hoth in overiiment 

anld OI in :uI I ) I rl iiitii 

W\lilh: I reX' Hiiriicn l h. oin tcrc ovel posiihle Title Xl I hul ct

clittialu :lttiilpts in th S In, I i lhlipy Io say that Title XII is not with-

OLit friendInI thau1Mt 0(-u"iCt Hill. Senator Forii; Piela,,' Frank ChUlch, 

till S i i; Uiirit , SLji)l)I)tt un/d has i5 Otf S- nratr' g"UrIc ruin Title XII enrtO 
rlc .)v'ic , l.iv.,, on hoth Foreini ReIaticiis ond A(fI cult - C mllit
te r ToTake i -,,ciafl Ovt, sihlft rIole in ie Ije tc! Title XII's progress, I am 
most ayly Ito ae/ that Senlator Mciven I as qlvtrl file (!very isuirace that 

he is vitally iHttlnst'il .iliafewL,urdill(] the r;uail;n of Title XII. 

I mLust frankly confcss that my fervert hopes for this pioiam have heer 
dashed by frustration ,' the timwe that it Ii s :iik n to get this far. I am 

appalled by the slow pace of haneaucratic ercleavors 

I have rdeen conccin ThoLt the fcittlre Of Fith;n XII. 

More emphasis must b given to the extension approach providud by the 

picgram -an approach that vill help that small frmer in a developing c )un

try hell) himself and his family to suivive. Extension gets useful information 

right to the farmer in the field. That is not to say that I object to research 

programs encompassed by the Tithe XII progiam. There is a glamor to con

ducting research and its results are identifiable prodLucts in the eyes of uni

versity boards of tiustees. The establishment of a local system for teaching 

poor farmers in another country to do a better job of producing foods is a 
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slow, pairistikini piroclss not jIarotous, itoL a process whidi often lends 
itself to doctliii Itioes. 

Yet I s-illlt t ,',i tli! it is tttenlsioi. training adll educationlwhi'ch 
ots i's',iiS ll ILLv€t . jul if] m y ( i ir, d, (i sOMCtII is tOle ss liiile,!s itsI eifits 

,lt"0 1,11llH ') w 1l11I ll II fii' d O t 1i O l it . 

111iaih ill , 'r ii Iim, ly, i ILLt 'I )u t fiIIi Xt l ii lo

t i tifil I ,twt.' I Ft, isci t'Vt'ly' i t'; it'l, i ,ill lit','t . y ILt' Jiticll tO I jiltule 
1 

i i' 2'l, f u itlint.'it t 'ii iitt i i ! il i o 'y 't \ I'Is )it 

ctito, 
, yAD' 

<lt lt:,l)t~f It , pll ill, li!il'; 1! I.tic" ~ i~ i 1i'' !1,11! , . oft~ , I3lly 

F Is:i 1956 iet ' Xii ntl]$ i wll tilItit, T0olllfiiii i, iti 16'' 

- ILit II titl, ic ' t 


I t .koll l i Autt l . t t I i ,i'li.l'u .. l,.i Aq ! Io tta
i t.ill 1 '!i y cuI . 

, fl' t, tl ,, OW, ! Ii'lt tviii:; titlt tti!Moo f5 v5 hiI t VOiii d et 
ile' ltlf 'i.J i ittm i of ili t , 'ilt U S, (tii lt (i 'ti tlt iiistljt, I Ii ld 


i 1fti)ty t il l illt ' 19:, '. t it 1,1(ttii il I51 i ll I i.iP dcIilil is al.
 
I ':il i hV' ',- 1Vtl ILL di(:f h t! Ji ,O fltiIj . [ :A LO lt ( I t , 0 11' u t l h l o f
 

ltIVd[1lifll"ii it i t 


It me: fe t01itAuli to ;!t)( t f tilel r fit tde 1i: II C 
1110' idv 

itcoi t'' I l iot X II h v, llc(wt ,<i,4t~ 'Jldt I hIl..t, (-v",y ho pto 111;11 tis! tilt' d w ill 

nt .ol Wcnt'i.N G, liull lor Ill y o I t111 XII t m , itf 1(11 t1e, woikint d 
Ito 'dtlo t ";100)1W io ll ()I I /-, '), Olt, t\i!litc'y Io I n il~t, llItilllt D (I ) I~n t's 

loll invldi"ile tlt n fd tle , tit in T Tith , Xl Silnenth I eiti ed h it 
U s ileis ,t iT s r t ) ill t)s twi iteto o inagillitll ) 32", of AID'sto tal
 
focd, Jild riuLttitiOn llP" iaMl Iln OW C11110l1lt fiSC61 Ye~ar. It is i11ojeCted thlat in
 

Fiscal1 1980g Hit' -TI ft' X II pfl'i f ,v/ill hIll j ot S,100 inlillionl ()l 1G. '1,,o! A ID 's 

fo't )ti l (1 rltl 0 1i011 1)li0{]lilll. 

A s o I m~i(I-N/1,i0 1 -) /, t , I~tlh(tf1 C I tit t Iy ptI ojec~ts V Ih)o IihIt'-()f -llOjo tt 
(:o sts wvilt t)1o<Jt)OIJI S63.1, nili li"hal.0 lheenl s->m ptedt onld inlilhowelited~ I)y the(, 
eVitV !11](1 C.oiltldf~to .,l sc t( tic, lI NOOtSS' c~iCa (ll O i e () red$. t 13oih f Inlter

tilional Food 111(i Ai f tuorw Devtr loed t tht fol,il pme i Aqit;,:y ilt'ei,a
tion l D oCVti)l11(2fll0 

Fifteen:.l Otlel Co -tl Y~tI tlfj (Ctf, With/ LltirnlItM CO.<tS )I S69} m illion, hiave 

hWu ll approved. Th l c 'ei of S~d -l.lli] tht, U.S. :oIntlCtlol] institultions is 
HililtVdy. Still ,ill'qhAt 10 lOpus:t, co)sting{ dho(tl $183 mullio~n, areO h ail 

add lC-e( Iflallninil Stda 1 arnd w.%illSO~cn he( fully appIloved. 
Let me; Weh a fmw vxampH(s to give you the flawor of -TideXll 
-- The iUnivetsi:.y of Wisconsin will con~tinue its long-term] work ill 

Indones01idi 0Lhl a fitle Xll p~roject designeJd to assist Bogor Agricultural 
UHivesqty in innieas nq4 its calpacitv to miovide agriculturail hinders to nme 
the inreasing dernand for well trained people in thlat natioi:'s agqricultUral 

sec:tor . 
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- Also, in Indo,iesia, Iowa State Univei sity is en(ltili' iII acollaborative 
effort to assist the Indonesia Depattmert iif A(ri ICUltill ii Lii lrai inlg its plan
ning and admitistrative capacities. 

-- In the YenILri Arahi Repuhlic, tha: Uniiv :,ity of Aiizoa will take the 

lead In a l)ioad-hlis,d a(ric'Ltiii,0 de l~)olmw t Ioji-ct bly iitioidkiciili the U.S. 
irld (ilalit colhew t celt +t oitl( tt.,ac hir , oeSlarlch al/d, ex tension. 

Initijl aIctivities oill 1widw: ,lOj o1Y 'Oieii Itli ictlltLrI1, WI.t fiiAt t1dlilig in

stitll-tiotl 1iI: :'s\fi i ,11iflitt it l oi.ition,idh, .el o tp,lI . I iidiitional 
SiiLi-clw is f t t r iitily of,1i soil , i v itl ed l .iliSvSwill h. a 

In tllill tlic,1r1 :oti i t a l tt hh " oti Stiiat,O iWei: Sity isi o , i f 

issili tli th,. /I ii, il.t Il tlit i Itt fatioll f I ciruiiii' , ffi Ilu 'iC(iIIdl rainli c 

Wij l l ti t 1i ltiy' 1Wtiiich tiiifo, l i f ikill level, i l tl i(fitl i it' hial 
hlire51h atind (vOlilles i. rw hesiillltctiuiti ( ')+flicilile vwill h tile 

47 ,ililY, til.itiy ,iti tii lloii, tIf, Witw iti, iv: i wCaint wi he the 
298[ St~d('IIIS h ( J'l~I1J~illll1/ 0i tt1W Wcho>l; lhd lw ib l ll m e h"Oefiiciaries 

wil he the f tarm l iisi~tl i ,,tins if, i i(d it schoolof Vio O e ofle t Oli as 
al]icvulticiet, cot i11tor inod Itthect,lwell-sisi fohirllnity 
de+Veloplilt l t ,IW :, 

IanItoIhorl,a te reivtistyvif We t Viiiiiltit iOO w',ichwille aLjri

suHtinel moruliti thoi ThIVity of Dm-es Salni t i'choV tht fa'lty's
ci aC yltkaddifl, i irect toallahilityo t t ,ci elt 'll th i l J l t -)D amer 

tecl ic n J s.l am t tf e itlli al fa at ( itly( enolo if', onetlk rnfaiio ili ill'. t 
Way oi jtoirove lvels fifUlricLi! xteiliod utjcnt tiled in thisieoti.. The 
l/ioje!Ct %Vill hl" tO l~ l)(1VISOiS <31( t ldilWIS.' ef 'XIllnsicoil ilwl~ol/lflt, w ho assist 

fallllel Szall( villaqtNs III ilIeaiCWJII thehl [lodixl',fionl 1an( ilictmtlnehvels. 

This :s h)tt di.dllrlthsOf thU ,ailliCt-ILIt,1a(h(!Vfdlt)11,;lltt;r)j(ttS HOl)V llder

alr.y it1o1n1, artoo/7 t he a Civ if w iieV icoplaCorfo(' N t win the 

If the fal s ita of the nftions allentecmelFo an r.lairleffechl{opI o 
tive and elfiCierl COImtrihltor's to the con1tillLi(d w l-iigof their societies 

and to the wvorlcl, they recllile seIviCe by local inlstituitions Which will asstire 

sustained inodewi hition. This wili hapen oly whenetach o theseRnations,
in somle way, cleltw<. this local cap~acity to tpiovidte diiwctly to small farmers 

tile COIti(LJLtti Stlt~aill Of esse~ntial ilnfOlln);tiOln and( adlated technology re

quiredl to imticove levels>of djlriCtilturai l)ro~tuctioI. 

Dr. Clifton \k.qharton, cian~colloi of the State Uniiveisiiy of New York, is 

tile Very able ohahmnan of the0 f~oaid for inteirnational Food ain(dAgrioUltural 

Developmn+ent. InI his iwcertit testirmonly beftOl0 the( SCl.; lte Foieign Relations 

Committee he said. 
"In strUCtLiringj any lrogram to attack world hunger, certain basics 

must be kept 'front and center.' One of these is that the productivity of 
resources employed on the farms of the developing countries must be 
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inc sd. The Jallr ,is ll(I their fjiins are the focus of ultimate action. It is 
o,y throug;h q(aulintum in eases in the productivity of land, labor, capital, 
,.l mlina(Je{nen to theLse fillli that tht food needs of rapidly expanding 
liuputhijIori; Cdr 1,C n110. t it, on1 with '-I50(;1inclles in t)roILCtIvity that the 
difficult (ittlity iolhIllis faciilni cI / cOf lie woilld's pola)i,0i oMl lf lhe, apmiglh 

To hli say i. t:a! 

ihi iiol Is ;lot to l i;iiC 1i Cliltiil Wiesi1l0 ill :; v, Usisr t coiner of 
Ithu!th,. I Ie to.il I i)irvi Il i!t o hI i rI alt Iio tfa wiTh Io Ituw hIkw 

os 
K i't'Jili t', Tith, XI1 I t iam lii (ini ir k i mit a y. Stila Goto, ' ic

the le i ,.litt 11, u'm) ,i l o i ti'f vllo o)iiside the IIS isrIili .ae. 

r 
G(. wi l 111(1, ft i l,I < )ii onco(lliTl i'llltilt 111(! vefisitl of the T i - X il pro-.) 

tiii. W, iA,- Yomi i;if;rt'ii'lii l stliliol t to ii:iiir, tIh! the plo raill 

If t It %VWt r0 l h-dI , I:()V ',\ i,, 11, tillit, lto "Ilit tlhe ';Jo.w ljst tralil" '111d. 

imlIfla ti ti' (jOSeiti ,li li i for III-, v IIt': iy lnoiWO 1iriir otlt nuI i ished. 
Pl cwll t iu Oiltuffies if the Aqjtiry for liiternatioiI Divcligmelnt. 

i'lc0i it iii Ilt de of1(ihilfills iSS it y i Sti11I ri dIril f iiri';SCtativOs. 
Prliy h .1ill ',iuir tiwi l eiitecgiitals ald elniversily hoard isrlS. P!('Z.Calcfthe 
liedI f tl t i,,I sity fliiis it takes to Illatch I.onle to the pOPlm. Preach 
ti; itted Of ii aditft;f i a'(l ItiltfS to keep it (oing. A li tot oar visitors her 
iotiUjl]t hom othir coiiti it-5, to hack ai;d lifie itllle nt td for this Titla XII 
1) aimri t(, vOtl O\Vri lo0Vi 1rlnm l[e officials a.il istitutions of learning. 

Al vhii you p)reach this (go's)el of salvation, iemiernber foi whom you 
pleachl i gl, fir hilliry ,ill;oils of the iworld. 
Foi til Ai~kof I udiriliTy, I wi.,sh yo, well. 

NOTES 
The Honorable Paul Findley, U.S. House of Representatives, 20th District, State of 

II!in (is. 



CATION NUTRITION AND ION BALANCE 

J. E. Leggett and D. B. Egli 

Plant tissue will ustre' ,' h,,e a cliarle inibakace lIecause of the differ
ence in equivalent charge :-)Ilcentration reitveen inorganic cations and in
organic anions. The cell ad'justs the differenCLs ill .qtIuivalent chie]g concen
tration by increasing of dcreasing the onlanic anions. !on balacte in plant 
tissue pertains to the mainter:incC of eleCtro-neutr 'lit,/ 1( tweitn 1lhe nonlanic 
cations adl thre Sum Of inorlga ic an ndids] lganic arions. low halanie will 
b'! considered as it (,elates to t;e i:toen senre a ilal0i fir Occumulation 
and the cation accuLlation hy the ;oyhean plant. 

The nutrient statHs of a plant is the result of many interactions which 
OCCOl in the gi owtlh niediurm (iling ion absorption and translocati.i, and 
during the metaholisni of some niitrient ions within the plLrit. These inter
actions are not only evident among ions of shmilar charge, lbuit i,,so among 
ions of dissimilar criarge. Cations and anions may he ahsorbd independently 
.oil they nay be ab.orbd in urequ;i quantities, hut within limits electro
ne alITv, Host be? oainltaine both within the and inplant tie nutrient 
mediunfll. Hence, ion haiance within a plant is of considerable importance 
in plant nutrition. The ion ratios and the nitrogen solurce in the nutrient 
medium, as well as changes in tlhe ionic form within the plant, will have a 
maiked effect on rmetabolism end on the accuMulation of other nutrients. 

Our present understanding of ion interactions was developed primarily
from experiments using single salt solutions and low sat excised roots. In
vestigations Lit, I zing short term kinetic studies on intact plants to bridge the 
gap between observations on (xcised roots and those collected in field ex
periments are becoming more popular. Studies with intact plan ts are necessary 
to determine the influerce of anions especially those changing ionic form, on 
cation accumulation. 

19 
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Cpe
The expression of ion interactions duilg the initial fio,(?lltrY [)ry,.s, 

rcots, is M illiri71'd IheCat]st, of th:ll[tCO i lxit,,s Of 

the metabolic IJCIt f Ol (1f! ill.]]lIft qirov.th. I h' is,of intS t plits has pim 

vided a better ld ,lil] i itl ii,hns'. nolhalalnci' < 

as measured with excised 

11,1u:,tii , ion 10 ':l/ i oo.C 

critical growth 5tnt i , 4dh'-r5ytild, 

ohl fallr[cif ',,1 Iii i' c itiorlcjtion, 'ill',edb yll11 islll fl,, 

or ,;mornc;Uti iitjl , ii Ii 1 :,1 till i ,lii t ofatidt ei 

Il Uk Sl ll It' iW tial Mfitly' er ichnl i tvifI, VI tiii ' ' IICl ii (IVO IItI ro 
ly lo w .,usse)S if)tlo(! 1(-Ii' il r t ii:tlo rl., +qlt'fIli(-.i1sim~ilof1w rll i l I; t 

Inl 

u rit t~tl i, u ,lle:is fII I)ti) l o (f CtivatlkI , I.). 

lie lii Tall ie 1, 04 thu '' iofll I '('i,ll ' lir, P1. (Is S illi itO!'{oll 

he i-t ( I)tlt tll ii 

ly ht,,elem eltthu Vt5' is FiitIlt.li i l a :.ai r i lllt ,I 0111 io' t on nt d i 

4 : h in l 'tlyfit io i ll,, Wt t! ill ' ,iiii ci PiIo)t ss! H Iu intedt'n itnt. 

1 ti'llIm £ l) )tlljtj,,'I%,fi t 1l L l w l t~ t t tl) ) il i . ( t oLsrj jj(I. l l~ l ) hj 

' 

It ey (1w Ys 111il 1 to Ih'. !r!t, ' * I'i ,;; FI (I~[t''llt , II I t:S 

msl - 11"It Itul it' Ir't:on +iitint 

01,111tihost ilt( !IC~iiib,i tw ! 'I I ii tid il a I) l It ;ttj!w(,vI~ n t h e 
Teit .aul, in lil ftil !, n atl' l.htl illS 

1 wi 

'I ,r w llilt fio [woLdr/ by thetw .d. lon inlltw .w[k fll t It :ltty.l, Ir l hI' l 

t thI'ttt!.htl lit: I of tl w I H1riWilt, rl o 

f0rIIInitC ti on), l1S el I tl Iflls if 
reIacecMV I f 1i it lf.- or 
o g il I_le I:i1, l highe11i c oil f of-i( o 

tcravth a ti l,"",/i l i n tlw ltn i til, n I ia hyAm!)1y Impo;tla an 

NUITRIENT COMPOSITION OF PLANTrS 

The ion oom iolls by,plantst MOstblerlated ,(o1s b 

six ac vt it'.I - kifitaittro-roitraity l 0irt tielnt elem nts tool i ,Ikl 
the totill itln ,J~ ,++it: cnefli ,vit11rot bf,-'con(.(11n; ,iit)11 11) t)Alanct is i!ild"and 

sider :d it-, th',s . -, t~ !tI theirt oni :for n , anid theirti I,,,1 lit- '; . iwcr)ftl w o, 

conceiljt itionl n!v,, Ic~t~; , t of Y,VlhC:iI"Sp (L. M,c Illit 1(.;i~ nf n ; atc 

Ilisted irTAMb,'l. 0 f th ib rI l s h thL.e' i(If (%,rfittI llI II ,qc 1 -,) 1tesi IUeIl 
Iotr to tha NOI [ nI l t~ n ~t'l 1. ,li[ of1)111NO t, an,! orgnfln 

Upon th;e ionl h -.. (2c tlSit I,, ,l;/tlldt('d iI l 1,311Wites itfc h"t.:C (a1) it. e (b) 

m av.enter thet i ats tionr, w~as a m~rpl,i, ,it m if co,<ioii ) to ral ce unt via nitiogen 

fixat1i , ,M id ',)Ow,fill;:) inito organic(C) It11111 IAhAIIIJ( Jld ho, illcof pi)l;tttd 

CO~l tOtLIVd S. 

Legumlflinos)w, Ili mlO!'t :itati ,ns, JCCUtlllll,Mt( lit[o(!,111 Ir-_don-inalntly as 

reduced N via ,nitrofp.nfixatimr orIas NO ., Irldepelidelit of the niode of 

nittogen accumillitiofi, the t)1:lmts hiqlhwr of inorganiccontain crlncintraillns 

cations that ii~irlanic i~nions. This is Cawised byglow acctir-11-lation of arl;ori;, 

other than aidtby tht, conversion NO 3 tn t',, and into orglanicNO of H , 


conmpounds. 

Excess accuImulation of cations byvplants has been related to a change in 

organic acid levels to maintain elcictro-neutrality in the plant tissue (1-3, 

http:t'fIli(-.i1
http:qirov.th
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Table 1. Macronutrient composition of soybeans. 

Nutrient Ionic Form % in Tissuea 

Calcium ra2 + 0.68 
Magnresium Mg2 

4 0.26 

Nitrogen N,, NO-, NH' 2.4443.-Phosphorus H2 P04 , HOP2 0.19 

Potassium K f 1.56 
Sulfur SO2

dHenrderson and Kamparth (131 Three .ear average, for total above ground portion of 
the l3..t (iirirg ,.'3tt t,itiv qro '.th. (c lt var Loe 

14,15,17 20,27,33135 The concuntration of cations, anions, and organic 
actids .,ili I ' ,fhirr i pliot spucli's, plant growth stage, and the com( asi' d 

tion of 11h,.ciltl,,[l Im-tll.n
 

A,, .ih , ih t o" IJ' 'll)i( 1'.iKow.i Inl five plati spcius dtij ir ti vstiL tat ve 
(it or. ti a, iir,,I d hr (', ,':i , ,t Pi T ita'Iid A)plen a iri TahI, 2. Tht pInts 

'.',:1 C ii : [ii ,-I111 mii rcui ". t of innt ,wii . T( ,,I citio: 

in th '' I ,!It l(it 1,' Ir,,.t'",O, !rv ' , i ir i, i to1St.I i nd H , PO , 
Tti ri' lic wird' r"' k1 ui ,);riI lii r \r . (Otint t itls inl the 
ti+ sft '. TtirS irrtt+r 1 ti.I: rrrl)rt 'iiI ,rr'ir r ill t. iii'Jlrrlri in "1,ilr t 2.I+ r';lirrr+.'; 

NUTRIENT ACCUMULATION 

Excised Roots 

C tin iturutions ill excised outs occuir hth it thu memrrbiane and 
iiu(:('11lllr levls. lnteractions at thu membrane woilid 1u eXpi)Cted to be 
xl ihit 6 the Oind(urii11(, initial Ontly to low s;ilt roots, essentially for tiln

ip ridS (if less thanll I hr. During loi(nllr dCCLlliitJ!ati)n peri(ds thu ilntutactirurs 
amor iltl I, S ,.'Oiir toL domintate thu rusultant ion)IaIh beoOXJC!,ITO 

I Itr ;,: l 715 ('f i(;s hi ilol t-trim ;turfies haven heen iheistiilatrd primarily 
LiaS t.xc sed alov i,lorle tUONi'iI/.r') lcots. Howv rer, di fferences between 
plant spi(ciis ,.,) ll t he oxnrctl to te i1]rg(e ill a (qualitaive sense. Excel
lent disctisi:,On ion iiteractior-s and ,-)poseit models for the observations 
may he foilld ini thu litcrature (G, 12,13,17,28,29,32). 

Reports of investilatious on ion accLimilition by excised soylean roots 
are very Iimi ,d in the iturat: re. This is probally because it is much easier 
to obtain uia-rfolml excised toot segments ef barley tha+ soybeans. Reproduci
ble results can be obtained with soybeans, similar to those obtained with 
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Table 2. 	 Concentrations of cations, anions, and organic acids in five Olant species 
(27). 

Excess Organic 

Plant Tissue Cation Anion cation acids 

.-eq/lO0 q dr, o, r -

Glycine max IMr I 	 Leaf 276 63 213 249 
Stein 243 79 164 177 

Plhaseoluslimensis Mact.) 	 Leaf 287 60 227 250 

Stein 249 57 192 171 

Pisum satwum iL.) 	 Leaf 231 69 162 213 
Stein 214 77 137 181 

Medicdgo sativa (L.) 	 Leaf 244 78 166 186 
Stern 206 67 139 141 

Triticum jestiviam iL.) 	 Leaf 237 143 94 122 

excised barley roots, by LSl) IonOts represenin a unifi'm lengIth Iron; the 

root apex of soylNean plants. 7Ihis p[tcedure is tIut2 COFISuIrji( relative to tMre 

ease in obtaminng u\:is,' h li-,,)tshi 

Cation ,CLcu ruI IIi i-'Cr'y-mt'; (1'0S l)t agiree with ideast'k'fl 11"[ u w'w 

developed w'ith br:i ,' 'IW Epi i liri tt oo, ni onh' I, ri)K' siirlo 
,I(Oluto Cas() , l ,:r. ''r i , .I'' , ',L,!r Ie, , O r u te differ

, 

en~t 'vh(,;I cothl{)" ' ]I k ! , h ' 1, ( ! -w~.1i)ic,.; ri~ I I, op'hm oxim oll; y 

" 

40 to 50 ' 1 I ',. f,0 .1' I. i . 'vII A0 ' ' '(1 ff '-. . tir II. '. 

This can it' If imrl t.IrliI ' ir h 'Or ,ix iO' i K cLi:,lli ik5 nerr 100 

m eg/li fr ho'th i , 11r1 1,! Mi- , r'illu ln v. ill tilfor harleythti It htrfIw'iK 

than f); O''lr.arr I -'K;'Th' %I1'Ind ( II n i is suro1hir for nstlh i)arley and 

soyh uca (I,,ioC,60) 1( Ol,.til Th \ ,l; Effect (34) whir. Ca in

ru i O ,,.* !w 's.Howtver, soyheanscreases oi ;lir; ) ji rein itii 
aIt)[ r tto h t'M OO,. W'tSJII ',itl',' )If , ph? l cf'( OA Ca inl the nlll llnt ')ohution 

The effect of Ca has htoni t i i to iirirsttCrrli! Ofi thiWreluce(l 1i 1 ,fli. 

(25). 

Potassiu CCUrilllltionin excised harhy roots is; hiear with time for 

ap)roximately 6 hi,wheras linear acciMUlation of K by soybean roots is 

observed fur 24 hr. This difference between barIcly and soybean roots is not 

under tood, but may I esir e in)the relative rate of K accumunirlation of the i ocot 

cells and the rate of exudatioii of K out the cut end of roots. 

Fha most interestinl acpet of catioi) accumulatioll irs soybean roots is 

the interactiOn among thAe citions (22). Inhibition of Mg accumulation by 

either K or Ca alone was negligible. A decrease in Mg accumulation was 

evident only when the nutrient solution included both K and Ca. Magnesium 

accurnulation from a .nolution of 2.5 mM MgCI 2 + 5 mM KCI was reduced 
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50. br ddition of 0.2 mM CaCtI2 . T hihitoryi*T2 e leaction of K on Mg in 
Eoytte; roots dep,,iTls or thl- prr.sence of Ca ill the xt.tna! SOiLitiO. Al 
rholih t1- mod"h of ,tn iRdrestoo(d, the Wolld dlj, 1.1!,500! 	 inteiactioii 

J if ,, subsoir?( iII 
Io en,.ce: wiii jcr oton foi iinh~iitio!i oif ,i 

t.1)t, r of C.: modifyi n tht ,e .. aI lt I'Ltc! K t'ffLIX 
f fa h_, cmrritit,' 

A'\i:c.Itioh )f i)f it.i ml tioIr1)y dlvihint (:5ilii:i; irXiitiim i.os 

r',lriit liii i o"l. i,Cr ond MI(I L,.i rprSo lt i fih !! . rhi iit"'ictioi.l 

,l t i 	 i i ie i r(*-';itm t-h;oi i i fri' K <tr il aa t he , T .ilii,, i 

tionr ws Il~ \illtjiirjvit!C,: My w)iicu'fllitlW'! '.J, (CI%, A 
1 	 ('I.icWLiri 

1 (22), 

Ii ot theit'; ,, l, h ,it ,i~ itrh K irwcolt.m ,,irrir.;M rt 1 
i t ! .S(,'i ctu iti i( l j., il,ih tt: K ":)(I CI. TheI ' , i J S, u Iv o 

,flit mi rif1i' rat's I ,1iw i . irl i of::hu. fitheit , 
I ru ii u.= , ' Iii li, i rsi l Luhii hit ul i (t i-:t.4 t1 I.1, t iii J II Irio i i "i 

,, ,[., i
i",,,+i i dl. i' i! hIdr(:rri ll~tiiirT Ii,' i' iiutii't I:ir:" ' lIt 

( * i t )it~, 7) I iOS lii ,*(.,ltti.'.i:h', OIt r×{,rCt I reai 'cly ,.. K:: ,ll!~ l) 

i(
iir Kt 090') 	t Ciri 'litait tflir . This~it;rt)flir 1515! whiffh I, it' ti ti, LiirT 

4 .~,t i' ithd 1i,(t !I;:,i.u uS'Satitl r It Wt h ,li1(i,.Ci i ll:iltT[riiuil (ix. 

10 o( 15:mll'tCc !ifr o.0, on t rs oO ar'l~dn T, CaI (tii('i 4 i, t)iiiIltt( ti 	 hIi
 

I1 , ltltT rl) rioi2 I u,, ,,(iitsi t' T i>Il .i ,.,tq ( ('; iTT -U a a 	 to t rsr (l i<.; * .it Ii 

{L'\.:i t itcri)t r!XtJrlf ~itsllfiii>'y hr ti;'ftii ini , t,triln uir i(ri lir[tfi ctio ls 

(l t,, iii!) celthlt lTtay fliii! Tt)tiri~rur t ' ',:IiirirS ITT :iil ii)'tl Sit~itr Ii) 

Tahlln3. 	 Tlimir ;orrs of ion rrccurnulrioir hy 0i5-,,, nu~i (LI) Melt. cv. Hr-toi~yea. 
Nutlrientl ",oltitionr 0.5 X Hofoiaglan . -:Imidifinsil cortnanirrq eithe;r ntM NO 3
Or CI, pH 5. 

NO3 CI 

Time K Mq Cu NO 3 IK Ml Cai Cl 

hTr .. -- rrrrqI/. fri t -

Shoots 1 63 13 20 27 67 15 24 4 
7 74 15 25 43 77 17 25 2 

24 96 20 .,22' 62 96 17 20 4 
33 131 22 23 231 106 16 15 7 

Roots 1 28 6 14 1 19 2 8 10 
7 56 G t5 32 65 5 13 19 

24 76 8 16 31 66 5 14 25 
33 91 8 12 67 84 7 10 31 
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the shoot. Therefore, use of intact plants isflucessaity ill odt ol ill a better 
understandin of !he cation interactions bath fur zirtl'wi .f d Iondq-tei l 

experimlents. Iu isI t on the fumhl tv dtlotijo pliol;ty rl st i,: llmdIl !ICIOSS 

grovth stait, s - foil \ t,+) ti( rit roII tctvt 

Intact Pllts-- lShort Terl 

T ill, ' ii i.- W t I ii ii Ii (I,, (if th ;it lo foll m the1 Ini/ iut m ei lter 
hi1W1171110 

mlinet t ,' ;T -IrI1,ti 0,I Ittl t6 t, I t~ I c hl ,is K )0r~ I1C~i,ifi I ' Jt,t' 

(C, Ill, III!il: I! )I'tc ,) lwltl7,l{> +Il- ,1l'if~l to! ts,-
SOILit60i1 C MlC Hq/llT~l~V 

(_isetd C!' tti0 )tllilll lli!ttl !l how'i l tjt nt) ( f KC 1, K , SOJl 

(.I KF'IO , n [h )Itl'i,'t i SO7(+ ]. .!, ;1. /i , .\ ~ l .,d. l 

CI cl ) [tipt/'1i 
lit, 

s.';,. I , (S S)C)W Sfi. VItileor leISC)' 
i li t I I ift., "1 [1 )

A l pItin ti: K) icct l t .i l l',ii N o., li t u l 

it T t 
l Tt . C I " C ) totst .' " , ;< i IHi", mi ', , . 'i

I t 

C cI mit ' i, t) I :, i Iif i liI , i n -( ,ild /' th ,,:it)lit fii \] 

tttiDii ii 0 1 :, o. l,',it , '' hui (It ooIP4 aidt 
I 1 I lJ] 101)v.cii 1i0! l ct I (iIi !)- M hl ,ftttd'', (),t),, tt,LCi',ll(o twi~;0111 [fl I/,[i,', ) !11![ij1, MAhi\illum/ "t[. 

' Ill icC'- rN , I i ,it ll if)ulel t 

;ui l ulillu.I ol 11:. ii I~ l -ut! , lt lr N C], ], ithI' L ' iv .'ii l ll ,l l diiit , t itllt nl be(IIt-l tr

i it pilct l \i l I' i tit,) , I'!'',' il,. S. i io- I lilt h 
1 l t 1 lil t<i; O f r o d u t i o ".of N!Si llt ,<1ii. ' 'l?u.] i l t u t l , ' Iti tfC -I'.01 c 

l~ l l ~ \ $ i , < t l ) ; O0 111(tlo l l 
I " i;( J)tt ! ,l ( d1 . I " II '~ y ' l t t i~!lI~ o tI 

i Ct JIhL lot i i i ,lIIr't, tilt, fiill o'IilIt!t li tilr So sy H iit Lninl for 
ct> o ryt),I~I ll l w~) IfIIt. tctiOllt d ;; -1)Iltle

h otft Il'm p, oll ' li; 01t,+ ,fi.t' 

TtenhId Ill ,ear t uf ur ai d llit l K i;lO itlilt~l, t0lt ll fl Ci s tec 

tht i r i I tm t o rti m,. K ii NC . I im/ifily fT\i Ili. T li 
-,) lh !I pwltolt th eJ ie ol sanllillI,lllc.]illtliI:t )I NO.[, I, IIn tt, ti l it 


;]nld tO os 1I I , I, I I+it 1(),"d N P-) lt('(' ltl! I l hlfsCt ~.Of ;edtUCtll of No 3
 

o Iith fs cm I I r, ur i l t , Ih e m r' catgi stII NO n otneent t4artn3 

3 1ill a resul Jt and NOt If! tt io reucti ir the tissue tilCI c ion 
qI !lnl C a co nlctlr

St/SlitIIPli iju t: f-01 tll ' Il,\' dit ,ttLS. C' t!I. Stt{1) M 

t h t1t.1T : , ' 01' t i , :l l , kict i I ( I Il d ' (J t I l i j t hl t ' t eX ! t I I HlIt l . A l t hllo t ! 1t C I aiCc tl m tinl ; 

, ccull vi ttilcedthit K iltion ltSr ed to)the 

SI"tll +;Xte~lt. If) tit p 'l!( i oft Ci Ill; tit! (oionlniimt anion, K IS11t het.enter

i,(j the p~lml I17 t_-,.;h ii{tufor H, oind i imostc itioin v'itl thet SO 4 a nd(H 2PO 4 ' 

T h eut r e n dl a w t o if rU dLt il Z) L , t ii i sy s t e m 

iof l i.',,,iIi/C l!,t- th~j, NO , 

0on K CIn~ J;ti' o n t i l t C It l a l h etfo r l C , 

vwith till! Iollflei tilliltl pl~iods. 

g io n n~ ra tio inc e n tI nl sO y h u a]L aIsfo r o th e r p l n ts , iTh e mla jo r C h a nll e s Ill CollS , 

will e 1reslJt of K, NO an/d CI aCCUnlu111t1oti. Major- s.hifts in ion balance 
3 
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Table 4. 	 Potassvim tcum lation in plants from solutions of three K salts (23) (K = 
10 meq 1. 24 hr). 

Shoot 	 Root 

Plant NO? 	 CISO 4 NO 3 SO 4 Cl 

- net k,meq,4j fr wt -


Glkcm, ma 22 4
11 	 40 27 21 

PIsun, srvjth 42 24 38 32 16 26 
V,., w 5 1liSIS 55 9 23 52 36 48 

will not be essociated with Mg of Ca Js a result of their snial ch'iajes iII co
clirit-dti(Ji. Likewise, the tolativelv so\It dIrs l low r tN,o ,llfatt levels'11,1t'1 ioi 
of S 'Ind P k ill not le ,imiajor faCr!ol htI )il Ithifts of loll holaica withil the 

INTACT PLANTS I-ONG TERM 

Genetwl Characteristics 

Altll.ttJlh s Ii ii icstni , aittiilla C latio;iein in soybeans
 
,Ht" Im illed, ccnitiosiljh )fli, p v plants has been docu-
Ih, 1tft Itlt I iit 

.l., t', ' 10,12,3,2 ;211 h-'I- ) A is, rv,;tinll- g an '1 . idi-iu; the qrow tfi 


i(fIve'oplt'nrT of o) lt llti lt 
 ' !', iit. total Iutriint 
.lohli i;I v ll i" irl)tliitiio W I'iti iit Itl l r pi toettr ivCe.row th. 

T h,- t!IIMv th CtiltP 

)1 ;1tiP, .,il. O ICCoIn iI

ltll l fie)l'l o f('t <l S ' I,; L .)[f 1 /lll m~ th, c'elsis\; ai 

! i)(I oft t iliw,.ioly hi r;tli litl I)lII OfIIjc t?t(, lpro\ili tly 4 dalys
<tlt ,',%, - . I Mi~(;Oilltli lll 't Iltt" thaltl,11We'Ct,10 11, 11 1). iIt,fI ,,W0 i0 1 

t\!ttliitfi flu i , , !lliient- to i io i 	  at(ll Ity (1,13).Tilh JcC(iiltali
tloll 
 of Ir tl l 'if iII( i ii tut' ijirallels iti(if y Iatt0l 1(u11tirolaft,1io radte 

nglin(i vel i l o,',go(131.Acctl'1tnolatio t.; p1iilc of thte total for 
ilitl'jl xaf l i'hs)uhoiu issbIghtly less than thenmlati, of diy matter 
for seVtucill v 1 i '140d hoV days after roUiIgUnce tIlo 1(stlr rl(Ittor ty. MaylesiuLI 
a.CCLrnaiIltit)1) a a )U I1 Cent of tIe to taJl is SliIfhtly hIss I t il Ie ; CLcLI[IUIlation 
f 0 r dry iiiHatttr time )eriod hetmsuen 40 dlys altr eoierglelce andi rint the 
maturity. PotaIssitm actllllcUultion As J p)t1Ceof!t nf the total ~ceOIeJ (ry 
matter accumulation lbetween 40 aund 80 diys aifiei cnssijtt, then K ac
cumulation was less than 6ry ilattClr tckIIinlJatioI hetween 80 clays ald 
maturity. The acCumulation (f-:lcium was siuiili to dry matter ;ccmlmtLJla
tion between 40 and 80 (lays after plant elergenle, then Ca eceedecd dry 
matter accnIlnation hetween 80 days and motori ty. 

At the beghining of rcl)rorluCti/i growth, vegetative growth ceases, and 
leaves and petioles are lost from the 13lant during reproductive growth. The 
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change in the size o' the individuI plant parts across the giowth stages is 

represented i.1the +data of Hanway arnd \eher (9). Considerable tW:diStrit)utiOr, 

Of tit,'.tts ft ll v'gt(altive t t i) doll iiito ruepi-iictivte IIu IiICats1ti, :tt)ro

(JUCtiVU g1I.Vtls to b) t1 t111 littlI' ii:lC:cLt)0llijIoi) 1'1&/ ( '(c or 

;his period. 

i tftr Mr IllI 1( 

t

Tihe r lo tn l t I trrn t ih; e (I f rll1the s ( !it I ill isI i 

ijen. This itlt wi t ha hoen de,;(iri Iu. t i I f III hed tinm rniottIWll 1ntl 

tIltsOIyw~lI ) tIit, 'Itul I sititwIm Iiv ,; l tilt of [JItrlIstr ill OrInfror 
vll('t Ih 1?1 t Ij ', It I ( II I II I)nI fIN f t.n/w, ge 1ative Ito1 l,1, .,,' , ,i'tqII)L 

fi ;)Io(k.Ic II ' iII ! 11( ' 1t lt.scetl I ,., ! t l suggjested! tIVo ~i tl 11 , d"h w. [-()I . (5 


Ih] t )htI I ""e (I,, ill tq /J> :!c
Iac ,i ;ilsoiov )l -d h,,l. . 

Rt(iistrlin )tiicri if catill titti l v t ;t tiStlt t he seitl occurs for 

< (8,1311') '\ti fii Mti i,xihits eithei edistri-I, V'ty Flriitilh t Ca t''lih n 
Iutk,,o IT) Wl ho~l!M1ii~ d' i tiLt~I ;11h1s lll~ Q oni lt , Soil(13). 

Caton Atcuinilation 

T ilw ) )~tl iIll ll Wlt'!11-itli'l)Motion) :I I t~il endllsOf;)',mlti',invlV)t-td ' h}[ 

its lift,ilvth. [Jitl i il" , t I atim <iitir th ciyledons to tilt!root and 

iilypiic'tyl til !litm tltfltlitt li, . t1- iOrtunt of Hawk-I i t l/ii l'nd :,otwn a 

eye soybt..,I seth will ie apipirxiizill\,' 92, 32, :1-0 P itttiq of K, Mg and Ca, 

rspt'tivey. A 7 lay ild pliri! froi this s j ,, inlCaSO produce(It, will 

0ots Iavi( lloit iof 37, 2, nl 15 metgg fr wt of K, Mg,l :iti.iii eCOI !i tio 

11(iCa, Il ;i ectivt y I itt shunt ,.,ill . a Ca concentrationha K, M!l aIrl 

( itf' ot,,t) 45,r
57, 1) ,Inld I'c r''y 

A totiywl' i I ;ttr p itl'tl illit]I %.ill lflisti itte iuttiints hrm cotyle
d0IlS .fH ,ll J C<W IL,ll:t'Iltl I-IIIS flori til,'so)ila,, tilt loo)t i'idiche dJevelops. 

The plaiutt hJti,r , I r N., frii tlie Sol! JS t1i0 silt N SOtiit until nodule 

dl Iei' N iiH (i,(:atini i y at maximuiMloin/ew fill utitioil. rll shotIdItIIe the 

pottritial 1,, :JiSming a stufficient NO 3 ciiiicuntration in the soil solution. 

The pritay torce of nitrogeri for tnt pl)ant isusually from N-fixation 

hy the ndlJ DOVklItult of the nodules to the point that they can makei,'v. 


a sufficiem camtrlotion of N ti; the plant issonewhat delayed, but increases 

rapidly nen fliiv rin (11). T in nna:iinntl rate of N-fixation isusually at

tained tealy :I tiitgiin filling period and then itdecreases rapidly as the 

plant appronc'e; iiintuity. The seulence of N skunces available to the plant, 

i.e. first pimini NO, then primarily fron N-fixation, followed hly low 

levels c I NO eard should influHence the accunuN-fixation dun rig grin fillilngI 


lation of cations. 

The potential f(or cation accumulation should he Maxiniun early in the 

growing season o/hen soil NO 3 is at the hi ghest level. Less cation accumula

tion would be expected as the soil NO 3 level drops and N-fixation by the 

plant becomes n:.,re dominant. lina field situation cation accumulation would 
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!i)', Irlitir! 

illlllrl[lt to iili ifIr r>i tr 

(lot t;rorrar In'!' to(;iant q ovvlth and yield. Neverthetess, itis 

Irerre of N sources oti catior accumulation 

as thik COflelitlJ ' J [Ir', F 'r ]ito 

Th i r: i Lflr:cd I Iy,'t1I)ry etI ItjI conditionsf , ,rJ*<J I Ii.i, rrI 
rll , ti n 'il1d tSoI 'tJTd tillh" is rsthlishej, Victors whichl t pod hin 

11I, llhlri.' iclu tMne't. VwIit,ftt<l,'d rtrrrrrlrr ik fixeri e l eorrlOrlrrilert, 
t lt)11!irl-fl l \ rt ti ts, thet eplod rttive ,lodt ill-

Iltir of 'o 11i Ji rJM l , ct'rr rl!Iltlt itrirJtL I!it)Jr). SIlIC OI e rly'(),i' JjJ 
'l t ,, lti.[ ><l lt l lt~~~II[i* t tI~~Ill IhtI , , t I S 1 1 1(? 

!lIi <I!L ' ol~ ' 11 In l' 1f1 

I*~~~~~~ .. . I~it stf i t 1 i1(111 

1~l1 1 1Ct tlt q 1 1t 1 1 1L I Ct!n11s thI tI IfIIi I, ! fit 1i l ! 

tI' ,r I I II' r I.1 111 ,t I'I',r I lr i S th rt FVVI , ,I I , rI I I ' 1 fi).. 

, , Il I IrI . r, t I i ' t: ol I .oh c hts [t:itu illVl!J'-
K II ~ II.(TU' Ii ol FrI,') I Iit i v iO I ;isp en'' I rwl t '\ r urJ 

I 

;I', :; !, I lF .o i'J 1F } I 1 o ' .IIl t! Irr fq - t I IltFIiStJ l ()n1. ir r tIS
t jl Iit~ 'lo l LII 1 'j t I I Jif', I I I , W(t f i, I'1:()Mi.;itlt~l~l,If 'cf~It;tI ,l(I S h om v O! tle ltan t1 

I i i' ' r J I i I I I Ii, tiJ' t JIIt IJ lid Ix t IInII ll lt 

II I f I III IIC 

S o I I I,I III r 1 l I it IIt r1I J" t J ir so lf' fliti . 

ii I'r' II .tp o Clts1 I I)' ilrr d nir 11 l I rCtt:LIr ILI tl i M illoI thO 

,ti !1to J(hi , ' t I It', 11)I', '! ro,t i 
. 

tt It1rltiSl/w hh 1t 65h f Ily F';if,I tt pliirirt l ! 

I m oll Ito
I t l II!,h II I,(lJirtl l r r Ii l )(iori tri I ttl~olr lr 

-iirii) o-.i Il 27l i r itl rirn lmd 9 irndF203 tl III olio hi ill (5 

10i ',.", 

l ,1-'rA ,\. i . , l iI 133llto 9U i'iF'IFdlrtl (fitrll rr the 40-day 

-rlit , v , "h''lIJfr. rlrlcrFhwto'..'r ellinollmir; norf:tiorrIiirl

"'t'l I. , II rr J,"I t w r did lhrFIlioris. onth 'J r 7i 1 tlr ,rr e e Hl\reever, a 

ll. (i'. r, ,'''',o, Fi rll n sFFitr 1.08 F.ir r It FJ;lJI i l florr to 1.0 1 r1r1(1/ 
huriJJfc I'rl' ill 1Jrr rii ia ovrr arrorn ietr tioIiY., 1 )r Cdir l l at I i\n 

S.ur' r;!tHr.? i[ 'h+ p.. 'h rrIiw:m ly lirjrp wrioiiits of orl mira nion'h~ [:t iJ 

ltttii 10 r 11 t! ll 

sijylwr,'ir ihlit'r t stii Islr'il al ei, sorr 17). 'yhir sap Was 

Th'Ii $Fir )fN~ rlliF [if- (' r cor it ioi t)of riodulated 

11Swr ldhd l)V 
coll.,i'trr l frurn rrri, ilaterl lant it tilt,In:t flo,''r inl lu<t-le .)O t( orsth. Nitrate 

illtie ilrtihril l iun; d !lriiFi if:nrr lition thet i ritin a rt)rt!,rhi, i li icie' r i 

etr(XMi ti!, [liltthe' C tO l eH lrrtiratijr extitrr foril the ' , %%rtis ,im ih all 

treateltis, 'ti N, NO. , rdo u,tJioi. Like .ist the' (C-A) fot thtNO,, ti t

nIlelltVVtis less thrn firl thW tiltir, tr'iitrrlrorntS. Tl se results irrdirI'te lhat tire 
N sOi-r ? (ro s , i ( tJ i(:anir o xylem. ThnirnfFur'i roi' n tritritioil inrti 
10!niCtel-ill Orr(1rruVt1 ilri.effe'Ct nilr! yirld is rot k 

The ratio ol C A tor rr(Iliitetl plants was 10.4 and 13.9 for 65- and 105
dav old soyhleirll plants, lespectivey. A C/A valueI-1 of 5.9 was observed in the 
exudati, fic ilnduiated plants. Tire larer iValuefor C/A in the intact plants 
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compared to the CIA value, in xylem exudate may be evidence for a recycling 
of organic acid in the intact plant. Although the C/A value in the exudate 
cldiffers from tie C 'A of the intact plant, ,xudat. , cor)ositien llas merit for 
compalirl] arioUS treltent SOILiPOnS off ion tiansiwiort tho~jdh the root 

system. 
The ivestrtrtor; of 0a unI Jacikson (171 trovire ear +.Ridrqe' of 

cation movenrent and irn balanu' hy orf anic arfions in the root systeill. lhe 
(luestiorl ar SPS ,h th ertire root S'ystr:;u carrlmailiarn itS ahilit, to ;CCLll1L1
late and trllns)oi t CdtlOIIS over a mojo: part of tin' wpiriodtictive stage. The 

studies ot Vi,1r1t (personal C').OC-t 0urmunitn;)Othe inlil)uece of plant, age 
on the root chatacter'stics, and tht' ability G1 tr I rut system to accumulate 

cations pi cvlt infoririatiori oi this tLiU'stir. F*,k,2hy V soyheans grown in 

0.5 X Hoanaril's soln hrn (16) v5,t. harvst-d a', (rorvth stages R1, R5, R6, 

and R8. -io rrrrastlrr!d ) (if r.0ft n rablle 5.r arireters fh. systilllrare listo( 1 

Tire lry ,t al toot leiritlh plant ve shrrrlar fron R1 to) R8. However ihe 

num111b(. f io,)t tips rttCltr'afr'i ralririly firlrI 1 and W le ,esselltially absent 

,i R8. Tlrt, rtai oir iry k.t 0,1 rout hliir iray h,, evidence that in 

<0!Ut;lti urr l C ysT, l %,Otlld rtarll h iw cation,: 01o 0( a1 :o'2start X(i fo entry 

tloirin (hi C tS'Kt.''t.li 

iltihtit 1 l iti 0itsrtet riiirul lot 24-hi r iods (ill Fiskeb,'C uyirlcw 

soyle,1rr 'i 'll if! 5 t ri Cilltrir' at (thvr'lirlmlni al stailes 81, R5, PC), and 

R8 (71. T'ho 0',lila 'sas gre the ftst ohsevation, i.!. R1of Rh et mt 

and tt,, cxcrlc:rltation of Rh in both th rave'; id roots dtC:c!0 ldwith 
lmati ir 0 ) (J thoil;11ant. RtLII l itll cr crL'riit tion i the r oot'; (lrt(iel ed fron 

1 I to 1.5 e (re fic>1: 'I t fror i - to RPB.[ili ig thest d vI lOpilliental Stageis, 

Rh tonrc;iltratiorr fr tile leaves decltOe~se(l holl 50 to 1) roegg (ry wt. Iow

eve:, tie total Rb d:Coirulaltod by titr tops durrirIg this iru;e wa.: onlry' redtIedC 

fibrn 125 to 91 meon'plant. Although the conceitiation in lhe tisSue: a ld the 

total Rb irr l'r top ilecrreased, t*he plaint maintained a signif~c:ln potential 

for caTioll itry tlrrou.gih tire root s/stem. 

ExudlaCt firom stems, after removal of tolps, was nl.asulred fol 1 Ill fol

lowing the 24 -hi exposure to Rb. The voltuie of (xu(lato and Rb in tle exuL

(late decreist fioni the ('povth stage R1 to R8. At Il1 tie ext-udlate volucime 
was 0.7 Il/hi and the Rh in tire exudate was 1.4 rmeg/hi, and this decreased 
to 0.1 nilhr and 0.2 !0(q RI'lhr at R8. Althou(l tIre voluire of exudate de
creased, the Rb crrirceriarltiorl ill tIle extdlate remained cojistal] for the two 

growth soaes. Total Rh irIllerI throui-1 thre soyhe.ln root system to the tops 
at R8 wv.s apl)roximattely 75', of the irolnt observed at R1. Hence the 
ability of the root systell to atsoii inns oer the reprOdUCtiVe stage has re

rnained relativirly high. This conclusion does not support the idea of the roots 

beingi greatly limited by transport of photosynthate froni the tops as sug
gested bh Sinclair and de Wit (30,31). 

http:soyhe.ln
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aTable 5. Characteristics of Fiskehy V soybean root systtm of four growth stages 

Growth Stage
 

Parameter!Plant R1 R5 R6 R8
 

D t',thrc orlt) 673 2 181 9 1003.3 317.9 591.3 12 9 1 46 1.5 209 2 

L.,nmillI'll) 120.5 1 52.9 183.9 57 5 135 G 3 5-8 165.5 49.3 

Rnot Tios (no) 167 910 165 133 223 206 0 

In an atetritpt to determin/e 11h 1011(l trin illfltIrcyO of N souIcs oil 
catlon :tlmomlosition.. o'jbeas (c, Fit! eit V ) rt flra (Ji o iwlh stage 
R2 to RG with N\fl , NH 4 ia iici N 2 fixation as th sole N soL,ce. All 
plants 'ee v,.i, oil a 0.5 X HoaIpii slltion!l (Irovth stague R2 ill a 

Thr . 
ti itll, as Ctl)lca led i at )lmtihiq and d(Wiii iill nOCLI LorIs aidet 

5) , ft'r (''itijt l t, Nitiate, NH 4 ind1. ,a V'er' ad li to a M illts N 

it\,) 023!1lii E' l'111 III tho' CtVllhOoSi' T()i '. I p)tlints1)ot arid tJlul 

0.5 X It(.rt!)hIr1 5,rlr otil !t Li'tlilv cntIt f'llCo01'tt tr.itiiorl m 7.5 nrq'1. Til- e
 
SOllitliow \t 1011\0.. \v'tIly 'tt 1, o Oftrn 
 \'.ihi li'ctet5]r ,' t) coril!ri
 

pH.
 
MIli1s vtl" 'i tI )i rr')iiir, tfh stlijts Rf2, R-1, 11) 3 . , t lIrltted( into
 

I(2',iv s, ;te'm , ihti!.tt , 
, tt iotis, riiit at (0 C, innd ( it t to pass thlou gir
 

a 40 nitlr1 SCI'I Ccltio/s Vore exiactet' hIy a HNO H.C,310 ioC'trnlre 2in1d, 


NO, txtriotti b lh,hot \\itoi. Allysis for rttions \vas 
 hv aititaic ibscrption 
,i'l 0( 2 ) 1},[/ ,, q c 3-t,(! jwi of Lov,-i lid 14lam iltoi (24,i) 

lh .iti)'r t tii- , M , (jl and NO ' ir the elivt 3 .iylil tht , C))lCon
'1:.i;ton of K.' M t, ild Ca il ilh' t p t'tits)( t if tlants floil tIte fotil 
flirit lMtot],ilt: micl 1'sftt~ ill T'llfl 6. rft t c llce(illilti,,il of N O , in the 

rt?,v . h tll 0 t otilaS irio} d) hs', 51' 1 l (:itit)ll,. Nitrite Co.lnc tlc'iatioln 

ial th st 1 it, pti) tci ti i'le r oto ot to i Ct')ltt,withliIly h ofald o
,dCCLII,_jC\/, llf llCt' OW/ VJJ 11t(t r t o[ it edot. The {cOiicetl )i(ml]s (c:f 'Id( S 

oU lot ItaIStlirtl, bUt WOsik Pot nl t?\.lCClrit)t '>.C't'(i -i vltie of 0.3 

S,')q'q e'\liesCtt as H2PO 4 alll SO 4.. Hence the loti irioi taiiic Zillioin Cori
Celtr1"1 \vrc:ld 1ti ?xcetcl 20 to 263 of tho total inorilanic cation ;On

c nil ltiro). Ill %flich ctost, tI;t. .Lh iiltl iil totI ) CtIrCorItri iO.o w ill1Ct0ln 

Iothecl a chil/ t- in1 orlarir: iriltrl ItCoI, s as inftWtl :ti y the ticatmentS. 

The ailt0llt of (IrY rlirtlUl ii th i ,e''s ; lod s remsr pltioles \velt riot 
siglnficartly different for the gi-owtlh LInJs ,I/d tht'l e,e11 ot affeCted by 
the nitrogen leatintnls. Since (rosvtbl rahs wre similar for all tro.itinelts, 
Cation colOceliti.itioll ill h1 tiSSLce was not rlflar'[iCed lIn, (hy matter produc'
tion. Chlarlqes ill Catrorlr ct:,Centration itst tln lhie wlated to the twatOlle 
and/or the growth stage. 
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Table 6. Cation concentration in soybean leaves and stem + petioles 3s influence! by the nitrogen source. 

Dry it Leaf Stem + Petiole 

Treatment Leaf Stem K My Ca NO 3 K Mg Ca 

-g - - rn.:q/g -

R2 1 16 0.53 1.19 0.33 1.12 0.121 1.30 0.48 1.02 

R4 Nod 2.:8 1.22 1.00 0.38 1.21 0.058 0.84 0.46 0.78 

R4 NO 3 2.3. 1.02 0.93 0.30 1.12 C 052 0.94 0.45 0.92 

R4 Urea 2.61 1.05 0.84 0.2.3 0.92 0.041 - 63 0.45 0.66 

R4 NH 4 2,64 1.01 0.84 0.39 0.87 0.011 0.74 0.40 0.66 

26 Nod 2.58 1.16 0.86 0.36 1.20 0.017 0.67 0.47 0., b 

R6 NO 3 2.90 1.22 0.95 0.34 1.30 0.045 0.76 0.40 0.74 

R6 Urea 2.77 1.20 0.74 0.32 0.90 0.024 0.44 0.39 0.49 

R6 NH 4 2.29 0.93 0.76 0.37 0.92 0.036 0.61 0.44 0.56 

Growvil Stage NS NS NS + * NS 

Nut NS NS NS 

Nut X GS NS NS + NS NS NS NS NS 

- Significant at (A .01 

+Siqnificant at a = .10 -" 
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-Fill' K C&onctiit' ,tiiir 11 f',iVti; id' stenois-i pQtiolrs was i-educed by urea 
arNH 

.1 
dt RI Hd RC. (flIll/, K ill Ill(. tiSSuu waZS hi;hlm for the; NO 

3 
til"Iiiiri th'ilr in) iipri iir K\clit .0 13' or Tii: K coirl , ifi 11112125. 

cirir I ho! ;r:iIw i 1 I ol h,ll - wii'1 'l vll) VlM(1 wIl1tljH 

CO MI 1i\ Irir 1!l iii'ill 1 Nil fir; 
Liii i x : iII ' uhfmlcl r fIll o lli, f lol i llri ti.I i i ii h wII 

Ittiv skn tI i ( it itl , k". 1, :hLi. hLq i - il i ceHJl . i ioi v,tlii 

noti wl~t ii 110 urilil Iiil i, ;!w l II.-1 m i H~c NI-Il ii, lillon i 

i i ii r:iI iii rt Iii i -di I. I 1 ) l it I N Iu , )iiiii I 1 iI r 

uhf U ini fijiti Li' if uLL inI Tr~i f Li ii ii. JIF 

if:;:t il thudNH i itiini 1.lii 110 llA]- II iil ~ 1 Ii, M 

o ilirri 


tIjo finll k limi cni:nui i ll1w P i iitli it[11 


couldIll ionitainfI k ,iciiiiirki ill(i xaicnyb t 
w t~iIUIII ty ii illr5 (:ol 

kct)VO ii;t . u 1,1 tiS(' u ans fiedIIaCtrI il it(se I , (ioit -iir inta t l ild N r'i 

lxit it ~ rI iknfII" iiiily I I, ifl l t" l td t Iray I hoitil"in ) t I I - Oii it ir it l adkl 

ILLILli:,rat thif theuiiii t iiiu 111 I~iriu vn-it; 'ie 

M 3,rrinr: if' i~i'Itl - , (t~iirt''I tun i fti i iiii()rIr- ;)f~ill( ~ih. fit 

ttu no ' t I I fiI (NOl I 11i' I il i ' ti I Ilt 'lit" rd fri10rn,M 01 Xituu hI 

c i iti iti N mi)-1 ,l !fa il s itrn,, m; i i 1A I- istm oire of N tw 

1( oft ) .1ci'crly.'\it iie stl)tliu urns, 1Ko in li icona kionllcprnces he at

tirr Iatleadto amntimbalancde ofllcaticli-ar inderi lo tisue.lo e- psihlt 
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32 Cation Nutrition iMU /un Balaone 

The 	 rate of dry mIatt.r fioduction will bt' tilti owfly cl.. oinarI of 

cation accumulation. i-, short ttmm exrlmanerits OiL 3hilt ill (C-A) nay be 
observed ieadily. HfI(Vvi., with ;lii tm 4llI(Wth rariod, the plarit ddjL;sts 

itS 	 (jth ate wMthrith i sIct li-iam; i I i'iiiitiW (C A) iom.ittta

tioti ill the t sal, 
Finalily, hit I, mlt I,m ii r pwl,,ntly whoJit llm (C A) "io Illpo llt1,!t pil all'i

eter irlfliricin; i)y[lnil 'itl(l. Tht ilfIlir ci ill (C A) (M vi(jt'titIV., yield 
otv'l sholt tinl, ipt~lioil,.; ' ll <i tion i imdi,toi of im t)lntill yield.iot 	 Th ? (jLWe

tionl lllwill; hlt ((C A\) Hillhwii( I-, ,lodf! illnbil, hmt'l( l lossibh't chanlge 

ill 	 J)O-I doll Srti' i 11it~!iiii iii milli he /'Ill] will licessalilyiriIn11)ch l. Alry firt'rl 

lead to a rLiductiirtt if yicld. 

NO ES 

J. E. 	 Lugqtt and !). BF. :qih, [el i'itimnnt )f AIreioiiiy, Uiversity of Kentucky, 

Lexington .Kentucky 40506 
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RESPONSE OF SOYBEANS TO LIMING ON ACID TROPICAL SOILS 

F. Abruinh 

Million-, of heclars of Ultisols and O\isoIS occur I Soutth and Central 
Anlrica, Afiica, aid Asia. Thtse ;oils ha'v hieri devoted to native forests, 
exttensive liSt-S ,) n liII fo II fatimirij basedslich .tw Il cLttlt, sutisistanctc on 
shiftil,!l ctit ivati)l fi t' h, tli, aIcitlic, iIIql, \v thltitiid ci+olliti(l5s of these 

.;oils IIII II, [ 1 1.\i if 11 i) , t h I , Ii it Ic i ftIs I Ii ttIw , V il 1M t t (tts 

Al thI1ti , vJ , iiCfI ri: ' I 1, 0I.tir ts j I P ( lt' 

,I IL IIIIt i 1 AN1/t 11,(] h ,( ,:, 1 1r, ti 11f t I~I [ I1111i1 cI' f t~ (Ihs. I'd~ol 1*] Sr 

{ t tI .'I t( d+ t +: : I I' ; t I I ' t:} I :; I ! lltl J th tetI lt I i() f '' W ' [)ft ? rllf II tl (If11t I IiI f.It, , "kI cn 11 tfi i n F o IeIamIiicttl1i.IIIJ1 
I~113![ I, )3hMil ~i t' llihT t 1 1 !,lW1 [)c1 i Th f , V [ h' I+, If Ic t, I f the! spetcies o f , 

pl, i:co fft Is tth'l,1i t tI, hlijh c( i ,n tri tiin iof I l iut is ,lisitivo ev ii to 

Iictld iitily hil;h tminc,. tt1,t1 ' t '1tl ,111 ,i11 ill t11 si, h, (1). Sitilarly, 
, m  po.,t Itt~of-(+,,JW ktllt 1011,11111 (:-)) hitit loi ::co (2) i, vc'l', -.tii itivo to hoth 

t!× h aII!,,1lh ltA I '1ll 1d t(,~ It h M [i tIl tI! so l!. 

Sotyt~ico bG/f' ]t u \ (L-.) Nlei . pi) ructiin is i>.pialntiil)t( ii idly ill the 

huiltlIdirii tiOlS l O ! I Itajitil ItM)COSt SOUICei of lot0h vhithic is theItncoit 

maill dtfitTolly IT il l- h (lit I olilliocs of teolie in tllts( areas. Consitielale 

t'Iln )hS:,i has lit'i ll rIhi:tt Liritt le't'lt y'illS Oil Iesalch to deteitm irle the 

1ll1 ittlIllt iIltS ()t ,Oyicans foir mlraxiltlunl )IOdrIction in acidic trotpical 

soils. Most of the iestrlch work has been carried owt in the Campos Cerrado 
lgion of Brazil and the Llanos Or ientales oi Jolonthia, since the most exten

sive areas of Ultiso 5 aid Oxisols in Sonuth America occuI there. Mikkelson et 
al. (12) found while working with Latosols and Reqosols in the Campos 
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Y6 Sol'bt.'if Riesponst! to Limiol 

Ii) lio ,lhhi li" H i'tiiiI f ioi 'ti;1 lilt- Cy'ui 1tuIuu th 1!1 10:1f.t .iu1 tl 

4.5 I llii w ttb) i v Itl Ii ;l'1 11 i i iiit.ii fih;lm l d yium1hi( to 

1 viii h t1V itofPExoj'iilli ., to l I C i!o~iu .1ii 11i 1Ut)wI ot 

tio, Il 'li lxi'tJ il i ki -'i~it', of 1 1ii! Llii 1 t 0.t 1a e 1') Ia oI 
Lp itil ra( li .rIl i~ u ii"t u; iii ,' w IA To oIii la oc ott 
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60 till HtiiritiLS tiy I Fyjic Tio411)lrulls), adfl 40 onl Coto id'dy ckliy (Ti o
 
prumli H iplithhi), to1 vdih viii il icitimntfts of Iliydratrr le v"I'i'i 11)
 

pi iii ol r -' i I II i mijeoit IIIt [11o )C (:Il of st i.
f .5 dc I 'Inlliiit r 

Su tril 'iNT 010 Plot 6 111u11111S dfti t' it 11111 intf.\le iIkti. fitiri 

noluljw it' '1111 ii Si)jcK I, )fil ii iiiii lt KdCMI 

.~' 'rI,> fri3 i Iniiii ciirrriikii IIIr jsr ill ' 

!,)I (',, 111. ; icrili1) ficind Pun foi K fltj 

RESULTS 

Cotozail Clay lAquic T ropcmdlult ) 

1ji atI-lii 1 01rrI lltr ri :1 ,rIts i 'thu 1)ll 5.60, coticnsnoml
 

IIIII to Al J(Iiiiii 1111 ji AI 1),i'"iili if 0.0." Yieflds tL-ciiirn 37"
 
iA; fJIiiiiitii 11HI'dW to 1U 0 1 IlicurIti To 5.0. Whleni Al sdtii 

ifiti iti 111 26 ,wkIi'hoitir f to 2- , ot iiidt17itiil. Yierlds lvvtf 

Jilfiit Ifr fI 61 Ii. 8' i)[l i Jt !,I I COiifittfii Olt i lthiwjh i L ti tiii 

ififY 10- 1o r it lcti , iclmj ywk I ,I,(Vfun ill At11 fi if m t 

V"Irfti ii t cur I, .f ur iii 'ii' 'ryIr IM-r, LIlln M M1u"' (ifit2t II' 111 

Sri;t(Itil it v tit ul y IM iii' u r t f~ Is1V i IttII hr htlj')S i'ti1 i I t o) 

lr.Tif, toV.I.,n ni i--!irril iio tft-~ l i> i iitim f-d N i iimw d ei 

Itiit x jtI fruc'rlii i i I ] '-lld1 Tuft \IrAl if if timd i ... III '" i 

ini' C1nII' 01A III, t i' I s ii''r~sti itltiriq II'n r niiniii ofI"0""1 

Ih iktd 1o rly ]!,c ft i, r ' Js 1,f iUrn tr f (11i Iriu irii, I up 111( N i il 'd', 

C'lon %nrnthnr tI ll;A l!l,:)1 i: Fid IT w 



Table 1. The effect of soil acidity factors on yield and foliar composition cf soybeans. Hardee variety, grovwn on two Ultisolh and one (j 

Oxisol from Puerto Rico. 

Soil Factnrs 
A I

a 
Ratno b 

Actuai 
Yield 

Relative 
Foliar Composition 

Ratio Nodules/ 
pH sat AliBass kq/ha Ca NMO N P K Mn Ca/MnC Plant 

-- - pplim 

Cor 'a C",, - .q-4 ! . TrcpLtirc,,Ii

5.60 3 0 02 2081 100 1 71 0 2' 4.419 0 30 1 62 152 :55 75 
5.00 12 13 1311 63 1 49 20 3.47 20 1.56 152 135 62 
4.8C 26 .36 585 28 1 9 10 3.35 .20 1.54 150 127 44 
4.70 33 49 558 27 1 26 16 :.03 24 1 48 152 114 13 
4.60 44 78 532 26 1 0? 14 2.01 24 1 47 152 92 4 
4.50 56 1 28 64 2 79 17 2 17 21 2709 151 72 0 
4.30 67 2.0,3 62 3 0C0 17 2 16 26 2 10 150 73 0 

H ULTT j T C 1 j T , . T ropo , i t. 

560 2 002 915 100 1 7 02 4 5 1j 02 2 19 G0 400 
4.90 15 17 906 99 163 26 4 67. 2.20 64 350 
4.80 22 28 875 96 1 5 22 4.82 20 2.22 54 400 
4.60 36 .56 602 66 1 57 22 4.54 .24 2 20 68 317 -
4.50 45 .81 475 52 1 47 24 162 .24 2.32 99 204 -

4.40 55 1.20 430 47 1 47 27 4 50 24 2 40 120 168 -
4.29 65 1.84 392 43 1 42 27 1.37 24 2"33 105 186 
3.90 17 3.33 61 7 104 25 1 07 26C 2 50 125 115 

i 
C{ Sonir ' Cla'i" I r () pi ,C 1;,;l >,;TDO 

5 30 5 0.05 3555 100 2.00 0 15 4 7,0 0 1E 1 31 .J67 75 -

4.70 16 .19 2997 84 196 19 4 84 1F 1 22 468 58 -
4.50 25 .33 2755 78 1 86 .19 414 12 1 39 514 50 -
4.30 36 .56 2540 71 1 87 18 4.01 .20 1.37 528 49 -

aAI saturation percentage (E xchangeable Al)i(E xchanleabhi, Ca 4' Mg+ K Al) 
bRatto Al/bases - (Exchangeoble AI),'(E ,changeable Ca I M I K) z 
CCaiMn = (Chemical Ca equivalents),'(Chumical Mn -quivaieYts) 
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Ta:,Ie 2 hovs ihl' t thi?!e .vew 4]11ifikallt co.wlatiom between soyhuml 

yif Ills will Ole vlllml' "'W ccidity Lictut's kvith I valijes excec(ling 0.90. Fill

[1.i. I shmv, the cl() - C-;Ii l'ition lici%%een lilt? pcxem Al ,atw fliw) of Ow 

oil 111(1I11.1m t,'1111d, S1.10;0y, C i mid N ( onteilts ,iqmhcxiIIy 

1-1 lidlled w jW ,YOI) JII 11'jsln ;oil 'IcIdity fmAol 'I'l vvoll 'Is 

hi-.1 t ,lltdltlml %x ohtml Iwk%,t!cII N cmitem of Ott, lc ivi s 

11,d il't'll 'I, 4k . to I s,)"ir "',A 5- i N ((m hjit t*,,,., 
Ilili"WMIll , ItIld, 

MliioOUS Cld ' (Typic Tropolimmilts) I [I th !It r 
., 

it.;(k mi III,,. ,,,I It, -,tr thm Ilmst, (ihtimit t o I I I soi s 

IT'dill, I k) 'Alm"I I'lild,111, 'IfId mwct '111fli'loe 

Ili, If 'Wylwxl , h) oil 1111'. oll ,vx, ool: is '1"011 the 

p!(IhlHy hi c lww the Ihov(. Ilwotoolit'd fliclol" hmi t'if 

Th,- wl hjd , I.!mw oI lill, of Al kroo Ijliw, md of Iwl 

,Il: AI ,,thiritwil Ili,-I! tht- Gm, it ',oll Allfltmih tAow ( %%('l 

,,, I" Jll) old, ilm -11 1;1'' ci)w, 'd "ill X 

'00c pll, Al hl' ,. itit, (11pqck I ! AI 11til''Ilml -dhw Ft'l I! I 11 .1 .1 

''10 1,5 A I , ill If !11 I 1!AM 111I h illi'll '1 1, 
l!", :i !d fil'i" f1m ill w th'. H ;I I'lliled 

(]; I l 11,) A l it io ll 11 111''l) 

I; illit 11 'llid A l h x j I'Iti, I M CI 11,1,Id it 1 0 1 (It 

FIW ,f f !Iflll. m , tl I '. di'll rol 111)( )1,11m I') fil'it o n th e 

("M)"'It 'MI C_11r[,im "kiflIcill dt.cwao d j.. "ml lt Il'i" [Ili I, N I I I oqel 

c( m tklill 'II"() (b.cl r",f.(I ho I lilt Pl IlW( I 1.1ti j I J, ( 11 ( 1 1 tI lk Inqly 

,P, I I I i )". . III I C m (),.,]! i ) I I , I I( i, %ti(if lc l (1111, P , 111,1 J , k:(-, I" 't J f,.co q f 

h y , ii 'itlo ll') II )m I 1, I(il: . T 1w 1\111 i , Illcr t ilw , Iw I m Ix lt 111) It) 

pil -1 G 111(1 tht-11 jIlcwx'(A 'I" pll ilwi)jw(l I;,(! ,,:I I 1ICI ''J"Od. 

Fiw C ii Mil I'Itl() lt m ,llfl,,d f !111" ("'ll Ix -I III I !Id Ow .) (1-rl..,J I d 

wl"I'A"IlHy 'J"pl-I fI(I"J!""I. 

17,11,1f, 2 111ffN r(mwilt" vew 

lljfjlfI( jo I!y 11'.I;J)"J"11)Jfj m 1)w )I!, d t!, )ttoll l1w I 

ll()l il, Jflj ir th ,- f'tl iii, (,')I 1 1, :1 f It 1 C ,I I I rIt, lit t%x "Itillih 

1111 m l 1( (111 1 :, 1, Ilk !Ili C o I o /,Il 

soil, N cmihrt iitil. -1Iw , t,,m- it wl lfll soil IsI'l 11111!1 
dj)I),jIPfIt1y I'd,0 1''! p1w l!I11 , I() X I fli I- lit C .1 III(Im o l h y III.I(:IlvI 

tioll ()I th'' Al f, !h- .''d d it , !, wd 11- l , hxi i, (milid,,x. The C j/Mll 
IjIlo (J 111, ,I, d 1(pw ! lw,' v.,1111 hIll th! r VdItic 
vvx, md", 0 .1 1 

Coto Sandy Chy ( Trolwplic thplorthox) 

Thl , Oxl, (d I,., I'm It"It),v 1111,010 t-,01 111(jeahle Al cmillwied vlilll the two 
Ultiso:S, th(I C(Ith'll "AOI'm(It, ciipicity is much lowei at comptuahle pH levels. 



Table 2. Relationships and correlation coefficients between soil acidity factors, yields, and foliar composition of 'Hardee' soybeans. 

pH AI sat Al/Base % Ca % N Cd/Mn 

Yield 

%Ca 

-N 

r .94 
° " 

Y 15269 4 4 -;l 1604x-35988x 
2 

r B4" " 

Y-1431-564 .494 
2 

90 
° 

Y-1464-563, 393 
2 

9 -
° 

Y 77 59-2233 3>9D54', 

832" "8 

Y 172-014, 

r .84" 

Y-4458-.037, 

Y 

Y 

92 
° 

254 72-2034 35, 104' 

1 699 -99.- 252.2 

1 83. 

441 2 709,- 73qx2 

Y 

75" 

1055 47-1653 25. 

r 
° 

Y 1667 10-806.87x Nonsignfican-

Yield 

SCa 

N 

77" 

Y>9997 7,2735.3-234 0,2 

r- .60" 
Y=207..367x 

Nosgnfircanr 

r- 78" 

Y71493.1-531 6(1012"1 

.59-
Y t.52.008. 

Jongitficanr 

Humatas Clay 
- .77 

" ° 

) 914,3-432.7x-5255x2 

- 65" 
Y-224-.336x 

No-sin.,.ftc4a,,t 

r- 67" 

Y=508 3+706.8x 
r .63 

° 

Y=1812.5-513.8. 
r .41 

o 

Y=315.1+l.59. 

Yeld 

Ca 

N 

r=.55 
* 

Y 54766-744 89. 

r- 34 
° 

Y 1 274-1.39 

Nons'q,tficanr 

r- 59-
Y 3438.8925 99, 

1 33 

Y-2.25-CI. 

Nonslfntf c.ar,, 

Coto Sandy Clay 
r: .57** 

Y 3455 75262502 .-1654.2', 

r- .37" 

Y 224-.336x 

Nons, 'can; 

2 
Nonsignificant 

--

Nonsignificant 
r= 45 

° 
-

Y=1970.7*2288, "t 

0 

S'S 'f - t it5 e-tI D jn c n'sn e . 
S,,3 , i-cn it I - i-,j (D--ca', i' '; 

A'.tI ton i. t s ). 

tanqt, 7.-SW, 
Z" 
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Figure 1. Influence of the alulinolln turaiumn i)'rlMuti(WV Of ConotZiI cbly so0l on 
;oyh ean 9ields. 

This soil ilo lii,i ,i hulvset Ilencto1l AlI attIILti r1 thin Iew Ultisols at co ,ies

toilin(I p11 Ii, il ( 1i)h, 1) il t is hIrlher ii1 lotli exetar1igeal)h and casily 
teuliucithle Mo. S(ot'VIWiri Iro)ihied hiilho yihls on this soil than on the Ulti

sols. Maximilm 'ill5 ()1 35h vve' lpiod(uclieiI it 3% Al Sat liat i)on and 

lowest y 'Idsof 25,10 ,il lii it U Al ,,ittiatni. 'l-ii; S0i i, oIn hld muIch 
less t lint, t thanHilt1wtnltlti . As Tle sIhov.v, it the hifihest A satuiation 

value ol 3(",, s(rytis iliief! , lf maXIM11M yeld, as .ompadPtl with 

oily 27", at :i);iesm ot liiii(I licceit Al salltcitioii level oin C,.i 'dl clay. 
Sitil aiiity cllf-tdtl m,oe! of the hlim cm)stittietts, lit not as stlik

inIy as on the Ultisols. Calemi :uiitt of hw huves (tciniasetl and Mn con
tent oct eased as poiu <nt Al atitonitio itil Al/iasf iatio nietasetl. The other 

leaf 	constititIS Me iiialltril hy soil aeiiity,. 

Tahlu 2 Fi quit that soybeans ies it) yield to lininqj,and 3 shovw 1tnn:de 

hut not as stnntil, as o lW Ullisols. Yields wete siqinficiantly correlatel 

with all soil acidity factors: dH, peicent A saturation, and Al/base ratio. 
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Figure 2. 	 Relationships between grai vid s aid tlil! mi.roge Content of the leaves 
of soybean tPown on Coroz yayI. 

Calci 1 ConteI4 Of t1L ICLIvt v.t.i co .)l t with soil ,Cidity factors, Jl
tho)ugJh thei' cll( .rOitr s wei hmdnely siilnificant !t t: 5'.'o level Nil;oqcn con

,tent of the lave w n cOr Iel,itt'd I\ith thr ac m However,it noi it y ,or r/iols. 
the collelatiol lh'ot.en tw Cd:Mli I,t. t110 ItNIVPS an]d (1rain yield was 
signif icant. 

DISCUSSION AND CONCLUSIONS 

The data pieseitind show that soyheans lespoIMl to liming on both Oxi
sols and Ultisols, but they Ii;pio)ln more strongly on the Ultisols. Among the 
Ultisols, a stronger ru-poose was tvidlt h ie Iss w 0at Corozal0ered 1 soil 
than on the Honmat.as soil, probably he;,lnnse otl other factors 	that limited 

t ) Nyields on the Hanitatas soil. The rsSpmr seemd to h linked t and Ca 
nutrition. On Corozal clay, no(lnlation was Curltailed severely as soil acidity 
increased. Altlioujh nodUllation was rot measuedlon the 11a1atas and Coto 
soils, it was probably not affected as severely, since the N content of the 

http:Honmat.as
http:lh'ot.en


Soybean Response to Limting 43 

36 --

Y= 3456.75-2625.02X+1654.2X 2 

' o rz0.57 * 

34 

z 32 

0"
 
>-o. 

!30
LAJ
 

28

26

0 0,25 0.50 0 /5 

SOIL EXCHANGEABLE A BASES 

Figure 3. lIifluenie of ttw ilmirim,'b~moi ,iio of Coto -imidIycIy on soybean yields. 

leav s on th05 soIls , I.,ot iC d di tyd,tt yify !h ll1(IsillpH, lelicent 

Al Sltil.161)0,01 Al dIM', rlit10,. 

Th, Ci contt,t of the loavos ,%os m lfitd ii simlla kjay as N by the in
te sity of tho il'widit ta ct ,Ir. Thi most StI iK1L lialtiols in the Ca c0n
tlt tv\le iecoi'm ol the Cno.:l cia5' Ithis soil also ohoo-e'd the stiongest 
Iespouse to limini. 1 Iw 0t101 :%wo )ilssh1 \\ ,i vdtiitiot ;sin tileCa colitiit 
that vee toughly snmilar to tit, JIt)ll of i.'SpIiSto !vinl. flhu least vari
ation in the Ca cm tuo, MI thredCoto this soil also lesponledt k.a&q; l0t:01thd oi I 
least to liminm. It Mom tha Ci ;pti .ct is tle main fit'ti iuiVOlved il tile 

'Hardee' soyhot s,1S'ps t' to iinirlrI SHI0 it %iS .W Ol!'i/ oliar c'nstituent 
correlated with icidfity fitL TOs 0)urhe tlh '' soils. 

The Itin factor ies0lmsihhc to hoth N llltrilion and C.i Uptake Seems to 
be the Al ion, altIoluqlh Mi nay be a contiihtitig factol in Oxis'jls. Table 3, 
taken from Peni son et il.(14), shows ile Al and Mit molar activities in the 
soil solu tio for one Ulti.ol (Humatas) and two Oxisols (Coto and Catalina). 
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Table 3. Soil solution cation colposition of Humitis arid Coto soils (14). 

Soil 
Solution 

pH Ca 
Soil Sol'tion Com)position 

Mg K A Mn 
Al mn 

Activity Activity 

mM .. - pM 

-uinalas clay 6.5 

5.0 
4.7 

4.1 

3.8 
3.7 

2 G 

12.2 
7.0 

13.6 

8.3 
11.2 

1 7 

2.2 
1.0 

4.7 

1.9 
3.7 

1 

1.2 
1.3 

.2 

.3 

.3 

0 

0 
.1 

.4 

.7 
1.4 

0 

.3 

.4 

.6 

.5 

.6 

0 

0 
20 

85 

179 
331 

0 

125 
200 

229 

289 
309 

Coto clay 
3.6 
6.7 

13.9 
3.2 

4.8 
2.2 

1.0 
.1 

2.6 
0 

.8 
0 

500 
0 

339 
0 

5.8 1.8 .9 .1 0 0 0 0 

4.5 

4.3 

4.2 
4.1 

5.1 

3.2 

5.4 
8.4 

.6 

.5 

.5 
1.2 

.1 

.3 

.1 

.5 

.2 

.3 

.3 

.8 

1.0 

.8 

1.3 
1.9 

56 

91 
101 
196 

578 

702 

717 
901 

Catalina clay 6.4 
5.0 

4.4 
4.3 

4.2 
4.1 

2.2 

84 

26.0 
16.5 

15.2 
18 8 

1.0 
2.8 

2.3 
4.6 

2.7 
1.8 

.1 

.1 

.5 

.5 

.5 
.8 

0 
0 

.2 

.3 

.4 

.5 

0 
.3 

22.3 
20.6 

19.8 
20.8 

0 
0 

24 
46 

59 
74 

0 
148 

7777 
7526 

7441 
8355 

The Al activity, althoui(;h closely lit!te to pl14, V(lh is co!idt aihly moril 

.oils. It was hi(lhlest ir llw Hi mi t;e soI) i rlIInJ .est Irl tit- C'itklli l soil. 
ICaalilra; (-il it)lupti: Hli o{)tho+x) 11, illolf, %%t,,Ithf~l d {ilod Itemwhwt OwnLI 

HtiinIIit' em (wt. I h- AI i(tivity m: ;iws,!lit, with flit, deqee i wt. .ithr 
irlrI lo f !,m'+ tll Ag,ltlh )Il ll thjw w '11' [1() ( t ,I 'rtjjh h , A l ictivity lit the 

il i , Imilphti 

,:t l .VIrV (llS ' (.:,,i s ill Ultisols. This 

C'orol l ; umnl,l)ilY tHinm ill Ol fltiii'lti , ;il. 
,t Imi',l'l i l0ii tlh 

stioll. '.tlvity (,f Ii M i (im ill )l\,oI illptiwotly wilac; ; th Al zictivity, 

lel)ressill it 1; 1 n'. l )utIll nl:t ,ll1it sinnitivI ho Al tox\icityI tole ant to 
Min (10 lO t rt? )rllid to liminhlt, uvo ll It mv fill viiiws i1(l L illy high pelrcent 
Al satilmation viluti ,. Th nih uii : ol tii.t Mil iOn ill the .oil solution of 
Puurto HRi(ri OXiiilh it I)H v;IloIis iiidh 5 is ai di tint chiuIctelistic of this 

gIrOup of stoit'. 
At comnpaiahlh Al saliiation valuts, 5oyl~ms respoinded moe strikingly 

to ioinil ounu'il tlan ,n HiMitit;s 01 olto ',iils. Seetms toCailcitint uiptalke 

be the detrmiiill falctor in lime ,lwitns, indthe Al iO seemis to he the 
main factoi governing (',I uptake. On Oxiols, Mn .s t() toeplace Al as the 
main factoi conti illinyt Ca uptake. Since Mn is also ioheotbei differentially by 

plants, the ratio of Ca/Mn in the eaves seems to he air)lropriatu index for 
measuring soybeantires orse to liming on Oxisols. Significant correlations 
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(1mWlt 2), .thnutthil thi'\' ni'ot as; sti ikinq as those, obitained wvith snatt* 

coc ll(I~frtd tipit 1ltdcle soyhetis tispolid :;tlmtly to liming ill soils 
111i;' piclit Al )ii~tii is Flte tupil imisi, of ifiiti;ity (tiltisols) ntit 

toI i c\IJ-11'\titF iF; 55114 soipililit, N111 illoillttS ill thimsoilt 

oilm 	 it IlF] lwvt~s Fj\'iil Own 5.F. lThe lflsp)mItSpU 0Ii som 'li~lo Ii hillilJ 
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MINERAL NUTRITION AND NODULATION 

D. N. Munis 

The purpose of this chapter is to describe some aspects of mineral nutri
tion that specifically afect symihioses hetween ihizobia and heqIuies, soybeans 
inparticular. Most of the infmination ,conius from research with othei leq
uiries. Ext apolatirrq itto ;ovheans is UnCi:rtail, heCause eqluine symbioses 
vary in Isl rLiti t1tin, the strain 1orrset to 11 ii,{al evUrl at level of rhizohial 
host ilant v,'crety. T'hi,, varlatin is a hindraice to easy enerali/ation. More 
importani, It w;ay allow selection of Iplants ridIhi,,hia for useful tolerance 
of ilutrtroral Str e;siS.il 

"NOdilai .. for i)isenrt jrtrl)oses, ,%,ill .:rrrti lsetire events and proc
esses that to effecliwc- svirrbiirtic fixation. It 11l1.(les rhi/ohialhtlad Hitrotli' 
qrovtlh and )ersistence ill soil. rhizobial Colonirzationfi new 1oot surfaces, 
infection, rnile develhrpment, aid naianteance of effective nodule function 
throulIoLt tire plant's dev1oprrert. Each of these may he influenced by a 
nutritional disorder. Tire jradnt's dependence on symbiotic nitrogen fixation 
can in some iespcts increase :tssensitivity to nutritional stress. 

ASSESSMENT OF NODULATION 

Nodulation is assessed frque tly by measurenents of nodule number, 
nodule size, nodIrle color, or nitroqenase acitivty irate of rucLuction of acety
lene or rate of assimilation of 15N2).These inreasure only part of the whole, 
part of the time. Thouqlh useful, they do not substitute for measurements of 
the yield of sym'noticaliy acquired nitrogen and its consequences, if any, to 
yield and quaiity of plant product. 

Figure I provides a case in point. Wide variation in nodule number (and 
mass in this case) due to differences in rhizobial strain or soil pH had little 

47 
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Figure 1. Rclatil shiplbetwevil w MHind nodL1t1hM1unllWI 1' influmicMt b~y soil pH 
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EFFECTS OF NODULATION ON MINERAL PUTRlTION 

t+th~w,:, i ; jJ1,0t: 

Iow inig 011et, fech w w m/ l 

N odtLl ttI no ;jpVIflyr; , ll'+t' It 1111S At leIsttht'. 10I

o t", lIm It' li lit I 

Increased F(lrment for Certatil Nutrients 

Roit rithilt jim t Itth i M t, Cit I:f',Zn, P, S, itd N (28,37). The on
Irchntu'n itlht ficit i1I,i11(1 11,1tc(0101t(1,1 C C ' (, nttch.otides,t atiOtS 

CobaJattt, 110) itliii, in!it)(1 Fe-, S-, arid Mio littll, alld the pleStnce 
of Fe it hi'khtl Ioqul it. Fhcwev':, the F', Zn, S, PIm N itl IodUiles nototal. 
lv coipitst Itth: of the tfitnt', totul Conihi t, SO thant deticietwies of these 
wllellts tiviwipssihili'fii n iti l y Pft(its Oi notdltint excelt)' aS J COlltSe

(UtteCt Of 1)O)01 tilttt i t By contist iercie:is of Mo or Co il Ieuinles 
WireS11.e primarily to symbiotic ftilie, in N-deficient mcdit. If combined N is 
ot deficient, ntLt(:ht l'ss MO and CO is Heteded (28,37). 

Poor Root Development and Nutrient Uptake 

Nodules cnt',itmte photosynthate that coold otherwise go to roots (34). 
In addition, they itt levels of growth suhbstarces (25). Therefore, nodulation 
should influence loot growth and activity. In fact, soybean and cowpea plants 
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th'it ,',ihr i 5\ lli ttt (iiI J trlt.1 kill InOd lItiOll) haiC, )LetI foUntd to havt Sut
sti iIl\, ,iieIti rtoot si'Steii , ",id l ot sh oot I atioS th'il (Ithi ,'n, ISL' 'OllIi ala
hh n otI i LL), t t Ifl ellt, i Ip , ,i t i r "i... ,,. rh'it o l I)f IO t gi oL rh 

lO l 1111 I''I ,J1 . (' IIiI! , I I tl'it, I eo, t o I I t I t I St I ,1 1 8t3II TI,. I fI(I 

m I II t: Iv I tI i,!I, I I II I civN 1,t" ht'1r ', ' 1il. I Ill ' 1 V NHd 

' t1 f11,,f1 1 / i h {1 Iif oi 11t t< ' !totId1 1 t lts { k;t n'o nl1' l ", ' IlJl (1 l /i . i th 
Shttill ,v i ',,>lh th t I i tt'I roo t sti ,rtili es illyltlnl31(t~q< I t ie;<! 

i: , i ! ; , 1t. , I I I! I i i It, (I t tcl 110 ). 

1A(I: it ition the Soiliif n f 

i;i !I ,I ii , i , i 'i d JI II i III,lhr Intilti l , especially 

fi c I ,'II ., N ,,t II i;I hld tt';,' H,", tt tilt' Io t ((13,)15,17,18 ,32). If 
{Ih 't' " ' I I ' , ).4 . h , i : f I t,tII ~ t(,( I III, N ,,. it' .t I t-.w i k t.~S N HI-. W ill 

11'; \,ti f1r o ,it oi ll,1 II' li nt )ffLI\, 

ni 1ty l tit aht rflcit lon t gcillth(l1 nod s 


piitJ,(u I t I todt tiltot . 
ill it!t n I tpeItll i t '.'11 hon ll t"ra

p nd 1 111 iliult ( l lotvthtll t nhhtst m)i (17,1 itit l of io l .I a i , r s,321. 
ni,,,ts,ldn l ti I thutilai n i,th,lli l more s 't it NtoI i[i l itre i. Ar n l-

IikI t No IT i h Ia c11'e , IIey 1 s1e-iiall,kii l<lll, . 'Iiu st e lr)i, dtefq lt c)d wcitit -, oht~ lP 11l t h .O~il '( Imi~t ('t~~lt( sri11

ti s1of 0 ,itt .r o sl acit-tli t s . I 'llll ) t 1 l ts forni ,'otn of od l s 
If 11 inhi ti otly t ihihits fs tl t I 'llt, .he,a sress illa he 111 tn 
t) ,I l , ), I t , 'II ! lt ' II kI I ."t.tat, (t Itl( ~. I ,IIIf 'IIIt ,SI 1 0 3 1JI I I lt l S I it,.x I O) I-d aiiy 

ot he I snsitv I, L Ir 
Vtnich' ,xi', D , wilu l:, uLI;j)I lI1;Il). 
old wI ill eta<w, l s whethernltiti Iy ie orI i h Soil (P W. 

EFFECTS OF MINERAL NUTRITION ON NODtJLATIONk 

Nitrol{jtun fri.',t~iw'i ind! qlftilh (If 01 th'h1.u1nC t)l,lllt tentILI to vary together 

This cat imaeif thlle I titiiont al kmnegthe fait ois. Tilt? i oftio Shicis om
i111oi11i lilileli ( 191. It C:an I(itUlct (elktldlitI~Cli Of y1Lowth Oil Inodulation or 
dt0[)tNld(tIIo1l~' O)f nt)ILuLition onl (1Oowth. If 1 StWeSS inhihits !_!l'wth because it 

inhibits otdcultiton, dit, lllal will h( 0e Sor'?Iseitive? tO 0112 stiess whenl s'11
biotic (h.lldtpe ,dut on N,) thao wlwnr it iS jt!!tiiloj <implle comlbined NI from the 
SCTI (Figlure 2a:). Tthis itthit case Iw0101 MLi dJeficienlcy specifically lim-its syn
thesis of nlitroyelnase of Soil acidity Specifically plevt!M s formailtiol Of nIodleIs. 
If a stress inhillits flotlulation only becauJse it linhihits (,:.b1 Jh Of the 131111t, the 
plant Will be (t(Iluallv s(Msitfve2 whetherW It is symbiotic or not (Figure 2b). 
This case may be the more common, e,(g. as the no0111,1 reOsult Of tteficieC1ies 

of P, S, and K ;noCulation being limited either by root giowth (28) or supply 
of photosynthate (4,7,34). 
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Figure 2. 	 Contrasting responses: (A) Symbliotic plants moire Cnrtesponsive than N
tertili~red plants (11): anid (B) Syryliinto tiu niinSyi'tbiotic Plants etitially 

Zni-tesponsive (26i) Solid litres iniiiIiii p1l,1iit ily %Vt. DOtttxl huesvindicaIte 
N yield ollsyiiih ii ic eit 

Attem ptk; to ll-mTilt iidh Ilhi-w intiit' i w 'i ill ex ler rl th il Illt ch a

nisis hl hotlil ik": nnwtll i simiti )- (9,36,37)st 'l t yillei l 

Thou l lh itll ii. i sclioti'lli y icIwhiii dlyi 1i1i) i ct~tie if tOwt i l P 1) 
only w t ho o tIt lltiltf'n .V' , 111ht of th~e soil..ned 1) 1,111 I 	 )lOVoinetnlt But 

will 11 

i'lioot~,lly ti Ilk-( oilnw. 'i thl r tht, %,ylohlo iiie stensiirl thsin 

yIltoH x (1y I, ll" i ' i lt l 'i ii ili t ial y ( wth ctiilo . To select 
iln lsiii, 	 ls is 

11ti symi l 	 tcally, +<tH oil~il IN, 1; a',16 Ow po+;Aility '11ises that 1hizohia 

'11C thtu W 	 t l till'i l littohi ll ne I o ilChl vv ll t at. 

Effects Arising from Poor Plant Nutrition 

I.iiel) +, h ltoll 1'. lo+ltpallied ly theftc iie'th of P, S, K , ZIn, Fe of M il, ot 

hy Ml toxicilty, th.,, po;or lmto(fidlhH 1t)1Ih]ly t(?sultS h(l'il It'ductiOll+ill 1'0()t 

9Itvwtth, N iitlll t fl l'l' of q yH t( treiw tly suply~. In general, these 

(11so~rth~. 11, 1 }l,) .vith h' s;inilo, IV whvilhtelcthOw lh t]111 the plant is syml

bioitic of llot. 

N .vwithtIs,;, it is lmql,ll , tl iigt: with collft t:iice the effectstoil that 
01) l('odillatl t -'ikal ys soh~ly drid SIMI&Vl' khtW to tdi!,tdQhIs in thU Ipla t. 

Thew rimy hIein1ite1 ilict t'(t(iit; 0i1 iiuidlatiii) dt i)otiCtla levels a0iCol

l)ilatiorls utfsti:,,lt w with iiittil'ltly stnisitivi ihizola ofc pllants. For ex

aiiihI , st'vete S ileticiriiy illtlovels I thlCits 'ii iM ofovoth aiid conse(itle tly 
nitrocen fixition LV liit iii piitei synthsis t28,37), hut ilil S deficiency 

it Stylo&mths hiiitiiilis Ilmay ilhihit nodue activity as its prime effect (20). 
Fic'jiently. iiaxinial miltooet ixation and lintoiwii yield need higher levels of 
fertility thIan fla.imal (dly matter a:ciuuhlltion (1,14) (Figure 2). Very high 
rates of P comobi ned with high K inocteased the numbers of nodules in 
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d (I'i" 


11 il(t .. t, , . .,( 1.ty' ('Hi
11th. h ', 1qlll A t+If,:,, H,/t"';.t+, 

1 ,' ., fh I, )l h .l (: ,'n ;-HlI'
lo h cttio 	 , ,k l-I 1:1.w' d~t T~,,n '.,rlol 

' I) I III 
I UI'1I" : : i I I ,J ,' II~ Ii ! " I I I I , t ', l l I I, q HI I I w . /, f 1 -cI ht I~ Ii 1 

o t i' I ,iI ' ul ,IIIr,I I III' r I I II tII.I I.Il i ':1rII i i il IItI ItI, i . v ' tl I IIf 

I nue) s 	 III tItl li It(as ell as n dle f ' at i (5I evidenceI7I vhe 
toi ! w I. wid:ln wdlia (FiHfrow 4).

v" , 11( ll II ithilil,hi'll sill ' <.Ewi ) difiw 

rP hlldJ too IlovW ;It Iow el p)H
S o)yh 'all) ll ,.ta '111dJoh -It lc~w ll, 'i 

- dmJi i l l wl r't ivw d~i';11i)(Ii(ll illnd 
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J ahlityll to foini fiodih'l i Iwi
a(II ;HI.selected'[ foi imIcI)L' 
lec(en11 Iwsilf(h,New C OllCILl'H()1, id ¢ (:O1111}lxitis HlIV(' ]twll/ 'Illt( ed hy 

o 1 I i(idJ-l el lntl h "peck",H'! Id h ir dow.gowinuy1 c(I o)stco cntlil(d 

d ef,i iency, dad I WOMIh)lSacidity, ca o inh hliit no dule fUle 6io
rhizobia. C alcltm 

experiment
as well as nodule formaion (5,29,37). The evidhnc~e includes an 
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Figure 4. Variation in pH riqllrenirts for grovwri In ii:ttire medium, among differ

ent strains and "ecies (if ihii}nfiia 1). 

mii.vfit:h .oytwmrioii ik-l's, h(,k uI{ 'll* I Iiv(IIyCI(j dkIiI\ 1 wtarn Ca if) the nL
tr1~11',tli ,, ''. ,i t{ id f lrn 50)0 lo 50 1iM(5).
 
"ltolnftilioff) , I 11 or {4f f i:11 , cm)r lotel folrwi th nodld! initia

tlr, l.11) ',thc rn '111," mr tr lo:>f ,]}u. l uo cji~l, w ith vely Ild{-tOkglallt 
',lIWCIP-, ,If . 1-11''l A l co;ic'rl ,it lt! the Dit: ({} ll, ,ff,'utl,. rl ions w e il) ang! 

(I 50h 120 ,iN,11, th (,ii qltiii{tio il soilitioiii ti soils of
 
id1 ,4.5 ,)1 >vn nIllh cmiinum,iorvtl\,tilt,
A I :ln qlovw i of]ic{id]-to}hliant 

()r~ .ff,,cil,v "Iwthl{:o}vl,j' ii,llol ,t,jlt , {} /h(' Illml'tdStJ//O~ :,{frfi,,.oli 

,s,ltho.,.ollolcttl V t"~loppi -h,, ,,:t{it!',;some o !It (27).r of hiio~bial
 
q(owt h}o ov C,1(''.q., 5{} JIM) ,11k I11; (e.ql.
t{:hlqhII 200}/tMl Ii~i bueln (-(oll' 


withtI ti,Tii{1 on bia (23).lili \Vl Illli iiillch of , i',hciyietm c}lwf;i rhij/i 
lci c:i t iffto oih lity to rtuuh Ct dF h i, iif ti { Iw (Irooi iII tlahc iilitlrlg' 


andl{pl} oult Ill1,tild ',(mkl. Cdllo)' rf{odotlate; u dltI'acid
So}llft stl~dlro, {ffe(ctivetly 

mid Al ;t (Ivo'i thofi t~hey cill(Ir(v f illy well tirltin these conditicicis 
(24,31,363). RFhi/ i,ci h iici::h fl sy itic}ti: acid tileianclce colblitnedl 
with hujhI IffctvtiversY. 

V+ai't , of hI'i tiii dith r t if iitii e to soillacidity. Tils has heell 
dle n}ltiatil in i filcki tials with alfalfa, hean, soybean, ard{if'iih{uu inh 
c(iWipea, i icl{st Ciimiined 
The lirovision of hiih N wirtity iii 

(ca'ts with cithtc;Iiltu N presient (6,8,13,29,37,41). 
thIs type of si;reening has been criticizel, 

since it is tle Symbliosis that is sensitive to soil acidity, tolerance screening 
should he done on sy'nbioticb;ly-dependent plants (28). 
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NITROGEN INPUT WITH EMPHASIS ON N2 FIXATION IN SOYBEANS 

R. W. F. IlHardy, U. D. Havelka, and P. G. Heytlet 

Nitlio l, ll " I oi w Itth i nlt nt ji 1n1)L d1 I 1 iit 1 o l 0t UMI .V 

C011t) 10ltx f< , Scyh,11,in 01,1! Il'I '!I , 111:,1i !l \l,', hl C101t1. A\hoult 100 kil
 

N is tisel hy itht yw t c'n i 1 i 'Jla l 1000 t; l i tiltillt. r, itit)li' 
111111.l1 tOCCt~lih lhotl Up~t~ilc t ctnihmil0t N mdlt il'l Il ,l, oftlI tl I ilis 

rhltnit" N O u coI. li ii: t 'sL1r i thnaiit.t , of N InpNut
 
\-1111 i on~!t/iNX ,l, tJ I~ll (Ji [ - l/tt, O ,'cli!{t SIIIh ll ~~ J)ItOlLIt[tl l
 

klIIt~ tyi' t t! tll h lll< ll N ., 1 \ lo )'l '.i(' .'ct oill tl "\\hwl[' \villnt " \\'11b tht, 

[1l i cId w, ,j ' lttt Si ii hii~dlitti5'll ItI- Slth il,1470 ktli' ClI, tll i., 
aS I'I' it' 5Iii ! is) hitt )NI I ann i 15 i , il it$nl~ inh It( sl'i I II y !Iii hi~LM01,siudI ti S 975, h7iintlt ,, 10I i alt ll W I t lain it f N ,i\& 

i~rt't] ,i;+l !i~ iol i, I\,IolII(ll itI'llll~ill. r~rl~~n 'h x m f l'u la.l pl (I tt' 

CNassitilln 11, 1tl Ni H,3 l'..n'illt , I . tfm, L11tt inf oi t cot N
 
tix'Itioln h '111 :(,~tl ( l, Ji C0l1 11lt~t ,1110 1 Of i0',Jtld tiOnl h' 1ttlt0t(f
 

n liIii tl<.;a.hIt; i ai, tihiit a ahaltitl ,lt MIth , i' 97 m lsVInl~ led ' pl y~diltt io lo i (1,t ltti['tt ',01MI'S \ Ill! k ' I W I th'd; dildl (dl) P01,,Ih 'I LtLtillt' W C' 

9O Otpti; nt,i, op thi Iy tlo N itl Inn an tlpevN htli, ll l t ItLlllltN'. 

ESTIMATED SOYBEAN WORLD PRODUCTION DEMANDS, NITROGEN
 
NEEDS AND GENEtRAL APPtROACHES TO MEET THOSE NEEDS
 

Vollt SO\, )01 )<''/I~ lltlI l l o1 dhltllI /0 M't Ill 19)75D COnlSt~it t'd ,litlhtly 
,

more.t IW? O l \V.'O lld c (T'lhlelhq 0 1', t k~a'(jl~li', " 'r.dl tlL(H 1 ). Thet aver

age( yield tvas 1.170 kil'hw wh:.ch iS 611 tLio tiSfJt~tOl ' 0. I<, CtllIV01lSitln Of~ SOId.l 

teniqy"to hlivctelt (p almi~. Tht, \vtolhd soyhet,l i 'ot iii 1975 uLWd 7 NIt fixed 

N asnim~llll 2i3 fixed( N inI tllwin andlc 1 13 it) nonl gi,ihn pma is a;t hlaiiv, st. AbL~ot 

90% of tis nlill)o I1l (:,111t film thioltlic'al NV, t1\011011n diltl '70 1ilICt(I N in 

5;7 
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Table 1 World 1975 grain legurmes -prodJuction, area and yield (4). 

Lejume Production Area Yield 

1(/, mt 1061), - A dlhw 

Soybean s 684 46.5 1471 

Gi ounirlrruts 19.1 19.4 986 

Dry hears 13.3 24.7 535 

Dry pea', 10.6 10.6 999 

('ht(k pta; 5 7 9.7 590 

6.4 5.4 1166 

Pigeon Ipeas 2.0 2.7 699 
Vetch, 1.6 1.6 997 

itrltris 1.2 1.9 

ro)d hearts 


640 

Cow lwa%, 1.1 5.2 212 

LorlllS 0.6 0.9 647 

)th I pulses 3.7 6.8 543 

l1tl o awlale 133.7 135.4 990 

the soil with only a)out 10" horm feitilivio N applied (iretoly hisekon the 

alillcation of N' kI fltilih/,r N Kh of koyleajm in fil, U.S. (39) Ilowiev, 

mrir o) tllu 190'. ) oi cl:Im wl, frhoi cm yo vi/iof htlltzir N atiplieid lo )Iioi 

U 2tO ,l 1)1111It ll 19/9IVwrirh llIl((S h t()y1 :l;tIl 011,11 It' lro y etMt I I 

to !h Ii{r~,> .hi[t lt P) M l h,, )000[ A I1) (,)/1 1Ili, ,hivilill fw cftlt(H htis; 

IC111111V, 11ill IV t1ll, rio tII,f i l p ltt10 lit illtI I f,'( t Ih) ",'ii 'I y fwy iiS 

H: ,ll t I t ltl 0l0t-ttdit0 wd y habi' ifl: funhIh l il(:P'l2 /' l l 

2/ M frilt.,cmll lIIltj cll t lii~n r fi 2'M I i:rl III d lhl i Ki / i.tT() 


tmi l fIloi- l'h,Iwd in.Inr iti lt I i f.flcltl~li Ctl ,)1 l ,I)t Illl ' l kt f .rxl l ' i ofI 
thiw, rIt,l. d I', <l()ct~ljrwlI- h y W 

1 
111't'lll,11 85 10) 9,0',, ()f tlllw J MI(Lt40 M/t 

111cw a,W lill)I4) 1() W)[.111IIIt(HaLwiol!,I rlw,al wt wt lol 1965b to 1979III Iflo 

vwl Ipmwidh'd lhy tile( 'tlm)Hl .")I; il ll lcw,1 e fl()ill I18 to) :4 ml ill violl soyhe~al 

rlw'd ldic~ill (IllllJr 1). 

T-Ii,, imrit!cIt (! ,htll'lld lt) ,oyl-,l,, H will LISC2/5 M! tit 20_00 A.I). Ibout 

21 MI fi,d N, ,mir dly ot uli irwwww!i of 20 Mt over that tietA it) 1975. 
,ssiw Ilay he 

I11(11: 11W ,H111](ir1111 aH e llm jddhtioiiil N I10its CIlIl(rit $3 

A llh(l,illh 11wc,tim,)hJil a H t I It lalit it'll v('ly irntnem ; it Oven 

t ot i'l IIZIS VJILWl Of 

Ihillimll i', 1 [Iil/!- N. 

IOII C cos)t t. :ll ;I:ll( hitl)lolicail N, fixation, dhevehllmient of an1 u;ffica-

M1iodl0oil research emphasis 

is beinj iaced onl woltlali(:emit of hioloiical N 2 fixation. Recent hooks 

(15,20,33,38,43,56,57) I)oItlkir Irvi'Vw alticlhs (13,28), and this session are 

d.Voted (lexclusively to thi; ap)plioach althouoih 110 1n irCtitil solItiions for high 

CiOIuS fertili/er N yttem or rcoI of froth. Much 
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Figure 1. 	 Soybean meal and total world meal production from 19G5 to 1979 (44). 
The totil is compose'l of fish, peanuts, suntlower seed 3 and rapeseed meals 
in addition to soylhean meal. The adbsolute a moont of each of 'SIh, peanuts, 
sunflower seeds anld ra,)eseeds hcve not changed much in recent yaar with 
almost all ittereaes atti itable to soybeans. 

yield soybeans have beer drl.Minimal aIttltion is directed towards an 
efficacioLIs fertilier N systerm documenlted(i by a singlel)tesentatioo at this 
meeting( (26) rather than a session onl lis alil)rnach. Althot.ugh muL:til)le fliar 
a)l)licatiOnis Of d i0ixturu, of N -P-K-b fkhlir, 1)01 fill have failed to re)roduce 
consiste:'tly the sobstantiall Yield increase obsmved initially, the approach is 
attractive i.ld wo!rthy of 1-im:ll effort tr) dlisCover a osefol system. Since a 
combinatin of technolo(ie. for en-.anciml hiological N2 fixation and an effi
e'acious use of fir tilizei N may be the best 'n(ilotioi, joint consideration of 
both approaches is ee(led (3,10,25,40,15). 

STATUS OF KNOWLEDGE ON BIOLOGICAL N2 FIXATION BASED ON
 
A WHAT'S WRONG WITH THE NATURAL PROCESS APPROACH
 

Knowledge of I)iologc(:;; N2 fixation at the bicchemical, genetic, biologi
cal and agronomfic level has e,Panrded rapidly dluring The past two decades 
and correint activity sugge:sts that this t-1o)d will continue for at lezst the next 
sev.sral years. Sonie..vhat surprisingly, the knowledge for the agriculturally 
impoitant Rhizobium -legume system is less developed than that for the rela
tively agricultUally insi(inificant Clostridium, Azotobacter, and Klebsiella. 
lowevtr, the existence of asingle nitrogenase with only small variations may 
support extension of some of the fundamental information to Rhizobium 
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from that for the naturally free-living diazotrophs, especially microaer

philes. 

Durinq recent years we have tabulated the Iknowldge (27,29,37) oil N, 
fixation and CO 2 fixation in terms of limitations or woat's wrong with tile 

naturally evolved systerm for maximum CrOl) productivity. Chemical, g.enetic, 

physical or crl tual colectiolS (ifthe imlost significant of these "what's 

WrOlngs" shoulI (enal the coritrihlutinr of N? fixation for CrOl) productiol 

to increase. In Tahle 2 a tabulation is i)povided of 81 ''what's wrongs" for N2 

fixation hy soybeans at the technical level --nathematic, chemical, biochemi

cal, genetic, hiologix:al aInd alrortornic and two "what's wrongl's" at tile 

policy level plolriett.rinless and (lurality. The compiosition of this list es

pecially in the technical area will chamqu as the knowledge base frora which it 
is derived (eXparlds. Tre siglnificance of the individual "what's wrongs" varies 

from hiqlily siqlrificant to insiqirlicalt. It is importart that the most signifi

cant opportllnities receive (jrltest attO1trt1. The possibility of pioviding 
solutions to th 'what's wl(r(ls" l:o varies from Iiglly jI)obale to in

pliObalebased on cr rerltlY availhle solutiorl-tyle 1tec(lli,,lueS, and Con1
siints of ;).laiCtically saty, ilinh 1tlentalhility. 

Some ee(l al collilleits will he Iliade Oi selected "what's wrongs." It 

would seerIr dhesiralrhl tr deve!op rrathematical 1odels for steIs in the irrocu
lation, rhitoslielbe :oloni/,tioir, infection, and nodule developrment for 

Rhizobi,,im IegtLo'ne sy nrbioses as well aJSfor othis SLch as Azospirillum

grass associatior. Arr example of 'uch an apl)oach is that used recently for the 
R/rkhirlr-ceral root associationi it which air odified Larngmuir absorption 

isotherm f ittel the data (63). Cremic:il effectors of the Rhizotilm-soybean' 

Tahte 2. What's wrong with biological N2 fixation in soybe-ons. 

1. 	 Techmical 

A. 	 Mathermatical 
No tratir ent for Rhizobiutrm-Ieqlumer although one exists for Rhizobium -cereal 

B. 	Chemical
 

No chemical 0lfectors
 

C. 	Biochemical 
Minimal variation of nitronenase from all sources examined although variable 
complementariness of parts; large enzymes; two component enzyme-Fe (ni
trogenase reductasa) and Mo-Fe protein (nitrogerrase); complex Fe-Mo cofactor; 
processing of precursor proteins and insertion of Fe-Mo cotactor; optimum 
component ratio; allosteric component ratio; 02 lability of each component; 

02 inhibition of reaction; special 02 -harndling molecules and systems, e.g.,
LHb; termperature instability; hiphasic arrhenius plot with high apparent activa
ti'on energy at < 18 to 20 C; Mo, Fe, and S content; systems for uptake and 
storage of Mo and Fe; low turnover; inter.nediates-dinitrogen hydride(?); 
electrons for reduction; special electron donors-Fd and FId; source of elec
trons-isocitric dehydrogenase for bacteroids(? ; high redox potential (NADPH/ 
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Table 2. 1Continued) 

NA01D ' i00); ccch diierct ATP recuire'enc t4 ATP's/2e); ADP inhibition; 
high ATP/ADP citio "' 10; hfch Pl-Pqoelat111 caclhity; IsuUstrate rocIiSCcity 

irI 20.H rt'cIccti l": cLP"Ik ryllL cjit s' cceori" c; tIilcIIJle)latirq cules for 

owrc i ,ca t' o roccc'ss, rlccllhict,lt Iv, NO- i rld!'t NO.3 I)to(l"ci t lliwt'cc ,ccrit clcUrllcOc 

plOlll r A Sttr, lwctcil NH 3 ictcrl ccl SIrSTOlM c ,C Ala; m ltiplo, l (6 icc l 

follis l llkItrhciu;w c i'..lc tht dlid [ult' Ill It' t)(1; 1lll.rrtnll )cuoti formation; 

accs*ctoc'l<!hl nl llccrL,+ ttcc r,.\,Ito uf .yrclu c",-- .rithrs ccl1 wall poly-

SIccfhIrcufrcs; JUCtocrcrc!,0cc(ill Of i01;t Ito )l(y1i,)11 t010 C iHiO SciStlictO isedlrrcr 
I 

bcy cIactcccc )ll _),urI C():, wI l t l) h, fPLI ": Iir, , iis Ill IiIic~acr)'e 

D Genetic 

Nor clSoftJl . llrt ) I1) ritAr', ilcl drtII ttlciI lr(,Ott i S, clrlt, IILclcO cI Of cjccleS for 

c 14) !i,l t .. ', ccl qcctcos ('30 Kt/ihse ; !lilokilittrow l iitation; plasn id 

01l c l)frrr 10 t011rc11 i1C A'ct Itcc ti ,0 Inc Hht,'(dilccc, ctirlc cyll Ilci t i Oii to 1it 

tot ssvrll ch ir , ht IhoIr;st i q, t.[Itlt l ih 1t r0l(i tilJtccS; CtO111l IcoCC iOl 11-.

t\,t'll l)cit I ,r ll h tlrc1 
1 

), lc clchl'l )IA tlentclct III tccctl 0l 11ill tcMCt0ccIcl ;,clcf ccL 

icijlcc ilt ',opw ( it\[)NA lt LlIc; rlfi1\N \ icc Lioi r Ihrme tI;cr Wttlc i'dci ; only 

lOS frl c,;ll li)Jllt r /III t'W tr l l flrt) 111 ,1 I10 CIPrCcL, i! ' Il0I.,r M rf hIIZ ,itIl ht 

flltILI; - , l i Jt.cc tcrrccclr ilt c,'c ' :: vm'/I;lcwith ccc os1ii nt (11( Ti 

p ola rlliw f icr rir A . ILIt. R - cc I Jrltl cr1cr 1" c - l!xclrrc SlI rc - lhti llil lle SyI +IIt olf 

tlctcStel ': I rl,Ill 0 trrfcctl1,11[101 01 i lt' (l0r1tlicClro10 aicri lCrcccccc of getnleCsfor 

Syfclllhl i).Cc tll)ItIIt 1 hIir Of l hctelr 1 ctrii tlllllls ofs /iI ,r Clt rf ll Id rll ltW;: SUl)e 

E. Biological icrl A;I iwcrj lic li c;ittiolcS 

I0-.1 tIV , 1r I cr cc,.I ccItlt ellis c,] clcrJ I I > iXci OV V S01lctc Rh iZi)OIIJ1cct cc!) 5cl 

,crcd fl\dctlLt l I', tltcc lll rlUCh l S_5tlorrn ilMcsycclcclscs; cOcW 2 ctclciicccf t aSyIII-P0 JI 

hictc fh\dlticcr1 ccl ,ic cl~cIlhcltJ fciclc " b , Or fit nOrciUlcL!t plalrlIt, ; rcnrerfll)[ 1i10 

to) s cclcl l oeSI 'Indlst f c hIz(lc r 1tdSt cccvol(cts I to SlO jio trrs(?); fixe(l/ic ccMl 

N M O ,; - , N f1f ') i rill r I is1 c1f cI l ,c ct)ccfccl l il Ic(ILICits Still "S(([Ctlce; (ii 

nItIIh t<ltclnlol Rh.cctlrlcc . [UcItuiridr s ); Of , licie- ,cncc excpoly

1 

If ( I Ahl c:1lsclicla 

sacicchIilI(c 1n stcc t'icitcloll ; cstew ltiallty of le'tills (plant) fot Incfectionl 'I; cell 

lhi'st (hc stf dd) ccc tc11,c 0 (lic tol Ia fcl c:tll avillIfhssolcLioni ; cvolutioi Of 112 by 

sevetral R1ci.ctcjcic Ic cIlc, ctciftCcccct Ise of CMclcccfol rtUr (10 kil Cl12 O/ko 
N fi. d)c; PhOtccsic'ltfccccc ilctficc:lcocc:y of soyiceancs; tic11c1 IIloflfe of fi;-i2 N 2 

tierl tlocs cot notch lli; rctccllurtcet sccIcIScIcdcIce; ina(cfcitle cclcOUnlt for high 

yield soyhclcs, Iccchllitlccll hcc fixed N as occurs in high fertility soils; high cost 

forl sycctlccl lndl calliclicicc]e of ncodlecs; ncoced for a multiplicity of strains 

dpc1)cndcccnt oil cccltiV;ir, soil, Chliccatic; )rohhccc Of ilLclfacture, storatle, hacndiing, 

acnd .a1p1licatio of llilcc tMizoiuiocc competitioc lhwtiveelc appliedf and endog

enlOts RLISh i,'oc eccilsis Oil (Ilrcter compctctiveness may be undesirable; 
ar0d ciccccsuterceit tchicccclueS--incrcect vs. cirrect--kineitic vs. integrative. 

II. Policy 

A. Proprietariness 

Inatlo(udcte froplicetrciflcess to encourage adequate investment in exploration, 

dcvlopllent, and iimpleccentation of solutions to overcome the key limitations. 

B. Quality 

Quality control of product and use. 
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symhiosis have not been re)olted. They could provoi' ose;tul piobes as wt'll 

as possible beefici;il plnt groVth il(tlatois. 
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IIitliO0ltniils Jin a, ltii attl l iti'd ti l S dILtt 'Itr 0(tit!iiititlit'ldily (47.49,58, 
62). F tii ii ' NO Iii enlliet ilW(111(i t' 10iiii iii I I 1 i)titi ljiilSi-I I, 

: i'littil "whlit,
C 

i Cions ii i(leICtifinil hJlSnil 0ii ilfoi lldtlii ther , Of 


iii ii Utn,.Kilovvlidtlje of this iS iil iXlit)n iitl 111td triht
iiL'J 111i t liaisi, te)t100ly 
the liiitaitioiis wVill expaitrl ill step witlh th kliowlitlte(. Almi ist all of the 

Iiiolhtt.l .tjenetit iiifoiItioni is aiSed ii(W K/-ihsw/lla (17,46,50,62) witli only 

IeC(i1t StUieis iiiitiatd oii Riohiui (16 ,12,45,49,55) so that the juvenility 

NITROGENASE 

Mo-Fe PROTEIN Fe PROTEIN 
(AZOFERMO) (AZOFER)
 

Figure 2. Nitrogenase and its component proteins-the Fe protein and the Mo-Fe 
protein showing light micrographs of crystalline Azotobacter Mo-Fe pro
tein and electron micrographs and models of the Mo-Fe and Fe proteinE 
(34). 
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Figure 3. The 14 nif genes of Khhsiolla (59). 
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,w -W 

a 'mif 

Figure 4. 	 Scanninj electron microghaph of a treeze-cleavec' soybean iiodule at a low 
magnification showing one-half of the nodule to high magnificakions which 
which show the up to 10,000 Rhizohium bacteroids within each host cell, 
Within these hacteroids large amounts of energy are consumed and N2 is 
reduccd to NH 3 as well is protons t:) H 2 (27). 

a tie'ld Sit(ht] l)l ldfll, l [11,111/ i lf:l~t , R0J 111 s 111,l0 0,11! I 	Jl),'IlM o)fl lilili'd ()f 

one:-tim ,( illow011H~~e lh ('m 	 (53). Iti(lh I, w~ls Of1t:(mh] nod N e!spec(

ially NO:' stl:h ,s l :t Il thilh Pt tility , ilhih it ltioh mli-,l N, fixa-

Th /,lci/,ohityl)ttttsyltlt()S Wiltbll0; ltdttl 10 kq althoh\olhtu!ki 
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Rhizobium will no,. have to compete with endogenous ones that have be6n 
selected becausei6f ftheir increasing competitiveness. Alternatively, highly 
competitive enc!{genous Rhizobium may be upgraded genetically so as to 
improve them, su ) as incorporation of genes for H2 reutilization (67). 

There are policy as well as technical limitations for the Rhizobium
soybean symbiosis. There is inadequate proprietariness to justify the sub
stantial private sector research required to produce order of magnitude im
provements for some of the "what's wrongs" by genetic approaches. Al
thouighmpsiion 'of matter' pate-n ts' rny'ibeio me a reality in -the U.S.,' 
e.g., the Bergey selected strain for improved antibiotic productioniand the 
Chakrabarty strain genetically engineered by plasmid modification for oil 
degradation, the proprietariness for a much improved soil microorganism 
such as Rhizobium would probably be of little effectiveness. Quality of 
Rhizobium inoculum is also a policy problem. Establishment of a reposi
tory for Rhizobium by the USDA at Beltsville is a positive policy step to 
preserve and use existing germ plasm. Evaluation of each Rhizobium is 
important. 

CRITICAL SUBSETS OF THE N2 FIXATION SYSTEM 

Photosynthesis, translocation, nodular production of ATP, reductant 
and carbon skeletons, N2 fixation, H2 reutilization, and other aspects are 
critical subsets of the N2 fixation system. Substantial and convincing data 
have accumulated to document the importance of photosynthesis for N2 
fixation by soybeans (35,66). Decreasing photorespiration by altered C02/ 
02 ratio of the aerial atmosphere increases N2 fixation within 24 hr when the 
ratio is increased above atmosphere by CO2 enrichment or 02 depletion 
while N2 fixation is decreased by elevated 02 (18,32). Field experiments 
utilizing CO2 enrichment increase substantially N2 fixation by soybeans and 
produce up to a 98% increase in yield (Table 3) (19,35,36). In addition to 
photorespiration, other reactions including starch synthesis and remobiliza
tion and regulatory aspects may offer opportunities to increase photosyn
thesis for increased N2 fixation (11,22,64,68). 

Table 3. 	 Yield of field-grown soybeans grown under ambient and 1500 ppm CO2 
(37). 

Dry Matter Yield (kg/ha) 

Component Ambient 1500 ppm CO2 % Increase 

Total dry mattera 9,373 15,504 68 

Seed 	 3,003 5,946 98 

aLeaves, stems, pods, seeds, and roots. 
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The requireMnent fo ATP and a rehlictant P(jIVaulit to the H e:lectrode 
at pH 7 by isolated nit, .rijea',s sijijestedl several yeals aqo that N 2 fixation is 
eneigy intense. A imin I Of ,.pplroachis ljv Ivinr uiseid if) ieciCIt years to 
estinratet, w ,Ic:t al co),)t if tIII, I,/1i/o/,o' ijI iJiinCsylnhi)O is (5,14,23,51,52, 
60) and valdu, from !) t 20 k1i )I (:,iibhyditann'kij N., fixed have beeni fe
porte(d I. Cr V.,. hi, ,,,: i ,,, iI i i Ol)f i i ot 0r ondol( atei root 

1 1tI l h/ J i'o iii d . 'Ind r0im l 1 l tl nj C 11 i, relmc1k of soybeall 
(41 , , r r it1ii .h' ii rd',Lllt'ii hty CU 2 pirodiolr n li(il mass for 
1) h 1, , ,11' ..,.i 2 f , 1 I...., 1 t f()r 11n11Iodo latid tcot. The specific 
ioif lhtuti rit ," 'lmtl ril vi lf vitlr N2 fixriiI( activity sn that the calcu
lati'I co:irst of N., fix,,iii (hJ iiiwh, fioiTi a hirifll of 100 k ij(JIcLIs:/Ki N 2 
fixed it itih ;lrt', if N., rixtiii, Thesi iliti suq st that vi iihility in the 
hi flrcIl cr ist (i N., fl ,tlrr l Il lum ayI in ltoJ biy diffiri-ft iji be uittniim ted 
at ~ t III l).lt I() t i, itt,' Of N., flixtiiri. A (:iirnn lary is that tine ncremental 
biilic al (:()t III fixi ri N 1 i ihfrrrht lii nat,' uf activjty is nn,ch less than 
,It ' I() er ll+d 'low 

The ifhiw (lita ,tut the u'.i nf 200 I rir .I5 r1n0l,,' of IltoCose tO t)ro
loC! ahouIt GO ATP efnr:iv,ih:nt,, tO fix 28 wi I i uli of N.2 in the most effi

crinlt Cisu. lli vitro nn'sorenri1t, Oiii Oi(iInIjernase Slrf"Iut that 28 of these 60 
ATP qtiivahnt, ire., ur,( fIr N, flix.triiro minl i;(nu :m ii ll-it tH i le uction 

to I-,:, 1I., 

N, Nil 3 

I 2{ A l') : Jr (, n-I u-i t 1"i l' 

with each pair of electrons heing equivalent to 3 ATP's. No approaches have 
been discovered that renduce or climinate this wasteful reduction of protons al
thoupLh its elimination should increase N 2 fixitron by 30, (36). This objective 
should still be Itnsuied. The less effective solution based on rnet energy use is 
to reLJtiliz( thi H 2 throw'jh a hydrogenase variously re frred to as an uptake 
or reutilization or "after fumrneir" type which enables oxidation of H 2 to H2 0 
with the generation of pos.dibly 2 to 3 ATP's. Note that 7 ATP equivalents 
were COriSUld prontrduction of the H 2 so that most of the energy is lost.rli 

Considerable attention has ben focused on H2 uptake (2,21, 61). Increases 
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il lly wt aiiidN colitelt i)f -SI ylodiln1,Udutlad with '?hizohtium that oossess 
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,yl i I&zlo, 1,1h 110(G7 Ii thi c,i,' Of r,( ,i t i, / th , yha1v11 Iforlle il 

;if; I C~tlh11i1! t, t)/b ( I a.sMillrly (: I5¢ 1 .,I 'l~IT IIw I tllw,(h o)~!t',llI/ lJ y Alt tc d 

i : t!.' I )II,,-; 1)1 ,"1 ', (II t.y(i ()I , I11;f vtf ,!l I ) I ik f It (:t It ,V
 

)i tho G0 A fl' tIt' 30 diC tisttli forlfiiNvNhii-lt<, toN ti, 21) (1 N 2, t11)(At 

sylilthl5 Iiilitl Ii , If ht V, f l onll tixtuolt ofI, 10Ill ltiofi 'K JI lintor 

rlllllfN lfIi NIllt) ItN, ,Ilit fiiNNIt(l I ' l),f ln cv l1 tIll . IIil( (stulllSy m ay 
hit. Illp~loiVt'fj hy c ' ( 1 l o lt 1,1/1 )ll , II <'1, i ..'hw(h 1" iill!,d'.soodt olyl poorly 

POSSIBLE FIJ-IJlIL TECHNOLOGIES 

A tIlIldmltilii Ii lfIiml r1 11 1 fl/ t Il)l oloifiesl c f 1rl thi ttlill lhfl techrr 

for N lilflt liI t(l sHoyI lI-, Iw1 to hIlI)f tIllil lec fllolifN S pr'S(nt(d ill 

Table 5. (il II m tSf1 I1till, irlti 1,iI ilh) fiqili of :IlfIlll an d 1 ollfl12(1tlr112S, 

(!ffeluv(ll I llilotiill lilIuI Iiili ti hfllt ll (y, /~tli,' I lAll v th -1 uptlake (Jt11t.s,2 
N -fltilil ,i l!,} lll. ,y, '1ntliol inlsensitive<7 lh.ils,,111(1 /Ph/1'oh//mI Soybe'tlliS 

lo fixed '1 llltmqll lh I1tll m-lll ii i ittl i l d ~ li . l~ltilt' diaite lefor, ill

llt ViI to1itth lvll (If 
(:ills'I l, lim : Ill loJlloj m wli e ffic'il'n(c' 

(:1,l0;11 I 1h)11itlf~it lldhh'NI I 1 list! 1111Ll0dtOrly chem i
)'"ih illti, . 1li1, lt l ll i , iilllp ilod illal s-('h ,i.'s 

ilirilli ti' ) .) ,. , llilO(!li fi i nl10llll[fcdtle by a procuss1 ,' Iititm1 tili/ 

Sigiiiiccii ifhy roquyit and N-

by nodulated oyh rwn onil N.reeil imeuidia(2). 

T,illh4. c ii .tIII dry iildittet aicciiMilaitilli fixation 

i ns griloll 

H. ji1ponicum Rid. Elf. 

Plant 

Dry Wit 
Total 

Nitrogen 

-g  -9-

Expt. 11 

H2 -Uptake 

112 -Uptake 

f 
-

ve 

v 

0.99 
0.69 

29.5 
25.5 

.94 

.74 

Exp. 21) 

H 2 .Uptake 

H 2 -Uptake 

I 
-

vw 

vii 

0.99 

0.81 

13.6 

10.3 

.45 

.30 

"Expt. 1 --H 2 -Uptaku + ve:USDA 136, 100, 122;3111-143; 311b-6; H 2.Uptake- ve: 

USDA 16, 135,120, 117, 3.Grown on N-frel media and harvested at 70 days. 
bExpt. 2 - H2 -Uptake f vui:USDA 122 (DES),SR; H 2 -Uptake - vvi:SRI, SR2,SR3. 

Grown on N-free miudia aid harvested at 50 days. 
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Table 5. Possible future technologies for providing nitrogen for soybeans. 

Multiple cropping of ijo riTeLsaf H0ittirlWlut S. 

Effective technology for lHhU.'i, JI 1iioiCUIiitiofl. 

Nitrogen fertilizer ri1slponsivi soybrezins. 

Nitrogen fertilizer or systeot for soylhatrs. 
Plant growth regulators to irtipjov,, conipatibility of high N fertilizer and N2 fixation. 

Rhizobiur with H2 uptake jurnw 
Rhizobial mutants ind,/or soyheIilS iII whICh lodulatii antd subsetruent steps are in

sensitive to fixet lit o+ 11i. 

Increased hotosyntfritivailable to noiitlu, il.q., plant qrowth regulator to inhibit 
lihoto eslpritiioo, rer ruluite lihotosnitltsis, or alter assii ilate partitioning or 
soybean uILltaits with sirlt:ie chiir;i;teristlcs. 

Irtprovt'de ffLiency of Ilo(I 
Synthetic rlltro!jLln fl r iih/its 

Ile. 
I)',, zuio-.diltect eniut(A input lpr)ctusi. 

Incorporation of 

Sy11th(tC tIaraS th 

over, absolte 

j0 lf)i soyhi~,Hii . 

1 t:LIde for smlil, tijhk: (0 ) 

swultatt! s)itctlCity (No far 
rd wrtlllltw itLilR! irIse 

linLIct0il), zrofirtcl 

itive), 

tl 

high turn

r y requiring 

(No At IF)N2-fixmll iln,'lyl with olll;llt,ie relpression by fixed iiitrojen. 

re(luirirlI , tlirect-nmly i11)11t and possily transfer of ,rif genes to soy

beans may )e possible IIr the longlest tern, the construction of synthetic 

genes that code fot a N2-fixinl enzyme without the "what's wrongs" of the 
r.atuIrallv evolved nitrogenase may lbe achieved. 

SUMMARY 

Annual woIld soybean )PrOCtion i projicted to increase to 275 Mt by 
2000 A.D. ft or 70 Mt in 1975 with a concomitant increase to 27 Mt from 
7 Mt in use of Itittojen. This nitrogen will be provided by a combination of 
enhanced biological Na fixation and use of N feltilizer. Eighty-one technical 
"what's WOinyS" and two policy "what's WrOllgs" are identified for N2 

fixation by rhe [Rhizohilr-soybear symbiosis with several suggeste d to rep)re
sent significant opl)rttuitiets to imllove the process. Critical subsets Of the 
N2 fixation systemir which irclode! Ihotosynthesis, translocation, nodular 
production of eneigy, reductant attd earbo skeletors, N2 fixation including 

concomitant H2 production, H 2 reutiiization and other reactions are 
described. Alteration of photosynthetic rate by alteration of aerial C0 2 /0 2 
ratio produces parallel chang s in N2 fixation. The biological cost of N2 

fixation by conparisor of nodulated and non-n1odulated isolines varies from 
100 to 10 kg glucose/kg N2 fixed with the fighest efficiency occuring at the 
highest rates of N2 fixation. This overall cost of 10 kg glucose/kg N2 fixed is 
about double the in viitro cos' of nitrogenase. Elimination of H2 production 
by nitrogenase is most desirable but incorporation of H2 reutilization capa
bilities into Rhizobium appears to be of some benefit until the former can be 

accomplished. 
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NOTES 

R. W. F. Hardy, U. D, Havelka, and P. G. Heytler, Central Research and Develop
ment Department, Experimental Station, E. I. du Pont de Nemours and Company, Wil

mington, Delaware 19898. 
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RHIZOGENETICS OF SOYBEANS 

R. W. Zobel 

"Rdi:.lientics" is the genetic study of below ground plant organs, i.e., 
roots an,' 'les. There is an ahj(ct paucity of literature on this subject, es

pecially in refe,,nCe to snyl)eni. Several laboItoties around the wolld are 

currently atter .itinl to ItuCify this situation, with a considerable amount of 

sncces A ldIOM hy H. M. Taylor in these .;'edi.igs will (liscuss several 

aspects of ihi/I)gerctics with elophasis 01 rowo(,, especially tap roots. There 

have lbeen seve'al Stuldies ttttnl)ting to (describe the StLICtUle andi pattern of 

soybe;'n renct systeims (13,9, 1). Unlfortutnately, these stmdies have utilized 

wey few ('Iffering Vill ,til.s, ;111fltherelk~r, cannot he usel to generalize for 

the Species. 

Nodilattoin and nitm ;en fixation ill( not significantly better off than 

roots. Althouhl imy tntlies have heeni initiated to explore the physiology 

and liocIemistrly f rInuLnlatin an rititrogen fixation from the plants point 

of view, very few have coml)ired dlffeirnett varieties, therefore severely weak

cning generalizat ions which !-:av. hent attempted. Il addition, genetic studies 

of soybean nitrogen fixation pale when compa:ed to the work of Nutman 

(10) with clover or even more recentl that of Holl (7) and his co-workers 
with field peas. 'Detailed' (Jenetic( studties have been presented for the rj 

(nUn-nofdUlatilig) mutant series, hut these do not give amy real insignrt to the 

role of the plant in ,,ymbiosis. Recent work at the USDA nittregen fixation 

labo;-atory (3) is remedying some of this, hut much rnoe is needtdd, and with 

host variants of other types. 
Contrasted to 1he situation with the plant host is the scientific base for 

informttion on the h;etetial symbiont. Where host research is hampered by 

length of growth cycle, the availa'uility of high precision genetic tools, field, 

73 



74 Rhizogenetics of Soybe ,ns 

laboratory, anrd greenhouse space, and most important personnel deficiencies, 
that of the rhitobiun is certainly stJmultted. The tools of recombinant DNA, 
Coupled with stirdal microhioloqlical hetehnirlpes aillow this phase of tile re
search to progress with cin)mialivi speed. liic:ti, iolt)gir:al results demon
strate that rmost of the chiaacturisiics of IiOdulatiol ani initroyell fixation are 
controlled at least indirectly hy the! hacterirlt symbionrt. Orne exanple iV the 
evolution of hydognwhich is cflih lckl ,lii iul lily by tie iluserice of a 
hydronerliasle il Ill+ hcteriuods (14). 

15 the SitiniltiOi) or We fllIrirlil l it lit iripid idvianceiet inhl(lk, ar0 of 
soyl)earn rhiloq!ot ics? To (let al answel, we need to look itl what we know 
physiologically aid genlicallly, 011d wIee this lioilllatiol l0ds Lis. 

PATTERNS OF DEVELOPMENT 

Physiological 

Severail labolratories have dilonstated the presence of an interestinq 
pattern iln nitroijei assiriiltiol: as iitroglet+ fixatioi l h(iirs,nitrat( reduction 
drops off rapidly. ThihodhAu and Jaworski (17) cofiliel this phelmieenia 
and dellolstrateul that in MissoIr ii the ii! t vii Wlyne!, whnll (rownI lnrde r 
field corrditions, apprerntly st)p)S irrdte edLliCtioli Zl3d siitriltarieously lieils 
nitloell fixtiorl (Jillig eally iodfill. The tirnilll of this plhtnoillerne algrees 

fairly cl isely with that of -Irlliel intl HaIgerliani (b) ad ilso with the rlitrogerr 
fixation, data of ilrdy et il, (5). Thilodelau and Jaworski used the samie 
cUJItiv, as H rdy who stiilienI field (rown iaterial in Delawate (cv. Wayne). 
HartImi ani tltnemnr, oin the! other0 hand, uSUd Cv. lCtt ilis a Modified 
field/hydroplli:s eivirollnent. Tire pieiligres of these tWo i1ne.S are.' lllfol
tUllilt ly Vely silllilila . 

Skrdleta et ill. (15) followerd the course UOf nitrH,(en lixia'i ( with the 
cultivar Altona and fouril that nitroge!n fixation petNaked it lite flowering 
rather than early podfill. Their study was, however, a g0,unrlotise experinierit 
and miay riot i e directly coliraralhe. G1n aSpetct the fi st two papers did not 
aCCOtllt for is tIre sig(lificallCU Of litlilt ietflctIO ill the roots atnd nodl(!s, 
and its timing ill relattion to iritioJeii fixatiin aiid shoot nitrate reduction. 
Radin (11) indicated fiat as irinch as 25% ()I tire nteitrate rulUiced by soybuant 

plalts riay lie r(de;e ill the, root syste!i while Randall et al. (12) implicated
nodules for simihl;r levels. It is possible that theipattern is different for root 
nodule nitrate r(ilOUct ion than fo leaf, aid therefore needs quite close testing 
and confirniation. 

Morphological 

Hardy, in the experints rertioned previously, used only one variety 
in his field studies, cv. Wayne. In this study he demonstrated an apparent 
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a!bSCICe Of nodniatiunl Onl pIrIMts 1.1til d101ou 1t,th 111neof flnw01rinq. ThiS COn 

iflCideh l ll tile t iiup;I of the first IlirSoraie( dCetyirite reiLIrtin. No data 

aIS to numberL'S Of HirdUli'S am penidr, hilt indule t per sample rianljel tip 

to ntartly 5 q. Tirihodirn11. Mril 'Jasvoski, nlsi the salme vatl rety. uescrifre ait li. 

lar patternl foi rilirdle devoloprierit Mvill d nixidi 11(1t1 MOf airnirt 2 q/nilirlell 

plant. FiuLIt' 1 IM'Wrnts J (Iletfnpmntil plot of nlofuile wvt for the iti ety 

ti 1~Waoyri! n11 fll W A M~in KlDt r, mo (il No vs Ymrk tile (ilkilid)1r 

arfiu rlimeritiui I . Thre irnUICr (It!'0rlrirt rti is iplioximmirely thei salnir ill 

ilil 3 loc'atirrs, e~xcept fin iiir~h tar110 irrti Iriirt~lriOll irl I\Jnv Youlklii Nodl

kilt! sVt 1.is441 111tOW MSSlvni d n l) :~ si Itlfrsltildlity dI dIrini! Of 

OIiLirli rrrirrrlrrr 110 (1luirr1itti A\ clirtl Ili miirrlrir ')i-I Ll !srisrri irtiu;iti S 

11WIrIIfiilo irtirtlirrit, .:rr Pur r Ill (i;rrrrtirI imply Inwii'risr ill ther 

,rXIM)l it o(ar r fixe I i lodo . - filr ilrr ir un r r 11liti x e ritOf IlIt Yr I I t ofi i i 

ph ear~l vary liii tor iiir I llsIi )f iriifILi HOiiiii)(i 2) onle simi moil 3) 
irinif I AfIfi rry.-[iit.1 ill ry iorle (if fir !I e (.Ill cilon ir time 

Pr1oit Ili,/ CoiCrnriritt111rt nInilt;w in nitfrers Sionit ritililo of ianritkr rcrritiintrnis 

t"irivr ttIiirmlIrt tOn er,"(Ioni thlrs inftriiell tirrm~th leir;iririt" tnuiwtu 

of thc r ti lc it r mfi i iii ll iri e lt f f ow , I~ hi I nsri t inr inrt fir crIns \il th fi., sv ill 

Cihr fnfili V0H ithi rrrrt'i mirss,rlirir \'0 rrlvoly )iiirlfii it) rtnidli runl 

Ilss; rurnif iinirIt mi rt'i- .1 tf1ir( Iili iiminiiiiit11 in? 11inilirli tiSir fiXIrII( 

llitinfriI ai:tlvt.,ly. fIll rtfiiin to t curiltivru1 vn'lvr; irlt liprprri stirhfir e 

.'idI i(It1trnrit utl ititth of (ini)!.prtirririn (mn !itifnnlr (rlrVrlrr0rrrre 

thinril i t ioii I ii iy if Iii fliiii tol toriiSi.I i tiOlattmii t'vrs mlv I'I r I fy 

2 w~k ii rties YLtk, if ') vv: iw rsl il i, svfruii Itw Derirmvrrn rhilts ap 

rarinitly didr rut rrrtirw until rnrirt of I Irr\riolin (9 1it 10) ovk). Tlii-yi rif 

fricin hI'9v1 i.,, iLtt) ('rrsiirirritrl fLictiri, such~ is, tlrr' nrrrrrrrr (if ritsifirill 

nitloirif- ill tht trrirrrr.rtc. erl 

fl IOI .in)I W0i011rir1i" stiriy with '13ottrrrr nivts, a !J;fiftly itiffirinrt tplot, 

-vitfr rrrlrsurrirf irliolr vst itriiinr t 111[1 iru~offill. ThiS r'riHCOPirrrfutlint VVnitII 

tII-' rrhiiviiu nI rnrrniriiim n r'ite iof iritruinr fixat~iri/fIlit. I-wir and BILII 

181 Storlirs 2 Vi i"tirS Ill dlitil, 1a1idiotli (iinm itiffeinirt prittr5 Its. chnifiewn 

Gh ikd lt i tr,!ifhr witivity veriy ea-,rly Iii ftre eririo at ithoot 6 to 7 wk 

adtl i ilt itl) fruit to Li aIrt ivity idi not perk Lii ifif tut florwin inq f inisino 

libitirLt 1) V.1 orirlrl %vt urfsur ;it thi, liter print. Nodulrley tu fiedh lwkl 

irnirritut, fliirvt!Vll-l 'ipt'Intt tortie it ifrerut B wyU Afte liiuli: tail 

rearliinri iuix urrrir r nfri wl~tivity. TIw iecondr vta irty, 'Clay' demnrstratedf 

a1 less idr I t lir III suecifir: ir:tIlty it rlrout thm "'inn titmeu is Cl!r'ri 

64,irian rlittaui rrf nrurrlilt. oirimnfn it fl "itiri trniiI thre seirsnrri its 

Ciitijir r G4. Clay, lirwevrn , itikinil irr ltrti iru~rfiir ructivuty rrurrr trr the end 

of Itrwrriunrll nut'rnndrI rel f itlIrtMiri nVt it lhIri t01Pamur iiIllririlUlP t firsf tirnIP. 

[lt[tf Stiteifii ict ivity 'Irni tirt.il rifli rctiuvity dliufirl pi niitiuisly at thre 

inn I ofriotrni rut ii Clauy, riot it ironithi lrfunn signif iiant dio(11 Ocecurrud in 
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Figure 1. 	 idealized plots ol liodllolli(Ovrilopmeint in cv. "Vayrre.'X-axis represents 
time inl week5, aralit/*x i represents nodulte wt in g/sarrple or plant, or 
vodu le :rirb or nodu1:le did rndttir in i rn, &sE~indicated for each plot. 
The ploz Hl'is niodule biomess; drttataken fromn Hardy et al. (5);'T' is 
nodule I~io mass!pln dat a fromi cand( (17);It taiken Ti boda Jawo rski 
'Z D' anmd'ZN arei niodulk (ames O anrd ni uber, respectively, taken fromt 
1978 field plots in New York (averages of three replicates, three samples/ 
replicat e/da tel.The airrow repure serts time of 100'X floawerring. 

tiodllitil-roonr, orl11)Irii Vkitl( IIIl ()CCHIre
sv/t. wsi'va 64, four1 sinlultai

eOoL5y, aiiifIo jl1( OI I',' 

Skidleta ert Id.(15) in thu-i stuiry of 'Allorr' liuaris, foLornnlm addi

tional patternl. 'Aiorn. 1irerixed uIOl rourrulcs (11, 45 (hI' s After Sowingq, 
just afterl flowriirq1(, 111111 I epiaienl ca~rstanlt fur tOr dowrxtjioo of thwe xpeuri
mienit. Noule v.t, on Thre other liarm) irrexsed to tie mid of Howerinul (75 
dalys) mrid theo Ihljo to drop. Told nodtile activity pecaked bedore thc cmii)of 
flovvl~rinq amnd thoi lr~l i~liidly, Althocl(Ill their w'or'K was ((uric inlthe 
qrteohouri, Ill pots, the imlmu oleriurrr increaises corres.mathter I inrirul of nodikl 

prom VI!, y tin resullt, rents inl New York.uwloly to of ourj19IJ7fiehd vxluemin 

FiOre 2 is i courie)site dr a~vi frou Owi resultS Ot the researltl on thf!se 
5 varlieties (shiylii, Ghippei~~ 64, Clay, )3eesoi, arid Altono4, Tl iwuer oh)-
VioLIS Mitd d~lrdtiC rfiff(MNrices trutweorl Vanlties, hut its dfiscussedI, sepaurateO 

t'xperimtrunts arwriuml out atl very (lifferelt local uris deiroristratc, virtuahly 
irferit~J varity dependent (atteris, 
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Figure 2. 	 Ideafrzeo plots of Specific Nodule Activity (SNA) for five varieties of 
soybean, plotted against time. 'fBeeson' (13) (data taken from flarper andi 
Hagenmarl (6)1, 'Wayne' (W) Ida ta take~ar ro ii Thi hodea u ard Jaworsk i 

(17)1, 'Chippewa-64' (CH) (data talken from Lawn aid B rin (81, 'Clay' 

(CL) (data taken from Lawn and rtiun (81 , adi 'Altota' (Af [data taken 
from Skrdleta vt it. (15)l . Th, arirow represents 103,X flowtiring. 

MEASUREMENT OF NiTROGEN FIXATION IN THE FIELD 

The! mali itlliit ni tOits Of iilitioeiiI fix,tioll by liints is the bottom 

);w! whenl any oeeliit oi illysiooqii: stitidy is madei oin (ixatoi. Thewi. aire 
a nlulk titnthi of ii lf'i:rlt rir0ttl ) -, l ut r'i lly they (:,i11 be sepma atid into 

four Ci ssi's: 1) 1 ii2) isetiwntrrrt of tittlal tiptike V I ti.re, 3) 1e(ZIrSU1e

ment i hydinqr(ll evolltito), 11Id 4) t:etyleiie idtic:iiir. Most nitogei fixa

tioil WSe(? i LIrs, I ethiriitiri of tllirsi ralh+l thil ii ly one, Mid rntrcb of 

the rseilth rpl, tei( inl tbe iterittoll. is qi IIO)lVeP, qiwth :hillrlblr, Of 

modlihfid li l hseare. litth ieseii:h h;, dotnl ol Iiel(d-lrownwwa) Vely h(teen 

la t l ' "itlalil litl n(oilnt(" l l!etitices Veo tisei. L irfttinatle y, qree1

0t0k;iS dit livvth :hiiiln1hr wwtsit:(h stilts itet tll lint ailitcihle to fiehl-

Alriipicatioiis ol N Cii irMrividl lt (hilt, 1I1 Itst niiNSUICrof Ilitroqen 

lixat',in if little difh(rereitial uitake; of kiiitoirs is asSlniried. With thre tech
nology vailtible (or (ifferitiation I)etwen the two iSOtOl)es of 'titto(qen 
(14 N ani 15 N) it is possibh to determint, just exactly how much nitrogen 
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has lien fixed over a givein )etiod of timet, or a season. Because of cost, ef
fort, and othe!r coostr,ints irvolve(I ill the os.'e of 15N it is really not alililica

blle for Use oLrfIer norml filld CoIiditiiJlOs 

A incent studly i0 Our lomatoiV (Sldt1t-i, M.S. Thf-sis, 1978) delion

stralel that nwitlogen i+ ciltivii dh.1i,,li-ii pifhoiomiria.iplkti ov tin, i,a 

Figme 3 dieiiisti at'is !,.1, of thl, ififfeivii:es i itwel cultivals ill their 

rlitro 'r 1I1I)likI pittert. Wheni tot,l N ,Ptisoleved inl isolation, it is 

;IiiilpssiltliIn1terlolinl! thte !,nlitis w i over all N aissiriilato ttole ill 

tiitO. Mia!iti ltt of totad N itak llt I :ii t11-ipl with estiiiatts of 

IlitIlt wI IIfCe t, aolf ItI fixuid to y IIIiolitI itOviit I iif till inforlmatioI 

aliont ielative I ole of tlne Iw tiriiieisu inltotal ilirt yiiei~s. 

Hydroge tiil t tit 'lls hit o sI(I.) to hi a tllitletl i itttrl!e of intro

has the ailV litall! thi t tl eti! rIi ll i !to,it y i dtititt! to the l i t for 

pliodtitioin t miti ,)it Oiw! tliill it1itlPlliufildd coiditioni, the hy(dro

U(tIl oti ltvel , !+e viI ill itl liiilily dioes hil Iol i ! se!iti ,inn illitS trlo

Lu(eilC(w ithill t1W itilh- Ilhi' , titiiii -it tf11 lit !iHti:!0 Of iI(rO l1 IiliSflts 

ill tl! illi/wl,p l . vll c h clil Illt;11ii)01i1/e Iliydio(Jll dol( tll ~ O W t114t~+ tOCe fin~al 

alll ~ts hhl ahlltJd 1') l a i iop a+ild .skhtItie l.w tll 'lieaStil d. Sttliillsnl11111. ell , 

cvolv If 

ficrdl %oil i, .til IIIhl iiP t if it i li i-,'lii, thvie is little con

t R/io)hii/ (IllliriJ LriIiiHtt! fiihogiitfItollli IfIItlis. UinfeSS 

l Ila" iWtO 

tiol (wvi tioe .hiith i:itiailly iilot(;c livei situatioiOoveir ,lli, i iothuli. The 

is, hiiwlvel, 1!viii mow oi(ililhx. [Dit ill, a (Jivi!ri (lIu)wifl(l SitISOll i~e n1odfurlets 

trioldcie Itydi e(il at iltes wiiil do iot 4i1rilll .icitylt iI itfilctioll lriat

t-ins (1). Alth(tilfh tfi, l is io i!Viitllt i thaIii .ii:ir i)io may exist i0t !ittl 

soyfteli, the iCtil;ilfnlaldsi MIVi'yed f(i h evoln it is excTeedingtt ty(lO(Igen 

ly Simall i-eVil it'll the titlwst n ill itlilalitr of .1eltyhlit ie(hlioiitio arnd 

rihfroniri Iv'tltlli illtill is ill )Oyho i il sjiis. 111i is eviierioce that 
a fiilthet lhlitilii!!, x 1 iII ti - (f ti ii",".l i voliitioll is a measure 

oif ilitrtlill fixalli. Clltn i-t al (2) levi- ctttoitttei that there are plant 

Vtiintal difflliwe, in tltl, ;etyltt! l/hdmiolg,, ialit) ill soylieaill. If the p)lant 

eliiii)ltYe ctllditil.tti thisratio, t tiritly Tie hysilo(lic:al stius of the 

tllit call miilify ltl ritio, Hiulh,tlm< -irly 1i i i iilhilih , i i a riir-asurefI, 

of tlitloe l fixitioll, iiiii ,t 

HlaIly ,t il. (b) esl'nllelt-i 1f tillitlity of irsitl acetylele itiiction 
aS a IWeSILieM! ()i i1 W, of ii11t0(Ill f1;(tatii(iMIIs iy)hinr T1i I ii tho (df meia

snreiIn It+ s hi iO (I--(i CLII IiIItly ila I tIty ft IfIs, sorII.ee of t-hIich appear to he 

Imlore? apliiallf- ilie itet',. hfii! tit;iilitit Of tiipiiii otl es off roots 

anil Iirtit i Ill o!iltyii tI. III tt1i o n lOr it1 tltihl IJ I is theu ti i lo e prIlhap)S 

poorest techoliltr SitiCt' stfI Ipil o1 Oif lis freiteritly has beei demon

stfat(:f tir sCvirrPl# relrtlci raie,(if-(! iat(; of fixation Usingq roots with nodules 

attached has IprovnIlnllor suitabl sice it (dOe, tlot involve the wOUn-tding of 

tIhe Odu(le itself or the0 rot inl the imneliatt, vicinit v of le noihdul. Such 

http:sorII.ee
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Figure 3. 	 Idealized plots of nitrogen accumulation by total plant or leaves. Data
 
derived from data of Spaeth (M.S. Thesis, Cornell University, 1978). TA
 
& TB represent two differing types ef nitrogen accumulation by the total
 
plant. TA represents season-long accumulation, and TB represents a shut 
down in accumulation towards the end of the season. LA & LB represent 
no remobilization and remobilization from the leaves, respectively. All 
posible combinations of total nitrogen accumulation and leaf accumula
tion were ohserved in differing cultivars. 

damage to 	the root results, however, in the immediate modification of hor
monal patterns, and disruption .of n'ral physiological and biochemical
 
processes, not to mention the disrur'.c.g of even localized nutrient move
ment. Whole root ,ystemg,'from wI*,l-i the tops have been severed are one
 
step closer to intact plants, but not t'arremoved from use of nodulated roots.
 
There Is some potential for moveme,,it of nutrients between differing roots
 
within the intact root system, but this is probably a negligible advantage in
 
this case. Both intact root systems anJ nodulaied roots suffer the disadvan
tage of not maintaining normal traislocation found in intact plants. One
 
modification of the intact root system method described by Hardy et al.
 
(1967) has 	several additional disadvantages. This method measures acetylene 

method
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reduction of an intact soil core whlch contains the central portionof the root 
system, and the included nodules essentially undisturbed. This would appear 
to be an advantage, but their results demonstrate no difference from nodu
lated roots in 50% of their experiments, with reduced rates in 38% and in
reased&rates, in 12%. The soil core method was not clearly super 

other methods, and was far more inconsistent in the results obtalned.The ex

planation offered was that diffusion was restricted; but this hypothesis suffers 
from the observation that 50% of the experiments were identical in values to 
nodulated roots, demonstrating no diffusion resistance. Other possibilities in
clude differing amounts of 'wounding' and, therefore, differing amounts of 
disruption of normal patterns, or secondly that the variability they observed 
was real, and the apparent uniformity of the nodulated root method was arti. 
factual, None of thnse points can be resolved finally until intact plants/roots/ 
nodules are measured in the field, in situ (that is undisturbed), and these re
suits compared to methods used by others. 

A study to accomplish this task is underway in our laboratory, It uses 
open-ended cylinders buried in the soil at the time the soybear crop is sown. 
Acetylene/air mixtures are injected into the cylinders from the bottom, and 
then removed from the top of the cylinder after passing over the roots and 
nodules at a given rate. This allows measurement of acetylene. reduction 
rates while the plant is allowed to continue its normal growth and develop. 
ment undisturbed. The acetylene and ethylene concentrations are below 
those which would be inhibitory to normal development. Preliminary re

suits demonstrate variability on the level of those from the soil cores of 
Hardy et al. (5) even though tests demonstrate no significant inhibition of 
ga 'flow, nor channeling through the soil (Denison, M.S. Thesis, 1979), 
Several reports, including that of Hardy et al,(5)discuss diurnal patterns, and 
seasonal patterns in nitrogen fixation, With the use of insitu measurement 
methods, it is possible to look at each of these with much greater precision, 
and less likelihood of artifacts. In addition, this system provides an excellent 
method of comparing cultivars under similar environments, without the 
possibility of differential responses to pre-testing manipulations. 

GENETIC VARIABILITY 

Plant breeders and applied plant geneticists often grow large numbers of 
cultivars and PI lines or other accessions, in a single year, at a single location, 
and often unreplicated, for the purpose of urveying the genetic variability 
available, and identifying lines of potential use in breeding/genetic programs, 
Though this approach lacks the precision found in experiments replicated 
over years anr locations, it provides an estimate of the probable maximum 
values to be found in a similar population grown under those conditions. 
Growth of large numbers of cultivars or lines under 'one environment' 

... .~~~~ U ,7 , : 
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reduces most of the variability to that which is due to the genetic variability
 
between lines rather than environmental variability. The larger the population
 
and the broader the germplasm base, the greater the proportion of genetic vari
ation to environmental variation, The greatest advantage of this procedure is
 
that it provides the experimentor with an opportunity to select lines at the ex
tromeo populations for further use,-and provides.an initial anly/is-df the-'
probable genetic complexity of acharacter, and genetic diversity of aspecies,


Further use of lines selected from mass screens, by planting out popula
tions derived from intercrosses into experiments replicated over time and
 
locations, allows the partitioning of environmental and genetic characteris
tics. Further, genetic correlations between characters can be estimated from
 
these latter studies, giving insight into the feasibility of use of associative 
breeding techniques for a given character or characters. Associative breeding
 
relies on genetic correlation between a character measured easily, and a diffi
cult to measure character which is of importance. Strong correlation allows
 
the selection of the easy to measure character with the expectation that the
 
desired though unmeasured character will be 
 carried along. This procedure
 
has been used successfully by 
 animal breeders (4). There are numerous,
 
though indirect, examples of this in plant breeding. For example, soybean
 
cultivars derived from 
 Harosoy usually have high rates of photosynthesis
 
(50 to 60 mg/dm 2 /hr) while those from Lincoln have relatively low rates of
 
photosynthesis (35 to 45 mg/dm 2/hr (Lugg and Sinclair, in press).
 

In addition to screening large numbers of lines for given characteris
tics, additional information can be derived from frequent sampling at 
one
 
location of cultivars which have been selected 
 for their apparent genetic
 
differences, This experimentation reveals differences in developmental pat
terns which would not be visable with one point in time measurements, nor
 
infrequent sampling. The differences between two specific lines is character
ized not only by quantitative differences at a given point in time, but also
 
developmental timing. An example is presented in Figure 2 which demon
strates the difference in timing with which several differing soybean cultivars 
reach maximum rates of nitrogen fixation. 

Recently, Zobel (unpublished) has concluded several experiments of the 
above two types, and the results.',i \,,very interesting in their implications. 
He screened 342 named varietie' ,,,~breed in lines for root and nodule 
characteristics in 1977 and ew 3l "selections out in a replicated trial at a 
site in central 'New York (yield trials in an adjoining plot gave average 
yields of 40 bushels in 1977 and 31 bushels in 1978). In 1978 500 PI lines 
also were screened for root and nodule characters. The results of these ex
periments are summarized in Figures 4 to 6, and Table 1. 

From the graphs in Figure 4, it is obvious that there is a relatively con
tinuous increase in diameter of soybean roots and nodules during the 
season, Size of rhizosphere organs appears to be little affected by 

qi 
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Figure 4. 	 Idealized plots of nodule diameter (ND), basal diameter (BD), and tap root 
diameter (TD). X-axis is time, with the arrow represoning 100% flowering. 
The Y-axis is diameter in mam. 11is 'Provar', C is 'Comet', 0 is '052-903 ', E 
is 'Elton', H is 'Harosoy', M is 'Macoupin', VV is 'Wilkin', and T is 'T-85'. 
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Figure 5. 	 Idealized plots of nodule number against time for four cultivars (G is 
'Guelph', E is 'Elton', VVis 'Wayne', A is Altona'). The data are from the 
1978 field experiments in New York, and are tli- average of three samples/ 
replicate, and three replicates/variety/date. r'atu, shown are sampling dates 
after sowing. 

leVlopl)nen11al cycles within the phia.. in the otlhi han(l, rates wit I which 
the organs increase in sie uiffer hetween c:ultivn s, and are apparently insen
sitive to develotrloental tae. Other characteriStiCs are (v" muchr dhl)e(Ient 
upon stag]e of (evelopient, witness the changl(es in rates tfincrease in nodule 
nurtiher. These 'sensitive clha ,/, nnrlnher, tlant ht, plant )iotass,acter (Fro)dnle 
root hioniass, hasal, tertiary, alld (uateinaiy oot Iurrrhers) all change with 
slitJe of lvelol weit, anld h orlnstrate 	 (jilf e(Wntt)atterrns in different culti

varts. 
F ijure 6 md Table Idenrllolrstrate the extelnt of variability to be found in 

PI material and cultivar . Table (hlnonstrates thlt nrost of the characters 
scored in the screen of 500 PI lines are correlated, tho, sjlI the correlation 
coefficients are so low as to be (luestionalble. This statistical correlation with 
a low coefficient Must he ilue to the extreme variability observed, and 
nUrnber of inrdivitlual S scored. This l)robably also represents a correlation be
tween each character and total plant Iionlass. Inaddition to the extensive 
amount of variability observed for every character, it was observed that 
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Figure G. Bar graphs demonstrating the maxinum and minimum PI line means plus 

the population mean and standard deviation for six rhizosphero characters 

scored in a plinting of 500 plant introductions in Nuw York in 1978. The 

figure 0 ' represents the population mean. 'NN' is nodule number, 'BN' 

basal root number, 'TD' tap root diameter, 'T6D' tap root diameter 6 cm 

below the hypocotyl, 'BD' basal diameter, and 'ND' nodule diameter. 
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Table 1. 	 Correlation conefficients and probability of sign ifica n:e of R 1or six Ihlizo
sphere characters: nlodie number, nodule diameter, basal root (major 
seccndatesI) numbel, basal loot diameter (ireasur ed at the ap loot), tap 
root d ia1netter (mlaasured just helow the hyp cotyl). tap-6 ( iameter (nina 
sured 6 cm below the hyp cnty!). Data taken from the 1978 planting if 
500 P1 liies in New York. 

NodliI, R i 1: f0' I 1 3001,'t" T'l 1 
t wIIIt'tteI N ti I[lIi I)toIt'mi'i 1)itvo L)iat i ctei 

Nld ItIt 1 0 1 B87 0.' 35 0.129 0.079 0.107 
Nuimhe, P 0.0001 0.001 0.0001 0.0034 0.0001 

NO(OL1h I (,185 0.105 0.088 0.115 
D-',.llliter p 0.0001 0.0001 0.0007 0.0001 

Ro,,ll 	 I % 0.389 0.290 0.118 
Nitille 	 P 0.0001 0.0001 0.0001 

I]3a,,l 0.465 0.387
 
[t)lilttmi, P 
 0.0001 0.0001 

1"Ip Root 	 R 0.565 
Dtwatetei 	 P 0.0001 

10 P lines lh,.ve novel ltii Slhtlliedi ioilttules. Tie cmist, of tilt diif elerc:e ill 
shi ie 5 itit yet kni tsvii, hLt tests cut leitly ill iloqlli,5 will uutel irilit th il ef

feettiVeess. is wl is ilu,ti,6W to best oeilet cs. 

As liStCUSti l iu tiil, tkhtiu siitili \,vl itlis hiVe h,,ll studiu- it otlli 

iihoitl irs, t i t utlithilent Tt1l it l iti ll i nditiotkrr , h1t, t devt,el op
illent~al i: mil~ t'l lil"t0(l thiinl oft Inllidil l Of1 il~duldill, tot PXle The 

iiU ll~, Vllit' w itlh hutItitin iot th in lill.l t rli 	 l 1itit 1 i0l tr/l iituiihii(l 
ill ts tollSi:,lt It tijit'n t whVltillItilitil ShiesIS, S rits it rt I O ttlit tl1. 
SeVelt' sIt :S dtt', of t tlS i',iStiilhI11011111irt tiM uS, hLit ill its lisilret, data1 
uiili\eui at tle, loCal lilii irmmy illh irptpilihe at motst tihel l attitlls. Thi. stahil

ity of )attte' atl illitan tW Lis asSOet'iv h tliIlj lt litILunis to,ir r Of t'ef t)re 

imordify tli ,, ehiallactls. 

Tile tll ie lect if wea,lt of varialility hi ili/osihoee thlllitels irrdicites 

hie dinn tlene(C r i/o

sIt1her tIliiiS, 0SIeet'illy iititihihes. It it can lie detell iltill t whii chllactelS 

lhat 0h010 is Ji h' I10ii 111l hI (l iiailMitlita ti t 

need It) lie intudified iii what tilectioil, there will he a ielativeiy sholt wait 
for stiyheanm lines wilth itllpltvt1 eI d reneti: CiaCity fOr I)(Itultilo) at1d littotqeti 

fixalioln, as well as ttlhe iii.osplheie ehaatel istics. 

COUPLED HOST/SYMBIONT RESEARCH 

One major aspect of )hizogeletiics Iot diiscussed ahove is the gqetic con
trol of fost/sym) iO nt itelractions per se. This control can Occur at several 
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CONCLUSI ?)NS 
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NOTES 
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RHIZOBIUM INOCULATION AND SOYBEAN PRODUCTION 

J. C. Burton 

The soybean, Glycine mx L. Mer., appeirs to have no geographical or 
environmental limitations which cannot he overcome with a few years of 
stLdRI by 11an Sci.2,ntists. WVith more than 40 million ha planted to soybeans 
in 1978 and 1I1oiect!kl increase~s in the de(r;!de ahead, the soybeai is tluly a 
w C r (',v1r iocierOsin 1 of forolrldsnlrfrlyil( aniiunts ontitlitioLs protein food 
ITInalml rrimal. iletd fil t est iievws ieltnists sugmn,est that the soybean 
may saor prove iteil in otitri simu;r!e. Nonietheless, in oar wsearch conference 
this week W, shohUlH 'Wralps sltrict oriwelves to thu nre!)we know hest.,t 

1listro ims tll iw, , ,oyheafr Asia arid that it wasthattha is native to easter 

(oilnlesticatre irl th tarrailf of North China about 1100 B.C. (16). From 
China, the si x'h,( i .,Imed to Kura and Japan sometime hetwenr 200 B.C. 
arn( 200 AD. [nr rMO 1F-rr)e early in the 18th century. CUltire of sonyl,/111s 
in the was r 19tlh century (14). I\iease grewU.S. first mentoned Inaly in the 
soybeans in Petnsylwvaria arrl-rll 1804. How,,vet, develolpmernt oi the soy
bean as a major grain legmLl1e ill th' U.S. has occurLed during the past 40 yr. 

The origin aid spieadmg of the toot nodule bacteria of the seybean, 
Rhizohionm japonICoIo, are even mo hllOIscure than that of the host. W~e can 
conclude, tbowever, that soriehow son, of these bacteria were carried along 
with the seed or plants hecausewVithut rhi7olbia to forH 1O0(kioles and supply 
N, the soyheain COOld iever Ihda'e become srich an important world crop. Since 
the importanrt fanction of thi/obia in the legurme nodule was not discovered 
until 1888 (6) the soil microbiologist cannot claim credit for the increase in 
popularity of the soybean durion the filst 19 centuries of its culture. Albeit, 
the rhizobiologist has played ain impertant role in increasing grain production 
by the soybean over the past 40 yr. 

89
 



90 Rhizobium 	Inoculation and Soybean Production 

The task of the rhizohiolog st has been to select effective efficient strains 

of Rhizobium japonicom, cultuLe theim in the lahm atot y aid develo) delivery 

systems to lirovidlean ahIlldaircc i the sch teil Ilrhi/Ohlia to aSsIr il 0dilOhtion 

and a delendable iitoiji supply Likt plant hr eerirs (12), pholsiologists, 

aIld other qcioelstk vrkino with t, sylh,;n ihi..niulouists take pride in 

the p)lOitess 	soybealns havt 0 ran. 

RESEARCH OBJECTIVES 

Th, prohems rnd it-.-neih .d)jeclives 'if the s'ylreal lhizobiolo(ist have 

increased in cormi)l-xi-y a shylo',%it e ltu has expmridei to diverse soils, cli

mates and var ious lv !,, o. filla Siliralnrrr ers col1tinue toSryh)eari hrCe 
develop new iopIved ;ieityli)ts fol var ionS stress factors: A) increased 

resistarIce toi rtIO Jr res,Wl 1)hi Iter 1(111)tatiorn to rrrllOW low and solid 

sec0itrr1, C)!,lf tr (flic:iency i holt ri l cold climartes, D toleranc'; to low IH 

all';1 h11 unllilIlt i InIII mil lrries., E) hetterci r)cuntratrrrs (t 11riirM-I ni adai
t'ation+ to al11:,lillo !,ml", F) ins ,r ,'itiv;iy to iphotopetuiodism, m) G) simply 

higher yietld Is a ienh shlittrlrl r if,d plianIt Modification ofsislt of s lodpirg. 

the host plin caroIelt N., Iixrt im mil syrvnhiois vitlh difelent strairis of 
Sh izohi,. 

Th' snry;'air ri.:! Ii ilis: Ortist keeplt ihlioist with pant lrrr'edus and 

irli i %vo vith the rhi/ohia which likelyscreen r 	 isir o'lir()ityliws straiis of are 

u i it olill ItrMnity. imirortrc discreet 

roat1clirrp of syhirli rts t h: cirook:d. Simple tests in the rIreenhouse 
to Ihe usuaHl hlM at tI'i 	 Tl of 

or glowth, chlirr1elrir i roevide valnahh.c ChI(s I (l(arIliIin the riced for further 

n M:ritestifnI h iLI fitlht lit ion:. 

Response of New CUlrivars to Various Strains of Rhizobia 

Thu response of a dwarf I , pi so, hero, Elf, ard one of its parents are 
shown in Tahle 1. 

Table 1. 	 Nitrogen fixed by a dwarf cultivar of soybean, Elf, and Williams, one of 
its parents. 

Cu ltivar 

Inoculatiour treatment E: f Williams 

(Strain) 	 tog N/O plants 

None 	 113 91 
A96 357 298 

A101 414 334 

A118 422 297 

A124 388 400 

A133 389 275 
A148 356 259 

A149 374 326 
Al50 441 304 
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WVilImrii Ia\'vt .I ii(tly ItH.clivc it-hjuiii to iiy ihowi 4 Whidiw l i voiked 

e f iiiiy v if ui urtv l i les if r 1crti ow. tfiivc 111 8 fi tiw clwrt Ow 

Elo 1) ri wd i llopEfectSril, ofII~ ch,otmi lw f~o~l ~ evlpvs 


TfI-i'/ IR ,I5' tIf ii, ii koll l i t iii thi li-Sri> of it) /ti si

otitIl.t! itvt11( qlh i itt Ii iTl titi-v-1jitS vv, 12 Y'in i io .iihuan nzoi 

H(itlit titit 111111 d 1cdl (h Aliillic t i f at cli nrhw cw ti c iC i;iiC ihinnihit 

Tablopi2. MtoteuEfec~tieSrw by n iobniucluso obasHtleyh 


,ttI I noculat.o1 frltrem l I'~l'illtlou l o li, 'Int 

Ad l 327I) 298~,1li~tolhm 11t i 

dod~ ~ ~ ll1i 1wi(I ,1a 387,i~w iI ,,IIFIIJ 383,W -1 td 
A12,fl- -1 , :)1 41 l "' It 3 1 11At vt 

('11-11111c A122, '" )-LI' 383d % 11 291Ito j!I (lt Ilo 
Oit '()~w tw II) [1,- 11' 369111348i" h o lf~ milt 'to ~y 

A133 d .; '11 306tc~ol 11'5 324"11" l lt 
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Glycine max (Hark) 

350 -Mg N/10,!nt5 I Dr, ivl.g/lOplants 

210[11
 

SM31 and SM3j and th' wild strain A76. 

Jones, Burton, and tr Ooelver, TrIfoliri soblterfraireuirr AVan 1tw (9). 

IPeat-lorse MrnUILlunr pn'larJ1( \V011 th, tlet stialO 1 wpliedI to the seed(.The 
inOCUAla te(d dIi)IL~iti t~'vn ,,!ti of Leonard jars one Containingseew in 

only stet ile .Lnd ind~ a second Serrie!S In M1101h the! soljstrat saind is impreq

nited with Init;e trinS which fix lttle nr no rittoqii. Growth adl N2 
fixation ohtgiine~r hy the :e, i 110ind3r these t.' 0 c(iOoitIOfrS Jive i good 

mTeasure of the test strain's cornqwtitivernuss. The results (Fifl. 21 show that 

certain strains, A 124 and A 134, fixed mote nitrogen than the other 10 strains 

in thC sterile? sand, hut with ine~ffective r hiinhia in the sand the amounts of 

IN fixed did not differ greatly. It ap~pears that all the strains inclUded in this 

test were (100d ComJ[;re(titars. The results ;nay have been d if erent with more 

agressive ineffective strains in the substrate. 

Changing the Susceptbility cf the Host Plant to Infectii 

A major prohlem in the soyhean tiroducing areas of the midwest and 
Missis4ppi delta where so'beans have heern grown for many years is providing 
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": :- .. . ' 	; max (Hark) " ' :ii :450 Mg N/10 plants n m.. (Ha450rk) 

360 	 -360 

270 

180-	 180. 

90 	 90 

. A65 A69 A76 A118 A119 A124 A133 A134 A135 A39 AI42 A146 

[] Effective only El Ineffective insand 

Figure 2. 	 Comparative N fixation of Hark soybeans grown inpure sand and Insand 
containing ineffecive rhizobia. 

i)'' sufficient inoculum bacteria to offset the great number of carry-over rhizobia 
in the soil. In Minnesota, Hicks and Ham (7) had to apply from 800 to 1000 
times the usual inoculum to get as many as 50% of the nodules produced by 
the applied rhizobia. Even then, there were no increases in yield because the 
left-over rhizobia were apparently quite effective. Yields were not limited by 
inadequate nitrogen. Similar results were reported in Ontario, Canada, by 
Quashie-Sam (17), in Indiana (15) and in Illinois (10). Van Rensburg, Strij
dom and Kriel (23) reported different results in South Africa. A survey of 98 
soybean fields on 43 farms revealed that inoculated soybeans were generally 
better nodulated than non-inoculated beans grown on soils where soybeans 
had been grown previously.: . 

Attention is now being focused on developing soybean genotypes which 
are resistant to infection by the common carry-over soybean rhizobia in the 
soil, but susceptible to nodulation by specific selected strains which may be. 
applied. Devine and Weber (5) reported that rhizobia strains have been identi
fied which 	are both effective and efficient with a host genotype (rjl, rj1) 
which excludes most indigenous strains. In screening around 1600 genotypes, 
Kvien, Ham, and Lambert (11) reported finding lines which would not 
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nodulate well with native strains in Minnesota, buty ields were increased up
 
to 625 'kg/ha when these soybeans were inoculated with other selected strains
 
of rhizobia.
 

The cowpea and soybean rhizobia are similar in many ways. Cowpeas may
 
be nodulated by R. japonicum in some instances and soybeans may be nodu
lated by cowpea rhizobia. Since cowpea rhizobia are prevalent in many of the
 

-- Soils of Asia and-Africa -(23)hattention isbeing givento-developing soybeans'
which will be effectively nodulated by native cowpea rhizobia in order to 
avoid inoculating the seed. Also, the cowpea rhizobia are more efficient uiers 
of energy because hydrogen is recycled and used rather than being released 
(18,19,20). The wild soybean, Glycine ussuriensls, grows wild in these coun
tries. Seeds are smaller and resemble cowpeas. However, G. ussuriensis or 
Glycine soja is effectively nodulated by R, aponicum strains effective on Gly
cine max. The forage species, Glycine wightii, is nodulated both by soybean 
and cowpea rhizobia but the cowpea rhizobia are generally more effective. 

IMPROVED DELIVERY SYSTEMS 

It is generally recognized now that it takes a large inoculum to nodulate
 
soybeans effective in old fields and in new fields, In 1978, Bezdicek et al.
 
(1) studied soybeai inoculation in a soil free of R. japonicum and low in N.
 
Soybeans were inoculated in the field with peat-base inocula applied with
 
gum arabic and by using a granular peat inoculum. Higher yields were gener
ally obtained With the granular inoculum because it was possible to apply
 
larger numbers of rhizobia. Application rates varied from 4 x 106 to 115 x
 
107 /m. It was shown that soybeans fixed more than 300 kg/ha N, an amount
 
considerably higher than that reported anywhere else. The proportion of
 
plant N derived from N fixation ranged from 71 to 80%. It was concluded
 
that the micro-symbiont is not a limiting factor in soybean yield where ef
fective rhizobial strains are present. Limitations in soil moisture, nutrients,
 
light, CO2 and plant genotype may be more important.
 

The problem of supplying adequate numbers of rhizobia to bring about 
effective nodulation becomes more critical as soybean culture shifts from the 
cool temperate climates to subtropical and tropical conditions. Soils tend 
to become less fertile, have a lower pH and higher concentrations of soluble .... 

aluminum and manganese which are toxic to some rhizobia. In an Oxisol in 
Puerto Rico, Smith et al. (22) found that 3.9 x 105 rhizobia/cm was required -

to achieve maximum numbers of tap root nodules. Soybeans in rows receiv
ing 3900 rhizobia/cm produced no nodules.
 

Soil temperature at planting time is often high in tropical areas. Scudder
 
(21) states that soil temperatures at seed depth are often 42 C and can go
 
higher when soil moisture is low. A temperature of 50 C for 30 min or longer
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can be lethal to soybean rhizobia. The survival of,Rhizobium japonicum in a 
peat-base inoculum sealed in a polyethylene package stored at different ter
peratures i shown in Figure 3. 

The death rate in soil at 42 Cwould undoubtedly be greater than that in 
a polyethylene package with a moist peat base and no drying. On the other 
hand, the temperature of a package of inoculum exposed to the sun or inocu
lated seeds in a metal seed hopper can reach lethal temperature in avery short 
time. Most of the rhizobia could be killed before the seeds are planted in the 
soil. 

The hazards to rhizobia or soybean seeds placed in subtropical soils were 
pointed out by Hinson (8) in 1969. Two alternative methods of inoculating 
soybeans were compared to seed inoculation. In one treaitment, peat-base 
inoculum was mixed with moist builders' sand using up to 10 times the nor
mal amount of inoculum and then drilled at different depths in rows before 
planting. This proved very satisfactory. 

A second method consisted of early broadcast drilling of 100 kg inocu
lated soybean seed to produce a green manure treatment before planting 
the production crop. Plants allowed to grow until they had 5 or 6 nodules/ 
plant, about 6 wk, before turning under as a green manure, provided suffi
cient rhizobia for effective nodulation of the subsequent crop. When soy
beans were disced under earlier there were not adequate rhizobia for effec
tive ridulation. 

The so-called bulk inoculants, granular and liquids which are applied 
separately from the seeds but usually in the seed furrow at the time of plant
ing, permit application of large numbers of rhizobia and placing them where 
their chances of survival are greatly improved. Also, when these forms of 
inoculants are used, fungicides and insecticides may be used on the seeds 
without the risk of killing excessive numbers of the rhizobia. 

The merits of granular and liquid inocula applied separately from the 
seeds are demonstrated dramatically in Scudder's experiments in Florida 
(21). Bragg soybeans inoculated with granules 5.6 kg/ha produced 2920 
kg/ha beans as compared to 2300 kg/ha for the seed applied inoculum. With 
the liquid inoculum which provided 2.9 x 108 viable rhizobia/m of row, the 
same as was provided by the granules, the yield was 2740 kg/ha soybeans. 

-: There was no significant difference between the yields from the granular and 
the liquid inocula' as long as they supplied the same number of viable rhizo
bia. The same strains of rhizobia were in both inocula. Results with the 
Hardee cultivar were equally dramatic. 

One of the key problems of soybean production in the tropics is o.
taining effective nodulation. The granular and liquid inoculants which can be 
adjusted to provide the required number of viable rhizobia are methods of 
overcoming this problem. 
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Ltuoi/iIl l,, v. hwif, flhwy, ',,f '1,1lm ,.0t q .n!r l o:, dl 0lOVW tot 14 dlayst -

l f't Il Vf-i 'l 'il dt o mitllltilq till, t'll) lo W()!lH t H 1. 0hi, , i ji-tviv i~iis show n 

il h 10 1 111(i illa motI liodtj, ) iw~ , vlo l I ll,!t rithl jitaph Figure 4.hfl altih 

Till: MrOCll t Midt (W lliJca!d. , q lbdi thl ratc's IuitCl ml lldltt( hy theppl It 

resihectivo ma r1iofactuLer (3,4): 

THI RAM (/K ,.%vttuihr) 0.6 jlkil sed, nlixn(l nh 4.4 qj peat-lase inoculant 

CAFTAN (75 v,'tthle) 0.8 q,'ky sfied, mixed with 4.4 q ipeat-base inoculant 

CARBOXIN (75 wt:le) 1.1 q/kq seed, mixed with 4.4 gi)eat-base inoculant 
PCNB (20") 0.9 rj kh end mixed with 4.4 q peat-tase inoculant. 

Fonrjicide. and inocolr were mixed i the proper portions with water 

to for i a siln y. The sltilv was applied to the seed at the rate of 13 nil/kg. 

Thiram was not toxic to soybean rhiobia as measoured by numbers of 

viable rhizobia or tap root nodulation at 14 days age. Captan and Carboxin 
did not reduce drastically the number of viable cells on thu seed, but nodula

tion was reduced greatly even 1 hr after treatment. PCNB was highly toxic to 
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Figure 4. 	 Survival of IR ,pwru rm of) soylheri seid. treated with various fungicides. 
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the rhi/ch wi, mi t[1,. r ' 11llt ,1 d l' d, IhiIlhw't I'il" ()f li lh~~i %"-o+,I w hvlen 

pllant ( I II t I ill !r Int ,))( , iijtrj' 11,l ,l i(I[ il(A t' tljjt t(l.,ts tilo 

[ot ril , ).ilrI Ow 1', 1-',rrr ir) harIh, 	 ! I. , p t .r sJnrist soil 
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hadly, mw ltl o tlI . 'l , f!, t iom'' :if,;t; Ot u e. theiiilrtII~h,Im i , lfi It 11SL!hll
 
.} artli illo() Illlu I . I- pI JI . ,i, rh iI hl'(m Wr ht'll
i ' t t!rt t1 i;Vt'i 

plnf1ti imilek3imlt'Iy ill itrw hrtintj. Sr+., , twlrtttl wilh fhiIIicideS have no 

adVfiS; rffec o) t h.IIli'!ii J t'l r l r t~d tih t'(' ',ithfli C l 1OW 11,1110.A (iaritLIlar 
Cil-
liquid inoC~l],
 

RHIZOBIA COMPATIBILITY WITH SYSTEMIC INSECTICIDES 

1nsecticihse II ii(?Ci( ftt Ie ently to l)iot(Cet s eeis iln seedlings from 

the ravages of worms alid inSeCts which flouIish under trofical conditions. 

Systemic chemricail irSecticnS dl5sor)ed ill a qIIJrlallr cartier (day or corn 
coils) otei ,jr, lI' l il into tlii, 9redr fmrow liong with the weds at ilar-ting. 

Also Cjldanulal 0i pitI, i10n0 1nlts ma htiplanted in the fuirow with the 

seed. I isecticidrs '111d iflocilitS uISu l l', dl)drilled frolm different hol)ers or 
SeCtioliS of hiofllers, ruut when m0rr!y one; zplicator is available, they may be 

mixed and (Irilled fron thi, szwi hopper. 

Field conditions were .siriiolted to study tire Uffects of systemic chemical 

insecticides on thizoia piinted in the same furrow anid also to study survival 
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of ihi/Obidi 01) lht IiiiCLiliiitti (cticiit mixtuliiis. Th, insecti idheswidtuIc(i1 
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I1IItiQC t11) 10)Ut 11t,11,11iS at thi tc ,1( i it l t(h I(l i,t fd tiet effectively. D iftei 
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th~w il lt"pet!C IVe 1,1til,ll olll~ A t\VAII(llo , 11111 tV I] ll, 1t1) 1110 1llh 0sCtIicih 

mlix<tLilf-, \ I d inted!( ',I)foII<m v-; *i ll)(Wlh, h l '.lith h+ itilO1 CtlidIC(I SoyI)VdLln 

rw ) i hoh.0;atio 

pllmotill!Iin o,lllif c", mdc W 1 t (fly 4 1(i(. (offSreed, the lhioil
 
kill (ou l h.jv' 1",-f) (h.1jito 


(T,ilh ) , f i ( 11 fi811, l lindel ideal 

, I h<lr . , ,Vytcl I, ( 1 (ll1 10hI3:L11 dild. ill

.FUIAt dIihfr(> (l1f1 t'i* tit'llt 

"Tahle3. 	 E:ffectof system'ric insecticides on uodulaltiorn Of Soybeants when inocUul" 
andi inlsectic'idheire phcef~tl inlthe same furrow. 

i ieitTt (!,it 	 Tap Root Nuduhes!Phxit at 14 Days Ago; 

l'lo£,u'hrll,55i q 100 ml of rowv 8.0
 

In0culklm, 55 (1100 off of rowi 4.5 
FUnA I);\r11 10otj10oo f 

Inoc:ullt, 55 t/ 100 in of row 3.2 
TEMIK G9 y/100 m 

Irmcttiltwjn, 55 ti 100 in 'if row 7.0 
TIAMIT 73t11W,0 m' 

mic eLtiqit'All systcinlc n were used at the rates recommended by their respective manu
factiurUls. 

"FUI ADAN" -2,3 dthydro-2,2 dimethyl benmofuranyl-7-N-Methyl carbonate 
"TEMI," 2 Methyl -3-Methiyl tliol)iropioialcehyde O-Methylcarbamoyl oximne 
"THIMET" -0--dwthyI-S-(ethyl thiomethyl) phosp)horodioate 

Table 4. 	 Nodulation of soybeans planted with mixtures of inoculurn and insecti
cide. 

Tihle In lh1uColci1n" OTll', Iioculum.55/g/100 no Inoculum, 55 g/100 in 
Mixture 55 g/100 m FURADAN 110 y/100 no TEMIK 70g/100 if 

Tap root nodules/plaiit at 14 day, 

1 hr 8.4 	 6.0 7.9
 
2 hr 5.5 
 8.8
 
4 hr 5.6 
 6.0
 
8 hr 9.6 5.8 6.2
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SUMMARY AND OUTLOOK 
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NOTES 

Joe C. BuLto1ri, H:eseiir-:h [)I ;)6itmlenw, 'Tlh Nitia]lin Comp~lany Inc., Milwvaukee, , 

Wisconsin. 
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AMINO ACID LOADING AND TRANSPORT IN PHLOEM 

L. E. Schrader, T. L. Housley, and J. C. Servaites 

Transport of nitro!j]r il soyhOeaS OiA-r s in both 0Wn Iuhloern annl xylem. 

Nitr3te-N and much of tht nihO '!2r from fixation in thedrisirlo nitrooen 

nodules are transirorted in t1 xylerv Isr ,odk8) has dlisclrHsed tile transloca

tion of ritiogel irI the xylm. Nitroqon eiXt)Ihr(f i)Im leives to other plant 

parts ,s tiaispiot tel in the pilole. Most of d'. nitro.en is in the form of 

an-tho acids (r id eithwr fron tile It tir of nitilt it the leaves, re

mobilztio 1(f I)rot (1 the( leaves, or horm ti-,in assimilation ofrr stucd 

, Wlo i,1 o tUringureiles, a11it"t Wr letds 1 I)(ILI(:O t tllr root In lll ]l!eS 

flitlogeri fix,!i.'101 Hrrd Wrr iitit irc ion lifolt, t1irisort via the xylem to 

Ieav es. 

Suclrose i, th: l HiiCie,,il frlhot(isyltheiW I)iO(ICt irl tih 1l)oe . It is 

activly ,irlld rl,ctvely I into tIe ihlotm (2), mdiatted hy i pl~ecific 

caIrrier 0i 1). PfIioerl o Iat ri of sttcoSt Iro1 he free SlIace( is sensitive to 

metabolic (2,9,1 1) rnd !,olfhydrlyI1oLiO jrlhihit,;Is (3), Suppli/oIting the )rem

ise that is a process. less is knownloadilig proetaooi:,Illy-tlelhideitMuch 
ahout Ioadilrlu ln1d1r rspit of Ottr coMI)OinIds (e.., aMino acids) found 

in the phloem. In this 1)1pet, wee reroit evidt:ncc for a metaibolically-depen

dent mechanism for amino acid loading that is distinct from that for s-icrose 

Ioadng. 

EVIDENCE FOR PHLOEM TRANSPORT 

Ph!oem transport of amino acids from leaves was demonstrated by heat 
girdling the phloern of a soynean petiole by passing an electrical current 

throuoh a nichrome wire (6). The relative water content of the leaf was 
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rnonitolUeI until the next dtav bV Beta-qaujine to ilSUle that the Xlweem was 
not tlisripted by the hie it treatiliont. The Icaf attaelOd to th" girdled petiole 

w,is offcred 14 CO,, fm 2 i. lthut no t itit ot (f 114Cl1 0hl the iidf Was 
detected. This fmdIinil iiitlittiife hldt tIh truispIOt of 1,ot0 sUetrsaIId ollminO 
dcids wOs 'topped b'/ tile hett 'Jijloill , itlltj:tiltJ 0h,1 t"!th) t tI'lm poited 

from thfi h"If in tll, nihh , ;-i P 

PARTITIONING OF ASSIMILATES 

A flIly-expandtwi hdf (',(,MC- leaf) n :I s"I,(am plant wvas f1 14CO2 
itn a steady-stat, , \ :iuiilt hXi 2 Il, thS, plant was dividCd into 

several fraciiors, tind the1 l it ,ilt Wiltlt itiij ill hot etIctlIol. V'-hiti t!he 
ethallok.oltlihl+ 11'Ictlt)m" k+'w w f:i+t ltt (m xc-t>t~~llnoe 70"%~ ll wlsm ,l, ;11)0,1 

of thei C! k )ii l lt,r iIf W iS tii eLitrllI wcv,: t, il il 11 fiaction 
<

(SL1(j. iI--,) VJ WlO.I l k) 1/ i (m: 1,1 In ll asic fmact'o, 1i i It , tf .) w.',s t , 

(ae lllo 3 1ii0irt I()' (ll. Uof -ruI1/, ') vs ill the crid 1 flactions 
= (!llOStl'$ t'Itcl i kkii', !):1 tt- ~ t t,l hi , t' (ltetio!' o f I l It m ul 

stemls) JlIot-t 9J2 ', O~f tilt .'b w1 rwd il' l to()3,", fe,cov, Mjtjl d, to.,.s 

cover d in ll 01i'iacii-, Il '1n1d 1,i ii 'ic Sl "lle urhlat"K d hiieanes it) dis

tih tiotl tl rf i ii v - I I\ c r'.I,, ,Vi t1( il 1hwl I iS coimiarted 

(o the ",, ctr h1e i lif t tI(,I ), 't to lt i t h, l) di lfoof alllin3 o 
andt orqd116 : 'Icids ',( 01 , + Vt i , !j<itt f 1('qt j,Id~ y is c0i;Illda.ed to f.lillinlo 

and/( OlqlIllli: .ic'ikk, m1 (: .!11t 1 o:n,f (+l/{, m o l mR t., mit,0 )11n 1),Irttllelltali,,'2d 

(e.q., :11 thl:! :,ok l tlh ' ' m - t rl, ,(;il,/,y ;l h fol luading '()d,,~ uIo ) 

I allSlwtl t, 

S;l','os+ coiiudir t a n t All o+f 11w [1,1 C] ecovt.10d Ill thW sugarIt fI1C

tion. O n~ly I ihliittd 1illr111heil ) tllliwl) Ic.ids W+!iw Ililolud (TailS.. 1). Three 

arnino iiciok (,aIl I, ,COt !ti ld 
, ) 

tined 75% oftt,Swe in on t 61)01.11 " the 

rad.ioactivitv , il in "ift filacliorl f1011) ith; S01,lrCO leaf:ot titlJ. l IIW acid 
(Tahle 1). s.,u s d~ ilt <ocltir, vH hi ilTth mml .- , him.hest ll cncentrationl the 
leaf, is sh-ownr lv tle 111r,oe 1(:;l o,,14IJ si:, *which,dletctedC I)o)thl 14CI a111d 

fl 2C] 11;l-f I cids Ciale !). 1.1 "lheijtile of the ftd lea, five ainonc acids 

corntah/ed mnost ol the ticcOV,. tl iaidio~uitiviry. It, addtition to the three that 
were tpledom inmalt ill the 't( I hIdf, JSj)6itdtt' diln (jitlllflla-atlhi[obuLtyrate 
(GABA) were he<ivity I ehd it, the puctiole! (Tcithle 1), -lh ,]iiii acid analV

ses confirmed that GABA andlt aspStabtfe cowle'titationls wt:e hlyhei in tile 
petiole than fit the fed leaf. 13(Ih1 t .11 il i/O<cids1 alel; a~let! selectivel,,, com 

partments exist in the !<:af thait -<.Ul)17 the ConIIl(:;tinlg chfmri els tir,!ctly, or 
some COnT0'Si o(]ctLI dUrintt of after, the Iozid'.11y of certainl anlir,o acids. 
An earlier review (13) indicatetd that GABA transalmlin'ase is plresent in tile 
phloemn of some species. G!,.twnic acid decarhuxylase, and the transaminase 

were hoth present in soyIbeat, callus1, Cells (121. 

http:61)01.11
http:c0i;Illda.ed
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Table 1. Di.stributioo of selected ain1o acids (g/10o g of amino acids), and the per

ceniaije distribution of radioactivIty in the amino acid fliaction from the 

fed Ilaf and its 1 4etiolea nOdtUlatd soybean plant after a 2 fir steadyof 


stae(labt.Ing with 14C02-


Anirii Acid Ilisti thklISti 1 ILItOnLiloil 


Amino Acids Fed Leaf Pit ole Ied Lual 
 Pttiole 

13
 

Sefin 18 11 33 

Aseat taie 3 18 4 

12
 

(ldjaplate 26 18 15 22
 

AlIniiie 18 
 7 26 11
 

- Aimob ityrate 2 1 1 
 1 15
 

Penitylalann 1 1 5 4
 

Aspairajine 3 8 1 0
 

Clutalline 1 4 1 2
 

SELECTIVITY OF AMINO ACID LOADING 

We carliel c edi thi l. dilhi t Of sMt iLueine, lysine,'l i )tiar *;i-ii1jilIt illt, 


anld sucIose Seiit t~d:t it, ,t 
1i1il1 aCil n1tolV I)Iresenlt in
 

ldi(.edlt)OtlltS ilI t1011 ii:., \/i1','1i IW" ll t ely detect

(6). wvo 

1111 h li t ht h0Lcin,, lild) 

ailehSoclosf, oild 1,1('IIIIlIJItI w , ,il)l~ltt(jto ,It I a
. j(:i(Il ~ (]!J S)Ot oil 

1 C I  
 lk
sv i-y le tl tu u . d iii ,ilrviil I (W . 1- i:U ttit liftlt, L" to i li !eaf 
W Ir Si1lliiar'
Wv is rtlm)lilwd .J ltir,),t V0, n'ltIW:, !0Il 0 Wl~totll K t~~S %%'rd 

'Id 1 

it lq")0 id'ii &ii: l, I rji tpillit ,X ;rleidci 

11111')M 00 I (1101 ~lII! elf fed 11ICO )*Hence 

u1,t til, li i w, d O lltously to till, i 
IW itLt1 ti ll't it;.', it e
 

chlololxehi'sl, of ill llttto hil clsi. T ae m sl 


SI L)otV i I'.' i,,I 11tCI tht Iit;l: aIO W iJ foi 11i til 

Il., 'i).)eitmil t nhoilai ctv 

olllril ,xi.,!,1 I sti ( "tIil let tif t o ldtigi, iii tl iii t, J1I10lla 101100it1 
zi l ls -Th" ",In"'! 1ill10 w noill OHtfd mayl' M tl (") h'.11cl 01ily,.,hlw ill¥Itlalisl; 

ITa.t . t ;)l(I)Ctl IIHs l hii l ti om IntlsC oiltal s ll) tt e W ip r to
 

f orlyel h srpllore bt))ldls ah Il. itllo the
mi t l ll y fHoley olhyll cll 


atdopd aisp
 
dn w. tlal'lfe.l 


VXI(? C )M Ml~ tid to[i IhitP C()11L/ IMllltsthdt diffC; inlIheii itW( ic~lldl(]IOU-111. 

1-12116!1, A i+,UuWA am1ino0 Mcd. was comlaletd With (}I(jtaIIlatI;, a dicarboxylik

ai nclilcicid!, mdlt GAB[.A, wh~ich lacks II111j)1ilAJInlhl1O(1101,11) M aIss tld-iSfI2r-

I ates to, ihJ i,t , Olm plOtind.S w t(re iilii, ,t li ti thdtlS>imIi0 ,JlnOUilS 

Of Uarh dfiO )!tl if !)C tft ill eua(lZ1t(COi-- Itdtilns,<ittilt Site Of lo ldinlg
 

(Table 2). Tianmpolt velocities lot these, thwle co7omOl~is comtpared
 

favoily~ v,ith those ielporteci hy HOuISh(y 0t dl1. (6). Tile uxiitminlit with
 

GABA indic-ated that loading does not discriminale against a compound
 

II Ilil(A ('X iW I o 10() , 11i1ill O t W(o tit- i nr>Illa wares 
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Table 2. 	 Transport velocities far [14C) phot--- tnate and applied sucrose and 
amino acids [Experiment I for (6): Expertnent II from (10)] 

r,,spoi Tianstiort 
Radioactive viIocit, vt! ,(:it rate 

cnroomud fed' (Expt. I1 Ept I) 

T r I 	 Mass transfer 

EExpt. II( 

C171"'f7111 tl'M/l4011 ti/,nol/C12.hr 

Sucrose 	 1.06 
0.75
 

Lysine 0.77
 
0.83
 

Serine 0.90
 
0.70
 

Leucine 0.99 1.3 
 22 
0.81

14 C0 2 .ass i m ila t e s  0.'j 7 

Gluta .ate 	 1.2 24 
)-Aorrohuit 	 rate 1.0 28 

14 aExPt. I tor miciosw irod amino acids, 10 /ICi of 1 CI coirournd were applied to an 

hraloi sp)ot On the sourrieat The 14Ca 2 Was offered as a 1J 1s1ih1 pise, (qenerate( 
5lCi 

1-Ci withfroe. !0 	 of liiiate, ,ini followed a 110 rin chase period m air. 
tvat of the 1'YCi ii, the bink le, was monitiored with a GM tohe. EXlt. I: [14C] 

diiiO a'ds 	 (500 oiniilo J100i(_i.'ie oipplhed It) an ,hiadad '!at. After 2 hr, tit! leaf 
wis sacrflced Limi( r oi filtW1if e;t] 	 tO l(sit apr'e wlh, deMtLr1l r J',etmO mass traris

for rates. 

lackin the ,ilpilw aiii p1oop1. lltrinco the! GABA htrJId i:i the petioS: 
(Tahh 1) Coold hay! beer loaded floir the leAf I atlhl thlarl heiig sylithesi-,ed 
aftei enteir tl the plhlom. Althoui these ixo u111ncu2t; Ire cOISistent with 
the earlitr erii) t (I6) that 110 liIt o tOXiktS tC h Ith rdlii)l (i thst'SO c0 1Ompolnds, 

it is not i.vihir(It whmitlri there re,('mocif ic cani s for a'ch ,111io acid or 
Ca1n r:, lichr c Ohdd wz, Mir all ,ir1lirno LIdI( Additionil corpetition ex

Ij)erI1nrlts Lri'.t h C;irr~ilttleI in v, hich rvore tha'i une :mblo acid is aItplied 
to the atiai)ldt Splt crlctrr e!)ly hirfolr, rhfinitivo smittmerits can he made 
ahouit the Selectivity of the loadingj mechainism for amino Icids. 

Beilin and N'1,-teLrft (1) ItP)trtd the existemle of distinct tialnsl)ol systems 
foi uptake of L-amino acids hy cultured tobacco calls. Di tict t ansprot sys
t,?ms for neutral, acidic, arrd basic miero acids were kinetically chatracterized. 
However, it is not known wheth:.r th2 same specificity exists for export of 
amino acids from soybean mesopliyll cells into the apoplast, or if specific car
riers are present for loading amino acids into companion and/or sieve tubes of 

the phloem. 

http:ti/,nol/C12.hr
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CONCENTRATION DEPENDENCE OF LOADING MECHANISM 

The effect of leucine and sucrose concentrations applied to the abraded 

spot on a leaf was examined to ascertain whether their concentrations in the 

free space could be limiting translocation. A biphasic concentration response 

was observed for sucrose (Fig. 1A), and was similar to that reported for 

sugarbeet (11). The first phase extended from I to 110 mM sucrose and had a 
" -",- of -about:35mM,:wlh ich-is similar-tothat reportecYfor :sug a rb e e t :le a v es: --. 

(11) and leaf discs (3). The second phase extended from 110 to 400 mM with 

a Ki of 109 mM. 
Leucine translocation showed a triphasic saturation response to concen

tration (Fig. 1B). The first phase was from 0 to 4 mM, the second from 4 to 

40 mM and the third from 40 to 100 mM. The latter concentration ap

proaches the limits of solubility of leucine in water at 25 C. The apparent 

K 's for the three phases were 3, 21, and 52 mM, respectively. The presence 

of many saturated phases in the concentration response curves is evidence 

that trpi'ioit of both sucrose and amino acids is mediated by carriers, but 

the diffei, ices in kinetics suggest that different carrier systems are involved 

in sucrose and,amino acid loacing. 
Further evidence for distinct carrier systems for sucrose and amino acids 

is provided by other data. The [14C] sucrose and [3 H] leucine were com

bined so that the sucrose concentration was always four times higher than 

that of leucine. When various concentrations of this mixture were applied to 

the abraded spot on the leaf, the presence of sucrose did not decrease the 

amount of leucine transported (represented by the open circles in Fig. 1B). In 

another experiment, exogenous sucrose at 100 mM had no effect on translo

cation of 10mM leucine (data not shown), Both experiments indicate that 

sucrose and leucine were not competing for the same carrier site. 

METABOLIC DEPENDENCE OF LOADING MECHANISM 

Metabolic inhibitors were applied to the abraded areas of some source 

leaves 30 min before, during, and after the addition of labeled sucrose and/or 

leucine. The uncouplers, 2,4.dinitrophenol (DNPJ and carbonylcyanide-m

chlorophenylhydrazone (CCCP), effectively inhibited the translocation of 30 

and 100 mM leucine and sucrose, but sucrose translocatio, was more sensitive 

than leucine to inhibition by DNP (Table 3 and Fig. 1).The different phases 

of the saturation curves (Fig. 1) were eliminated by 5 mM DNP, but the linear 

response observed in the presence of DNP suggests that some leucine and 

sucrose diffused into the phloem. 
p.Chloromercuribenzenesulfonic acid (PCMBS) complexes with sulf-, 

hydryl groups and has been shown to be a specific and potent inhibitor of 

sucrose phloem loading and translocation (3). PCMBS at 1 mM inhibited 
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Figure 1. Concentration dependence of thu :mass transfur rates for sucrose (A) and 
leucine (B) applied exogenously to leaves The [ 14 CI sucrose and [3 HI 
leucine were niixeif so that suciose was four times highe in concentration. 

Transport of sucrose and leucine was monitored simultaneously by apply. 
ing an aliquot of this mixture to an abraded irea on a soybean leaf. The 
amount transported from the leaf dfte 2 fir was determined i- - in both 
figures). Another jroup of plants was treated similarly except that 50.l 
of 5 mM DNP were added as a pretreatment for 30 min before adding the 
mixture (- - in both figures). A third group of plant had no sucrose ap 
plied with leucine (--0- in Fig. 1B). 
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Table 3. 	 Effect of inhibitors on the mass transfer rates of exogenous iecinre i(d 

sucrose applied to abraded spots on soybean leaves. Modified from Ser

vartes et al.(10). 

Lt icw-	 sucf (w-, 

TreatMe'nt Expermient 30 mM 100 ITM 30 ;1.1 100 IrM 

Parcent of Control 

DNP, 5 mM 1 
2 

3 

40 
22 

56 

5 
11 

12 

CCCP, 0.1 mM 1 51 47 

PCMBS, 1 mKM 1 
2 
3 

23 
37 

39 

10 
11 

7 

KG0, 0.1 M 1 51 46 

Sorbito', 0 8 M 1 

2 

222 

117 

74 
80 

"2 "1 
a Control rats (nrmol cm hr ' )for Ieucine, expts. 1-3 were: 42, 51, and 91; for sucrose, 

,xit 1.3 ,,ir,, 91, 104, .tod 248 

oSitO ,wi i ;-k -i, C10 1, [ajtis i\ aii)(rt 90" and lIr(ciiw t!anslocation hy 

lbOUt 65", Tabh! 3). Gia(utrita (3) concluded that sucrose was actively ac-

CUlilllt dii ',I mimth, iid i -11hi (hyiryll I "il Ipopjas!t that r llt soLl 

ijr.llfio S ', i l.(J.-id w i, i:-, BRP:- jti PC.BS r 1,htiitti lhotii 5uctos, 
andt(litw w '',t ji;;q),;t ,I '~ l )i: ' 1 m t Tor' ),ttd l , t ll h 'l IIM I [7,y If ~in 

ti ''11 I h,:, H r :tttI1 tI ihhoe 
lk J ildm + Ill hoodirfI t "-+ A TI~w, -. 0 pi'ul)O" 
mil o a: J t iii i; o - t, ",Si , : i (5) for ii 

!iu.fM;,~t'+t'.'.hiCh tht. i') I ,, wr qo ltu' 

nl t rL.: '-.',-+w - al-.riir 

Higjh iccmci:rl tioris 1 O ;n".i)0fKCI i td , onId Il 

tr Hrii itth Icril-' 11!;.i 

ii l uth , ,r irne 

trarrslocratioi (TOihit Ih on- sl i Htih K a3) .(iiutit lf ii irl. in circ:otl 
tions also) mhIhi itm (, ,,!m if)MI+tlkl~lh (4) 'Ind{(-aitoirtharlithloom hi,tldirm ot 

ll ti. fa ltt)l ,q~l i l tl Ifild.
(9 ), I'StI l hl O w11'p' 1 ) 111'!f lllo 

fre space. 

Thi 1i i1:rtii i f 0 8 %I11 roi t to I t (;t i ) t t It', r -- It ir par t i! 

tflasnrolys s of rlitiho)i yl: cills Vilhtl t disttir Iiiijtr l 1,:, in:Ii . i(f t<O(Ji IOi S 

SUCrCIOSt 11) 0,'' fOLiri thit 0.8 M .,orhitol irihilt-.i ,-.calrt)s trarrsor;ation 

slightly, hit crlatrld trim slo)c,iWn Taihh 3;. r, iwi f< i thisstir Intit'hro -itt 

stinIulatiorl is riot hti ti'lho) l ilrOsrIiOtic;ur -)'tt edlekrior.,l, tht :Is1.ril 

niL Solohyll iormittirlt fhd~tfi i thIO i:to the free,'Itcl; a ,tiilr[rdtl iif itW i 

spiacr'. RcnltlIe ss of tht, r2,is'oil for this ;tirntlT t i, Il, W tatti sO 'port the 

itoh-)fthe apotnlast tit p irlOao adicid Iourtinki.a. tr rimary rOlttIoN t r 
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In general sucrose and leucine translocation responded similarly to in
hibitors, suggesting that both are metabolically dependent. These inhibitors
 
could affect amino acid translocation by inhibiting some process common to
 
loading of both amino acids and sucrose, or they could inhibit amino acid
 
transport indirectly by inhibiting sucrose translocation directly, In the latter
 
case, amino acid transport could be dependent on, or limited by, sucrose
 
loading into veins to provide the driving force for solute movement in the
 
phloem. However, if amino acid transport were solely dependent on sucrose
 
t:-- ransport,, thet-some- stimulation -of amino-acid transport should 'have been 

apparent in Figure 1B when high concentrations of sucrose were added with
 
leucine. It seems likely that amino acid availability and/or an amino acid
 
loading system regulate amino acid transport in soybeans.
 

CONCLUSIONS 

1. Transport of amino" acids and sucrose from a soybean source leaf was
 
halted by heat girdling the phloem of the petiole of that source leaf.
 

2. Partitioning of [14 C, assimilates from current photosynthate diffcred 
in the source leaf and transport path. The [1 4 C] amino acids comprised 13% 
of the recovered radioactivity in the sourca leaf but only 4% in the petiole. 

3. Three amino acids (serine, alanine, and glutamate) were predominant 
in the source leaf. These three plus aspartate and GABA were high in the 
petiole. 

4. No barrier seems to exist to the loading of other amino acids into the 
phloem from the apoplast. 

5. Transport velocities for amin0 cids were similar to that for sucrose., 
but mass transfer rates were lower for the amino acids. 

6. Loading of leucine and sucrose into the phloem were concentration
dependent. Leucine loading showed a triphasic saturation response whereas 
sucrose showed abiphasic saturation response, 

7. Loading of leucine and sucrose was inhibited by metabolic inhibitors, 
suggesting adependence on one or more metabolic processes. 

NOTES 

L. E. Schrader, Department of Agronomy, University of Wisconsin-Madison. 
T. L. Housley, Department of Agronomy, Purdue University, West Lafayette, Indiana 
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NITROGEN TRANSLOCATION IN THE XYLEM OF SOYBEANS 

D. W. Israel and P. R. McClure 

The predominate form of nitrogen transported from the root to shoot in 
the xylem varies widely amVong higher piants. Nitrate, amino acids, amides 
and nleile IU( ,lantolc acid :nd allantoin) (1,22,23,25) have been Ahown to be 
predomninte foi ns of N tansportud inVar(Ious plants. Recently, it has be
come app aent that 'he prwdominate forl) uf N transported in the xylem of 
soyhean plants Ulped. sotre(, of N that is assllilateJ for growth.0l)()rthe 
Studis from sev(ria ldhaturies (3,15,18,31) have (herontlated that so,'
near plants, ~rma, Iv dp~endlent t)l N2-fixation, transport piredominavly 
alljntoc a(:cid ato1 &iialtoilnIl the X!en: arid pilants that are primarily :t 

pelldent uponl aSsimilatiol! of NO. taoi;mo it i)redominately NO3 , aspat agine 
and glUtar) ine. 

The ohjectives ol this chapter are to (a)sumnarize experiments which 
established the connection between the form of N assiioilated by soybean 

plants and the form ()fN tfans)oi1rt(d in the xylem, (h)examine how major 
N transport forms may be synthesized in tile root system and utilized upon 
delivery to the shoot, (c)discuss physioloqical and hKochemlical implications 
that rcsult Non measureumnt of the N co, position of xvlem sap, and (d) 
examine practical implicaion;i of th- association between the source of N 
nutrition and iredorninate N transport forms. As these ideas are explored, 
attempts will be made to identify gaps in current understanding and experi
mental approaches which may hold promise for filling in some of tle gaps. 

111 
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NITROGEN TRANSPORT FORMS AS INFLUENCED BY
 

NITROGEN NUTR;TION
 

Koshizaki et al. (12,13) olbserve l that the rtio of kieide-N (allantoin 

and allantoic acid) to amino acid-N itntihe solulh!e I action of various above

gIound tissV0Swds inoilremeui by th' litiicdtiOI1 of N fertilizer, al thus 

were the fitst to sn(rgest that tureies might have an important tole r:,0w, N 

metabolism of the soybean plant. They obstrved (14) that about ,0' of the 

total soluhle N inothe hot fraction of Llpl)er SteillnH20 soluhle I;soe was 

ureide-N raised the possibility that ,reides welt the proldmoinate forms of N 

to the shoot of soybean pllants il the xylm Sarean. It was Ielurteddeliverted 
subsegracotly (15) that uteides were the predominate forms of N in xylem 

sap collecteti over a 24-hi period fronm the stems of nodilatled, N,-fixingq 

soybean var iety, A62-1, decapitated jts.,t ahove the cotyledonlury nodle. A 

non-noslilatii(t vat et,, A62-2, assimilatin N0O 3 accumilatI low levels .f 

ureide iathe upl)rr sterns, and xylem Sa) collctetd during the first 12 hioiler 

decapitation frorrr this var iety cotained very low concentratirn:-; of ulei'te 

(15). Thest studies Ster(J tlA I lelition hetween the source of Ni issinlilated 

and the for ni of N I rairsprite(t inthe xylein S,1ap. 

In contr;Ist to lir eSrIts Of the Japa),leSe wo!Kkers, Stlecter (29) reported 

that asparagirre was the illpticiple N cofrp)oiro the xylem sap of nodulated 

so,/hearn irlrts qnrwill In the lild. The tIrohiem with this study was that 

the importance of ata'a:ines a Li ansitoort foli was assessed try dletermining 

its re',ative al)tinlance as a]Ilercerntilge of the sa,) and aminoof the( Still '1t) 3 -1N 

acirlN ConCeftition rather than as a rercentage o tiretotal sip N concen

tration. Stieeter (31) has suiseruLently lelnalyzed s,11) sirl)es storid frozen) 

from this strrdy and has reportel tht tluicle-N COr(:eltr;)ilIIs dui (Irepro

dIctive (t(evekot)merlr wee to'(, to six times greater thaniamilno icid-N pis 

N0 3 -N coricrmt trations. 

The aforemntioriel studies on xylem sain comllposition were either 

limited to coe time drinirg vegetative Irrvth, basud on analyses of sap sam

pies collected over long periods of time alter decapitation (12 to 24 hr), in

complete in terms N composition, orof a detailed satp corductedt with plants 

growing on po, ly defined sources o N supply. For these reasons a series of 

experiments was initiated in our laboratory to characterize the influence of 

(a) seasonal development, (b) source of N nutr itirn, aid (c)rhizobial strain 

and plant genotype on the form of N triasported in the xylem of soybean 

plants. 
That changes in rate of water flow and in flux of solutes to the xylem 

upon decapitation of plants do net significantly alter the relative abundance 

of N compounds inthe xylem sap is an assumption (22,29) used in the inter

pretation of data in this r( ort. A time course experiment in which the 
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relative distrihtion (it N 'ornpolind(ts in sia!) changed only to a small extent 
dming tie first 20 ni aft!i (Ifecaf tatlo(I of ndUkLated ilants (18) sLJ(ested 

that tlis assump tion 'OF , iafly 111aa In all .,p, rnents, collectionalif. i 

Iierio(1s of 20 iT rl or '.' v,LI tii o. 
III this 'fit'} tetatl F ',tlp fiif firs eithwi to a o li laliwi of wi i ?-N , 

total ailme !(,il- N IAS . LNF iirol cOi)!! F dm'no tiit), NO., Ifi ll F ....NF14 
N }Ii to t t I 1i tj-i o i } m !dit (i Kji 'l(lah I c t;oif : ill . 'itchNO wtI hy 

a,{s , flt , (o li Ftiv cl , to NII . (18). Total salt N coi oti t ioi teI.tet

t io ',o t+ii FIlfillF itio! II)PFFCe!liw vas ,lkVil"v's '!' .ifi1, fy a ul'y/sis ofl Seflar 

Tie, 1 Ft} ';t' iiiF tidKili (18).fhl vdtt,crFP, ,'IFF1 Ilf) 't pi S iL 
Thw tff,, t' l",' ,. + :t fhomn v(,tl( tativo? to; wpi~cdttr ive(1How I-Isla(,,t~s 

+!i th,: N 'W ,,F', . ! I, , f s{yi)in plants (RHa; oji cultivar) 
,Xi){}O.!! t , i- Tt oO, N !,! i l Jiaii es f i m ll!' s'i) (Ft of N toF- "fFF 

IF S 1 tF ii ,':0 ' 
ite)!! it ')F 1t(1111 I:,IF lt . 1'!t'' F t ' !'F1 o',,F lli N, f'xatlion or assim ila

ani Fthe 'i .i ,FS : I ' FII T, ltui System (I S). Ni ti ilotpr ici)o llo

tF!)ll it NFO ' ,,1 r t F , F :,',> ! tfli T!Faly vT ie at v t to r110 Iodfill 
* FF!S\ F .1 a',' S t ', -ilf l, IIl 1111 F t i1!I (1(11ir N 2 fixa tion coitaine(d 

~I' (ijF ? ( F>f thi' toital nitiotfilj as nieilh-N ani total!F'S:FFFFI .F+'F[ F F Ftl M8 

"I ' ii'i i fi)it l fio imli i 'i o{iu lati:di p lan ts assim iila tin g N 0 3INF tiFh . S lp 

:iiita -i tl ';,l lei,,l : '! of , 36, ioi 58 t, of the total N as Llrei(le-N, 
total iiii c ilFFN aiid NO--N, w'FfiL}tivFIy. Wfmli vell nloflatell plants 
W)(11 oti[)f l ,mitli 2O mM INO.. t!t lit olitiotli iFliitiiii!F at the late 

12floe.''! iii'f Il t I tA , thil Lit it hi-N C;oiti{it IliI mlIItoi aifltlt 0 of the 
tL)iil SF11!N vhih thi NO,, N ant total antiuli} a id N '(tllt!t each increased 
from 40 tii 45', of total sal F N over tllF follnviniq thiti' or olvees.toni This 
stiu(lF/ il iiioMI.I tel { cleally tht ill f l Fsl{minatet floin of N iil the xylem 
Was eClpetiln t l)ool tille o'ic cft N assimilatd am, that till, !'(oiliilato 
transfrott oliis ito lit valO apfiprlciallF as pllants i-roipess fion) the "gIeta
tive to j tliCiVFi ';talT the if ii,the rif)ri gfrowth Fti vi(iFFI ).ilIce iitolen 

adeqtelt ai (toes Iilt changi. 

Data in Table 1 illustrate inl moil! detail the effect 0i c~lFrFwasint the pro

lorition of total plant N deniandt metN by IbLyodolar N 2-fixation on the N coi
position of the xylem sa!p. A., the NO 3 lIvel iicre>ased, nolle development 
and N2 fixation ictivitv\vl ite r{stiicteId severely (Table 2). As NO3 suip!iert 
to inoculated pjlant v.Is iincreased to 20 nMJM, the mean Salp i ride-N declined 
from 86 t( 8.7F. of the total IN whihl iiieai total amiito aci(l-N and NO3 -Nt 

increased fiom 13 68 and 0"i, to 57 aid 3 4 "F, reselctively Table 1). The sap 
nitrogen composition of inoiil ated plants supplied 20 mM N0 3 ( , 20 mM 
NO3 treatment) was not fi.l ,ciably different trom that of non-inoculated 
plants receiving the same lelI of NO 3 f-, 20 mM N0 3 treitmeitt). Allantoic 
acid comprised (reater than 85% of the total ureide-N i, xylem sap of plants 
from all treatments (rat, not shown). 
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Table 1. 	 Effect of source of N on the N composition of xylem sap of soybean 

plants.a Davis soybean plants were cultured a, described previously with 

the exception that deionized " 2 0 rather than tal) "20 was used for irriga

tion (18). One group of plants was inoculated at transplanting witl; Rhizo

beian jpo)micum strain USDA 110 and dtiring growth received nutrient 

solutiots containing 0, 5. 10 and 20 mM KtNO 3 and annther groun) of 

plants was not imoculated dnd received nutrient solution containing 20 niM 

KNO 3 . Since plants were cultured in late fall, ra rurallight was supple 

mented for 12 hr each day with metal halide lampo whiclh provided 400 
1

pEm-2 s of PAR light at bench level. Flowering was pte%,eht.ed by extend

ing the photopeiod to 16 hr with low intensity linht from incandescent 

lamps. At 48 days aft,!r transplanting, -a ) was collected and analyzed 

subsequently for ureides, amides, amino acids, NH 4
4 apid NO 3 as des

cribed previously (13). 

% Total Sap N
 

N-Source Total Total
 

N0 3 .N Sap N Ui-eidec Amino 

Nodules mM lpg/ml) N Acid-N NH 4 -N N0 3 -N 

+ 0 446 8629 1368 0.03 0 

+ 5 342 59.25 29.78 0.03 10.93 

+ 10 450 14.32 41.81 0.07 43.81 

+ 20 -185 8.74 57.51 0.16 33.65 

20 466 5.86 50.65 0.08 43.40 

LSD .05 103 7.26 5.68 0.03 8.17 

aValues represent mn(ars of (OLa1 rrpflICut .5 

bSurnm ation of all N c )o'iirrd:: rllto.1SLe[d. 

CAiantoic acid 4 liamntoin. Vdlls (leterilmttsd with an artino acid analyzer were veri

fied by analysis of separ ..r- is I tre Yokin ant Conwar method (35). 

The chancle in total in- aicd Nir tn! of the sap in response to in

creased NO 3 supply was iuc- ,l) 1 t:mtirely to an increase in the relative 

abundance of asparagim.- (ITAhI; 3). Moan asl)araine-N increased from 7.6 to 

48.6% of the total sap N while the relative abundance of glutarine and a 
amino acids was about the same for Mll treatments. 

Since about 56%' of the total N in sap of non-noculate, i plmit, assirnilat

igtj NO3 (-, 20 mM NO 3 treatment, Table 1 was ill reduced fotrris, it may be 

interred that appreciable NO 3 reduction occured in the root system. Sub

stantial root NO3 reduction is also suggested by similar increases in asparagine 

and NO 3 sap content in response to increased external NO 3 supply (Tables 1 

and 3). Because of the possibility of reduced N compounds, asparagine in 

particular, being oransported from the shoot to the root system in the phloem 

and being exchanged into the xylem, the exact extent of root NO 3 reduction 

cannot be determined from the relative proportions of reduced N and NO 3 -N 

http:pte%,eht.ed
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Talfle 2. Relation of xylem sap ureide content of J2 -fix-iiqn activity. Experimental 
a
conditions are described in the legend of Table 1.

Esti natec
N-Source N Total % Total N Jodule 

N03-N Sap N Input by Dry Wt Red. Act. 
Nodules mM As Ureide N2-Fixation q/Plant iIM C2 H4 /hr/plant 

C 2 H 2 

+ 0 86.29 100.00 1.22 106.7 

b ).2b /3.b1 1.o 117.3 
10 14.32 12._6 0.17 16.2 

20 8.74 1 72 006 2.8 

20 5.86 0 0 0.5 

r
2 b 

0.964 0.923 0.850 

aValues listed represent thu nans o (
out 'leplicates.
 

'percent total sap N as Weide-N was correlated .vjth me2other three parameters listed in
 

the table. Con elations are based on v:tle. for each replicate of each treatment. 
C[erlved fro;n me;isuremr,?nt of C2 Hq realucti'rl iceity at the time of sap collection 

in( fror total hi;rt N wrccumirI,trl dirr 014 thie fr o vtb pUriod. 

Table 3. 	 Effect of source of N assimilated on the distribution of N inthe amino 
acid fractioir of xylem sap of soybean plants.a Experimental conditions 
atd total sap N concentrations are identical to those cited for Table 1. 

N-Souce 	 % Total Sap N As 

NO 3 -N Cs Amino 
Nodules n.M ASN GLN Acids 

+ 	 0 7,64 2.53 3.51 

+ 	 5 20.21 3.27 6.30 

+ 10 33.41 2.32 6.08 

+ 20 48.65 2.83 6.03 

20 41.71 3.26 5.68 

LSD .05 4.55 0.92 

aValues represent the means of four replcates. 

1.40 
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in the sap. This probiem could be clarified to some extent with experiments 
in which 15NO 3 is supplied to roots of non-nodulated plants at the same time 
as decapitation of the shoot. Apmeuarance of 15N a,bel in the reduced N frac

tion of the sap would provide support for loot NO., reduction. The rate at 
which the atom percent excess N increase:d i the reduced N fraction of the 
xyll:em sap would permit inferences about the extent of iecycling of reduced 
N from the shoot. 

Receotly we examined the luence of rhizobial strain and hosthave infl 

plant genotl,'pc on sap N composition. Three varieties (Essex, Davis and Ran
som) of early, mid and late maturity, respectively, under North Carolina 
conditions were nodUlated by Phizobiutn Ijaonicu.m strains USDA 110 and 
31. Strains 110 and 31 have been characterized previously a "efficient" and 
"inefficient" N2-fixing strains, respectively, based onf differences in the 
amount of H2 gas evolved (luring nodular N. fixation (26). The three varie

ties growing in low N greenhouse ,ultuLe svstefl for a full season were shown 

to produce twice as much see,d aid to dccJl-u late twice as much total N 
when nod-uated by strain 110 than when nuduliated by strain 31 (unpublished 

oata from same experiment). 
Sap collected from plan's nodulated by strain 110 duing early pod 

delelopment contained signif cantly more total nitrogen than sap from 
plants nodulated by strain 31 (Table 41. 

For all rhizobial strain-host plant genotype combinations ureide-N pre
dominated the sap N composition, containing 75 to 89.% of the total N 
(Table 4). However, therc were subtle, but statistically significant, changes 
i-,the relative sap N composition in response to nodulation by the different 
strains. The relative ureide-N content was 9 to 13% higher in sap from plants 
nodulated by strain 31 than in sap him plants nodidated by strain 110, while 
the relative total amino acid-N was 9 to 13% lower. More detailed examina
tion of the sap N compositiun indicates that allantoic acid-N increased and 
allantoin-N, asparagine-N and 9!utamine-N decreased in relative abundance 
in response to nodulation by strain 31 (Table 5). Although the relative abun
dance of allantoic ac:d-rl wis higher, its absolute concentration (product of 
total N concentration and proportion of total N) as well as that of the other 
compounds was lower in sap from plants nodulated by strain 31 (Tables 4 
and 5). Furthermore, multiplication of exudation rate during the collection 
period by the concentration of specific N compounds indicated that nodula
tion by strain 31 caused a greater decrease inthe flux of all compounds than 
in their concentrations (Table 6). These changes in response to rhizobial 
strain were consistent amorng the varieties (Tables 4, 5, and 6). 

The lower absolute concentrations and lower fluxes of specific N com
pounds and of total N ir the sap of plants nodulated by strain 31 are con
sistent with the observations that strain 31 has a lower N2 -fixation capability 
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Table 4. 	 Influence of rhizobial strain and host plant genotype on the N composition 

of xylem sap.a Plants of three cultivars (Essex, Davis and Ransom) were 

inoculated at transplanting with pure cultures of Rhizobium japoniculn 

strains USDA 110 and USDA 31. Plants were supplied minus N nutrient 

solution throughout growth (18) and cultured in a greenhouse under nat

ural sunlight and daylength conditions from May 20 until eai./ to mid 

August. Sap was collected during early pod devel "pment (71 days, 92 days 

and 93 days after transplanting for Essex, Davis and Ransom variet;e-. 
respectively). All other experimental conditions were as described ,re

viously (18). 

Total Sap N As 

Totalb Total 

Maturity Rhizobial Sap N Arino 

Group Genotype Strain pg/mi Ureide.Nc Acid-N NH 4 -N 

V Essex 	 USDA 110 316 75.75 24.16 0.08 
USDA 31 154 84.43 15,22 0.35 

VI Davis 	 USDA 110 254 73.01 26.89 0.20 
USDA 31 104 S6.28 13.51 0.20 

VII Ransom 	 USDA 110 254 80.54 19.33 0.12 

USDA 31 63 89,13 10.48 0.39 

LSD .05 	 60 3.46 3.49 0.13 

aVaIlues represent means of four rciflicates.
 

bSuMMItion of all N comlpourids measured,
 

CAllantoic acid 4 aillantoin.
 

Table 5. 	 Influence of rhlizobial strain and host plant genotype on the relative con
centrations of specific N compounds in the xylem sap.' Experimental con

ditions and totl sap N concentrations are identical to those cited in 
Table 4. 

% Total Sap N As 

Genotyp, 	 Rhizobial Strair Allantoic Acid b Allantoinb ASN GLN 

Essex 	 USDA 110 57.68 18.07 15.45 4.32 

USDA 31 78.48 5.95 7.67 1.10 

Davis 	 USDA 110 52.97 20.05 16.97 4.17 
USDA 31 83.76 2.46 5.12 0.85 

Ransom 	 USDA 110 69.11 11.43 13.00 2.69 
USDA 31 86.10 3.12 3.34 0.47 

LSD .05 	 6.10 5.33 2.39 1.07 

"Values represent means of four replicates.
 

bValues obtained from an amino acid analyzer were verified by analysis of separate sam

ple aliquots by the method of Young and Conway (35). 

http:Ureide.Nc
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Table 6. Influence of rhizobial strain and host plant genotype on flux of total N and 

of specific N compounds in the xylem sap-a Experimental (onditions are 

described in legend of Table 4. 

N Flux (b-gN/min/plant) As 

Exud , 

Rhizobial Rate otal Allantoic 

Genotype Strain /JI/min/'Iiint Nitrcjen Acid Allantoin ASN GL.N 

4.10 1.15Essex 	 USDA 110 84.6 27.08 15 71 4.92 

USDA 31 47.6 7.2! 5.67 0.42 0.55 0.08 

22.14 	 9.41 7.14 1.94Davis 	 USDA 110 163.0 43.12 

USDA 31 152.9 18 10 14.94 0.66 0.96 0.16 

Ransom 	 USDA 110 144.6 35.11 24.30 4.00 4.57 0.95 

USDA 31 112.4 7.08 	 6.06 0.24 0.26 0.03 

a Values represent rlPvIiis ol four repllicttes. 

than strain 110 (26, u npuhlsihed results). The increase in relative abundance 

of altantoc acid a1d decrease, 'n ielative ann ndances or allantoin, aspar, ]iine 

and gI utarnire SLI.J(}0rt that the -izes of pools accessihle for loading in'o ihe 

xylem were decreased to diff.trinl extents in response to the decrease in N -2 

fixation rate. 

SITE OF UREIDE SYNTHESIS 

The close correlation between paameters related to nodule develop

ment and function and percent of total sap N as ureide-N suggest that the 

nodule is the site of synthesis of the qreater part of urcide that is trans

ported and accunmulatcd ini nodulated soybean plants lTabe 2.) That roots 

have some capacity to synthesize ureides is suggested by the occurrence of a 

low level of ureide in the sap of non-nodulated plants supplied NO 3 (Table 2). 

This is also supported by the observation that sap from a non-nodulating soy

bean variety, A62-2, contained low concentrations of ureide (15) and by the 

observation that ur'idcs are predominate N transport forms in the xylem sap 

of non-inncu;,ted plants of Phaseolus vulgaris supplied high levels of NO 3 

(34). 

The close association between ureide transport in the xylem sap and 

nodule development and function could result from (a) ureide s,!nthesis in 

rcot tissue from substances delivered to them from the developing nodules 

or (b) ureide synthesis within the nodules. To examine the function of 

nodules in u-eide prodLction, Fujihara and Yamaguchi (5) fed nodulated and 

nodule-detached soybean plants 1 5 NH 4 (50 ppm, 10% atom excess) for one 
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week and then measured the 15 ,, excess in the N fraction of difletent plant 

parts. The nxO'lUIiOLi NH 4 concentration (50 ppm) waS 1ot enouqh to alter 

N'2fixatioll ictivitv of the riodtiles. Theiltlliouale vas that iia ioven N corm

I)t]()d Wa'S 1l)Oil(C'd 1iiidly ill 1W oots hich iiicO[) ioratiirn of 13N lito this 

+ 

,
slihstance could Iw dettucti 'rd, alterltortivly, if it produced 11 tre 

I )itiltrIn cJrLiiI (IO 1)1N l d N, ri t, NhCi iii$ \VlittOmimliht i oiN i lll N 

tOIll the) t J!II Wk t, I,l L ' IleIit, ly hV, . T it rl Il C.( I teXcess Of j)lied 

;:. t? l irIt 8 0 .) i t II N III I I I o ots i Sllr' I , itir (I tjt Ii t I 11 f l elms 

Of Ir(l Lilrtrrl iIrOS -dS i tI l ho0l l ,,r'h NlIt mippilied diiping the itcatVi'i 


mc It J), Oil. \d0 0, iirrtr!r- tar tii (11i)t'Otst ,ird irodllocontmil N, 

the "',1 i0 trli t .!i5I10., ill C')o [riti)r Of to t1: t ti W 11t1110 Ici( N fractiomi 

Til! IN t!it Whrit,'it it tir emiri rrtoN Mnd rrirteN fraiCtiOIS of Iulet 

vasatort 1 6 I b, ,r P,'etn ,y, 01,1t of roots and sterls. This Study iiI

cri*ed r;! no hr.lrt'Siz .oit rtins, which is ri agiri e
':  icin"lrit v.itir . W t i jl ) I'll C011;rrrr ir tr) h iiiS. 1i1 Mtthel efirit 

.litsI rrI)I1(t ,, t I 1 ll 11I.tth tlir Vl. Ir rr1;d(i latrtr )ItIS Acre ( A

lp()o5i ti( tN , I i il, t i ,j! m pl C'', i ; ,t tht int fi( -ri fii:toii of 

loi. l's s ' I'llt- i ! h tl t 0i rJ rI nt> -1hr > 1t , tlti'iy SOip,)rt>J1 

th vit'. tPht i ti :11, v ,iti if Serlit-I. i Itr ireJhs it, itt til ioI l' s 

t Iinlt t ' 1_11t1,! xi la ti nti thit xid i,'tS x;ilitin to 

1in t l ii.1idift ir ,iC 'rIS r,',/ th t i.i li/,s i :,c tcitt I lll t )irn, vtvtr 

1 i t;I Iil rortll> it ttill str Olhlirh:lilt; i 11itlii1 i(tivityu f eni',/li 

wse tl tt t i rr 1tilt, n ,; , tIII i', (.'2). Srqiiificin;r t Iftivity ,i 
,I iinto ti r K 1Ih 0 t:.lin', t!rt ni i s Jillii ti. i to al lar oic . ci , w as Illea 

1-' J" 1 II, tr.:urs (32). -Ili rlp ,,rtow friftirentJI lhcalziation of 

otir, st : Oil iii is ll OIm l l nii)r il, . curiiiboiat ive Ol inu t for 
[lii i ,erf, 0 It lid sap N I)OsitiOl s that i -:S , N rlni(-irand CO 'tLii Ino0t 

a)re tit' Stnlmal , ;1i(s riit :1n tlh si.1..itlnf 

Prfleit , t i curvi isti: for e S as tio primary sitest /(I p)ort noul 

of iWirn ty'i[.lrpn doed yfrtim u)ir;tvtions of (a) very high uleido 

corrcnnt~rjtiorrs (2 t) 5 mg nureid-Nin.r) it stpicolltcted !Iorn detached 

nodules 31), OiM! (l) icniaCSel ad uroide !evels inxailthil) ldcreased 

tid-hles Sf0rlkrts ixirOSl() to alloptur inol, art iliitot of thu convensiori of 
xanthino to r iGcil ry x,,nthif Oxidase (xnthiie dehydrogenase) (4). 

The question of whethei the ennzyme reslionsilbho for conversion of xanthine 
to uric arid is ai O(xidasI or dehydlini(enase has riot been fully resolved. 

Aihopurinol would inlibit eit1; activity. 

COUPLING OF UREIDE SYNTHESIS TO CURRENT FIXATION OF N2 

The question of how closely ureidu synthesis in the nodules and subse
quent export in the xylem are coupled to reduction of N2 has received little 
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experimental attention. In the only 15 NI) labeling study for soybean plants 

(17) the labelimr period was too long to perrmit inferences about the relation 

ship between ureide synthesis anid transport :d N, Itilctiol. A mowi defini

tive examination of this question has hlen made with the ureide forminig 

plant Vigna ufigicildta (7). Two hi at tr expoSlW of nodulateid plants to 
15 N2' 91 of Tbli total 155 c i,e. et, t, x, ,m ap v-a, ia,ainteind 

allantoic a,cid. Ufnfortoiimtly, the itom et 1 "N excess of N fin ailontuill 

and allantoic acid of the satt was rut preserite(l. An atom ierc'u! 15N excess 

of ailantoil and almintoic acid if xylem ulp alpproaching tIe aItoll percent 
15N exces,; of the N., ga, SLlII)ltel to0 t1, nOdLlieS would ItrOVidt defilitive 

cvilenlre for a close conlection hetVeir ,.:IttiliICthl ald 6reIle synthesis 

and transpmt . Obviously, short telm (30 wil- 4 li) N, laheling studies 

w ith N ,-fixia] .)y)eanj ilailtstie ru(e lej 

lit pielir irfy cxperimei, o\f 60, ie(1.1nlJl~lrhl havetiicasmred 

creases in total N aid ureide-N eon>: Ii tiorw (0 saip withii 6 hi of inhibitiml 

N, R. %Vl a,irtil Itv,s of aretyleiie (0. ; to 0.2 atm).renctine by/nedaler wit 

It acetylri, rio eth)If this dehIi,HOiditihirritall n kin luadinj plocesses, 

cline i 10t,1l N a til mirtcr1,1tr'rm I tll,reide N sad also sug.ests a lelative
ly close crinectrm)eir r) eitvtt Iit.litmii ifid tlafspolt of fixed N in theN2 

for i of tr id,s. 

USE OF UREIDES DELIVERED TO THE SHOOT IN' THE XYLEM 

conlositll is 

able reflection otfN cormrpoesition ithe , , r stlrall of intact plants, it 

[ncoles allrelll tll,i i01(1Wtici:, n1,it havt lltCalicility to Litilize 

massive imoiint r. t in i tfrN1m.iltideloprllent. Molar allantoir,: 

ifrelative N er of slr cnllocttd foitl rut S itirua ieason

, rrr -N 

allantoic acid ratio, ii h .lr, Iji) I p [. l 30 10 toi i t-I i iflar ge ,ifi 

5:95 (TableJ) f3) vIhh thh. ,io illtl,e!urLIble N tracticoi of stems ind 

leaves has icerl lelroe to be 69:10 (31). ThI'; icharrl ftom allantoic oidtl'd 

as the predonirrC.0 rirtle IIITl,r \ yien sapj' to a11,11oilt iisthe predominate 

uLide i1 the solull N fraction of stellS arid lea 'll irnli.s a frLich (rlater 

UsO Of allaitoic aCrd to sLci)pOit vegetative (irosVt ;l1tetcsses th1r .rllantoin. 

A rapid decline in ultei-N coir telt of steins aind pod walls during pod 

and seed CeveluprlW1nt, loW tireide-N cnrcrnrations in nature seeds relative 

to other tissues, and negative COrrelations luetweerl ureide-N concentration 

and relative go-wtIh rates of vegetative ti.sts have Ireeti obstrrver (3,8,16). 

Since total uLreide-N coucerirations rat I r than specific concenttra tions of 

allantoin and allantoic acid wele pi eseitted in these repoirts, the inturpretation 

is at best tenuous. However, if the molar aillantoi :allantoic acid ratio in the 

soluble N fraction of t1ssuis in these ex pterlrn1elltS wele similar to the 60 :40 

value reported by Stieeter (31), the observations are consistent with the 
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hypothesis that allantoin has a relatively limited role in providing N for 
vegetative growth, but upon remobilization from vegetative tissues to de
veloping fruits, it has an important role. in providing N for seed protein 
synthesis (8). 

BIOCHEMICAL AND PHYSIOLOGICAL IMPLICATIONS OF UREIDES 
AS PREDOMINATE XYLARY NITROGEN TRANSPORT FORMS 

The predominance of ureide-N in bleeding sap from nodulated, N2*
fixing soybean plants suggests a route of N assimilation that differs from that 
of soybean plants assimilating NO 3 or from that of some other nodulated 
leyumes. Asparagine has been shown to be the major N transport form in 
nodulated, N2 -fixing plants of Lupinus albus (24), Pisum arvense (23) and 
Pisum sativum (20). The scheme in Figure 1 is presented as a means of con
sidering the possible route of N assimilation in soybean plants dependent on 
N2 -fixation. The nodule is considered to consist of two compartments, the 
bacteriods and the "cytosol." The cytosol refers to the plant cell cytoplasm 
of the nodule including that which immediately surrounds the bacteroids. 

It has been established clearly that bacteroids contain nitrogenase
+ 

which catalyzes the ATP and reductant dependent reduction of N2 to NH 4 

(9,11). The many fold higher activity of glutamine synthetase in nodule 
"cytosol" fractions than in bacteroids of soybean plants (19) and other leg
umes (2) suggests that most of the NH 4 + formed during N2 reduction is 
assimilated into glutamine by glutamine synthetase of the "cytosol" frac
tion. Sap composition studies suggest that glutamine has at least three fates: 

BACTEROID 	 CYTOSOL 

ATP GLU ATP ADPs 1 
N2 - NH' NH* _5 GLN -!XYLEM 

PURINE 

GLN AASPI 
BITSYNTHE SIS 

ATP 
-AMP$ PP 

r-GMP---
N.A.,.E 

IMPI -M

I 
1 
.-

A 

ASN 
I 

XYLEM 

HYPOX(ANTHINE- 1 

'I
_XANTHINE 

URIC ACID -ALLANTOIN ALLANTOIN-. ALLANTOIC 
ACID 

Figure 1. 	 Proposed nitrogen arsimilation pathway for nodulated N2-fxing soybean 
plants. N.A. - nucleic acids. 
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(a) direct transport to the xylem, (b)support of synthesis, asparagine and 

other amino acids and (c)Support of ureide synthesis as t donates N at posi

tions 3 and 9 Intht put ir,ring of compounds presumdc( to be precursots of 

ure1de Synthesis. The OthSelvaati.n thtt 80', of the N inxylem sap is urei(Je-N 

that f is by far important118) 01u,:s1swp)or t lurlid.. s thesis the most 

fate of gjlutatn>'. ASparllagint synthesis Is lItopos(ld to occur via asparagine 

Syiitlh-ttt,, I v, ATP d-enler;: cf amide,,,: tl, eatu :rarsfc: the group of 

glUtalirrteC t iti cild. This erzyme 1thshe'rl ohserved in the "cytosol" 
of lupin nodtlesu2,', hLIt tf)iJ:kiiol'ledge it has not linen reported to occur 

1)so'yhnarih OI i le's. OltRegartltSS if 'i1ymatic reaction rrtiplCyedl, it sWeerIs 

reasonaiot, t !!opose asll is the "cytosol" fraci that I synthisi?ed in 

tion bteiClus' th.!l atr Oil fractoisOn of So/ea00111)TOUlitl'S have very hig]h activ

ties ' ccittalixis a' VrZat,' dt jta. 1aSa rrontr to aIspdttic aicidqlii 

(30).
 
tlr i crc):lt iit ktC( S v , iaI svrithesis 

degiadatin pathvay s nasI'd': ia) tt' occtrr of pUltIe Catabolic 

e zllhynes t txl aS'-xti thi l ehyie iwtL.. , lUtcase 1nd all,t1i1s1() 

The it ]r.,.l t t eCI tf lire arid 

x 


in nodcihI' t sues (32), (b) aCCiil1l t1 Oil if it':h i'Vtls of xarrt"11Ii tlltdc -

CreaseS W! the of ard allartoii acidn loduL)Clte.scCit:Cutt atirLl1 allantoii of 

plants expuoe. ti r( klpuitine l,an x atthite oxidaist .an hifre dehrvhoginase 

inhbitor 14), air (c) lic:k of ary eviLIc ettfoil ,irt'(t tloCtorldtnIs of tirQa 

and to f0lyoxy in ,rry laritknow., to ti;r;.it t ci;t Jr,ilartoic ac-id 

in the xylr (25). 

The proposals thit (a)o!luitn int Istrins)ortei into the hocteoild 'rrI 

the "cytosol" aid (t) J)1tie0 biosVrlthrsis aIrd the initial Ste[)s ot jUtinc 

degradation occtur it-tire hracteroid aie primarily fhypothetical i Fi(u0e 11. 

The appatent restiiction of xenrthin' oxidase-xanthine dehydrogerrase activ

ity to ti tr.cteroid does siu.oJeSt xa or itsm ft.retion (32) that lthlinenine of 

precUiSor s (1'ticIr ,es nlutacrirre is inr FiglurLe 1)is transported into the bacteroid 

fro. the "iytOull.'' The obuivtiortthat DNA cor!tent of bacteroids frorn 

soybeai rodules tlat d0eveoped over a 12-,veek period was similar to that of 

free-living [/riiobiwt /awnicum cells J21) implies that bacteroids maintain 

the capability to synthesize nucleic acids ari their precursors. Thus there is 

no reason to suspect that bactetoids lack the capability to synthesize purines. 

Examination of the distriLution of pcurine biosynthetic enzymes among the 

bacteroid and "cytoro;" of wVVouIld morefractions nodules permit definitive 

inferences about whure purines that support ureide pioduction are syn

thesized. 
The nuclewtide, rnosin ,monophosphate (IMP), represents a branch 

point itt purine biosynthesis (Figure 1). The apparent rapid flux of N through 

purine pools, implied by the high ureide-N content of xylem sap, suggests 

that the primary fate of IMP is the direct production of hypoxanthine and 
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and xanthine rather than in production of GMP and AMP for use in synthesis 
of nucleic acid macromolecules. Non-specific alkaline and acid phosphatases 
which seem to be ubiquitous in living tissues (6) could catalyze dephosphory
lation of IMP to produce inosine. Inosine cculd be converted to hypoxan
thine by purine nucleoside phosphorylase, an enzyme which catalyzes the 
reversible formation of hypoxanthine and ribose -1- phosphate from inosine 
and inorganic phosphate (28). Kinetic studies with the -nzyme isolated from 
animal tissues indicate that inosine formation isthe preferred direction of the 
reaction (28). However, if the hypoxanthine is metabolized rapidly to xan
thine and uric acid by xanthine oxidase or xanthine dehydrogenase, net ca
tabolism of inosine would occur. The localization of uricase activity in the 
bacteroids (33) and the occurrence of a major portion of allantoinase activity 

in the "cytosol" (32) suggest that allantoin istransported from the bacteroids 

to the "cytosol" of the nodules where it is either metabolized to allantoic 
acid or loaded in the xylem for transport. 

Admittedly the proposed assimilatoiy route is based on limited evidence, 
it is presented as a framework around which new experiments can be de. 
signed. Purine nucleoside phosphorylase would be a key enzyme activity to 
assay in nodule "cytosol" and bacteroids because demonstration of activity 
would permit inferences about the flow of N at the IMP branch point of 
purine metabolism and about the location of purine biosynthetic pathway(s). 
Short term exposure of nodulated plants to 15N 2 and subsequent measure
ment of 15 N enrichment in N compounds of the soluble and insoluble frac
tions of nodules and in allantoic acid and allantoin of the stem sap would 
also permit inferences about the flow of fixed N through purine metabolism 
to the ureides. For example, an atom percent IN excess in alantoic acid and 

allantoin of xylem sap approaching that of the 15N 2 gas supplied to the nod
ules within a short time folc',ong initial exposure would suggest rapid move
ment of newly fixed N through purine metabolism to a relatively small ureide 
pool accessible for xylem loading. On the other hand, slow increases in atom 
percent 15N excess in ureides of the sap would indicate mixing of newly 
fixed N with unlabeled N in large pools of purines or nucleic acids before 
reachiig pools accessible for xylem loading.

I The use of allantoic acid and allantoin as predominate N transport 

forms may have important consequences in terms of the carbon economy of 
nodulated root systems. Allantoic acid and allantoin have a C:N ratio of 1:1 
while asparagine, the major N transport form in sap of several other nod
ulated legumes (20,23,24), has a C:N ratio of 2:1. Thus, twice as much 
carbon is associated with transport of N as asparagine than with the ureides. 
In nodulated, N2 -fixing soybean plants, a substantial excess of inorganic 
cations relative to inorganic, anicns has been observed (10). This suggested 
the requirement for transport of organic acid anions in the sap to balance 
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excess cationic charge. Recently, we have found that the organic acid ulion, 

malate, halances aboLi 75', of the excess cationic charge aod CoutIMS al)Out 

50% of the total carbon illth xylem Sill) (unpoblished fIsolits). In view of 
this laic(1 reqoIrtroent foi calhu ( ti excess i:atll)nicharir, sap of)alance " 

N2-f1io,1ig ldlnt', th,: LiseOf ulteides ,as ni oi N trawj.oft f,.rnis epi) 'sollts an 

efficrt-[ feI Is of e I:crviIl Icat iioI)o t ot h(i 11 :0 odIon ftor (,f it r 2) Ini u 

lated root systemls. 

Because h-s,;:r:0 -ircide [-i;rv 1) xylem loading and Un
loading processes are not well char acterizrtl, an a5rSslrsrt (,ftoe energetic 

requirements 1or sinthte.sis :i1( tIrarsljoLr1 of oltdi relative to otfe, N tians

pOrt fOrMIJ' ot aS aSa irIW isdiftculP. If iT is asslrm,. d that (al) the ener

9 Ofgetic requiriner !e'01 aldinl a-d unl rIiLI( xyleurs is sil'!olar for the 

varioLus N Lraostiort forms and (h)that c:.rlori associated v.ilf N transport 

forms would othr(wise he rrietrohid to CO d-d H.10 to produce 6 ATP 

ATP pe1 hltl_)st'r :ln tS '1toigl per cml)on of 36 i li (( wLJIV t iiV ; irlf ,wc'Ic Clil 

be nwitiel The e) eltic iuiv~lrlt e111h(l1 \,,!' 

, 


0, c.! !ssoctiti-i tit lrrinso)oft 

of allantoic ac!I, allariroill amI ii[)rilIri '.iouPl l .24 ATP eil{Livahents per 
moluclile. Ho.vcvet, s:r a tcili Lll'Idt' tw IllUifh N liec!, rm r:' his e LiS unit 

calhor,, foLul of N is IiUl, I.,uLIi ht issoiciitedl e(Livaunits Vlt vith 241AFTP 

leoots,w.,hereais !cii trjib of N as ismia,'ille vouid he isscc;,dtivd with 48 ATP 

et ivale Thus, alth roth fl lllirilt of er enl' X hIOsintliesis ofts. a",trill 

Lirde is lot klowII, isimuclh i 24 ATP iqivli ntp s ' rmu,!cil;ie could he 
used ilnits iosyntheis witlio(t total erut for itssyn'l' i[le'tutic, requitrlr 

thesis iil tist,il N itIrnspol t rt!CLlil tht of a;p j urre. Although huite 
co0rlr11,, 01th':I5i Sp rt 'If ureide nay aiyllregreateraid ).i ruit snt 

energetic hUltl to the noculatcd, N, tixilr scyhean plants than would 

synithesis; and tionct)0 ot aOff ihili. 

PRACTICAL IMPLICATION OF CLOSE ASSOCIATION BETWEEN SAP 
NITROGEN COMPOSITION AND SOURCE OF NITROGEN NUTRITION 

Several li:'es of evilderc su;geSt that relative sap ureide content would 

be a reiaible ind1iex of the ir:lItlV(' cOlltlibuOil that N 2-fixation makes to 

total N pllpt [)yncdulated sOyhmeaf i)l.it, grov.'ing in tie presence of com

bined N. include (a definitive ,1fects trio! of N assimilatedThe'se sutCt on 

N composition of xylem san, (h)the ielatse constancy of pi edominate N 
transport ormis throughout d evel opmernt uiinker constant conditions of N 

nutrition, (c)the predomiriance of allantoic acid and allantoin in sap from 
nodulated N2 -fi,'in "0.O0) of param9 plants, and (d)positive correlations (I 
elers associated with nodule development and function with Iercent of total 
sap N as ureide. It might be feasible to make reasonably accurate calculations 
of seasonal N2 fixation by soybean phnts growing in the presence of soil N 

http:fi,'in"0.O0
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fromnmeasurerents of seasonal patterns of relative sap ureide content and of 

total N accumulation. It is emphiasized that this proposal is strictly for the 

soybean plant and could not hlOxtended to other leguriinous plants without 

detailed understanlin of how sap N comnposition is influenced by the source 

of N nutrition. 

NOTES 
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COUPLING BETWEEN PHOTOSYNTHEtS AND NITROGEN FIXATION 

J. G. Streeter, H. ,.Mederski, and R. A. Abrad 

The first exlpuiinmfl (lumonrstration of a coupling between photosyn
thesis (PS) ind ;nitrowen fixation (NF) appeared in the literatrire 45 yr ago 
and involved ;, nerostraton nincreased iN c.,-.r, t of clover and alfalfa 
plants grown in N-free nedi3j with CO2 enrichment (24). Early CO., enrich
ment studies with soybeans (2)vLre done with soil-grown plants a1d nodula
tion and nitrogen fixation were not accurately (Iqrantified. However, several 
studies published within the ast 5 yr demonstrate Clearly thm these two vital 

in soybuan plants. Vse indprocesses are CuLpleCd now rr otrsnvNe. in a position 
where this coupling Call ind should be more thoroughly explored at the cellu
larand chemical leve!s. 

RECENT EVIDENCE FOR THE COUPLING OF
 
PHOTOSYNTHESIS AND NITROGEN FIXATION
 

Carbon dioxide enrichment of field-grown soybean plants results in 
multifold increases in shoot dry wt, seed yield/unit area, nodule wt, and 
specific NF activity of nodules (7). Providing more substrate for PS led to an 
estimated 4-fold increase in the quantity of N fixed during the growing sea
son, suggesting that the principal limitation for symb;otic N fixation in soy
beans is the availability of photosynthate (cA-1bohydrate). Specific activity of 
soybean nodules can also be doubled for periods of a few days after doubling 
the shoot/root ratio (21). 

One of the clearest and most comprehensive demonstrations of the 
coupling between PS and NF was a comparison of several methods for altera
tion of the photosynthetic source/sink ratio (12). These alterations qenerated 
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than a 4-fold range of nodule activities and, because of concomitantgreater 

changes in nodule wt, a greater than 6-fold range in acetylene reduced/plant/ 

hr (Table 1). Except for the pod removal treatment, the chinge in NF A,,tivity 

be largely explained by the effect of the treatment on photosyntheticcould 

rate. Ir the case of pod removal, he effect on nodule activity was probably 

due to Ieduced consumption of carbohydrate for fruit growth. The effect of 

shade on nodule aCtivity of field-grown soybezns has recently been confirmed 

in a study involving 5 different levels of 0hading (23). 

Several studies hive documented the trinslocation of phocosyrithate 

to nudu!es following 14CO, a'stinil:tioll ii10,1 ;,8). most 14 CC) incorpor

ated is accumiulated in actively growing egions of the pl;nt (10,11) and rela

tively little (<5%) ,:;recoveled in neduhes 3 to 18 hr after expsosure to 14Cc

(11). Recovery of radioactivity in noiules is ieducCd by applicatian of corn

bined nitrogen and (Ol iIj lieperiod o, r,,piM fruit growth (Table 2). Since 

cornavailability 	of combined N and development of reproductive sinks art 

inrtly associated with lowered nodo Ic, activity (8,11,12), resUlts with 14CO 2 

SuIlpperI the couliflinl of PE nitd NF. 

Conside lhIe effort has recently been devoted to similat studies of Pisun, 

&7tI;VilI. The IuflLenIce 01 s'age of development, supply of combined N, v-tria

ratio,;, and light intensity on nodule activity and photosyntheble source-sink 

sis have been (locu men te d. These studies c.learly dernonstiate a coupling of 

PS and NF and only a few key teferences are cited for the convenience of the 

reader (4,14,15). 

Table 1. 	 Effect of photosynthetic ouice-sink manipulation with soybeans grown 

in the field. Treatments were imposed at the end of flowering. Values aie 

means of two vaweiees5 -id three replications [from Lawn and Brun (12)]. 

Specific 

Treatment Photosynthesis
1 Seed Yield2 Nodule Wt3 Nodule Activity 3 

Iugy C021,1 2 of pJmn o/es C2 H2Ig 
yri .,nd area yiplant g/plant fresh wt - hr 

Supplemental light 47.3 16.) 5.37 23.6 

Partial depodding 26.3 11.7 4.13 17.6 

Control 40.1 12.9 3.90 12.5 

Partial shade 22.0 10.1 2.87 8.6 

Partial defoliation 247 9.9 2.33 5.6 

1 Nine days after treatment application. 
2 Mature plants. 
3 Mean of 2 sampling times, 10 and 19 days after treatment application. 
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Table 2. 	 Acetylene reduction and incorporatik i of 14C02 by soybean inodules as 
influenced by growth stage and application of combined N. Plants grown 

outdoors in sand culture. IData from Expt. 2 of Latimore, et al. (11)1. 

14C in Acetylene 

Growth Stage N Supplied1 Nodules2 Reduction 

1111)"! it. hr 

Vagetativo 	 none 4.7 4.2 

(NH 4 )2S0 4 1.0 1.8 
NaNO 3 0.2 0.6 

Bloom 	 none 5.0 4.9 
(NH4 )2SO 4 1.7 1.3 

NaNtu 3 1.4 0.2 

Pod development none 2.2 3.8 
(NH4 )2 SO 4 2.0 0.7 

NaNO 3 0.5 0.2 

1450 mg N supplied 10 lays before stiedn. 

218 I. M ter exp)osure to I .; t l)t stid ;is ptrcert of ti tal 14C in iliIt. 

MEASUREMENTS OVER SHORT lIME PERIODS
 
AND DISAGREEMENTS ON THE COUPLING
 

StudWS rt'eil\Wtd l)V,'t Sterl to sht)ov .:011luhsivYl that the ex)ected 

CotLf)li(lr)(etvltrr PS ind NF dots exist ill the soylieln tplant. One WOtlt, 

therefore, tledict thit \\'lt rW fitaSiLir iilrttS NF and PS are madeidttd of 
ove pr idays, (f the tws Ii ()tssis 'otilt lie more lJreilods Of sev,i l OOfillinh 

ci.tly qiuantifi'd. l er lit' 11aplication s, hinweve , .; illustatd by several 
:2Cerit ixpter let Sl. 

-Whenl cO." c retlll tioll r ater silt's (,is valid to aitl Ihrtosyll 

thetic rate, daily int"isiellits indicateid irllrlkably similar increasts or de

clines in the ratts of NI- a1lh PS, leadinit toia oncihsioll that the two ito('(sses 
ar vely Closely eCIx)Iid (9). Usinq ai 'Orlltllun s assay for PS and NF, we have 

tound that NF drlinhi a 10hrI dalk i 1nl0d ileelirTe Io orly 50> or less of the 
late oi eihe l iin the I11lit -1 he conrlusiorn here was that NF depends not 

only on cancornitart PS, ht lso Ol cethohydr ate from storaqe 1)ools. Most 

recently, lports .il fi ld (own or hydroponically tirown soyheans indicate 

rio diiItr ,alfluctation in NF (3,20). 

It at)ppears that growth conditions, Ipri-assay conditions, and condition: 

(dL iry(1 the experimental tieriod can have a pronoirced influence on the re

salts o[tair red. Results Of all expejtrirent which will help to illustrate some 

potential complications ar shown il Figare 1. The period of darkness was 
varied in an atterllipt to allow all a, tylene teductior rates to reach a similar 
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3-day pre-trt. Tremp. during 
Trt. temperature time shcwn 

5 " 	 "- .A ,50 250ATA 15 0 25 C 
B~ 25 

I
 ...........................-..	 "
 ................. 

..........
 .. 	 C20W 	 Ilk-":" ........... 


<0 LIGHT ON 

___ 	 II _ I I 

0 3 4 5 6 7
 
TME (days)
 

Figure 1. 	 Acetylene rLdhuction by nodulatd soybean roots durig periods of dark

ness and ill1u.11 tior0 .iinflen'ed by root temperature. Fifty-day-old 
plants were grown ina i.reiilhoLIs, in sand culture with N-free nutrient 
solution. Roots were wvaished free oi sand and transferred te a spray cham
ber (16) at the belhqining of the rretreatment period during which the 
photoperiod 	 was IC ;..Anerage n. two replicates; results froir Ahrnad (1). 

level before ttin 1( th liqhit on. Til decline in NF in darkness was relatively 

rapid when pie-twatien1t1 and tTleatilent temlpeiatmiiis were 25 C,When root 

temperature (ltiiit(l the 3-day ire -assay pe io( was 15 C, the dark decline of 

NF was slowed markedly. When pio-treatment and tI atLlent temperatures 

were both 15 C, ther was no decline in NF utlrin 4 days of dat kness anti 
only asmall decline diring 2 additional days of dalkness. 

The response of these differeitly treated plants to a resumption of 
photosyllthesis is eve more instructive? (Fig. 1). The increase in the rate of 
NF was ditrectly proportional to the previous rate antI magnitude of decline. 

One Might conclItde f1orn curve B that the PS-NF coupling is close, from 
curve A that the cotilling is only moderate, and flon clonve C that the coup
ling is almost nonexistent. 

Nodules were harvested throughout the treatment period shown in 
Figure 1 for analysis of individual carbohydrate compounds. The results 
(discussed in mnor detail in the next section) indicate that much of the 
divergence in the response of these groups of plants to darkness and re-illu
nination treatments can be explained by carbohydrate composition. All 

http:ill1u.11
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growth and eXplerirnuntal conditioiis should he carefully and conletely 

described in ext cimients of this typa, and some carhohydrate analysis of 

nodulehs is hilhy desilalle. 

CARBOHYDRATE COMPOUNDS IN NODULES AND SOME
 
SPECIFIC RELATIONSHIPS TO NITROGEN FIXATION
 

Inl spite of lle sollir',Vl corhusuo ,sults i clinri'lts Over sholt time 
periods, we c:ail conclhde that PS aind NE aw., coriplerl. It is Only logical to 

assune that the chemicial hasis Ir tIhe cor;rrirtl is ciarollyr hite, and welmight 

predict that hoarlmlyryrirate crWo II r re.{ri ill L Inolt'110,hldc positively 
latel to Nf- activity. This trns olut to Ire tIrIOf 1r0t tim', dr;ierrldirll on what 

sort of rrlalhyl ale 'Irilysi; is worfr ned. 
I nt ally, wet'rrilld that ';t:Arrd;aId ,hleic:aIl rrralysrS i fr sugars orrmloWirlu 

for total "asailal" caIuotr!,halte (smLer I stalch) in nod.lles yie!dd values 

wlich, wrw iot wcat;r io NF activity. Sir lhireslts liid been obtained with 
rca 1miIts (13). A ireceti, st fIly has ,hiowi th;at hi(heIr total carlhollymlate in 
imIlard roots oI rihrle;ih soybwarn plarts is not a ;o(iatvrl with h(lfilr 

ratCs Ol NF (25). ()r rOmult s sereed espccially Imztlirj b(cause we were 

ciilliari two trnoltrr'rr,, ir 1 whiclr had iroduies with over twice the 

NFi activity of tir crrtrrl trcitrmmt (21,22). This rUsrilt smjpstud that frod

millS ludy rot only oinrcerrtly irhisr)Itd ilhotosyintlate hut also on) stored 

carbohydrate. AnOithli iottlr ctatiOlr wAs th:t our chermical analyses were 

not riecordin crmpnomirs wvhirh play a iole in) NF. 

A ptrirami was Ieuqrn to identify cIrbohydrat,'s in nodules and study 

their irilividuial roles. A cirrent list of compounds which have been identified 

and a31estimate of their seasonal mea concentrationr in mg/g fresh wt of field 

r0Vn1 nodules irnrlo'le: sucrose, 2.84; (1) - pinitol (5-0-rnethyl D-inositol), 
1.14; D -Chiro-inlositol, 1.27; gllucose, ,o t1.40:1rghalose, 1.34; myo-inositol, 

0.65; maltosu,0.31 ; fructose, 0.21; sequoyitol (50-rethyl-mnyo-inositol),0.11 ; 

arid starch (may iricludc some glycogen), 8.30. The principal carlohydrates are 

sucrose, the major cart ohydirate translocated in the lhloem of soybean plants, 
and three cyclitols: pinitol, c/iro-inositol, and myo-inositol. Ornly glucose, 
maltose, and fructose respond to tests for reducintL sugars, and the cyclitols do 

not respond to any of the commonly used methods of analysis for- total carbo
hydrate. Pinitol is a Iajor constituent of other parts of the soybean plant 
(17), but distribirtinir of tre other cyclitols is restricted largely to Iodules. 

Il sturdiCs whcer root/shoot ratio was manipulated, shoots were decapit
tated, or plants wrre exposed to prolonged darkness, a positive relationship 
between sIcrose or pinitol corrcentrtion and NF has been consistently ob
served (5,22). However, a significant correlation may not be obtained if some 
other factor (water stress, temperature) is limiting NF rate. For example, 
analysis of nodules froim treatment C in Figure I revealed no relationship 

http:50-rethyl-mnyo-inositol),0.11
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between pinitol or sucrose concentration and NF. But i;n ituations where 

carbohydrate is limiting NF rate, we have usually f otnd statisti(.ally siglnifb

cant correlations hetwt'ei NF late and sucfrse or pininol ctonelcentrationr. This 

is illuistrited by analyses of nodules r'Litintl to cnttves A aid BI (Fi. 1); 

correlation o eftici-nts ire qi,,eiri in Tal)e 3. In this exper irlleirt, t:orriflations 

betweci qhjlcoei or inyo-ito sitol 'r',:terittm; Intl NF titt' svm w also hihily 

Si(Inificilt. Ilivvr , ill mi l ! ti rrr ill rawteo Tt: t> shich NF his lee;r 
altered, we h:ive founrrd th ;ti qlcst '11);nirH 't irmisiI etrittiors were 

not signi f icant. 

W e ,ti!l knrttr , little jitt(it the! ltct.,.atiolil '110 int itirolisl tof carbo

hytlates i: slOyIeArl tnthiltt ,. I ,ti co iw t iii - Iillt: fthonA in T:ihl.,vih thnt 3, 

we c ll only sp rlt'ti l thlt rt'lllll (;lih yi't i lt' ti ito (lir ty than 

others for ]telitlltiiol l r it lr 'd ii:l to r itti NIriJ. hloI cheinical de

tails ot t PS-N - c()nririn ilrclthrisrnt ill h : ri!r4:iit ir ie it ic lattetl, 

we Calr ( o1L tlthh;it aihtij, tot cotihion i iPS mdii h,N, it[ r',; re dem
onstrate? I i l evcl i i(j tltt eil )htyitV trt, r:Otrrito' rtll'. 

THEORETICAL AND "ACTUAL" CONSUMPTION OF
 

CARBOHYDATE IN NITROGEN I:IXATION
 

Is there iostifir::rl ft e:ttrirrtttr ,ll totl at llt' to 	 th,,l:rihe the details 
tof the carhohydrah ,rrylt 'tt't:t irlrii iniorttrirv,? Pl( hesttrips tht way 

to try to ,i;wtr i, t , i i i to c rllt 1mo stirlltates Oi Calrohydrate re

qtoirel for NF r),isfti k trt the N fixihil enl/ye10 th erstimates ofpirwitit-, of 

calibohy ir ite jcltiml!ly,, , "i~illhlt[k ' h1(It r'[ li i d l '!,
 

Belirtr nir w ith i t;;lit itt(i!t ill V il() s idt ', 	 of flit1o((ellise that:ht, 

12 moles of rt' rt 'ihit'i (thi tf N fixtd (5,) 'tI asstunlintl thatAll t 

one iile of gIllitotsr ,.i itld 38 noih's of ATP, ,wt, cinl caiunlalt, that .32 
tmoles of qtticost ate rilrttirtl rtal,: trf N fixedi. This vale is colivertable to 

57 (1 ilhcosererole N or aiottt .1.1 q thirirose't of N fixed. Estimates of aCtoal 

Table 3. 	 Correlations between con:trntration of carbohydrate compoutinds and 
nitrogen fixation lacetylene reduction) rate of soybean nodules. N,odules 

were obtained from plants treated as described in Figure 1, curves A and 
B. All correlations are significant at the 1%level of confidence. 

Correlation Co'rfficient 

Range of (Carbohydrate Conc. 
Carbohydrate Concentrations v5. N Fixation Rate) 

lng/q feish wt 

Pinitol .30- .99 .81 
Sucrose 1.30 -4.16 .90 
Glucose .20- .40 .94 
Myo-inositol .40 - .60 .86 
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carhoydhycliate csuit~iii i ht NfF hy nottulc> atw obtained by Carftll SiFt10

tartU.OLS ll(I.irtl WIIWrt I)! Imitiirtit t A iot study 1JiUIStt nl NF. ic (fi a 

air iite N r.centled to wt iii 17 ! qhth oso i ti\il t I li t iotllit stl!idy, 
w'wl ,flit ljJ[i]l(t v~iiwkItCalh)(ohydrl+itt: co wd 'tiLIf) N fi t,td mot )t~lm wi('), 

dk:'COrtlIIj To) (]~ ~ r , ill ! r 1 t ~ lti ' l t l l 
' 

,tl l l ' l tl ( t'j 
! 

,h litl 

20 1 N fIx.0 . i, i; Iih ' i it fp L fi (19) 

itSl~i t iIhl, tI iii II ' I : ,it'k,i Ii i 'i li' f ititi i 'i<i l ii, IiLt it

ftt Mt lit- bt fl tit ettroCi, i i I :;tlr. l' It ' Ii dod NP h iave( 

+ C1 , iiti 
+ t,canlwdt id ty, sit'( 111"rti, i tg1 it i'oiico's:riktN ilJtonltwot s 

ii5i l lit i lit hi i . S ttit li i lqt aH~ i NP Iia t-11tolitt ioilifid. t itil i ri ' 1'1tirlasi,ni t to; 

;It I t ilte pcil , stI oI (t)d s tt' , IiI' t i t.l ..I... (i i cl,tItlhlose 

(:,I t 1f i rt arId I ;I i I i ' .13iit oI iA 1l0 11i0n.rt tl, thll p it suI tt tIa o 

tt,,te i : fit hed to llitl te1110 1Illrt i t t odif cit l i t' ., a Itt-s 

. 

tIait (ot cia l lri ' iiolh,i '; )ti i ttlt ,ti i ..,t lo~l! to t'ss'iy p'ltts Twere 

( id lt T'icoplir i dtijif l Ptl to tt o' Ipectici ill ti I ttls no le dt-e 

hal rat$ b , l -li.O.V/ (, 11 li sim ll, l , )i-eSiC d :j t ii.r le ' tf iiivirHI e io in lit 
aind vatliatiolis Ill!]i;Ilhf-wo. Sttditt, niovolviii! PS) t overindiN,,FIl~ledStlren tsllH 

te tJtilts Tppear ' oSr

litss oa tht, o t lt!,1l t icl[ hrvticn o ilciuct met t. This ivet.e ce 

short timenttliioii (oltr10 dlty I) bvc a ttt twI I 

Mo 

rorsit if) ri ic ry i Orl h\it S r Ofoclalt ltylteJ mit ato c tt'"'ill fuil' 
plants (0~Stjt;IJ1llytilt! w II(ll, (ILICt lt Vw re%Vdl,+) Il il tt, I!, t(otht' \VdIyIlfl 

troated ca int} armari)rtof nhbefore did tie t;i e 

Id ntificatio n t clr hyteltuiIll 1rid R A. hA.r aldOiod ticgr tlae the 

COUlli.l Of PS mdtn NF te Ohw(-ifio c4o4691.. This knowledgeo Vl Of 
has r-aised0'VIl (JULt iO C01i1.l 1t1,1(.dS ill nlodules.Sti~lIS dhoiilth [OILf if~tividtli'l 

Thle COP+sti-~iItitorl Of (211illy~h dratte h no)Idlos appe)ars to beo two or m~ore 

tim,."s;isotw(at asi+the: "h1towtit~al (MPIO l fi{(lIifIl1'.Iontfor N fixation. More 

infol (lahtlioll oillcariloohydr,ate Ch(1nlISti7YWILI its corntiof in nlodules is requ ired 

befoile ,+v +: cideu the of of candtca if ,mlrl+oint N4 fixtedt/Iam carbohyttrate 

il17inicrea.se.
 

NOTES 

John G. Streettr, Henry J. Me~derski, arid R. A. Abroad, Ohio Agricultural Re

search and Development Center, Wiooster, Ohio 44691 . 
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REGULATION OF SENESCENCE 

L. D. Noodn 

As plants 'Oi rridivilual triJI s) :1e, tley UnCet(lo degenerative changes 

\Nhich" iflpli t1i: tui''tons, Pt arid Cause deathvita1 li qtIwth, eVtiially 

(12,18,23,25,38). Illmiy cirop pllts, this degeneiatiolt seems too sudden 

to epi uscrt a sim lh,timede!'l ,rit ACer lialof ins in( lie !,.vthe en

vironment. Instiad the physiologi(al deterirition seenis t be controlled 

hy iliter . ') ! halts tenllrtrd (12,25).mtlficto ', wlich heel selnes'enice 

M'nlly clop nt. !)ittcunirly oyl;'ain, it is thei twltit m11atLre and ale 

therefore 1innitth I M. i ft inlo ball'ie, cycle rn monotLtiv(, a Iif' rated' called 

Car)y (9,25,.6,8). TIe scoesctnelr' liist of a mollocaric life cycnd, has been 

teiled niorlocar, [I(enet;ceonice 261 todistintliish it flow othe patterns of 

St(lesCt,rlt'(121. The fact thit monocal inc senescence m1"ay tegin while tihe 

fllit eit!d j S Ib](ests thlt it mly limit the iiodu(cti'e capacity-- l tve( ljil)h 

of thpe rats, a110 that )Ioblenm be. the piimaly thrust of this paper.l will 

Althuclh syheans will be em1)phasized here, it should be noted that mono

Cart)iC senoPsence in sortie otlher species may differ a bit frori soybeans 

(23,25,26). 

CORRELATIVE CONTROLS: SOURCE AND TARGET 

Long ago, horticulturi ts discovered that removal of the reproductive 

structures could prolong 'ife in many monocarpic plants and cause them to 

initiate more flowois or fruit (9,18,38). The very rapid degeneration of soy

bean plant during pod ripening can be prevented by removing the flowers or 

young pods (13,14). In soybeans, early deseeding peverts monocarpic 
senescence as effectively as removal of the young pods (16). Neither age nor 
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140 Regulation of Senescence 

size are important determinants of longevity in soybeans, for soybeans 

(Biloxi 	 variety) can grow vigorously for more than 15 months reaching a 

height of at least 23 ft if prevented from flowering with a long-day photo

period (22). Thus monocarpic senescence is controlled by an internal develop

mental program, and the control center (the source?) is the developing seeds. 

For convenience, this yet unidentified influence which the seeds exert will be 

referred to as the senescence signal (16). 
The most conspicuous manifestation of monocarpic senescence is the 

yellowing of the leaves, and this has formed the basis of a rapid, nondestruc

tive, visual measure of senescence (percent of leaves ( 1/2 yellow [14] ). We 

have also developed a visual measure of pod development in order to facili

tate correlation of senescence-related changes with pod development. The 

pods are classified into five stages as follows and a numerical average of stage 

numbers (fruit maturity index, FMI) is calculated. Stage1 : pod length greater 

than 1 cm but pod not full width and the characte(,stic bulges of the seed 

cavity not yet developed. Stage 2: pod full width but the largest seed less 
than 1 cm long (can be estimated by examining the fruit in front of a bright 

light). StagC 3: largest seed in the pod near maximum length () 1cm for the 

variety Anoka) but pod 1/4 yellow or less. Stage 4: pod greater than 1/4 
yellow but less than or equal to 1/4 brown. Stage 5: pod greater than 1/4 
brown. These visual procedures are highly sensitive and reproducible and have 

been checked against other parameters (14,29,30),. As shown in Fig. 1, the 

percent of green leaves on a plant starts to decrease rapidly at about FMI 2.7. 
Depodding prevents this yellowing and abscission of the leaves. 

Although the visible changes in soybean foliage reflect monocarpic senes

cence well, the question remains: what is the primary target of the senescence 

signal from the seeds: the leaves, the stem, the roots? Some evidence al
ready indicates that the roots are not the primary targets through which the 

seeds induce the death of the plant (16). Among the changes occurring during 
(or prior to) monocarpic senescence are: cessation of stem elongation and 

root growth, inhibition of flower formation, inhibition of pod initiation and 

induction of pod abortion (8,14,23,33,35). Figs. 1 and 2 show that stem 

elongation stops at about FMI 1, when the pods are still elongating and long 

* 	 before the' rapid phase of leaf yellowing starts. While depodding prevents 

foliar senescence, it does not reinstate stem elongation and leaf production. 
Other experiments show that apex removal at various times starting about 

2 wk before flower opening does not accelerate, but it may delay senescence 
slightly through retardation of pod development (22). Thus cessation of vege
tative growth, e.g., production of new leaves, does not seem to cause mono

carpic senescence in soybeans; depodded plants do not senesce even though 

they do not produce new leaves. The target of the senescence signal is there

for not the shoot apex; moreover, these and other data indicate thatthe senes

cence signal as defined here does not cause cessation of growth in soybeans. 
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Figure 1. Foliar senescence (yellowing) and pod development kinetics in Anoka soy
beans. Grown in pots of soil in environmental control chambers and de
podded as described elsewhere (14,27). The procedures for scoring foliar 
senescence and pod development are discussed in the text. Pods were re
moved as they reached stage 2. 

Two fairly direct lines of evidence now suggest that the leaves are the 
primary target of the senesce'rict signal (22). The first involves grafted plants 
(Fig. 3) where the hottom l)rt isof the variety Anoka (will flower and fruit 
Loder long days) and the top part is Biloxi (viHlrot flover under long (lays). 
Under long idays, pods develop on the Anokai (but not the 3iluxi) portion, 
and the Anoka leaves show normal senescence, but the Biloxi cootinues to 
grow and carry green leaves. The Anoka stern and root system remain alive, 
because the Biloxi leaves supply them with photosynthate. Similar results 
were obtained when Biloxi soybeans were given short (Jays (8 hr light) for 
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Figure 2. 	 Stern elongation, pod initiation and pod abortion kinetics in Anoka soy
beans. Same plants a,in Fig. 1. Pod initiation is scored as pcds reaching a 
length of 1 cm, and pod abortion represents abscission of pods 1 cm or 
longer. 

3 wk and then transferred back into long days (16 Fir light). Thc lower 
portion produced frtuit, and the leaves senesced normally (hut the stem did 

not turn yellow and die). The upper portion, which did not flower 

or fruit, continued to produce reen leaves and to griow, These findings are 

consistent with our earlier odservaions that tts senescence signal shows 

limited mohility and moves mainly downgvrd if at all (16,27). The con

clusion is that the plant as a whole can survive if enough leaves are main

tained and the senescence signai causes death of the whole plant through its 

effect on the leaves. 
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/
 

N 

Figure 3. 	 Foliar senescence and pod formation ir? grafted soybean plants with Biloxi 

(maturity group VIII) over Anoka (maturity group 1). The plants were 

joined vith a tongued approach graft and cut before flowering started, The 
plants were grown as described earlier (14) except that they were given 
8 hr per day fluorescent ai~d incandescent light and then 8 hr of incandeos
cent light only. 
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REPRESSION OF REPRODUCTIVE DEVELOPMENT 

Although repiession of flower initiation, inhibition of pod initiation, and 

induction of pod ahortion do not case moinoca pic senescence (and may or 

may not he nieiliatetd by th, senescence signal this aspect of soybean mau

ration is of considerable agiunomic. interest, VVh 11justifies its inclusion heie. 

Fig. 2 shows depodding allows more pods to be initiated (leach 1 c1m1in 

length); however, the polls exert this itlolICene at an earlier stage ill their de

velopment (before stage 2) (22) compared with stage 3 (end of pod fill and 

start of pod vellovving) for i'ductin of monocarpic senescence ' 16,27). 

By allowir l a desigi'atil number of pods to develop Oil()ryiV a plant, it 

can be .fhow$. that only a small p)roportion (le.s tlhan 40%) of tile maximal 

pod load issofficient to give the full senescence response (16,27). The pod lose 

effect on pod iahbortion is very similar (22), which again indicates that the most 

advanced pIls c.,n exert anl inhibitory influence on les develol)ed )o(ds and 

as well as inducing the i(eath of the entile plant. The plant is terlefole callght 

ill a Soil of a vicious circle wh1r the veiy stILICtUiOS Me seek io icrmeae; 

destroy tile capacity to Suol)rt idditiolial pods and repiess etrodluctive de

velopment. 

IS THE DEATH OF THE PLANT NECESSARY TO SUPPORT
 
SEED DEVELOPMENT IN SOYBEANS?
 

Many stulies idicite that the levk1pinHi fruit of iniorocarlpic plants 

including soybeans imouwithdhaw oi divet needed resources from the vegeta

tive parts (see 18,20,23,25,28,35,36,38'. Of illirticula ii;tiest is the transfer 

of nitrogen froma tile leaves (the inajo vegeft tiv N telot) to the seeds in 

normal developing soybeans (3). On the Allfaf. these deficiencies seem fully 

capable of causing the death of the tilants. Il fact, early botanists recogni:ed 

tile growth o seeds at the expense of tile vegetative pal ts and called mono 

carpic senescence "exhaustic(- dath" (18). 
Through sorgical modifications, we have shown that seed development 

call be uncoupled ro mmnionocaitpic senescence in soybeans (27). The plants 
in Fig. 4 illustrate one type of surgical modification usad. Thc senescence 

curves (Fig. 5) show that the .ingle leaf responds very differently depending 

on whether it is above or below the pod cluster. Ahout 50% of tile leavee 

senesce (and drop) when they are below the pod cluster but do not setiesce 

when they are above. The fruit maturity index curves show that tile altered 

senescence is not due to interfei ence with pod development. Furthermore, the 

seed yield (dry weight or nitrogen) per cluster is the same in both arrange

ments, and the yield of these single pod clusters is actually greater than a 

cormparable node of all unmodified plant (27). Not only do these experiments 
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//
 

Figure 4. 	 Surgical modifications of single axis soybean plants. Depodded and defoli
ated as described elsewhere (27). 

argue ateainst the 1i trient deficiency theories and favor the idea of a senes
conc(; llorlo ne(s) )ioChidce(l hy th seeds (26,27), hut more iimportant, they 
show that the seeds (an devnti without killing the leaves and the rest of the 

plant. These and the eatl,+,r defoliation experiments of Weber (39) also mean 
that pod development does not necessarily depend on mohilization of resetwys 
accumulated in the leaves over the life of the plant, but assimilation during 

pod development can be sufficient to sustain pod development given the right 
circLlrstances. 

HORMONAL CONTROL. 

Although rather little information has been published on hormonal con
trol of monocarpic senescence, it is tempting to speculate that hormones 
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Figure 5. 	 Foliar senescerc a and pod development in controls (podded and depodded) 

and surgically-n.ndiiied (a.in Fig. 4) soybeans. 

mediate (ar ire at least secondarily involved) in the coielative influence of 

the seeds in soyheanis. We have attempted to correlate changes in hormone 

levels in the leaves with foliar senescence (Fiti. 6). Of course, other hormones 

may he involved, tut zeatin aid abscisic acki (ABA) are emphasized A) be

cause of their importance in plant senescence processes (25) and B) because 

focusing on only two hormones provides a manageahe starting point. While 

these data are hased on hioassays of partially-purified materials, the patterns 

of change appear to be very similar to those reported by Ciitani and Yoshida 

(31), who used gas-liquid chromatography (flame ionization detector) and/or 

a different group of bioassays. Foliar zeatin-like activity drops quite early 

during pod development, long before visible yellowing. The argument that 
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Figure 6. Correlation of foliar ABA-and zeatin-like activity with pod development 
and foliar sinuscence. Aioka soybeans grown in the field (3). Drawn from 

the data of Lindoo and Nooden (17). 

the developiij Weeds calse foliat senes;uce )iinar ily by diverting the supply 

of cytokinins from the i oots (see 23,25,26) does not seem compelling here, 

for A) the folimc:Vtokini i activity is sblstantially decreased before the seeds 

beginto exert their roost critical effects (Aug. 14-10) (17), B) the cytokinin lev

els in the seeds decline rather than increase from August 14 to August 21, C) 

develepi no fruit themselves seem to he capable cytok inin synthesizers (7,21), 

D) the plants with a single pod cluster below the sinlie leaf (Fig. 4) should 

senesce faster than the reverse arrangement if the pos were depriving the 

leaves of cytokinins from the roots, and E) foliar ap)plications of cytokinin 

cannot prevent monocarpic senescence (15,17). Some evidence also indicates 

that foliat IAA (indoleacetic acid) also decines during monocarpic senescence 

(19), but its role in monocarpic senescence is uncertain. 
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The seeds may not induce monocarpic senescence by functioning as pas

sive sinks (in fact, it is hard to imagine that the seeds can exert such dramatic 
effects through a purely passive mechanism); ample evidence indicates that 
fruit can exl)ort solntes incluling hormones (1,2,4,6,26). Th Irime candi
date for the se llescenct ;iglnal is ahsCisic acid, though evei if it is involve(d, it 
may not act alone. e)fpalticular interest is the rise in foliar ABA levels ie

ceding leaf Vellowirl (Fig. 6) when the polls seem to exeit theil most impor
tant inductive effect. Furthermore, dring the growth of soybean see(s, they 
have been shown to develop high ABA levels, which then drop before pod 

maturation, possihly precedini the increase infoliar ABA (32). Whether or 
not this ABA is tia,-slocated to the leaves remains to he deternlined. One 
weak point ill this hypothesis is 1hw inahility of fotiar applications of ABA 
to induce wfo. plant sellescen1ce illd(e)odded plants, i.e., to substitute for 

pods, althoLigh it does accelerate rionocaruic senlescence ii]podded plants 

(17). ABA may act in conjunction with other factors, e.g. nutrient deficiency. 

A HORMONAL ANTIDOTE FOR MONOCARPIC SENESCFNCE 
IN SOYBEANS 

Even though cytokinills UsUilly havc relatively little senescence-retard
ing effect oil attacheni leaves eld auxins are gernelily illactiV (23,2b,38), 
both cytokinills (espec;ally hemzyladenine, BA) arid tileauxii (0 naphthaleoe 

acetic acid (NAA) have been shown to delay foliar s,!nescence illsoybean 
(10,1 ,17,22). Detailed tinle coWe se stulies on1foliar yellowing and abscission 
suggest that BA and NAA act differently, BA having a greater effect on 
yellowing and NAA a greaJte!r effect on abscission (11,24). Thus we tried 
combinations of BA and NAA and found that these could COnipletely prevent 
both the yellowing and abscission aspects of monocarl)ic senescence (111,24) 
(Fig. 7). Not only does the NAA-BA combination prevent the loss of starch 
and nitrogen iroril the leaves (redistrib tirn to tire seeds), l)ut it sustains tile 

accumulation of stairch in th- leaves (Tahle 1),which suggests that photo
synthesis is ma intained. 

In as riucti any treatrrient whiclihas alters pod development may second
arily affect rnonocarpic senescence, it is important to determine if pod 
development is affected. Figj. 7 shows that the NAA-BA treatment does not 
alter pod maturation (FMI curves). Moreover, Table 2 shows that the NAA-
BA treatment does not decrease seed yield in terms of dry weight or nitrogen 
(in some experiments, there is an increase, but this is inconsistent). In any 
case, pod development is clearly able to proceed in tile NAA-BA-treated plant 
without killing the rest of the plant. Implicit from the data on foliar starch 
and nitrogen is the probability that this treatment maintains not only photo
synthesis but nitrogen accumulation (presumably N2 fixation) by the roots, 
aid current production from these processes (not withdrawal of life-sustain
ing resources in the leaves) can supply the needs of the growing seeds. 
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Figure 7. 	 Effect of NAA and BA on pod development and foliar senescence. Aroka 
soybeans grown in environmental control clhambps (14). Hormones at 
50 M in 0.05% (v/v) Tween 80 were sprayed on the foliage every other 
day starting when flowering hegan. After Nooden et al. (24). 

Table 1. 	 Effect on a combined auxin (NAA)-cytokinin (BA) treatment on ,'arch 
and nitrogen conteni ;n soybean leaves. 

Starcn Content 	 Nitrogen Content 

Short Day Control NAA-BA Control NAA-BA 

og glucose/g (i wt 	 mq Nig fr wt 

46 23 -. 13 -
57 20 40 12 12 
73 2 89 4 16 
88 -- 100 - 17 

Same plants as in Figure 7. Starch and nitrogen were determined as described elsewhere 
(3,11, 24,37) except that BA and its glycosides (41) were extracted with ethylacetate 
teforo the r trogen determination. After Nooden et al. (24). 
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Table 2. Effect of a combined auxin (NAA)-cyiokinin (BA) 
pod and seed growth. 

treatment on soybean 

Treatment Pods,'Piant Sevds/Plint 

Seedsl)ry 

P 

VWt, 
(qrl 

Seeds N/ 

Plant (g) 

Control 17 33 G.G 

NAA-BA 14 2B 60 0.49 

Same plants is in F igure 7. Seed nitrogen was Ineasuled as dtn..:rllwd ht, De'nimla et al. 

(3). 

Whs:ther the ,.,tnesCt lCe sijial is nil uinLiX1lCyt(ikilill hetitien:cy which is 

c('riected i\ NAA-BA triatnlett O I iiltjc,,(>lice hli 1t1, Whichis, iVWllitI

(jell lellains to he detcl mllile ll hwtver, thts cv itsi :c thltilt, selltn scelcc Siow 

ilill is 1 d (LIii'(111tt i li(:iCiI-y ;ilflies ispeilly well to ' hollimot sltleficielicy. 

Thelefore, the ovel iide hypotlwiis seems Ioic likely. 

Why thle dlo'si1't the plltvt1flln oi f llllc;i1p, t: Sllct!'tlI ilncease 

yield? Prnliahly, tht aWiStWi Iies l il liel SLlI[IISIO!iOl OIf pod ilitiation and 

indoctiiOl Ofl 1J(0t h1 t 11tiwhi'h Vtt't:, tilt' pf lor Jd I)dsIICtive ';lacity 
11011 teilig t .,Ili, b.A t? 1',tillhellt lll(:l ( pod) initiatioinCO.-I[I t,NAA dtn!lint[ med 

or redice I)O( 11t)rtio0, eV'rl thot]ith it is stiArhel whr Hovkwetlim(: te(lils 

(10,22,34). Tlhtu t! 1t0 .('/he il h, i ; 1isi tly sttat!!Iy i[WIC-tdst! hit hyI/Wk;, tino 

(or 	 delaying) lll l i(ciri eic ese:lS t' tMi.t 1110 pr, tidt, d t.it,;City tO iittlilt 

the SsiStaiied lihot)syithtesis Mid(l litttojul fiXJ^iion. )i t :1 lhd, set
ting l lole pods; tw th flo c:,p', ity, tO SlJjllO( t theI II 11'() L 11'.Ilik(I t10 irl

crease y.elds, and thi . ,ay tjiOtjllt h) solOS of the lrthlhlls witi TIBA 

(2,3,5-t iiodo nzi',ic icid) which seeunod ?ffhectiV ilnilitidtillj 11101C! lud:, 

(see !.(i) 5,. 

ca'.. S l e Sellt.eSC.IMCCIll ily tllulch I ll-.ilIS 10 C a lr0(il dhlOLIt llltOCMl (tiC 

ill soybeains indlosher crops, lUt ellOlIlh inIfOrlaldtiOll exists to indicate that 

more stUtl(y of ionrocarLit si-escenlCe may Op)efn niew strategies to crop 

management and yield ill1llovelrltlelt. 
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EFFECT OF POD FILLING ON LEAF PHOTOSYNTHESIS
 
IN SOYBEANS
 

W. A. Brun and T. L. Setter 

Soybean yield may he considtered as a product of photosynthetic rate, 

interrated over t rime, and the partitionin;9 of the resultioo photosv'nthate be
tween physiolog1ical 01 11olpholo.ical yield copoIrlileots, oftel teferled to as 

assim ilate sirks. 

Ptlhifshrd rp0or!S 1111iCat, str, nil i1teuacti'ris twt~vel activities ill assi

rllatte sotrret; rd sirks (7 I 1,12). Fr ,xompltl, clear iterar'tions have been 

docti elin [httwi filillo and leaf phirtosynt'dto or:c'l. llthe pr'oesses (it l1(-)(I 

thesis (14) xv,.l a5 tw'tl rltp[O(IIvtiVt ' (1105i2 ae!'d photosynthetic dlola

ticrl 6 ,',t1w oIw'+ 
titstele erce) (14), r(dik) twtv r) pm] filling and N, 

i t i i Wtitily 'It 1OOt r0tfll "s (10 . 

]-h ';hchliiSlllS coiliroll y assiqle'd to SuLch Mitt'iua:tions ,i.eeithcr nu

tritioillil (it h(omiOlal, 01 hoth. Nuttitionail mechan ismslli%\ involve either a 

Colretlitive SIt;iat!Oll heltweeri lt'native sinks w ! lifnited ;il)ly of sub

strates, Stich is has 1 tn postulatcd to yover ri the interaction hietweer poll 
filling arnd N, fixation in nodules (10), of the sink may motfula to the source 

activity bw vvithdrwhwy more or less nrutrients from it ainrd thereby regulat

ing its activity Uithe throtL.h miss clctionl or other rrearrs (17). 

-Hormnonal mechanisms are also often invoked, particulirly when tle data 
fail to support ;lUtritional rrrechairisns. Hormonal mechanisms Of source/sink 
interactions may be envisioned as acting either on the source, on the sink, or 

on the transport system hetween the two. For example, a hormone may 
Stifnulate netafrolic activity in the sink thereby increasing its nutrient utiliza
tion and steepening the nutrient gradient to the source, thus stimulating 
source activity [Nitsch (16) considers the evidence for such a mechanism to 
be poor) ; or a hormonal signal may go to the source and there act either 
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directly on source activity (1), or indirectly as we will propose later, Finally, 

a hormonal mechanism migh involve the transport system between the source 

and the sink and thereby influence either one through the resulting perturber

ance of nutrient gradients (18). 
The interaction which we wish to discuss is that occurring between the 

filling soybean pod and the photosynthetic activity in the leaves. It has been 

observed by several investigators working with several plant species, including 

soybean (11,14,17), that leaf photosynthetic rates are often Stimulated by 

the"Ods--ceo---"s''r-'n- assiin'-k--oi the'plant (eithrvegetatveor r~ 
productive), and that photosynthesis is often partially inhibited when such 

sinks are removed. 
Specifically, Thorne and Koller (17) have shown that when astrong sink 

was created by shading all but one leaf on a soybean plant, the photosynthet

ic rate of that one illuminated source leaf increased nearly 50% over an 8-day 

period. This was accompanied by a3-fold increase In source leaf sucrose con

centration and a 10-fold decrease in source leaf starch concentration, RuDP 

carboxylase activity was found to increase significantly while stomatal con

ductivity was unaffected. 
Conversely, Mondal et al. (14) have reported that when sink strength 

was decreased by removing the filling pods of field grown 'Hodgson' soy

beans, leaf photosynthesis was decreased by an.amount which remained fairly 

constant over the pod filling period. Figure 1 shows the phyotosynthetic rate 

of soybean leaves of control and depodded plants. One of the two depodding 

treatments was performed just 32 hr prior to making the photosynthetic 

measurement, while in the other treatment the plants were kept pod-free 

from mid bloom. 
Starch, soluble carbohydrate, protein, RuDPCase, inorganic phosphate, 

specific leaf wt, and IAA concentration (15) were also determined on these 

leaves, but none of these parameters correlated well with the observed photo

synthetic changes in response,to the two depodding treatments. It thus 

seemed that the photosynthetic responses to depodding were not mediated 
by changes in nutritional status of the leaves. 

In order to investigate further the mechanism of the responses reported 

by Mondal et al. we decided to examine two alternative mechanisms. If, as 
Mondal's work seemed to show, the effect of depodding was not a question 

of end product accumulation In leaves of depodded plants, then an interrup

tion of phloem transport in the petiole, which surely would cause an accumu

lation of photosynthate in the leaf blade, might not have any effect on leaf 

photosynthesis. Secondly, since it had been reported that following fruit re

moval stomatal conductance. decreased in both grape (13) and Capsicum (9) 

leaves, we decided to measure stomatal conductances in soybean leaves on 

control and depodded plants as well as in leaves of control and petiole girdled 

plants. 

+;:>++ *;? + + + Y + ++++i+, y +
 -i
I J ++: + , ;++ + ++ , + , ++ ; + + ++ + + ++ + ,+++++ 
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Tabl e 1. 	 The ef fect of soybeandi pod et TiO~til Miid 1)0ll 1 4111111Id iO CI02 exchange 
rates (CE R) and stomratal diffusive coniductivitiers. Figures are means of 9 

Stti , d~io~olltdiwlvity 

CM ~ Upiit SoloIi.' Lovvv, Sill too 

(I Iil CO 2 dip1
2 

/ 
1 ' 	 (Cm s 

Control 22.2 0.38 1.28 
Polls rimovid 6.5 0.14 0.59 

LSDSi 051 3.2 0.12 0.73 

Colitriil 24.7 0.39 0,70 
Sl teai rrltil 2.1 0.05 0.18 
LSD (,05t 4.2 0.12 0.17 

ht~1) 1Int 

ofl simtilii jwpolws!: Iii 'Atn;OY, utIld 'Wls,!ywIIsiylrs, oitlloiili wVI (fll fiot SeeU 

ThiWA rItii It, illy uiiifitl I he I tciIi I u ol y Kodll ldd inm (Sf 

ihff1) t IO1!immilwilid thet illlltItsy thIptiV,ll vijow( a hin (h~tr 

tli'11 lim i ityOlti'iwl tv litd iislme i~m t-cirthitl o ri tet 

AtttIMW t~i jun's fiii ,O i20,31, 2/ ullitei'd mfidss'e '( miI rn,p1,111 

gtovi i l(nc 	 'f tnd" "lh l (Im 0.63), (3.'!, tiinS'l 73 1:10d 5 (r t t3meiityo teat-
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11Impil~'It m i'tmd f wi n o Ir'mit 'iilij.ilm i n te ut3 itli 
follllkllli t" the Tiltm o h(t, l111til1i01i GiI)11LC itese"Iw cI iitIal s1 

Jl'lpllshu ltet ('It.iliil iife '1, I t o (t ,ocllin;Iwl atfowiltl uti 

mew.i: (6) n sliiefidw- ti tttsuir i 2/w lr ( (111'2 11il itt l :31,~ id vosc yst0tl 

lo theilim0tlii ll dfV'pti tidri m lhtoijlnII lalt'1)tIti 	 thudleunwft'hdy 
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Figure 2. 	 Carbon excihan(le rates (CER)and hrat conductivities to water vapor of 
conrtrol, iepocddhd and stea i girdled soybean leaves as a function of time 
after ir!!atinisiit. Each lataI ioint ripreiserils G replicate leaves. 

CO2 diffosiOni (3) irsdictih!d lthot htn wa, little ifany change in "his pararn
2 

eter witl the truatillmils. Susi:l cahlelaticns, however, are open to interpreta

tion so we s ,(uIlii 11011 r11o f(X mIill !tiOI1 of tlh(:Mous (1-leStiOrt. 

III oldt. to 1.;, lhc nagrnitUdh; of treatrlHWlt-itluLce(I changes in non
stomatal, partial leactiols (;fCO fixation, the tate of 14C hicarhonate up

take was (hetenirld it) 250.micron thick leaf slices. Irnthis leaf slice tech
2 


ni(110, CO diffsion it110tI tissne woulI IMresonlahly he through the cut 
edges of the0 slice, and thuss 1ut h: utIMet storlatal C01(11. 

The leaf slices werm (Aut from the sanie 9 leaves per treatment dS were 

used to collect the( data shown in Tahle 1. They were cut with a sliding micro
tote, ss led l sealed v;iaIs wihl assay buffer at various I)icarbonate con
centrations, and itradiated with saturating light. After 10 rin, the reaction 

2 
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was stopiped with acid, the excess CO 2 PxIhUsted, arnd tie noui11t Of 14C 
fixed into acid-stah+l irudicts detertirined sC(itillationi spectron:by litllidt 

try. 

Fiqlrlie 3 'bowS the? results. The 14C tirptike (lta have been tiansforniel 

to carbon assiniihitioo rates (CAR) expressed as cep Co, (-11-2 of leaf surface 

hr I and hav (en tllo!ted as l rctirVit of lICO'-i ('otcentl itioll. It can be 
seen that assinlilatiotr rates hy leaf slices from control rietoddedcaillcor all.i 

plants were identical, and nearly identical it) leaf slice s foro control and 

stean jrldled ilaves. We rejionll you that the CEI- front these samle leaves 
before they were sliced were deprt!sed ty /1 aiwl 91 iN thet t!iodl(letd ard 

steam qirdled triarits, i estectively. 

We coInc;lud(e rom I I ll tire Ifit this extrerI irrrl'nt o'hse vedIclraneS in CER by 

the intac(t Ilaves wtrte (Iltiely d1e tt)(:hro,S itl stotiatll Openinq and were 

U. clllrlojes io1tOsYr0hetirCrot a fulll(cioll i) p.llallettrs of tre m,esophyll 

tissue. 
We at( currlently tr0onlrilrl whial the llechaisill of these respbooses 

might he. Both of the tretneirlls involve aihlocklate of trrillislocation flor the 
)hotosynihtic .otl(10! Ietves to the sinks orf the ilnt, ot it is not clear how 

tralslocatioll (',1 have- stith a rapid anI drastic effect ott stonatal ateirttre. 
Forther, itis iirtcleer whtlher it is the tlrinslocation of pihtosytrthate which 
is illm trirait or telrl! the tlrn'r;locatioriiOifotie sui)slil(s, such as en(og
enools horrrtnr resi. 

We see rrr olrvi ts way irrwhich alr;icciiiu~tlati(,n or irhotosyothale in 
the tesopltyll errild rave such i raliid effert lilt torlatl hbehavior. 

Tie it) o Orre ;ihsrisi, icid (ABA), hrrweve, is knrown t,betable to Cause 
raprid stotniatal rr'st)ormttsrs td to ipodrce(i lrpirnaily inleaves (5,19) from 
where it is trirlrcated to loth ireirorluctiw; (5)and vegetative sirnks (19). 

We thereforw prolpose, as a woikinrl moel, that the olserveri effects of 

poll rlolval llrr petiole girdling aire caLs(i by ,t ;rCcLrInulation of ABA itt 

the treatnrerit leavrs whih leads to Jrartial strnoln.ll closure. The fact that 

Iletiole gitllir(i is rort: eff(ctive than is trod rrlTIOt l we htIt )et o Teal 

that petiole (lii(li comprletely intihits trartslocatior, whereas pod removal 
only intilrits triaslrncatior to thc jrOrl notarirI to other sink activities in) the 
plant. 

Ina i)levious ieport frorrt Oar laboratory (2) it was shown that young de
velopiiig soybeani seed cotllirr as MUch as 13 pg ABA,/g fresh weight. This we 
believe is the highest reporter( valoe frolT, any plant tissure. Ini the previous 
report we were UrrairIr to see any effect of niepodding ott leaf ABA content, 
but the plants were gtrown inthe variable environment of tile field and the 
data showed consider:1ble variability. 

We have now conducted a preliminrrary experitrietit usirrg 'Clay' soybeans 
in the growth chamber. In this experiment, free and bound ABA were deter
mined in 5 replications of individual leaves from control, depodded, and 

http:strnoln.ll
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Figure 3. 	 Carbon assimilation rates at saturating light intensity hy leaf slices from 
control, depodded and steam girdled soybean leaves, as a function of 

HCO3 concentration. Each data point represents 9 replicate leaves. 

steam jirdle(I trie:irents. The ABA arrdly.os weCre p1erf{rmed using the HPLC 

facilities of Dr. M. L. Biuenci in ur Delparlment of HortiCultural Scienc( ul 

Lan{scape Architectule, esseitially as Jescrihed by Ciha et al. (2). 
The esults arm sbown in Taleh:2. You (:all see that therm' was substantial

ly more frel ABA in the delode(I ad stam gir(Ild leaves than if) the con
trol. Bound ABA also inr eamSud in steaur (ir(l? leaves This we take to SUl
port ou, work inil hypothesis 

Table 2. 	 The free and bound ABA contents of soybean leaves on control, depodded 

and stearn girdled leaves. Each figure represents 5 replicate leaves. 

Contiol Depodded Girdled 

ng ABA/q fresh weight 

Free ABA 2.1 + .5 19.44 5.5 51.2 + 11.9 

Bound ABA 21.0 ± 4.2 23.3 + 3.5 45.8 + 13.3 

http:arrdly.os
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NOTES 

W. A. Brun and T. L. Setter, Depaiti' in of Aronomy and Plant Genetics, Univer
sity of Minnesota, St. Paul, MN 55108. 
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POSTPONEMENT OF SEVERE WATER STRESS IN SOYBEANS
 
BY ROOTING MODIFICATIONS: A PROGRESS REPORT
 

H. M. Taylor 

Distribution of Vgetation ove the earth's surface is controlled more by 
water availahijity thair by ally other single factol (21). Consequently, much 
research is heirllj ConlduNcted o mlethods to lncIa;se (:01) water SuIpplieS under 
dryland cofnditior(s. 

Considelabl e leseailch is heiruj CondLcted to ihncrease l)reci~pitatiorn 
th u( lh weather illo(tifi(:)tioll (163), io incre:, th( t; tal (ILalItity of water 
that infiltrates the soil sulface (3), to1 control ileep plerclation through the 
soil profile (24), to reduce eval)oration of water from soils (17), and to alle
viat,' soil conditions that are Lofavorabl" for root exploiration (27). Consider
able research also is beirrg coirnducted to actlaf the plant so it can grow where 
chemical insufficiency or tox:city CCcurS (49). Objective of this latter re
search ofen is to increase the rludtity of avilable water hy allowing the root 
system to grow ilit) Irreviously UllSUitalh. SOil voluITeS. 

A prolram w.s tarted at Ames, Iowa, in 1973 to test the hypothesis 
that an additional (Ualltity of water can he marie available to soybean /Gly
'ine max (L.) Merr.] plants fy modifying their root systems even when the 

plants are grown in the deep furiiih: soils of Iowa. This research project com
plements those f)o(qfirns designed to increase pl:it available water through 
other mechanisms. 

BACKGROUND ON CLIMATE AND SOILS 

I will first provide some background information on climate and soils of 
Iowa. Similar precipitation patterns ind deep soils exist at many other 
locations thrcGjghout the world. Annual precipitation at Omaha, Nebraska 
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(on the western border of Iowa) averages about 69 cm, but one year inten it 

is as much as 89 cm or as little as 47 cm (Fig. 1).Evapotranspiration at 

Onaha annuially averages ebuLlt 61 cm; therefore, anenalI streamiflow overages 

about 8 cm. At Moline, Illinoi. (on the eastitii boarder of Iowa), annual pre

cipitation ,tverages a ihut 84 cm, hut onne year it;ten it is as much as 105 c111 

or as little a~s62 cn (Widleigh t al., 1966). Annual evapotranspitation aver

ages about 65 cnIn aHid straNf low avuragJyes abot 19 cm. Annual pnecil)itation 

and stre;,mefow uboth as one Iowa (Fig. 2).ijiewrnse travels eastward ill 

Most 0' IoWa's soils are (el), fu tile!, al(l pIOdLJCtiVe, but some of then 

require tile (hriina(le fur water table control (ILli[jigP: early growing season. 

After July 1, however, th walr rfirles (whirl within 100 cmn of the gjround 

surface) usuelly declineW Ibecause trasiiiratiii irxcee( pirecilitation. Evapo

transpiration fromi a frilly drevclotied soylieai carojry it Allies, Iowa, often 

will exceedl 0.70 i:m/day (38), lut averagie daily I)rli:il)itatiol Iurilg July and 

August al Aeres is orrv 0.25 cm/day. Substaitial wat!er is withdrawn florn 

soil profile storaije rliiqi irniral G, dry years'; to salisfy the plant's dermand 

during July, August, ill(I aillySe;Otember. Th illaritity O(fwat(r awValilhle 

to satisfy that dernandi ildetunls upon soil tniofile chlar-,ctiris'.tics a d upon the 
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Figure 1. 	 Annual water supply across the 11 parallel. Redrawn from Wadleigh et al. 
(1966). 
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Figure 2. Average annual preipitat;:)i, evapotranspiration and streamflow across the 
41" parallel. Redrawn from Wadleigh et al. (1966). 

volume of soil where rooting Occurs. Iowa soils often contain about 0.10 to 

0.15 cn 3 /crn 3 available water at field capacity. 

DEEP PERCOLATION 

One of the earl iest questionS encountered in our program was, "From the 

individual farmer's perspective, is all of the annual precipitation used effec

tively in crop production?" Obviously, the answer is "no," because consider

able runoff (37) and soil water evaporation occur. Reducing these losses in

creases precipitation effectiveness (17). Precipitation effectiveness also can 

be increased by reducing annual de(elp percolation. A recent model (40) 

showed that about 2.5 cm of water annually percolates through a 150-cm 

rooting depth for corn (Zea mays L.) grown near the we-stern border of 

Iowa (Fig. 3). This deep percolation increases TOw'rd the east and becomes 

about 8 to 10 cm in the southeastirn part of Iowa. If more precipitation is 

transpired during soybean growth, less percolates through the rooting zone. 

To further illustrate that point, I will discuss water retention and extrac

tion data for an actual experiment at Castana, Iowa, during 1976, a dry year. 

The experiment was located on Ida silt loam soil [fine, silty, mixed (cal

careous) mesic family of Typic Udorthents] . Soybeans were grown in rows 
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'ig~ure .3. Average annual potential percolation as estimated by Stewart et al. (40). 

spacu-d 100 (:Il ipai t. The .%oyhelins were p~lantedl onl May 12, but On June 23 
the ploiih loemainled dt field c:apacity exc:ep~t ill t5i" SLllac! 15 cinl (Cu~rve A, 

Fig. 4). By August 23, the soil was mt ol below the wilting point to the 
150cm leth, al so lielwates la ( een extractel hom the 210- to 240cm 
lepth (Curve B, Fig. 4). S'i; water contents wel, e not determineed at the 240

to 270-cm depth, hot We dsUIlr t(hat lio water was extracted from there. If, 
by Soime tecnlliilqie, we Cosl(I extend the depth of water extraction by 30 cm 
(Curve C, Fig. 4), 2.85 cm more water Woulld he extracted from a profile 
initially at field c6p)acity (Curve A, Fig. 4). This extraction, in turn, would re
(IuC deep pIercolatoil losses between haivest and the next growing season. 

A second early question was, "Is the water ordinarily lost to deep perco
lation a reliable source of extra water for plant growth?" Another questioi 
pertinent to the same basic point was, "If we develop techniques to increase 
transpiratic-,n by 5 cm, what is the likelihood that the soil profile will be fully 
recharged before the next growing season?" The large quantities of water re
moved by tile drainage ii the .astern half of Iowa almost guarantee that these 
profiles will be completely recharged in about 19 out of 20 years even it an 
additional 5 cm is used. However, no reliable estimates exist for recharge 
probabilities iii western Iowa. We guess that most of those profiles will be 
fully recharqged in about half of the years. Additional studies are in progress at 
the Western Iowa Research Farm, Castana, Iowa, to estimate how frequently 
profiles are fully recharged. 
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Figure 4. 	 Soil water content as a function of soil depth for 3 situations. Curve A was 

the actual soil water content profile on June 23, 1976, for soybeans grown 
in Ida silt loamn soil at Castarsa, Iowa. Curve B was the water content profile 
on August 23, 1976, and Curve C is the postulated profile if rooting depth 

could have boon increased by 30 ern. 

One major coniplicatirng factor inl obtaining estimates of recharge fro

quency is the presenIce ill loess soils of worm holes, rook channels, cracks, and 

other stable continuousM voids. These voids allow some water (all unknown 

quantity) to hyp,iss relatively dry layers and increase soil water content at 

sonic lower depth ( 10,14). Changes in looting patterns thus Imight be of belle

fit in increasing the total annual plant water Supply even though Lipper soil 

layers are not completely recharged to field capacity. 

ROOTING PARAMETrERS AND WATER UPTAKE 

Another key question, was "What root system p)arameters determine tile 

rate and duration of water extraction from a soil profile?" The pioneering 

works of Philip (29) and Gardner (13) provided the framework for many 
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corIceI)tual Models that diesctibe water Uptake by root systemsis. One of these 

partially tosted models (43) piovides a framework for discLissinq the irt)o 

tarree of the var inns llri)pts. 
Tire model incorpiriitts thrte hasIC eqIaLtiorrs. First, t.irnspiration rate 

2 iIT, cI3 HO.c l sntItaIe lill) t'tls ratt! of deCIreaS Of W tr StOredci 3 2 
'td sUt (At) cr', IluIs totalill prlants or C'rqitsi ,pkcitted 1itland ac, . t:"I' /rMil) 

water oiptakt from soil hy loot, of plants occolryiIl tin' sl)ecifetd arid sorface 

(U i. cm 3 (,!1 1 llw l) 

T 30t UJ. 
,I .1 

Second, total ul.kt ik the tnmni of UmtiAkes froro1 idividual soil volumes 
" ,
withinl that laind sbll ,ice ("J,cnl nmil). 

II 

L I 1 U1. 21 

Thiid, witer uptA ir t, i,,' roots lOCatleu withinr a single soil volume is de
scriteil fy tht e(ginLtiOll 

UI (V, i)( S + .L 131 

Whele V is a IOoted volunirie of soil (cinl3 ) with iifOlIllr properties including 
Unilfori in tooinl drsity aid watei potential. Lvi is root length density in 
V (<c11/loiits,'cill 3 soil). p. is averale root water upti ke rate in V (c13H 20/ 

rl total water iin (bars). is total 
SI i I I 

cur rootjritill ln), is soil potential V i. 

water pottlential il )lant xVtlerll dt tihe grould scrface (brils). 1mis water po
teritial loss dut to dfetitlh htlow the (IOunIrd Sir face (liars), and LWi,is the sum 

of water lroterutial decreases ifhie to fiictional folces fromt midpoint of V. to 

the gi n)llStir tdce. 
This iodhel assLImeIs that the implortant r)oting pararneters are (a) rooting 

density, (h) hydrhaolit" Corn(luctivi:y of water as it flows from hulk soil to the 
xslenl lniell lI is nill l)eressiorr reiated to this condictivity), (c) frictional 
loss of eenteiy as water flows Ul)Wid qlithe xyleri, (d) rootingthioolh and 
depth (which controls the iltiluber or size of volume increnlents to be con
sidered). Use of this rnnoitl, ail others, is discussed in greater detail elsewhere 
(19,4 3). 

Several people hiave been involved in a progialr to determone, for Iowa 
corditiions, tfie rarIe of valu0s, lelative Sirn if icaIce, drnd nmetfiods for modify
ing each paramcter. Field, ihl;otion, llreenihioUse, laboratory, and growth 

chamber facilities have been Used inithe various exlpermnenits. 

ROOTING DENSITY 

The model )redicts that rooting density plays armimportant role in deter
mining rate of water uptake from a stecific soil volume. I question, however, 
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the illipor tallick f t o tiir ilt,,,Sity 11idetermining the total annual water sul-

Illy aVlil,lhil yllhieii' 11 i owl n iri Io wa exIe( t two CirCLrfnstalCeS to Irefor 

dlci tsef Iti Lt ii exl, ,: 

(O)ii It l 'lli llt lt I flldittI d. V 0 rollts xrweit ililtIts oil Itd silt loail 

.lii Ic :,0 ,i t1,i0i0 lic.., thu in; lilt llati 4 Vi, 1975 thrOL ll 1078. We 
Illhj ,lledt illlot j i t l{lh 'r h $ til i.v,0l l )tt ots andsoll~ 1 . l,)tilIjt. dellsitites 

I'Vly ft'v tilt l xtt', t ll ii us to I i t 1o2b cim d uil. Soie of 

l, t t1 Irr Wi r lit'l; ift it I e vI uri;ll 

(23,34), i d i l - i, nt t-i l tl l i iitr i 

Nltul l otll t ll liutill th-1"i it (t ilt li lolh l erfolity o 

Oi i,. t id 11". pL i, li fiio 

h i w thar -

CLItil 'd J 1tt111.1")tit],t!I il}, V~li?<t %, htd (till) tol tool ol five fold() fl l ] ()lit 

ravIt lipitit ii t i tltlilo it) lo iI1 W (to l th-c u l eth t oi tilt!,l til 

,tltll i iit I t l cti; 'I< l l ' rt ht, i , Ii,t ,l , (orli',il It il ilro td i vlcIe dlI
' 

1/lh i lll lillIll c w-li:ll\ , w lilt ' l V ~dll oki' tt'Llodt Ill ,11d ll O )t O' YtCAl$ 

N e, I I ,tdiv,
 
111 tit.! cl ll , t co I l Jlll, in tllfit
tk t '~t Il ¢(i' d ,,ll , I lltilt' !t llb l )([ 1f Soill.
 

,,1i ti th, i -",r i t i ii\ i,,t'l <J~lu iui, ,~ll~
t f ,lii I i i iiiir ,tl ili lt 5r\ x 
ll ittll' ,I,itii cV, i1 til ii' I iii i rltft fll,i mp if y develops .i avdli 


arirtlIl )IlIItt l~ (m) COIMt VItlt's
I 'I"ii; mPru!uiiia, tixlt-! 11) O W( I0 t) alsoH 1i,111 iml lilt~ii flith,,t; it i ihiilldt1.t A~l[l i,t0titlly (ootsterr Ill n th1Cllsillf; Skil

,ivt, oOl , i l iiivtieul l cttho i,:yhtln ii Itl , t,this.i ri l t i eife tilo

lrill spni'l oilt tyit t 'l >lt! fltliri ll l r'o [3olrn nte.dt he norm 

e ro l of i rill o mlh rtireul hIls e sdeep at iroirkil itl'l, , t5(11 

orot' ll n'WHIl olt iot lill n 234 rk, ll Ire oilete. A e e 

, i 1( . itnslty 
I t 251 Jti tim e, 

6651ll1,Co'St' i tii lt, i H i H w rt"olllAlu t, 4Wt root ing CLiln
 
o'IVe' del tt'd lh lit'l (Iiht)1 2110 CMll(1h!Illh lto dbll)(/ 10"0
111t ' c'onltit l 8 

th i h ad ivltoail to 18o3ro'i,1(i htello'lln.lt8tll% l if tht foons h Julryive
 
tillewt em<llicl)
 

Thi t otcl,,it ihotit Ohi dehi yl illt evelles h ill oin looting
 
dellsit (ill sittl,liiolfls- othlitl h tmlt lvo tim l iv!iinforced~ v
h l le ,; I e es".) t by' dat,I 

(I iOL I s~i.l illlyl~h) C01i10C~<'d dttlrinI~,H) m sin llttiol linteo the! effe.ct of 
¥ 

slintswir i nmyhg ari lote dtfvrsh.l i (4). Di. chyi Oitlku the f.

tal of sothow) io p ecle oil otfale loa Illit tiio soo the s roile walls 
IOtUS (ICl 1hS. 0) .1tnol 25_, Ilt1 n 2(ull]34lIsotS h)(twe0I1 thet Soil Sur| .l(e andl( a 

di)th of 1 Clc i - iOurig(lwide ransct (Fia. 5). On July 25, ie foun 

6i nt cti to tllat sol. Howle, 2). A 4, uootin ote ursiyhilsothil i in 
tha~t m,il,l 11,1i(1 de!:l clu Ito 18J3 toots, o~nly 28'%) ofl hoSt! foclnd( Oil July 25.
 

This maijoi tet isei Ii m(otim;~ (ttUil$ity oC'tUriedl e!ver thou)Lthl lootingt denl

sities w,,ele ,11l~ C ttlths. obtain~ed b)y Sivalkuflar et al.
mIl tNiS11i lo dept Miila 

(35) alC'shollW d indajor dU'C1CidSes iln rooiting. densities over short periods of
 

time. These decreases in tootinlg density lpreSuma~dly are cause(] by decreases
 

in water conten" of that soil volume (20). A philosophical question occurs,
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Figure 5. 	 soybean rooting intensities as functions of soil depth for 3 dates in 1975 
ut Calstaina, Iowa. See text for furtheor ddlails. 

such mjl"Whly Woll a tlnlo ss of rootls occtur inl this dayer if rooting density 

were of major ecololicail significanc?" 

SOIL TO XYLEM HYDRAULIC CONDUCTIVITY 

Thre !nle Il tisI il this article states thal wattr uprtake rate from a spe

cific soil volutme is tioportlional to the root len(th in that volume (LviVi), to 
the total watet potential (ifferrice I)twOen hulk soil (t ) and root xylem 
(', ×yi at the same depth, and to the soil-to-xylem hydraulic condLuctivity 

These (IIwluLs are availahe for two isolines of Harosoy soybeans grown 
in southwestern Minnesota (2) and can he estimated witi a reasonahe degree 
of accuracy for the controlled water tahle etxl)erirTn(lt of Reicosky et l. (31) 
and for the fi(,ld expteiilnt with the 'Wayne' cultivar (trowri at C stanij, Iowa 
(47). The (1, values decreased with soil water conte:it (or soil water potential) 
in all 3 expetiments. Earlier models of wazter uptake by root systems (13,29) 
suggested that tIis decrease in conductivity was as ociated with the develop
ment of a relatively dry soil shell, with an attendant low soil hydraulic con
ductivity, immediately outside the root epiderrnis. Recent experimental evi
dence, however, suggests that the decrease in q, is associated with incomplete 
contact at the soil-root interlace (11,15) or with the root tissue itself (32,42). 
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The (1 111l1 ilit (lly ValiiCs vitih soil water contetnt but also seerns to 

vary irlvelisly wvith total toot Ili(Itih (f tfhet lijnt, (il whi h it is measurel. 

()ie chl to l iwinl(!plitiilh! of thait Vitiatioll IS tlili( irin.oi11a C iiihll of ite 
Allnwiirvl, sAil l. (2) (hili wvith tlh,it of[ lllmt arnd TijyloJr (41). Altholtoqh tlhe 

Wdljt(., ptii~aki' litw, (cmnt lI.,O)/((nII ;Imiii l i dve/ily Wire Iio ttill lll, 

totll root litiiitfl Wij, ihit10 tiie Ie'l, e oi~ivn thei oyhoiliis of VWilIkitt andi 
Tijylo)t (4/) ij,(in thosi,,of Alhlmm xtl l . (2),WM tn'i tltijke flt fto) ! a(h unit 

toot ler) ,iil 'dji ,fii k-,,!,I for il. mid Taylorlth iy I0 , tht , of Willitt 

(17). 
Thi', (:Il!.plir o I'fJl~ rit'ltiwely myjwA lt lp:(llp 'lik-,:,h(d 11ht l)I ,ill(- majo'r de(

! l +t :fir f lt ; of (I'. !Livv! 'm'InIilylo (9) l,:,l lii hyloth.i!I , that total length 
oif loot,, ,i( ivitur iijl ik( fi ("Ii:hl illt hi!it!l1 ;i+e irivi tIy reliitvid . Wi! h )lotid 
to) alll',i(l (jollo ''H ow roo(t', It wi lan~t (fill-P ll Il;lIly (loe(! ",+y ll,I p need, to 

I fij i v() ll i()lli [Wetjl)lypIe h t fi w il flfI l ll., ii i ct(ll ,1 t eanspiri

(vvilh t l IilIl.,(to h ;lrea1io2 r; ,t!of th il t illco(l ol+ h(loo .i(it) w ill! we[ 

ithll V h'uli , :tolki l th i l lewrim(l 

"Why 10w ill Ill. l o u t iql lkdill wieilvtl iirtt.1illl i l e qill vilpola
livet de!fli, ',, O wi+!,Ilm o I ml ll!jtlh to)h ;I! Jw i,+h~y Vltyin! tlll (]loW th (;(III

(9 iw ,,ilvl;llli fi vI1hl;i ty lJve i Ifit O was 

p)Ih 

W eq ie for 6 wk ill ",il-fille I:ie ltiiilI il', iith l fr l 00 lite s or 

i:,iIi l, Ja ), on of!d 2ll iitir", h;l w ,iff ill ! W)(li l lt f Il to aivers w 

il tiotl hitii ltj fl li in) vp ito s his6 /9(";n l ovlu li ,I ll ,iiil tonitijt ',i 
l(oly of. Wmlltl( I w tl ( 1hlO lic:aled+ tlcatlll'lt",. 

ift lt G wk i iti l, ei odtt hili ili y 2 tlt rilayt eaf a as 

111ll )li.hwll hldrv . We ii'Irn lr A rll( At lllt wiellti:< th ) il to rl vlagh o 

r1/3ileri odC, 1ui ftll r , (:Ii ,iltj:ii tol ott v "ol wat erpIIj l( l 'I It IstJll 
e Valmfitlli()ll. W FI. W +6 +jhwl t11FI, (:ooltairlwr'i I:V(r .) ofl 3' day"!, [toJ(M lel el.( f y 

jrt~lw , ()il the I;j,,, m li(i;idly {Jill+ilflillwi hm f vvijt(-lIpot,-fitial()llt dt(I}+tw 


(t'1) (ef wati t l rtili i i .h l.,i jft ))ilolfi l (iii i lli t (rllto ill.W 1ii til r tiow o1 o;tf 
(:ofi~lJt irw.t itn lvPifill iP~ilch 't)jl{~p d i(';rewliiil ;if (! , w e:hillvw:-ti(d tIi:f tlotal p~lant 

10)) Wil!,l +1 Owero , l oo,' ri 11hiP.oil, and(dletf:tllnitlld t(oot letlilti] w ill) it root 

co:mlitii! mra(hitw,: (.35), At harv(.,,,t, w(! obmh'i;tw hat rooJts had thoroughly 

l)e.rrmeat(ed etachl co(w airnei. Ou~r rwt',fllt+ !,hoJwed' thal, ifl any one(s;oil w jtf,-r con

le:nt, l,!:af rnikft(:rm(o did rio't onJrmite:r plitmtlial it( n di'jwnlPrdthe(ratio" of roo"t 

C1n9t1 to leaf ;rli+j. Iho i itioln, truurl'tiraltiloi for tlhl leriol was rot sijnifi

cartly irfiliicld:(l ft Iiiy soil wat(:r loil tllt hy root le( gth ill the container. 
We conluhJddcI that trar ,,tiirution tate (crn I- 20/day/coitaine.r) was con
trolllr.-d entirely hy ltvapt ralive lifil(dillI(r(lot r11:1h of a viiriatle in Our experi

rl.Ilt), by leaf riea, and by ',oil water;(icolelt (or rotwr likely by soil matric 

tioteotial) (Fill. 6). Iln any specific cortailer, s,ecifi: too,) water uptake rate 

((:m3 1-12 0J/crl root/day) progressively (heline dl with soil water content. At 

any particular witer content, spcitic root u)takl: rates declined with in

creases in the root rength-leaf area r.tios (Fig. 7). 
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Figure 6. 	 Effect of soil water content on transpiration flux as affected by fertilizer 
(F), by deep (D)versus Jlallow (S)containers and by frequency watered 
(w)versus water stressed (st) plants. From Eavis and Taylor (9). 

A researcher must flwtys be careftl ot to extrap1o)ate results beyond 

the data base. The root length to leaf area ratios ranged irom 39 to 140 cm 

roots/cm 2 leaf area in the Eavis-Taylor exper nient (Fig. 7). In addition, all 

roots were surrounded with soil at about the same water content. The same 

cultivar of soybeans (Wayne) grown in fertile Ida silt loam soil in a field ex

periment had root length to leaf area ratios that ranged front 3 to 8 cm 

roots/cm 2 leaf area (35). In a'ddiition, th,. deep roots in the field experiment 

usually were locatud in wetter soil that the shallow roots. It is ;,ossible that 

the root length-leaf area ratios are important when there are 3 to 8 cm roots/ 

cm 2 leaf area but are unimportant when there are 39 to 140 cm roots/cm 2 

leaf area. Further experiments should be conducted to help resolve the ques

tion "Will soybeans suffer less water stress during a drought if they have a 

large root length to leaf area ratio?" 

FRICTIONAL LOSS OF ENERGY IN THE XYLEM 

The possibility that substantial losses of energy can occur during upward 

flow of water through the xylem of soybean plants needs to be investigated in 

detail. Taylor and Klepper (43) suggested, on the basis of the Willatt and 

Taylor (47) experiment, that frictional losses might be on the order of 
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Figure 7. 	 Effect of soil water content on root water uptake rate as affected by 
tertilizer (F), by deep (D) versus shallow (S) containers and by frequently 
water (w) versus stressed (st) plants. The numbers neer data trend lines 
are centimeters of root length per square centimeter of leaf area. From 
Eavis and Taylor (9). 

0.07 bars/cm. This magnitude of energy loss will drastically lower the water 

potential difference between soil and xylem of roots located deep within the 

profile. So (36) used thermocouple psychrometors to estimate root xylem 

water potentials at various depths from the soil surface. He concluded that 

substantial frictional losses occur during periods of high transpir3tion. If high 
frictional losses in so,/beans are real, roots located deep within the profile will 

not be as effective, at the same soil water potentials, as those located nearer 
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to the soil surface. For our Iowa conditions, these deep roots are still an effi
cient use of photosynthate because they are located in wetter soil than any 
shallower roots produced at the same stage of growth. 

ROOTING DEPTH 

Increases in looting depth increase the total number or increase the 
thickness of the soil layers considered in the model of water uptake (43). 
These increases in rooting depth, at equivalent rooting densities ond evapora
tive demands, increase seasonal water supplies for soybeans grown in Iowa. 

Several articles that described soybean rooting patterns and function 
were available when this project started in 1973 (6,25,30,31,48). Despite this 
literature, there were not enough data to evaluate the hypothesis that onset 
of severe water stress in Iowa soybeans can be delayed by increasing rooting 
depth. We conducted several experiments to answer specific questions in
volved in testing that hypothLesis. 

One question was "Are there sebstantial differences in downward root 
extension rates amonni various cultivars of soybean;?" Faylor et al. (41) 
determined growth rates of soybean taproots in 7-cm diameter, 120-cm long 
clear acrylic tubes, inclined 11 degrees friow, sigat 'lie vertical. There were 
nificant differences (p ( 0.95) among the 29 cultivars. After a 27-day growth 
period, the taproots of Blackhawk cultivar averaged 83.5 cm duel) while 
those of Sciota cultivar averaged 117.3 crn deep, an increase of 40% over the 
Blackhawk cultivar depth. Correlation coefficients indicated that seed size 
and dry weight of tops at harvest were associated with less than half of this 
variation. Unpublished experiments conducted in the Ames rhizotron by 
T. C. Kaspar and C. D. Stanley showed that downward penetration rates for 
nine cultivars were in the same ranking as they had been in the acrylic tube 
study. Substantial chances exist that a breeding and selection program can 
increase the rootirj depth for soybeans. We are examining the root extension 
characteristics of several hundred soybean genotypes each year. 

A commonly accepted dogma in crop physiology is that root growth 
essentially ceases when seeds are developing. If this principle were true for 
Iowa soybeans, the roots would be required to reach their miaximum depth 
within 60 to 70 days after planting. The cultivars of soybeans grown here, 
however, are indeterminate in growth habit so we felt that root growth 
might continue during reproduction. Kaspar et al. (18) determined the root 
extension rates for seven soybean cultivars during reproductive development. 
They found that roots extended deeper at average rates of 1.1 to 1.8 cm/day 
during vegetative development (when the soil was cooler) to 3.3 to 8.1 cm/ 
day as the plants progressed from developmental stage R1 to R2, 2.6 to 3.0 
cm/day from R3 to R4, and 2.1 to 3.6 cm/day from R4 to R5. These de
velopment stages, as defined by Fehr et al. (12), covered the period from 
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when a flower was present at an/ node (R 1) to the stage where beans could 

be felt when the pods were squeezed at any of the four uppermost nodes 

(RS). Some new roots developed almost until physiological maturity. These 

results were obtained in a rhizotron where plant populations were lower than 

those usually found in the field. However, Willatt and Taylor (47) found that 

'Wayne' soybean roots extended downward 25 cm in 12 days during the 

period when the tops developed from stage R4 to R5 (35). These results were 

obtained during 1975, a relatively dry year at Castana, Iowa. During 1978, a 

relatively wet year, root extension du, ig this period was about half of that 

during 1975 (data not shown). We therefore concluded that substantial down

wl(I oot extelision ccce is during pod-fillin , especially during dry years. 

This fact is extremely important in any selection program to increase looting 

depth because it shows that we shouM examine plants for both rate and dura

tion of taproot extension. 

Several soil Conditions slow the iates of increase in rooting depth. As one 

example, fertilization of a soil detiient in one or more essential elements 

usually incr,,ase,s growth of plants, both tops and roots (45). Sometimes, but 

not always, the greatel loot growth results in deeper watei extraction (45). 

Pesek et al. (20) found unfertilized corn (Zea mays L.) extracted water from 

less than 150cm ol soil in Iowa, whereas well-fertilized corn extracted waterto 

210 cm. In a.experiment at Castana, Iowa, D. G. Woolley investigated the ef

fects of two fertility levels on the water extraction patterns of 'Wayne' soy

beans grown ol a loess soil newly plowed from bromegrass (Bromus inermis 

Leyss.). The two fertility levels were (a) no fertilizer applied for at least 10 yr 

and (b) an aplii cation of 168 kg/ha of both nitrogen and phosphorus (both 

expressed as the elemental forn)A. The soybean roots extracted significantly 

more water below tIle 120 cm depth in the heavily fertilized than in the un

fertilized plots, but considerable water was extracted from the 180- to 210

crn soil d(pth in both treatments (Fig. 8). 

Another soil factor that might control rates of rooting depth increases 

is wdterlogging. Anaerobiosis, brought about by waterlogging the soil pro

file, -<iis looks, reduces top growth and often reduces crop yield (7). The 

evidence is not clear, however, on effects ci temporary waterlogging at vari

ous stages of development on soybean root and shoot responses. Stanley 

(39) imposed water tables at 45- or 90-cm depths on 'Wayne' soybean roots 

for seven (lays during vegetative growth (V8 to V10), during post-flowering, 

prepod set (R2) and during post-pod set (R4). 

During vegetative growth, roots located below the water table ceased 

growing downward when they were inundated but again grew downward at 

about the same rate .vhen the water table was drained. When the water table 

was imposed at post-flo 'ering (R2), inundated roots looked normal as long 

as the water table v is present, but these roots decomposed rapidly when the 



174 Postponement of Water Stress 

2
3 
SOIl WATFR CONTENT 0m HO'crn 3Sol x 10

0 6 12 18 24 30
0 - - 

30 

13 Aq. 1bJune 
60  bIT 

-~ - 90 II 

o 120 I 
Iis 16 -0 --1 0-0-0 -* -168-168-0 

\I
 

150 	 \ 
\I
 
II
 

18(1 

210 -

Figure 8. 	 Soil water content as a function of uil depth for 2 fertilizer treatments 
and 2 sampling dates Gn a loess soil at Castana, Iowa, during 1975. 

soil was drained. Compensatory root growth occurred in a 10- to 15-cm soil 

layer immediately above the water tables imposed at this time. Vegetative 
growth had almost stopped before the water tables were imposed at R4. 

Roots located below the water table soon looked dead. No new root growth 

occurred when the soil was drained. 
Root losses associated with the water tables during thf two reproductive 

pt'iiods did not reduce soybean yield. Indeed, the extra w, ' added by the 

water table treatment actually increased the soybean yield. I lie 45-cm water 
ables caused significantly (p ( .95) greater yields than the '0-cmones at both 

the vegetative period (Vd) and post-flowering period (R2). There was no dif
ference in yield between the two depths at R4. 

Root pruning associated with temporary increases in water table level 

probably is not nearly as damaging to yield as is often feared. 
Many experiments have determined the effects of soil temperature on 

plant root development (26,33,44). Some of these experiments have studied 
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effects of soil temperature on soyhean root growth and function (1,8,22). 
The available data indicate that the rate!s at which soyhean rooting depths in

crease (for a sp:(cific genotype) in Iowa ofteo are controlled hy soil tempera

ture. However, MadLijkor (23) inve.tiqate!d the effects of vrious corn (Zea 

mays L.) mulch rates orn soyhean tol jd toot developm;nnt. He concluded 

that effects of the mulch on :,oil water telationshi)s w, re: at least as impor

tant as those on soil terTperamre or root growth and soybean yielc':. WP do 

no have ernomgh data to predict lh(, effects of soil temperatur; on soybean 

root extension at soil depth of 150 to 250 cin. Soil temperatures vary with 

,oil rlef!lh, with tine oaurin the growing season, and arnong seasons. These 

variationis will affct root exteirWiom rates, bLt further experiment%are needed 

to obtain quantitative relationm,hiips in ile lield. 

CONCLUDING REMARKS 

I have prFeserrted a progress repenrl on our efforts to test the hypot!.esis 

that onset of ',eve- e water stress I(,, .oybeans grown i,-Iowa can be post

ponred ty :nmdifrcation,. has my conclusionsrool nn ]he paper presented 

that: 
i 

(A) Some rJe,'p ewcolation uoccur 5 each year in eastern Iowa and in at 

least half of the years in western Iowa 

(B) In ea&temi lowa this dleep percolation r.: :12nts a dependable 

source of extr;i water for s-.qhear;s, but in western owia an extra 2.5 cm of 

water might 1# ivailahhlornly in about half of the years. 

(C) I icreirsiig tire rootintq depth is more likely to successfully post

pone water stress than increasihg :he rootinig density or the water uptake 

rate per unit root length, 

(D) Ther,' are substantial differences among genotypes in the rate 

that rooting depth increases during the growing -,eason. 

(E) Some soybean ciltivars c.,,-eritly grown in Iowa have a rooting 

depth of more thai 200 cm. 

(F) Rooting depths contiru, to increasc during reproductive stages 

of development in the indeterminate soybeans usually grown in Iowa. 

(G) Adding fertilizer to a deficie.nt soil will increase the depth of water 

extraction. 

(H) Pruning ,af soybean roots by temporary high water tables some

times may have relatively minor consequences on soybeans, and 

(I) Soil temperature probably controls rates of rooting extension in 

May and June, but more quantitative data ire needed to prove this hypothesis. 

This type of project is a hiqlh-risk one. Many unknowns can interfere with 

attaining the goal. Th, researh described in this paper has increased the 

probability that .)ybeaii gentypes and production practices can be com

bined to delay the onset of severe plant water stress for a few days. If this 

delay occurs during pod-filling, higher yields should result. 

http:deficie.nt
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NOTES 

Howard M. Taylor, Agricultural Research, Science and Education Administration, 

U.S.D.A. and Dept. of Agronomy, Iowa State University, Ames, Iowa 50011. 

REFER ENCES 

1. 	 Allmaras, R. R., A. L. Black, and F. W. Rickman. 1973. Tillage, soil environment 

and root growth. p. 62-86. In Conservation Tillage: The proceedings of a national 

conference. Soil CunIsev. SOc. of Am., Ankeny, IA. 
2. 	 Allmaras, R. H., W. W. Nelson, and W. B. Voorhees. 1975. Soybean and corn root

in in southwestern Minnesota. II. Root distributions and related water inflow. Soil 

Sci. Soc. Am. Proc. 39:771 -777. 
3. 	 Bertrand, A. R. 1966. Water conservation through improved practices, p. 207-235. 

In W. H. Pierre et al. (ed.1 Plant environment and efficient water use. Am. Soc. 

Agron., Madison, WI. 
4. 	 Bobro, W. 1977. Development of soybean root systems as affected by plant spaci. 

Z. Acken-und Pflanienbau J. Agron. and Crop Sci.) 144:103-112. 

5. 	 B6hm, W., Ii. Maduakor, and I. M. Taylor. 1977. Compaiison of five methods for 

characterizing soybean rooting density and development. Agron. J. 69:415-419. 

6. 	 Burst, A. L., and L. E. Thatcher. 1931. Life history and composition of the soy

bean plant. Ohic Agr. Expt. Sta. Bull. 494. 

7. 	 Cannell, 1. 0. 1977. Soil aeration and compaction in relation to roc' qiowth and 

soil management. Appl. Biol. 2:1-86. 
8. 	 Earley, E. B., and J. L. Cartter. 1945. Effect of the temperature of the roct en

vironir ,nt on growth of soybean plants. J. Am. Soc. Agron. 37:727-735. 

9. 	 Eavis, i. W., and H. M. Taylor. 1979. Transpiration of soybeans as affected by leaf 

area, r,)ot length, and soil water content. Agron. J. 71:441445. 
10, 	 Ehlro, W. 1975. Observations on earthworm channels and infiltration on tilled and 

untilled loess soil. Soil Sci. 119:242-249. 
11. 	 Faiz, S. M. A.., and P. E. Weatherley. 1978. Further investigations into the location 

and magnitude of the hydraulic resistances in the soil:plant system. New Phytol. 

81:19-28. 
12. 	 Fehr, W. R., C. E. Caviness, D. T. Burmood, and J. S. Pennington. 1E 71. Stage of 

development descriptions for soybeans, Glycine max (L.) Merrill. Crop Sci. 11: 
929-931. 

13. 	 Gardner, W. H. 1960. Dynamic aspects of water availabiity to plants. Soil Sci. 
89:63-73. 

14. 	 Goss, M. J., J. T. Douglas, K. R. HOwse, J. M. Vaughn-Williams, and M. A. Ward. 
1978. Effect of cultivation on soil physical conditions, p. 37-41. In ARC Letcombe 

Lab. Ann. Rep. 1977. Wantage, England. 
15. 	 Herkelrath, W. N., E. E. Miller, and W. R, Gardner. 1977. Water uptake by plants. 

II. The root contact model. Soil Sci. Soc. Am. J. 41:1039-1043. 
16. 	 Hess, W.N. 1974. Weather and climate modification. John Wiley & Sons, New York. 

17. 	 Hillel, D. I. 1971. Soil and water physical principles and processes. Academic Press, 
Inc., New York, NY. 

18. 	 Kaspar, T. C., C. D. Stanlcy, and H. M. Taylor. 1078. Soybean toot growth during 
the reproductive states of development. Agron. J. 70:1105-1107, 

19. 	 Klepper, B. and H. M. Taylor. 1979. Limitations to current models describing water 

uptake by plant root systems, p. 51-65. In The soil-root interface. Academic Press, 
Inc., London, England. 



177 Postponement of Water Stress 

20. 	 Klepper, Rt., H. M. Taylor, M. G. Huck, and E. L. Fiscus. 1973. Water relations and 
growth of cotton in drying soil. Agron. J.65:307-310. 

21. 	 Krame-, P. J.1969. Plant and soil water relationship' A modern s'nfthetis. McGraw-
Hill Book Co., New York, NY. 

22. 	 Mack, A. R., arid K. C. ivarson. 1972. Yield ol soybeans and oil quality in relation 
to soil temperature and moisture in a held envlronrment. Cal. J.Soil Sci. 52:225

235. 
23. 	 Maduakor, H. 0. 1978. The effect of mulch on the top and root growth of soy

beans. Ph.D. Dissertation, Iowa State Univ., Ames, IA. 
24. 	 Miller, D. E. 1973. Water retention and flow ir, layeied soilprofiles, ).107-117. In 

R. H. Bruce led.) Field soil water regime, Soil Sci. Soc. Am. Publ. 5. MtfisoOn, WI. 
25. 	 Mitchcl, R. L., an( W. J.Russell. 19-1. Root development and rooting patterns of 

soybean [Glycine max IL.) Me.r.1 rv,i!U;ifef unlr held conditions. Agron. J. 63: 
313-316. 

26. 	 Nielsen, K. F., rind E. C. liilhries. 1966. Effects of root tiniperature oilplant 
growth. Soils Fert. 29:1 7. 

27. 	 Pearson, II. W. 1974. Si(qnificanice of rooting pIttern to CrOp jiroiluctio arod some 
probl::ris of root research, 1).247-270 In E.W. Carson lid.) The lant root and i~s 

environriiet. Univ. of VA Press, Charlotteswlle VA. 
28. 	 Pesk, J. T., Nicholson, I'l. P., indI Spies, C. 1955. What ahut feitilizers in dry 

years? Iowa Farm Sci. 9(10):3-6. 

29. 	 Philip, J. H1. 1957. The physical piin:iiles iif soil water rrovilent lurin] the irriqa
tion cycle. 3rd Conr. Int.Comm. o) Irrig. ini Drain. Quest. 8 ).8 125 8.154. 

30. 	 Raper, C. D., anid S. A. tlarer. 1970. Rootinj svsteiT,e; of soylwxans, I. Differences 

in toot riorlihololy aion varieties. Aqron. J. 62:581-584. 
31. 	 Reicosky, I, C., R. ,J.Millir, lton, A. Kiite, ard 1).9. l'Itg's 1972. Patti rns of 

wafrr uptake and root (listrrirurion of oyhuciris (Glycitormrax) i f1,th tiresernce of 
water tabli. Agrori. . 64:292-?90. 

32. 	 Reicosky, !).C., arid J. T Ritchle. 1976. Relative imliortance: of soil resistance and 

part resistan:re io root water ahlrsortion. Soil Sci. So:. ArT,. J.40:233-297. 
S. H. McCalla. 

growth. In B. r. Shaw (ed.) Soil puhysical couiditions and plant growth. Aqlon. 

Monog. 11,1) 303480. 

33. 	 R'cha)r(Is,J., M. Haian, aril T . M. 1952. Soil tempetrature and plnt 

34. 	 Sivakurruar, M. V. K. 1977. Soil-flawiter relations, growth arid nutrient uptake 
patterris of field -fiown soybeanis iilrdr ioisturn strenss. PPh.D. Dissertation, Iowa 
State Univ., Anes, IA. 

35. 	 Sivakunrar, M. V. K., H. M. Taylor, and R. H. Shaw. 1977. Top and root relations 
of field-frown soybe!ans. Agron. .1.69:470473. 

3G. 	 So, H B. 1979. Water potential qradients of resistancets of a soil-root systerr meas
ured with the toot and] soil psy:hrometer, p. 99-113. In J. L. Harley arid R. S. 

Russell (eids.) The soil-root interfacr, Academic Press, Loodon, Fiqland. 
37. 	 Spoisser, R. G., W. D. Shirader, P. E. Robenberry, and E. L. Miller. 1973. Level tar 

races with stabilied hackslopes on loessial cropland inthe Missouri Valley: A cost
effectierness study. J.Soil and Water Conserv. 28:127-130. 

38. 	 Stanley, C. D. 1975. The relationship of evapotranspiration to open pan evapora
tion thioughout tilegrowth cycle of soybeans IGlycihe max (L.) Merr.1 M.S. 
Thesis, Iowa State Univ., Amen, IA. 

39. 	 Stanley, C. D. 1978. Soybeli top and root response to static and fluctuating water 
table situations. Ph.D. Dissertation, Iowa State Univ., Ames, IA. 



178 Postponement of Water Stress 

40. 	 Stewart, B. A., D. A. Woolhiser, W. H. Wischmeier, J. H. Caro. and M. H. Frero. 

1975. Control of water pollution from cropland. Vol. I. A manual for guideline de-

Rapt. ARS-H-5-1, Washington, DC.devlopment. Agr. Res. Ser. 

anid G. D. Booth. 1918. Taproot elongation rates of soy
41. 	 1Taylor, H. M., E. Burnett, 

beans. 	Z. Acker-und-Pflanzenbau 146:33-39. 

1975. Water uptake by cotton w,,t ystems: An ex
42. 	 Taylor, H. M., and B. Klepper. 

nodel. Soil Sci. 12C .u/-67.amination of assumptions in t. e single root 
1978. The role of rooting nmrantirristics in the

43. 	 Taylor, H. M., and B. Klepper. 

supply of water to plants. Adv. Agron. 30:99-128. Academic Press, Inc., Now York. 

van Bawl, C. H. M. 1972. Soil temperature and crop growth. In D. I. Hillel (ed.) 

Optimizing the soil physical onvironment toward greater crop yields. p. 23-33. 

Academic Press, Inc., New York. 

44. 

45. 	 Viets, F. G. 1962. Fa!rtilizers and tn,: efficient Use of water. Adv. Apton. 14:223

264. Academic Peu .s, Inc., New York. 

46. 	 Wadleign, C. H., W. A. Raimy, and D. M. Herschfield. 1966. The moisture problem. 

In W. H. Pierre et al. (ed) Plnt environnient and efficient water use. p. 1-19. Am. 

Soc. Agron., Madison, WI. 

and H. M. Taylor. 1978. Water uptake by soyabean roots as affected
47. 	 Wiilatf, S. T., 

by their depth an'd by soil water content. J. Agr. Sci. (Camb.) 90:205-213. 

How deep do they go?
48. 	 Winter, S. H., and J. W. Pendelton. 1968. Soybean roots: 

Soybean Digest 28(7)14. 

49. 	 Wright, M. J. 1976. Plant adaptation to mineral stress in problem soils. Spec. Pub., 

Cornell Univ. Agr. Exp. Sta., Ithaca, NY. 



ROLE OF (LASSICAL BREEDING PROCEDURE IN IMPROVEMENT OF 
SELF-POLLINATED CROPS 

V. A. Johnson and J. W. Schmidt 

Breeder. rely heavily on classical procedures for improvement of self
pollinating ,;ro. Classical breeding has numerous variations, all of which 
presumably are designed to improve the breeder's chances for success in iden
tifying productive agronomically acceptable phenotypes. The particular pro
cedure followed by the breeder usually is a compromise between what he 
perceives to be the most sound from a theoretical point of view and what he 
recognizes as practically feasible. The philosophy of the breeder, the crop 
species, breeding objectives and priorities, and economic constraints all are 
involved. 

The cooperative Nebraska.USDA program of hard winter wheat improve
ment will serve as an]example of the classical breeding approach to improve
ment of a self-pol!inated crop in which procedures that are significant de
partures Trom normal are F. acticed. We do not sugprst that the system we 
follow would be :he best for wheat improvement in all circumstances, nor 
do we suggest thit it could be applied with equal success to other self-polli
nated crops. We offer it as one approach for consideration and discussion. 

PROGRAM OBJECTIVES AND PRIORITIES 

The Nebraska-USDA wheat improvement program has three main ob
jectives: (a) Maximize grower return per unit of investment by developing 
varieties with improved yield potential and improved responsiveness to pro
duction inputs; (b) Stabilize production by reducing varietal vulnerability to 
diseases, insects, and environmental hazards; and (c) Provide to the processing 
industry wheat that possesses good milling and baking characteristics and 
improved nutritive value. 

179 
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The program aso encompasses relevant genetic and cytogenetic studies, 

production studies and breeding methodology studies. Breeding priorities are 

Ilrgely dictated by the problems of wheat production in Nebraska. The fol-

Iowing :ire emphasized inour program: 

(a). Winterhardiness ---The climate of Nebraska is continental. It is char

variable and frequently very low winter temperatures thatacterized by highl, 

may occur withCt snow cover and may be arco,,wpanied by severe soil mois

tuie stress. To be acceptable to producers, Nebraska wheat varieties must 

tolerate these conditions. 
(b)Stem rust resistance - Stum rust (Puccinia grmnihis tritici L.) occurs 

aminually in Nebraska. It has enormous destructive potential and can devas

tate wheat in the plains area Irom mid-Kansas northward into the prairie 

provinces of Canada. Stern rust-s0scel)tille varieties cannot he grown safely 

in Nebraska. 

(c) Yield and performatrcestability Identification of varietie that per

form well relative to other vrieties unrider the conditions of wheat production 

in Nebraska is a key component of the breeding effort. Spring and summer 

temperatures fluctuatc widely; precipitation is unpredictable and can range 

from less than 10 in. to more than 40 in. annually; heavy nitrogen fertiliza

tion of wheat usually is nlrec-rmOmlical and call )e counter-productive; low 

relative humidity may be accompanied by high-velocity winds in spring. 

Varieties able to toleate such conditions as well as respond to favorable 

conditions with high grain yields are sought. 

(d) Procesing and nutritional quality -- Milled flour from hard red 

winter wheat is utilized mainly for bread-making which in the U.S. is highly 

automated. Auto oation imposes relatively rigid and cormplex milling and 

baking requirements. Nutritional quality of wheat is influenced strongly by 

graiil protein content which is a heritable trait strongly ir!iuenced by pro

duction practices and soil fertility. 

(d) Locging resistance - Because of frequent high winds during grain 

development, useful resistance to lodging in hard winter wheat requires a high 

degree of straw resilienc, to avoid straw breakage. Shart plant height contrib

utes to lodging resistance but, of itself, does riot assure adequaae resistance. 

Numerous additional traits are monitored. Each contributes to the per

formance and acceptability of new varieties but has somewhat lower priority 

in the Nebraska program than the five traits already identified. Included in the 

latter group are maturity, plant height, leaf rust resistance, wheat streak and 

soil-borne mosaic resistance, tillering, seed size, test weight and spike size. 

BREEDING ASSUMPTIONS 

The foilowing assumptions provide the rationale for the Nebraska-USDA 

wheat improvement program and strongly influence the broedingi system that 
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is followed: (a) Useful genetic variability in common wheat (Triticum aesti
vum L.) has not been exhausted; (b) Genetic variance for yield in common 
wheat is mostly additive and can be fixed in true-breeding lines; (c) Signifi
cant increases in yield can result from the control or removal of such yield 
constraints as diseases arid insects; (d) Progeny yiel(d perfn~marce Cannot be 

predicted with any deg-ee of certainty from known attributes of the prarental 
varieties; (e) Experimental wheats that remain in the bree(ler's nr)sUly c(rn
trlbute liZtte to agriculture; (f) Perrmiance stahility is as important as hi:ih 
yield potential of varieties grown in the hard winte wheat reujon of the U.S.; 
(g) Varietal heterojtAneity carl serve as a hufer against variations ill troduc
tion environlrnt and can effectively contrihute to ierformance stability of 
wheat; (h) Gwietic vulnerability conlstitutes a cotinuing potential threat to 
pi oductiori it) tihe U.S. high plains whrelre wheat (lolirrates the crop acreage. 
Availability ann use by giroWers of many varieties, relativy rapid turnover 
of valieties, arid intra varietal letergeneity carn reduce g i-retic vulnerability; 
(i) New ilrpOVed v it!tiees shoull he pelrCelitived a transitory. They should 
be released with exlpectatiorn of early rellacer:lent with Iretter varieties; (I) 
Wide-scale regior-'al testirlI l)rrviihs in a few years rfliahle irfor nation on the 
area and breadth of adaptatiion and performaice stability of experimertal 
varieties that would rrtquire marny y(!ars if t10 ,'Va4atir1 w9re confined ') a 
single state; and (k) Nebraska wheat produ,:ri ar well-inrrfrned, innovative 
fari operators who ale capalle of In;, 'M) Sonlri jil(1riefltS a botJ sNle
tion of varieties and othr prodlucti ,')uts. lence, the hist(crical system 
of strong recr)lwmienration by the stali ,xperinet station of a few varie

ties is les: (esiahle thll tht availability orf sevra! well-(hescrired varieties 

from which the l4rofuCr Can (:lirrSrrs. 

BREEDING PROCEDURE 

Three to four hun(lke ciosses are Iad annually. Thc relatively large 
number reflects our belief that we cannot predict reliably the worth of 
progeny on the basis of known parental attributes. Experience has shown 
that as many as 400 hytrid prolpulations c-an :)e r'atrrl adequately with 
our available land, facilities, personnel, arid other re: .,,'rces. 

We identify two categories of crosses. F,): :ariety development we 

rely on crosses of adapted ly adapt(d ,.arental [rnes, whereas crosses of 
adapted by exotic lines are intended primarily for ,>velopment of germ

plasm. The likelihood of finding lines with variety potential in the laeter 
type of hybrid p)oprulatioris is extremely low. Thtr high :,v,-' of winterhardi
ness requ;red of Nebraska wi.rter wheat varieties is a major obstacle. Many 
genes condition winterhardiness. Most exotic wvieats are non-winterhardy O)y 
Nebraska standards and are poorly adapted to the Nebfaska production 
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environment. Odds for finding winterhardy adapted lines in populations in

volving the exotic wheats are poor. 

The Nebraska breding and selection procedure (;an be suinrarized as 

follows: (a) Make 300 to 400 crosses annually; (b) Grow F s irnthe field and 

rjr nenhouse; (c) Glow F-s a bjlk hybrids; evaluatfe for agronornic, disease 

and quality traits. No discard; (d) Grow F3s as hulk hybrids; continue agro

nornic, and disase evaluation. Head select aPl)proxirnately 50% of the popu',a. 

tions; 100 to 300 heads per l)ol)ulation; (e)F 4 -tread-row nursey comprised of 
rust reaction; advance without50. to 60-thousand erntriw,. Screen for ste:rn 

hais of ';te 
I)relininary olnervation plots; evaluate hor agronOrnic value, disease resistance 

arid quality. lelaire pproxinately 25',,; (q)F Duolicate plots at three 

Nelhraska ,ites; initial perforrnance twJuljtion; continue quality evaluation; 

() F 7 T'iflici:ed yie'd trial at five NAhraka t!,,t perlor 

reselectiorn best 5% on n rust resistance and plant type; (t)F5-

sites; continue 

rranrce ind quality evale ation; (i) FF" Four rep'ication yield trials at five 

Nebraka test siles; r:ontinue perlormar'A. ind quality evaluation; (j)F9 --

Continue station ;)erforrrai e trials; iiitiat,: on-farm twets, re(qional evalua

tion and sed incre t'ie; and (k) F-I1Continue stale amnd r#eqJional testing; 

founuationr ,eed irei;Iease; lari scale rnillierul arid hakireq evaluation; narme and 

release to certified pr oducrs. 
Note! that hybrid populatior, are manaled as bulks through the F3 

gerieralion. The! hulk hybrids are se(ded at the normal rate to allow their 

evaluation kilr condnlitions that ;leproxirniat" crnrnercial production. 

Seed from tIre F 2 bulks isaevaluated for quality by rreans of rnilling evalua 

tion, nixing ":uirves, aid roteini dete:rrnination. No dic(;ard of populations 

is practiced inthe F2 !leneiation to allow a second year of evaluation before 

the dleciiion to sel0ct or dicard i.-, made. Based uporn 2 yr of visual field 

evaluation and F 2 quality test!,, we make head selection inthe F3 from the 

best bulk populatiorns, usuially about half of the total number (jrown. Ina 

limiterl nurnber of cos',es in which we have special interest, we have initi

atnl head selection' as early as the F2' In other crosses of less interest, selec

tion has he;rn delayed until the F4 'Hrowever, F2 and F4 selection is not as 

cerrrror inour systern as F3 selection. 

Head selection is essentially randorr, althougih, as thie situation may 

petmit, attention is paid to such attributs as marurity, height, disease re

action and plan t type. Our use of head selection instc;id of plant nclection 

is in part dictated by facilities and financial resources. Planet selir,.Ation would 

require space planting of populations with attendant requirement for more 

land, special seeding equipment, problehrns of weed con.rol and stand loss 

due to winter killin(. Plant selection, bt.cause it requires heavy use of hand 

labor compare] with h,;ad selection, is substantially more expensive than 

head selection. 
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The relatively small number of heads selected per population (100 to 

300) is, in part, cormrensated by the selection of a larqe number of popula

tions. Head row, usually iurribr 50 - to 60-thousarnd, although in soine years 

as rnany as 100 thoi-anid h:v. been gjrown, The large number exceeds our 

capability to e"valuate ad equately. tlea(J-rows, are subjected to artifically 

crreated ot!en ru t elidernic,. Sirice reel;ctiori isnot practiced, herad-rows 

that exhibit reasorale uniformiity for maturity, plant hreighlt, plant type, 

and disease rar;t ion are sought. 
Line, r.imairi in observation plot, for only I yr in which theJir apparent 

agIroriornic vaiJi; and disease r;sistance are further asswesed, Approximately 

25% of linres advarncedr to diiplicaterl plot, at thre.e testthe are Nebraska 
,ites from which initial pf:rformarfc: detJeirrniriatiori are iriarle. The number 

of test sites, iir(;ied to 5 arid the riijrifbfe of re:plications, to 3 and 4,re
spectively , if] F: wilil jeneritir r'.. Ff:rto of lines adthe 7 Fp 20% thfe are 
v;ric(d ir each of these grlerations., St;jtioi tesirig iiorrally i.corntinued 
into the F1[ 0 (jeir.ration arld oif f;rrur tt ;re ir tirterl i l te F ' 

Re,jioral e;vili;atiori for at rortlrri plair, sitesaitli;liiess test 

rriay bhe- irtitiat,:d ; , earl thf ,r 1?i iri;j','.y I Ir .Lii e"also will be en tered 

;pecia;l nJi trial",. , i tI be(,t records are'e -ho,,',: lh: -tate. perfnrrri;iri;e 
rioririate-d for i o: or reg-jiorisl nurev;jlla;alof in both of two pferformarice 

serie, ~a.h involvirig 20 To 0 t,,t sit, in the hard re!d winter wheat region. 
Seed icltfreas., arid langjre-scale ;,nl !akiiIrig valuation occurmillirir iusally 
sirrul aner.,i',ly with reglioral testiri1J. 

RESULTS AND DISCUSSION 

Twenty irnproved ,,rieties of hard red winter whieat developed in the 
cooperative rN(ebra,ska J';L)A progwrai have. be.en realeased for commercial 
production sir,'e 1963 (able 1). Ten of the varieties were vselected in the 

F., three in the F- arid foiur inrthe F4 gerieratiori. Thre.,varieties (Scout 66, 
.)r.outlardr, aid C(ritrlrk /81) are: resele;tiorr, from Scout andJ Cerdurk. Two 
varietie:, wre relea'ed in foretinrri e r;ririie arid one in anothi.r state. 

Developrririt tlirrile for the 'iaretie', mrjrle from 10 to 16 yr. This is 

lorijer th;r rnorrmal dveloprrenrt for wheat arid other sprinqtirnie spring 

so,r -rriall R,:so, re-uirerer inter wheat for vernalijrairi,.. of the 

laiori, two per yjrerato.ri' f . onra limited scale.e:r a'e non sii, 'ept 

Use of greenhouses iiriiqj the: winter doe, riot acrhelerate the adlvance- of 

rilenil;ratirl;two lej:rl1:r;jtirrf canb grown. We attach rio particularunless carl 
'ijrfi.arce to '.OrrOiehat ',low tirme for d.vloprierit of 10 or mrrore yr for 

witr:r whe:at corripare:d with as ittl: ;j6 ot 7 yr for the spring-sown small 

jrair.Orir. a reedirirj projrar) i is established, the armourt of nrew material 

or "treari at tirri: ;arrie re-ieloprrenit tirriea gpiler i the whefther is10 or 

6 /r. 

http:yjrerato.ri
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Table 1. 	 Commercially-growo hard winter wheat "arieties from the cooperative 

Nehrasku-USDA brooding program, 1963-1978. 

Year of Development 

Name Generation of Selection HIolease Time (YO) 

From Early Gimr-,tee 5"eIh;c;tion 

Gaime F3 1963 16 
Scout F3. 1963 14 

Lancer F:j 1963 14 
Guid,; 1967 10F2 
Traer F3 1967 10 
Treilpler F: 3 1967 10 
Ceriturk F4 1971 12 
Swertirnel F3 1973 11 
t-to u;et;a F 3 1973 11 
HiPlainr F3 1973 11 
[uckskin F3 1973 11 
Larecota F2 1975 10 
Aflate, F4 1976 14 
BeJriiutt 1:2 1978 10 

B y Re -su/?. Celet/ 

Scout 66 	 85 1e;eIads fronm ,;(;out 1967 
Secouila rJ 	 Sirnill hed fromrre!, i tjt 1970 

Centurk 78 	 5ehetds frorn, Crntrlk. 1978 

lv~hassWr I-AvWIherv/ 

HOI;I (I url'e!y) 	 -3 1970 
10Ie.nJ;a (l rf !;o. Afucti I 4 1971 --

Capetem (Now Mexlco) 	 14 1978 --
I) 

Prorjei! . ,iii 	 imrpwoviriqJ tOw yifuIri ( I Neljrarka whitat !,irce 1920 is shown 

in Fiijir 1. Three pfriod, cant '.u ide+ntifiedr in h.rrm, of th varieties grown. 

For Ow-: first 20 yr (1921 to 1940) Turkruy whe:" and Nbraka 60 (a selec

tion from Turk!,') domirat'dih:crciA!i!. [) uririq Ihe rie×xt 25 yr (1941 to 

1965) two 	 improved !,lectliorv fromrr Turkey (Chieyure and rN~rerd) and 

Pawrie! produced an average yielhl ricre;J,, of 7.6 bi/acr,. Since 1965, 
' ire frorri otr proJrarrvariitie, ieIeclede:erly re:retloie haive cornprised most 

of the! t'Jifrai,kd ;jcreafjf:. [Duririij th ! 1erlio(,, tI,( ,?ate avrae yield was 

34.2 hu/dcre' a 13 lJ irie:re;}j1e ovbrr th:. prImviowJ, period or ar inrreav., of 

60'Y. ies, Iatti:r ero) (if varie.tie!,, with ex(;,ptiori of Warrior, po-ev, effec

tive fie:ld rw.istariic, to 51iri ri' W ,t,:Ii,:ve:tial the!-, denoitrali., yield 

adevaricl,", lerd AtrorJ ,tipport to he v.Iidity of (cr hreed.rrJi aziirnptions that 

them, j u',i,:ful fierie:ti varhwiiility for yield irn whe.at which carn he- fixed in true

brePe(irij linee!', arn that 'ieJId care he ieicrea;ed siqnificarrtly by rmenoval of 

profdfir;tiorn corist rairMl. 
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Jarr Ior 'Scout 
Ca . Stout fi,, 
Law er ,-t' iurk 

lieu red 

lwnI , R 2. 2 ba 

-.. ,., I.:r 

-,,,5e-,I ,, 

I I I -rI I 

Figure 1. Trend in Nebraska winter wheat yields. 1921 to 1978. 

New irmproved varieties frorri our program have been widel. accepted by 
producers throughout th( hard winter wheat region of the U.S. As shown in 

Table 2, seven early gerir.eration Nebraska varieties and seler ions from them 
have constituted nrarly onr fourth of the total U.S ,-he ,cacreage for the 
last dfecade. Within 6 yr of it', release, Scout had I o,,,u the most extensively 

grown single wheat varin ty in the country, occupying an estimated 14.2% of 
the: U.S. whe:at ar:rraf: in 1969. Although the heaviest concentration of 
Scout production has beri i Ne hras-',a, Kansas, and] Colorado, there also has 
beni sigrtifican t production of Scout in New Mexico, Texas, Oklahoma, 
South Dakota, and Wyorrin. Because of the superior performance and 
stability of Centurk in reqional perforrnarc: trials, seven other states joined 
11hrraska and th USDA in the rele-ise of Cernturk in 1971. By 1974, its use 
had (grown to an restirnatfnd 3.1 rriilliori acres. 

TlIin rrnjronitl perforrnanfc of Scout ard Cnnrturk in relation to the mt.an 

pe.rforrrance. of .xperinrtal varieties inthe Southern Regional Performance 
u-srry (SRPFJ) is plotted inFigure 2 (2). Experimental varieties since 1963 

togrth, Ir have shown a continuinrg sigrificant increase inproductivity over 
the 'Kharkof' check variety. Since 1974, their yield superiority over Kharkof 
ranged from 30 to rnorf-rthan 40%. During the 5 yr that Scout was tested in 
the SRPN it was the rno productive variety in each of the years. Centurk 
was the most productive in 4 out of 7 yr of testing. Our assumption that 
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Table 2. Acceptance by U.S. wheat producers 
varieties and selections from them. 

Generation 
Variety of Selection 

Warrior F 5 

Scout F 3 

Larcer F 3 

G,; je F 3 

Scout 66 Sel. 

Eaglea Sel. 
Centurk F4 

Total 

aSelected in 	Kansas. 

Year of 

Reliase 


1960 

1963 

1963 

1963 

196/ 

1970 

1971 

00 

0 

0 

0 

1964 


Est. % U.S. 

Acres 

Ini/ions 

1.5 

.... 

1.5 

rTV
 

oT 

A' , IPAIf H'ill 

Total 

2,7 

. 

2.7 

()I KI'ARY(l 
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of some early-generation Nebraska 

1969 1974 

Est. % U.S. Est. % U.S.
 
Acres Total Acres Total
 

millions millions 

1.5 2.8 0.7 1.0 

7.1 14.2 7.1 9.9 
2.0 3.7 0.9 1.2 

1.3 2.5 0.7 1.0 

01 0.2 1.9 2.7 

2.3 3.2 
.. .. 3.1 4.4 

12.0 23.4 16.7 23.4 

0 

0 
0 

V 
0 

(HIT A) 

Figure 2. 	 Hard red winter wheat breeding progress as measured by nursery mean 

yields and yields of the most productive varieties in the Southern Regional 
Performance Nursery, 1963 to 1976 (SUT - Scout, CKT - Centurk). 
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regional testing can reliably predict productivity and performance stability of 

new varieties Is supported by these data and the acceptance of Scout and 

Centurk by producers in several states. 
Varieties selected in an early generation are likely to possess a substan

tial amount Of ieterotiencity--I)articularly for complex traits. Simply in

herited observable or measurable qualitative traits can be readily mon'in red in 

the selections [o assure reasonable uniformity aid non segregation. This is 

h;aricuiarly so in crusse:, o adapted x adap)Led pai eitS thi: are similar in 

type, plant height, matulity and other readily observed t,-aits. In such hybrid 

combination3 the identification of early generation lines that appear to be 

uniform is not dificult. 

Scout, selected in the F3 generation, and Centurk, an F4 selection, are 

examples of varieties that look uniform but uLndLouhtedly possess substantial 

heterogeneity, Five varieties were elected from Scout and two from Centurk 

(Table 3). All the selections trom Scout art similar in appearance to Scout 

hut each has been denUrIstrtatl to be measurably different from Scout in 

at least on attribute. Scoutland ind Eagle aretdistinctly superior to Scout in 

;roCesSi1 u somewhat more productiveoality; Scout 66, Baca, and Eagle are 
ilhon Scout in their particular ireas Gf primary adaptation; and Rail exhibits 

greater toleiairice to the wheat streak mosaic virus than Scout. None of the 

selections, however, is known to he as widely adapted as Scout and none has 

achieved a production acreage as large as that achieved by Scout. To date, 

two varieties have been selected from Centurk. As with Scout, each is simi

lar in appearance to Certurk but differs in at least one trait from Centurl. 

Neither is expected to achieve the widespread popularity of Centurk among 

producers. 

Table 3. 	 Commercially-grown hard winter wheat varieties selected from 'Scout' and 
'Centurk'. 

Name Year of Helease Selected By 

From Scout 

Scout 66 1967 Nebraska 
Scoutland 1970 Nebraska 
Eagle 1970 Kansas 
Baca 1972 Colorado 
1311 1977 Oklahoma 

From Conturk 

Centurk 78 1978 Nebraska 
Rocky 1978 No. Am. Plant Breeders 
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Why the'wide acceptance and popularity of the Nebraska varieties among 
Swheat producers in the hard winter wheat region of 'ne U.S.? To what extent 

are early selection and associated heterogeneity involved? We believe that 
they aiire a group, the varieties from Nebraska selected in the IF F or 

F generatins exhibif broid adaptation to the environmentS f the hard
4 

of perforane.. We postulate that their heterogeneity does buffer them 
against changes inproduction environment assuggested by Allard and Brad

shaw (1). 
The productiveness and performance stability of Scout and Gage are shown 

graphically in Figure 3. Their performance in relation to that of Triumph and 
Kharkof, which is predcite from the linear regressions of individua' variety 
yields )n nursery mean yields in the SRPN, is plotted (3). Based on 3 yr of 
data, the predic-.ed perforrrance of Scout is much superior to tha't of Kharkof 
and Triumph in low-yielding to very high-yielding environments. Gage, on 
the other hand, while niot so productive as Scout in any environmen, io 
clearly more productive than Kharkof in all environments. Triumph, an old 
early-maturing variety particularly adapted to southern Kanases, Oklahoma, 
ao'd norh-centiral Texas, is much superior in 'predicted, performance to 
Kharkof in the low-yielding environments but rapidly loses itsyie;1 advan
taga over Kharkot in the better production eniron ents. The past 
popularity of Triumph amcng southern plains producers may be attributable 
to its good relative parformance during e period in which yields seldom ex
ceeded 30 bu/acre. The rapid commercial acceptance of Scout siuggests that 
its performance in the hands of growers was similar to that in Nebraska and 

Shebeski and Evans postulate many yield genes in wheat-perhaps hun
dreds (4). Suc a large number of genes imposes severe limitations on selec
tion for yield, particularly if selection is delayed until an advanced genera
tion; According to Shebeski and Evans, if parents differ by 25 genes for 

Syield, only one plant in 1330 F2 plants will carry all the favorable genes ;Z1 

tie homozygous or heterozygous condition. If selection is delayed untirnthen 
F4 _generation, only one plant in 1,8 r,illio can be expected to carry a( the 
favorable alleles, Thuo the frequency of superior genotype, in apopulatioio 
decreases ,apidly and predictably wi,h the advance of generations. Likewl;e, 
the odds for recovering superior genotypes decrease rapidly in a pedigree 
system in which a r'alatively srall number of reseloctions is made within linis 
in each succeeding generation. 

',The Nebraska-USDA procedure of selecting in the F2 , F3, and F4 gener
ations with no res lection may provide the best odds for maximizihg and 
maintaining the frequenuy of yield genes in each population (F, ' F-, or F,. 
derived line). This would not be so on an individual plant basis but only in 

http:predic-.ed
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INs
 

Figure 3. Yield relationships of thvee winter iyheat varieties to 'Kharkof' predicitrd 
from the linear regressions of the varinty yields on nursery mean yields n 

the Southern Regional Perforrnati:e Nursery, 1361 to 1963. 

the population. If heterogeneitv I.,uffers against envtroriment-l change an I 

contriL)UteS to performance a, we ll as to stability of peiformince, it rna 

then provide a key to tne wide, accoptz.nce and popularity of Nebraska
developed varicties like S-out and Cinxrk. Further, if our assumption that 
nevv wii ter wheat varieti( s should icu 1),rceivea - transitor,', is , v-l id one, 
ther the segregation and predictable emergence of non-productive individual 

plants within the varietal population is less significant than would be the case 
if tfe varieties were perceived as permanent. 

Early generation select~on, as practiced in the Nebraska system, has been 

most sUccessful in crosses of prodictive adapted x adapted parents. In such 

hybrid combinations the number of yield genes by which the parents differ 

could be expected to be substantially smaller on the aserage than in crosses 

of widely different adapted x exolic parents. It so, the frequency of plants 
carrying all of the tavorable alleles would be higher in each generation. 

The Nebraska selection procedure has been challengad by some breeders 
and seed certification officials on the basis that varietal identity cannot be 
maintained. They suggest that natural selection is likely to occur each year to 

shift the population siqnifican dy from what it was at the tim2 of release ot 
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the 	variety. We have not cisclaimed this possibility, but we agree with Allard 
that, should such a shift occur, it would likely improve the population rather 
than make it poorer. If natural selection iressure is different in differ(:nt pro
duction areas, it couId he detr:.rc'ctal to nirove seed wheat long distances. 
However. roost seed wheat rumains it,the locality in w IchnIt i5 ;)roduced. 

We 	 have no eviuence that Scoot has cranged lledStlldhy" (11in10 the 15 yr 
since its rle,ase. 

Consistlent with tlh,:helnnf thr ' geC'netic vLolnenhility illhar(I winter 
wheat can he redoce hy gro've Llst;(ifnainy varieties arll relatively rapid 
turnover of varieties, the Nehrs',a Ar icUlltLral Exptu, ient Station f)llows a 
liberal wheat release pAcy. Sinlce 1963, ani aiveiag of o(e rew variety per 
year from our program has een radie avla e to N-hirasla certified pro
ducers. The new varieties are IULeasPd \vitilOLit strogI( Station recomnfln(fa
tions for their rise over aleady availahl varieties inN hraska. They are de
scrihed thoroughly to p[ Mit grtowe rs to make sound fLrdernerits regardfing 
their ust. The State Expnriment Statioon prlrlislhes nImnall ' a listing of av;il
able ccrtifiefd vaitties as well us the res,.ults of stitcwit: on-farnn piforniance 

traiis to gurdt, gowers il making ,vise chocus. Fifteen winter wheat varieties 
appear on list 197P. As as are forthe for rneoy I0 varietles listte( individual 
cropping districts. 

NOTES 
V. A. Johnson, Wheat Rer;earch, U.S. Der artmen of AI1LrnurtlnL, SEA/AR, and 

J. W. Schmidt, Department of Agronomy, Univuesity of Nrenrasra, Lincoln, Nebraska 
68583. 
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POPULATION IMPROVEMENT IN SELF-POLLINATED CROPS 

D. F. Matzinger and E. A. Wernsman 

liaditional pla it breeding piograms in the naturally seif-fertilizing 

species differ considerably fium those utilized with the naturally cross
fertilizimn species. In b)oth cases, necessary crosses are made by bringing 
together parents which diveige in gene content for desirable traits. A common 

pi ocedure with the cross-pollinated species has been to initiate recurrent 

Selection to LIev('lop irnpruvel populations. Usually one or more generations 
of randoni ma tin of selected geiotypes is in acticed between cycles. In con
tiast, wit.h the self-feitilizing species, reedi. g methods are usually directed 

toward sclf in,j oi ackcrossit'q a series of lii es to homozygosity with little, 

if any, intercrossing beyondl the initial source hybrid or population. 
Recurrent ;election prti-rran,s are designed to improve the average per

formance of the population for ,elected traits by increasing the gene fre

qluency of the desired alieles in the population. Most recurrent selection 
procedures utilize the additive genetic variance in the source population. It 
is not the purpose of this chapter to review estimates of genotypic variances 

in all species. However, in sturlies where genotypic variances have been esti
mated in naturally self-fertilizin species, a major proportion of the variance 
has been additive genetic vaiiance. 

The purpose of this presentation is to review some recurrent selection 
studies that we have conducted in the naturally self-fertilizing species, Nico

tiana ta.qocum L. Because of ;ts flower structure and riproductive capacity, 

this species allows flexibility in mating design and population development 

not possible with many autogamous species. The results should have applica

tion to other naturally self-feitilizing species. 

191 
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Population improvemert studies usually are designed to combine the 
estimation of genotypic and environmental variances and covariarces with 
selection applied in successive cycles. Estimates of vu laIces and covaialices 
in the base population allow orre to iredict exlsectud espunses from selectionl 
procedures. Long-term selection stu(lies allow tests of the ade(ILacY of the 
genetic iiodcl as well as pt)vide impiruvedl genetic matei tat for mitiatir g 

vat iutal duvei,)im ent. 

When planning seletion studies one lust Chrru:,e a I)IOCeIHr which is 
comtratilfle with matirl lhrit,.tlo-, o.f the oligaiism arId om' which allows 
comparisons of seleetiol pl rcedlres of interest. Once the scheme has heen 
chosen, the procedmlr, re: (Al forim, desired familes nfecessary iinmating 

desigii chosen; (11) ealtate p )fery III yield test; (c) estiirate gerretic anid 

envil oinitntall va (I) Iredict f'I' althi native selection )ioceiuies;Iarces, 0dn 

(e) choose sele'ction pr re(r, s toIhe verified exliiimentallY, (f) idenItify 

Solle rioI familiesIt to ie se':lctfd; I(f) e)I o1w thesef anlilIes from erriant seetd; 
(Il) irte r'ross selectl furnliihs at r1arrfrlli,. ti)forr I ratidigl desigrr ill this 

selected Iropulatior (J) evaliate piotenry ill viel test; and (k) coiraie ole 
served with iredlicti gair. This cornpletes one cycle of selection. The pro 
cedUre may be Ir:l)0ate(I through ad(litiorral cycles to deterine( eVe[tLiaI 

selection limits or unrtil the polrilation has achl'vedl tre lperformance desired. 

RECURRENT FAMILY SELECTION 

Expe iinittal sturdis vrr estalrlished in the initial rhrases of our tohacco 
program to allow joirtly the estinrat orr of geenotypic aind environriental 
variances arsd the corimict of recurtent selection. Since toacco is a naturally 
self-fertilizog species, riial interest was devotedl to (valuatinq the magnitude 
of additive x adlditioe eiistatic variarmce (o 2 AA) IS well as additive glenetic 

(o' A I anr dominarce (2 l var irlceS. 
The mating design ircorporated simultaneous selfing anl paftlal dialIel 

test crossing (6). Beginning with the generation of a cross hetweer r, oF2 

pure line cu ltivaIs, eight F2 plants were assigned at random to aimating set; 
four were designated as male parerits arnd four as female parents. The 16 pos
sible crosses were prodLiced to form 16 full-sih families and the eight parent 
plants were also self-pollinated to produce eight self families. Additional sam
ples of eight F2 plants were mated by this design to provide 13 sets for field 
evaluation. Each set was maintained separately in the field and evaluated in 

two replications at a single location. /. o included in each set were check plots 
of the two initial cultivas and the F1 hybrid. Joint analyses of self families, 
full-sib famiiies, and the covariance between the self progeny and the half-sib 
progeny of each parent provided estimates of a,2A' G2D ' and o2AA (6). 

Superior parent plants were identified from joint information on their 

self and half sib progenies by utilizing an index procedure 12). Family and 
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check plot data) %v'it,incorpor ated in the index to allow identification of
 
SLoerioI IMH-lltt:, dilOSS tit! iritil( i!Xl)i'l i1pO t.
 

From in litnf/ l dilti-i0 the 104 F2 pliults, 15 spe ri(pr t leots were idens

tified foriti lducilitil i1,xt cvcl .Tht si'lt f;,rniis of thirsc s{lectd parents
 
Wole li{triJl) Iifom lii l lt ititttliS ,ll' 10 mt1terliSSili. A arti6l diallel d:siqri
 
w as t i illirIt'fci iS1;ilhi is It 14 lints oi 'tch frnrily Ilsl in pol inations,
 

ll' 	 ,tld oirri:It, 11151d riMr-SevenSas Olfolt IHtlt' ", i '0t lihllh Th; eo(Ual 

sentation ,f ad.- cl / h d c ItSk'!s flatenaP f titiy cl;:,i:, 1 l:o ttIrI for l[l
 
{:Olltlhottioll . A illqh, !I'il (if t,,'i:h llw{s' CIO s t'llVi'I Jim lltllh
of 	 il';l 

conlslttlt rlq ttyw 'll lllliott! Silf iinr j-iil ii diallhl it!;plil for till! next 

Cycle ol c i 

T hi,tilt(pll lt l it' jr iii l,,'. }I ll i i I ;c l i oftl' or IIt 'lrll t t:1 II
 

11 oJi'.iof1, fto ,"t.{chl i tIlil l wtilloyti 'tt' Ilir:hso 0lt5i ' o iii illt lll ' )iS 

kI'l)11 fro m ill- opl 
 l I 1, 11 V lIh h}( l o '1 u id{ , t p I)It111 0:Ir l " ,t Ll t 	 '* lS(H lc:{}n 

ank4{. forl \'.hwh:[ pto{ p ;Iy ""- l~tl olh ' ' ' llIJ] oh~t~lwrw 

A n of "t ct, lit 's , t l.,itl {ii' t I and;c lll tllii, l !itdS el}tfd 

Estiriati Of it' , ' po11tp 'lIdtlMlt till,, [c l i i [hf Cross 
bi,-u m , 0'} I"m f[hi ht ''4 T )3Ttlw qteii{ticit, () 1,': il, Hl~ 	 111i Col-,.,.I . 

O ilrelt i,llS '., l 'i tt ; .l lk. ,ids 505, nd hlt'Jf llh ., t i l itll I yi,i th
 
1),iS('! }q u J , ,.,: 0.33. '111"lJids -' ,}! WIIi ll'; C;onstitu{nts
T -{ Icc{{:i m 

Tble 1-. w 1 leltf re uent fair mliectijn fo h iotfvii ) itoack odshis
 
Si ilaliti to l mlt iItwot ifll ll lt{ lt St'h'ctirerl pleticdd for
dgcts 

( ill{:~ ho l'1 A!l-0,,hil d i(:tt,l 
' 

in i t wt t > Pit. ifid{(){ ft-<,!,,i{-;ioonst ; fo r alk~a-

Lr' t ,t1,,! t pliedCiw od
Ioids onld~ ,jiol1t m~+;'l~l I].rh,, ctimllT vo't in/crea.se 

iTota alkaoidfit0.l46 f,"l , f ' jo 0.41)( Li60.4l4i5., the of
'.fHi 4P 0 .l1j I ll t > ot i Ill ! wV (iqhtcJ{J mid1{t,;i;},. .'rl' Iw to ti q1i Self 


halffsih ftil il!{!! ,..,
it hlttillh 	,tedm~ th,' tv,'olpile lltill cultivats for 

cyc o\.: f<rmilies weretOt~ilalkijfl i,}!%o.':,d '.s {f s~l, tion, C 2, m os.t 

1 p 

244, Thet '{ ie) urst yiield 10.93 lnt waZs only 

uqlld to}or 	Nil DL ill '111-'!oI& I , tl hf hi h{ttllI i'lltll cultiwir, D ixiti Brighlt 

ohls(,ivf,(f l d l Im ill of (1/L." 

Sliehtly i ctcss t'!}ik{lit dt'clt -f.1 ... of 8.57 1 .'93t. 

Estiedation of i i id A 01 tto cCsigniffis innetfC lerel 
p)opl ahtions this df-lim tha i A i ,ilol for swith iodic ht)!ed it ,vv iflcafit m 

Table 1. 	 Two cycles of recurrent family selection for increasM total alk aloids in 

Dixie B.'ight 244 x Coker 139. 

c
2 "C 0o
Trait Predicted Observed 

Total alkaloids, %0.466 0.445"* 

Yield, g/plant - 8.57 10.93"* 

*Observed change from CO to C2 significant at 0.01 level. 

http:in/crea.se
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characters evaluated, whereas only an occasional estimate of (2D or (12 

were neg ligi ible compared to o2 . since (2AA 
was significant and they 

.1 AAA predominated 	 in all poprulations, the seleclion method was changed to fill -sih 

family selection. This placed less emphasis on genotyluic variance estimation 
but reduced the timet to complete a selection cycle from three to two genera 
tions. F ullslib fduil';s wer: evluated, sel:cted families grown from remnant 
seeds and jnteimrmite( iir a piartiali diallel to evaluate in the next cycle. Follow
lilt fur uididliolt y.la ol s:ior in the Dixi, Bright 244 x Coker 139 

populatio1), te t C6,,ouilitiuii Cuhdwas comlpared with the two origjinal 
cultivars Of the polWlatiuh (Table 2). The alkaloid level in C6 was 41% above 
the high parent. Th! f'xlwcted correlateyd decrease in yield reduced toC6 


sligIhtly afovi the lo,,i yiwldinq parental cultivar.
 

RECURRENT MASS ,S;FLECTION 

The ptrelonrinan-, of 2A, low gjenotypic x envilonmental interaction, 
and high heritaihilitie:s prompteir intiest in recurrent mass selection. To in
itiate the stirs, eiglht cultIvars wei chosen from different breeding pro
graMns and crossed irto an - lie hybrid. This hybrid was random mated and 
designatod 	 Black Shank Synthetic. Legg et al. (5) estimated variances in 
Black Shank Synthetic aiO (;om pared expectedl selection response for re 
current ni/ass seeclion with a riur]rher of recurrent family selection proce
dures. Mass selectinn gav? the least expected [,ogress per cycle; however, 
the family 	 e.,lection methods each rtu ired two or three generations to corn

plete a cycle. If plInts ti) lo selected for crossing in mass selection could be 
identified prior to polliration, Acycle could be completed each generation. 
Arr additional benefit coo .l he obtained flor intermating only selected 

plaits since the expected prt)ress would le 

k(o2A 
0 

in which k is the selection differential in sthndard units, o2A is the additive 
genetic variance in the base population, in( up is the phenotypic standard 

Table 2. 	 Six cycles of recurrent family selection for increased tutal alkaloids in 
D;; ie Bright 244 x Coker 139. 

Entry 	 Alkaloids Yield 

- %-	 - g/plant --
Dixie Bright 244 2.65 165.6 
Coker 139 2.31 212.1 
C6 3.75 174.6 
LSD .01 	 0.56 4.7 
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deviation of individual plants. This expected progress is twice that obtained 
when selection is only on female parents in mass selection, a common pro
cedure in corn studies (3). 

Legg et al. (5) predicted agai!WlAr yield of 3,75% from one cycle of re
current mass selection of both male and female parents assuming a 10% selec
tion intensity. Selection for increased yield would be expected to decrease 
the total alkaloids in the population, reflecting the estimated genetic corre-

Results from four cycles of recurrent mass selection for increased yield in 
Black Shank Synthetic were presented by Matzinger and Wernsman (6). Individ
ual fresh wts of leaves were obtained from 1000 plants in each cycle. The 
three highest yielding plants in each row of 28 plants were selected for the next 
cycle, providing a theoretical selection differential (k) of 1.64. Random crosses 
were made among pairs of selected plants on flowers which developed late in 
the season on leaf axil suckers. Following four cycles of selection, each popu
lation was regrown from remnant seeds and intermated to prepare equal age 
seeds for all cycles in evaluating selection responses. The material was evalu
ated at three locations in experiments consisting of 10 replications. 

The average response for yield and total alkaloids is presented in Table 3. 
There was a linear increase in yield of 4.29%/cycle, slightly in excess of the 
predicted value. The observed decrease in total alkaloids of 2.74% was in 
close agreement with the prediction. Since the selection response was linear, 
there was no evidence that there had been a significant reduction in genetic 
variance following selection. 

Additional cycles of selection have been conducted, but all cycles have 
not been evaluated together in a common experiment since the fourth cycle 
was completed. A single comparison of the initial population and C10 is 
shown in Table 4. A continued increase in yield has been obtained through 
10 cycles of selection. The average response per cycle of 4.23% is very similar 
to the average of 4.29% after four cycles. This continued yield increase sug
gests that after a selection response of 42% through 10 cycles of selection, 
there is still no evidence of the exhaustion of genetic variance. It appears that 

Table 3. 	 Predicted and observed responses per cycle following 4 cycles of recurrent 
mass selection for increased yield in Black Shank Synthetic. 

%Response 
Trait Predicted Observed 

Yield 3.52 429* 
Total alkaloids -2.76 -2.74* 

,* Linear regression significant at 0.05 and 0.01 levels, respectively. 
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Table 4. 	 Response to 10 cycles of recurrent mass selection for increased yield in 
Black Shdnk Synthetic. 

Trait C O C 1 0  %/Cycle 

°Yield, g/plant 159 4 226.9 4.23
 
Total alkaloids, 3.80 1.79* 5.29
 

-Significant 	 chanyu frum CO 'i 001 levl. 

the correlated decrease in total alkaloids has accelerated between cycles 4 
and 10. 

RECURRENT INDEX SELECTION 

The ability to achitve a selection respnro f, for both primary and cor
related char tattes in waifoi i ly (ood aflr(2ifi nt with lredictions in our 
tobacco [i.'phra'ir Sllr . !h t ji c hariw for i:stiiiiatiri(J ( [p)uiaitiq)p piaran
eters ai' sufficiirit t(" ,nabl, evalhj till of mo!i' cornIthx selection procedures. 
In all of ,r tolni l' siillll u ii ,"tiijt, of genetic correlations 
exist aili)ii ': mitfwto be t i Si(1h cor0rlatrii s arf! particilarly trou
hlesom e I iI I1 '0 gin ifi,,:ft if 1he sioti if the (;orr Iltifj, is opposite 
to th' ',i-Alll r j oilhl. V, h ov -x rt'nl( th: r,cmrent slfttiji stu ies to 
selecti i -. '. ln,: H) jte t IiniiIale to lrak antagonistic gcnetic 

cnl rilaItion l 
A ni1wili'I 	 of hit: c i:ifiri';ltia tioti If:lie fhor 0.5 to 0.7. Primary 

int.rest 1 itH :vali. ,t 1(ifi :iithu s of sehIetioii III op)positicni to corelations of 
this IrPJ1 I I I, I I i I RlB Ilack Shalk Synthetic roIJulation the genetic corre
lation, bet,., '' it hi ndJ Inrbei of I.ejves was 0.67. Three separate re-
CWrreit rn,-, ,ih( ti .i ',nijranis were initated for (a) shorter p: -,t,,(h) in
cleasel no r l of 'I-il (c) an index to combine more leaves on shorter 
plants /I As',.'i roit of ,-cnonoic wts was acconipliFried by equating a 11 
of the iiir d.,, , ;.udlt fIt to a P1 of the mea,r increase in number of 
leaves. The pa ition s ' of each experiment wa, 400 plants, ananged in 
20 rows of 20 p .tnts plants were selected in each row. PairednaI 1hree 
crosses were rimile ,iioroi;f slected plaits to inittjte the next cycle. Follow
ing five cyc!es of select ion, fresh seeds were oltained from each cycle and 
they were evaluited in four replcationls at two locations in two yr. 

Selection response was linear over the fi ie cycles in all three selection 
studies for both the sulected and the correlated characters. Predicted and ob
served responses are sommarizid in Table 5. Selection for shorter plants de
creased plant ht 6.52 cni'cycle for a 4.9% reduction of the mean per cycle. 
The correlated decrease in leaf number was 2.5%/cycle. Selection for in
creased leaf number increased the number of leaves 7.0%'cycle with a 
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Table 5. 	 Five cycles of selection for decreased plant ht, increased number of 
leaves, and a selection index. 

Ht Selection Leaf Selection Index Selection 

Ht Leaves Ht Leaves Ht Leaves 

- cm - - no,- - cm - - no. - - cm - - no. -

Predicted 	 -10.19 ,-0.95 6.63 1.35 -4.26 0.21 
Observed- --. 652 --0.46* -7--- --- ;28* .- 00*-2..54 
% Gain/Cycle 	 - 4.9 -2.5 3.6 7.0 -1.5 2.9 

*,**Response significantly different from zero at 0.05 and 0.01 levels respectively. 

correlated increase in plant ht of 3.6%. In the index population there was an 
increase of 0.54 (2.9%) leaves per plant and a decrease in plant ht of 2.0 cm 
(1.5%) per cycle. The index was effective in selecting In opposition to the 
genetic correlation; however, response for number of leaves was greater than 
predicted and the decrease in plant ht was less than predicted. 

RECURRENT RESTRICTED INDEX SELECTION 

Restrictod selection indexes were proposed by Kempthorne and Nord
skog (4) for the situation in which one wishes to change one character and 
hold one or more correlated characters at the population mean. This is acom
mon breeding objective but very little experimental data have been accumu
lated in plant populations to verify the theory. We have initiated studies to 
evaluate the efficacy of this procedure for two negatively correlated traits, 
yield and perceot total alkaloids. The objective of the study was to increase 
yield while maintaining total alkaloids at the population mean. 

The source population was Black Shank Synthetic. Estimates of genetic 
variance were obtained from replicated full-sib families, assuming all genetic 
variance was additive. The genetic correlation between yield and total alka
loids in the base population was -0.50. Construction of a restricted index is 
simple, since no economic wts are required. The index is of the form 

At 

in which Y = mean yield of afull-sib family;T = % total alkaloids of the full
sib family; QAyt = additive genetic covariance between the characters, and 
O2A = additive genetic variance for total alkaloids. 

tFollowing five cycles of selection, each population was regrown from 
remnant seeds and sib-mated at random. Evaluation of all cycles was ob
tained from 10 replications at two locations in 2 yr. There was a linear in
crease in yield from 186.1 to 212.6 g/plant through 5 cycles of selection 
(Table 6). No significant differences existed for percent total alkaloids among 
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Table 6. 	 Restricted selection index for maximizing yield and holding total alka
loids at the origjinal population mean. 

Trait C0 C5 

Yield, g/plant 186.1 212.6* 
Total alkaloids, 3.22 

*°Significanit churtt:I rtfit C0 it 501 le Il. 

cycles. The C5 pMpuation contained 3.23% total alkaloids compared with 
3.22% In the base It)ppktion. Thus, the restricted selection index was suc
cessful in achievirn) approximately 3%/cycle gain in yield while restricting 
anly chanlle in total alkaloids. 

DISCUSSION 

These stUdo,; I f t3,Oilt eXaliiples of the use of severltdiffetent types of 
recurrent selectit l to I)acc). 'itletictioII responses have been essentially 

linear through tIll (ycle. c (JIk!tled. In all studies, including the one study 

which had l ogrIssId throoqlh 10 :yclhs ol r c.rItrent mass selection, there 

was no evidetnce that selet titm tlorse v'Ia, ltteWrMing lifTittd because of 
tht deplietion of fjerlwti'; Vat iahlity. It v.wm hl ,imeoia lhait Ill,' forced random 

rmatinq of ti,2ctthtl pJir-tnt t)latl!S e families i Lsalble geneticis; elt ,Itl!j 1t1!Jh 

vait tiol fbt ittlo It 1r;Ittt ()[ tlwit pultpukltitiw . A so ii,tiS piohlen nay arise 
ill :, h-, sIeftct !f (.)tll', lr traits c ilt dtlt ijnist(' , l Ie Motrelated L11 

11 0 [ thosetic nlialji.l i: , p pill Ittl l Itly h0:k tiabil;'y fur characters. 
The 115: (' k (.It i tiot'', ill recitirelit -'.!fction appears to le effective 

in cothiii i I lit h, trts:, it the impitovtd iopulation. These popul,
tions then offut ar alain) ; t I Ic elttt ic material to initiate pure lineso cit 

breeding programs tot solift Aujt( itot mu 'ytiOLIS 'ines.It 

The tisir of recttrre t prllt;ates it ntost naturally self-fertiliz

ing spmcics, including soylie ioo t lifiinolt than in tobacco because of 
limitations in obtaitning sufficient eeds lioti hylhrid matings. However, if 

the variability released by these Programs ard the rapid response to stec
tion ohtained in tobacco is applicahle toI other self-ferti'izing species, addi

tional efforts directed toward increased crossing may he justified economi
cally. A prornisin( approach in soybeans was presented by Brim and Stuber 

(1) which utilFies genetic male-sterility is an aid in intermating populations. 
Even with this assistance n crossing, there may not be sufficient hybrid seeds 

for yield tests and an intervening generation of selfing may he necessary. 

NOTES 

D. F. Matzinger, Department of Genetics, and E. A. Wernsman, Department of 
Crop Science, N. C. State University, Raleigh, NC 27650. 
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LONG- AND SHORT-TERM RECURRENT SELECTION IN
 
FINITE POPULATIONS- CHOICE OF POPULATION SIZE
 

J. 0. Rawlings 

One of the primary concerns in designing a recLOrent selection program 
is the choice of effective population size. The problem is to strike some 
balance between keeping the effective population size large enouLh to avoid 
undue loss of genetic variance by random drift and maximizing the short
tern genetic )rngress within the constraints of resources avaitable. 

When one speaks of long-term selection response, the pIap)er most often 
cited is that of Robertson (18) dealinri with the limits to selection in which 
he gives the freguently cited expressions nor expected total advance and half 
life of the recurrent selection process. The fact that both are ditectly f)ro
portional to :,;eeffective poptlatiori size has led to a general impression that 
in recurrent selection programs thO effective population size must b,! large. 
On the other hand, maximizingi the expected genetic gain in the short-term 
requires Ihigh intensities of selection which )ecause of limited resources 
suggests that only a few individuals be selected as parents of the next genera
tion. 

This conflict betvveen the short-tefm and long-term objectives is more 
apparent than real insofar as most breeding programs are concerned. The 
purpose of this chapte is to demonstrate that very reasonably s;zed lecur
rent selection programs very nearly satisfy the objectives of maximizing 
both short-term and long-term ,ains from selection. 

The approach used in this chapter is first, to present adiscussion on the 
effective populatiorn size needcd for retaining in the population the major 
part of the genetic potential. This discussion utilizes for the most part 
Kimura's (8) formulation for the probability of fixation of an allele in a 
population with an additive model. In order to relate Kimura's formulation 
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to truncation selection, the selective advantage )f III allele, s, isrelated to the
 
parameters of Iruncation selection and sonic Iiscussiotn is devotedl to what
 

might be asslled to he fVZaL.;aljle values f,r lhes,; iai,.'teis. Tihen it is
 

shown that vei reasonably sized selection );ougams with r(eiasonl'aly high
 

intensities of selection wta;i i;IwA, the loril-htrm potential of t11populaof 

tion. All of this ilmsciison assluelw It silinlslt;o (fIlnetic mode's. The final
 

comments will relate to sonic ol tlh find'vfs on the impact of linkage on
 

these effectiv. l)oIulatiol siies.
 

EFFECT OF FINITENESS ON SHORT-TERM SELECTION 

The usual trd&Ctor for the(Chaltnij ii th d1ill f Iitpoillation fhom onel!t 


cycle of trulcation selection I!., of
Ih( t)r(tl(' tle sil ,etonldifulelitial and 
the linear rerjressioi (.oefticihlt fil tIef!plliSsio of t1,e ilenutic wtallies of 

the offspriiq oil the pp l ilypic values ()I tle parental sIction units. The 
rerlressloio L efficient can be ,fiblted withlimiiiits by the choice of selection 

units but I (dolnt l0o)Ose to dwell o this aspect. 

The selection differntial is ofterleXl)lessed '.r tlw l (:tiodtof tle stan

dardized selction diffeential, i, and the pihnotypic !tandadi deviation 
anoiig the ,l(ctil, units (9). For the ease heinq discussed, the completely 
additive rlooll, filliteiwss hhs no effect (otnthe mean progtess other than thAt 
leflicteJ ill mti-adjustu t of i as rli ietno [htappropr ate oldei statistics 

in a finite sanrlll(?. 

TIe standardiz:d selection differllia, :, inceases as the intensity of 

selection increasfr,; that is, as t.e o!ol litwi saved hecotn s smaller. Thus, till 

formula suggests that the oltimnoU stradtgy in sh,1 tIterm seleCt (P) i to us1 

as hijh an intensity of selection as possible. If the ,election proirt :z lirniten 

inl resources, iricleasilig the, intensity (f ,tsectiiiwould entail a dfecwase ir, 
the nunber of individuals i,:tained sircf the total irmuber that can h(:teste( 
has sorn practical limit, 

The major effect of finiteness oilthor I term recirewilt selection is on the 

variance of the genetic change, which is iuvelsely related to effective pofula
tion size. Consequelitly, the prediction of geltic h(hairge is less reliable in 
small populations: that is, the variation hetw. i i wplicate selection piogrars 
is larger. 

EFFECT OF FINITENESS ON LONG-TERM SELECTION 

The mndividuals selected ii orie stale of the proqram constitute, thre 

genetic base for the nxt cycle and it is well known that an undue restriction 
in the genetic base is undesirable. The net effect is that many loci m.ry be
come fixed for the unfavorable alleles simply doe to the vagaries of genetic 

sample, random drift. 
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0ne of te effects of drift is to reduce the genetic within replivariance 

Cates. Por gene'netutral to the'selective forces, the rate of loss of variance due
 
to drift is. VjQN), where N desigr~ates throughout this chapter the effective
 
population size Since the progress expected from selection is procprtionalto
 
the Senetic variance in the population at the time, it is of interest in cyclic
 
selection to ionserve the within replicate genetic variance, at least insofar as
 
thatpartof the 'variance~being lost b~y-dlrift is bcre.--


The classical reference relating to longerm selection isRobertson (18) in
 
which it isstated that; .undercertain conditions, the total selection advance in
 
a particular population is 2N times the adianco in the first cycle and the half
 
life of the selection process, the time required for the population mean to be
 
moved half way to the limit, is 4N. The derivation of this is straight for
ward, If s is the selective advantage of a particular allele'assuming an additive
 
model then the change in gene fhequency in one generation of selection is
 
given by
 

Drift theory says tha! 'the product q(1 -q) will decline by the factor of 1/2N 
each generation and, if Aq is iinall enough that the product q(1 -q) isessen
tially unchanged, the change in the second cycle of selection isgiven by 

'. 2N 

Cont'nuing this argument Robertson obtains his result: " . 

STotal change,= : q(1 -q)[1-_. Nsq (1 -q) (2N) (Aq) (111): t=oZ 2N 

This is 2N times the change in the first generation. The half life of the selec

tion process is* determined from the same formulation except summ3tion is 
only to time t' and then the quantity is solved for the t' which gives half the 
total change. This turns out to be 1AN, 

The same results can be obtained using the probabiliW of fixation of an 
allele with initial frequency q which for the additive model takes the follow
ing form (8): 

pu(q) =1e-2 Nsq (IV) 

* 1-e-2Ns 

Again, s isthe elective advantage of the allele and N is the effective popula
tion size. ATaylor's series expansion of equation IV with the assumption that 
the product Ns is small gives the same limit to selection and half life. The 
relevant point is that the limit to selection is proportional to effective 

: ? ;;:ii , b;::;
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population size if Ns is snall. The fact that Robertson's resuit holds only if 

Ns is small is widely iecognized and is of no particu ,"concern here. 

Kirnura's form' lation for the piobabi ity of fixation is appropriate if Ns 

is finite, not necessarily small, and cat be stud:ed directly tc determ ine a 

reasonable effective popielation size. SeveUl SILidii-S h1aVU investigated the use

fulness of Kimura'sI'SUIt. L i!t*r (111 re'p:ls reuits usimg Ns : 4.4, with N 

as smell as 5 in or, cas, wh chI gav rrolabivi of fixation varying from 0 

to .03 LAfitS bUIOw thOSL predisCed h,,' i Ewi ,s r 2 i ; lse found Lexcellent 

agreement, maximn-, discrepancies .0112. N 12 and vaines of sof lis(rog 

between 0.0 and 0.1 ierarll iuch 1.maller rI,3ri the values used by Latter. 

Hill (5) also gives soM coMrpail sons %'lthtI (iffUSirmn equation over a wice 

range of conditions for N 2, 4, and 10. The dscrepancy is sizable, say .05, 

for situations v1ith N 2 -d 4 but g cement is generally good, discrepane 

less than .02, fo, N 10. Since N %ill he much gratel than 10 in most 

breeding progranis, w C--Il ;iccept eq(Jatiol VII as prov'diin sufficiently le

liable, although sii'lhtly biiased, estim-ates of piobabilities 0o fixeticl:l . 

Using KmraS frrMrLJlation, Robertso: (18) st.tes that at least 93W of 

the totl possible air will hr lelie.d if the P)roduct Nc1. '2. This fomisla

tion wo,:ld in tir he suthjct to misinterpretatio; S neC the lower limit, 

93', in t- cae, is wlui he is initial rene frequencies approach 1.0, not eera 

as one mijlrt oet on fl;t encou ,.!. Fo; high initial geie frequencies, it is 

relaztively u'a&y 'on k( ip Nsq 2. It is at the otler extreme where effective 

pori late'cp .'0 I[omes more c:riic '. For this reason it wold seem more 

in ferrnctve t) use r.x le)cteO qene fruquency at fixation directly, KIMura's 

l-{q), rather than icur ) exlrresred as i raio .o the tolal possible advat,.e. 

Tretig Nsrj as a fi xed (rUattity, thu probabilit',' of fixation has a lower 
sq  ImiL 0" 1 -e- 2? as (I approachi, zero. Of course ki(q) approaches on, as 

q app, oaches 1.0. iegure 1 gives tne probability Of fixation curves for three 

values of 1jsq. The i(o,,,er limit for Nsq - 2.0 is .9817, i.e., if Nsq = 2.0, the 

expected 9gre frequency at fixation is greater than .98 regardless of the start

ing gene frequency (assang of course that q0 >O). Smilarly, p(q) is greater 
= than or equal to .9503 if N.q 1.5, and greater than or equal to .8647 if 

Nsq = 1.0. Values as high as the first two constitute a rather high degree of 

attainrne,in of te ponulation prtential. 

The curves in Figure 1 ate virtually flat for genetrequencies below '/2 so 

that little error is introduced by takin9 the minirnum point on the curve as 

the point of reference. Doing this, the minimum value of the product Nsq fo," 

attaining a given probability of fixation is given by 

Nsq >- V, In 1 ./plo) (V) 

Recall that s is the selective advarrtage of a particular allele. Falconer (3) 

has shown that in truncation selections is approximately rated to i as follows: 

- * (Vl) 
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9.00 

85 Nsq = 1. 

so 

00I 0u 2 03 04 05 0.6 07 08 09 O 
q.
 

Figure 1. Probabilities of fixation for fixed values of Nsq 

vhere a* is the proportional effect of a locus or it is the difference between 
the genotypic valus of the (enotyf)lso011tyZVJOuS for the locus divided by 
the phenotypic 1andard deviation. Latter (10) has given some adjustments 
to this formulation which for oLn purposes we will not use. They become 
important as a* gets large. If one assumes a s,,';nnetric genetic model, that 
is, a model in which all !oci have equal effect and gelne frequency, a* can be 
related to heritability, rIo:bar ol loci, m, and qene frequency as follows: 

a 2(h2,-qTYT/iT) (VI)(vit 

It is convenient io think of the ratio (I)2 /nm)u the pwr locus contribution to 
heritability. 

Substituting the parameteis for truncation selection into equation V 
gives
 

- 1
 

Ni> - --- ln[I-p(q)l. (VIII)
2a q 

N and i are the parameters under the breeders control. If we choose P(q) to 
be 0.95, 

Ni> 1.5/a*q = 1.5 F (1 -q ) ) (IX) 

Making practical use of equation IX requires some judgment by the 
individusl of the magnitude of s and q or, alternatively, (h2 /m) and q in 
truncation selection. To aid in developing this judgment, Table 1 gives some 
indication of the magnitude of a* for various combinations of gene fr,
quency and (h2 /n). The values chosen for (h2 /m) would seem to cover most 
genetic models. For example, 1/40 could mean a heritability of a half with 
20 loci or aheritability of a tenth with 4 loci. At the other extreme, 1/10,000 
could mean, for example, a heritability of a tenth with 1000 loci. The middle 
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Table 1. 	 Proportionate effect of a locus, a*, expressed in terms of h2 , m, and q. 
(Assuming m loci with equal genn fequency and effects.) 

(112 /m) = Contribution Per LoLus to I leritability 

q 1/40 1/200 1/1000 1/2000 1/10,000 

.5 .448 200 .090 .064 .029 

.25, .75 .514 .232 .104 .072 .032 

.10, .90 .746 .336 .150 .108 .048 

column, 1/1000 which could he taken to be a heritability of one tenth with 

100 loci or a heritability of one half with 500 loci, would seem to be a rea

sonably conservative model in terms of the per locus contribution to herit

ability. Thus, a* of the order of 1/10 would seem to be a reasonable lower 

value to use in developing sor[W idea of minin)Lini population sizes for selec

tion systems. 
Table 2 gives the minimum values of Ni necessairy to give p(q) greater 

than or equal to .95 for various genetic situations. There are two points to 

notice: (a) The values are rather small, say 50 or less, over a wide range of ge

netic situations; and (h) the very rapid increase in Ni occurs for very low gene 
= ficlquencies. To give a feeling to! Tre effect of choosing p(q) .95, increas

ing l(cl) to (q) _ .98 increases all of these values by 1/3 and decreasing 
p(q) to pg(q) - .865 decreases all values by 1/3. 

It must be emphasized that p(q) is an expected value over many replica

tions -or a particuiar locus or, alternatively, it is the average gene frequency 
withi:n a replication for many loci of similar nature. The variance oi the 

ultimate limit is inveri:ely related to effective population size so that with 

small populations any one particular replicate may deviate considerably from 

the specified p (q). 

Again, us:ng 1/1000 as a reasonable per locus contribution to heritabil

ity the third column in Table 2 gives the size Ni must be to attain the objec

tive. It remains now to remind you of the usual values that i takes in trunca
tion selection systems. Table 3 shows for various intensities of selection the 

Table 2. 	 Minimum values of Ni to give p(q) > 0,95. 

(h2 /m) 

q0 1/40 1/200 1/1000 1/2000 1/10,000 

3/4 4 9 20 28 63 

1/2 7 15 33 42 104 

1/4 12 26 58 84 188 

1/10 21 45 100 139 313 
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Table 3. Mininiurn effective population sizes for h2/m 1/1000. 

Proportion Initial Frequency of Favorable Allele (q0 ) 

Selected 1 .75 .50 .25 .10 

.5 0.80 25 42 73 125 

.25 1.27 16 26 46 79 

.10 1.76 12 19 33 57 

.01 2.66 8 13 22 37 
.001 3.50 fl 10 17 29 

mininiu effective population sizes necessary to attain pll(q) _ .95 assumiling 
(h 2 im) - 1/1000 The secolid column gijves the stanmlaidizd selection differ
entials coirespondhii j t.:) intensities of selectori. First, it will bethe slated 
noted that, as the eff'ctive l)noIl.oAnri size decIeasesex)eted, g1ne411,11t'd as 
I itensity of sictior inreax;es. It is clear t i Tabhle 3 fhat, for reasonahly 
ilten e selit',ton, rIaiittall!il(i a1S(Ifficiently l)opol.tiol. S e even whenlaIre siz01 
the initial h (ie wi "r-, as or )e possible it)lel' Cy low .25, e'H .l), miould 
v,.t planlt si,'i:twn pr ,i where hLindleds Of fplats C1ii he ohserved. For 
ef. Ipke, a11efftctive polpIl.l11iOr rle of only 22 where the intensity of selec
tion is;1/10I is sufficient it Ilve j oIhahlility of at least .95 of .Ventually 
fixng the f)eviiratle allee eerr if t/, ii' ge(n tlf(erelluecy is as low as .25. 
For (ere 1 i-; of l fft(!iVe 1 increasest'(ltenrp .10, rflit' )1Oiula,tio size 

to 37. 
A secioni . nit vient in Tal, is ita frqh pic fpaid by thie plant 

hr eeder for increasiroj tit irtenrity e).orelcion, and consiquently the, rate of 
prI)oiess, ahove arnintensity of saiy 1/10. To Illistrate, t t il note that two 
cycles of selectinor atl)roxirnately 19 Ot of 190 gives Is rlih )(l(Iress as uri0 
cycle of selecting approximatly 10 ot of 10,OCi if (10is (me half. Or, two 
cycles of slecting 33 Out of 330 (ives a., inrrclh iorcss as o(ne cycle of 17 
out of 17,000 ifp0 is I14. In loth cases this is nore thern a 50-fold increase 
in the total population size in order to double the rate of PiOllress anir at the 
sale tinle hohl effectise populatioi sizes at a level so as to letain most of 

the long-telrni ootential. 
As plant breeders, lh,primary objective IoSt be one of obtaining an 

appreciable advance in a reasonable errriod of ime. The idea of conserving 
the genetic potential in the population for the long-term response is a secon
dary nhjective and ore which will be considered seriously only if Itdoes not 
jeopaidize the primary one. If the parameters we have assumed for this illus
tration ar. ireasonahle, it appears that it would he possible, in fact, usual, to 
attain both objectives. It would appear that an effective population size of 
the order of 30 would be reasonably adequate for many genetic systems. 

There are several aspects of this discussion that must be emphasized. 
First, the decision as to what magnitudes of a* or (h2 /m) are reasonable is 
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purely subjective. There is virtually no information piovidi;nj guidelines as 

to the num)er cf 10c iocIveld or the magnitude of irlivilual eff:cts for 

genes controlling (fuan,!,ti,!t traits. It is hoped that expressing a" ill terms of 

(h2 /rn) a l q vill aid in dfevelopmI a "feeling" for it.asonable values of a* 

For this e'\piessioi, aSsrirr:tiors of all effects beiroj equtal ani initial gene fre

(ue i bilq .;,il art! most (-Plirlly Valid. So, at best, the suggested ef

fective popula roll stzes are presented only as approximate oui(elines. One 

cannot b' explicit aboUt efiTtvo ;,)pulation sizes retuired for various 

m ,yst ,i 1houit ile li[ diStlr lubreelt(iIli 1 o0I 1 e i lie Jre uxplhiI tht 

tioi of g(ir,' fret(ue i,'s antd locus effects in the f)op ulation. For our plr

poses, however, we leed be concerne( o.ly with finding a ieasonale lower 

I)ouif for the' trprtionate effec't of a hocLs a*, which, in tirn, defines the 

lower limit on the Ipiih;-iility of ultimate fixation; hilher values of a* leading 

to even hijlher probalilities of ixatiori. From the fiqures givten in Table 1, 

a - 0.1 wouild Seell to [le to he ai iasoinahle woikiro hrypothesis. We have 

looked at the effective I"Wplti io Slies INifIlirI to ivt- /I(fl) 1''0.95 if (1 2 /m) 

1/1000. 'his is Hi! k ml in Tahle 1 rio, neily cie.)spoiling to a* 

0.1. 

To solmnrliz this aspect, ii is ofoririative to liti the prthbilties of 

fixation fol an illilv of initial ijeri e fre(queiesC tin vilies of N alld a* in 

the range thr: f as ',err stlrlestet. ltble 4 ifives pi(ll fol "ii ' 4.0 and 6.0. 

While these vliS d)aflully to mid, livirng t statedany csriiieaton c-f aliN 

prodct exceptirml very small values of N, they u :oillrvrlt it by letting i = 

2.0 (fapproxinattel', Gi" 'lcrior), Li" 101 and N 20 anld 30, iespectively. 

W ith an effuctive l()cllltiO l .e if 20, Nii" 4.0. We; S,.- that virtually all 

of the loci with oeio' freuieiicies abovt 1/2 will be fixed it tle limit. Over 

1/2 of those loci v.ith gr,: frepiencies as low as 1/10 will be fixed for the 

p)ositive allelh's, hot i1loot rol-n of thre loci with fre(tLiencies below 1/100 

woultd be fixed for the positive allefle. If the effercti-e popilation size is in

creased to 30, N ia' 6.0, 95", of all loci with frequencies aove .25 will be 

fixed whIlh! Alo LiTi1/10 Of those With gene freq(uencies at .01 will be fixed. 

Table 4. Probabilities of ultimate fixation for two values of Nia. 

Nia' 

Gene Frequency 4.0 6.0 

.90 1.000 1.000 

.75 .998 1.000 

.50 .982 .998 

.25 .865 .950 

.10 .551 .699 

.01 .077 .113 
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While a relativty simall proplortion of the loci with gene freqov(-icies below 
0.10 at" le riq fxt'd IIItih,linit for ,ff tie l)opUl.tion sizes of 20 and 30, 
th.....STe I0.)'I littli to i 0L o lrs 

siJs. That 


Sa ll lc t hi) , the oii Jrl t ection in the early 
k mn il, to moveIs it v.ll .i , ,ye, of S, h-ctiofi their frequencies 

.
jto I I , IIt . - pr o In l)heI 0,( 1 ,II II): (i,,!: i aI eeii, I 
th It I )A .,! i I Init ! Too k'tI[ *1 M I IS that tle Iesult, }ive llt for 

'tIlh , l )iiCj st~iti I lntii 

So, t fh'ctil,'l,1, t ) ireiq fixol at the. rat I1 


k0 )l i ,,'l ,)thu :'( i0 prissmIr,. Luci ieitrjt to the 
N w ith the probability of 

-, C~f 1.77, ;'; I:, ,ot,- , lu , Iin 
Ce'.Thii . If d ,;',I!,iliH iS ht'i( "L'Li ied" trOuplhICilii wVitll the idea Of 

f!: *l(: , i:t 1, i 0i h al jetie frequeri

;-pllyllli t Ia . I 'n tnri iTTSSuiI folce1tain trait probably woulds, it 
b0 c,iibhl. 'W 1 ' fh1t~ e I)munlationi size so as to increase the 
;),)nlotlIt' o t I rlI; taIVoijlt !lleles atu'',:th tle, loci controlling the ct e t-
IK nfmiJtlal tial - I' tn tht'. poplki1bn size is25, foi examplte, the rate of 
ixat~or ni 2, ' i j i ratl n dbtr n j th. ti/i! Ihe trait is effectively neutra 
wou~tjld1h iufll ,'tiy ii :i hr,qT-rin than11 tileloss duririiJ t itille tht trai. 
IS hetoi Slijr . to ciii. If irL lltrIWO)S nLJItiple trait SeloCtIon is used 

I/t
1 0 than t ,I , !iiI l ctlolli rlilt rio)t!d AOVe, thele iS bonlld 10 be sonic 

frmil of i tLn tCOit I Oll Of l)t l re! UIi"less resouIc S at, unlimited. 
That . (Iv l ti, i Or S a lid ;IItd:[1CiUs.]olye aild 1riroin 
1at Illtin '01MIT t !! X M Jlti[l tLMCJ 0ifiI 0 e?t iOl', selection 

(WI , , '' r .(IiCs oncept ,))ites to tih,t udelhm stleC, n, 


i).ilv1 T o ' jtI 'I tiet)II p itlr(lSovit tlie.) It is ier this Iilasoi
 

that I1 0elcL'il,, ,, . the II> 1,, I
01] o 0 S1; t (If i/1f'I[ ,h i iWOLiIdVCh allow 
tilt? 'Tlli.)'i hi II-I1 tO 1W r thi'lJllt, Such fct'is t iMust into -aCt)' taken 
coiuil I') irit(;vtl i; lr collltitltI1'()i,Jwt d It.JSOIldbIlieffective 
jW)ULIa1iJOI Size,CollS :tt'rt Vvi'll tt0 1 ()Ml Seh'ectiollnlmthods 'Ind qOallS. 

A thiod pilit to hi. r1jdt i; that effective poprIlation size iinselection 
Systems dTri ts oilIlllly faCtiS iTT adl,tion to thie iumr of individuals 
selected, t.t., matiif liod of 5elcCtion, tilt, 
selection, lndthe heritability of the selected t ait.Thle Sinmhpltextbook for

the System, the rt intensity of 

reulae apply only iTT populations Pot SLijt*sCt to any Sel'ctive foices, arti
ficial or natural. [:or exapllle ITT a simple mass selectino proIam or a mnonoe
ciouJs organism where n individuals ;e selected and pair nated to give n/2 
full sit) families of e(lal size, the effective populatitn size can be 0hown to 
be 

N 2(n-1l ,
Ne I 2,/2 

2
where Y2f is the variance of family size after selection. If there is no selec
tion, i.e., if the n individuals are clhosen at random, the exi .cted variance of 
family size is known from probability theory. However if selection is operative 
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the variance of family size becomes a rather complicated function of the 

selectio. system. The net effect of truncation se!ction is to increase the 

variance of family size and, consequently, elu he e:lf,ctive population 

size compared to what itwouhd have been ifthe ndividu,s , had hen chosen 

at random (19). 

Figure 2 illustiates the effect of slIt.Cno0l on ilfeetivt, p)pulation size 

for the selection s'ystem I just tesClibed. You can set.'that increasing the in

tensity of sti'ectij, movmij from right to left on the lorizontal axis, dce

celujses th , pope on sc . Pcrt of this dccriasc cr part of the up

ward tiltin this 1 r1 iphs dne ti th(; fact that all families ate of equal size 

before sehItion if the sy(te vie, hav: de:,crihed. Therefore, with )o selec

tion the efectiv(, polul tin, si./eis approximattdy 2 n or to he more explicit 

it is 2(r-1) , 1 2 for this system. If the fLinily' size befo)re selecton is random 

with all families hMn povr enqchanre of i:,intrihutinr to the offspring, then 

effective popo!tion si,'of Such systems a;ri(acns "'enumbe saved Thus 

equatizirg the rmmt r c: offs,' iiq per parert iii the testing program will 

tend to increase the efec'i e popjl, ,ii size. This increase becomes small, 

however, as toe intensity of selection aIWcrIeases. 

The long-term i ffect of selection on the effective pCpulation size is 

seen by noting the vertical distance between in i',ethe linies graph. The long

term effect of selection on effective )opr/tion Size for a particular system 

is to increase the effective )OLJ ati)n size toward what would be obtaired 

h2
if selection were conipletelv it rindom, - 0, since selection in the long 

run is depleting the genetic v;arian.c. Fur the most part this long-term change 

is trivial so that the error introduced by assi irrig a constant effective pcpu

lation size over time fmr a selection system is Put gruat. 

EFFECTS OF LINKAGE 

Finally, vwould like to mention some results from teveral papers which 

have studied the effects or linkage on progress from selection arid the limits 

N/Ne Ne 
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1 75 14 
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[ 25 10- h ~0 G
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a = Proportion of Population Retained 
= 


Figure 2. 	 Effective population size for srlecting N 8 best individuals out of N/a 
indi.'duals at varying levels of heritability. 



Recurrent Selection in Finite Populations 211 

to selection; eet, Latter (11 13). Hill and Robertson (7), Qureshi (15), 
Qtjresh i and Kewmpthoi , (16), C)oteshi, Kempthorne, and Hazel (17), and 
Rebertson (20). In!usino! or linki(j,1 ifr thu jenetic m'odel gieatly complicates 
the probiem ann it is dofictlt to b~e,ery gto'erali and, at the same time, pie
cisr- as to the m et of linkage. It is clear that truncation selection introduces 

dISequilhiroim loci and 
C,)r . 0 f the IoC i e s qrjating independfently (14). The ro,.t -esult is 

Ihat ItI: oJrh lity of fiatitin of the favorable all l- is iedtuce) ; i.e., the ex
oected luiol-trni Lian I less tlin it worlutl if hp foci v.voire, SomeOhA-, a!

ways In trqc1ihhriUi. This ed1ti(,on Ifr the ultirmate gain is directly related to 
tht de(J', f linkage, )tut iInd V-ry nariilheual mianner; the major impact occur
ring (oIl/ ffr sniaill tfi*'rLwlieW of rcornbeaLtion. Lajtte.r (I1) looked at the 
stae l o)l stt;'Itiat n 

o gjAtivi ai(Jk:e among this occur.La, Oly to a lesser 

''ho( t\'co !Oci st t :rr OCr-eilihiriton . Both loci have 

th' ; ,ore on - hat is, the .a* v,, have talked about is the same1v p ov'.,,t,OonjI ffect 
fir hi"Ih loci, 0.1 (,5. ca is the ,irnv order of magnitude01.o Io , f§ l the .1 

v, ,,:rr' i t :i tf , I , !,t0 t1 0.5 co)llt ret)reserlt, comparatively 
sj~ruaIfnjg a rllljr ,-. Iatti-l foind that this reduction in total response is 
greatest vwhn th li' t that vWi(ld lie expiected withoot linkage is between 
60 and 70, of tn rrl:,iritrn posivibl iuvafct,,. Thtrfore in his studios he 
concterltrat:d on the ch ,i Of ioitia1l i ii ff ltO iet-CIUsdfiich would give 
limits of this r of di t if hei hoc v.,t:l seegelated indeper,dently. 
Latter'..: ecOewtlsion c'as thit t1/e ';; response velyr 'uerJLiCIf!1 total was minor 
ti!, ' S- hr ecombinatiori ;irob .ity, thain 0.1. If the recornbinatiorn 

I)i' t -, 0.1 the r(luctiorn In. ,wst di, to finiteness flone of 20,C 
hef.,-',: ?2,6 with linkage, 30K hucurnies 32.,' and 40% becormes 42.5'%, 

J'r )iu,. xinlately an aJ litiorial reducti On ui 2.5' ie, -racli case. If the re-

Con flition probthility is 0.05 the, additional fedtnicl cs due to linkage 
becon, t ml xi'matoly 6.- in each case. 

Hill miji Robertson 7) also Sttlihiril two linked loci air found that 
irikage hod in ilpoftflt effect on the limits to selection only owierl tile two 

Ifo ' d eiujhl, equal, effects. Using the situation where they considered 
the effects of Iiq1loit to he lost easily dtetUcted (:wo loci with equal effects 
at Initial frecue ies w'lei'- the effect of linkage is maclmum and with link
age distance. chosenji so twiat the advirce will be most sensitive to changes 
in i!c) they found that the MaxiMIu' rncrease in chance of fixation was 
15% [from p(q) 78 to p(q) - .66! witn tle linkage distance was changed 
from c 2 to c 0 025. This was ecuivaltnt to a decrease in effective popu
lation size of alout '4. As the selective ilsvantuae, s, approached the magni
tudes ,Ae have been considering in this chapter, the decrease in chance of 
fixation from linkage, r = -. 025, reduced ta about 5' or an equivalent de
crease in effective popilation size of less than 5%. Recling that it was ex
pected to be tha worst situation (and that the linkage is very tight, c = 0.025) 

http:occur.La
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it would appear that the long-term effects of linkage ori limits to selection 
could be offset by a relatively modest increase ;n ffective population size of 

about 20%. 
With respect to the effects of linkage on rhe rate of r Eponse in early 

generations. thi concluri, n s erms to be rather general that for populations 
which start in, :ipO:oxr×,,itt linkege e(quilibrium , linkage will have :;trivial 

effect on tht ahot-te!m ra t;l (ifmrogress (7,12,20). 

REPLICATION OF SELECTION PROGRAMS 

Swold like t rint;ro roe work of Baker and Curnow (1), not so much 

for the re]sic )Idat:1.hi' t mit because in their investigations they re

laxed sliitly :.,,. ) ;m o)f equal gjene frequencies at all loci and pro

vihed at ie;I 1 iJ)t,! C rk)(I Il nsttiatiln ofisone of the points we have 

i1 tI oeI l .1 ',S1)02C1 . II , 1 ,'. lint, 1 it maxim izing thei.gain i a reason
aleli i,i;mb r of ,',ir i ! tio el waj so as not to restrict ion severely 
the lnn tetrm tl 11l len!. subdivide1,i't f.t' icl-tic tib The basic idea was tr, 


!-: lt -,ve
the availi r., cis, i0 al renfliit; seleclion program s sirnul

taneotls!y rai 'vttr '!': o mt' ll-fft- iv ( lllatir: size. The small 

effective nt, .Ilili i) %i Ilad to cowsl ! drift or divergence ariong.r.' Jldlj 

rplicates. At tin on (il5 or 10 ge eatltiil',S it wasof selection i5s'li'lcd that 

the hest retc Ud he idlntified hy adeqiate testing. Tfis, by taking 

advantage of the rephicat, variation at the end of 5(uue reasonhl!/ short 

period of time Bakci a Cariowiposyulated that more progress 'oufd be 

realiz,-en it,t2 ln-,ted tne than by iaintainin a single large replicate. To 
test this hypottresis thWy used a genetic mode! wh ich assi mned 150 unlinked 

IocI all I evil cm itreLil proportional effects wil~ 50 Ioo haviig an itial .gene 

fregrency of 0 1, 50 with initial gene trequency of 0.2 and 50 with initial 

gene )reqiue\ f 03 -ht phenotypic variance was fixe(i so that the herita
hility among in,,ividrlai plants within plots was 0.2. This was approximately 

eqiuivalent to a ' 0.13 and, with their selection program, I-=1.08. 
Table 5 shows the expecttd imean progress from selection for 5, 10 and 

an infinite number of generations for various population sizes (N) and the 
expected pronrs; in the best of the r replicates. There is little advantage in 
terms of the moan progress at 5 or 10 generations of increasing the effective 
popu!ation size beyond 16. These results Ilustrate the point made previously 
that the main impact ef the fi'iteness is on the limit to selection and not on 
the earl,, gcns. 

The reisun for the impact of finiteness coling more at the limits of the 
selection progran than at the early gains can be seen by considering each of 
their three classes of loci separately. Taking for example the population size 
of 32, there is a total loss in the limit of 63 units compared to what would 
have been obtained with an infinita population. Of this loss, 64% is due to the 
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Table 5. 	 Expected nean progress and progress of best replicate for Baker-Cjrnow 
Mode. 

Number of Generatiois 

5 10 

N r Mean Best Rep. Mean Best Rep. Meal, F6,st q;)i 

4 64 13.4 30.5 20.7 42.3 28.4 53.9 
16 16 16.4 23.6 32.3 42,8 114.5 1,34.7 
32 8 17.0 21.1 35.1 41.3 127.1 190.4 
64 4 17.3 19.4 36.7 39.A 220.9 225.0 

256 1 17.6 17.6 37.9 37 9 240.0 240.0 

loss of the 	positive allele in die set of loci havirig initial cjenu fiequencies of 
0.10. Twenty-five percent isdLie to loss of the favorable allele inl lh,! group 
having initial gene frequencies of 0.20 aiid less than 10% due to loss ilthe 
groupD with 	inti31 (t nt frej )e(tiCieSof 0.30. ThuS, the ouin impact at the limit 
comes fiom the lot;s of idleles ill tle gro0Ul Of loci with -ihe lowest gene fre
que;ncy. At the sante trme the gtc:ip with the lowest gene frequencies con
tr;bute very little (,the short term tains. I, this particular example, at the 
ternth generato ,ii 1/6 the progress canro\ irately o ' total be attributed 
to jene wi(qeency cha;e. ii liis grloup. One-third of the total progress is 
attributahle to fre(uerscY chang1s the second gi')LUp dld 1/2 of thegtnlce in 

togress is attrhutahle to tWe set of loci with siai-,mt gee frequencies of 
0.3. This, rIiost of the short-term jain isralizel fwim loci with the highest 
initial gere frequencies, in this particrl v probhlri, and virtually all such 
loci will hl fixed for thre iavoral~he allele with relatively small eff('ctive tiotpila
tion sizes. 

Turning to thrir prm iry objective, the expecied valmt of the best indi
vidual replicit'te sc1ms to indicate that there is some intermediate time around 
5 to 10 generations when choice of the best of several small replicates will 
give greater gain than strailit mass selection within a single largte replicate. 
There is one aspect of Their comparison which should be pointed out. Baker 
and Cuicn-v assmi-me that the best line through su-,fflient replication and 
testing can he identified without error. Up to this prirt the selection inten
sit, and [he amount of effort irwiolvcd ineach ,,fie regimes has been equal. 
However, testing 16 replicates versus testing 4 replicates introduces some 
imbalance in both selection intensity and amount of effcrt if the best of the 
16 is to he identified with the same degree of certainty as the best of the 4. 
Thee is, of course, tne other advantage in multiple replicates of some insur
ance against losing the entire selection program through some mishap. 
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SUMMARY 

In summary, the point I wish to emphasize is that the effective popula

tion size needed to retain the !ong-term genetic potential in a population is 

well within the reach of any reasontuh1,2 10C Lteni[t s0 'e-tion 1',ogram A com

bination of hidh selection intensity and a ieosonablt M'w.clive p)opllation size 

can be used so that there need he no major conflict between the objectives 

associated with short-term and long ierm select on programs. The relevant 

information from studies involvin! hink age woLuid seem to sugges, tha! the 

effectiv- nirrhcrs we disciis.ed earlier should perhaps be adilusted upward 

slightly to allow for the linkage depression. I want to emphasize that the 

models that have heen invCstl9ated to date, ind particklary so for the resLltS 

I have presented, alr, extremely simpfle in telation to the biologtical systems 

of interest. Th:, ,esolts and sugg(estion(s lme;ed should be viewed with that 

in mind. 

NOTES 

J. 0. Rawlings, Departrnert of Statistics, North Carolina State University, Raleigh, 
North Carolina 27650. 

REFERENCES
 

1. 	 Baker, L. H., and R. N. Curnow. 1969. Choice of population size and use of varia

tion between replicate populatiorrs in plant heelding selection programs. Crop 

Sci. 9:555-560. 
2. 	 Ewens, W. J. 1963. Numerical estilts arid ditnisicn approximations in a genetic 

process. Biometl,a 'Y'.241-249, 
3. 	 Falconer, D. S. :960. Introduction to tQuartitative Genetics. The Flonald Press 

Company, Now York. 
4. 	 Finney, D. J. 195B3. Plant selection fr yield improvenient. Eupilytica 7:83-106. 

5. 	 Hill, IV. G. 1969. On the theriv of artificial selection in finite oopulation. Geiet. 
Res., Camb. 13:1,3-163. 

6. 	 Hill, W. G. 1974. Variability of response to -,eltctioro in renetic exprirments. Bio
metrics 30:363-365. 

7. 	 Hill, W. G., and A.. Robertson. 1966. The effct of linkage on limits to ir tificia: 
selection. Genet. Res., Camb. 8:269-294. 

8. 	 Kimura, M. 1957. Some probleins of stochastic processes in iprietics. Ann. Math. 
Star. 28:882 901. 

9. 	 Kojima, K. 1961. Effects of dominance and sizoe of postulation on respon1se to 
mass selection. Gene. Res., Comb. 2:177-188. 

10. 	 Latter, B. D. H. !965 a. The reslponse to artrficia' selection due to autosomal genes 
of larme effect. I. Changes in gene frequency at ,n additive locus. Aust. J. Biol. 

Sci. 18:585-598. 
11. 	 Latter, B. D. H. 19G5 b. The response to artificial selection to autosomal genes of 

large efiect. I. The effects cf li-ikeqe on limits to selection in finite populations. 

Aust. J. Biol. Sci. 18:1009 1023. 
12. 	 Latter, B. D. H. 1966 a. The response to artificial selection due to autosomal genes 

of largs effect. lit. The effects of linkage on tne rate of advance and approach to 

fixation in finite populations. Aust. J. Biol. Sci. 19:131-146. 

http:disciis.ed


215 Recurrent Selection in Finite Poptilatlons 

13. 	 Latter, H. D. H. 19613 Tre interacti0n bertoecn rfte,:tivpopulation size and link
age intensity under artificial electfio. Genet. Pes., CamnL.. 7.313-323. 

14. 	 Neeley, B. L. H, and J 0 Hwmfiiis 1971 Diseqirhtra and genotypic variance i n 
a recUrrent tiuncat Olns--b rs"y'tefl fmea] 'Additrn ]lletic rn:aditi. irstitute of 
Stati tics Mincen Seris No. 729, 1ibuigh, N C 

t finit .;;,a
15. 	 Oureshi, A. VV. 19 38 Th- iolo ,lr;riltiion aid link-: n.r1s11rInISi to 
continued zi'nciie r strlitir . It.1 lo)airrbiico and ni)iiderninrce. Thcor. and 
Appl. (enet. 73:2,34 -270. 

16. 	 Quresf ',.V., ,ind 0. <.errnpthwir. 1968 Oil the fixatinr of qenes of large effects
due 	 to c'ontinuri.d trunion l -YIlctlilin n1SIllinll ii)liiltJs idt P-i'lI]l~C systeml~S 

witi inkagle. Thtor. ,mdif Apl! (i- t. 38 240-255. 
17. 	 Quersli, A WV. i).Kerrithoinew, rid L. N ,azel. 1968. The I-!,: e. linite popula

lion size a-d ifkloe in) res irrise to ciiiitll iur,H OIlSitP i:iU.itil. I.Additive gene 
action. Ilher. aidn Ain't. '.wrhwtis s 38 251 263. 

18. 	 ROhb,1".o ,A. 1960 A 1tr ofy ,tlIr1irts w itnirirl ,1,lectiof Proc. loy31 Soc. B, 

153.24 -249 
19. elm-tsOri A 1961. Inrre-t;iqm nr it x i;ic'tiin tro lanis. Genet. Hes., Camb, 

2 189-191 
20 Foblit-,en, A. 19/0. A themr'of ifntiin m ii!al s.-!Fction with many linked loci, 

pp. 16-28P. K. (Ld.) M-athematical Topics in Population Genetics,in ,'ojmiri 

Stir ilitjr -Vorlaq, Newj Yoik.
 



STRATEGIES FOR INTROGRESSING EXOTIC GERMPLASM
 
IN BREEDING PROGRAMS
 

W. J. Kenworthy 

The economic !osses suffered by the U.S. corn crop in 1970 due to the 
southern corn !eaf bliohbt i,,qhicly demnonstrate the hazards of genutic 
uniformity. For Pree ers hese serve a reminder of the1)yb)ati losses as 
naro.,v tleteti. ha. 'plesent i today's cUltivars. The lack of genetic diver
sity in )eiroilnta(le o! I U.S. cultivars has been dislPe mist v.iclely grov.,'i 

Cusse,d by iJ.)llson 'In.Bt'wrraidt (7) and Hatwig (6). Poth report that rela
i,!r't Io e genetic material to thetively, fe, inlt tuctions have cotrrijit 

pareits tu)lny's U.S. uultivar,;. £t;itirs of Mavnciiiran origin form the 
cenetic base of Mnly Of t[tiU.S. cirltivars, eslIcrally those grown in thu 
North Cet-al '1ior. o J' ,.,1iehazard of susceptihility ilr \"Jt pest 
crease with pon-ho . Pr 'lill, rid, also a l )terrtial CrnStt'ilIT tO further 
genetic imaolllit ca cl waith a narrow ienetic ur dope idencebase. 
on a few lines as souir CS of r..,sistant e to major soybean piests predisposes 
today's cUltivars to a narrow periietic hase. Fntheri-uoe, COnlventional breed
inc me thods suIch as backcrossing and p[MhLf sol'o:tion within selfing gei'era-Ce 
tions of crosses between closely related olite lines can( ortribute little to 
illI.'4oVhg rho divrsitv of new cultivars. The objective of this criapter is to 
review tecen ef'otts to incorporate exotic soybean germplasi into breeding 
programs designed to improve seed yield in soybeans, and to suggest an al
ternative breeding procedure for the utilization of productive exotic germ
plasm. For this discussion, exotc .lerirplasm will refer to plant introductions 
of diverse origin. 

The uLtlization of agrcnomnically desirable exotic germplasm in breeding 
pzrograms can increase the genetic diversity of new cultivars. Furthermore, its 
utilization can assist the breeder in meeting short- and long-term selection 
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objectives for increasing seed yield. Increased genetic variation in breeding 
can be realizedpopulations is usually recognized as the greatest benefit that 


from the introgression of genes frn plant introductions. It is also possible,
 

however, to develop productive breding lines from populations which con

tain some exotic germplasm even '.gIui S CIhli es Occur infrequently.
 

ullilz ll i: ou[ Li lcding schemesExotic germpl'isri has bein, 

for yield improvement in soybeans: two-vay ciosses, three-way crosses, inter

mating populations, and intermatihg po,' Itions with selection. 

TWO-WAY CROSSES 

Early soybeaii inipwo,.n,mteor p iuyl,1s made di,,ct (Se of desiralle plant 

introductions by usi!ii them -is piaent if,crosses with adapted parents. As 

the productivity of .y -1 eLjtd ,uit frs Ictieased, the utilization of plant 

introdluctions as vssesp.omits in (, fir additional cycles of selection decreased. 

Today breeders rLituly cik 6t, xotiC J)arLits as direCt sources of yield 

genes. None of the tll-.,osr ,.it pov.n U.S. soybean cLIltivars in 1971 

(6) were fiuo, crosses vhich hid i)iair i11trodUction as One parent. Some 

i hlt1..'v,,r,
cultiva 11 PrOJ1:0tion iw from tv.o-way crosses which contain 

3 plant Inlotftlucot!on as o pr[ent. Fot instarlec, P1 80837 was one parent 

in three difief nt t o,,'ay cr,)sses fiom ,.vhichthe cultiv,s 'Shore', 'Celest', 

and 'Wae' wer-sehlctwd. E.t n though P1 80837 isa fairly-proc(tive acces

s;-n of Maturity Gtol, IV, its otaitarid iri;see2d (0 ity was the criterion 

which identified itasa desiiable parent. Although productive cultivars have 

been developed from a(apted X exotic crosses, the greatest utilization of 

exotic germiplasm is aJ sources of genes for pert resistance (6). 

THREE-WAY CROSSES 

Three-way (adapted X eotic) X adapted crosses increase the amount 

of adapted germpla;m in breeding populations, compared to two-way crosses. 

Thorne and Fehr (51 ':ompared yields of randomly selected homozygous 

lines from two-way and three-way populations. Three plant introdc.tions 

with high protein were used as parents in crosses with two high-yielding 

adaoted cultivars to foirm six two-way populations. The three-way popula

tions were formed by crossing each of the six two-way F1 's with an adapted 

cultivar. 'The aver ,ge yield of the three-way populations was significantly 

greater than the two-way population mean. Moreover, the three-way popu

lations had more of the highest yielding lines inthe test than the two-way 

populations. Larger estimates of genetic variance for yield were also observed 

in the three-way populations than in the two-way populations. They con

cluded that three-way populations were better sources than two-way popu

lations for the selection of high-yielding lines. 
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INTERMATING POPULATIONS 

Intermating inbreeding popuSlatleirs containing exotic and adapted germ

plasm max m zrts tilt,potit ialfor genetic recombinatiorls and enhances the 
break-up of hblocks. Ftlhr anK Cla,k (3) described five intermated 
popuiratlncrl C W,,irlo dlffb unt l 1-. of r'\,tie Iruirlasm. The populations 
Vetr fOe 1 r rJ, r J l.LMt , afIr hitn -yieiing plant introrlIt-il I. 1o 1 irl(r foir 

rinctionis in crii:iti'et to oi tain 4pnplations with 100, 75, 5J, 25, and 0% 
u ti£¢r i - Sch1r,,fII !2o studwd the -ffect of the ireser,-. of exotic 

giropi -in- H hz!s,: ii --I ,(j ro u tions by, A~aluatinc l arldori selected 

lii _ cf y'ifl l rl'li , t ,it Lakh i f the fi,,,poi latio s. The population 
'11 ifr , -s lf 1i1; t l siti\i t declease yield w ith in:aFo in 

JSitl : MOSt mo lines(:[tc, rJ.. a ~s T t"' , tic mlii o,1;1 of Hie Stiltj r were 

dri f thip ,, 0 Ord 25", 'oti, )lJali;however,rol v,iith ger 

t hi ,'iri ti Was frolii tht! 1oltilatioiO with 75% exotic 
ltlr'n!tii l,.- Shc ,orce!Lojt i-- juror ( )tld[ii lcabe selected from a 
liloIl-li l, . ii A e-otiO )er rirrlssoi bht the frequency ofth ho 

tLiCii Iirh i s lf . ' tiLc , Fi ftw ,i cjl tasi p rt l to he kgreitest in 
th iiulicl~~iflS tha: hI<Icr ed ano t,0 e'tIc (ttsIIlliasm. 

INTERMATING POPULATrONSWITH SELECTION 

Th e alidiitim)i 0 a i; fij t , l ineritiol in cclic selection is termed 
recur rent s-leCter . A baihe current selection cycle consists of selecting 
and irtermatigri; a g'rou of sol)erior idividoals from a hase population. 

Progeny fron the interfniala ienerier:tion becorie ti t'e base popuilation for 
tht:next cycle of selectior. Inwoik at North Carolina (8,9) nine plant intro
duct ions of Matoty GiOLJ)S VI and VII with high protein content and 
divelse geog raphical origir, w.ere crossed to a highly productive experimental 
line, D49-2,191. The F1 plants were backcrossed to D49-2491 to form a base 
populatiorn ,ontainini 251, exotic gerriplasri. A recurrent selection pro
cedure was conducted with this population. Each cycle of selection con
sisnt of an iriterma'irio qeneration, a selfing ge neration, and a testing genera
ticni. Slection was )Ise"d oii a S, Orogeny test ii vihich the progeny of a 

F 1 plant VS vs,alated for y old. 
Evaluations of composites of the lines selected as pa.ents for each of 

the three cycles c,fselection indicated a significant increase in yield occurred 
fror.,i the base cycle to cycle three. An average increase in yield of 134 kg/ha/ 
cycle of selection .vas observed. The yield of the cycle three composite was 
20% greater than the adapted parent. Additional information on the per
formance of some of the highes, yielding individual lines from each cycle of 
selection was obtained on a yield test grown at one location in 1977. The 
10 highest yielding lines from cycle three averaged 3568 kg/ha compared to 
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2855 kg/ha for D49-2491 in this environment. 'he favorable yield response 
observed in this recurrent selection program suggests that this breeding pro
cedure may be used to develop populations of both greater diversity and 
higher )rocluctvily. 

PROPOSED BREEDING SCHEME 

Breeding lines . g(i,z.er genetic divesity than is present in currently 
grown cultivars could be drr Weed ft oill )opulations (leveloped by any of the 
breeding procured s which utili'e diverse exotic germplasmn. No information 
is available on the potential for ilonifying high-yielding lines from segregat
ill( populations synthesized by usil!(; highly l)rOduCtive exotic germplasr. 
The information available for sointars ies only fraqngniitaiy evidence for 
the potrrntlial JSUfulnes oi lreediitli(ojtilatiols c01ltaillii 'xotiiC g(rri
plasm. Althou(h p)todUctive xuxtic (ol trHrn was used in the t,<pultions 
developer] hy Frhr and Claik (;3, Schoerir (12) evaluated only randonrly 
chosen lines of 'Curso(,, uatirity f fn te )oOulations. It is ttc.ite IO1sii)le 
that more t)lc)(1tl('itt' lir: exist il these iopiulations. rle i)lanlt introiluctiois 
uitilized in tlt! st;lies hy Thorne and Fehr (15) and Kenworthy II) were 
selected for their (:1vt! i!ty of oligin and higl ii otein conteni1t, riot for th ir 
productivity. Even with these limitalions, tine irf<inratior from these sl.dies 
stiggests that ptrdtcictive lines call be identified freon breeding poptlatiors 
containing exotic geimtnlasni incorporated either by two I and three-way 
closses or by interlrnatintr scheriwes. 

Io increast tir- like.lihiood of productive ecormbinanrts in the breeding 
iopulatioIs, Ireeding prlocedures which maximize genetic recornbination 
between the exotic and adapled germplasin are the most desirable methods 
to use. RCLirent seleoction pieed ures offer the best techninu for the 
stepi ise rcrease rIlency the genetic recombinain fre of desirable (genes from 
tion oi ada!pted and exotic ernplasn. Reurrent selection in a pofpulation 
containing 25, exotiC gtrnplasrn was foulld to meet tWe short-teim selection 
objective of developing prOd.uctive liiries and the lIong-terin ohectivea of 
maintainin genetic variability for contlinnuod cycles of selection. Therefore, I 
suggest a two-step piocedure to follow when incorporating exotic germplasm 
into p)Opu lations to improve yield. The first step is the evaluation and selec
tion of productive plant introductions to use in forming the base population 

for selcl.tion. The second step is the utilization of this population in a re
current selection procedLure to d,'velop proCuctive breeding lines and an im
proved population for further selection. 

EVALUATION AND SELECTION OF EXOTIC GERMPLASM 

The large number of unadapted plant introductions in the U.S. germ
plasm collection has generally discouraged extensive yield evaluations of this 
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material. Cooperative (llorrllal yield evaluations of a p.t.Con of the coilecsion
 

have been initiated nn (:oor,'uat(d by Dr. Clark Jrnmimrs of Pioneer Seled
 

Comnpary, Waterlo,, lrwa. These yitd evalhttiols offer pl tlie in) ntrltily

no l)rotluc'ivl: ilittit htii:ioi!S; , i irt: irs used
plant hokxevu l lt i to 1w 


in1 I('clrlI t i'roil.irl tIrld la hiqlh l
soltN ion . ,lo , .ItrI'l ombining 

ahility !or yinlii. Wti thl"ri Ih so tIvo :rintrli ia !' ify 1w a , iar llo (I11, w 
(t-II-A il)II! tI ;I i,is :-()I ll' t etl'll. T ilk!I(:[O lt , (T r *i ,J1O i o r, o}f [{th f p tl o it [:[ i j lm'I t4{i 

Ioto:l 

coopi ]tM Vl! !reJ1i0l i IjI arlls. 

[0-filr r1rari (Jl peniri iloL ' i sofw of tIlMt co Wi; ,(I firwitify i,,onn 

binillrr ,l lhly t's 1i11tl'5, J to ) I ' r rlegl H i': ior o.'i inh Ih r l on 1 

rI rragl t de,. forr tile tv' iltLidti:i) Of Ii Ir .Sirr s. tirrtitr0 

infolrri atioi is :IiAv,itih 11 th,1t ,'l/li ir tte'tr'I [w it'llt l , tiil tlls slt0 :1 

ti n irn solf-polhitt colpls (4,13). Most likely, a rlitit hVV-,itilrrq tr"st"I 

ha t i ho sltr ii 0l 

iltodi t ,.ms for iiilti l/r hli ilg ,t ii is 1i ) c ekht1 ctivi of 

' fIr i rs.;,h i lmlt I IrS c , i iII Ornss

lpi it >si'cl (2,10,1 1). For soyheils, a ro:rsiarruhlo c Omhlwose for 
esti'ratllg) rmtrlhImil abilit Olfii t ito 0tuse 'he 111(1,01tul orW. rerfor nr

0tict, Il f flh I ntl(tI etjo ru'[i Cl(-'O 11 J 1101,11)ul 01 t. ' [)t"IiI S. Ctltivtrrs 

or f:rirwodiru ures ,luit~l fvre Si !"itrO.:1 l lt'laI) "1i It ll LId"(l()olldto r 

uilt he l0 IOItotuirrnlts to ie. Clt!%tav"i siclh Is .tlDilow ii', lrr 

'Wre' mihtl nlulett ,r grinerl L,0 uisr I ,alrati. the oolirirIlinq :rihty of 

plarI irtlOroliOrs Irr Malility G(riru IV. Ih the hewicirl Oht (nivc t)o ftllll 
t)ojulJ1 .tioM.fili tM\)- or thrl'y orcsscs hetivueen adIpt!eil cultivars aun1t1 
'xotic gJel li) lisll, tfro 'ilatti' cult'var s C('Il he Isret I- listIs Ao identily 

11(io corhirtli miu tl1 ltirtr u'lutiirrs to imS inl m kirI tlhws' c osses. 

A S,,:isi to l n 0ss t a o1)ft)l~irnt 111d: s tvMi r 1 01lr ilrtro(iuCt t rors the 

teoter pl)rlls O)f.HLIll lhe first t00rrratir)n of tile Iflant rrtrortuoion evafu

!Tirnil lrOcrtrtrl ,.0 shtll ill Taleh 1. The cooperative efforts of several 
'.reiters car eir 'llit evalui-ationi of a riLtrrlber of Iflant irtroduc0iorns. lhne; th 

F1 tIs frtorr (rcin toip cross are advance(i in bulk to obtain Crouigh seeds 
for ilowting a yield tlt. Tle F, setds of (:,0l top cross are hulked. Tie top 

rs(ses ttthv(1oJ(l l)V several h!re(errs caln f)r inclundfd as entries ill a test 
which is g1roWl by cooperatig hreeders at sever;al tocitions. Plant intro
dnuctiorls Vntich hnave the hklilh.st 'lrearr to) cross I)Ciformahice .1a1 used as 

)irultS iii forminr the [rse Jtlrllht(or for the eculrrelt Serectiots f)lt(,edul1Pe. 

Table 1. Summary of operations in the plant introduction evuluarion procedure. 

Generation Operation 

I PI's X Testl(u) 

2 Advance F1 s.rni-Cs for erich tl cross in bulk 
3 Yield test bulks ot each top cross 

http:hklilh.st
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RECURRENT SELECTION PROCEDURE 

Parents selected for incusion in the base popilation are intercrossed in 
a fashion that resuits i:1 tile desiied pioportion of ,xotic germplasm in the 
population. The Fl seeds from the intercrossirng are advanced. Ideal!y, at 
least one ra.doininating generation should he Comlpleed before setect;on 

is initiated in the base Joi)aultion (5f a; shown in Table 2. Crossing 20 to 30 
pairs of randum ly chosen F, pliants has been suq Jcsted by Baker (1) to 
approximate ranldoli matillg and constitute a population latge enough to 
minimize the e fIects of genetic drift. Seeds obtained from the final inter
mating are aova ced and indwilual SO plants are harvesied. The S, lines from 
each SO plant are grown in a y itld evaluation We used a 3 x 3 hill plot (14) 
it one location f ou yield evaluitions. Other plot arrangements can be 

used, but the testing p[OCtdetl is mited by the amotjrt of scods produced 
on (ne So plant unless additioil sellinq generations are use'] to increase 
seed supplies. We selected Pt) hiqh yieldirng S1 lines from a test population 
ot approximately 200 in each cych,. Seeas from the higlh-yielding entries in 
the yield test (S2 ) were grown' amo the S, plants iadniomly intermated to 
term the base populatioti fur the ocxt cycle of selection. The selected S1 

lines can be advanced by sinl- seed di:2sce;t or the pedigree method to iden
tify homozygous breeding lines in each selection cycle. 

SUMMARY 

Reducing the genetic vulnerahility of coinmerw ally available soybean 
cultivars by increasing genetic diversity has heightened interest in developing 
cultivars from broad-based genet:" material. The ircorporation of exotic 

Table 2. 	 Summary of upcirations in the formation of the base population and in the 
recurrent sclection procehore. 

Generation 	 Opemation 

1 Intercross selected parents. 

2 Advance F1 secids. 

3 Pandomly intermate F2 olant;. (Intermating generation can be re
peated.) 

4 Advance F1 -eeds fron fina! intermating. Harvest individual Fi 
plants (S1 lines). Begin recurrent selection cycle 1. 

5 Yield test S1 lines. 
6 Randomly interrnate high-yielding S1 lines iS2 plents). Continue 

selection within S1 lines. 
7 Begin recurrent selection cycle 2. Advance F 1 seeds from irtermat

ing. 
Continue as in generation 5. 
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germplasm into breeding programs for improving yield per se raises many 
unanswered questions concerning best procedures to follow. Furthermore, 
information on agronomic performance of many plant introductions is in
complete Cooperative regional evaluations offer the first step in gaining more 
information about the performance of several plant introductions in the U.S. 
collection. Continued cooperative evaluations can provide additional informa
tion concerning combining ability that will permitthe developmentofbroad- .. .... 
based populations containing exotic germplasm. Recurrent selection proce
dures can be used to develop populations and cultivars not only of greater 
diversity but also of greater productivity. 

NOTES 
W.J. Kenworthy, Department of Agronomy, University of Maryland, College Park, 

Maryland 20742. 
Scientific Article No. A2582, Contribution No. 5620, of the Maryland Agric. Exp. 

Sta., Dept. of Agronomy, College Park, MD 20742. 
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ROLE OF PHYSIOLOGY IN SOYBEAN BREEDING 

D. N. Moss 

When asked to address this conference on the topic of the roie of physi
ology in soybean breeding, I hesitated long bc:fore replying; and today I 
question the wisdom of "he reply I finally gave, for I have never worked 
with soybeans; cnllt inly, therefoe, my crcderlials for addressing this body 
can, at bUst, be questioned. The topic as it apples to plant breedhinc1 in general 
is of maor int, rest to nle, however, "r)(1 So, sonii wr,it tentit vtei v, I review 

sonie thoughts witih you. 
May I begin by addessing the question, Wha is the prohlm? To do 

that I will use an example once used by a reputable soybea hreeder, Dr. 
H. W. Johnson, in a spe(ech I heard hiim give. The example happens to be for 
corn bUt, obviously the principle applius universally. 

Im ine nat a piant breeder wishes to incorporate resistance o two dis
eases iito a potential new variety which will also have the necessary genetic 
components for ijh yield. What is the magnitude of the problem he faces? 

In Dr. Johnson's illustration he used fairly well-krnown probabilities for 
gene recombination to estimate that the desired gene combination should 
occur in one plant in about two acres of corn. 

It is not news to any plant breeder that the chance is remote that, in 
two acres of corn plantb where every plant is different, the breeder will be 
able to identify toe highest yielding plant. It is for that very reason that 
plant breeders have jobs and that, in breeding programs, large populatons 
must be evaluated. The following facts should be considered: (a) Nature does 
not select for high yield; (b) The number of crosses a breeder makes is always 
small relative to the combinations that, ideally, should be considered; (c) 
Yield is a complex process. Selection criteria available to the breeder to 
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evaluate potential on an individual plant basis are unprecice; and (d)General
ly, limiting factors are unknown. Therefore, it is onl,; by chance if genetic 
variability for a limiting factor exists among the protgeny of a particular crors. 

As one caonsiders the conseptqences of these facs, 1tquickly becomes ob-
Vi)US why a plant breeder's v,)Tk is mnzva cone and why the plant breeding 
process is a "nrumbers niame.' Illnner 'I the successful breeder will have a 
large program ht;cause tht, more go net c combinations a breeder sees the 
greater rifl he the ano- st I-v,,c U .. d sJa I1 gOilutpe in that popu
lation. 

The questions before us today Ale simply, "Can physiological informa
tion have an' efftct on the ef'iciuncy of this breuding process?" If so, "What 
is itsrole?' 

Fol 25 years beenI rl:ve hriorg those quesrions. Over that time period, 
I ha', c,.n, to 'j'iev' that it is Lssentiai 0hat we understand how plants 
qrow; t is'','mr. to tihatnew vwrietijr' arise as a 'esult of informed de
cisiols oi i Th , of parents anu in choosing appropriate individ
uals amont r, afsprirg -f those panenrts. I visualize this happening only 
when br edts a0d physiologists are working directly together and I would 
suggest that the prca,'s has at least four steps. May I refer to this process as 
"plant design." 

PLANT DESIGN RESEARCH 

Determining Yield Limiting Factors 

The goal of physiologists who have dealt with ciop plants has always 
been to identify yield limiting factors. If we don't know them now, what 
evidence is there that we wii! ever know them? 

A careful con.;iueration of that question cads inevitably to the conclu
sion that we will ne know what factors limit yield, for it is obvious that, as 
we have learned Cout a specific yield limiting iactor in the past, we have 
devised methods tc minimize tie limitation. At what level would our yields 
be today if we had not come tU LlrJerstand the role of phosphorus, potas
sium, nitrogen, soil pH, etc., and devised ways to minimize their limitation. 
Things we have learned are always the easy answers but think fo- amoment 
about the years of research that went into study of factors such as copper or 
molybdenum before an understanding of the role of these element; is plant 
nutrition led to relatively simple methods to correct problems caused by 
them. 

Several of these problems I have cited have been solved by use of soil 
amendments. Can we think of an example, though, where physiological 
information has been utilized to advance the science of plant breeding. One 
example I have cited before is the example of the high-yielding semi-dwarf 
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wheat and rice varieties vhich hav given ,ise to tne ter im, "the green revolu

tion." I suppose that s .v 'rid rice plants have been known for as lonq as 

man has kirowin the'e spele 't historically, they had little Impact on I-in's 

food sUrpely Ahen Cr. lle \c, and, lt('r oil, Normri Boilo'.ji siught high 

y ieIlirlj %J1,t,,j, ii , '!'r Jonr ' vaid ihrr . eseekin -ithesamre tjoaI for 

'd 	 i, t retJ rit h 1' I 0) iu llt Lrl.'vS h o tisidert l; atteit to dwl arf 

type, tiii i i I iJI, , , ,. i I,, ' ii iri h;fih 'yielking cereal 

fl,-i; V.u k <iri rfi o' [h,iti 22 -.'.irt,TO(I veoOD hiulh vieldililj, short

stlrs'oiJ v''het. I I k" lto tl'veluhiirrg tht nwi ilrhighvi,1 lis t1lri lt( Oujt to be 

s,'ht tior I specific h)!Wr l trai:t- rill It) irs( i''0if55.for phys l n rittlll rh? rea 

s5 it ItI (',I r At IIW X " 1 ft hI fI II , il I t'y wVhka t riFul rice contal iiih H'' 

SiqIr ficaint p.', "f"i.i k'f l otcit ; i prirt in l r t'ils , Ilrnkjipri; S:l ICU on Can't 

1
[l -0<e SO"','l' < ]ti Ut of tmill l otIo.]In ruslist h., , iii tne growing 

crtip. I i0sf'v, 'r, '.siiirl' inrl iitt;I ''r s f Ili-, valllto if the plau t can't lise it. 

Thtis, tit rero.:irhle orcqrir , ; io la ,t cc -)iiirIrI w I i JrI ' It r !eders 
S, t III, It'It 1 	 1 nit I, I, ,tvLr f ;mt l sfi f,,- I I, rli;lltro, w l ,-e's w ri-I)()[ 	 efi 

Atr a 'W:r,il itoc h' Ch"ilt: ) t a Crol ) phyt!.lotf I y Sy iloSium in 

N ')iask'i It t 'V., ' .f '1' v, ii q '! ; t ' 'itld of 'R 8' ant i s tall parent 

'Peta' a: f t ni', fe rtil'i tior. iate liven 1. Wheo no- [oflt 	 is in TahlO 

riitrog'rt, .'as d To , 1' only rIt'1I,'('IR 8 .' As incri'aJrsir 3 ,vclO rts of Mitro

p]en warO !ddthIki, ' , t,' ,yi'll of 'P lt~r' or lS'l whil' the yield of 

'IR 8' itre d shnirerv. ;%o, , !i key to ihrir :lte:'tir[I r) rti was to 

so.te t f r Iart ro., fi Haid on tr0i1 c high"! I ss, s-','t niot dot it N 

fertilIt,', it is i ii ht "it l i itt '" rise jriiOty[lO 5j OVel WoUld have 

been ditntif . 

WO C ItihlCitit' 111,i, 7 1liert' .l ipesv,,'htlt physiological knoiwelqd u of 

limitirg r.letrir 1,. l )Lutto LiSt in plant rtteedirg. In many areas of the 

world :too ) Yield: 'ilt' lited by tovic c<,ncentratirn of various dleinents in 

the soil. One of tf' ,,I1 ttltrf for hrecders is to use tIre known genetic 

variability 'oir tilerlane" to th1,st to inis to develop varieties that can do well 

in what !fr' int. hTstil'' 'n. irrioilellts. 

Table 1. 	 Yidds of 'l0 B' a.nJi 'Peta' r-t as a flnction of nitrogen applied. Data 
were Colltc'mi (lurii.) the dry season (1 

Nrtrogen Applied (kg/ha) 

Yield 0 30 60 90 120 

- tiia 

'IR 8' 4.8 6.3 7.2 8.0 8.9 

'Peta' 5.2 5.6 5.0 4.5 4.1 

http:Boilo'.ji
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Other limiting factors gre more difficult to deal with, but solutions to 
problems we doo't understand are always difficult. Scientisis ar studying 
nitrogen fixation 'i snvhear,s and its relationship to carbon metabolism; they 
seek to understand the ph(tosynthesis process in this crop and its role in 
yieid. Hvpothiesi:e with iu that some bright biochemist identifies a rate 
limiting enzyme in cne of tLse lprocesses. What marvelous advances in yield 
could come then if a physiologist and breeder teamed up and found a simple 
way to screen for rho onzyiw, c.,ern a.e)!e to identify genetic variability for 
the rate at whicii the enzyme woUld operate, and developed gerroplasm which 
not longer iadthe lim itation. 

Would 'Aft then continue to hear a question, as I was asked a couple of 
months ao, "Can you name a single variety of any crop that has ever burn 
developed because a physiologist told the breeder which olant to choose?" 
Probably wc VVould, because once a limiting factor has een identified ind 
appropriate screening procedures have been devised, a plant beeder still 
illus* carry ot tle vaEiety developmer t phase of the work. it may never be 
very obvious that physiology has any part f,[that phase of a process. 

Identifyir,g Cenetic Variability 

For snmu limiting ';actors, knowiedkLit W tihe specific linitaii',r is ieIlly
all the p),ant bre2der need have frori the p!rysilojist, because simple screen
ing pro(cdu res are obvious. YoU carl all thrink o ntimerou Sexamjples and we 
need not belabor that point. For some limitations, hiowover, the key to prog
ress in improving a crop's capacity witi re;ar(I to a specific Iiitation will 
be whether or not an appropr ate screenij proct:dure can be devised. Little 
progress will be miade if soieone discLevcrs that a certain poe ly adaptet 
genotype carries a capacity for :ull.)r cm rateas of nittogen fixitcio, as far as 
1zs biochemi,-al reactions are rct[r1ecrri's, if the only test for that capacity 
involves extraction and pr,',ifPa of the enz, me, and subserjUtert coniplex

laboratory determinatiorns af retctiun rates. Th, knowledge remains 
 an aca
demic curiosity :,itil someone discos.ers a simple way to identify individual
 
plants which caty tire desired trait.
 

Yield is a coriplex process. The rate of an enzymatic pzocess or the ef
fect of some other trait may be ayield liriitin-ig factor only in agerretic b-ck
ground of hi gh yielding genes and when environmental limitations to yield 
are insignificant. If the desired genetic abeitation for reaction rate in the case 
of our hypothetic enzyme were present the swecies inin low fregue1tcy, 
then the chances are slight that it would ever be identified or utilized in a 
breeding effort. It is highly probabrie that the desired genes would be in the 
parental stock only if they were idt-iified specifically and transferred into 
appropriate breeding stock by an infom(d selection procedure. 



Role of Physio!ogy h/Soybpan Breeding 229 

Evaluation if Traits 
,
A we di!eL, no: atttin tl more illusive limiting factors such as an 

enzyme, it may ruei irt a a cj-or phint breeding program to identify yield 

limitatioris. r:isic ies,.,ch may suggest specific factors that could limit yiId, 

hut to adequatel' assess the deqree to which a specific trait may bpelimitineq 

yield, may reyn ire extractirrq desiralOe genes from grossly unadapted qnoe

types or evenl from re!ated specieis and trlnsferrin themlto a genetic kick

ki)L0,,.1 ,tiWI:h the iimitatio- is perceived to functico. What does thate i-tne0r 

flle)? !t.lmereis thait vow lay have to ti ai e ]enes froi poor backgrounids 

into 'rie(iaVa i ie " wet)l e it !S t:v.inv~lii to Iuni the etrxpelmlel'nts necessary 

to trie t .%hi limitingii tri fclii l:jt Ce t) il I te trait in IlleStien mayI he a 

yiebY. And, testingl i)i 011W ackgrouL may !ot he sufficienta trait genetMic 

1t:r w. a valid evaluation iof a trait. Itmay rquire moving the gerne or 

ieiiO entaSevaci ;iffenerit backgrounds. OUviOsly, each transfer could 

it1I/llt![IMamIch as resistalt variety. ThIs, thei, efIfo)rtdeveloping a listavrr 


iiM)(illt0if woik iris C(tiC(ft is wit5i)'lOd.
i1iel)li0s 


Developing New Varieties 

ita esealrch do:u;, ideintify hportari yield limiting factors, andtem.tl) 


wvay to screen for the traits in a seg',atirrg poptIl'aio, th'e the problem 

still rerr,ins of developin new varieties. It is entirely possible that yield 

hine timo(factors may hbeidentifieid for which genetic variability cannot be 

fool Ill. Altr irsly, it is possible that helitahiiity of a trait may be so low 

that 11 is difficult to aimCCtllLllate a le-sirable level Afthe trait in allappropriate 

erettW hacktro-arid. Idlitifyinq thew problem t ayI ot lead automatically to 

a1 slltioi. And, snore traits which may i)e iirified as poteirtially yield 

limitinu ray rnut phr drlreirlle to (itiielt ia iptilatiori. 

May/ I review with yoea two examlplus from work with barley at the Uni

versity Cf Minrr0,ota which illustrate soMIe of these, problems. When I joined 

the staff :i the Departneret of Agronomy and Plant Genetics at the Univer

sity of Minnesota in 1967, Dr. DorralM C. Htasmusson and I bega i acollabora

tive ffor t to follow aiplant d sign program as I have oLtlined here today. 

On, of tile characteristics of harley leaves which we believed coulcI be inpor

tant illyleld was the physical process of gas exchange by leaves. We hypothe

sized that one coUld possilhly aff ct the late of (fas exchange processes by 

varying the stomatal frequency 0'n leaves. Therefore, we began to look for 

genetic differences ir) stomata frequency. We were able to idrlrntify genetic 

lines which differed a,frequency Of stomata by afactor of two (2). We then 

took tlregenes for controlling stonatal frequency and developed near iso

genie lines of barley in a genetic background of the commercial cultivar 

Dickson, a late maturing culti,;r, and Primus, an early barley. 
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Under test conditions favoring open stomata (high humidity and ir
radiance), we found that lines with more stomata lost more water and ab
sorbed more carbon dioxide (2,3). Ho ever, the yield of lines differing in 
stomatal frequency was not different; furthermoru, subsequent tests sug
gested that liies which differed in stonratal frequercy comperitated for these 
differences in field environments by different degrees of -.tomaTail opening. 
Freguency was ,ot the contfolling factor which regulated gas exchange. In 
the case of these particula?r gtetic lines, a lot of work over a period of sev
eral years did riot result iil ah,' In(,s that showed promise as parental rmaterial 
for future cultivart. 

Was the work devoted to ston-ital frequency done in vain? The same 
question could have been asked of us about v.ork on a dozen or more traits 
in barley. The interesting answer that Dr. Rasmusson gives is that being 
involved in Isroralr ,ansed him to evahiate, to a relativelya plart de.iigi, h1;1s 
thorouJh degree, a vide spectrtna o cenetic material ILhat never would have 
been in his prograr itIhew is>. WI re re son has gone into selection of traits 
and where many traits are rei ng tesi crd, logic would say the gene pool from 
wh chlIltivars _re bein, assembled should lead to superior cultivars. Dr. 
Rasmusson believes iiirly that his progress toward higher yielding cultivars 
has been more rapid because of "spin-off' from the plant design work. He 
cites the example of his recent high yielding cultivar release called 'Manker.' 
The name is a contraction "many kernels;" the cultivar arose forn material 
he [ rought into his program to evaluate the role of kernel number in yield. 
From the genetic lines he was developing which differed in size of heads he 
selccted iines vshich were ylhing well to go into his Cultivar development 
program. Thus, the par eat materi:al for the cultivar 'Manker' came out of his 
plant design work. Dr. MasMussnn's enthusiasm for plait design research, 
where his pay off must come in a cultivar development program, is more 
valid testimony than anything I can say here today. 

Is spin-off the only benefit of a plant design program? Obviously if traits 
are chosen carefully some will certainly he important in determining yield. 
One example that comes to mind is height in barley. Lodging is often a prob
lem in barley fields. Short straw cultivars should be more resistant to lodging 
than tall cultivars. In 1955, Dr. Jean Lambert began a breeding program to 
develop short-strawed barley cultivars. This work was ta-ten over by Dr. Ras
musson in 1959 and has continued up to the present time. Table 2 shows the 
results of more than two decades of intensive work on semi-dwarf barley at 
Minnesota. It is only in the past 2 or 3 yr that yields of semi-dwarf genotypes 
have equaled the yield of tall genotypes and there is no evidence that superior 
yields will result from the work. 

How can anyone justify nearly 25 yr of sustained research on a subject 
that leads to few publications and has not shown any economic advantage 
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Table 2. 	 The yield of the 3-highest yielding semi dwarf barley genotypes as a per
centage of the 3-highest iielding tall entries in Minnesota nurseries from 
1970 to 1977. About 1970 was when semi-dwarf lines which had reason
able agronomic charactaristiu:_ were first identified 12,3). 

1970 1971 1972 1973 1974 1975 1976 1977 

% Yield 79 90 86 97 93 98 109 100 

during that perdio of tihie? We ccn probably all agree that the researchcr and 
his administrators muSt had- solid reasons if su,h Uffolt is to be juistified in 

accounting for use of resotn ces; are I, how rn6lI\' SUCh eiforts (i.e., how many 
traits) can 6e cr iud simulta0eouslyV by a research qroup? Whal is thu person
al risk involved to the i,!suarrhers !rd those responsible for the programs? 
As one analyzes these (mic tionS, it WVOLI he easy to Sil'' that it is highly "I

plohabhl, that effective physiology-btrleding progrlams will ever he involve(d. 
My persrwal kelief is that fuw will hr sustained by industry. Perhal)s it is only 

In 1Ire ernvirorrlnmirt of pl!te cdtl('eation prolrillls that any really major 
stI(JMd pn0g en]!lU 1)11 u!(l0ry-hrmdIindg res,.irh is evel possibhe. Such 

the pilti(ulal Pit of T!hysiology do 

viabe tlhes --- urrch jruth cis of limited scope where one thesis can provide 

the hase fol an'othw. Iii thai ttloslpiw vhelt the researchers may have 
teaching responsikilities aripmyioriate training functions it is possible and, I 
believe, highly prodtrctivi: to have team research on a!sustained theme. For 
the breeder involved, an ongoirng cultivar development p op smi may he part 
of the responsibility which justifies the :otirrt! l itUIce of the plant 
research. If higll pualitV scientific iublications are coming ornit of the program 
and if a cultivar development propram is benel'tincl from the spin-off then 

can see pilysiolo;.v-breedirg ;Irorramrrs being a reality. 
I sincerely hope that th(- liriversity environmmrent in our land-(rant set

tings does ind,,:k J to sr:h prograns being estahlished that they are 

(opie- as 1I rishil ity ,, 1 mi it. present 

ladW an( 
effective. From what I have seen of this world it is essential that somehow we 

learn to make progress more rapidly in cop breeding prograrrs and that we 

do things that have not been possible up to now. I see only a bleak future 

for the world if we don't learn to minimize limitauions to crop yield. 

NOTES 

Dale N. Moss, Department of Crop Scrieice, Oreqan SIet,, Univ trsity, Corvallis, OR 
97331. 
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ACCOMPLISHMENTS AND PRIORITIES IN PLANT BREEDING 

I. F. Sprague 

Theie is little need for any \tended p!esenitdtion of accomplishments of 

plant breeding. Adequate revit -,s of the pertinent literaIture ate available. 

However, sonie special asv cts wvill be mentioned as a point of departurAe for 
speculation on I ,s-arch priorities. 

Plant breeding is often a biti ar il, C-isiLer .d undet two seial aite headings: 

the melf-pollinating and the cross-pollinatin(l species. In both gronps of organ

isms plant breeding be ', with simple )henotypic selection. The recognition 

that cross-pollinating species might hest be inmproved t-,: other orocedures 

possihly hind its inception ,o%Ith the reports of Shull in '908 and 1909 (10,11) 

on the effects of inbhreeding and hybridizatio in cor,r. An extension of this 

v-ok ,Lilminated event:ally in the ccmiiercial Ise of hybrids. The distinction 

hetween the two classes et r janismis '5 recoming less meaningful through the 

LIse of special techniques to permit hybrid development in sell-pollinating 

Species, e.g. sorghumin and wheat. 

Pcssibly of necessity and pos--i]ly by inclination, workers interested in the 

cross-pollinating species have d .veloped a wide range of special interests. This 

has been evidenced by participation in an early adoption of improved experi
mental designs and field plot tech7-,ques followed by interest in quantitative 

genetics as a basis fol uriderstanding and interpretation of past developments 

and as a guide for 'Urtoer research. Differences in operating procedures, how

ever, have little r,-levance to research priorities in the two groups. 

The effectiveness of plant breeding is conditioned by two attributes;the 

pretence of adequate genetic variability and the selection scheme employed 

tr. effect changes in gene frequency. 

233
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GENETIC VARIABILITY 

Genetic variability will likely always be less than the breeder desires. 
Disregarding this craving, readily available gennetic resources do vary widely 
from crop to crop. Pcssibly one needs to make a distinction between poten
tial genetic variahility 1nd the more restricted sample actually Used by breed
ers. For example, !t has been reported that commercial hybrids grown in the 
Corn Belt involve a very restricted genetic base; heavy reliance being placed 
on two sources, Stiff Stalk Synthetic and Lancaster derivatives. In sorghums, 
prior to the tJ.S.D.A.-Te,%,,. conversion proqram genetic diversited used by
breeders represented a very small samiple of the Milo, Kafir and Feterita germ
plasm, Current vcrietics of soybeans tr-ice hack to a very limited number of 
importations. 

If prottess iS limited by lack of ge:ietic variability several options are 
available. Choice (,f parental material, regardless of the breeding system to 
be emp'oye, iscommonly hased on perceived differences ingenotype or 
yene frequency. Such evaluations are highly conditioned by a subset of genes
which inlfluence adaptation. Except for simply inherited traits (e.g. disease 
resistances) it is often qUite difficu ltto evaluate the potential of unadapted 
material. This limitation ccoLVrts, in large part, for the past heavy reliance 
on adapted laterids. Such concentration may lead to genetic vulnerability, 
hence the desirability of broadening the rencti" base. Some of the alterna
tives, roughly in orde, of descending -,ttractiveness, would include, (a) al
ternative adapted materia from similar ecological zones, (b) unadapted exotic 
material, (c) mutation beedi ng, and (d)the currently widely advocated tech
niques of protoplast fusion. Each of these alternatives will result in reduced 
performance at the F2 or population revels. This fact partially accounts for 
the limited use made o these procedures. 

Mutation breeding deserves special mention. Here again there is a reduc
tion in mean performance level after treatment but many of the genes respon
sible for this reduced performance are simply inherited and therefore elimi
nated easily. However, increased variability of this type plays little role in 
varietal :mprovement. The mutational approach to increasing variability has 
in general, found less favor in the U.S. than in many other areas of the world. 
This is true in spite of a few notable successes. 

The popular press has often stressed the new technique of protoplast 
fusion as offering promise of removing barriers posed by sexual incompata
bility and thus, potentially, making all of the divter;ity within the plant king
dom available for the plant breeders use. These optimistic projections over
look the many difficulties still to be resolved. First, protoplast fusion has 
been accomplished with only a very limited array of species. The most suc
cessful case, to date, involves species of tabacum, but these combinations are 
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available througLh the .0XtItl[ It0te. Whln ILchr(Jltes Z.le further developed to 

permit iPIata h ffusiolS 1 f liWrt0IlIss of Choice the I XtL Iur(IL, ',^,ll inVolV( 

trttcedturis to foster cetll invi rr:, with S;Uos.eIJHIt deVCoi)111ent Of a c(allus 

ai ueei(tirditOli Of a frl.t1t oil,1 sltofO',)hyt,. C111o11o o1e llltteglr y liiust be 

iIJef fLt ot! ajull t'i lli l ii hon th (If sI npl 

antif-he lt uris fur i:hii lOl l d(l 'istsfoY uioI)n jllu ti drrelu1OuiS 

Oet cuOrlrifirtaItjrrl tif 't.,rtt 'xil liIitt , i orirlrt lh, tyhIi ii it'd;(i" r!i; s','

ill tlrg jiujir iruf t'rm i s,. rly ti setl \'ttI irtirijial. i:wrt it a fertil; 

Str liOhiyt ra o t, of oi fisti iltl Ontti il'Iturn uOilas .ii stlectCiatis 

One fll h'mrltllulrtty I tlte ti riltyir: ,l tOfit terautll ttf thin two 

Il JiIogii rtfiulisr is t aI with taiI'tyiitlltir cstlrhiun i sity ir that 

ir l i i s trf fhvihll )itgI l t so tul tyfrun will t .ote simple. 
(i)iu' w\urlm rs if aitPil it lrotol)Sfuiuor lliu P 0 airy ialhte.; Ii: roe 

al ol'lriititio 1 t ili l -fi:ultis hi u :vr'o iiii a sithi: .esstfi l ctillitar by the 

iptliaitl seitl l thi lI cTe ui HiiTri:iV(ei |i y serI as ii irSirfill rimtijitbth. 

Wheat x rye hyliid '11cilirt , e'asily 1i1l l,1vit Iell lnowin for 100 yi antd 

stiudiud irittnsiwily 101 th0 idst 20 yr by a age Iitrlihir or peoplehin dI';l 

with betLter ti,1 ,iV i,100 fiirin tial t. 1)lIn spite of this sileabli effort 

Tlititafle li yet (, frindt a tuibstanrltial place ill world a'ir icultmre. If tihe ability 

to closs is i alX(ti or I t-latiolIship arrt corimlatiifility of intelactiog] lenoles, 

theit\'l w t ne n,.i, iissibhe Iy the xu l Iunite will likely pose even greater 

prfleirSr iI tht. lvrtild ishlatioir of a fully f ili, useful and acceptable 

ciJitivan. Plant Itutnders are conft eil otiirisIs hUt few havr evidenCed any 

Strongr interest in prohtltl;rst fusion Js a solution to the problem of expanding 

u)enet ic divetrsity. 

SELECTION TECHNIQUES 

With adettuate genetic variation, piogress in developing improved culti

-ars is dependent upon the effici ncy of selection procedures used and tie 

scale of operatiors. I shall consider first the techrniques used in line develop

ment and inti,-population improvement The additional procedures appro

pri.ite for estimatintl combining ability will be considered later. 

In both the self and cross-polliliating species the obvious first step was 

an evaluoation of existing cultivars. This process led to the identification of 

strains which became widely used, e.g. Richland soybeans, the several selec

tions of Turkey winter wheat, R-io dent corn, etc. This source of variability 

(land race varieties) was soon depleted and emphasis was shifted to selection 
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w thin and among advanced progenies from pLinned crosses. This pedigree 
system is common to both the self and cross-Polinatinq species although in 
corn it is more commonly called second-cycle !el ti g. In the self-pollinating 
species bulk populatioris can substitute- for the pedigree system thus by-pass
ing the opportunity tor selection at intermediate levels of heterozygosity an.d 
concentrating the selection process along highly homozygous lines. 

The pedigmee systel has been effective in isolatingq inrloved cultivars in 
all crops. It if, the standard method of handling self-pollinating materill and 
until recent years haS beenl Used widely fo corn. Duvick (4) has published a 
resume of Pioneei's experience witlh this breeding systeni. Ill spile of the 
success achieved the nethod has obvious limitations. 

Bailey and Constuck (I) have pulished reISltS hon alCaiWputi er simula
tion study involving the effects of both linkage and selection on developinq 
supelior true-hreedinl ulitivIrs. Tlhy conclLud "when one t)irent line is 
substantially betterthan tlere Willhe l i coul)hig linka(e andtne othier, I 
,iie averat., p-otability of fixation will be increased. Nevertheless the avi,lsge 
lenutic value Of selected lines will he less 'han (o, it le, little -Idcwe tihe 
level of the suJperior panenit line." OuCtcome iprobalililies al,' i,,rlOvl some
what by increasing population size alld hy i)rogeny testilg btI the problhle of 
identifying the heslgenotype available renmnins a limiting problem. 

They suiggeLst two alt;ilalives as iitn'frovemelnts over the standarl system. 
One involves a more riipid cycling, i.e. inwercrossinl selected Sji ' s to develop a 
new populatioi. A firther iefinement woudl be to use doiable-Cioss equiva
tents to incre;se the probability of retention if a larger sample of the desired 
alleles. The s'econd alteint ive Involves an inc ease in effective population size 
through raidomr initeiossin anlong individuals representing a series of 
selected St familis. The increasud pro)ability of fixation of desirable alleles 
by this procPn.lrre was ju(lgnd to Ie substantial. 

This second alteinative is essentially similar to some of the intra-popula
tion recurrent selection schemes. In species where either genetic or cytoplas
mic sterilities are available an artificial random-mating system is established 
easily. Where such systems are not yet available, the production of crossed 
seeds by hand pollinations may be feasible. Several investigations have sug
gested bow breeding systems may be established with a minimum number 
of cross-pollinations (2,3,5,7). These may not satisfy all of the requircments 
for quantitative genetics analyses but would serve adequately the need of 
the plant breeder 

Whether one uses the pedigree system or some tyne of recurrent selec
tion one of the major limitations to progress is the selection iniensity which 
may be applied. An extensive literature is available on the effectiveness of 
single trait selection. Population size and selection intensity can be adjusted 
to the facilities available. However, it is seldom that the breeder can confine 
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his interest to a sirirfli trail; IT- ,-ist he interested in a vholfe assei bllalge of 

traits which make for coniniercial acceptahlity. To satisfy these e(jirmnents 

the )reeder has rhtte i1a.i alternatives: ide)endtt cLIlliflt hevelS, tdndem 

selection, or thu w;e of somne type Of idlex. III practiC( the lecclr Iiay ii, 

thoiipih tJSi(] hl',' ri thanall !three, fir: irti!x i ep St!H a va.hle jiL fr irrt I?ri 

a ti irali/t! Iwioo l. 

]htcrctical c'klv.,11thc:,d hJw( 111dic'tc~d th'al l lfindx It,th,! ololeiim 


riat i Itt; hIiw tlA ii i nal 

p['r4Io 'il o f ctI ,n .' nII (12) i r '- i r(WiCvi:ill tS 

fTii, it I thI tl t1ei i I ' r)i v fa,, ',ii I lti'f 
I 'lel ii, ' " It i a,(' his 

.ysti toili~I ttle Ii'v(, I ilt!'pla lit,(11" dli ' IrlyIV ) tot1wll p ihlrm of 

etsiaNiiiurf 2lC:lMk;'i , i 1 r!(rI hcca r attractiver ts.T I1)r j hiefi Iri 

" hen [I!sek, , il.BI; fKI (H %IIt itit, ti I c rIfc: Ii r f (i's t firn foI (To-

Il rnkc IIw ei] ts. /r imil f l i iutrI ('1 t I o thetIs if)ti il ': IIt alie 

sIroI 'e"ss (higiled toi Vefliifx tire l sotdilcrrei i:twvve) rxpfctif~ 'nId 

reali/ed gait. -hus fir ! s cii If n l ,qtii IWlILiIl!d', CM11iiiriard l0ifrlarl. to 

to tlat ohli 'ie t Ifw I t studie;.[1 ri".,Aif) otlel It i o; ieloi 

Poqjrri will, ', i k h, lli itrll.\1, Oefr:rdlrnt ufil0selection rntens'ty and 

the olt.fnitrdt ol tw:r iirdii (a"rtic voilacs 'd the maittde aind sifgn 

of the co r e iirrrmi trit II' f II !t,t AherI ::,,rrelaIttI s with yielda1i'rm tI 

ire I, V elerilir llltelsity fhrrYut lf I 'l1 0,n1tifl (orfrOLIl) Of traits, 

c ,,t. i 

r!ef the polloitirri (ri I .' rJfi lmiiill rlii <,1coitiolhred inoculation or 

It the 1li'tw i ir itl' the irtirrlirs iOfdividiaIs 

e.l.l f Ilis r ; Metcte si;;ti ', c: 1 he , Il. t'iilly by grow

;,W.,ltlt,1ii f 

.'le r;): Ii r'IiiI)rlllitil 1' sItI; iit'iily so is to miriliie genetick>111 fiacot 

Iiift ofh-cl;': i ir)'if eith inir'i(llg. If fIhriotyf)i traits can he fixed in 

t\vo l fetrc-till tfir efficieticyI slirrtbf(lIt( shi~ctioin usiMnot an iideix in)

rirlvinf yiol should he increasetd. 

Two techniques soirretiirsioe ldeid under lhe twiill uenetic ertineering 

have feen suggested as possible retlacements for conventional plant breeding. 

These are the routine production of rrinoploids arid cell culture. Naturally 

occurring monoploids have heen reported for a inumber of gernra and species. 

The advantage of selection among a gimetic rather thian a zygotic array has 

long been reciognized. The tsrohen has been one of pioduciny noloploids in 

quantity and sobsequeiit doubling to restore sexual fertility. 

New teChrignes have partially resolved the numbers problem. The ease 

with which microspores can be induced to produce plantlets appears to have 

some genetic basis: some varieties inwheat and rice have thus tar been corn

plhtely intractable. This limitatioui must ie resolved as the breeder must have 

complete freedom of choice in forming hybrids to effect the recombinations 

of interest. A further limitation affecting potential population size has been 

the high incicience cf chromosome instability and of albino and other chloro

phyll deficient types among the monoploid progeny. The rates of spontaneous 
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doubling and the effectiveness of colchicine in inducing doubling vries 
widely among species and t-rotypes within species. When each of tihese 
several limitatior's htave Uen resolved nTdadequate nurehfers cal be prOduced 
at will, the piroblem of Selection amoni idividuals vill he coiparaihl I T that 
of alternative breeding systems. The p)lolel's associalte, with evaitlition and 
final selection of gcnotypes ':,I ' , trs ;e it Ie,,L-i idr L'th, 

problems involved in their productioo 
Cell cultule has ,4lso 'wen Si(J(;gStehd a a poteniall, tisetil lant breeding 

adjunct. It was rstihiislod scsi , ".It! t'iat cells of the carot root v,ere 
totipotent; tu-dtr Ilnpe0 ('o'fpcilt;0fs they :o)ll( he inuced to legt..nerate a 
sexually onip;ient Tlaii. li. ,itpr owh is l)eIng USI'd extensively in orla
mentals awd cUieisiv' eseatuh 1S uni'lrwdy with ai number of field crop 
species. Tho patntijl he),itc (it !his aipproach is still ulncertain ;rid deperlds 
O-)i tlhe ,'eSOlutioi of sollle 01 t1re techlical prlrblerms. 

The ability to wiltenenate i plaint to vegWtetative cells does tot k"l(l ti) 

plan t hreedir 1 progess. Son, itovishn mist be Inaile fto the in loctitirn and 
seiuctive lI oira'l,l [oil ot despilo,(I tJeletici variants. This 11)p1O]Ch nay e. eitOata. 
iy 1)0 isIfLil !' isolatinti cells anid 'illdlly i)Iailts that ire (esistant to heat, 
salinity, unties arid ct[1position and lathogens which l)rocu(e phytotoxlns. 
It is not elcil dt this filll how selction schemet's Coold be devised for llatitl
ity, dry matte t dist iition, train yield and other inpurti nt criteria required 
Of a SuCCeSsfulI CllliVdi. 

One should he aware that the molecular biologist anid the plant breeder 
view the devllsifinl field oi "qeiitic engineerinig'" froln different points of 
view. The molecular hielwist is fther enlcetiraged and increasingly opt;. 
nuistic with a;Ch SuCCss in prutoplast fusion or demonstration of successful 
selection in S,.slonsin( cellCulturte. The plant breeder recognizes the many 
critetia which most be satisfied to ohtain a new commercially accaptable cul
tivar. He may he intensely interested in fiture possibilities arising from 
genetic engineering approaches but feels there is little in the current state of 
"genetic engineering art" that is immediately useful to hin. The molecular 
biologist is enthused over progre.ss made and tihe plant breeder is awed by the 
problems remaining to he solveo before genetic engi rieeri nI can become a 
routinely useful tool. 

EVALUATION TECHNIQUES 

In several instances we have alluded to selection as the primary factor 
in modifying gene frequency. Effective selection isdependent upon reliable 
evaluation techniques. Plant breeders, as agroup have always been interested 
in new techniques and are quick to adopt thest as their effectiveness isdem
anstrated. A few notable instances may be mentioned. The first involved an 

http:progre.ss
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ont h 


initte(d a ijill't, r IiIItti , Iis lisa tio (itli ff ct s ar nlorIt 


increasing aipha ,is t, w inut'l desiiq; xnd staltistical analysis which pei

means. Tht 

CO!IW an It1ialhi1ti ,i liv 'dI tettntion to it111if m Of :1itnil 1iwti"s ftllowi 

Iplf)W.etltttsithlls..A llifit"i d nlottihittmi lt"'clmijt' to; mw w/n ill/tporl'int dkea~fsc's
 

hFin,' tt lW.t''it;t rlt I ul :0h prl ttti tw VV'i qit t"ch "itIetis fr the
 
.l.it lol tn i ff tl{i) 1 w ldVe hettel<t,',lIldjb
c 111 11)""t~~t [li')il(i lc $1tflititl'tr11

of itt 'it 0 j',. firI i ,f;tttI: thiis't, T c t lt iF tiriic('t 
Im 	el i ii il sd I hlii it: .t , rc - illi .pott- u)hI itt Hit Oll 	 1 igt 

<! t w {.dlt pfot'ldtull' III \',,t it',+ IM IA']h"I IS it'sl[on tOf ('11, fle'!ll li< tt t I fl 

,
.; 	t Ij af w Ft i t )!t.!t"i ,, li C<i ~i iii ,li J' I I t)f i1 ill '110i ra ' (.4It o 

t \ v!lrhic~h mlt, twl,d€ '%.Idll ~ 'e3q~ 'l ie 
i f 

nt.j ikhi tl ttu tlF. F tliC t i , Iit'T. elopts ill trit (t itipllisttlSion,
 

'ttwl t 'ltl 1ti d ti tItl , iii(iIIoVIt lt; ill htFrtts l lt ' effi:ciency)llhciic
 

'i iftul{l 

e , I ato ii, It iS 

r oo l f t lt Iw Ift i-tI: i l l%%iict11 t t titnts of nevv 

m ikiti .ll.' t;t 'i h 1,t1it1)" l ohtpt liorls. 

t)1nK tIrtIi:,!Fh! i 7ttJtiIIdtito tII Aft t/ts developi il iltti tll,lt1' Of rwv 

liltfiefC 01111,11ll fo tC L!II' drS.
ill" I()!iw! tO lil. l ( I ri !i O~tVt't 

INTER-POPULATiONS AND HYBRID IEVALUATION 

lit 


toI)rit f oflL itionr v)olitioi l prloq'ttL myii l I t'Ioahdesit able as a Irelude
 

\%'heiti h l, rihty -st 01t pioidItiiii ol c,omimercial hybrids, 

l 

is t yrI)tjljt1 1lfTttllti iCtII lillllsX, disease resiStdla ie may be(I ri -i ¥ thdlhiC 
eiihtled moro,,i litck!y'Indieoisily 01,11n fot he? 11lOrl, Comrlp'iox t iat yield. 

In iI ,,s it at le st two I)tstpo 'itltieirso. dlI-tJth u fol most lanid 
p~roqfle . : 01 l o 10 td I(.YsoM Illt)h otIfch , :,)sefl (IVc iI(I~t t~l~ti (1(%(grtee 

rtlttit'tt lit-iirttti iitiltliit i-is, testingp operations may he simplified. 

t-ce 
j11ojjL}ifto jk'sVt ol Iftitil p)oIiLt Fation re utTrto selection sco wshst. If th;s is !tue 

LOI Iii t lltfisit stp! th'It there risayd )i little diffe ie illtffectiveness 

t 

tlii Oib choi-,s 01 systtlm t hit tld i).conies one Of corirerrii4rCe. It 3hot11,1d 
b i(~o)hsi;eisd hovvrt, that cut runt ata are possibly not very definitive 
and !hat a lonITger periotd Of use Ilay t'IICtSSesay for the tinU differences 
among oysters to becomeILpparet. 

NOTES 

G. 	 F. SprmJLe, Umvirsit'v of Illinois,Jrbti , Illinois 61801. 
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MOBILIZATION, CONSERVATION AND UTILIZATION OF
 
SOYBEAN GERMPLASM IN THE USSR
 

N. I. Korsakov 

1 , plant ,inidom of own p!,m tI ie ot th r essentI.l biosphlere eh
merits and it iS lthe SeLr"C Of O; nii al re0s01)11iLe-S?s d( [hLe pIrOSpeIroLis exist
e1dCP Of 11161r11ind. The fLti It +oti O'l? 1111ICt u!t e larid h it Of .,n:ir lfic tc. hlnicilI 

~ro jti'"; iilite s tlii exttrt o iil;l',Ithlil a1110c il ,nVatinofdtepci'r or) ui 
I;,W(-HIC', II~frI.l' t''dIlC 010~ ', O W1t',11l , bt ity .)I ;flmrltL e~t- t oil E~Lth. /All 

th[i , Il-, ntl i , )r ,ii ( t , N .I V+itrilop', T-,i- L .n it,(f !I tixitliisiVi i
 
Siitn en Ir iII , nl ithl III n 0, Snlmily
l tin i, OwS\' I otrti- S 

Ti k, t !iu it,, O C;intr. \i- I)t it ' tiii'n ofI'a t ,. i i ih ,! B ic\ Ih1"i'' tn 

13l?, iiiir. iii, i t i l't, tIitIItIi I r 1,]-lI(I 

I Itt I1111tI 1". IrISt+ I,.G' fo ro'l;I, I IN ItI i t I v10 11tt CkIt I" tto I l, t 

taII' II, t II) f it , i v' [i I tl,ni l[I I S , A t nI itcI ', ItI e itIlt I 

ir i ttivie kcl t i. t 'm rll, It , t i t1it are Iv"o(1 t It 

.. ht, Ct'lltlw o~f 0 1,() I CN II%.Itt~j ..C p241... Tht L.+w of H i C It)LIS
StrJ! ) f+ieI rc'iilt.w, V x,1,t, 11i1y" 'Ir i 1 " ,tmh (if sovt+V 01,111t { r~ ,.~~. 

Tht! V ,,.k ov li,.,!tttitt, of Il,ml W dwhi,t:V (V IR ) ,V'I.II.C!" ',It~h lll+tio of 

p~idlit l si t I +f'+.th ., \%.)lO]jj \tj 1110+ 1CJ+)tI ' It' ,t Ill I(l 't'rl[ v c' lls. F i l m 

] 265 (:' ("ttli t' ltS19 1 1 it) 115 'otH r nit S lm.(,-th 111f n t! + + lt~i 

,*n:te~rio+ ,Hod S(,i 

B eI1l111,i111. Itl Jd dt.!tI()I, 11Ily' 

W J+, Cctriii,.l , ot+lmlr+ix h , A usti,,i, G rmi Blilt,6r1, ,Irftd 

\ ' Z mr O f 11 I lt! !; ItlJtL' 111,0 0]t ShO lt I)LISHIOmSS 

If ps to DDRH, Itl,fy PolIrld, Mlt xwo, ,!nd tihe LISA, A ,d WAIIul, new'V S:JlIIfIt!S 
Wt' +lt t ' tdd, t0 t cOC.t10h 01. PCtuoio~li lly, tht' IOstItLut( cdllit oult OhW 

241 
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exchJring of setd saImiples ad planting ,1atlci al MViih ini) th adn 750 scintific 

istitutions am! StULL lperdinl i11S il LEO ; Ctltlrillit s oT in n m I.The ex 

l !. Hwlnit w m:')o cf t ht! 0 . UltiOn hi. lt itnh ll 0t attive.plor:tion 

A ll this IlItl) St iOL mit I ,mfi [h1 :I L r0t W I ti i tut !' IL; diLl ' tI'S liltl)n 

thxa 63,# 5() s.xi,:l,', ,n 1 1i,,L,:, j) li I I, :I, 197 1 tt) 1975. I ite. ntly, thw 

i 0)IistitutS t'01m lii n il0l:11Lct ' , / i ,ll lcllillliq 3,08Yi t)hyl ll 

SaLL.V 

, 1 .l l <It I in' L.. imlih0 L )W i ;iL l O i ,'-, f tht 6 /1o.l i 

,ill loc I w) L11 ('!t,l l it 't! W. Co.'t' I f 1 : , ti ) It) Illh' fli l ll {¥ tl pil IV 
p I ttI [ 1"wot' l'.'L tI t LiI is V , V , i I, itt'tL tl "! , IL . i I I , ' Itll e IIt'l ])V 

SImtiLL iLL LLt m l it ' hi'; t\!, ,.iniiiIt'! l ,!i I.1 :Li' CIJI 'Lt (I SItt')ILYC 

I I , t Lfi 0itin 1. 1 I ' !11 I 1 I t I I 1It'.. ht' t I I. , ' IIIt IinCt'1 It)1I L t l iI'I' h,uni'lI ) lt'is1:ImI tLI t Iit('f 

Sl LOTi I , , I ', I 1 C" I i 
1 

il l,I I tI IIit i I t, I IhIi'I l t is. 

I r I I i I It I L- tL il i t in: I il I i o i t'IIy h i t 

a C tSIL ' tI I I I Il t fl I t I t II I. I L t,, L IA I 11 0 V001 , it 

ili i ti i ii, L ilI Ih'! LL i I.l It ILL I ySte a'\it t LII I S; Jl i' I ,LoLI I tl I I 

tl .i 'i i)ti ly k 'pm! ' ( cltu'tt(BIt' L ISSn i i , i' Lt . ol f t 

I LLI ' I k I i )ilLt Ct I ; i t .lli 1 m ioll II; I i', I t ot> LI it mmt lIC tie 

It iStl, i's I, .t ilj i 1 f i IM , lit lt l ot i''iml, L lI V tvillseeds,
 

I p nlt "() t 1, il : l~ t l " '11 l! qIld .
o lste !ih , ' ,1,iC l to n 
t .i { \' ihl :'5" t S nl i i 'rl ]:ItnIh t -'v !ssin' <. A I~ iL 'in, II. I iL~t't , I f lyIr til
 

A ll Tft j o/I.'LL d l ii i Sti L'. A'sI J, li, ( %il ";L)' lt ill tw tI i tlh t Afti stI 

licandit - I i .t'c I@ t- l t,i coI itr o t i.,Illiit F A bit ,t ' , h ,ht ,:i . 

Cha illtf ll 1, I i!!!' , w t, . t ii.lll"ra! ,,it ( I l l t . iw . nceoifit: /l
,

tlt O t : IOwt, ' w , t i, no f th,i. o fll ,i, spei ht ( t o.ilhri M ,,, 

Gr,is. ac\ Astiht iil Li i V,Ii ti'., hilai the ifi.V'aitht'hsselilPa ! sl'ri thi 
Stl)((:it? It; 5tl' .rAl 0 I t ;I~I0IJI} I 1 rthtwn: i o lhlwi tr; d llol t i by7 tile 

\hipC he e,i tOff 111,,ipti c0 ,'s0 ,I t :I) S It',i tn.Wci t d ill it. - oY a of 

inoiylet iIl;pot, til t t I., t 1i Inlus l C titS i d ri0 pr ograms, flowulS) 
't l I t'tId l l~ t t l,>t ! 

1--1ht10l r~~~l C Utt', V.1wi 1cl J t'CW's (I h '( ,:'t ,. !Ill. sub)01L~n is Welet 

fm lletd I itl, ,ww tht 110 ,0 lS III IILJ!-,l]!t t (It :,' t S .i\ tuf lite eight, l] 110( . 

spCckcs of ITo, qllllnws 1}<<wl L v\hlth 01,' tist( ihltt ud with!Iy h<,]tital G. 

clandtestil<u kn il. ( kG<'., [7,,n li. ,L- ,itrolwiivi~ (M'h isnl.) tBenth., G. 

cwhanP S mIf F .. J. t h I w n. 6l. frl!nwi:th IL~l,iit) C']t Ith., <,ntt G. t01?Iv1)t l,1 

halyata. A t I~t.,ll +I tSq lil. Of this JU0 11,1phiC: SOYt ) CM1!tl fO lltliOI1 

lOCUIS lf l s S s re'<id otil he islldS 0i ite PLICIfItC (Ot lll Inl tile Souther0n 

in) tile' PhIlIIIIM "Lin B3tledels Of tiht wolld hivehe12i11k hteic, 's dt S0th Chinlt. 


not veM invoketd specis from this locuIs i, theit bleeding pro(jr,11nls, although
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SOMilL Of tilt'(]) ItIIJifF t SiIC.1 illteI:,IilF tillits tis Isiistdlce 1c, dFiseases, loot 

rOtS, LII LIII)F LSSLL iFFSI 11y 1 11115u(2cII , ct1 IIit>L: li Fih 5 (S to1 9 

1)1u11 Lvdil lilt!L pwq''Ill o,tLL ) I il t (' I t.., I 

FJ1,11' I JLL2F16 11,111 ; k . F F 11 , (1f'LF. t 'L' I O w'L i;lIF1 

'IIEILL , . 12,I,)\(I L C. LII F '' LLL''LIIf II,' ',L10d, 0LLI 

V ILM !Fl I mILLM~mI oiFtlw F , I 'L S . 1 1 p / 

Fll , ' IiL Ill F , ' ' LILL F , L FFI L IF I LF' 11", p'II llI L SIll(!\,F L 'l 


"PLL[ILLI'LIIL'FL'['wkI:,LLFLL-, !FA l. w ''LI m)l 'isIId 'l' 

i t L'/ F'hIL' 'SLF'F'' F;j~ 
1 

IL IL~~j,,It lit ! V.'F I '' icctmlm I L 'l L I I I2 II 1

' 'LLL i.f LlL ILI'/i/lw ) KoI 's2.,'F't"F iL'11( tl'. I 'F ''' L Fm , 's' (I Ill,' 

F IMIL hl ll( IdFl . w 

I ILLL2IIILI , "I2 LLLLL i,L ,' FLil .1 114FL 1IF LII II'TO)LII II,'', IF2L ImI'ILL 

LIILL' 'IL I 'll '', 11101' Y.II IF'LLL l I IFI F'(,IW,IILL J lII! ,1 2115 aLlIf . 

' ILw' I LF LI L,; ,poiIL 'I1 i t FILL, t l,'iputiFLIII'.I ' FIi L I' I, I Ii21 I l InL A w l 

21IF ' )'JA, WFJ 11, tIiFd WIW 'L~lI I! 1 (II FF2'' 11'h (IFXtF(I2'I''yeIFy 

'LIS/L l twLFCh'lF,LL 1(111 hLL 111FF1l' FI,LL'I,ofI ;!p I k LI ,L1I Ly t ri'lfF! eLx-

F Io l (LLII f I w1,, 11LL LLl dl'lF12I lrllis. O')lF 1,111] 1 'lco . )I FF115SIIhiS iiIs 

ILILVt'L ILL FL, Ill' 111,1111:110111 1112 11 f,'L 2!2yFL2ilm FILIL'iLUF 1 il l il/ ( 1ini-

ILL''; host' p'l'iI Fl ILJt 1111111oF , litimhel' Ili 1 .iLF', I'L O''.'I!LFLLLI u I)VIonors 

IFLoiil v i,V 1(1121FiFL)L ILI LFLILLI'to t il LLLL~2 1 I II, ,I',II1IiF)F Bactiil 

ILLS!LIF ,\,litI',micis,. pL ,1se1', I/ V,11. SI'li/II 52 kri.' 112, Sumi e't [3111k., geneL 

I \FI, tiFILlII F!.-1311 13:ICI21iF FIFLIFI /':;2l!L~)LIFiil ,L ' 11(10 (;(Coi pe101 ,FF211. Pji, 
(1110IS ill F\'F,LIFFLI1,111 LOi'L0Li, F 13h5, 1I(qI yC FCAt SIot1,ILF2 k 5495; 

(1/(1)S'L)/,I L//a) F'1;i, IFILw Hcs15 LIci 1,('F, don110 k-4360; (11211 Rcs2 to 

r IC'' 2, (Fdmlio k 5680; DLLwn~y mildL2v PvIro/iispor,- mallshlrica (Natim.) 
SYIFIL. gf112 Hpr11ll olol I, -5/6,4 tuIsistaL to) ill 14 laces; mdl Phytoplithora 
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root rot--Phytophthora sojae Kaouf. et Guridemr., ge(ne1 Rps, iolo s k-3977, 

k-4365, 
Th il l)OVP IOOtltiOnt (F (h01lOrS Ofl rOSistdrCO, dl. wll IS Othlrl Milcflohido 

varieties dal witldy olS(0i hy plant hrliuLis of the UISSII, Caiia and US.A ii 

tIarticIllM. ilt, 9)8", t it soyei)l( ((l ltinql Ile;l il the USSR Is covereri )y 

vldietiiS vvith ti w ttattiI;, trm jtl. malshuric,- Arnittskya 41, ALrur

skav 42, l ir,: ikiv 5:', ,it KIh wvs;klay, 4. The (jiniti" hase of vao

itiO oV i(I ttti( r 80" tlt 16 A 1titwtrI( 0icwF I;ie itp t'iltO,( iiy six 
walrietie , of N1,11i i a{l ol+iq~ r)i tMt M iltchiu, M illd.irl, Mu'denl anld 

RichI~ll (lttvlvith 19/31). 

hr1 p i lrt', S o(h /fn,vi "s (h-I!.) K ' m e IIlile irklil- to very lti-?". irrri 'I:/) w 

ripeoill editlnl .."d t<ll s tnih r , vrl'/ loaIf y ;iird hiallChy, a.li therr to v'rly' 

s.tollIS HIlitl ti , ill,O r l rtllirrltiri' t to l , l)(dom etlitzinirrtIw istililo.I)Id'lli 

ArnirOti thei tlrv.iti ' 0I i thy tw rliiiItii:;hl,. )hythe i ijolity of 

oiliil , tXt i ;i rs) tm h irOt:rv I i S . iii 1 til: h etilir( t st ldplt)oillt, 

tlhiV (I it ilol tullu Isitinilt he vilt riFq hoh lowite l il collint, as viel 
,

S H)!l CP', () I i,'Si')1JIl(t' 10 V ILLI tI .<tIS tISP, 

-1llhe 71/' (of l pq/p t,n.'di'<, (ScV. Fii~k. M eit thin )W ml/iuedt~, et ivnlenl y 

im"tiil', I<fVy l(h l ltl+t +l, 4I l I ' M(tthdV1 \,'i thTI~q iW ttiiP W JL mi t 

ait the itl tili til {l !? I ,w ill"' v. 1 i ncw l1!Ild Iplw otirl (:()l en~lt il; the! S.eedis 

(47 to I0 ,)f 111i nolll . A lI Of ItIIS ur(FH tiltri Vlly Viiinl1Fi (:Orilillt))lItS 

fol hyfr i,'Ieiod r mti o'lillf, ti olio or vsiihtiSs ni h JI leoll( l l soyhetan(
Itl ' 


qltow in(iI!(! m Vte~ wl itv, ll ;I stliltt; .110( t s.1(l hid eh l~ to o w1< ()f 

li(Ihl niottili (oit nti ,t t fw w l, t til (It l til 'S, ltl irlq llait lia1 is 

liirlite lF Fine , iru(IhI t o tt(lIi od(qilll an( ileqloto I (d FpoF:1 l, flii(t othelr 

tive (liejoil l ( il' t' IiS. 
.the lili tSI i SI2 o Fit tl t l to wild forllls. I1 Speites is distil(jitishled 

by i!xilmlil thin , 1(1 , IO ii l li(d pod sh tteliil(I, a(d txcettional small 

wedvdliei ( h)1 ilfFe 1)f 10()0 s10 ,eIs is ,is s ill as 30 (). Th re.l other 

ru(hdsira le cilll iittelitic: fri cultivited variicties, which as a riel,& a.re coridi

tiorru;l hy !fit, doiinanit aitlIs At the saine time, lowei ter urotnerequire

il(tts at the ( ltlrilaliotoll std(t, 1tSiStUtIC- tO root lots, IFlo(te ntlli)Ors of tpods 

Oil 0ft1( and w toi ,t distases l of interest tolit, wtkutiv iSOance F acterial 

hreeders. 
As ; result (if studiyii(e the )t(rellifiriiial1riilility of the soybeal-plart 

characteristics an(d thr irlinolc,. of ervihoomntnllil factois oil variability, we 

have scrbdiovideid t11r011 ilrtt Six lirotlis. The first (Iroirt of characteristics is con

cerred tlrimrily wtiti te o:(l(r of flowers, poads, scuds, arid the detree of 

pubecerrce. The irnfourrlce of mrtrtoroloficil factors and agiotechnical 

methods of cultivalion Il the variability of these haracteristics is iot higher 

thal 10.1. The si/o of the seudls arid pods, and the width of tile leaflet com

prise the SCCOli (1i11-i1) Of Chr octeristics. Their variability of 11 to 22% 
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de~pend(s oil tilt, (iriowvioq cionditionls. Characteristics of this pnrtiCnfar 9rOup1 
coirilitirathii closely (1 0./ to 0.8) with many othier plant cha racteristics. 
[ hi tlliliid fiii of (:1.11,w~ii6st cs stiil as steml thickiiess, leaflet lengithi andi 

Imflhuf Ill filf' 1f nif~iwf itN. c~limiflis hy 23 to 30'), undeir '1iCeoftheillfItl 
11' f tlidi ii)m(f111f ;i 

puflflIii ,hj( LtlIiCft0I litifffiit f lf1'ip' fiffil(l hldfitttifitffilii!IjI0I 

foil Ihofif if l ii till- i fiff iiiff((fij (it chtl~iffteli'f cs. siicri ci'irlclefistics 

,~I l. lillol' ito~ 'ff.f hfililw' wpil ilY ileiffht of Iiiant and11pods pier 
piajot ' (fu1 till- if i 'l~ ll Ii' ii tiflwilci' c i ns oil the(ifiJrfviwilJ(:01t n 


if 'I *, I I A II' 2 I to 55' 59)to (
3 9

' epiiI io4/ alri ('tt 1f 

I t fOff'.f t tftI'II if ],;I(!I , f)(IfI Jf I If , IfITT lvel of it;l~lhdInwi('ll
 
(It i\i fifi (ft 'iffI , furtf ff1111fliffit foiillIhi Sixth
hw Ifs''; pklft (lI'i fIld 

/H it '" 1wt Iif.' it~tI w'. A ffliiiltff' v:1 iifflffl lflfim 11,ilti28"", 

"I t I: (ifII;t Iff'ilf (ffImf), 1''; .1(10 ill tiif filfitf 'I'fd liftt i I (fclt ilit 

[I ho fIftf'ftfiiffff ft fflifIif i. fiffhfllt I llift ffi If'o If flI f)i cf.' 

T''Ijtio I t ff'fiffi tt (fifli~l III 0) 1ff 1tf 11(l (hI;fI?,;:f I! V fi 'ftt 11f
 

lfhifid. At IfII, f 1 I7ff11t lift, o/'f oIiafii, siiiIIISllSd , tflf;kfVi ofii di:
 

-. 0 th (ftIl1ff'11f(I(ff flifiI\ fit Ill:,; cfil tlii
I'lltf1f'h 


11,0f11(l oii t il' ffl-lff f ( wff aindItit Vt 50ff yifa s ''thick
tw ,I) I l) I fiff1(wIft. I 1ffi fif'' tiff'., ili' tfi'lti'i Ill pfiifil IT; Titis w -'
 

SF ile liftf5&' (! w Seiw) ff1 tI', qefff) t vt i Lf;;tf, sui(tlf oitti 

ItimitI it 1 1(mlo sftftlts di tar tv mrill, l flhiii rl-in .11111 v it er C viiwiftittl f! 

fl'itffjcffff.tfff (if Ifi ITffItf'f ) itttfix thu;Iti~ tutu filaff,wi fiiflas nlrtt'VI 

wth a wkltflffiffff' !,)itimtiiiit i Nitllt';'llii ilihtltritt Salli ofd sity 
sl?(11(1 f' fl if' l i ii Clt Itf)]IflltS tot~ sc2lls,Sttl~ihi s rit Sf tifiiXil ,1 

IooI(Ifl~ly llffiiiit~'1m Viw mi hlt fi'iith of05 oma p~wnts ' ffftive ill 

(es lltlt t fe ()it e ll p ts e (:f\ITIif1t),, tof I ImlrImItifitfil ith l l, ti ftI ilwh~aethellolo 

fvlu~ltiitifary youititui Speces (Smith-East Asian) hine a glitteitui nhmer of 
itrftin comphitfoets (22). Atinstdtiaii species are int it iiatt (11 to 14). 
This ititvits tiat the itvolttinti of thll G/ycitiit L. place ini till.(jrILnlS took 
thitectioii of ;Inincrttase inl protein compontents an(1 a complexity of protein. 
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The variability that cannot he kept within the usual conception of the 

mutageneSiS nature and witiin the regularities of mutain manifestation can 

be explaiiJd jiartially by the theory of tliepltion, propoi:ed h J. A. Serra. 

Takinq into consideration the additive impur tsnc- of tl IlnsPheterochro

matization of chromosomes, ontog]lletic l)Olylploidizatiol, S 11hoillosonle 

set weduction, gerot,Ophes, ini depression of gen1e lunrctions) it isI'qsible to 

speculate that they are of some inllortal'oe i plant evolution. But the conl

bination of the IlIelorera uIOf I lif[(lelt take Oe tc:illluderl iallliot 

til latre of thtesti ofreveal the te phenomeni. TIre stirly the horolonLus 

series in the hereilitaly variability of cmar:iteristic's, takitro irtO .cco;nt the 

evolutiorrary lg, (ifitIs ro.Shle it say s ) of diffe lrut spe(:ieS groul )S:11.i 

within spe'esc nd sircies, reveailed that, as a ruL:, a definite evolutary 

age correslonr(ils to :)letlit, ljrnih'stmtiurr a chara:teristic. For examl)le, 

small seeds, Itlativey srmiall leaves, thin, sts, dalk c(olor of stel coat and 

scar, pod shatter ril}, and mrkeN daV lengith rha'CtiOu ar tyI)ical for (evolution

ary old forms oh the characteristic. The nrarnifestatiolrs of the characteristu(, 

aprpearirng at iater statles of evolution, especially durinl the cro) evolution is 

markedt only within cultiva)ted formis. Thus, it is liassihle to speak not only orr 

the plhylu eqiy o speties, hut also on the i)hy1oriry l cI aractcistic riofo 

the evnIt nioI f freI((litl y facteIs. DuriI(; the I)I ' ess (l evolutioI, as a 

result of miutatitns, geri (:urril)iatiorns, and Irl. formatio( of new f'enctic 

material, a CoIntinuous forailtio. (If ntw alleles tc;kes plIce' that stitlates 

filially the v tranifstations ef1die characteristics. The contpl, x oh iolteri

tance factols is a dIvinimic systerr. [vlkitionaly old froms alwa.ys; d(mnlate 

On the hslis of tlhe soyeln collictlor, and ulccoldirlq to lteor'ical meth

ods worlkel Out i Vi, nw va iet iesare heiril developed hy !(Icedig institu

tiorrs of Oun cuurrly. For this: )upose VIR distriirtes arnnually, catalogs, 

methods, ;ml over a thousand sampe from the se.ed collection. All soybean 

varieties cultivad(l in the USSR were developet with the assistance of the 

VIR collection. Arong ten are such varieties as Amurskaya 262, Salijut 

216, Arrrurska&a 310, Juhileirtay arind theothels th;t ,:ccnverte(d region of 

Prianiurje, [)rviously curnsidered to he of little ust! for soyoean (cLltivation, 

into the iprimai' region of soybean 1oduCtion in our cquntry. ihe v.rieties 

Komsonolka, Perereoga, Lanka, and Tereuimskaya 2 have a potential yield 

capacity of 30 te 35 cfrterslta witrhout irrigation and over 40 centers/ha
w;1h irrigation 

This short presentative (Ives': a tescriptirn of the investigations carried 

Out in the USSR on rrrhili/atioll, studV, a d utilizatioi of soybean germ

plasm. However, thin Ilst itute is ill need of new material ann therefore new 

expeditions are being planned. Contacts with scientific institutions and scien

tists of the whole world are being established to increase the exch;Irge of seed 

samples and data on collection material. 
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NOTES 

N. I. Korsako\, N. I. Vavilov Al-Union Scientific Research Institute of Plant Indus
try, Leningrad, USSR. 



SYSTEMS APPROACH TO PEST MANAGEMENT IN SOYBEANS 

J. L. Stimac and C. S. Barfield 

The systems approach to pioblem solvii ,- has a strong basis in general 
Systems theory and provides a sound framework for developing methods to 
solve pest problems (2,4,6,7). TLie terms pest control and pest management 
are often used as if they were synonymous but control is actually asubset of 
management. M a nagement st!atenies may involve the use of many control 
tactics. Tihe systems ipproach is useful in evaluating the compatibility of the 
tactics. However, before discussing the systems approach to pest management 
in soybeans, we woUIld like to point OLt some differences between pest con
trol and pest ma naJlement. 

In pest control, Jctions are taken to suppress pests when population 
levels Jle unacceptably high (suppression tactics) or are anticipated to be
come so (prevention tactils). Rabb (3) has discussed suppression and preven
tion tactics as remedial and preventive procedures used to reduce pest popu
lation levels. Suppression tactics are referred to as remedial because the ob
jective is to kill some proportion of individuals in the pest population. Preven
tion could be viewedcas a suppression action taken when pest populations are 
below damage levels but anticipated to become unacceptably high. In this 
case suppression and prevention tactics are distinguishable only in terms of 
the time at which the pest control action is taken. However, preventon tac
tics may be aimed at making the habitat less favorable for the pest popul3
tions. A characteristic of pest control involving suppression tactics is that 
control is short term so suppression action must be taken frequently. 

Pest management is much broader in scope than pest control. In pest 
management, actions are taken to dominate or direct the system toward 
achievement of a particular state of behavior by incorporation or 
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preservation of homeostatic regulatory mechanisms. Ruesink (4) described 

this action as "design," involving restructuring of the system by adding new 

objects or modifying existing ones. The objects include biotic components 

that use feedback to adjust intensity of action as the system changes states. 

Watt (8) made an analogy between feedback loops in agricultural systems and 

a person adjusting hot and cold water valves to acnieve desired templeratue 

of bathwater. In pest mnanagement, the manager becomes the designer and 

operator of the control valves (tactics). 
Pest management is characterized by the use of multiple tactics in all 

integrated and compatible manner. Some tactics sul)press pest levels (chemi

cal, cultural, and some biological control plocedures), while other tactics 

(biological) maintain pests at low levels by naturally adjusting their inten
sity when pest popliat ionS begi n to resurge. As a result, pest management 

can be long lasting in the absence of severe natural or nan-induced pertur
bations of the crop or agro(cosystell. 

A POPULATION DYNAMICS VIEW OF
 
PEST CONTROL AND MANAGEMENT
 

The results of pest control and pest ranallet are reflected by dynam
ic changes in populations of the pest species. Suppressive and preventive pest 
control are hypothetical y contrasted with pest management in Figure 1. In 

suppressive pest control, numbers of pest organisms exceed an action thresh
old, action is taken to "knock down" pest levels but the population resLirges 
and must be siippressed again before harvest (late. Note that there can be time 
lag between recognition of the threshold being exceeded and taking of sup

presive action. Dorin11g the tine lag substarntial crop darnage may occur. Also 
note that successive suppressive actions may disrupt natural suppressive fac
tors such that resurgence of the pest population intensifies through time. 
This phenomenon is reflected by the increasing amplitude of consecutive 

pest population peaks. 
Preventive pest control is represented by an initial decrease in pest den

sity, followed by a gradual increase in pest numbers as the season progresses. 

Such a pattern may be indicative Gf what would occur in an area where 
cultivation is used to reduce an overwintering pest population and the host 
crop is a resistant 4ariety which prevents rapid increase in the pest level. If 
a significant amount of immigration into such an area were observed, the in

crease shown in Figure I would probably be more pronounced such that the 
pest level might exceed the action threshold prior to crop harvest date. 

Under pest management, the trajectory of pest density is shown to re
main during the entire season in an equilibrium region below the action 

threshold (Figure 1). Pest level fluctuates mildly due t) variations in weather 
conditions but the pest population is maintained below the action level. 
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Figure 1. Hypothetical changos in post population levels under programs of only 
pruveortivo post control, only suppressivu pest control and post manage

oinnt which may include bulh preventive and suppresiv control tactics. 

Suppressive control tactics nidy I' Used II a) I eie(lidl mItrer to Supplement 
reglatory llocthanisirs if tese nechanis:ns ar' "swuMotIpd" fry large inIuxes 
of pests into the field. Tlh ci itical ssonrl)tion here is that the system possess
es homeostatic regulatorv michanisms capable of intensifying action when 
cOnditiOns are sUitalh:e for iiclrease in tIhe piest lppiilationi density. The ob
vious questiort arisilel is, how does one Identify and iricorlorat: such miech
anisms into it crot- system? The a1nswer is 11ot SO )vios arnd is the primary 
reason why scielntists are looking to the systens approach for develoot nent 
of pest manlageriletit, 

The primary distinction between pv.t control and pest management is 
that control is directed at suppression of pests, while roanagement is also 
concerned with mainrzining pests at specified levels. In pcst contiol programs 
we often treat the symptoris of the problems rather than attempting to 
ideitify the causes. In pest management the causes of pest problems must be 
understood before appropriate actions can be taken to direct the system to 
a desired state and maitain tihis state throUqh tirte. Consequently, develop
rnent of a pest management program in ary agricultural production system 
requires a vast "r-ount of kicvledge of the system inputs, components, in
ternal processes, and couplings to other systems. The systems approach pro
vides a means of strt'cturing the knowledge base and specifying gaps in under
standing oi ;mportant causal and regulatory mechanisms. 
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SYSTEMS APPROACH TO MANAGEMENT OF PESTS
 
IN THE SOYBEAN SYSTEM
 

Manaojemelet of n thet s(Yfe,n that con-Illsts Systeilt re0(Lires pests be 

sidlred as lb of uII Ithe soyhtwl system.
Il'rt of ' ,ysteit S ottO 'The sys

temns al+pploach lest oit,111,flt II l Ierlin b tile
to [lt1 t I)lltii; Itto t tlefirifl( 

lOULl(LiltS dI1 'tIst othel )iItittt Soybteatn sys
ihltitiiyii itt ctttil of the 

tern, spocifyinql milotI', into lhi,w ;, n '110 Iw( Iw'],! o Ill"' soyw~,n Sys

ctttul;htd mithit 'Ind 0 

hofr on tyt that lticottm' tr)uts Ott)ailot tlemsyst,,1i (2). Soyati pest-.
c:an hei colls.idvl+ t, t!m)ut~t (if> hr stoylwnr syst( m [hecaut, sonwi( l+w',t' 

toln is to t opid Io-Cf7O1i /stiOS.CooIlli1I]s all' ti1tMLItS 

of soyhti~let tesi 1 II dl;IS dyttils.11 Lit' Fxatltles ofl wiltrt Oli. these 

pests art tisets, tlti;ilattltbs, lt tilthotemllS tlhlt tovimwl itr ill sttybit lt l s. t tll 
.,  IlovieveH sol..e Iw( ,s of{ so,{lwtilws Itwsith onrly t1Inpllriiy ill ,oyhe.iis '.Indl ilit? 

appIIO hlot'llly du in: s illptit's ino, the; soylw~an sysIteln. 

Colliele insect pest .sl:s that olulht overwiitet or led crititit;uosly 

in waritf elitois of the sOLitlieastetIt United States and miqriralI to the nor

thetil ltlitt l ate leiolls wheill WLil, favorahle conditio00ns am ltesent thete 
(1). Thes l)ecis specify a Coot)iitg betwee1n :soyhean systems inl the tern

peilaltf rili(is 'Ind (tI) t l n ctlo systttls iii stil)trolpical rmlJions. That is, 
Olttts Of thO tl, 01 tovide ltt into the soy.,ltilti.al iiltplts of irlttitlila 

bejtlt sy.till. Als(o, e tilliOrli t) !,I leills alld otlii croit) andi niot-clop 

hosts Il the tity ptitvidci inlo:tda to soyhettis idirectly. PIsts c111witltit pest 

IlligrlJ!t It) ;ltet ote ItOsts sICh dS Coil, ltioots, totacto at Inti-Citftd plants 

(Wee(s) and thttn (dislw~s( into soybeis at vtliotis IIIilS l.11 1 tihisoybean 

stason (1). Rahh (3) t)Ointel Out that tP til) anItd flow of a l)Of)ulation lla 

single: fielId IeottiIes aII tjII(Ierstadiill of thIed(Iyantic, of that O)ul atioI 
definled la!]e tittouhll t act(,rt tol into and 011(leo(gratflic:Illy ilIlVlI1(ttt 

of the field. Tht poillt is ihat uid 'iaiditfl lest )OplI)ation dlnanticS itoa 

soyhcali fie: - lust cttl ildbttt by vitwillI soybean field as a soblnnit of 

the alfroecosystmini. 
A conceptual view of soy beatn fi elds as subsystems wthin the agro

ecosystem is ref)t esented in Fi ure 2. This CoilCefptual model can be used to 
hypothesize how pest piobcims in soy)eans are influenced by other com. 

ponents in the aIltoecosystem. Consider flows of pest inOCula into a part;cu
lar soybean field. Mig'ratory pests enter the target ecosystem from ant u

specified source. Think of this source as an input into a regional pool of pest 

inocula. The re(lional pool provides inputs of fIPstinocula into different 

areas, each of which can be viewed as anl a(Iroecosystenl, containing various 
crop and non-crop habitats for the pest species. Post inocula in a given area 
are distributed into crop and non-crop habitats, each habitat consisting of 
numerous fields or conipalrable spatial units for non-crop habitats. Inputs of 
pest inocula catl be from th , area pool, local dispersal of pests between fields 

tf11 
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and residelt pest i)Opu ldtionus. These inputs specify tile pot..nt ial fo pest 
prol)lems at tny givnri soybiearn field site. Therefore, the systems approach to 
pest oallaot(Jllet i;) ,oV )itas implies that i'tll'aIterleit s:'attcies consist of 
tactics that sae jeilerlnellted if) both soybean fields as well as other fields 
ard habitats litrvidIrIl 11lt )tf pest irIocula into soybuari fields. Tt simply 
exercise poest t;otill t itics Ontly iii soylteatn fields would bie riating the 
Symnptoms o" nest rohlefios not)t ill1agigerellet of soybeali pests over wide 
prodUction dieas. This Is n 1rttres.iri)g statemelit liecUtise the vast majority 
of contro)L tactics used tlaitist insect pests of soy)eans ale directed at field 
level lirolhleti. 

SYSTEMS APPROACH AT THE FIELD LEVEL 

Although a Wide arert view of pests if] soybneans is ne(cessaly, levelo)ing 
regional IllarldJeUlirt ilro(raliS Car ble hirIdered by )olitici; arid socioeconomic 
constraints. Such costraintis will slow developioti ofi interstate regional 
pest tIaiageineI t )IogralIs. I I the foreseeabhle fr(.te, most management 
ltf(jrains iro)aIvly will he directed it the aria or field level. Therefore, it is 

lloportalit to Con.iitler 1tow the sysirtS apl(),Itt:h it) pest management might 
be LuSef(ul at tht field level. A conctpltual t(1tlelof pests in a hypothetical 
soyheall field is ;:iplteserItted Ili Figure 3. The citirceptual iiodfel is a represefn
tatiort of ) hielalt:ly of pe-'s;ts which could a:iect soybean toots, leaves, 
sterns, anti il(s. t tortW)latJoo is definted as a Module that potential-PwI. prs 
'y carl alter soyber P)dLWt1i0tII hV imtrpuintg stresses oti one or more classes 

of plant par tt Nit al ee1011s of the pests are pleseit'd similarly as 10(1-
Liles that piotenItially car alter (;uCwtth of pest I)Ortlrktios. The hierarchy of 
pest aid natural eierrry pol)Lltion ilOdlles is intentionally incomplete anld 
is riSe[j here to demonstrate the systems aptiroach to identifying the n .arri
tude of potentiil pest prolblems i a soybean field. If additional pests are 
identified they cm be added to the species hierarchy by slpecifying which 
class or classes of plant parts they affect. 

The soybean ctop in a par ticular field is viewed as a collection of plant 
parts, each of which can he the object of iluirnerouIs pest complexes. Roots 
of soybeans potentially an a subject to weed, netina tode, pathogen, arid in
sect pests. Likewise, leaves, stems, ard pods calt be subject to stresses im
posed by these four types of pests. Each type of pest problem can be sub
divided further inito Multiple target species, each of which may be influenced 
by cotnple> .s of natural eneries. The systems approach provides a method 
for viewing pests of soybeans as a hierarchy of interanttrg target populations. 
Understanding the interactions among target arid non target species is the 
key to evaluating combinations of control tactics that could be used in var
ious pest management programs. It is important to note that control tactics 
exercised against one type of pest may influence directly or indirectly (or 
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Figure 3. A conceptual model of a species hierarchy of pest populations influencing growth of the soybean crop in a field. 
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interact with) other classes (if pest orw.xijaisnis. This srrrtists that the systems 
approach to aratrment soybeans iupiires thtit insect pelst nianageanat iII 
m1ernt be evaluteIC iI the COlt\t Of other tps t' ptdls the Coil-Of soh II 
trol tactics Lsetd alrrmst them. The atrilty to dew!Vtl n coriprelwirsive li),St 

erire[t isI t L ( M I sti aireI'l ( Mi Sn 1ana !)roraInsI 'Ir fi ' thy a Ifrt y to evaluate 

interactilis 'ri10OL va. iioW, tt,' iC f riest CU tol tac:tic s tlrrt ('tritd! he inl

)leleritte l at 0h10 aria or fiel e(vt'. 

EVALUATING CONTROL TACTICS USED IN
 
SOYBEAN PEST MANAGEMENT
 

Slrce othel cfii i In thIe P'ricirtrifiS will tlSctlsS specific examples of 
how coItr tl ret1 i.r tIll t' tOM coMMnI ts to a tt]lerlat kfistactIS 
CLISSiOn Of a riettii(f '0r tVAlt.itAiivlt Ci )1irrtii , of :ontrol tails anid Soile 

problemns isocr/inI vrith rairrl tirs irretrii. 
Assimiri we iw ml e'st t I d ettvet(iiII; J i,rr it'llIrit pirortrIIr fO, 0t 

hy)otheticajl sitclhiil fil'it; Iitsci-; l rt-,rnir (Fi ,. 3). To evaluart sreirfic 

pest Illanlaoer 0Wti'ri- CCeOL 1Iirrrlht htiiit I eSr0l itf rI/1er1t tir !,t! l rli 
MOre e\flrir tf inl, r li tlh'riiticItrI I rril i)( tiH Sofi irl, clop ,tsterll wht;h 

i0cIMIu s Stirli rlt . i t'!c Ili l te t'iilit'l Iltls. flit, iIlhtll )mritcal systermi 
illOtrtl crn thell h ,,trr l O ird r J t llitl'lollollrrl r which willI101) lirt rriidI 

sti~t, drs a tu l ftl vjkltlItil lre.,t1t it li-s t plut)l1tlillltll It) rfiffrl lit coill
)illii it is ii i i I . [lit liii',u it if-slrlir tihe ield livel ctorrl

ii ttl r ril/ it (()1i Ii / iioe of ti:r. I,)I i iSt s.$'$t shirrLiO-I Cr lI)hihi ti 
sizet, liti hrf-l itt ni I r irl h t fih ' Jjie'0sruinr ll I Iitr) ->unuri t iirrr ITIOLI(tt 
fin .iy r:r u sysotri whiir 1 -s O trirI)rli tr(ett(11rr1rr tifllrirdit nt ii l t li) t 

splri"s. Rlteisrink (I) ll vitri i lt-vi, t rit li t cr i sJ rrillatIldtiriri 
miofls rii est rilrJirr li(Ii t flt tuW riror t'\tnIIi ivtIy ifvirloferf Illotdels 

Wert cOlltirut to thr crop ,intt s err t,1rr1 r il s rlrtrstly insect siicles. 
Howe tii, the f,i:t th t nr c rm lelt crilir st sytelll rIlliifrs havt, feeni dfe
vet ope i (10C', :f)islitI c'LntI t smus(ii row rictth I d.veip)(erIrrrtIiOlhCanll (1W 
and Ise, restor wlt rirrrnlrrirrl 

Each if the pest niotilrres shiri ii i FifUrl,! 3 cOuil represelt a field 
popufatiorn 110l(1:l trf d Ira titiri rest sp)ecies. The soybeanr crop module 
could r'prest 't -1runchel of thfr so)ybeani crO ) with snborodeIs for pIoduction 
Of each of trL I lart )rts (roots, leavs, stens, ailld pods). Tihe submiodels 
of plant larts pi,- ide inforniatrun on the status of those paits to eacti of the 
approlriat: pest i les. Ir truin the pest iroIdels provide the soybean ccp 
model with iniforrii.!, i on pest activity (tla.ra(;e) in the crop. The system 
model could he Used to ,aluate tactics if models of pest )opulations coIld 
respond to tfhe direct ano idiiect effects of the tactics. Building models to 
accomplish this task requires much knowleitle of how control tactics in
fluence growth and behavior of pests and natural enenies, not simply know
ing the levels of mortality inflicted on each target pest species. 
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As an example, consider a model of one of the insect populations that 
defoliates soybean leaves (Fig. 3). Each insect module is a model of one of the 
target pest populations. The structure of one of the insect population models 
is represented conceptually in Figure 4. The population isdivided into age 
(or stage) classes represented by boxes. Arrows connecting boxes provide a 
pathway for moving fron one stage to another. Mathematical representations 
of population processes (emergence, mating, oviposition, hatching, feeding, 
moulting, and mortality) are used to alter the numbers of individuals in each 

_.-of.the stages. Feedlng (leaf damage).is~a .function of.consumption rates and 
numbers of individuals in each larval stage. 

Control tactics used against the defoliator are entered into the model 
by specifying how each tactic affects direct changes in the numbers of in
dividuals in each stage and model parameters representing rates of insect 
oviposition, development, feeding, and mortality (7). For example, if we 
wanted to evaluate compatibility of an insecticide application with para
sites and predators of the defoliator, the following information must be 
provided: (a) What proportion of individuals in each life stage of the target 
pest are killed directly? Are there any residue effects? (b) Will the insecti
cide application significantly change any important behavioral attributes of 
survivors? (Example: alter rates or pattern of oviposition and feeding of the 
pest.) (c) Will the insecticide indirectly alter rates of stage-specific mortal
ities by reducing numbers of parasites and predators? If so, specify the 
proportion of parasites and predators that would be killed as a result of the 
insecticide application. (d) Are there any phytotoxic effects on the soybean 
plant? If so, explicitly specify how soybean growth will be altered. (e) Will 
the insecticide kill,,other target and non-target organisms? If so, explicitly 
specify the proportions of individuals of each species that will be killed. 
This list of questions is most certainly incomplete but gives an idea of the 
level of knowledge needed toevaluate control tactics using computer simula
tion models. 

There are three major problems in using crop-pest system models to 
evaluate combinations of control tactics and develop management strate
gies for pests of soybeans at the field level: (a) a tremendous amount of 
information (knowledge) is needed to develop the soybean crop and pest 
population models; (b) if such models were available, specific information on 

* 	 the effects of control tactics is not available nor is there any significant 
amount of research effort being devoted to this area; and (c) the inputs 
of between field and area dispersal of insect pests and beneficial organisms are 
not known and methods for measuring such inputs quantitatively are poor
ly developed. The first two problems apply to field level models and the 
third problem relates to the need to develop wide are pest population 
models. 
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Figure 4. A conceptual populationr mol of an instect defoliator in a Soybedn crop. 

CONCLUSIONS 

Development of niarragernenit stlateies alld piloglins for pests of soy
beans isaIlarge ,tepr from classical pest control ipplied at the field level. Con
seqtuently, )(est lilaeirlnt relUikes a trumeimfoisly increased level of under
standing. The systeis l;i)po ih provides i fr ariewoik for ta'diig a more hol
istic view of Soyhbeal pest proileims i the (:orltext of the agroecosysteri. This 
apprroach calli reed to stiictll mor il erstalldiig of ecolo(ical processes 
tlhat re(gulate pest floiiliitioils aid to ierlitify deficiencies inour inlerstand
ing of hiiw rtiffelent ii.t conrtrol tilctics itluheilce the siyh all,ro)po.pest 

systemi. 

At piesei tre y,;telis ltiiiachl to pest rmarnageirmerit hi suoyheans is I)ri
i-arily at tire cOricertual stale of developrrernt. As mrrore kn)wledij e is aCCUim

ulat;d on pest aid bleneficial Species in soyirealrs, the systems approach will 
move frori tihe conceptUal nodel Stage; to the ritherrnatical and computer 

simulation model stages. At tiis to intof developrmernt, the systems approach 
to pest marlagellierit in soybeans will begin to show gIreater value because the 
sinulaliOli nondlets will serve as ex perinrental tools for the pest manager. In 
this chapter we hive used ti

h 
e systems apiroach to structUre current know

ledge ahout trest problems in soybeans anud in the process we h ive identified 
many deficiencies in the knowledge base needed to comprehensively manage 

pests of soybeans. We should riot be disCouraged by our level of understarrd
ing of soybean c1op-pest systems but rather appreciate hte complexity of 
the tasks before us. Transforming fiel-oriented pest control practices into 
wide area pest management programrs will le a large leap forward. Hopefully, 
the systems approach will allow us to take one step at a time. 
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NOTES 

J. L. Stimou: and C. S. i fLrIhol,I.)rupirtment of Entornology and Nematology, Uni

vorsity of Flridia Gamosvll, Florida 32611. 
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INTERACTIONS OF CONTROL TACTICS IN SOYBEANS 

L. D. Newsom 

The use of pesticidal chenicals plays an important role in soybean pro
duction in the U.S. The crop is attacked by a wide variety of pest species for 
which the only satisfactory method of control currently available is the in
telligent use of conventioral chemical pesticiles. In Louisiana, for example, 
where pest problems may be considered representative of areas bordering the 
Gulf of Mexico, soybeans are affected Iy a large complex of pest species. 
There ar', 25 species that are considered to be of riajor importance (Table 1). 
Many rom are important locally o are sporadic in occurrence. 

There are at least as many chemical compounds used for control of the 
pests as there are species of pests. However, about ten are most commonly 
used in Lod isiana (Tablc 2). The total amount of pesticicles applied per season 
to soybeanls teated at firaxi 1 0 wlevels for control of the pest complex ranges 

from about 7.90 to 12.50 kg/ha. Hemricides comprise a large percentage of 
the total aniount. About 90% of the total acreage receives herbicide applica
tion each season. Ail average of probably less than one-fourth receives an 

application of insecticide. Even less is treated with fungicide. Areas treated 
with insecticides vary from year to year depending upon variations in pest 

populations, but there is little variation in areas treated with herbicides and 
fungicides. 

All of these chemicals--herbicides, insecticides, fungicides, and nemati
cides--are biologically active conlpodunds. Many are highly toxic and possess a 

broad spectrum of activity. It appears reasonable to believe that such chemi
cals may have direct effects on physiological and biochemical processes in 
soybeans. Indeed, it is a well known fact that the margin of safety for many 
pesticides is relatively narrow between effectiveness for control of pest 
species and phytotoxic ef'e(,ts on plants. 

261 
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Table 1. Some major pasts of soybeans in Louisiana. 

INSECTS 

Bean leaf beetle, Cerototna trifurcata (Forsted
 
Corn e.irworm, Helioth,s ze~a tdoddie)
 

Soybean looper, Prudopluvia includens Walker)
 
Velvetbean caterpillar, Anticarsia qomna a/is Hubner
 

Southern green stink bug, Nezara viridula Linnaeus)
 
Green stink bug, Acrosternum hi/,tre (Say)
 

Brown stink bug, Fuschistus setrvs (Say"
 

NEMATODES 

Soybean cyst nrMt' dO, fl.,i,'dra !Iyci11Vs Ichino he
 
Rootknot nematode, A eloidu ovy sin).
 

FUNGI 

Aerial blight, Rhizoctoia solani Kuhon
 
Frogeye spot, Cercospora sojita [lra
 
Purple seed stain, Cf.,rcospora AiA uchil (T. Mao(u and Tomoyasu) Chupp
 
Pod and stern blight, Diapott/h p/rasoolorum (Cke. and Ell.) var. sojae Wehm,
 
Phytophthoro rot, Pnytophihora me.,juperma (Drechs.) var. sojae A. A. Hildebrand
 
Brown spot, S pitojrii !/lycirs Hemma
 

VIRUSES 

Bean pod motle virs ([}MV)
 

Soybean roi salic viri s (,rMV)
 

WEEDS
 

Cocklebur, Xxalpiu,,r strurtleiurso Linrl;tujs 
Johnson grass, Sorq/hm hahopcse (Linnaeus) Persoon 

Morning glory,/lpomo.' ,pp*. 
Henp sesbinia, Se!h,hmrr e'x/rt ti (tl{fine~que) Rydberg 

Biyatrd glass tct;/nuclo, uspIp. 

Broadleaf signal grass, Drach/aria platyplylia (Grisrbach) Nash 
Wild poinsettiJ, Poinsettia heterophylla (Linnaeus) Small 
Prickly sida, Sida spi)o, Linn:eus 

When wide varicties of pesticides are applied for control of an equally 
varied pest complex, bewildering numbers of interactions are made possible. 
The followinq will be csnsilered in this chapter: (a) effects of pesticides and 
mixtures of pesticides on growth and development of soybeans; and (b) ef
fects of different components of pest management systems on other compo
nents of the systems 
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Table 2. Some examples of commonly recommended pesticide usage patterns for 
a 

control of soybean pest complexes in Louisiana 

Common Amount Active
 

Name Ingredient, ky/ha
i 

WEEDS 

Trifluralin 0.56 to 1.68 

Alachlor 2.24 to 336 

Metribuzin 0.43 to 0.84 

Dinoseb 1.68 

Bentazon 0.84 to 1.68 

Methyl 0.28 to 0.56 
parathion 

Carbaryl 0.56 to 1.12 

Methomyl 0.50 

Bacillus 0.28 to 0.56 
thuriengiensis 

Benomyl 0.56 

I ,n of Application 

WEEDS 

Prepiant or imiediately 

after planting 

At planting 

At planting 

When seedlings begin to 
emerge 

When first triloliate leaves 
hive developed 

INSECTS
 

Wnen populations reach 
economic injury thresh-

olds 

When populations reach 
economic injury thresh-
olds
 

Wh'en populations reach 
economic injury thresh-
olds
 

When populatioi. reach 
economic injury thresh-
olds
 

DISEASES 

Two applications at 0.28 
kg/ha, the first at full 
bloom and the second 
two weeks later 

Pests Controlled 

Annual grasses, lonnson 

grass from seed, some 
broadleaf weeds 

Annual grasses, lohnson 

grass from ieed, some 

broadlraf weeds 

Annual grasses, most 
broadleat weeds 

Small annual grasses and 
broadleat weeds 

Cocklebur and other 
broadleaf weeds 

Bean leaf beetle, stink 
bugs, and velvetbean 

caterpillar 

Corn earworm and bean 
leaf beetle 

Soybean looper and 

corn earworm 

Velvetbean caterpillar 
and soybean 'ooper 

Pod and stem blight, 
anthracnose, and frog
eye spot 

aSource: Louisiana Cooperative Extension Service Pest Control Guides, 1978. 
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EFFECTS OF PESTICIDES AND MIXTURES OF PESTICIDES ON
 
GROWTH AND DEVELOPMENT OF SOYBEANS
 

T. T. Lee (15) has called attention to the fact that direct effects of 
pesticides on the biochemistry and physiolog,' of crop plants have been 
studied very !ittle. The effects of mixtures of chemicals such as those occur
ring in soybean fields have been studied even less. 

The evaluation of agricultural chernicals for their effectiveness as pesti
cides traditionally involves testing single compoinds in a variety of systems 
for efficacy against pest species and safety for use on plants. Toxicity to 
plants is usually determined by occurrence of gross symptoms such as stunt
ing, necrosis, and discoloration of foliage. Relalively little attention is paid 
to more subtle effects that may stress the plant in avariety of ways, making it 
more susceptible to injury by pests, for example. Possible adverse effects of 
mixtures that do niot occur when components of the mixtures are tested 
singly receive little, if any, consideration. 

This continues to he the case despite the obvious fact that pesticides 
rarely occur as single compounds in agricultural ecosystems. Both chomicals 
and their metabolites occur as complex mixtures in most cases, and they 
interact (6,7,16,17). Chang et al. (6) pointed out that metabolism of insecti
cides may be inhibited in the presence of herbicides. Chio and Sanborn (7) 
suggested that interactions of herbicides and insecticides in plants are most 
often synergistic 'Jecause the insecticides inhibit herbicide degradation. 
Lichtenstein et al. (16) in an important paper reported that the herbicide 
atrazine, among several others, enhance the activiy of several insecticides, 
including carbc'uran, to Drosophila mefanogarter Meigen, Musca domestica 
Linnaeus, a,d larvae of Aedesaegypti (Linnaeus). 

A striking example of a hfrbicide-insecticide interaction is that of propa
nil and organophosphorus or carbamate insecticides on rice. The discovery 
that propanil was sufficiently selective to be applied to rice for control of 
barnyard grass, Echinochloa spp., without adverse effects on rice was respon
sible for substantial increases in yields. Matsunaka (17) reported that toler
ance of rice to oropanil was based on the presence of a propanil hydrolyzing 
enzyme. Tolerance was reduced drastically in the presence of orgarophos
phorus or carbamate insecticides. The insecticides enhance herbicidal activity 
of propanil and drastically reduce, or eliminate, its selectivity to rice. This 
reaction prevents propanil and the insecticides from being applied in mix
tures or at the same time. In order to avoid severe phytoxicity, application of 
the insecticide has to be delayed for aweek, or longer, are propanil is applied. 

The fact that very little is known about the effect of individual pesticides 
on the physiology and biochemistry of soybeans indicates a need for expand
ed research in this area. Chemicals tested singly may be found to be without 
obvious adverse effects on the growth and development of soybeans but at 
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the same time may be responsible for more subtle, but important, effects. 

There is great need for research on chemicals that are safe when applied singly 

to soybeans but may be hazardous when introduced into biological systems in 

the presence of other pesticides. 

Effects of Pesticides on Nodulation and N2 Fixation in Soybeans 

The possible adverse effects of pesticides on nitrogen fixing organisms 

has been a major concern in the case of leguminous crops. Herbicides have 

especially been suspect. Most of Ihe research on this important potential 

problem has been done in the laboratory at much higher rates of the pesti

cides than recommended for field use. Results reported have been highly 

variable. Vincent (25) found that inhibiting closes reported in the literature 

ranged from 50 to 4000 ppm for sone species of Rhizobium. He suggested 

that differences betweelr strainb within species and variation in experimental 

conditions may mask possible adverse effects of pesticides on Rhizobiunl. 

Gibson (9), on the basis of an intensive review of the literatu e, con

cluded that the newer herbicides such as t-ifluralin, nitralin, and chlorpro

pham, for exampfie, when used at normal rates of application lave little ef

fect on free living rhizobia but may affect nodulation of soybeans. Dunnigan 

et al. (8) reported results of extensive grenhouse and field experiments to 

test effects of herbicides on nodulation. Seven commonly used herbicides 

were tested on five soils in the greenhouse and one soil in the field. Dosages 

employed were 1/5, 1, and 5 times notlnal 'ield rates. Several of the chemi

cals had detrimental, but transient, effects on nodulation of soybeans in the 

g:eenhoLse experiments. Severity of effects varied among the different types 

of soil. Their greenhouse studies wei'e supplemented by a three-year field 

study in which no significantly detrimental effects on nodulation of soybean 

plants were observed at dosages as much as twice norma! field rates. They 

concluded that most herbicides registered for use on soybeans would not 

have adverse effects on nodulation if used at rates recommended by the 

manufacturer. 

Development of the C2 H 2-reduction technique as an indirect method 

for estirning N2 fixation for field as well as laboratory studies (10) has 

provided an efficient method for studying possible adverse effects of pesti

cides on legumincus plants. Smith e. al. (23) used the method to study 

the effects of seven OP and carbamate insecticides on three species. They 

studied alfalfa, red clover, and sweet clover in the laboratory on both ver

miculite and soil substrates. Effects of the insecticides were strongly in

fluenced by the stubstrate. Inhibition of C2 H 2-reducing ability by the carba

mates carbofuran and aldicarb was limited to plants grown in soil. A decrease 

in C2 H2 -reducing ability was correlated with a reduction in nodule formation 

The insecticides had no adverse effects on Rhizobiumn spp. in broth culture. 
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In a greenhou;e experiment (L D. Newscm, unpublished), carbofuran, 

fensulfotion, and chlorpyrifos significantly reduced nodule formation and 
C 2H 2-reducing ability of Bragg soybeans. Plants were grown in 6-inch clay 

pots on Moon loam soil treated at plantina with two dosage rates, one slight
ly in excess of the field rate and the second double the first. Plants were har
vested for analyses at first blossom (Crowth Stage R-1) and were about 50 cm 

tall, Only carbofuran produced overt phytotoxic symptoms on the plants. 
Both dosage rates produced severe necrosis, puckering at the apex, and down

ward cupping of leaves. Plants were stunted severely at the high dosage rate 

but not the lower rate. Plant biomass measured by oven dry wt of both 
shoots and roots did not differ significantly from the control except for the 
high rate. of carbofuran. The most significant result of this experiment was a 

severe reduction in nodulation and C2 H 2 -reducing ability caused by both fen
sulfothion andchloropyrifos without any observable symptoms of pliyto

toxicity (Table 3). 

Data available on the effects of single pesticidus on nodulation and 
N 2 -fixation cc sistently show that many conin,- nly ued herbicides and in
secticides produced adverse effects uder some of .hc conditions existing in 
the experiments. Thus, it appears rea,;onable to expect that such effects may 
be substantially greate. wrU.e Mixtures are invo!ved. Unfortunately, almost 

no research has heen reiorted on the effects of mixtures of pesticides. 

Effects of Pesticides on Endomycorrhizae 

1 he association of endomycorrhizae and soybeans has attracted little 
attention until recently. This is surprising because it had been reported more 
than 30 yr ago by Asai (2). He compared the growth of soybeans in steri
lized soil to which both micorrhiza and Rhizobium had been added, to that 

inoculated with Rhizobiurn only, and a control. The addition of mycror
rhiza, to the soil increaF,.d dry wt by more than 70% and noduldtion by more 
than 30% compared to both Rhi-ohium alone and the control. 

Nesheim and Linn (19) demonstrated adverse effects of the fungicides 
arasan and botran at concentrations of 50 ppm, and greater, to Endogone 

fasciculata in corn. Root volume was significantly decreased in treated com

pared to control plots in grcenhouse experiments. Ross and Harper (22) re
ported large i6creases in yields of soybean in soil previously fumigated with 
mixtures of methyl bromide and chlorpicrin or with methyl bromide and 

mixture of D-D, methylisocyanate, arid chlorpicrin. Increases in yield were 
34 to 40% in small isolated plots and 29% in field plots. They suggested that 
results of experiments with chemicals that affect endomycorrhizae adversely 
should lie re-evaluated. Bird et al. (4) found that treatment with the nemati
cide DBCP (2,4-dibromo3-chloropropane) significantly increased develop

ment of endomycorrhizae in cotton. They suggested that the chemical may 
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Table 3. 	 Effects of somn insecticide-nematicide compounds an growth and develop
merit of soybeans in pot experiments in the greenhouse. Blaton Rouge, 

Louisiana, 1979. 

Carbofuran Fensulfothion Chlorpyrifos Control 

Rate of application 4.50 2.25 4.50 2.25 4.50 2.25 
(kg a.i./ha) 

Dry wt shoots, g 4.95 6.84 7.87 9.56 8.55 7.96 10.07 

Dry wt roots, g 0.98 1.61 " 2.46 3.07 2.87 3.04 J.00 

No. nodules/ 60.4 136.4* 147.2" 125.0" 121.8" 142,0* 294.4 
2 plants 

C2 H4 , JM/ 3.62" 19.03" 22.9* 21 .0 21 .76" 19.4* 77.16 

2 plants 

No. 1elicotylen- 1256* 2440' 880" 1760' 5816" 4776" 9940 
chus/pt. soil 

*Significantly different from control P<0.05. 

have controlled nematodes that affected mycorrhyzae adversely, or that the 
physiology of the roots was changed in awly that favored mycorrhizae. 

Oackman and Clark (3) tested the effects of several insecticide-nematicide 
compounds, three biocides, and one fungicide on an endomycorrhiza of 
peanuts tentatively identified as Glomus sp. The pest;cides were tested at 
field rates in greenhouse dnd field experiments. Most of the pesticides tested 
affected the fungus little, or not at all. However, carbofuran and sodium azide 
reduced growth significantly at 30 days after planting. Levels of mycorrhizae 
in feeder roots were "normal" 120 days after planting. Data frcm greenhouse 

tests supported the field data. 
Effects of carbofuran on peanuts are particuarlv interesting. It has been 

used widely on peanuts for control of nenatodes for several years with sub
stantial benefits in yields. Backman and Clark (3)suggested that the response 
in yields may be affected by elimination of endomychorrhizae in two ways: 
(a) reduced in soils low in fertility, and (b) increased in high fertility soils by 
reducing "parasitic effects" of the fungus. 

Endomycorrhizae, generally believed to benefit soybeans by increasing 
the phcsphorus uptake which benefits nodulation and N2 -fixation, comple
ment and are complemented by the stimulatory effects of Rhizobium on 
plant growth, and lower resistance of roots to water transport (5,9,18). There
fore, adverse effects on endomycorrhizae of soybeans are cause for serious 
concern. Research on the effects of pesticides and pesticide mixtures on soy
beans under field conditions should be accelerated. More research is needed 
especially now that the insecticide-nematicide aldicarb has been registered 
for use on soybeans. Also, it appears likely that carbofuran will be registered 
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for similar use soon. Both compounds are likely to be used extensively for 

control of nematode and insect pests of soybeans in tl, future. 

Stimulatorv' Effect on Plant Growth of Organophosphorous and 

Carbarnate Insecticide-Nematicide Compounds 

Treatment of crops with systemic iseciride-nematicide compounds 

such as aldicarb, carbofuran, and disulfoton often enhance growth of many 

species to sonie extent. Sonc of the rea,,ons uffered to explain this apparLnt 

stimulatory effect are the possible contro; of species that have not been 

recognized as posts, or direct elects on physiohgical and biochemical proc

esses ill plants. 

Effects of carboftriar; aod disulfoton on maturity anc' yield of burley 

tobacco reported by Pless et al. (21) are typical of enhanced growth that 

often is exhibited by treated plants. In field experiments they observed that 

tobacco treated witlh carbofuran aid disulfoton reached maturity earlier and 

outyielded the control by 35 to 38%, respectively. Pests that may have been 

controlled were not considered to be s;nificant. Similar results with tobacco 

were obtained in gieenhouse tests with carbofuran in sterilized soil and in 

field plots fumigated with methyl bromide (T. E. Reagan, personal communi

cation). 

A particu, ly interesting finding reported bv Mess et al. (21) was that the 
"physiological response" observed in their experiments occurred only in the 

high-phosphate soils of the middle Tennessee basin. This tends to support 

the intriguing suggestion by Backman and Clark (3) that increased yields 
might occur on high fertility soils by eliminating effects of parasitism by 

endomycorrhizae with pesticide treatments. Carling et al. (5) found that 

when phosphorus was substituted for mycorrhizae infection in soybeans, 

similar increases in growth and enzyme activity were obtained. 

Most of the information on stimulation of plant growth by pesticides 

has been observational and speculative. Recently, however, Let (15) re

ported his findings zrn the effects of carbofuran on IAA (indole-3-acetic acid) 

metabolism and plant growth. He found no stimulatory effect of Larbofuran 

on growth of plant callus tissue in the absence of IAA but obtained variable 
results when it was present. He demonstrated that two metabolites, carbn

furan phenol and 3-hydroxy-carbofuran phenol, were stimulatory in pea 

stem assays in the presence of low concentrations of IAA but not when it 

was absent. He interpreted these data to suggest that carbofuran can pro
mote plant growth through the effect of its metabolites on IAA. His work 

offers some interesting avenues that may lead to an understanding of this 

important phenomenon. 
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Effects of Different Components of Pest Management Systems on 

Other Components of the System 

Ideally, pest management tactics and strategies for control of the total 
pest complex of soybeans should be integrated into one overall system. St'b

stantial progress has been made toward achieving that goal, but it is still a 

painfully s!ow process. Too often, tactics are developed by one discipline tor 
control of pests in ignorance of, or with indifference to, effects they may 

have on other components of the over311 system. 

Adverse Effects of Pcsticides 

Entomologists reso)onsible for research on soybean insects are dedicated 

to the objective of avoiding overuse and misuse of insecticides on the crop. 

Their research on developing insect pest management systems for the crop is 

based on observation of the following principles: (a) effective monitoring of 
populations, (h) estalish ing economic injury thresholds and using them as 

the basis for applying insecticides, (C)using the most environmentally safe 

and non-polluting cheoic6ls available in ways that are as ecologically selec

tive as possible, (d) Making inirmum use of insecticides, both in dosage 
rates and number of treatments, (e)making roaxinluln use of tactics other 

than repetitive applications of insecticides, and f)relying heavily upon the 

regulatory effects of natural enemies on pest popLulation. 

Pest management systems based on these principles cannot be effective 

if l)opulations of natural enemies are disrupted. Obviously, ernployment of 
any tactic that has disruptive effects on these agents should be avoided when

ever possible. Unfortunately, members of all classes of agricultural pesticides 

may have d;sruptive effects on some natural enemies. 
Insecticides. Insecticide use on soybeans in the U.S. has been held to low 

levels. Entomologists agreed more than 10 yr ago to discontinue recommen

dations for all uses of organochlorine insecticides on soybeans. This agree
ment has been implemented with good success on all except for coxaphene. 

Unfortunately, some states found that it was impossible to eliminate it from 
their recommendations. Insecticide use thus far has had minimal adverse 
effects on the general predator and parasite fauna. These agents continue to 

play a major role in control of soybean pests. 

Fungicides. Entomopathogenic organisms play an important role in thu 

control of many soybean pests, par ticuarly lepidopterous species. Fui~gal 

pathogens, Nomnuraea riieyi (Farlowl and Entonophthora gammae (Weiser), 

for examp!e, are especially valuable agents. Therefore, entomologists were 

greatly concerned when the fungicide benomyl was registered and recom

mended for prophyIlactic use on s'ybeans (1). Two applications at the rate 
of 0.28 kg a.i./ha were recommended, the first at full bloom and a second 
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two weeks later. It was feared that routine applications of this broad spec
trum, highly -,ztive chemical might have devastating effects on entomo
pathogens such as N. rileyi and E. gytwnm e. Adverse effects of various pesti
cides on severat species of entornopathogens have already been well docu

mented (13,20,24,26). 
Initial evaluation of the effects of benornyl on N. rileyi suggested that 

concern for possible adverse effects might be well grounded. Johnson et al. 
(14) reported a delay of about three weeks in development of an epizootic of 
N. rileyi o) elvUtbean cater pillar larvae in plots treated with benomyl when 

compared to the control. They also reported that the control outyielded 
plots treated with benomyl by about 15%. Subsequent research, however, has 
not confirmed such drastic effects. Herzog (11) and Husin (12) reported re
sLJ:ts of extensive field and laboratory experiments that showed little impact 
of benomyl on populations of three species of lepidoptera. However, mortal
ity of larvae f rom infection with N. ri/eyi in the controls was about three 

tiies that intreated plots. 
Conmercial experience thus far after hundreds of thousands of hectares 

of soybeans in the U.S. 'iave been treated with benornyl indicatres that its 
iml)act on entomopathogens has been of little importance. The fact that it 
is consistently and demonstrably toxic to sih organisms as N. rileyi, how
ever, should not be ignored. Even if it was much more toxic to such orga
nisms than it has proved to be, benomyl would still be used where fungal dis
eases such as Diaport/e are a problem. Growers would riot be willing to sacri
fice the substantial increases in yields realized from its use. 

Insecticide-Nenaticide Mixtures. Beginning with the 1979 season, a 
broad spectrum, highly toxic insecticide-nematicide, aldicarb, will be regis
tered for use on soybeans. It will be used prinicipally for control of nema
todes and subterranean insect pests. Application will be at planting time 
prinicipally, at about the same time herbicides such as trifluralin, alachlor, 
and metrabuzin are applied. Use of a compound such as aldicarb in this 
prophyllactic manner is ample cause for concern by entomologists, weed 
control specialists, and members of all disciplines interested in the Rhizo
bium-endormycorrhizae-soybean association. 

Previous experience with use of aldicarb on cotton has shown that it 
often has had devastating effects on populations of insect natural enemies. 
Adverse effects of aldicarb treatments on populations of predators and para
sites of Heliothis pp. on cotton have been especially troublesome. This ex
perience dictates that growers should proceed with prophyllactic use of aldi
carb on large areas with extreme caution. 

Weed control specialists may have cause for as much concern, or more, 
than entomologists over prospective wide scale use of aldicarb on soybeans. 
Introducing another highly active chemical into the soil in the presence of 
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Olle (Jr 17Ore Ii hicidehs, sorllt, of which ar bing usedl at rates approaching 
uLaccte)tabhe levtIs Of plhyotoxh liV, (-ould result in serious lamage. Such 
M fects ,I esteTiIIy likly i)I li. odS Of uLofavoralh weather conditions 
(IIr Inq. (',It Iv qo.V111w~ (deveIopmit~r111(1] ()I plhints. 

AltlhoufiQ eJuafllY SIWCUlitivi, the eftects of rmixtures of aldicat) .)nd var
1oWlS I~efhi~Id(-S (MH11( ll,]iimi N,,-ti\,iltion, aind telldOrmy 'orli zae] COltl ho.) 

. 
.'l e t 0 1)V!('l ;[ Y, IllIcN 111l et t]'ll ititorl o) lossilhj)~t )t ilteraCtio Ml than;l i 

1is [eeri uld..hi itl tdtl lfilt, glorWels ise it fo tlreatirg lartle areas. 

lh-1 ql,'fir loifistry c'iiiio! tibris prohlems thait will develop from 
\,c..ss , ti., of iistiid5 . PiO liVIlactC" us0 Of any pesticide is likely to 

clute, niew pfro)lr s wilh pests or to exaceiobate old ones. Therefore, it is 
clit iclly ulInoltart that calution he observedi i hrotfucing I broad spec
timri ceImeiical such Is ililica li Ito soyhtal ecosystems before its overall 
effeets ill ptrst I\iai it st(rris NraVe itill evdhdalated( adlequately. Such 
acf1valhi IOl Is riot het'll IllIde Yet. 

lnsts:tiidl Used Is a literciie. One of the most interesting examples 
oif the etftects of ilie laIctic oil otlei coimrrponrierts of the pest control sys
tern (II soybenas is that of tire use of tie insecticide toxalhee is a herbi
cide. Eveirlts heitl to this use ae' obscture. Alpprarertly it developed as a 
result of lirower s irfiseiviulg thait toxalrfliic. appled fot irsect control to cot
toll arrid soybeais iV(i coti i oh sicklelid , Cassi ohtusifolii, equal to that 

proviled fy 11w rirost effective hrhicides for cor trol of this imlortant pest. 
At fllnyrit', rio weTd CO1trol specialist has enll willing to clairir credit fol 
d('wVliiiri I hiifricirfal use Of toxal)herie. It has beeni used illegally for 
rrr1y yVi tir lil g1 icriimilqes of soylealls ill tIre soutlhuastlini U.S. for sickle

podf cilit:iii. 
The iria1iufaicturr has iiAMritly initiated an effort to obtain registration 

frr toxaIgIerre as a rer hicide. Use of this persistent organochlorine insecticide 
,s a) herbicide is highly detrimental to predatory and parasitic insects, es
pecially the ground dwelling predators. Its use on soybean should L1r2discon
tinued for that Ireason alone. However, its LJse as a herbicide will continue to 
add to the burden of toxaphene residues in the environment that are already 
at intolerable levels. Lake Providence in Northeast Louisiana has already been 
closed to fishing( ieciause of unaccelptably high residues Of toxaphene in fish. 
Consideration is presently [eirig given to closing parts of Pearl Rivr in South
east Louisianal for 011P Salle reason. Either the problem of adverse effects on 
insect natural 0rientmies or its further polin of the environment provides 
ample reason for denying registration for its use as a herbicide in soybeans. 

CONCLUSIONS 

Data available on the subjects discussed, though fragmentary and inade
qute, suggest the following questions: (a) Does injury to soybeans result from 
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current uses of pesticides to the uxtent that growth and yield are affected but 

the adverse effects are masked by benefits from pest control; (b) Do pesti

cides introduced into soybean ecosystems, singly or in mixtures, cause direct 

physiological and biochemical injury and stresses that ale unrecognized; (c) 

Do mixtures of pesticides and their metabolites in soybean ecosystems poten

tiate toxic efects; act synlergistically, additively, or antotlonisiically on nodu

lation, N2 -fixatier, endomycorrhizae, plant growth arid dev!opmernt, pest 

species, non-target species; an(l (d) How can psroblems resulting from develop

ment of tactics inone discipline, but that have adversU effects on tactics de

veloped for other components of lest natiarlement systems, best be resolved? 

A greatly exparded research 1ffort will he required to provide answers 

to these questions. However, the need is so i-eat that soybean researchers can 

no longer remain unresporsivo,. The known and possible interactions within 

and between complxes of pets arid tactics used for their control overwhelm 

the imagination. Res :r ch of the sort requiedIto deal with theis effectively 

will reqluile the highest levl of intidisciplinary cooperation and coordina

tion. Traditional approaches aloru] disciplirialy lines ale inadequate to solve 

such complex liroblems. 

NOTES 

L. D. Nevsom, Department of Entomology, Louisiana Agricultural Experiment 
Station, Louisiana State University, Baton Rouge, LA 70803. 
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PEST PROBLEMS OF SOYBEANS AND CONTROL IN NIGERIA 

M. I. Ezueh and S. 0. Dina 

The soybean, Glycine max (L.) Merrill, was first introduced into Nigeria 
in 1910 (3). Apart from Benue State where it is grown on a commercial 
scale, limited quantities are produced in Southern Zaria, Kwara and Niger 
States (6) (Fig. 1). About 170,000 ha of land are planted to soybeans with 
an annual production of a)out 70,000 metric torts. Cultivation is usually in 
mixtures with sorghum, mille!t and C:itrus. The popular variety grown is 
known is the Malayanm, which is a tall vigorous indeterminate type. In the 
traditional management of soybeans, no crop protection measures are usually 
applied an( the average yield was reported to be about 300 kg/ha (1). How
ever, a more recent survey indicates that yields of about 1,000 kg/ha are 
obtainable probably due to the adontion of better technology. 

The National Cereals Research Institute (NCR I) began an active program 
on soybean improvement in 1974 with cultivars obtained from IITA and 
some local sources. As part of this effort, a survey of the insect fauna of the 
crop was carried out between 1974 and 1977 with an objective to identify 
insects of econornic importance in the production of soybeans. Preliminary 
control trials were carried out at Moor Plantation, Ibadan, with six insecti
cides during two seasons of 1978 in an attempt to develop a chemical con
trol schedule for soybean rnonocrops. 

MATERIALS AND METHODS 

Insect Survey 

An insect collection was made weekly at Ibadan headquarters of NCRI. 
At Uyo and Mokwa outstations a collection was made every two weeks. 

275 
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Figure 1. Soyben producing areas inNigeria. 

Most of the collections were madle on breeders' plots which usually contained 
different c.ultiva s with widely different maturity characteristics. Collection 
of adult sp~ecimens was made with a sweep net. Larval specimens were col
lected Iron, the field in glass vialIs and reared to adults in the laboratory onl 
soybean le!ave.,;, stein portions, and] pods. The laboratory temperature was 
26 ± 1.5 C. Thrips, cafboppers, and other small insects were collected with 
t.e Do-Vac suit ion sampler. 

Insecticide Trials 

Monocrotophos, lindane, carharyl (Vetox), curacron, permethrin, and 
decamethrin (Decis) were screened in bo0th early and late seasons of 1978 
using the soybean variety Bossier. An untreated plot served as a check. Plot 
size was 15.36 m2 and the test was replicated three times in the early season 
and four ticmes in the late season. The layout used was a andomized complete 
block design. Planting distances were 5 cm on ridges 60 cm apart. Dose rates 
tested were between 50 and 1500 kg a.i./ha. Applications were made three 
times at weekly intervals cormencing at flower initiation (about 35 days 
after planting). Assessments for insect damage were made on the stems and 
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200 randomly picked dry pods. Comparisons were made on insect damage 
and yield of (rly grain, anong the treatments after anldysis of variance. 

RESULTS 

Insect Survey 

A total of 135 insect spcies wete collected in the sLirvey. The 120 phy
tophaqous species were from 44 families arid 7 orders. Two of these attacked 
roots, another 5 were er(lohaJous,arid the remaining 115 were ectophagous 
feeders, dramaging foliage and ripromlr'tiv, pae s.Fleven spfcies of irl';ct 
predators fromt 5 fmlrilies and 3 oijrrrs wcre ilso encountered dlurilg th co1 
lection. A list of the mcre egruliur and potertial rests alld rdlators is giver in 
Table I.The following insects ar ighlrght(ld becailse of tlli imolirtancu as 
pests of cowpea which is 1or r:widely glowr iwNileria. 

Mx,rt a tzottl/,/is (11y:r ,attack s('Ihill slefl,haves arid pods. fillar
1 (i(birack 


plant. Althouglh ole larvae ohservied oi 


vae horns into th Ite(! alr, ciusr rf the affect., iranch on tlre 

we-,- fe,:difr flowers, (larnaglr seens 
to he concentrated rraifily orr foliagje. Cyda t)ty/co/rl M :yrick isalso a 
serious pest of sevlim. This moth caused ahout 32;, pod damirage aid 20%
 
sterildamage in a r:ropn JUrii22 which rratedicr1 Octot 20,
llarted urn 


1977. Bord sterins howrvr sIowed rnosigns of die-back of the atfectedi piirts. 
Lagria villosa F. and Chrysolaqr! coprina were found during the late vege
tative .lowth phase. They attaireui a lrealk l)OIRJlatiOr at ahout crop) matira
tion and caused ext'nsive nletolintio. Sirue most of the pods Wl:ive mrlattrrredl 
at this time, it isunlikely that tleir attack irray cause any depression inyield. 
Fliese species also attalckec( flowers and pods. F:eeing oiniflow rs was restrict
ed to the non-essential part; while damag: to the pods cotisist:l of rnere 
abrasions of the el)i(ermal layer. Both the larvae and adults of L. vilhosa had 
the same feeding characler istics.
 

Several pentatonridae were (iCOlriteeld fri(iuc'rtly These were: Ioezara 
viridrjl-i I ., both viridila torqiiit F. and vat sioaradil/a F; Acrosternium 
acuta Dallas; arid Pirzodorus sp,. The Nezara spp. occuin ed inlarge numbers 
at about 11 w eks after planting and con tinued to build up until harvest. 
N. viridula var smarasdjula was the ntost alnundant type found. Adults and 
nymphs of this species feed extensively on the leaves and pods causing 
shrivelling and incomplete pod-fill. Acrosternwo acuta Dallas had the same 
feeding habits as Nezara spp. Piezodorus spp. attacked soybean plots at about 
5 wc 2ks after plarting and infestation continued until harvest. They fed ex
tensively on yo'g 'lowers, leafbuds and shoots, and later transferred to the 
pods.Riptortu5 dentipesF.(Alydidae)was also abundant. Adults and nymphs 
fed on pods and *heir attack seemed to have been seasonal, occurring after 
6 weeks on the eary season crop planted on April 21, 1977. They were hard
ly found on so.'eans planted on June 22, 1977. 
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Table 1. Insect posts 8nSociated with soybeans in Nigeria. 

Names 

COLEOPTERA
 

Galerucidae 
Aulacophora africanaWeise 

*Barombiahum'ro!is L:.bo&Fs 
°Paraluperodesquaternus Fairm 
*Ootheca mutabilis Sahlb 

Curculionidao 
Alcides den tiprs F. 

Nematoc erus iorbus For ster 

Onrotrachelussp. 


Lagriiae 
"Chrysolagriarcupun, Thomson 
'Lagria villosa F. 

Rutelidae 
Aromala dlemida Arrow 

Meloida; 
Coryna hirra.,riaeF. 

Cocinellidae 
Ep.lachna simlis Thunberg 

LFPIDOPTERA 

Arctiidae 
'Diacrisia aurantiaca Hollaride 
*Spilosomamacutlosa Stoll 

Noctuidae 
*Heliothis arniigera Hubner 
MLcis mayeri Boiscuval 

*Spodoptem littoralisBoisduval 

Olethrentide" 
Cydia ptychora Meyrick 
Cydio sp. 

Pyralidae 
Hedy/epra indwcata F. 

*Maruca testullis Geyer 

Lycaenidae 
*Viracholaantalus Hopkins 

HEMIPTERA
 

Pontatomidae
 
Acrosternum acuta Dallas 
Aspavia afrnigera F. 
Aspavia bruna F. 
Aspavia hastaror F. var 
Nezara viridula L. var 
Smaragdula F. 
Nezara viridula rorquata F. var 

Plant Part Attacked Pest Status 

Leaves Minor 
Leaves Minor 
Leaves Minor 
L.eaves Minor 

Leaves Minor 
Leaves Minor 
Leaves Minor 

Flower, leaves and pods Minor 
Flower, leaves and pods Minor 

Leaves Minor 

Flowers Minor 

Flowers Minor 

Leaves Minor 
Flowers, leaves and pods Minor 

Pods and leaves Minor 
Leaves Minor 
Leaves Minor 

Pods and stern Major 
Shoot Minor 

Leaves Major 
Flowers, pods and leaves Minor 

Pods Minor 

Pods and leaves Major 
Pods and leaves Major 
Pods and leaves Minor 
Pods and leaves Minor 
Pods and leaves Minor 
Pods and leaves Major 
Pods and leaves Major 
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Names 

HEMIPTERA ;ontinued) 

Piezodorus sp, 
punctiventris Dallas 

Piezodorus sp. 

Coreidae 
*Acdrnthonia horrida Germar 
"Anoplocnemis curvipes F. 
L'tozorisa elegans Blote 
Leptoglossus nmembranaceous F. 
Stetiocorissouthwvoodi Ahmod 

Alydidae
 
Mirpenissp. 

Riptortus dantipes F. 


Cicadellidae
 
Empoasca sp. 


Miridae 
Halicus tihhis Reuter 

Pyrhocord,le 
Dysdercus i'upersitiosusF. 

Lygaeidaa 
LygacL v s. 
Oxycarenus sp. 

multiformis Scry 

Aphididae
 
Aoh;s craciivora Koch 

Aphis gossypit Glover 


Aleyrodidae
 
Benlisia sp. 


THYSANOPTERA
 

Thripicae 
ralioth'ips impurus Priesner 
Sericothrips occipitalis Hood 

Plant Part Attacked Past Status 

Pods and leaves Major 
Pods and leaves Major 

Pods and leaves Minor 
Pods and leaves Minor 

Leaves Minor 
Leaves Minor 
Leaves Minor 

Pods and leaves Minor 
rods and leaves Major 

Leave- Minor 

Leaves Minor 

Leaves Minor 

Leaves Minor 

Pods and leaves Minor 
Leaves Minor 

Leaves Minor 

Flowers and shoots Minor 
Flowers and shoots Minor 

PREDATORS 

COLEOPTERA HEMIPTERA (Continued) 
Coccinellidae Lygaeidae 

Cydonia lunata F. Geocoris ambill/s St~l 
Cydonia vicina Mulsant Reduviidae 
Exochomus flavipos Thurberg Rhinocoris bicolot F. 
Hyperaspispumila Mulsant 

HEMPTA 

Rhinocoris sp. 
Nagusta sp.

HYMENOPTERA 
Pentatomidae Vespidae 

Macrorhaphis infuscata W Iker Belanogasterjunceus F. 
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The relative damage by any single species of the above-mentioned hemi
pterans was not quantified but collectively they appeared to be the most im

portant pests of this crop. In addition to orcasional Oither hemipterans such 

as Aspavia armiqera F. and A. brunae r ., they accounted for up to 50.51% 

partially filled or shrivelled pods in soybean plots. A list of parasites and 
predators occurring in the collections is gjiven in Table 1. These included 4 

coccinellids, 1 Ipentatormid, 1 lygaeid, 3 reduvidS, and 1 vespid. 

Insecticide Trials 

In both early and late waon trials, none of the insecticidal treatments 
resulted in a significant inreasf,, in grtain yield over the control as shown in 

Table 2. Insect control was also not significantly different at both seasons 

but carbaryl appeared to have controlled hernipterar damage better than the 

other coml)ounds in the lath season (p<0.01) (Table 3). Insect infest-tion 

levels were much lower on the lawe season cro). 

DISCUSSION AND CONCLUSIONS 

There is very little l)ublihed ilronation on tile pests of soybeans in 

Nigeria probably because the crop is irot yet widely grown. However, a 
number of beetles and hemilpteran insects have becn identified as major pests 

of soybean at the International In;litute of 1lropical Agriculture, Ibadan 

(Ogunlan, un)ublished data, 1974). Raheja (4) record(e( 47 insect species 

on 10 nimor legume crops ili Northern Nigeria including soybean. In this 
study tl., major insect problems are highlighted with thre pentatomids con

stitutirng the rbost serious olroun. In general the insect prrjlehms are sirrilai 

to those of cowl)ea. 

In traditional agriculture, Nigerian farrrwrs obtain grain yields of 300 to 

800 kg/ha without crop pirotection, probably becausthe co rnonly grown 

variety, Malayan, is an irdeterrinate, long duration variety that appears to 
have becore tolerant to the major pests of this cro)p. Wrth the prospects of 

Table 2. Grain yield of uoyboans at different insecticidal trlatments. 

tt of ... . .Yield in g/plant 

Insecticide a.i./ha Early Crop Late Crop 

Monocrotoplhos 750 24.5 3.9 
Decarnothrin 50 25.3 3.8 
Permethrin 50 25.5 3.6 
Curacron (CGA 15324) 1,000 26.3 4.2 
Lindano 1,000 -- 4.4 
Carbaryl 1,000 26.5 3.9 
Control 24.3 3.8 
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Table 3. Effects of different inwzicidal treatments on insect damage on soyboan. 

Early Season Lata Season 

%Cydia %Pods %Cydia % Pods 
Damaged Damaged Damaged Damaged 

Insecticide Sued% By Insects Seeds By Insecti 1 

Mornocrutophos (Nuvajcrori) 1 .5 44 0 0.25 1"9 

1-,je;ijrrtethrm (l)iq.) 1.1 47,7 0.13 12.9 
Pft-rrrptohrirn 05 50.0 0.0 12.4 

(C ;A 15:324) 3.1 54.8 0.0 12.2
 
Crl Wo;ojrV'ttjl ) 1.4 46.2 (.C 8.9
 
C',irol 1.9 43.7 0.5 
 13.0 

1 '{1 L'. 0.59. 

ii ar.trif! mrqprovnerri(,tl projrarn there i, no doubt that inrany imlrove.d soy. 
bu,ii jArie., wiI fe iritrodw.u;ed which may not withstand the challenge, by 
Il ,-.t let',to tie-Sarii egree. Fiirtherrunotin , when cornrercial prodJuctiorn 
th:r!Ir,uiies e'stahlis,he:d i p',trolleuijare hound to wscalate andI "orri. of 'he 

:rr':et iIimi,/ui)portJrit inse:(t% ,ri;j./ e:entually becmHfre (conornically im

portait
 
Cydia ptly.tora, .,;hid. iijltlly t lc,m urotaril drylJ pgod,
re of cowpea 

a ,Ii .igeria , l;..hved dfer:rer,?l orn vo,/ e by assurtnrur; ;i .ti,(n boring habit. 
Jlhi may he ;jrl off sea',on adap!;tior rPr ,urvival in tre il.nerce or reduced 
aburijnat-it: of it, r atural hoi, crOwp,:a Thi, is sIrjilr, hovv ver, to the be
havior of LMas'.yri'sa t, 'iu wi r.)h bor.s, pertiole arid stems of soybean in 
FHra/il arid Peri {5) "f Mftorurasutpha.erjli on sterns on I;(J, inaridi)ats. 

Japajn (2). 
A riurrrr (f ;jrerjators vierie fourd arrion(j the riser,:t collected, indicat

irq ig -a yf 1wt,-.eritiol for the (.ortrol(iof these pe-t- , rnatural enemries. This 
obervati'rn i,hould bse loriri in rid wiin chefruc-l rcontrol measures are 
enrvigeqyd in oirdeu ir pe:erit ; sijous(Jl.,sturbaice of the agro-ecosystem 
wihi;h rnight re'tjl froft, jnrdi,,rretri=;u u';: of pcstirie;.This is particularly 
"ijnifir.an ,hi.ri mnara(grini the cereal.oyhean intf:rcrop yste s practiced in 
Ni,";ria because ol the potential talue of ,uch crop rnixturef in promoting 

Rlaheja (4) (jlltaI ;: j Iigl-er yields in vqobean fjrcyfr(J with insecticides 
thtan in rcintrol pit ;irid rioted sorrie daarrga( y coreids. I.. the present :nves
tirlation inisectiu.ite trrrnts did riot resilt in higher gjrain yields over the 
jnitre te:d control. -hero are possible explanations for this result. For exarn

pile, (a) 1he "spr;j/ rerirrie irr(posd might have been inadequate for a seson 
org protection ( Fig. 2); (b) insect populations rnight have been too low 

tr make the spray eff',ive; and (c) the plants might hav; cornpensated for 

http:ijnifir.an
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Figure 2. Schematic diagram showing pest succession 
to peak activity. -= .;or pests. 

on the soybean crop in relation to insecticide schedule. Shaded areas correspond 
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insect injury particularly in relation to the pod-sucking insects by exhibiting 
some prolificacy in pod-formation. These aspects will be further investigated 
and it is expected that a more effective insecticide scheduling will emerge 
after a better understanding of the pest succession and build-up in relation 
to the phenology of this %.op. 

NOTES 

M. I. Ezueh anid S. 0. Dina, National Cereals Research Institute, Moor Plantation, 
Ibadan, Nigeria. 
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SOYBEAN INSECTS AND THEIR NATURAL ENEMIES IN BRAZIL -

A COMPARISON WITH THE SOUTHERN UNITED STATES
 

S. G. Turnipseed 

The production of soybeans in Brazil has increased dramatically during 
the late 1960's and throughout the 1970's. Initial hectarage centered in ihe 
southernmost state of Rio Grande do Sul, but has expanded northward 
through Parana into sc. uthern Goias and westward into the state of Mato 
Grosso. Althou!qh drought has restricted produCtion levels during the past 
two seasons, approximately 14 million nit were estimate(l for 1979, making 
Brazil the second largest soybean prodLlcing| nation. 

Interesting pro:luction comparisons exist between Fiazil and the south
ern U.S. Latitudes iIvolved in major production areas of Brazil are similar 
to the southern U.S. to somewhat more subtropical inl Bratil; determinate 
cultivars of maturity !jroulpsV-IX ar grown in both ar '.: arld pest problems, 

particularly with respect to insects, hav nier'uos sl;ar i',:s. In Brazil the 
crop is p larnte(I ill Novetber ard December, aid hairvs't cLurs from late 
March throaghout April, dependialg) Oin the latituLes :ind varieties involved. 
Inl the soutbern U.S. soybeans are grown ring Brotilian v,inters, being 
planted in May and June arid harvested in Octob r and November. 

INSECT PESTS 

Soybeia ins,(ts in liiail w(ile discussed l)y Panrizzi et al. (4). They pre
sented photogIraphs and decribed inpor tant pests, their natural enemies and 
r'PConmler:ed insect managerneilt practices. Feeding niches of insects in soy
hearts were -'wn)ared for North America, South America and the Orient by 
-urnipseed ar~id Kogan (8). A listing of important foliage, pod and stem feed
ing insects of soybean in Brazil and the southern U.S. is shuw in Table 1. 
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Table 1. Soybean insect pests in Brazil and the southern U.S.a 

Area of Plant 
Fed Upon Brazil Southern U.S. 

Foliage Anticarsia gen.roalt/is (M 
Pseudoplusia includens (M) 

Diabrwtica spt'ivsa 
Cerotoma sp. 
Colaspis sp. 

Anticarsiagvmwaralis (M) 
Pseudoplusia includns (M) 
P/ath ypena scabri 
Diabrurica spp. 
Corotoma trifurcata 

Epilachna varivestris 

Pods Nezara viridula (M) 
Piezodorus guildinii (M) 
Euschistrus heros 
Acrosternum spp. 

Nezara viridula (M) 
Piezodorus guildinii 
Euschistrus spp. 
Acrostetuium hi/aru 
Heliothis zea (M) 

Etiella zinckunela 

Stems Epinoti, apoienia (M) 
Elasniopa1pus/i!}nosvllus E/asmopalpus hgnosellus 

Spissisfrlus festinus 
Drctes toxa'Inus texanus 

'(M) = he1 is tlvat:d.major pest for which 5ubst;lf4l ctlraq 

Major pests in both countw.s ar, denoted by (M) which indicates that su
stantial hectarage re(JUires ,,,eatmnnt. 

The velvetbean caterpillm, Anticarsia genrmatalis, is the most important 
folige feeding pest in both countries. The soybeai looper, Pseudophsia 

inch rdens, although a major pust, is much less import Int than A. gemilmatalis 

in Brazil. P. inchldens is reported to cause significant damage in the state of 

Sao Paulo where soybeans are grown in association with cotton. This pes, is 

much more important in the southern U.S. where soybeans aie frequently 
produced near cotton. Foliage feeders of less importance in Brazil include 

the chrysornelid beetles, Diabrotica spvciosa, Cerotoma sp. and Colaspis sp. 
A similar group of chrysornelids found in the southern U.S. includes Dia

brotica spp. and Cerotonia trifurcata. In the upper South and in northern 

areas of the U.S., Colaspis brurnea h. ; been described as a pest species. It 

should be noted that in -iddition tV - 'eding on foliage, pod.feeding is ire

quently observed by Cerotonr-! in both countries, and tha t larvae of all these 
beetles feed on roots and/or nodules, ca.,sing undetermined damage to the 

crop. The green cloverworm, Piathypena scabra, is aii oc;:asional pest on 

foliage in the upper South and M idvvst. A'', the Mexican bean beetle, 
Epilachna varivesis, is an occasional pest in the Atlantic coastal areas and in 

southern Indiana in the U.S. 

Of the insects that attack pods, the souihern green stink bug, Nezara 
viridula, is of major importance both in Brazil and the southern U.S. These 



287 Soybean Insects in Brie,._' 

stink bugs damage seed within pods by direct feeding or by transmitting a 

yeast spot (isease. Another stink bug, Piezodorus guiIdinii, isa major pest in 

Brazil, hut is 11ot iil)Ortilirt ill the U.S., lbiog fo0nd only occasionally in the 

southeriimost lIitit!us. TwO otheigenra, Eiischismrs and Acrostein , of. 

tell oCCIJr Oil sOn.hea0Is il Baiil nonihrs of til stink bint(as complex. Of 

these two (generat, Enschismtrs serVs nay conti)uite to economIOic damage 

throughout the southem U.S. and Acrostertnun hikare in the upper South. 

Hi/'othis /ea is a frajoi li'st 'lriloltenr connollS whole pods or parts of 

pods in the sootuil U.S., lut isrot foiid on soyheans in Brazil. Also, 

Etiella ziclAIunell, may occasionally ,laniage pods in the southerrinust part 

of Brail hy feeding hrl lh h'illpod, consuming the sei:d and webbing l)O(is 
toglethel. It is not t lwpetlitthe U.S. 

1l1?1 most tillit iiL,.cct iliB iail is thi shoot arid axililllni stiiii-iemli 

ionl i, L i)Pi',wti :ulnrtt.hnr'. l Ito; llec:t ore's the upnpneriitli steIn arrd feeds on 

the lowirig tips of the plan, (fi1n w )Ni t0Wloliag(e of the bull together. 

Its Inl,ior dallliarae iv'qtatgrowth, hutOcius in)late f:,!ling on flowers
 

I b.,oner oism.i veil. It dos nit imiage siryheans it tIreU.S. Another pest in 

lrazil that is less illrpi:tait is th! lessei cornstalk Irorei, Llasmopalpusluino

se//os, wliI at tacks seedli rigsat the soil sinlace, leav ing a chalacteristic 

wibhiri!t. Itiswirlely distiihtled aid is retliinrtel to cause considerable darnage 

ulr rI the first yeal Of cultivtion on newly cleaed larnl il the Cerrado re

gior onfc(itial Brazil. The same s)ecies is svidhusj rNld i!lthe southern U.S. 

ani oc:c(siiinialy causes extelsive (dr1.ii.re in saily soils oin late planted 

ihealls when c:imitions are ht lirldry. Two pWci;Cs wlhih (10 iot occur in 

Bra,,il oft(mi cans (inwale ill the southern U.S. These me a stlrn holr, Dectes 

tx','ru.S tvA Ils, that isIrlor of i p uleini iti areas of the uitpper South, and 

thneIriirwidely distl ihoed tli e corner l 1lfalla iolliel, Spissistil/sfestinus, 

wVhich nlae.; sterns ry gildling with its ipic in.run :,,piarts. 

NATURP, L ENEMIES OF INSECT PESIS 

Entonrolathogeri, predators mid parasites play a nijor roleh in the
 

iatural rW(;Ulation Ofirest ) ail the southern U.S. (4,8).
s)cies in hoth Brazil 

Fhe rnost s)ec(tacular of these natural eneriies ill(the ;rathogen, which cause 

isease onutbreaks in leilolt erOUs lmire, in many instn,c.:s inflicting vir

taally 100% mortality in hhighl)( luilatiorrs.CirlpIexes of ;)olY)hagous pmedc" 

tors ale protbalnly equally iilnrtait in plfoviulirig c atiirad contro since they 

Consuirnsir a high per cenitage of eugs an( small larvae of pest set:iev. An abun

dlance of hyrelilotean arid dinterai parasites a:re Irobatly least spectacular, 

but they urtern dstlroy eggs, larvae, pupae r adults of pests, exerting effec

tive control of certain Species. 

The most imortirint tiathotjin of A. etinratalis in all areas of Brazil is 

the fungus, Nomraea rileyi. It is also an irll)ortant ratural enemy of P. inclu

dens. Both of these lepidoptterous pusts are also attacked by Entomophthora 
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spp. Several pest species, including D. speciosa, Cerotoma sp. and N. viridula, 
are killed by Bearivaria spp. A nuclear polyhedrosis virus was observed in 
populations of A. getnnatalis in Santa Catdrina and H in Grande do Sul. The 
virus has been imported into tht; U.S. whee it has excellent potential as a 
biological insecticide aigainst A. yefomatalis (1). As in Brazil, the most iii
portant piathogen in the soithein U.S. is ,Vonwrava ri/yi. It attacks P. scahra, 
H. zeo, P. inc/udros and A. yomiaealis. Also, Entot,iol)hthora gaoioiae is an 
iniportant pathoge in n U.S. Bailvarii is also present, butllP. i'nchid/s in the 

is much less imporitant than Nomiurava arid Ettotnophthora.
 

The niajor piedaths of soylean insect pests ill Brazil include Nahis spp., 
Geocoris sl)li., vai iL)us sl)idi s, Cllida stlil., Lehia Slip. aind ants. A somewhat 
similar situation exists in tihe southei n U.S. ill that nabids, geocorids and 
spiders (especially Oxy ))Ops saltic(s and Pa/rdosasaxatilis) are the mo)st inpor
tant piedators (3), and, rlthinuthl Caidalislip., L+ehi, slip. aini ants ate iml)€r
tant, they do not seem to hei as ilpvahinit is in [1/azil. Hie amove pre(lators 
attack eggs and small larvaie, ofteir to tinl, extent that i)est nutlnreaks are 
avoided. Larget larvart! are also attacked ill f)othi)ourntries hy varirrits preda
cious stink mugs (p1wt ticulaily iiBrazil), earwigs, wasps, and lagetr carabids. 
Calosomia Sp. We(e observed by tie writer iii very high niumiers l):eyirng upon 
A. getlnlatalis on1soyheans il sotthtltl Goias. Adults were observed searching 
foliagt? ias we+ll as tir sOil surface duiring the day and larvae of tie beetle were 
common On the soil stlac', aittackirig large A. flenlootlliS Iarvae al( I)upae. 

The tgulatin effect of pa: asites o l certain pest insects is evident b)oth 
in Brazil arid the sot.therin U.S. Sormre species rille!com on to both countries, 
whereas others are not. IoniBrazil two of tIre. most imlortant parasites are 
Microcharps /ihia//latu (Ichnieunionia(l) in( Copidosoma truincatll/ihn 
(Encyrtida) pai asitiii A. grureiatal/is and P. ilchodets, tespectively. The 
sceli'jMid Ternoils 1r10! iileao adriihMicro)hatiirils scilticarhatils are im

portant egg piarasites of P. '/iIdiiii, parasitism fy the former being as high 
as 27% in arirs uf Parana. l tiiid l-uJtichtlro(li) iS nitenS is a cornrrnon 
parasite ol several species of stink its. li the souther;n U.S., stink bug eggs 
(primarily N. viridula) are ;orninirly Irarasitizet Iy a scelionid, rrissolcus 
hasilis, arid adults ty a tachinid, Ttichopda potoips. Parasites of lepidop
terous larvae in SOIuth Cm liria '-)utlivri U.S.) have been described by 
Sanders (6) and includhe Colpios(, rimcate Im ;rr P. includoos, Apaniteles 
Imarginiventris in severajl c !s, an sW'.,ral tachirrids. 

CURRENT INSECT MANAGEMENT STRATEGIES 

The manry similarities il )roiluctirm iractices, insect pests arnd their 
natural enemies would suggJest that sifiilar insect rimamlagent ptrojramis 
might be effective for Brazil arrd l e southei n U.S. Also, research has demon
strated that application of high dosages of h'oad spectrum insecticides will 
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cause resurgences of post species in both countrie through interference with 
natural enemies (5,7), 

Kogan et al. (2) developed a management strategy for insect posts in 
southern Brazil which was generally the same as strategies employed in the 
southern U.S. This consisted of scouting fields once aweek to monitor popu. 
lations o f.defoliating jepidopterous .caterpIllars and.pod.sucking stinklugs,_ 
Damage thresholds and treatment decisions were based on assessment ol 
defoliation levels, pest populations, and presence of pathogens, mainly the 
fungus N. rieyl. Minimal dosages of nonpersistent pesticides were prescribed 
in fields reaching damage thresholds. Insecticide applications were reduced 
78% in the experimental pest management fields compared with conventional 
grower treated fields. 

Success of the above.described insect management strategy has been 
recognized and it was officially adopted for the state of Parana (11) and later 
by the federal agricultural research organization, EMBRAPA (4). Recently, 
considerable improvements have been made in the program in Brazil, includ
ing information delivery through state-wide television networks. Currently, 
insect management is practiced on asubstantial amount of soybean hectarage 
in Brazil. 

OPPORTUNITIES FOR COOPERATIVE BRAZILIAN-U.S. RESEARCH 

Even though associations between Brazilian and U.S, soybean entomolo, 
gists have been brief and intermittent, substantial benefits have accrued, The 
applicability of the above.described insect management strategies developed 
in the southern U.S. to largely similar insect problems in southern Brazil is 

* 	 an excellent example (2). Early work with DlmilinO was conducted jointly 
in Brazil and the southern U.S. and this insecticide now offers considerable 
potential for control of A, gemmatafls In both countries (10). Cooperative 
work has speeded the development of genotypes with resistance to insect 
pests (9). A virus of A. genmatalls collected fromChapeco, Santa Catarina In 
southern Brazil (1) shows promise for use against the same pest in the south. 
ern U.S. where the virus is not native, It is effective as a microbial insecticide 
and may be introduced into certain soybean agroccosystems as a permanent 
natural control agent, 

Provided with these examples, it is obvious that increased, well-planned, 
and uninterrupted cooperaion among entomolgists in both countries would 
jroduce much greater benefits in managing insect pests, Joint efforts in the 
development of pest resistant soybean genotypes and in on.site research
development.exchange programs with natural enemies (entomopathogens, 
predators and parasites) of pest species should be explored, More virulent 
strains or more effective types of pathogens and more effective species of 
predators and parasites could be developed for both countries, 



290 	 Soybean Insects in Brazil 

Finally, thi, c(jopt:rjt ion nleed niot be Iirni tfd to insect pests, although it 
Would probably be mnost benef icial in th is pest class. There arc sufficient sirnii* 
larities in weeds, plant puitlioqens, find nen esrt,, to varriar-t considera
tiori of cooperativi, work ill the! whole ari.,i of ,oyb,!;,ri crop piotejtiol. 
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&,aii lnprrtri'r 'if I ritrmiolofjy, Ufliion~ tUni.'erity, former(,rijiiii'ei, 

Vriwiruj Proi'',%or, (Jmiv:.it' of Vdrcoror, onr ;rz,,wjrwrir in bridf (Aull, 1915 to 
Jilly 197(A 
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SOYBEAN INSECT PROBLEMS IN INDIA 

A. K. Bhattacharya and Y. S. Rathore 

Accordingj to the e. prrer;e of Indian rr;wearchers and farmers about 

60 to 100 -prcire- if ini~ct attacL. ,oyban at various stanes of development. 

Howeiwvr, riot all iri',ects found in 'oybea!n fi:ldd, ari. n.ce1SSarily in;urious to 

the crop. Uri.r 'ilr t;realert field .orirlitions f:w !.p:cies may be comirlerJ 

ke'y tirw',o aJr ;ot'er-ti and olher', are sporadic est , which .el;ite ;:est 
,

dmrri ha': a major e!(.or ,,rn,. mipact. It ie z-.erti;l to d,:fitie what is an in

juriou, po |pJI;Jtin' ;.rid tlh! .. omrii. ov, that it cau ,e to avoidai(n;J ur~noce.s

;ar / :/I,ridJijr: j',nicde', ;jreJ den irriental eff,:; resultinq fromori ;l:: 

thwir rri','J: . hI: ' s 'sumnnrM/;/', rAurrent knowi ,Th ,(0I o f this chIiapt:r 1, to ,tJr 

IfP,: (if Iie! nra,;jor vr/ r i-ecr t pet,, in India and to, defire te criteria 

ti;i W'": IJ',(: if) rJr:n idrji j on th: judirJ;iou 
5 atpi rdti rri of iriserticide to pre

1':rt Th: iriOirlriii du e to lhese pets . 

FIELD PESTS 

Seed and S.;ed linfj Sta q, 

I1y,'ernya platur;j (fle.rje:rt .,eenirr rnar'jlot: The,e ,nall, yellowish

nIray fli- la elorrrj;ited., whiti-h crp" if, the ,oil. E fjdhitch into sma!l, creamy 

rt;jrjuaots. Under Iboratory .ordit iori" rniarjrots fr nmoist -jolleri seds reach 

th: pupal "tarj'- in 7 to 10 days. Puipaion occurs in the: -,oil. Puparia are elon

rjaterJ and bro ,n. The pup; p,:riod last- 6 to 10 day,,, ,aryjots feed oin the 

iJ,:rr rinat inrj s.ed. ir: the njrourrJ and also on cotylerdons of emerging seed lings. 

EI:ani "e4:d c~at, he inferted h/ up to 10 mrrjot,, lnfe-ten ,eeds can be found 

in the furrjiis"a fnw naij- after sowirij. Maojjots may also attack the plumule 

caj;sir q rjerirrri;tion failure and irrenju or or patchi ,tands. Sometimes only 
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partially eaten cotyledons emerge above the soil surfaL:e ;anid are easily identi
fied )y the presence of brownish patches. Severe infestatiois by this species 
occur in the spring season (February through May) at Pantinagar. 

Agrotis it)si/oll
(f-lufiagel!) black cutworm: The adult i., a m Jedium
sized rIoth (ahout 2.5 cm long) with dirty grcyish win ',;narkcd by black 
or grey spots. Molhis are: ati acten i light. F-inale rnoths y about 200 to 
400 spherical, creaily white :(Js';y on th, tower srf;,c of le:uves (18). 
Eggs hatch in 2 to 13 (ayt. Fully g(wri carauiilars are a)out 41)crn long arid 
diuty black in colJr. The: larvl stage.: take,, al)proxirteiv 2.0 days and the life 
cycle is completel in 35 to 65 days (15). Th,; caterpillars live incracks and 
crevices of th.! soil near the plartt aid fIleddurin( the nigjht. They cut stems 
of s-e:rllings and feed oti leavies..;oretticief; they drag the cut plnrt portion 
into cracks nIear the ia;e of the stern. Young seedlings may also show stem 
cuts 7.b to 1 (J cii above grorundIhlvel. Close examination of cracks near cut 
seedlimo. 
 rev,;a:s the prf:trnce of smooth, grey larvae which exhibit a charac
tf.ristic codiri lhh-ivir wheri they ate touched. At Pantnagar severe infes
tatiorn r: to i', iessct was observed inspring 1972. 

Stetm Borers 

Melana'jromya si e (ZWeit oar) - Sterm fly: These are about 2 mm long 
flies, light ihrowr soon after errierlence froui the puJarIurrr and turning dark 
metallic black after tanningq arid hardeningrof the iriti!gurnrit. The ho',t ranqi? 
of the ster fly includes Glycine max (L.) Merrill, G. solje Sieb .cI Zuc:c, 
Cal/iaus ifi'fdIls Spifrej., lfrJofera suffrnlticosa Mill., I.stlitalranaGaertr., 
Phaseoh's ca/rcr;,tus Hoxb., P. radia o.s L., Swain.ronia (l/ferift ia (And,) R. 
Br., Melilotus sp., arid Medif.,o .sativa L. (21). It i, a ',,rifm' petl of 'oyhearis 
in tortherri re(giosw of India. Adults fired by triakhin oultiple puiril:tjies
 
which appear as while spots on 
 laves. -rjs are laid inthe soft tissue', of the 
le.af and hatch iti2 to 7 (lays. Larvae! start feseding on thi:leaf ard move 
towards tIhe terof stem, p(enetratirig throighi the petiole. In 2 to 3c:ern thw 
days rnagljot- i:acl I the siitri and inderro 3 to 4 trioults. Duration of the 
larval stage i,a;proirriatel, 10 tJ 'days pupatiornfeid ofccurs in the sierns. 
When irnifer~tei ',tern i',
split op,:I a distinct tunel canrhe seen correspond
rig to the area eaten iy the iaiylot. Before pupation the rnajrgots prepare a 
hole at the base of the sterr li;,, adult fly. The puparia arefor ext (if future 
barrel-shaprd ard dark yelwiish brown. Duration of the pupal stage is 
auproximately 7 to 10 days. 

Thi, insect i,a nnajor est of the rainy (July thrOujh Octol;er) arid sprinq
 
(February throiugh May) sra'on crop. Inthe early staties of crop girowth only
 
20 to 30% of the:
ihts,are affected. As,plants grow thre infestation level in
creases gradually aid at h;rv.st 100', of the plarts ray he infested. Maggots 
cause severe darrage by turmeling the rrrainrsternt,
hut may also tunnel petioles
 
and side braruche',. Inget eral 20 to 30 day old plants do riot withstand this
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tyIe of[dama(I Vh iII i,Iyt hIII I tat I of pI)lantswhi LsltS d Itcav s and it 

after I while SoSi tillis pla l. i)l)liuce sicondal y l lar(aits which cofInj.1
+ iJtu lw+'st!" Ito + otlw ete't(ll", L,IIl I l ! 17,11 Iwe 1:,,llipttlisatetd by lplall l !. 

llt\.mi~v./n, filly 91 '.".,ii Hikit'i+vvlio:iaifsi l i 41 1 a 110 3iJl~tltioijicafi sy;y +tt'i:> 

0 1 ,lil l lt+J t t' III( I it i!s Ilhllo ,t +i lp I+ i -~h t..( l ~lit~t .suc~h I l i s I[oil till. 

h lcut tl itV.. c(l ojl (l ) lui t w:l Ci'I(ilt t Mi )I 0(", tf (;. 5Jod(w plla tS 
vvut.'t Aitlickt-d [,¥ this; I it J it ,.vl!', ,Ihl, ()h:+, vedtl 'it (;Jniltl il~l l ive)H dt ! 

.SLICh iS osI'ip Ii Io)f)li i If,'/( iI'/ilJ' ,I ) ., iliit //)Sha oto)h 5 .St,/))/]),1 ,S iit: 'i.;
 

i J)tlI0 lIdIltWl 11 t&rvotI fill O wi, +,I- 'l ( . IIIH ,ic fit J i 1tt dItO '1h,1 ,dt
 

t,wtkit-d ly thlis lwtr,! ihi it~ i~l , i ' t, i+i i ailiI i'd, y mtittwl+ i. Ili K ykihLw (Ja:)aJa') 

III) t) 100. ilifs aiuitll vi'x " ,t jI Iv( K(Ito 1,I ). h1 cIiitly, at ritnaiai ,rvadl , I I ci 

A l(1 pt w 'I+,fll (it" tt) tti , ittth,: c r I ;i i t . :I i O. Wntn ii l, 'i iiitw ! hlel. l l 

t iPtkt 11.11 <:tt , ifickIt IllS II I i lt, ['I:I 'i l ( 0 po)insforlollt, 'hiliI r)I, tawl 

' lil. I . I,.: n h , ( Ih't I kci ltt l h , It fi oi S i t ! i; the 

yhiu Ih) it Ih ii . it [hiiia[i i m: . idih t . 1thC Stelll y Al/.;i hiiit tJC 

,1 , lJ fl-u{ l riL i )iiIO i t ,",, i ssr i/lii 1). Jhis ii (t ii iil

,itsiif, SJi, i 0 ., ,i , i itll t ii,, oo. l, li, d i) W :,H ,I',J tt 60" ol f ts l thl
 
l)ilrmtI 'W,(?) rl. Scl!r'tirfllm l It,( 1/0(0 :t~ iv t' Of( SWVA LIUI f(or tllll fly . (.ilit:n.e
 

j i , thi , pjt a)iw hhini t t. ll III :,, ;ii >i/Wif,' i l i r t,(cfp tos til ;i( 1 
1


/'rt .'? . ,ii; !. v l. ( wdt lf+ l th. 1: i i, f"1 .;is t S [)(,!iit IfI at i 

I'[ ' i. Ii"Ii tJ i . whI.it i t i i lt Iot .to ' d I thw' !i+¥1,Vi nI l'ifiuts (lO . 

I 0 11it hF 1 ,,)i),,t,iri:thi , i i 111 titt i , dl rd i [ l4lr t it I Ihalf 

T)uji) dI J . lf) kcyr Y' ", l. a t [ Irlqt ii Wt (d ' a t. i s I/I,I 111 11 ith rt'llt i ntIrl s5 
1111f] till, 1)(1 ;I,Il i )t t w' J'S t llw+,,), w d si'ililficanltt1 Hl W p) c'lt 1I)I t(Iftv, 

-, ~i 111,1t i l1~iti ll(' ) 1 9~ .,4)2 k.!olof poo.I( IiIs iwsiusliii(Jliint,:, I!i <Ik,) w and,leiia I ) s ut t IV .u I i cc iiy 

vf.,Y" Itv+;l Irt10+'l, Ill l w ll+i +, f U ttricI P~ra(jd ,h , -Talii ali.: {Deltli alsoth.-It IH, 
' 

,(Jt t;o+:twt (kwit) it ) [ if~ll' (C :lt ,Jdk ll t c l IM 'd IIIl.;," CU1,11III)'Y'c d 

t~t")tt;'#i+ , , ll*( hoJl lI l w l, tr -i p)lti vfi1111 w q ind the j)oJ'+tlrior half 

T1:bIe I. So rc i tihility of 'tBta.rKl 1to 47, , ,q:i 01 V!, h'.1 1i/ at iifferent iritervaIs 

Mt 'int (Jai'auiy through April 1972). 

P.itI d o0 C .,g InNtitsle Fa:nts Tunnel L.ngth Yield 

-dn, . F - -1c1 - 9 

5 0.0 524.60 
10 5.6 10.8 328.48 
15 0.0 -. 426.24 

20 8.3 83.3 187.57 
25 W.0 46.6 222.10 

30 13.2 87.1 207.19 
35 10.1 71.2 110.15 

40 36.6 138.4 145.51 
Closed till maturity 0.0 ('.0 432.39 
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dei-p black. This is a polyphagous species which infests cowpea, bittergourd 
and chilies (12,20). 

Alter mating, females make t'vo laralel (;ii(lies, usually on the [w)t;[le or 
at ! ines o f fill lin stell or side Irlancilrs. F(err les nmay ore several trial 
holes taetwerl: nIest, g1irdles befor irsertirq a snigle yellow cng inside: the 
stoi, [iin:h fi inalv cian hly 8 tot 2 Ph. ch ',i'mo oi I ?,2.'15 mn. 
H nt hing (rccurs in 3 to 8 I<jys. ' I, newly enriirgcx larvar: are; pale s )itish, 
while tire fill grrwn (t10t) is ahut 18 to 20 in long aind deet yellh . The 
Ilvave f'ed inside 0tw, r Ir for aipr ox irilyahe 40 to 60 nays niorirrg tilre o-" ths 

o0 line rrid July (11?. 1 he lot, lift; cycle is conpleteid in 40 to 70 days. 
It ilirlars thit thl (gilelss<',v t' adjust tie roistire content of tt! o. 

position site. IIs lhserlvatioorn hasniwd on tii fact that i manry cases in (!g, 
or the larvi was rot foInd lii: ste; the firshly-niaide irdles.fsidi etween 
In these ir/sarracs it is v.sl llhu tihe terliIh, did rot l y ai iegg because .)fiat 

the lack (of a 'suirtAi tivirrllrnert > ed studies revenaied that rne pl nt mray 
have is arry is :hree ri fir pal Early stage inje ares of girdles. mfestations 


cin ~e',c irihyfr h, retn.lC0lorld (jrndIhs which la'ter 11r11ilrown.
t y 
If a petiule is, tirdfldi tfw trrfrliatu have eti'l dryntg rrrnrniidR the edtJges, 

w ricIr results irllr1:1 cUirilM ) Of rfe haf nlma iir. It,, i1/ the !llur leaflet (rius 
aJp, all(] Call ie asily <.lmttfat in tht! field. This type oft drying is iestrii 'ord 
only to gtimielt lt (n lt h e other haiod, if a br'.anch of the n3ii ste nli tlH 

is girdled, it llay result iIll, u dryirnl of all leaves above the giidled area. If in 
infestet a r Ut tl ularl' is split open, a wide, JeLo) brovn tunnel can be 

oh si rv em 

Dpfoliators 

Diacris a oh/iilua (Walker) - Bihar Hairy Caterpliar: AdCult. moths have 
light yellclw wings vith black dot orr the, antrior margir of the t,, vings. 
Their abdomrs are pink with hikick clots or. the dorsal and lateral surfaces. 
The male moths measure approximately 40 tr 50 mm while females measure 
approximately 50 to 60 am. A single female may lay 1000 to 1500 eggs, 
arrangect in cl.,s, y-packed batche5 of 400 to 750 on the leaf surfaces. These 

pale greenish aqgjs hatelh in 3 to 7 (lays from August to September and I1 to 
15 (lays from Noi ember to December. Newly emeiged caterpiilars are gregar
ious fuecters onl the leaf epidermis, skeletonizicg entire leaves. A. the end of 
the third insnar, larvae migrate to atduacent plants and become solitary feeders 
consUcuing large amounts of leaf area. There are 5 to 6 distinct instars which 
last approximatcly 20 to 30 days. The full-grown ,-mtrpiltar measures approx
imately 40 to 50 nto. Duration of the pupal stz.t3 is approximately 10 to 15 
days. Under normal conditions, the life cycle i, completer' in 5 to 6 weeks, 
Jut 6uring cold periods of the year a sin.le genreration may take up to 10 

weeks. This is a major pest of soybeans, feeding oa a wide range of host 
plants including soybeans, green gram, black gram, jute and maize (9). 
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Spodoptur, litura (F lici,',) Tobacco caterpillar: Adults aie nledium

siwed mitlis (35 to 40 riyw win span) whose fore wings are gieerish brown 

\,,,fillwit-J tffed w vy mlirt, im [. +'tho hlinid w att shiry 'liite witt light 

(ilIitld ho, 1, 'ii: l '' 1 001)t 2000 e s in liatiti: cowittred with 

511 c: l ,:(J I[ jjl 1 ,11( /lilh i toI!'/ dly - Thi!i e0 rgidi l rviJt, hatve 

(lri !n .I /ti t lr y ite, %'l I d ol tI ill- 1' I " fill t e fluid .01al 

sy t, t rAt .li il i ll w row t 

y''lhlo i l il (l~rw,€l:l1 IIIa '+ i +t ;1 dh 
MWIjrlw ,ithf Ii i v i Iil ,i iri ith 

:$l;t-rl,.! :;i I.t, lm k . Y o otiq liJiv il/ fl~cj 

j r[iriiWy Il ?I( mlii tl ld l'l iAat ,in-iit i itifr i j ertlpiiii . A t 

22i ~i~riolIl Piip .oii ) Cet. ,,n i lu
1 

tiu 7fse I lou, t. tI I ano1! 

ifi rll tw
larva l allll at i) t!(,e i Th itrll i, f't C. Jti p , ;I the 
r, 

,l;l , aJ 27jj i ii i / I ) 10lh> ineUlififtWh l Vit ls i il falf, Owlf ht f 

Cn ;' ;e,(.alllje,--d ill i :/ iiyt ,;, -ki d ii v ri os,t,il I hti s, ;In 018)l 

y Jylo , ty I ijfItisii t l I () yalso tii p til, t pe o , f htn )f "'ar lotnlrs ofvC 

hi : /iI ill 11I! ilaIftin f,e!l 1e l n f c'l teIIl,, d ct,iV ethe ualAVeins 

L flit, 1 T t {liSlm do/ljt,-r, #/l,i( Jo ([Iiiht~iw'l IC +: ,ril< qwj,+ sh hfrow r+n 

rmo tl>"' I +{<th oih m jL! { ._fFJi lf11;! ~ f''tjl,. frJf,: llfJ*e'W <,uljlly%jsj grey ish' 

or);n with F ill icis lo'pe: , irit aa drr kt' 

in ir in ls .110 m jtsi r 
h j 1 o)ol Ih tah S Torj is, rs, A 

thl seaso.A a fill ized ometl sicr
 
f,JC(11 ("f h ,!f1,,+l I r.{ J il(, hl';t, , f io,t J 07 O f>lio]'),,, ar ljsu ally cu.,

yedO;stih i llv frirwi. FoAew intl 3tol dai~ly lC'13iO toitfl ei eggs 

v,h a siici t both snes In to" i day, thepet, dgjrkr-If ill e)lleaves. 

lvh I i te I10 ' (I t vr l a edh iti1,ly oniI teIlIIP". F isu l avn,g h e eStjns 

Sillyrdeven2t,lpe 25larv d iar; it h gren 17 togruet to 7 liilaS Ond;ee.pin 
[/2 (Ilo/ ) f'crio(J. PtJpla[ioni ()cl.t',1 11111io (I dfjrid, Nlk!o 1, )tvt (,i +i thu. soil and 

G tob 8 : lif as po 


laks at 27 C. lcirs is a eaolvslha.ousfeits o , alfa, potao,
 

til linesoaligtll, Jys. The lir cyperio , itein 4 to2 

Isec: which erge 
inaize, :a at, indigio, tornl~ito, tuljg plhiw~t, cozlt(,ri. ;ndJ linseed (10,18), an"! 

il, aflso L4!1if[potrlt )Pest Of soyb+jans. '_arly ;frstar. si,'+.etoniz,_ lezjve', l,;freef: 

Ing on) the efpiderrmis. Mature larvae c:hew sniall thohis Ii older leavec, ,( near 

tl+w qrowvinq till. High tjf~lalition helels may completely defoliate the plant. 

P/u.,is orlcha/cea Fahricius - Se rilooper: This insect appearfs from~Au

(,tj,,t rIfto the -spring season. AdulJts dr.: ,Medfilim sized mnoths with ,J metallic

yt. ',o,v patch in the fore wing. Followvin.g a 3 to 5 dlay preovipositionpo e , 

eggs arie hi d singly on both sides of leawfs. In 3 to 4 days, the pale greenish

wvhite larjl-, emerge and feed sinjtlY on the soft tissues, leaving the veins. 

FLJIlly developed larvae are yret, r, with distinc:t black and deep green longi

tudinal lines along the body. The larval period lasts approximatzely 13 to 24 

dlays arnd pupation occurs inside folded leaves. Adults emerge in 8 to 9 days 

http:Prole.os


296 Soybean Insect Problems in India 

and live 2 to 5 (lays. The life cycle is completed in approximately 27 days
(7). A severe infestation will leave th(: plant with only its wain branches. 

He/icoverpa (Heliothis) armiqtera Huhner - Gran pod borer: This is a 
serious pest of soybeans ii, Malhya Prdes) (10). Adults are nIe(liuln sized 
moths, light yellow to rvmn, wvilh distinct black clots inthe fore wings and 
lighter cosrerl bind winrs. Fe :ros lay 1200 to 1550 e(ggs sintgly ornleaf 
suf fi-t:b E- I, lhitei iii 3 to 4 days. Ine newly emiergeid larvae are light green 
with clark lwongitudirial stIrf). Fully grown larvwe niuascure approximately 
30 mrmn;arl :rval 1 velopinfint is cmspluteil in 20 to 25 days. Pupation oc
ct,rs in lt )oii. Ault emereq in 9 to 13 days and the life cycle iscompleted 
in 31 to 35 :lays ( 10. Ir1tiddit-on to sovbean, this insect feeds on giam, 
Jeas, cotton, Ia,. h feedand l c;.r CaterIp irs iaT on turiJlt r leaves, hut are 
most darnaoJing to dwin ,lo:j Ii.v 

Mocis it;(, F,!tf:IL:S Browsn striped serniloopcr: This insect is 
estaolishing irsIlf ;!. j s.rtoean pest in Madhya Pr-idesh. Adults are stout 
moths wh ii .-. iingt 20 t( 25 rmm.The fotf- w'ings have thr'e black 
stripes t lr I . ini !; h ave det.finite siTniky black stripes along their 
margins I-,riI stI y 50 to 200 rn , yllc-,vish-jreen eggs which 
hatch in 3 to 5 c,s. t,l'/ hitched iar,,!ar,pale gren with pinkish brown 
heads. Larvai rn.)uit Gi hefore pupation and are fully developed in 
17 to 22 (lays, rclc' In' l;th of 41 to 53 rnm. Pupation takes place in 
a cocoon lw,:ivstuckuiond of 1dcat toilet her :5,it h silken threads. The pupal
period lasts for ap o r I 5 to 9 (days in September and 38 to 43 days
 
duiirig October tlirf lhDcermboher (10). This pest can also attack such plants
 
as Puerarik, dlerI iS, and vovestba n, indl at 
times causes serious damage to soy
beans do, i-g the raii isr o
 

Lamprowrfrmj inct. FAiriCic: Leaf roller: This insect 
occurs during
the rainy season arl hs ,abhished itself as a major problem in Madhya 
Praderh. Darnarne by this pest was also nozicd io Tarai area during the rainy 
season of 1975. The adulit moths hvw.yaIowi.rh wings marked with distinct
 
jvavy brown lines. Following a preovipositioi per;od of 1 to 4days, females
 
lay eggs either singly or in groups of 5 to 20 on the leaf surface. Eggs hatch 
in 7 to 8 days. The small white first insatr lavae fold leaves around them
selves as protection from natural eneniies. They feed on the mesophyll 
resulting in an intact papery skeleton of 'rlded !,aves. There are 6 larval 
molts, and fully grown larvae measure 16 to 20 mm. The pupal period lasts 
5 to 16 days. 

Stomopteiyx suhsecivella Zeller - Leaf miner: This is a specific pest of 
groundnut which has begun attacking soybeans and is an important pest in 
Madhya Pradesh. Adults are smal:. dark brown moths with two white specks 
near the costa! rmargin of the fore wings. Female moths lay 5 to 260 white 
rectangular eggs on the lower leaf surface which hatch in 2 to 4 days (10) 
Newly hatched lavae mine into leaves and feed below the epidermis. Larvae 

http:yaIowi.rh
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molt 3 times over an 8 to 12 day period of giowth. They then spin cuop-shaped 

cocoons hy stick iiq adjacnt leaves totlether, The papl)al sltaqe lasts 4 to 6 days, 

and the Iota' lift( cyclh' is nmlpleed ini1( to 22 (ays. Larval damagie is char

acterizei hy oni r, tirriels Ltwthlen the layer; of epidefrnlis. fHlavily mined 

areas within a fildt appeal crinkled and distoieted Sevewr infiestations may 

CiLISe yilld hhoss. 

Sucking Insects 

L',i.si, thaci (t:marl ins Swetpomatl) shl telI: This is a serious pest 
1

of soye;is i ti Ti al ai pllinbs t)fthe tJ.1.aml Delhi regions. Adults are 

small (sile ixirrll v 1.0 111[n) y'lhwv hiltii~l inocts with whitish-gly winlis 

and a! di:iisely ciivered with awaxy irwodOi . Hoth nyiplhs arid tpae ire black 

ili)(]i ) ..-l i )11' ILiv,' IO lilljii l Ilisthes. [testodssoyb ll;iis, thi, insect also 

fef.',s on eitti)ll, Hli;ck (i1ini, idl rlain Ftilales layil n ilo, il i ( tllie1n (16). 

38 i 106 ,telow in iire miweeu :s.n toolps lwnii ih These chiriie (lark 

hrnv,'ii Ifre l;iteiill I to{i2 lays. Nyhlis ft;iby silckiinq sap frioim the 

leave s. ThI'iiyillis l:il bedfattiirvinthlliy 7 i) 1M tdys heiiire ioltllj into 

J i iei( :iit "in al"' stole. Aitlt; ( ie In 8 ia 14 diys. 'lit' lifecycle is 

ciiinpletei ill13 toi 7 ,lays (16). Adults aitkrnown i ti llnsililtthe yellow 

s;zii vlirus li.:ase of Ayheollws. Field ov vs ilid not reved this dise ise in 

the plails of I.P, m inc he i .P ith Ihl'ei iifitisasiwe inlie(iOnn 

the Toirai ind the pmlans of 11 UP. Delhi in T-.ira :o.id pins, Howv:t, re-

Iliiis, i spit: of thi: )lesetiiw if iiand white fly,of a Iaoit nillonit ltioie~ 


tihe (tiSeai iliiis ilot aIppeal m(ni it th ;prino seison; 11ii.robi plevalet in 

July aflI AmJ(jtIsI. 'lar"; itIron 1(OSiii have Ief seller Vinlew viius rlisi'ase 

(u I:1l( i f rliatinI) .iinIyiel ( atll, 2). Tib iily lfethedi platllits 'howed 
(;olsi~liralhe reiti~ilri i the7 yie'l,.Field reveal -0 day infested1tlfis that 

lant: ir(luc(d 'nifieaily less qflin as oipared to pllaits ilnfested on 

60, 70, 80 and 90 hrys atler .soviiil. Flcently at Paritna<r it was olksorved 

Table 2. Effects of dtifferent levels of yellow ros,aic infestation on the yield of 

Exposure Plant Hi No. No. Wt Wt 

Period IDa'i (cml) Grains/Plant Grains/Plant (g/grain)s) Pods/Plant 

30 57.24 12.3 25.5 2 27 0.1009 

40 61.44 31.2 60.7 7.53 0.1149 

50 58.48 30.4 60.4 7.21 0.1160 

60 6! . 364 68.9 9.29 0.1335 
70 61.44 404 79.8 10.70 0.1320. 

80 59.52 45.1 88.3 12.13 0.1384 
90 49.10 42.4 82.2 11.98 0.1418 

Healthy 60.68 40.9 83.9 11.71 0.1422 
C. D. at 5"' 4.90 11.0 23.3 3.09 0.0129 
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that PK-71-21 and PK-71-24 were less susceptible to yellow mosaic disease. 

Therefore, these two cultivars can be effectively sc( for developing yellow 

mosaic resistant varietics. 
Nezara) viridula Linnaeus SoJthlern green stink Iug: Although adults 

are green, there ar thre distinc color variations in Marldta Pradesh. Males 

are generally smaller than females. Eggs art. laid in masses of 42 to 113 eggs. 
Hatching on rror' in 4 to rdayq Thir 110- '_, ryM!1hl l intrals Farly ins!ars 

re-rain it) clusters but dispetse to neighlihoniog plants by the third instar. Both 

nyinhlrs and adults feed on green seeds, by piercing the developing pods and 

seeds withina. Field trials conducted at Madhya Pradesh revealed that one 

insect per plant may caUse 80% set d injury (19). 

STORAGE PESTS 

Raw Soybeans 

Researchers have recently recorded the successful development of the 
almond moth, Fphestia cfil,/a (Walker); Khapra beetle, Trogoderma granar
iom Everts; Pulse beetle, Cal/lasoht /hos chinensis (L.); arid cigarette beetle, 
Lasioderma serricorne (F.) (i stored soybean seeds. Of these, E. cautella is 
the most potentially damagling (8). It aplpears that larvae are ulalnle to pene
trate utdanalted mred s, hilt Can complete developrient if seed is offered as 
ground flour. Tests using flours of son) of the most common varities (i.e. 
Bragg, Hood, Lee, Ha-rosoy-6 and Harlee) resulted in 46 to 91% ad(:It de
velopment within 28 to 32 diys. It is possible, that these insects may become 
serious [Pronhlrr.r in the, futurt 4). Blatacharya et al. (6) also reported that 
larvae of L. sarriaornr, failed o devlop on whole Undramaged grains. But 
this insect d(evelop)s rlUickly ,.hen seeds weie offered as flours. Addition of 
yeast further ihastered the development, resulting in 99% adult emergence. 
On the other hand larvae of T. qranarium which attack a wide variety of 
substances of animal and plant origin showed poor development on soybean 
flour. Prolongation in the developmental period and poor adult emergence 
were also recorded on 179 germplasris (5). Addition of yeast and steaming 
significantly improved the (ILality of the dit (3). Therefore, apart from 
nutr;tional deficiencies, heat labile inhibitors are also responsible for the 
suppression of development of T. granarium on raw soyibeans. 

Soy Products 

At presens a number of soy products are being marketed in India by the 
Soya Production and Research Association, Bareilly. The major products are 
nutrinugget (a textured product made from 100% defatted soyflour), prote
"nack (flavored and spced snack), nutriahar (extruded product made from 
c.ooked soybeans), pausticzhar (ready to eat food made by extruding a 
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mixture containing 44', co, 40,, full fat soy flout, 15% SUlar and 1% 

Vitlamil-nI ilei 'l l emix), '11)(il oI1lt LItls (fedty to eat product nmahe by 

llixing t7.5', col, 29.8", dtatl soy flout, 1' salt and 1 7. vitamin
liiiIttll IHllj ). 

(- w spe l( w+oft 'I !4of)t'll !I llwcIS+ fill thew, soiy )lod~licts Ie+vcaled+t t 

that lf va I ,i. qix] ,)FI+l d i'llI 10ill i ItIIi hl 0ll I evifi.1 )lirIt tO il litltfihit( s-1 
..1,' " ;4 " k " .. , . . .. . , . .. 

(l ti tlty oft the 1 , Sim ilm 111t vlliv t 'ro 1it(w to+ lihr il~ln of yeast w as 
Cti s+ ol is, i+,,', ,JI l ,lot v l+ f ,fll i t l+l ,S iX ilt li + k 5, l~"g '+tK Ii it; t thu iiie 

d l li l i itiit ioi-he ifitck Lid ti,: t p tmtihti. Larivae, o f r iitumy a.1 

,1hwiflm dl!;( Ootl hovv )V t) tili i dI11 5, (did 11 (,ll d I , ( Or ;Jet leat, flvtles 
010 t cfi , Wdij i t t ]ko lf l tii tli fl tih ofi I, n .f a'l Iti5 lit quality thie 

II tl iu)t f- ll mpl:, is illitihi1iuif tevela t;itt l.'Vf tHll i it if liy llu of
 
tillr, in1",t( t )i(l)i tlt Ii 'i ~i llt I la p ll itM W 'Is o)b)t,.tIVi'd vilUIt'I 5c"o yeast
 

.,,.,+'>Jifliritlt'i III tht, tdw t. Larv~ic ofi 1. c',t l,] th a,.ved tifhferenitly on 

,.u d(T' l I tiI iI [ 1 Vl,,jlu t , lt l ei illet.i (tays0miIti if ite G2 

uf,i~t ('l1 lll imit;ot (11ihi t wdtli , 7t1 is 5 ytast, aH ee i,i i ovarie d11 ev 
i lea fized thistit3 t(1t pli vll fi t. Ptteff:irty hot k Isteo llt, St bypd 

I opelt J uit K(lw~ih liit tf11 d i was1'tlw tt titil ftod by ht lathe hiei fKtl 
:,t ' also lt'l, 11(h4 1hdt j,,J+tt:iAd lJ , IILtItIahar m l pi o tein lu s p~o~ter w ere

est Syle I 'vItly fi ,lill,ttii ly 0, i.I t L.m (ie of , est hk.]or1 hes tl(1OtI iL. 3tfiCat 

itvilul t ilcl(15 1 t1 (10l( t Ji) lo) I(tl tous th I ust of the 3 species 

i;. wli e 76 100'/.lf byiet Ini ' aii11 iten:e varied om to However, 

II l fil, hoI L , t W it' wift ,vff icicfity uti d h th it s comparedi/i larvae 

to ie+trf ll ftIt (I ItI tt,tl, i c. 

CONTROL
 

Protpei es, nlula /l'uI ecisi rs3.A e ls'tii fo dObtaining the highdr1 

eonomic0 jOSfl in mt toest yield with f7on iS ll ta . Otie pest nj em is 

pevi'nt an iare f l erstpopulathong fr m ixciiufins thre eco ornichi tgjry 

flvel by letervmtcdewilma aipltlie cohntrol. itogy l 
Fields 5h()LJ Id t1W! COLtiA ' t!4'!k I toI dtitett itit! if po(t'.+iytil 1 pests are 

,astiffciirt to d-pl. citic cticid con

!iol optionl a PoajMly ri/t d Ira sTc 3. A haBtic kn wtedg e of the behavior 

Ptresemnt ay elinlwr wai rant cont St : al 

o f a pe t Slpech. + l ilo(itt T fof ;iSUtic ss f IJnadegL program. For[ I I 7C(t 

exanmp! .S. /ltimr<, 1). ohli/fu,++, arid S. e+' iua lay +uggs lit clusters. Fiestli 

hatche;d latvat. feed (1t1?oariousI y thro)ugh the third instar. During this stage 

of tnfe.station the W{CcMITrld.f udt( insecticides m~ay be appliedl sp~aringly in these 

in+,:sled affPa';. It may alko be lpOSsibh; to use a hand-picking and killing tech

r', .Ijej in these locally infested areas. By taking( advantagle of th,, insects' be

h_.-vior and spot-treating thu early instar clustered population, one could avoid 

jIraying the entire field later to control the widely dispersed older instars. 
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Table 3. 	 Summary of recommended insecticides and suggosted rates for control of 
the major soybean insect pests in India. 

Insect Insecticide Rate Application and Remads 

Stem fly Tipuit 10(; 10 kil/ha Soi li p, ti(ip , 

[i:,yston 5G, 20 k/h, 

Girdle beetle hf ... ,d.. ,il,) (' [C l -ith water lto, vi,- re
35; [C yulired concentration 

Dirniethtae 30;, [C 0.03 1,1C t'play 

Methyl deimeton 30%J EC 0.03 EC spray 

White flies Methyl diineton 25'% LC 1.0 literhia Apply mixed with suffi, 

cient water tcarrier, 20, 30, 

10 al(J 50 ,-YS Jftei filant
ing to irevent yellow ni)

salic ViJs dlis -," trill'

ritted by w! flhp, 

Lepidop- Thiodan (endosul fan) 1.0 to 1.25 Apply, nwixed tvith iplfi 
terous spp. 35% EC liter/ha cient waler carrer, 4 .,i, 

Ekalux (Iquinalphos) and 10 iw',ks tollowir 

25% EC plarting 

Defoliators Methyl uleiiton 25% EC 1.0 liter/ha A ,p ly , ri xed with suffi
and suck- I ntm water 
ing insects 	 Thirulan 35, EC 1.0 liter/ha 

NOTES 

A. K. Bhattacharyi and Y. S. Hlathore, [)npaitoiii of Entomology, G. B. Pant 
University of AgrICUltur, and Technology, Pantnaipr (Naiital), India. 
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a grant provideid hy the USDA uindr the PL 410 (1 G-h,-461) research project. The 
authors are tlhankful to Dr M. Kogan, fintomoluoist and C. G. Helm, Assistant Suppor
tive Scientist, Sect i Of I innoiMic Entonioloqy, Illinois Natural History Survey, Urbana, 
Illinois, for ofterinq valuah',i corlnents and critical examinatlon of this manuscript. 
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INSECT PROBLEMS OF SOYBEANS IN THE UNITED STATES 

M. Kogan 

Nearly 25 million ha were pllited to soybean ii the U.S. in 1978 and the 
tendency is for more hectar.ag inlcreases in coming years. This huge area 
encompasses %wrydivers acroec,!()jical conditions. Production is highly con
centrated in twO major 1atural reqmons known as the Coastal Plains and the 
Interior Plains, with ';mallet aioas insoybean production also found in the 
Interior and the Aptiallm iari]tighlands (Fins. 1 arnd ).These regiions extend 
from the Atlantic and Gulf eo ,-J;tVwMrd arid northward between latitudes 
28 and 46 north. Little i;plji,!,iwest of the 98' mer idian (1). These 

natural regions have a variety o! soil typis, termperature and precipitation 

ririmus (3) and soybean is !]rown i,,issociatil; with seve:ral other crops 
forming characteristic aIroecsystc Os. Some ( the most typical agroeco
systimi, are soybean corn-fora(L in the .i(lwest and soybeari-cotn-cotton
small grain, soybean qirassland, soytiean-rice, and snyhean-sgarcane iii the 

South. Other crops that often appear miiassociation with soybean are tobacco 
and peanut in the Atlarit c coat Znad ve(etahles, conifers and hardwood for
ests over the entire lisJction area. Failow and abandoned fields often con
tribute to the diversity (of these agroecosystems which are further enriched 
by weeds that grow along hodgierows and ditch-banks and within fields when 
the weedy plants escape control (36). 

A perception of the heterogeneity of the agroecological conditions in the 
U.S. is essential to explain the qualitative and quantitative diversity of arthro
pod communities associated with soybean in this part of the world. Further
more, one cannot cover insect pests of soybean in the U.S. as a whole, be
cause each growing region has unique pest problems and faunal character
istics. Broad generalizations may lead to a distorted picture. It is, therefore, 
of interest to classify the major soybean prcduction regions in terms of those 
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Figure 1. Map of the distributia.i of the major soybean productirn regions in the 
U.S. Redrawn from (1). 

pest probems and faunal characteristics. One of the objectives of this chapter 
is an attempt at a preliminary classificatiori hased on the arnalysis of two sets 
of data-one set on the relative richness of phytophagosis i, serel species col
lected in surveys of soybear: fields in 20 states, iind the othfer anl estimate o" 
the pest status of some 24 species in 18 stateF. The pnrpos,, of this exorc;se 
is to establish a pattern upon which some generalizations can be made on the 
current status arid possible trends in the evolution of soybean/arthropod 
associations in the U.S. Identification of these natural regions may help de
velop intraregjonal programs to advance our understanding of the dynamics 
of pest populations and it may help develop interregional programs for in
vestigating tundencies of arthropod community structure by comparing 
species packing and niche occupancy in the various regions. 

This study has been limited to the above-ground phytophagous insect fauna 
on which survey data and economic thresholds are available more readily. Al
though ground dwelling nodule and root feeding species have been included 
in some of the analyses, their economic impact and the actual role of many of 
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Figurq 2. 	 Map of the mjor naura! zones of the U.S. Much of the soybean produc
tion is conceatrated in areas of the Coastal Plains and the Interior Plains, 
mainly ijlong the Mississippi River Valley (see Fig. 1). 

them are not known. For cxample, the platystomat;d fly, Rivel/ia quadri. 
fasciata (Macquarit) has been collected in sirveys since the early 1970's from 
various states but larval feeding on soybean roots and nodules has been as
certained only recenily (12). Similarl! the effect 	 of insects as vectors of 
diseases has not been considered because little is known about their economic 
role, except perhaps for the yeast spot disease transmitted by stink bugs and 
the bean pod rnottle and cowpea mosaic viruses transmitted by the bean leaf 
beetle. 

INSECTS AND INSECT PESTS OF SOYBEAN 

Several extensive surveys of the soybean-associated arthropod fauna have 
been conducted in various states (4,5,10,34). Since 1969 we at Illinois have 
compiled data on soybean 	arthropods throughout the U.S. (and also abroad) 
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and a reference collection has been assembled (21). The collection is known 
by the ac,onyn IRCSA-International Reference Collection of Soybean-Asso

ciated Arthropods. These various sources have identified over 700 species of 
phytophagous inscts collected in soybean fields, although not all of these 

species are soyheoti fteed(rs and the actual role oi many of the species is not 

known. 

Despite the relative richness of the insect auna found in association with 

the crop, a survey con ihcted among n,,-,rolrnlgists in 18 states has shown 

that 83.2% of the total amount of insect damage to soybean in the U.S. is 

produced by no more than 8 species. Seven of tlese species belog to 3 major 

guilds or complexes-- (a) lepidopterous defoliatos including: the velvetbean 

caterpillar, Anticars,'a gemmatalis (Huhnei), the oyl)ean looper, Pseudo

p/usia includens (Walker), and the green cloverworm. Plathypena scabra (F.), 

(b) coleopterous defoliators including: the Mexican bean beetle, lpilachna 

vari~ostis (ulsant), and the han le.:if beetle, Cerotoma trifurcata (Forster); 

and (c) pod feeding Pentatomidae including the snuthern green stinkbug, 

Nezara vitidula (L.), and the green stinkbug, /Acrousltrrin hi/are (Say). The 

eighth species, the corn earworor, .'Ieiothiszeo (Boddie), is locally important 

as a foliage and pod feeder. Six other species or rilup of spC6;CS accotnt for 

15.4% Of the potential damage of insects to soybeans. Theso species are: the 

tobacco budworm, Heliothis virescens (F.), the beet armywori, Spodoptera 

exigu3 (Hubner), the three-cornered alfalfa hopper, Spissisti/us festflus 

(Say). the spider mite, Tetranichus spp., th lesser corn stalk borer, 

Elasmopalpus /iqnosellus (Zeller), and various species of grasshoppers mainly 

in the genus Me/anop/us. In addition to these 14, another 10 species or 

species complexes may cause sporadic damage in very limited areas (see list of 

species in Table 1). 

The biology and economic impact of the 8 major species have been 

studied with increasing interest since the surge of soybean in American and 

world economies in the past 20 yr. Several review articles have been written 

on these species (16,33,35,36,39) and comprehensive bibliographies are now 

available for all except the soybean looper and the green stink bug (11,15,19, 

25,26,32). 

An attempt has been made to surnmarize some biological information on 

the 8 major species with references to the more basic literature (Table 2). 

This summary is supplemented by Figure 3 diagramming the most common 

patterns of seasonal abundance of 12 of the species regarded as import

ant soybean insect pests in the U.S. 

The second part of this paper will present an analytical approach to 

quantify the relative impact of the various species and to assess regional dif

ferences (and similarities) in terms of the relative economic impact of the pest 

species and general characteristics of the phytophagous fauna. Simple 



Table 1. Pest impact index (PI) based on estimates of the frequency at which arthropods .. -atus over a yr period, and the z" 
area affected by the pests. Estimates based on repli s to a questionnaire. 

Species AL AR FL GA IA IL iN KY LA MD ,MiO MS NC OK SC TN TX VA 

Anticarsia gemmatalis 
Pseudoplusia includenv 
Plathy~enascabr. 
Heliothiszea 

H. vrescens 
Epilac mna varivstis 
Cerotoina trifurcata 
Nezaraviridula 
Acrose:nuq, hilare 

7.5 
7.5 
0 

I 0 
6.2 

1.0 

1.0 
1.0 
0 

1.0 
1.0 
2.0 
3.0 

0 
0 

0 
2.0 
0 

95.0 
21.0 

0 
21.0 

0 
0 
0 

24.0 
0.6 

24.0 
220 

O 
24.0 

0 

0 

k 

25.0 
01 

0 
0 

0.2 

0 

0 

0 

( 

0 
0 

0 
0 
2.2 
0 

0 

0 

0.7 
0 
2 

0 
0 
2.5 
j 

0 

6.4 

0.2 
0 
0 

0 

60 

0 

D 

2.5 

0.1 
0 
1.5 

,.f 

0 

.2 

.7 

0 

105u 
U7.2 

0 
0 

20 

0O 

0 
r, 

0 
0 

0 1 
0.2 
i. 

0.7 

.1 
0 

0 
0 
0 

2 .0 
20.0 
1.0 
23.0 

11.2 
0 

5.0 
10.0 

7.2 

1 0 
1 0 
0 

27.0 

0.1 
5.0 

5.5 
2 

0.2 

2.0 
2.0 

10C0) 
10 0 

0 
0 

4.8 
0 

12 

5 0 
100 

0 
17.E 

0 
-.3 

0 
1.0 

250 

0 
0 
0 
1.0 

0 
7.5 
0 
0 
0 

6.0 
3.0 

30.0 
5.0 

0 
0 

0 
25.0 

2.5 

0 
8.0 

40.0 
40.0 

0 
24.0 

5.0 
0 
4.0 

. 

't 

Spodoptera exijua 
Vanessa cdrdui 

Trichopiusi- ni 
Epargyreus clarus 
Arctiidae 
Spodoptera erik',inia 

Delia platura 
Agrotis ipsilon 
Elasmopaolus Uignosellus 
Colaspis spp. 

Sericothrips variabilis 
Tetranichusspp. 
Spissistilus festinus 

Dectes texanus 
Melanopbus spp. 

2.5 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 
0 

0 
0 

1.0 
0 

0 
0 

0 
0 

0 
1.0 
0 
0 

0 

0 
0 

0 
0 

6.0 
0 

0 
0 

0 
C, 
0 
0 

20.0 
0 

0 

4.0 
0 

0 
0 

2.0 0 0 
0 0.1 U 
0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 
0 0 0.1 
7.5 0 0 
0 0 0 
1.0 0 0.2 
0.1 0.1 0.4 
9.0 0 0 
0 0 0 
0 0.1 2.1 

0 
0 

0 

0 

0 

0 

0 
0.2 

0 
0 

0.1 

0.2 
0 

0 
9.0 

0 
0 

0 

0 

0 

0 

0.1 
0.2 

0 
0 

0.1 
0.1 
0 

0 
1.5 

0.5 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 
1.5 

0 
0 

0 
0 

0 
2.5 

2.5 
0 

0 
0.3 
0 
0 

0 

6.0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0.2 

0 
0 

0 

0 
0 

0 
0.1 

8 7 
0 

0 
0 

01 
u 

0 
0. 

0.1 
0 

D.1 

0 
2.2 

0 
0.7 

3.6 
0 

0 
0 

0 
0.1 

0 
0 
0 
0.3 

0.4 

0 
0 

0.5 
0.2 

0 

0 
0 

0 

0 

0 
0. 

1,5 
0 

0 

2.0 
0 

0 
2.5 

0, 
'0 

0 
0 

0 

0 

0 
0 

1 0 
0 

0 

'7 

9.0 

0 
0 

0 
0 

0 
0 

0, 

0 

0 
0 

D 
C 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0 

0 

C 
0 

0 
0 

1.5 
0 

2.0 
0 

0 

0 

0 
0 

0.3 
0 

2.0 
0.6 
0 
0 
0 

CZIli 



Table 2. General biological features of and na-ure of damage caused 

caused by insects to soybbeans in the U.S. 

by eight insect species responsible fur aborut 83% of the damage 

Guild and Spccies Common Name Biological Features Nature of Damage Key Refe'encas 

LEPIDO-TEROUS DEFOLIATORS 

Anticarsiagemmataus Velvetbean cat:.-pilla- Overwinser southern Florida, 

Ca: ibbe-r, Islands; migrate north in 
spring. 3-4 generatio-,s in south; 2 

generations north. Mostly kgume 
ho-ts, but feed also on plants of 

3 other fanilies. 

Larvae feeding on foliage. 17,9,10.15,16,35 

36) 

Pseudoplusia 
includens 

Plathypena scabra 

Soybean looper 

Green cloverworm 

Overvvinter as pupae. 3-4 genera-
tionslyr. Rather polyphagous 

including hosts in various plant 
families but preferring legumes. 

Overwinier as adults in southern 

latitudes: migrate north. 2-4 gener- 
ationsfyr. Mostly legume hosts. 

Larvae feed;ng on foliage. 

La-vae feeding on foliage. 

(6,8,9,10,18,35, 

36) 

(9,10,24,28,32, 

35,36.41) 

cn 

-

0



COLECPTEROUS DEFOUATORS 

Epilachna variv-stis Mexican bean 
beetle 

Cerotoma trifurcate Bean leaf btatle 

PO3D FEEDING PENTATOMIDAE 

Nezara viridula Southern -green 

stinkbug 

Acrusternum hi/are Green stinkbug 

POD FEEDING LEPtDOPTERA 

Heliothiszea Corn earworm 

Overwvir.ter as adu;ts. 2-4 genera-
tions/yr. Oligophagcus restricted 
to Faboideae. 

OvF-rw~nter as 0 d,!!Ts 2-3 genera-
tions/yr. Oligophayous restricted 
to legume hosts. 

Overwinter as adults. 1 generation 
on soyeans. Poly;-hagous. 

Same as N. viridula 

Overwinter as pupae in soil. 1-2 
generations on soybeans. Poly-
phagous. 

Adults and larvae feeding on 
foliage. 

Adults: leaf feeders; occasion-
ally pod kedcrs; may transmit 
bean pod mottle and other 

viruses. Larvae: root and nodule 
feeders. 

2-S itr-star nymphs .nd adults 
mestly on pods and seeds. Miy 
transmit yeast spot diseas_. 

Same as N. viridula 

Larvae mosly pod feeders but 
may feed on foliace and grow
tips in early infestation. 

(9,10,25,35,36) 

(10,17,22,26,35, 

36,38,39) 

-it 

(10,11,33,35,36, 

(10,23,35,36) 

(10,19,35,36) 

to 



310 Insect Problems in the U.S. 

May June July I AU9. Isep, Oct.C . 

Plant.g .VCv02" 
V -St"-ie - R3- R4 

R5 R7 
FH,,rvet! ., 

S. ,';nus 

E.Ph, n. ,,,, , I 

H,,iorhis spL 
-- --

-I_______- -- I..---.----i 

Figure 3. Phenological relationship of some of the most important pests of soybhean 
in the U.S. in relaion to the growving cycle of the crop. Marked differences 
.xi. in crop cycle ad insect phenology among regions. 

corr,3lations cf pest impact with mnean latitude and mean annual temperature 
are included as a preliminary step in intepetation of results of these analy
ses. 

MATERIALS AND METHODS 

Data used in the analyses that follow come from two main sources: (a", 
insect surveys conducted in individual states or through the efforts of the 
Illinois soybean entomology program (data stored with the IRCSA unit);and 
(b) a questionnaire s-rnt to 25 research and extension entomologists in each of 
18 major soybean-producing states in the U.S. 

Faunal Composition Analysis 

IRCSA's computerized files were searched ar:d listings of the species and 
number of individuals/species collected in 20 states were obtained. Most 
collections were made using a set of 100 sweeps/field as the sampling unit. 
The number of sampling units/state was variable. Parasitoids, predators and 
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obviously incidental non-phytophagous species were excluded.,Aphids were 
excluded because the general sampling procedures used in thp;s zi'ieys usually 
failed to detect the rich aphid fauna in the aerial plankton(that lands contin
ually on soybeans (M. E. Irwin and S.T. Halbert unpublished). The data that 
remained and were used in the analyses consisted of 42,968 specimens repre
senting 301 phytophagous species. . 

The IRCSA data were supplemented with published records from exten
sive surveys in 4 states-Arkansas (34), Missouri (5), North Carolina (10), and 
Oh_1'(4)Agin_ -only phytophagous species were used; The total survey data 
included 453 species; no species abundance data were tused, and only the 
presence or absence of the species in the state records was analyzed. These 
expanded survey data were used to compute a matrix of Sorensen's similarity 
quotients (31) for all 20 states compared two by two. (Similarity quotient 
SQ = 2j/(a+b), where a = number of species in state A, b = number of species 
in state a,and j = number of species common to stiites A and B). A cluster 
analysis on the untransformed data was performed using the method of un
weighed pair groups using simple averages (30). 

Pest Impact Analysis 

A questionnaire was sunt to 25 entomologists in 18 states which 
accounted for 80% of the total hectareage planted to soybeans and were 
responsible for 78.5% of the total production in the U.S. in 1977. The ques
tionnaire presented a list of 18 species and it requested for each species
(a) an estimate of the probability of occurrence of outbreaks over a 10-yr
period (outbreaks were defined as population levels that had triggered a treat
ment response from farmers, but not necessarily populations that exceeded cur
rently accepted economic thresholds-Table 3 (20); and (b)an estimate of the 
mean percentage of the area of the states affected by these outbreaks. An 
estimate of the relative abundance (on a 1 to 3 scale) during 3 growth periods 
attempted to provide data for comparative' seasonal damage risk. The 3 
growth periods were defined as early (up to R), mid (R2 to R4), and late 
(R5 to harvest) (14). 

These data were used to compute a pest impact index (Pi) by multiply
ing the probability of outbreaks (P0) by the percent of the area affected 6y 
these outbreaks (Pa), thus PI =(PoxPa)xlOO. Pest impact indices for the
18 states and 24 insect pests (18 listed in the questionnaire and 6 added by 
various respondents) were tabulated (Table 2). A matrix of paired compari
sons among all states was computed using the Pl's for each species such that 

n 
I=(2A,)/(A1 +Bi)] /n, 

where Ai = the smaller, and B,= the larger of the Pi's for species i in a pair of 
statos, and n = number of species in a pair of states with at least one PI 
value > 0. 
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Table 3. Percent of economic impact of 24 species based or. rank index. 

Species in Rank of % Economic 
% RPI States Reporting Impact 

Helio this zea AL,AR,F L, GA,LA, MD, MO, 
MS,NC, OK, SC, TN, TX, VA 

Anticorsia ;em Tmariais AL, AR, FL, GA,-LA, MO. MS, 14.0 
NC, OK, SC, -'1X,VA 

Viakfifi lUid AL, ,HFt, F-L, (- , L, rvs, SC, I X 13.4 

Plathl'pemn scabra AR, IA, IL, Ir J, r, ', LA, MD, MO, 12.2 
MS,NC, OK, TX, VA 

Pseudoplusia includens AL, AR, FL, GA, LA, MC), MS, NC, 10.7 
OK, SC, TX, VA 

Epilachna varivvstis AL, IN, KY, MD. NC, SC, TN, VA 7.6 

Cerotumi trifurcata AL, IL, IN, KY, LA, MS, NC, OK, 4.5 

VA 

Acrosternum hilare FL,GA KY, LA,MSNC,OK,SC, 2.9 
rX, VA 

Sub total 83.2 

Melanoplus spp, IA, IL, IN, KY, MO,MS,NC, OK 4.2 

Spodoptera exigua ALAB, FL,GA, LA MS,NC,SC, 3.6 

VA 

Heliothis virescens A L, IO, MS, NC 3.5 
Spissistilus festinus GA. LA, MS,SC 2.3 

Elasmopalplis lignosellus FL, GA, MS,OK, SC, VA 1.2 
Tetrantchuis sop. FL, GA, IA, IL, IN, KY, MD, MS, 0.6 

OK, VA 

Sub total 15.4 
Other 11 spi). /set! 1) Sub total 1.4Table 

PI values vvere used to rank the species in a manner that took into ac
count the area of the iegion affectetd by a !jiven pest. This was done by corn
puting a rank Index RPI (or rank of pest im-pact) by adding the product of 
the P1 of a species to, a given state with the aa of that state planted to soy
bean 3s a percentage (in decimal form) of th,, total area planted in the U.S. 
Thus the rank index for species i Vas 

n 
9Pli L Pl.,jx(Aj/2'32x107)' 

where Pli,- = pest impact index for species i in state j; Aj = area in state j 

planted to soybeans; 2.32x 10 = U.S. soybean hectareage in 1977; n = num
ber of states reportinq on species i. The statistics for area planted were ex

tracted from (2) and the base year was 1977. 
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RESULTS 

Results of toe various tyUes o'. aralyms are presented in tables and 
graphs; the textual materia is liunited to indicating those aspects that will be 
most relevant in the disci,ssi;LiI Because of space limitations only higher cate
gories (farnili s ind or lers' of tth inaterials used ir the faunal analyses are 
tabulated. 

Faunal Composition Analysis 

Table 4 peseiots l- rit;ent, of slpci-s of phytophagous insects by high
er categriniesisate l al's ir piblishl;wi surveys and the IRCSA data. The 
c'luster analysis usinI insilKit y rinotints (SO's) with number of species/state 
is preserrti rf as a (lerdrcjrlam with th, lvels of similarity indicated on the 
scale or thre top of tie gralph (Fici. 4). Thc (f'rrlrdt)ijarlr is rterrupted by three 
vertical lines at similarity levels .35, .42 and .45. Oil and MD did rlot cluster 
above .30 lewvl with any other EriWits. Iw (Iust IsitarsifLfill aspcect of the 
analysis at the .35 similartity sif 0 the 4 states with the richestlevl fawt ,it 
representation (NC, AR, MO, int ILf lt. te()thei Liit weire separated 
logically at the .46 level where IL. iii MO iiwninit clusterelI ht NC and AR 
had split. The .42 level was then '',, d il partitionirj tflit 'ates in regions of 
curnnrion faurral char aeteristies Ohvii, nt paIICicies fwjr~p +a rIaM1 expscte(nl 
irgs occurreN in the serraratiorn of GA f(uMI th', cluster th ' inclided FL, LA, 
MS arid SC. HoweverN, it is iruticeabh that 	 even with less than dquJoate 
representation hioi sonie stutes, 4 nrajor (fToupins wure for rwu on the? bases 
of faunal relationships that correlate re!isonabIly e.'ll with what Vorulrl lbe 
expecte(d frr;l ueon"Iof)hic roxiMrity ah.o1e. 

Pest Im ;nfxut/\nly,,is 

Th.; Pl's (Fhhn I) conipater fron the questionnaire data were used as 
i rutt io to gjefledat: , matrix of "C" paired cormparisons for all possible pairs 
of states (144). This iratrix was tIm' inpult for a cluster analysis that generated 
the nlrndrogram shown in Fitjlt1 ,A vertical line indicates the .23 similarity 
rv:! to the ,ight of which t!r-'re are 5 clust(.s ano 4 individual states sepa

ra ted in al tashion that correslponds to a scale of niean pest inipact values 
rangiril froir 7.98 (for FL) to .05 (for IA). The mnean Pi's per cluster being: 
cluster I (FL, GA, MS) - 6.09; cluster II (AL, LA, SC, TX) 2.28; cluster 
III (OK, VA) - 4.71; cluster IV (NC) 2.34; 	cluster V (MD) : 1.47; cluster 

-VI (AR, MO) - .30; cluster VII (KY, IN, IL) .52; cluster VIII (IA) - .05; 
and cluster IX (TN) - .35. This clustering formed the basis for the identifica
tion of rierioris of comrrron pest impact values (PI >4.0; 4.0>Pl> 10; 1,0> 
PI>.; Pl.-: 1). 

Rarking of PI by RPI index is summarized in Table 5 for the 8top species. 



Table 4. Number of species of phytophagous insects collected in soybean fields i. 20 states. Totals grouped by order and family. 

Orders and Family AL A P FL GA IA IL IN LA MD MN MO MS NB NC OH SC SD TN VA WI 

Coleoptera 6 31 12 6 1& 31 10 15 1 13 47 19 5 30 29 12 7 10 10 1 
Cerambycidae -- . 1 -- -- - 1 -- 1 1 1 --
Chrysomelidae 5 22 6 3 15 25 9 13 2 10 32 15 5 18 21 8 7 7 7 1 
Coccinellidae -- 1 1 1 -- 1 1 -- 1 1 -. -- 1 1 1 -- -. 1 -
Elateridae 1 6 3 2 1 2 -- 1 6 2 2 2 -- 5 3 2 -- 2 2 --
Meloidae -- 1 . -- 2 3 . . 1 1 11 1 -- 3 2 1 1 --
Scarabaeidae -- - 1 .- - - . 1 .- .- - 2 2 

Diptera 1 2 -- 1 2 11 2 1 -- 2 7 1 -- 2 1 -- 2 1 1 -
Agromyzidae - 1 - -- -- 2 ----- -- 4 -- -- - -. -
Anthomyidae - - - - 2 8 2 1 2 -- - 1 1 2 
PlathystLmatidae 1 1 - 1 -- 1 1 -- 1 1 1 -- 1-1 1 -

Hemiptera 4 38 5 5 13 22 6 8 4 8 39 20 3 23 14 6 8 6 7 4 
Coreidae -- 2 .- -- - 1 .. .. 6 4 - 2 1 
Cydnidae -- 5 -- -- 1 -- -1 1 -- 1 
Miridae 2 20 1 4 9 13 4 2 2 7 15 5 2 8 8 2 6 3 4 3 
Pentatomidae 2 11 4 1 3 7 1 5 2 1 15 8 1 11 6 3 1 1 3 1 
Piesmidae .. ..- -- - 1 . 1 1 - 1 11 
Tingidae -- -- - - - 1 1 - * 1 1 .. ..- 2 .. .. 

Horviptera 
Alei;od;dae 

10 
-

60 21 
1 

13 
.. 

24 
.. 

53 
1 

12 
--

17 
1 

3 13 
1 

56 
1 

41 
1 

8 
. 

25 
. 

15 
. 

24 
1 

15 
1 

16 
1 

12 
.. 

5 
.. 

.- ercopidae -- 3 1 - 1 1 1 -- 1 1 -2 1 -- 2 1- -- --



Cicadellidae 

Coccidae 

10 
--

44 
- . 

15 9 
1 

14 38 10 13 2 8 38 32 
.. 

6 
. 

18 
18 ...-. 

6161012 
6 16 10.. 9 4 

Delphacidae 
Dictyopharidae 
Flatidae 

Issid ae 

.-

-

--

.. 

5 
1 
1 
.. 

3 
-

.. 

. 

1 
.. 
.. 

. 

3 
. 
. 

1 

3 
2 
2 

-

1 2 -- 1 

1 

3 
2 
2 
1 

4 
-

1 
. . 

1 
1-
.. 

. 

4 
-. 

. 

1 
.. 

. 

5 
..-
1 

1 1 

1 

1 

1 

-

*" 

-, 

Memnbracidae 

Psyilidae 
1 
--

5 
--

1 
-

1 
1 

5 
.. 

6 
.. 

-- 1 -- 1 7 

2 
2 

.. . 

1 
. 

7 
. 

1 
. 

2 

1 
1 

1 
-

-

Lepidoptera 
Arctiidae 

2 
-

23 
2 

7 
-

2 
--

10 
2 

32 
1 

1 
-

7 
1 

5 8 
1 

15 
2 

1 49 
1 

1 
-

7 
1 

2 
-

4 
-

5 
1 

1 
-

Geornetridae 
Hesperiidae 
Lyman triijae 

-

--
--. 

. 
2 
. 

.. 
1 
. 

. 
-

. 
-

1 

3 
1 
1 

-

.. . . 

-

.. 
1 
.. 

-

.. 
.. 

---

.. 
.. 

-

2 
1-

-

--
.. 

1 
.. .. .. -1 -

Na:tuidae 

Nympha!idae 

Pieridae 

Pyralidae 
Tortricidae 

2 
-

--
-
-

14 

-

1 
2 
2 

5 
-

.-

1 
-

2 

--

.. 

--

. 

7 
--

.. 

-

.. 

14 

1 

3 
5-1 
3 

1 
...-

--

-

6 -- 4 

1 

3 

1 

-

11 

1 
-. 

.. 

1 

1 

--

.. 

.. 

-

25 

1--
1--
6 
7--

1 

.. 

5 

.. 

1 

1 

2 

2 

2 

1 

1 

--

Orthoptera 
Acrididae 

Tetrigidae 

-
--

.. 

6 
6 

--

1 
1 

-

--

-

-

3 
3 

--

3 
3 

-

--

3 
2 

1 

2 
2 

.. 

1 
1 
.. 

8 
7 
1 

7 
7 
.. 

2 
2 

.. 

3 
3 

.. 

6 
6 

3 
3 

2 
2 

-

--

2 
2 

2 
2 

Thysanoptera 
Thripidae 

2 
2 

3 
3 

2 
2 

1 
1 

1 
1 

6 
6 

1 
1 

--

--

3 
3 

12 
12 

2 
2 

1 
1 

4 
4 

1 
1 

4 
4 

3 
3 

1 
1 

2 
2 

2 
2 

Total no. spp/state 25 163 48 28 71 157 32 43 20 43 177 105 20 136 68 56 39 38 39 13 
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Figure 4. 	 Dendrogram of similarity quotients computed by cluster analysis using 

data on the occurrence of 453 species from 20 states. 
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Figure 5. 	 Dendrogram of distances of mean P1 values for 24 species ;n 18 state, 

computed by cluster analysis. 
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Table 5. Rank of economic impact of eight major soybean pests in the U.S. Ranking 
based on an index computed by multiplying the "Pl" value for each pest in 
each state by the area of the state as a percentage of the U.S. area in soy
bean pro:luction in 1977 (total U.S. area in soybean production ca. 23.2 
rillioni ha). 

1Pest Species Mean "PI'' No.States 2 % of Total U.S. Area Rank Index 

Anticarsei yemnoiitrtl; 9.7 I1 38.6 3.49 
Pseudoplusia it,chorlis 5.5 12 39.3 2.69 
Plathypena scahri 6.4 13 69.2 3.01 

Epilachrwa varivt-.is 3.5 8 21.4 1.90 
Corotona trifuicatr 1 3 9 41.4 1.13 

,Vezari viridula 7.2 8 27.5 3.35 
Acrostseronni hil.,, 1.9 10 22.7 0.72 

Heliothis z(,. 11.4 14 43.6 4.47 

!Mea-n "PI" PIl or each state/18; PI = pest irnpact index (see text for explanation). 
2r'r. iher or states reporting economic infestations oit of 1B inculehle in the analysis. 

Heliothis zet ranked first (rank index 4.47) as it lhd a in,an PI (pest 
impact) of 11.4 in 14 c;tates accokiitSnij for 43.673 cf the soybean hectarage 
in1977. 1,iorder of impact the soticies following H.zea were: A. gemmatalis, 
N. viridll, P. iw'i,,cs, P. s,;abr,, C. var 't,'sti. C. trihrcata, and A. hi/are. 

The rznking indkx for oach species expressed is a percentage of the total 

RPI ([RPI ,'2APli x 100) ji,h c,,n in Table 3. 

DISCUSSION 

The 453 phytnp)h:!oJs., c, Cies LISd in the faunal analysis included repre
sentative:., of 4 rnajor caite.gories: (al oligophiaius species native to the Ameri
can continent and iadopted to feeding on herboiceous legumes, (b) polypha
gone species more or les'i adapted to feeding on soybean, (c) oligophagous 
species associated with nonlegume plants that might have shifted food-habits 
to incorporate soybean, and (d)species feeding on plant,, other than legumes 

(weeds, surrounding crops, wild p!ants) that visit soybean fields but seldom 
feed and never establis), c,loriies on this plant. The capacity of a species to 
colonize is an important criterion to determine its relhtionship to soybean. 
However, inscts such as grasshoppers and other polyph'.,guus species may be 
quite damaging to thre crop and use it as - normal resource without establish
ing colonies. A special category of potentially damaging colonists is that of 
exotic species ad-.ptcd to feeding on soybean in other parts of the world. So 
far no invaders from abroad have been detected on soybean in the U.S. 

The number of true colonists of soybean fields at any given time and 
place does not s'eem to be large. Price (29) recorded no more than ca. 32 

http:varivt-.is
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species in an Illinois field, near the border of a field at peak development. 
The center of the field had only about 20 species with the difference being 
accounted for by sporadic visitors that did not colon.e the crop. 

As host records were not readily availchle for all the species used in the 
analysis the followig summary is just an apo)roximation. Among the 453 

species in this study there were 40 species of oligophagous habit mcre or 
less restricted to fteding on legumes; 101 polyphagous species, at least in 
part, accepting soybean as host, 7 species of uncertain oligophagous habit 
some of which may have switched to soybean feedig in the absence of more 
preferred hosts; 35 incidental species, not likely to feed on soybean; and the 
rest of uncertain host association. It seems, therefore, that only 9% of the 
fauna reurisen's oligophagous legume feede:s. However, among the poly
phegous speuies are included some of the most serious pests of soybean, such 

as-Hliothis zeo,arid Nezara viridu/a. 
Because of the iineven nurnb,;r of samples ircluded in the faunal analysis 

the derdrojram it;Figore 4 is most accurate in reflecting the relationships 
among the- states that had the best survey data ;AR , IL, MO, NC). For the 
needs of our discusiori it will suffice to indicate that common faunal compo
sitiori partially reveale(d in the dendrogram in Fiq(are 4 roughly matches the 
clustering obtaineid through the nest imn)act anaiysis. 

Replies to the questionnaire -were used to rank the 24 species by order of 
potential econ)-nic impact. Thia was done wi*h a rank index that combined 
PI valies for each species and the area planted to soybean in each state as a 
percentage of ihe total soybean area in the U.S. (Tahl,' 3). Based on this 
analysi.; it is evident that 83.2% of the potential ecolornic impact is due to 
8 pest species and that 14 species account for 98.6% of the total damage po
tential to soybean bv insect pests. 

The pest irnu)act analysis provided a quantitative critefion for grouping 
the various soybean-prohdiicing states in regions of simil:r risk j-' damage by 
a group of pests occurring at greater frequency within the region. States 
thenselves are very heterogeneous because they are political units and not 
necessarily eco!ogical units (see Fig. 2). Therefore, groupins o interstate 
regions should better reflect natural ecological uniformity than groups of 
states. The available data, however, do not permit refinement of the analysis 
to the level necess;ary to reveal these natural regions. 

The heterogeneity of the agroecosystems is re;ponsiLdle to a large ex
tent for the populatinal fluctuations and hence the relative economic im
pact of an insect past. Two elements responsible for this heterogeneity 
were singled ou! to illustrate this relationship. Figure 6 is a tridimensional 
plot with mean latitude of the major producing areas ineach of the 18 states 
on the X axis, mean annual temperatures over a period of 30 yr (37) on the 
Z axis, and mean pest impact on the Y axis (represented on a log-scale). 
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Figure 6. 	 Tridimensional plot showing correlations of moan latitude and mean 
annual temp::tmure (in C) to PI. 

It is evident t!hat mean aflMal teflperature is highly inversely correlated with 
= latitude (r A.88). Howewver, the moderating effect of the sea on the climate 

(if we abstract other environmental factors that may be more directly import

ant to insects and that are also correlated with temperature) is just enough 

to change the pest impact by almost one order of magnitude. For example, 

the elypsoid marked / in Figure 6 includes 4 states (MO, K'.', MID, arid VA). 

The mean latitude of MO (ca. 38.5,' N) is lower than that of MID (ca. 39.5°N) 

buit the coastal positioni oi MO causes a mean annual temperatr~e difference 

of I G. The nlean pest impact in MO is estimated at .15;that in rNlD is 1.47. 

The same relationship is evident when comparing KY and VA in the same 

elypsoid /, and it i repeated in the comparisons of NC and TN, and to some 

extent SC and AR. 

Pest population fluctuations are a consequenre of environmental con. 

ditions but they reach pest status as a result of man's decisions (27). It is 

possible that the pest impact data reported by different states reflect differ

ences in their interpretation of thp economic 1-ffect of fluctuating populations 

of phytophagous species on soybean. Much of these differences are due to 

discrepancies in the adopted economnic thresholds for tho various species. 

Table 6 presents a summary of economic thresholds adopted by various 

states in 1970 to 1972, and] those adopted af-er 1976. It is interesting to note 

that the total hectareage spi-a A with insecticideL in 1971 was the same as 
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Table 6. 	 Economic threshold information found in extension control :-commenda
tions for four soybean pest guilds in several state. (prior to 1974L A sum
mary of current economic thresholds used by most states is presented for 
comparative purposes. Threshold for soybear at pod fill stage. 1 

Pest G-jilds o, Complexes 

States and Holiothis 
Year Lep. Defol. Coleop. Defol. Stink Bugs spp. 

AL (72) 20% defol. -- 3/rn 1/in 
AR (70) 40% jefol. 2 .. 1/m 2/m 
GA (71 20% defjl. -- 3/m 1hn 
IA (72) 20% defol. ..... 
IL (72) No E.T. No E.T. No E.T. --
MD (74) 6-15 larvae/m No E.T. -- -

MO (72! 	 No E.T. 2/m 1/m 
VA (72) 20% defol 15/rn 4 1/rm 6/m 

19763 	 24 worms/m 4 15-20 beetles/rn + 3/m 9/m 5 

15% d fol. 15-20% defol. 

1No E.T. mielns nc i stidhlishl,1 ecorlomIc thres'olds although control recommendations 

are presented. E.T. extracted froni xlension publications from each state.
2 No grotli staq!, spcified.
 
3 Based on (20). 
4For Meaircin heari ht; 
56 in AR. 

the hectaeagf: t azed in 1976 ' 1.4 nillion ha according to Eichers etal. (13)] 
although the total hectareage pi ntted to) s,'nean in 1976 was 15% greater 

than the hectareaqe in 1971 (2). 
The adoption of higher ecoromir, (ht:sholds has in all likelihood re-duced 

the pest impact index of certa i speciw; in ,min re,;ions. For 2xample, it) 
1973 in Illinois there was in outbreak of qrc'mn chirerworrn, and ca. 300,000 
ha were -prayed. Economic thresholds for th it species were then set at a very 
low level of 9 larvae/m o' row. In 1977 there was an outbreak nearly as 
extensive but only ca. 136,000 ha wjre prayed (40), reflecting the 1974 
change in economic threshold for the green cloverworm to 36 larvae/m of 
row and 15% dtlition at the pod set stage. The pest int)act of this species, 
therefore, was reduced drastically although absolute vopulitioris still fluclu
ated within limits regulated by the environmental factors. 

Finally, based on combined data on the faunal analysis and on pest 
impact, a tentative map of pest impact zones is shown in Figure /. The map 

extrapolates 	from data in the faunal and PI analyses particularly in subdivid
ing the Corn-Belt region into two PI zones. The zone of highest pest impact 
corresponds 	 to a large extent to the Coastal Plain regions and the eastern 
reaches of the Appalachian region (see also Fig. 2). This major zone could be 
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Figure 7. 	 Zones of similar mean pest impact showing the broad ranges of distribution 
of some of the major soybean pests. (HZ = Heliorhis spp.; VBC = Anti
carsi3 gpmmatalis: MBB = Epiiachna 'a,ivfsti,;; NV = Nezara viridula; GH --

Melanop' s spp. The elyp-oid ,I-ng southern Indiana, Illinois, Kentucky 
and into Tennes,,.e shiows a pocket ot incidences of E. varivestis in tle 
Intrriar Plains. 

subdivided into sub-zones in which the velvetbean caterpillar and the south
ern green stink bug represent the most dominant pests with soybean loopers, 
bean leaf beetles, and Mexican bean beetles being more or less serious in some 
particular area. Much of this zone is affected by Heliothiszea and 11. virescens. 
The Corn-Belt has the gieen cloverworm and the grasshoppers as the species 
with the highest Pi's with other pests either being very localized or occurring 
very infrequently. 

Reports on insecticide us,. (13) in the variou- regions further substantiate 
results of the pest impact analysis. in 1576, 78.5% of the insecticides (active 
ingredients) used to control soybean insect pests in the U.S. were used in the 
southeast (AL, GA, FL, SC); the mean PI for these states was 4.17, and they 
clustered very closely together in Figure 5. The Appalachian and Northeastern 
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regions (including NC, VA, TN, K'r, and MD) used 15.5% of the insecticides; 
in 3 of these states (VA, MD and NC) the mean PI is 3.3 (KY is .5 and prob
ably accounts for only a fraction of the tota; insecticide use reportec for this 
region although no state records are available to support this statement). The 
Delta and Southern Plains (AR, LA, MS, TX, OK) used 4% of the total 
amount of insecticides used in 1976, and the mean PI in thzce states was 
3.00; finally th Cuin-C-E'T (includin i MO, IL, IN dnid IA) reported use of 
1.46% of the insecticides used in soybeans, and the mean PI value was 0.32. 
As exp-cted there is clear tendency for increased insecticide use in regions 
of greater pest impact. The correlation, however, was not significant for the 
1976 insectici;',j use data with use in the southeast disproportionate to the 
estimated pest impact. One explanation for this discrepancy may be the need 
fcr multiple sp-ays to control the velvetbean caterpillar in Florida. 

CONCLUSIONS 

Quantitative evidence was presentcd for the identification )fsoybean 
growing zones in the U.S. characterized [)y a communality of insect faunal 
composition and pest irmqpact values. Among the various soybean-growing re
gions in the U.S. there are vast differences in the frequency and amplitude of 
yealiv fluctuations of population, of phytopha:gous insect species. Some of 
them often reach pest status. 

The pest impact index (PI) may Ue a convenient criterion to compare the 
relative imporTance of varioLs species and allow state and federal agencies to 
better allocate research priorities. 

The following are a few conc,lusions from the set of analyses discussed 
above: (a) About 9% of the phytophagous insect fauna collected in soybean 
fields are oligophagous species closely associated with herbaceous legumes. 
/,Ithough these represent a rather rich fauna several feeding niches iemain 
unoccugpied or are only partially nccupicd by species nut adapted perfectly to 
the soybean. (b) There are no "ecords of exotic pests of soybean in the U.S. 
(c None of the soybean insect pests has reached a dominant or key position 
in any of the regions (a PI value of 50.0 seems to be a good criterion for con
sidering a species as a key pest). Only the velvetbean caterpill3r in Florida 
would qualify as a key pest of soybean in that state. (d) Pest impact analysis 
has shown that 14 species account for 98.6% of the damage potential to soy
bean in the U.S. (e) Based on the RPI ranking index Heliothis zea wab estab
lished as the number one pest of soybean in the U.S. and corresponds to 
1/.9% of the total pest impact per area. The stinkbug complex is second with 
16.3% of the total RPI, and (f)as a guild the lepidopterous defoliators are the 
most important pests with a combined RPI of 40.5%. 

This overview of the insect pest situation in the U.S. should be inter
preted as a description of one steady state in avery dynamic situation. It will 
be interesting to reassess this situation 5 or 10 yr hence. 
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NOTES 

Marcos Kogan, Office of Agricultural Entomology, University of Illinois and Illinois 
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ENTOMOPATHOGENS FOR CONTROL OF INSECT PESTS
 
OF SOYBEANS
 

C. M. Ignoffo 

Many majur soybean insect pests are attacked by pathogenic micro

organisms (14). Included among these microorganisms are 4 bacterial species, 

at least 5 fungi, about 5 species of protozoa and close to 2 dozen viruses 

(Table j). Many of the serious pests of soybeans are caterpillars that can be 

controlled selectively, with minimal environmental impacc, by use of 3 of 

these entomopathogens, i.e. a fungus, Nomuraea rileyi; d bacterium, Bacillus 

thrhiingiensis and a virus, Haculoviusheliothis. Two widely different conti ol 

concepts might he used on soybeans, a preventative zcpproach in which a pro

gram is initiated before caterpillar pests reach economic threshold levels and 

an insecticidal approach in which a program is initiated when pest insects 

reach threshhold levels, Thus a season-long program as envisioned would be

gin with an early preventativc application r.f the fungus, followed, if neded, 
by applications of the bacterium for defoliating caterpillars, and then by the 

virus, for podworms. This preventative-type approach would have its maxi

mum usefulness only for those areas in which caterpillar pests are known to 

be a chronic problem. You might ask about the feasibility of this kind of pro
gram on soybeans. To ansver this I will look at each phase of the program 

and relate how the pathogens might be produced; whether they are safe to 
use; and how effective they are in suppressing damaging soybean insects. 

PHASi' I: PREVENTION OF CATERPILLAR DAMAGE 

Nomnuraea rileyi is an imperfect fungus that primarily infects caterpi!lars 

although at least two species of beetles are also susceptible (Table 2). Natural 
epizootics have been observed in all insects listed in Table 2 except Leptinotarsa 

327 
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Table 1. Species of pathogenic microorganisms isolated from arthropod posts afa 
soybeans. 

BACTERIA 
Bacillus thuring,'e,isls Coccobacil/us, cridiorum
 
Bacillus pooilia 
 Serratia mar'cean 

FUNGI 
Beauverda hassiana Meiarhizium a;iisop/iae
 
Efttormophtioragannnae 
 Nomurava rileyi 
Enroniophthorajpp. 

PROTOZOA 
P/eistc'phoraspp. Maarnetha locusrae
 
Leproniurlac serpeo, 
 Nosena spy. 

Vairi.'norpha ne'catrix 

VIRUSES 

Cytoplasmic polyhedroses Granuloses 
Heliothis z'a, Plath ypena scabra, h11e/rn t/k .a, Plath ypena scabra,
Spcdopreraex igua, Spodoptera Spodp tera es iqua, Spodopzera
frugiperda, Trichopluia ni frivjperda, Trich onlusia ni 

Entomopox viruses NucIeopolyhedroses 
Agriotes spp., Ml/mnolus spp. Anticarsia goq'flat,/is, Autographa 

californica,Haliorhis.ea. Psue,do
plusia includens, Spodoptora exigua, 
Spodoptera fruiperda. Trichoplusia 

aAbstracted from 4,7,10,20-25, 29 

decen/ineata, Bonrbyx mori, Peridroma saucia, and Spodopteraexigua. These 
natural epizootics occur in insect pests of pastures (clover and alfalfa) and 
many row and grain crops (corn, rice, cotton, soybeans, and tobacco) (17,19).
 
Epiz,.otics occur every year 
 in spite of the fact that there is a wide difference
 
in susceptibility to N. rileyi. Fer example, there is a 25-fold range in relative
 
susceptibility to N. rileyi from the most susceptible host, the beet armyworm, 
Spodoptera exictua, to *he least susceptible host, the velvetbean caterpillar 
Anticarsia gematalis (11,14). N. rileyi is the onlv pathogen of the three 
under cons;ideration that is riot available commercially. 

Production of Nomuraea rileyi 

Only small quantit;es (<5 kg) of conidia of N. rileyi have been produced. 
However, since N. rilryi can be produced on natural ingredients comrnercial 
production most likely would utilize a submerged process or a combination 
of surmerged and surf:,ce product;on piocesses. Conidia produced using these 
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Table 2. Species of insect pests that are reported to be susceptible to the fungus 
Nomurauarileyi. 

COLEO TERA 

Hypera punctata Leptiouirsj doceni/ineata 

LEPIDOFTERA 

Agrolis !iadiai ,. !tphanroounca 

Agrotis ipsilon, Lyrnantria dlopar 

Arnmthes badinodis Ostrinia,iubi/alis a

Peridromd&wciaArticarsiagetriniata/is 

lBorrbyx mori Pieris rapat, 
Chrysodeixis eriosoma Plathypena scabrai 
Cosm a spp Pseudaletia ur,puncta 
Diipnunia pyloalis Pseudoplusi- iiicludensa
 

Spodoptera exigua/ rficalisCv, rq,,sts 

F .nr'; Spodojurteia 'rugiperda 
H. thls. t litorafisJ ],raSpodoptvri 


H hot/i/s v/ri. cens Spodoptera orliirhogalli 

Hi iiothis ziaa TrIchoplusia n' 

dRuported pests oisvybeans. 

t(.chniques car, be formulated with various diluents and adjuvants to provide a 
e-kively stahle, viable product. Production costs based on preliminary esti

mates of lahoi atory production of conidia are within the realm of commercial 
feasibility. 

Specificity of Nomuraea rileyi 

Eighteen species, mostly pests representing six insect orders (Coleoptera, 
Lepidopteia, Diptera. Hy ienoptera, NeUroptera, Hemiptera) were not sus
ceptible to high concentrations of conidia. More importantly, however, three 
beneficial predators of pest ciitarpillais (,-ip.odamia conver~gens, Chtvsopa 
carnea, Podisus mac'liventris) and three parasites of pest caterpillars Voria 

ruralis, Apante/es marg'ifivntris, Campo/etis sonorensis) wh ich are natural 
residents of soybean fields were not susceptible when exposed to levels about 
25x higher than those used infield experiments (15). Thus, most beneficial 
insects found in soybeans should not be affected adversely by artificial appli
cations of N. rileyi. 

Indirect evidence (temperature prefiies for germination, growth and 
sporulation) indicates that N. rileyi will not infect warm-blooded vertebrates 
(11). More recently, this indirect evidenc has been corroborated by direct 
challenge to mammals (Table 3). As, for example, conidia of N. rileyi were 
inactivated rapidly (half-life ca. 20 min) in human gastric juices (109 conidia/ 
person); mice were not affected by stomach intubation of 2.4 billion conidia/ 
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Table 3. 	 Summary of tests to evaluate possible risks of use of Nomuraea rileyi to 
mammals (18) 

Huctare 
Route of M;II- n Equivalents 

Test System Administration Conicli,;Ar,;mal (Man) 0 

Human gastric juice In vitro 	 10 b 0.001 

Mice 	 Stomach intubation 2440 0.4 

Rats Inhalation 	 10 0.05 

Rabbits Eye instillation 122 0.001 
Dermal pilication 3 000c 0.02 

aBased upOl 	 10 trillion conidia/0.4 ha. 
bper ml of jalitric uic:. 

Cper cm 2 
of skin. 

mousc (the 2.4 bill oi; '.vi e the !quivalent of a70-kg man receiving a 0.4-ha 
application of condia, and geatei than 99.9% of the infectivity was lost 

during passage throuqh 1he alirnent-rv tract 18). In other tests, abnormalities 
(clinical, pathological, or histological) were not observed in white rats ex
posed to 10 million viable conidia/liter of air for 1 hr (equal to a 70-kg man 
inhaling conio,a applied to ca. 1/500th ha) or in rabbits treated with 120 mil

lion cunidia/eye or 3 billion conida/cm2 of skin. 

Effectiveness of Nomuraeariieyi 

Tne application of N. rlleyi as an insecticide probabiy will not control 

heavy populations of caterpillars unless directed against youoo larvae and, 

.ven then, hiyh concentrations x,;uld probably be needed (2,5,8,9,17). An 

early, heavy application of con' .,a or release of infected larvae, however, will 
induce an earlier than normal epizootic and thus could suppress caterpillar 

pests when soybeans are most senstive to insect feeding (13,15,26). 

Thus in one experiment to test this inducad-epizootic concept, a heavy 

application of conidia (ca. 10 trillion conidia!0.4 ha) was sprayed or soy

beans when half of the plants had at least one flower (15). In a second xperi

ment (15), soybean, were sprayed when pods were 6 min long at one of the 

four uppermost nodes. In a third experiment (26), fungus-infected cadavers 

of larvae were cut into 3-mm sections, mixed with dry vermiculite and dis

tributed over soybeans by a manually operated grass-seed spreader at a rate 

of 3360 cadavers/ha (ca. 2 to 3 pieces of cadaver/1.5 m row). In all three 

experiments the artificial introduction of the fungus, timed to a specific 

phenological stage of soybean growth, significantly altered the epizootic 

pattern of N. riley. The inLial detection and peak incidence of infected 

caterpillar pests in treated plots were advanced at least 14 days compared 
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with untreated plots. The peak in treated plots, therefore, occurred prior to 

and during the stages ,.f soyhl.ar growth thit were most sensitive to defolia

ticn, iie. tle stages w, wanted to protect from insect damage. 

,3 Ice it has hte.,n provten th,z &. iIeyi can he use(l to induce an epizootic 

(15,251) 1i1 Ifl j or 'n)terl Jar pI:ts of soybeans are suscept ible to N. rileyi 

(11), it coil, j us. (I s lh firs! Step ill a t'W l)relrnelt pt. gram to suppress 

1:atepillar p;nt; of soyie in(v, thel economic threshlohi ,leiul.In the rrrid

west on soyli we would first apply conulia of N.Indeteintllriate Van 

rilevi at initial or about one-half of the plants had flowersr] (itor ah 

Vhich is jhout 2 tI , we hos ir iw staie of soy[hens that we are trying toI, 

joftfCt from rl:ra' ii cite pill "r If ,nvieiniental conditions are ade(quate 

(in .lr f dex for 2 to -; hojis) (19), then susceptible caterpillars will be 

,n., i ',,I proide a;dditio-al nrronidia to sivppres,, a huild-ip of cater

I),ix ircst,. This fict was demonstrated vividly in central VJisourJi in 1974 

(15), hoi,er, we! live not proved whether this preventative concept is feas-

Ile tirna h'.lrot the i." s,:learr helt. Thus, the proper timing o ain applica

tion or A'. r,/leyi relilivt! tc, i specific phenological event would have zo be 

d,:ti Tmined fir'-jcd of the major classes of scoybeans and the region in which 

th,'y are gioA n. 

PHASE II: INSECTICIDAL CONTROL OF
 

DEFOLIATING CATERPILLARS
 

The second (ifi:our thi,---pi onleJ prolram (use if the bacterium 

B. thrirwith;ensis) swoln( t, : initiate_,d oly ;If N r,,/eyi fails to induce an epi

2ootic or enznot i th .t i:,u-Its irrs eason lorg strppresrion of soybean cater

pillars. In the,' i , r3 !rui rs/ will be used as a microbial insecticide to 

selectively :;fj'- ir'n, daratIio p )- ipulltorls of defoliating soybean 

:aterpilifrs. Pnilocts K upon B. t/rrirOiensi. are available commercially 

.4r,,I in >e t 5soi '0(1 (ater pillats. Ur)(n rates of these products oil soy-

L irisranjeffrom 114 to 454 q/0.4 ha (1.8 to 7 billion IU/0.4 ha) for control 
Of them l., .. .,Ivethezn cterpillar (A. gelnmatali), 

soybean Iirl:r I.' . rn! /nIS'? irtcl/rIeos), and cabbage looper ITrichoplusiaI-n 

ni) (1,30). 

Production of Ba'citjs thuringiensis 

Two types of indntLrial processes (surface and submerged) are used to 

p oiduce B. thurinrtienss products (6). In the surface process, the organism 

is cuiltured on a semi-solid medium :omposed of wheat bran, expanded per

lite, soybean meal, glucose, arrd inorganic salts. Harvesting of the bran after 

36 to 48 hr and subsequent formulation provide an insecticidally active 

product. In the submerged process, test-tube slants of B. thuringiensis are 

http:soyhl.ar


332 Entomopathogens for Control of Insect Pests 

esed aE the initia! innoithim for a stepwris i.crease in volume through a series 

of shake flasks and a seed fermentor. Cultivation to produce the product is 
done in large fermentation tanks in a liquid medium that provides various 
scurces of carbon (molasses, dextr(,se, grai. mash, vgain by-products), and 

nitrogen (cottooseed meal, fish men!, soybea meal, whey, yeast, or casein 
hydrolvstes). Essential minerals and growth factors are also include(- when 
necessary. The total volume of solids is generally limited to about 5%. 

Insecticidally active ingredients of B. thur/ngiensis are recovered by 
centrifugation, filtration, precipitation, spray-drying, or a combination of 
these methods. Safety of each production batch is contirned by intraperi

toneal administration to white mice. Production costs of the surface or sub
rmerged process are about $0.50/454 g and S1.69/454 g, respectively (6). 
Formulated, wettable powder products retail for about S20.00/kg and use 
rates on all commodities range from about 57 to 454 9/0.4 ha. 

Specificity of Bacillus thurinjiens.s 

Although B. tl','ringiensis first became cornmercially ivailable ca. 1960, 
it is not a new organism B. thuruiqiensis is a naturally occurring bacteriurn 

that e. ists nearly everywt ure and probably was around wner man first made 
his appearance. Products ba_'d on B. thurinyiensis arc among the safest 
insecticides in uso today and have a complete exemption from the require
rments of a to: rence. Repeated tests with B. thtirintgio "is have been con
ducted aqairist p!a;'s, ivurtTbrates, an vertebrates icluding mean with no 
signs of t.cicity -r pathogenicity (Table 4). In some oi-stances, slight dermal 
and inhalation irritation was observed in test animais Jit tf'- ii;itation was 

attributed to the diluents and adjuvants and not to B. thuringiensis per se. 
Since products of B. thuringiensis are not toxic or pathogenic, it is riot 
necessary to we,, protective clothing when hardl;ng ihern and workers may 
re-enter treated fields or forests immediately afler spraying. 

Effectiveness of Bacillus tharingi'e.sis 

Products of B. thuringiensi- ;.ire used throughout the world to control 
about 100 caterpillar pests of vegetables, field crops, pastures, trees and 
ornamentals. Although most of the major caterpillar pests of soybeans are 
su:ceptible to B. thuringiensis (Table 5), they are not all equally susceptible 
(16). The relative order oi susceptibility varies from 0.01 for the most suscep
tible species, the green cloverworm to 3.29 for the most resistant species, the 
podworm (Heliothis zea) and, as expected, young caterplars are more sus
ceptible than older caterpillars (Table 6). Surprisingly, velvetbean caterpillars 
become more resistant (relative to the other species) as they mature. 

Laboratory studies (16) indicated that P. scabra should be controlled 
easily on soybeans at levels normally used to control 7. ni (227 to 454 g/0.4 
ha, the equivalent of 3.6 to 7.3 billion IU/0.4 ha). Also, lower rates 
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Table 4. Summary of ,he kinds of tests used to ev3luate the possible risks of Bacil
lus thuringiensir and Baculovi'is hiliohis to plants, invertebrates and 
vertebrates. 

Type of Test Bacillus thurinyiwsIs Baculovirusheliothis 

Acute Toxicity-Pathogenicity 

Per os Fish, birds, rnmose, rat, guinea pig, Rat, mouse, bi(ds, fish, oys
pig, man ter, shrimp 

tntraperitoneal Birds, mfouse, rat, guinea pig, Rat, mouse 
rahbit 

SLibcutaneoijs Mouse, guinea pig Rat 

Inhalt*ior' Mouse, man Rat, guinea pig 

Ilntravenou:, - -- Rat, mouse 

Intracerebral Rat. mouse 

Sensitivity-Irritation 

Eye Rabbit Rabbit 

Skin. Guine3 pig, rabbit Rat, guinea pig, rabbit man 

Subacute Toxicity-Pathogenicity 

Diet ChiLken, rat, man Monkey, dog, rat, mouse 

Inhalation Flat, Man Monkey, dog, rat, mouse 

Subcutaneous Monkey, dog, rat, mouse 

Allcrgenicity- Guinea pig, man Man, guinea pig 
sensitivity 

Teratogen icity/Carcino enicity 

-- Rat. mouse 

Serial Passage/Roplication Potential 

Mouse Man, primate tissue culture 

Invertobrate Specifi;itV 

Beneficial nsects, arthropods Beneficial insects, arthropods 

Phytotosicity 

Vegetables, field crops, Vegetables, field crops 

ornamentals, trees 
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Table 5. 	 Species of some of the Un1jor c3terpillar pests of soybeans that are suscepti
ble to the bacterium BSc i/us thuringe~nsis. 

Achyra rantalis Loxostege cornmixtalis 
Agrotis ipsilon Plathypena scabraa 

An ricarsiagemmatalis' Pseudoplusia includersa 
Co!ias eurytheme Rachiplusia ou 

Diacrisia virginica Spodoptera exigua 
Estigmene -crea Spodopter ornithogalli 

Trichoplusia niHo/iothiszea 

aRegistered for use aciainst these pests on soybeans. 

Table 6. 	 Estimated LC-50, amid relative susceptibility of 1-day-old ard 4-day-o;d 
larvae of soybean pests exposeid corntinuously to diets surface-treated with 
Bacillus muringiunsis. 

1-Day-Old 	 4-D)ay-Old 

Species LC-50 a RSb LC-50 RS 

Tricholusia ni 85.7 1.00 1792.2 1.00 
Heliothiszea 272.7 3.18 6103.9 3.40 
Spodoptera exigua 233.8 2.73 5194.8 2.90 
Pseudoplsia inc/idens 93.5 1.09 1649.4 0.92 
Anticarsia gemma ta/is 7.8 0.09 1428.6 0.80 

Plathypenascabra 0.9 0.01 1.1 0.01 

ang/cm2.
 
bRelative s.Jsceptibility based on LC-50 of T. ni.
 

(14 to %',per 0.4 ha; 1.8 to 5.4 billion IU/0.4 ha) may be equa!ly as effective, 
especially if the treatment is directed at young P. scabra. Caterpillars of A. 

gemmatalis and P. includens also could be controlled at levels normally used 

to control T. ni, and, as with P. scabra, effectiveness would be enhanced by 

treating when young caterpillars are first found. These laboratory studies 

corroborated field ,tudies conducted on soybeans in Arkansas (30). In Ar

kansas, larvae of P. scabra were reduced 76% (range 58 to 93%) by using B. 

thuringiensis at 1 to 4 billion IU/0.4 ha and A. gemmatalis arid P. includens 

were reduced 65 to 69%, respectively. Thus, pooulation, of defoliating cater
pillars as high as 21 lervae/30-crn row occurring during the most sensitive 

stages of soybeans can be suppressed below damaging levels by use of B. 

thuringiensis. On the other hand, larvae, of S. exigua or 11. zea cannot bq con

trolled on soybeans with B. thuringiensis at rates normally used to control 

T. ni (16). Laboratory results indicate that rates of 1.4 to 1.8 kg/0.4 ha 
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(22 to 30 billion IU/0.4 ha) at a cost of $27.00 to $36.00/0.4 ha would )e 
needed. In 1977, B. thuringiensis products were registered for use on soy
beaus to control four of the most susceptible species, i.e., P. scabra, A. gem
matalis, P. includens and 7- i. Recomrnended rates 7;(e from 113 to 227 g/ 
0.4 ha (eq. to 1.82 to 3.33 illion IU/0.4 ha) for the! more susceptible A. 
genmtatalis and P. scabra to 227 to 464 gi0.4 (3.63 to 7.26 billion IU/0.4 ha) 
for the most resistant P. nc(/udens and T ni larvae. Thus crosts for one appk
cation of B. t/hurin-!onsis would range fron ca $2.00 to $9.00/0.4 ha. 

PHASE III: INSECTICIDAL CONTROL OF 
POD-FEEDING LEL10 71U.5 SPP. 

The last phase of our three .pronged progran would be the Use of a spe
cific nucleopolyhedrosis virus, Bacilovirov Ireliothis. This virus is available 
commercially for control of Heliothis species on cotton but has not been 
registerud for Le against Heliothis on soybeans or other crops. Species of 
,e/iwhis irw ie most ser ios podti-fCedinrg pests of soybeans. As with B. 
thuritrienrs thi:; Vii s WOuld W ts :i micr-bialhised insecticide only if the 

early preineti, tipplicatio .f N. ri/g,'y fils to provide control. 

Prodution of Bacrlovins 1,*,)tb i, 

Insect viruses are more difiClI io prt,,Juce than are fungi or bacteria. 
They are obligate parasites and th,.s foust be produced in living hosts. In 
practically all cases, this means mass producing the virus in the target pest 
irsect, harvesting the virus r urn; the insect, and then formulating this rrepira

e ioto a l)p:udLt.on 
Prrrrliction of 8. /,/iot/,i is a typical example of an in vivo process. A 

sersy',thet ic diet is used to re:ar bollworms to be used -o produce the 
virus. The diet is a water-based mixture of casein, sucrose, wheat germ, yeast, 
Wesson salts, growth factors, and a filler with antimicrobial substances often 
added to inhibit growth of secondary bacteria, yeast, or fungi (12). Industrial 
food machinery is used to automate the viruis production process. Hot liquid 
diet, prepared in a large mixing tank is pipel to a filling machine that auto
matically dispenses a uniform volume of diet into individual cells of plastic 
trays. Neonatal caterpillars obtained from the insectary are place individually 
in the cell of each tray. 1Hundrcds ot these trays are thus processed semi
automatically and stacked on mobile racks for incubation (5 to 7 (ays at 
26 C). During incubation the virus rop!icatas within the caterpillars and pro
duces 5,000 to 10,000 time.s more virus "lari that originally used. One cater
pillar can produce as much as 36 billion po'yhedral inclusion bodies (PIB), 
ca. 30%" of its dry wt (12). Virus-killed larvae collected from individual cells 
by use of a suction tube are slurried with water, and the suspension is fil
tered through a screen to remove large particles. Further concentration of the 
virus is done by centrifugation, precipitation, filtration, or spray-drying. 
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As with other microbial insecticides, the safety of each batch of virus is 
confirmed by a mouse injection test and by evaluation of the types and levels 
of secondary microbial contaminants. Also, the insecticidal activity of each 
batch is determined by a bioassay and the activity is related to a standard 
preparation Insecticidal accivity is reported as an LD-50 or LC-50 with 95% 
fiducial limits an: ;ucolded as the number of insecticidal units and PtB/wt of 
virus product. 

Costs of producing dis;ased caterpillars is about 0.1 to 4 cents per larva; 
the product from 1 In 100 larvae isrfeneialk/ used to ti eat 0.4 ha. The current 
commercial product of PD.ief/iothis (ELC/P R3TN) is awettable powder formu
lated with several adjuvants to increase stability and efficacy. Cost of ELCAR 
to the grower is about S1.55/31 g and recomrnmended rates for control of 

4Heliothis on cotton are from 62 To 124 fl/ 0 . ha per application. 

Specificity of Baeulovirisheliothis 

Once Iprnduced, viruses are .aluated to determne if they pose any risk 
to man, other ninioials, and plants. Their uhiquitoi is presence on fruits and 
vegetables and the 1Lick, of toxicitv or pathogenicity to persons handling them 
is considered indirect evidence of safety. However, ihis indirect evidence has 
been co;rohorated by direct ex'perime-n tation. A~i such evirlence to (late dem
onstretes that B. he/liothis is prolahl y the most sl)ecific and satest insecticide 
in use today (12). Ii only attacks slpecies of Heiiothis (7 are teported suscep
tible) and could not be transiiitred to 36 other insects, spiders or mites at 
rates equivalent to 10 to 100x the recommended field rate (Table 7). Results 
of an externsiMO sCei('of studies against 18 vertebrates an(t 24 plants demon
strated that 8. ('!'/ohis w uld lose 'o harm to nan and the environment 
(12). 

Effectiveness of Baculoviros he/iothis 

During the last two decades between 150 and 200 field tests were con
ducted with B. heliotis (12). Ahout 60% of these tests were on cotton, 30% 
on corn and the balance on soybean, sorghum, tobacco or tomato. Although 
seven st-dies have been conducted on soybeans, only three of these were 
field tests. These f-eld studies Jemonstrated that B. holiothis is probably the 
most effective of the av&!eTbie entornopathogens in suppressing populations 
of H. zea larvae feedir,4 on soybeans. 

!n a test conducted in 1975 (1'), the nurmber of surviving larvae dc
creased steadily as ates were increased from 6 to 600 x 109 PIB/0.4 ha 
(Table 8). Larval populations were reduced from 92 to 100%. In another 
test condticted in 1976 (17), nioth populations from all virus treatments 
were statistically lower than populations ir,the larval-infested check (Table 8). 
Reductions in moth populations ranged trom about 70 to 00%'. Although 
increasing the number of applications of virus did not produce statistically 
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Table 7. Insect species that were not susceptible when exposed to Baculovirus 
hL,/iothis
atdoses 10 to 103 times the recommende i field rate. 

HYM7NOPTEHIA NEUROPTERA 

,4 .aChps ,, t'// f yaupa,cd/ leda,,.

v . ChrYsO cdIiIe 

Brach yfmrihi iInrelmeiad
 
Cartpo/ets sonoriwisis 
 LE P'DOPTE fA 
Cholnus hlck burnl
 

Aliorofou hV;/vantiso 
 Agrotis si.eetubn 

Anthela varia 
D IPTE RA Cactoblast's cac touim 

Chrysoanix.is ci ilcites3 
Atfascj doltisictj FiJf)MOC', S: bI/,vd 

Votia urlis GalAria ih'//tlone/.
 

Aiandiuci (iU'tlquatmactIlata
 
COLEOPIERA Midoca sexta
 

Aloriophil, ( ,Iltica
 
I-il)pod,)i i con vVIqots 
 Ot yi,
0 wanartoidos
 
Phador tlass/L aC iapilioa/ithuis
 

P.erit's
hrassicaL 
HtETEHOPTERA Pieris ,,; 

G Iocrms /'spa/bis Plutella suri alensis
 
La"d /t ix ,t Spodoptvra "xiqu
p eilt(//a a
 

a

Orus tristicolor Spodou~tvra frqiporiaa
 

Neaphu,ettix cinticepsa 
 Spodoptera litura 
N/aparvat lucns Spodopteta inauritia 

Spodop tura orithogal/a 

Trichoplusiaiiia 

a.
 
St-cies found in soybeans. 

significant differences, one application of 20 LE/0.4 ha (I LE 6 x 109 PI B) 
resulted in tewer moths than either two applications of 10 LE/0.4 ha or four 
applications of 5 LE/0.4 ha. Apparently one application provided sufficient 
residual virus to control suLbseqiuent larval i-*nfestations. All viral treatments 
P sri significantly Ieduced larval populations of H. zea; reductions ranged from 
ci.84 (5 LE x 1) to 98%, (5 LE x 4). 

UMMARY 

How effective muSt miciobia: insecticides be to be used on soybeans? 
They need not completel, eliminate the pest but only suppress it so that the 
pest will not r~duce soybean yield or quality. But what is this level of sup
pression? To inswer this, soybean entomologists have obtained data on the 
interrelationships between scybean plants and caterpillar pests, the damage 
those pest, cause, and the subsequent effects of insect damage on yield 
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Table 8. 	 Effectiveness of Baculoviru heliothis in controlling Heliothis zea feeding 
on soybeans (17)". 

Average Percent Reduction 

Treatments 1975 1976 

LE/0.4 ha Number Larvae Moths Larvae 

1 4 92.0 .. 
10 4 96.7 .... 

100 4 100.0 -- -

5 1 69.2 83.8 
5 4 -- 76.8 97.8 

10 2 .- 80.0 94.9 

20 1 -- 82.2 93.5 
40 1 88.9 96.6 

'Plots artificilly infested with 23x and 67x the estimated economic threshold 13.5 lar

vae/30 cm-fow) for 1975 and 1976, respectively. 

and quality of soybeans. To summarize, we now can estimate what each 

caterpillar pest is capable of doing to soybeans and how this relates to popu

lation density, phenological stage of soybean growth and its effect on yield 

and quality (27,28). 

These data, plus The know,, effectiveness of entomopathogeos, indicate 

that entomopathogens can be used successful!y to suppress caterpillar pests 

of soybeans below levels establishcj as economc thresholds. More specifical

ly, I believe that major c2tcrp;ilar pests of soybeans can be controlled by a 

preventative appiication of N. rileyi followed by use of B. thuringiensis to 

control defoliators and B. heliothis to control pod-feeding bollworms 

(Table 9). The fungus N. rileyi would be the first phas? of the pest manage

ment strategy. As an example, under midwest conditions (indeterminate soy

beans) one preventative and heavy application of conidia would be made 

during flowering which is before economic levels of insect defoliators are 

anticipated. If environmental conditions are adequate, this initial inoculum 

should increase to contiol defoliators during stages when soybeans are most 

sensitive to defoliation and also should provide control of damaging H. zea 

later in the season (15). Indeed, no more than this one application might be 

needed throughout the entire season. However, if environmental conditions 

are not optimum for development of an epizootic of N. rileyi this preventa

tive application of N. rileyi would be useless and we would have to rely on 

monitoring for timely applications of B. thuringiensis (from when pods were 

just visible to when full-sized green beans were present) to control or suppress 

incipient, damaging populations of defoliating caterpillars (16). Timing and 

rate of applications of B. thuringiensis would Le based upon estimates of 

anticipated damage predicted from data on larval consumption and yield 
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Table 9. 	 A Proposed prorenp for use of entomopathogeos to control caterpillar 
pests of soyheaars. 

Species 	 Pests to be 
of Entoinopathogen Soybean Phennlogya C.ontrolled 

Nosouraoa Wi/e1i Initiat llowering to ] of plants Defoliating and pod
with f lowers (t11) 	 feeding caterpillars 

BK:a.lus Mtiuingi,,lsis Pods just visible (R3)1 to pods coin- Defoliating caterpillars 
twinin full-size green be.ns IR6) 

B.eulovlrus holirhi.' Pods ' inch long (A4) to pods be- Pod-f ed ing caterpillars 
iirinigri to yello, (1 )

b 

st'iqe at .,'ihich ti ll oIil itiogtp I will he used; cl issihication systeii of Fehr et al., 1971. 
At 1 of 4 uppermost nc-des. 

losses (3,27,28). Later in the season vl;;r:l pod. wsere developing to when 
they turn yellow), we would Tely on 8. iwliothis to control Heliothis larvae 
feeding on pods. With thIs program we( would only use quick-killing chemical 
insecticides as a last rsort ild then only at reduc-d rates to stl.poress popula
tions of dUfolidtinlg or depoddiop} caterpillars that were not controlled by 
N. rileyi, B. 	 thtiringiensis, or B. h1/i ,rhis 

NOTES 

Carlo N1.Ignofo, U.S. Departrei:nt of ArjricLJtu t, SEA/AR, Biological Control of 
Insects Research, Columbia, MO (35205. 
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INSECT PEST MANAGEMENT IN NORTH CAROLINA 
SOYBEANS
 

J. R. rradley, Jr. and J. W. Van Duyn 

The soylean inJustey In Nth Caioliia. a,we know it today, is a recent 
development. Within the lIst ? l plantedhidJes, aind to soybeans has risen 
from 0.5 to 1.5 million aw s i, re ;)orse to the increased economic value of 
the cror [his three-folt increaise ii soyhean acreage came abOut as more 
cioilirrrl vvwas uirtol to scyhearns in the coastal plain and piedmont regions 
,in(1lariietrats o)f coastal swarnpl,io wew pliaced into a soybean-corn rota
tion. 

Sn)yheill iOsu.ct uifsl prohlems lerhainhl d lirouI the 1960's on an 
ad hoc, individual fieid t1asi. (if it all), larg ly :tucause entomological research 
and extensior effor ts were toa liflitd to allow for the conceptualization, de
velopmernt, and implementation of a more comprehesive pest management 
program. The entomologly program curnsistd( of little more than evaluating in
secticides for efficacy and recommending those which gave desired levels of 
pOpulation reduction. Furthermore, most farmer, concerned themselves with 
losses to irisects only on crops of higher vdlue (i.e., tobcco, cotton and pea
nut), so the entomologists' attitude of "let the sleeping (log lie" was probably 
the most appropriate strategy for that period. As the price of soybeans rose 
from S2 - 3 a bushel (where it had beer for decades) to $7 or more in the 
early 1970's, farmers became much less tolerant of their insect competitors 
and looked to entomologists to provide solutions to their poblems. 

Ent-rnologists at North Carolina State University responded to the in
creased value of soybean and changing farmer philosophy toward insect pests 
on the crop by greatly expanding research. It was apparent that I'namic in
sect pest management systems, undergirded by a base of soun. biological 
knowledge of the sovbean agroecosystem, must be developed as an alternative 

343 



344 Pest Managemrrent in N.C. Soybeans 

to continued (lependency on tht' pesticide tactic isthe first and only line of 

defense against insect nests. An er toma olical team Ia6gely SUI)portedl by the 

National Science F(,inlatiorn thoo : iernmlGi3-28855) toNorth Carolina 

State Univetsity (NCSU) and by the N[ toai~ !-cIarce Foaatldtiart and the En

vironmeit:il Protection Agency tnrojl a grdlt (NSF GB 347181 to the lIni-

V.lriitV ,IfCalifiji ia (w.VhiCh sutieoiitiacted iis;.itch at NCSU) heoin to tIeI
relop til, nuc,"s'll y hioloolica l hww tor,irisect mrcnietit oin so,,.texm. 

Tlh t:' ii itworil, Heliothis :e.., Il i), haid historicily been the 

it1 f 11105trilajor illSet pet' a ,o'f etran to N ii lli 11[10 aid (lveI O tIh state it 

w:as theot:l,, insect eit t1w! IlI to Ia'iolltitrely cootl llhd with isecticides. 

It,; pocl i.ldiril oit,,i Ceui'e, almut:cloiphitt crl) loss ihiila'i/soybll fields 

tiloHLilfin, the coJista! Ilii )Ii tim sotathItJetIt IiU.S. whel insecticides are 

not a i to it doie , val poitrtlatioris that have excede d economic thlesh-

Iiilds (/I. iI;r, , ii tl I earch pltgran designed to provide an 

.. of. hr i l )s t soylean and It. -ea. We also,hl r"'iod ltiii hi eee 

slioht to identif, Ih ,llir facto'; (.riotie and biotic) thit affect that asso

rd thtl itesearch trieram and thetdeceiti. 1-ii; iwi chIs or!,s 

Vehtoopfcient of a a.rii.;,ei .ysteni for H. tea on oylean in Noith Caio

lIr/a. Wet p ,r)iX torlirrsect ':st 11rg111(nlerl well ours ill ill (ais as sys

tril( Ipl]icahhe i!ot onrly to H. /ea il North 5,arolina hilt also to other insect 

i ,stsre arid Ili ,iiirwi t ,iJi; uo',ysteios tltol(riaort thi world. 

The 1iatr of ,U reseel' a descriptionOfhect,,s wet' (1)Ito clevelop 

of thil sit itialand temporal )atterns of H. 'ea tn soylian arid Other crops 

whiCh errirlihate o its(lnteral prhinlatirn an(d to iderrify factors affectina 

thee hiItrcirls, (2) to irheotify key arthropodi , tral Prrnii:, of H. zea in 

so'hbear fielh ;11r to dter mire their effect oi I.tea topIUntions, and (3) 

I( devinlol; a ,It 1riei lrianaljernlnt system for tH.zea (n soybear utilizing a 

nilti-tacticatl aploah basad oir the sliategy of preventing the problem, 

where p)sslkh1e rhrnialr ianipalion of cro) i)rodltiai tecillitlres and 

possihle t!xtellt.utiliz'i lglalllral c(litlols to the fullet;r 

DEVELOPMENT OF THE BIOLOGICAL BASE FOR MANAGEMENT 

The resrxrch target for olijeci,,e I wa dthe qeneral H. zea population 

owr :1widt awia as well ;,s the sl' rcitc coarponenit of that pOpLaation that 

oCCUriU oi soytrlailn. This iolistic applroalch was essential ifthe objective 

was to be accomplished, bet"C:case pOpulaiiorn potentials at each local focus 

(i.e., a particular field of t host) me IijIhy determined by patterrs of in

vadiraI inotls oriiinating front other, and at times distant, sources. Since 

the H. zea Weftsystem extends into, and is a part of, inaty divergent com

rrunities, both niara]eu (cultivated) and urinanaged (uncultivated), its com

l)lexity can be analyzud arnd understood only through a modeling effort (6). 
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Our intention was to use modeling procedures as an organizational framework 
and as a system through which we could manipulate vast quantities of data 
toward the accomplishment of our objective of understanding H, zea popula
tion patterns, We sought to partition the H. zea life system into its compo
nent parts ard to understand the contribution each part (i.e., specific host 
crop or phenological type of a specific host cropi made to any other part or 
to the whole. 

HELSIM-1 (5) and HELSIM-2 (6) presented the producticn flow of H. 
zea life stages through its four principal host plants-corn, cotton, soybean, 

* and tobacco. These models were generated from a vast data base which we 
assembled from 1970 through 1976 by intensive larval sampling in hundreds 
of fields of the four principal hosts as well as adult monitoring with blacklight 
traps and wide-area monitoring of the phenological development of the host 
plants. The generalized production of H. zea large larvae on the major hosts 
in North Carolina revealed that corn is the major host of H. zea in North 
Carolina through the F2 generation. As corn matures toward mid-summer, 
soybean becomes the dominant host and occupies the bulk of the H. zea 
population during August and September. 

When we concentrated our attention on that portion of the H. zea popu. 
lation associated with soybean, we found larval distribution among fields to 

- be highly clumped. The most obvious factors affecting distribution were 
planting date and phenological stage and extent of canopy development 
during the flight of second generation moths which had emerged from corn 
fields. 

Early planted soybean fields rarely sustained damaging larval populations 
of H. zea. The planting date phenomenon isclearly illustrated from data col
lected at a 1974 study site in Halifax County (Table 1). None of the soybean 
fields planted by May 20 required insecticide applications for control of H. 
zea larvae, whereas 79% of the late planted fields reached H. zea larval thresh
hold levels and had to be sprayed. 

The relationship between phenological stage of a soybean field and H. 
zea infestation is illustrated through data collected during 1972 and 1973 
which showed that larval populations (in fields where larvae were found),con

* sistently peaked at the medium pod stage (Fig. 1). These soybean fields were 

Table 1: 	 Relationship between soybean planting dates and fields requiriim, insecti. 
cide application for control of H. zea (Halifax Co., N.C. 1974). 

Number of Fields %Fields Requiring
Planting Date Class in Each Class Insecticide Application 

Early (By May 20) 15 0
 
Mid (May 21 -June 10) 13 33
 
Late (After June 10) 14 79
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Figure 1. Heliorhis ea larvalpopulations on open znd clsod canopy soybean fiolds 
in 3 regions of North Caroline1 (1972 and 1973). 

at peak bloom 2 ,weeks previously when egg deposition occurred (based on 

average developmental time from egg to largu larva;. Therefore, fields at peak 
flower during the period when second generation moths vere avipositing were 

more likely to be subject to heavy egg deposition than fielos in which flowering 
was completed or extremely late planted field,; whicti had not begun to flower. 

The third factor affecting H. zea population levels on soybean was the 
extent of canopy development during second generation moth flight. Fields 

that had closed canopies were much less likely to have H. zea populatijons 
that reached damage threshold levels than fields with open canopies (Fig. 1). 
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We categorized 1500 soybean fields in a 1973 survey (2! into closed and open 
canopy types during the peak of second generation H. zea moth flight. In thut 
survey, damage threshold levels of H. zea larvae developed in only 2.8% of the 
closed canopy fields whereas the threshold was exceeded in 22% of open 
canopy fields. 

The relationship between canopy development in soybean and H. zea lar
.... va[ populations may be explained, by the following .factors or any combina-. 

tion of these factors. 

1. 	 Canopy development isa function of planting date and the extent of 
canopy development is indicative of soybean maturity, i.e., more 
mature plants are less attractive to ovipositing moths and less accept
able as a substrate for larval establishment. 

2. 	 The closed canopy may be mechanically interfering with H. zea 
flight and ovipositional behavior. 

3. 	 The closed canopy may be obscuring a visual clue originating from 
flowers (i.e., infrafred radiation) that is a necessary ovipositional 
stimulus. 

4. 	 Natural enemy populations (arthropod parasites and predators and 
pathogens) may be greater in closed canopy soybean fields (4). 

With any dynamic biological system, there are likely to be exceptions to 
generalized population processes during years characterized by atypical 
weather patterns. The significance of modeling technology to H. zea manage
ment on soybean in North Carolina was demonstrated during 1977 when rain
fall was less than normal and temperature was higher than normal during the 
first half of the growing season. 

Computer simulations (using HELSIM) had predicted that under hot and 
dry conditions, H. zea populations on early-planted soybeans might exceed 
those normally encountered on late-planted soybeans. These simulations in
cluded direct effects of temperature on H. zea development as well as indirect 
effects on crop growth rate and canopy development. During the summer of 
1977, much of North Carolina was subjected to prolonged hot, dry weather. 
In those areas, there were numerous observations of high infestation levels of 
H. zea in early-planted soybean fields, but not in late-planted soybean fields. 
The explanation for this occurrence isthreefold. 

1. 	 Corn matured much more rapidly than normal. Also, in many areas 
over 40% of the total corn acreage (particularly late-planted fields) 
dried up without producing ears. 

2. 	 Since blooming in soybeans is largely photoperiodically controlled, 
early planted soybean fields bloomed only 2-3 days earlier than nor
mal (as opposed to corn which matured 2-3 weeks earlier). In addi
tion, the prolonged drought prevented normal soybean canopy 
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development and mary early planted fields had greatly reduced foli
age at time of bloom (the pe.k attractive state for H. zea oviposi
tion). 

3. 	 Overwi ntered H. z', ntdhts eme rgerd about 2 weeks earliur than nor
mal and drevelotpi,.it was about 20' faster than at LsuIal tenipera
tures, resultinl if th peak second eneratiu'o moth flight coit;Cjdent 
with early hilinliop soybeans, tatlrer than 2 weeks later than peak. 

blom iII t1i Iy lIlIMted soybeail ields (tibeusual situation). 

The lack of attractive late co1, the lvailability of liqhly attractive, open 
canmpy, bloominug soybean field';, and the earlier seoOld generation moth 
f'ight coincident with peak bloom in these early-plaitrl .oybeans esulted in 
major illftestations of H. zvo in early plaLied soybean fields ii the drOuIght
striken rejiors. In those areas v.'here theii ws adertlate rainfall, H. zea was 
foud altltih Ih doirie.<S only in IlI'--piraoted fields observedd,:.l as haid hree 
ald iTllatlnI f,1r iotin1al weatherl oitterIs. The uuSLal weatlhel pattern ex
p0itersC~d i! Noith (_iilia irl19i77 nayIre inly a very rire occuirence; 
owvi it I Hioliilr, the ,dyaiics of tIr a-lroicosy ems we -leek to 
llAule a10 LeriitlSti at the necessity of filoileling t'Chnoliogy as an:integral 

pal, of isn: pest erarteoeit 

Aoothtel m11 foctoi to tire rtglat'ors of H. zosi pOjtllaajor contrilintitIg 

tions ofisohartdl is. tre ar(thrrod iaLral enemy complex. Tirs potentially 
valualie noinrirmIerIt tool is too often ignored or impiol)erl'/ utilized becLuse 
of l o)ffckr,.leble thi- kty species ivolved irril Their inlifar. t(ipo pest 
)oirolatioris. WV SOh to oercome i1rlf.t tthis lriobien, part, through an exen

sive, 3-year survey of the arthropod fatillfound in Noith Carolina soybean 
fields (2). Toe roost cormnionlv eicounlered entorolrohagous aithropods ider
tified ini st were Geocoris punctip)cs (Say),vrvi!y Orius irsioiosus (Sa '), 
Nahis spp., Co/eomt,/i/la (aCilato Araneida.(DeGeer). and to iscellarneoua 

The valor of these predaceoris arthropod sipecies toward limiting de
velopment of H. iopulatiorns soylearr was then estahlished in a largep:5 on 
plot field experiment during 1975. Irnthnt exlperiment tne arthiropod natural 

erreny complex in One treatment vwis dccimated by a broad sp-cttlr- in
secticide, n)ethyI lirlthion, apipliedt jrst prior to soybean floveiinrilg and H. 
zea egg depsiiimio. Trenatiient of other plots cons.sted of the appjlicatrr of 
a recommisensded insecticide, carliaryl, when the H. zea larval :oplulationr 
reached th. fartaige threshold (2 large larvaerow ft)or no insecticide appli
cation. The significance of the deliberate desttl-Uctrion of natural onemies to 
subsequent H. ;ea populautons and soyhean yields in that experimental 
field is shown inTable 2.A reduction in total number of certain predator 
species by approximately 90% resulted in2 tinses more H. zea larvae and 
only one-third the soybean yield whet, compared to tile untreated check. 

http:drevelotpi,.it
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Table 2: 	 Effects of properly and improperly timed insecticide applications on corn 
earworm, its predators and yields in soybean (Halifax Co., N.C., 1975). 

No. Insect Corn Earworni Soybean Yield 
Insecticide Pro:]rari Predazors/fRow Ft Larve/Row Ft. Bu/Acre 

Single application properl, 1.07 0.94 30 
timed (at darnage thieshold 
2 lar 'ijav ftt.) 

Single application improperly 0.15 9.88 6 
timed (just prior to Ht. z;a 

epy deposition) 

Untieated check 	 1.13 4.05 18 

Soyhean yieli ill the treatment where insecticide application was based on 
iw /. ;"ea Ilrvil t!lshold wais 5 times qreat,,r than yield in the treatment 

viwir.eI. tl1ii(luli 5.1' ,airoinatied before they exerted their oa>itnurn effect 
on the //. 7L.a topilationt.HoW'ver, Hdturadl enmlli1eS alone dil lnot prevent the 

r)latee ll 	 the controlCOrM 0'L1lArill lW)m IehJLichi'l .soybean yield, since 
yielded om',y 30" . V iluch a tie tretilllnllt vvhere natural enemies were sup. 

plIien eit i lva operl. ilined insecto:ide ilrpilic;tio r. This experiment 

specifictlly ,ockirrrrlte'nJ the inpoitant contiir tion thriopod predators 
emake toward rertilIAtrori of ihytl)Iatous catrtill. s)e'cies in soybuan. Also, 
this experiment stlIstrintiated previous observations that predator removal by 
L1ritirril,, qsicticide djstd1CAiciuS (irtimed for //. zo',) or miae lo control 
otlr piests) coUld rIave a pIoforiul effect Oni H. ,'a cur'rs aid soybean 
yield. 

Wiie uinvstirted th effeits (, sii'-tpplr.d systemic pesticides (i.e., aldi

carhi, cail)oitlal, 'ersUIfolhlicn, phoratet oni iirsirct piedators of H. zea in 
SOybeall(ilrig 19G anud 1977. Aldlcarh applied in the seed-furrow at plant
ing fcr Mexican bearn reetle contiol or inl a rand for mnematode control re
duirced hemiiteroUs predator populations as severely as did methyl parathion 

6ppl)lied as . foiaqe r (3). Co! 2aiworms were as much as 7 times more 
isLInerouS in aldicarb treatments as ill the untreated check where predator 

populations were Lirdistrlhed. 

THE MANAGEMENT SYSTEM 

Now that we had developed a spatial and temporal description of that 

portion of the H. zea life system associated with soybuan and had identified 
and understood some of the most important factors affecting that distribu
tion, a sound management system was designed. 

The insect management system we developed tor H. zea on soybean is 
structured by the four Principal strategies of prediction, prevention, detect;on, 

http:viwir.eI
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and suppression. This structure can accommodate all tactics and provides an
 
organized and flexible procedure for the development of cnompatible manage
ment systems for individual insect species or complexes. Fr e organization
 
also is crrverrentiy used for discussion pUlposes.
 

Prediction 

Predictiorns coi,'ernin the sl):cies of ise:t whichrIray occur, probabili
ties Of OG(rLurrNRcU (fretllt'y 01)i ilrtursity), Spatia; arnd ternpural distribu
tions, ard the consequewnces (potontial for damage) are based upon historical 
occurrnIces, k Owle,1ge Of hii;gy aild behavior, monitoring data, and ally 
other re:evant infom)n:.nr (i.., weather). Most initial predictions are made 
prior to rit ;rowi:ij s,!a&on (i.e,, corn earworm will occur in soybeans in 
1979) andi are tjpded through the season as new information becomes avail
able (i.e., hcalns, of tllhot, dry w.,eather the corn eaiworm will occur earlier 
than typical, and it iiignief densities). Although lredictions may vary greatly 
in accLuraC,/ and ijllificarCQ they ale vluabll( tools for guiding subsequent 
strategies and tactics. The fundamental prediction rllade for most of the soy
bean growing area in North Carolina is thUt corn (earworm will occur at 
damaging levels and that late planted (aftel June 1) soybean cultivars of 
maturity group VII (i.e., Braig and Ransom) with open cli oies . fnwering 
will he most severely atta(ckeJ. This prediction (:an he revised as information 
gathered from corn-field sunrve':;, lilht tII), and from the H. zea develop
rnent model (HELSIM) 'ecomos ,ail~ihle. Hevis-d predictlons reflect curient 

p)pulation development trends arid may rltarrue fru severe outbreaks with 
atypical temporal and spatial distributions (i.e , severe inrestiation will Occur 
in early and late maturing soybeans) to low po pulatiins with atypical tem
poral and spatial distributions (i.e., only the lost attra:tie late soybearns v.ill 
develop threshold pulations). 

Prevention 

The ultimate objective is to prevent yield loss which isgreater than con
trol costs. Yield loss is directly influenced by (1) thc population density of 
pest insects and by (2) the ability of the host crop to tolerate insect pests. 
Therefote, preventative techniques are designed to Maintain pest insect popu
lations at low levels and to maintain crop tolerance at high levels. 

Populations of pest insects are mainly regulated by reducing the immigra
tion and establishment of colonizers and by increasing biological control 
within the crop. Crop attractiveness to corn earworm moths is greatly aff
fected by time of flowering and canopy development and both of the~e 
factors can be regulated through cultural techniques (i.e., cultivar selection, 
planting date, row spacing) and insuring adequate crop health. Maturity group 
V soybean cultivars typically bloom prior to the corn earworm immigration 
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from field corn .Io re not highily attractive to oipositing moths. Conse
quently, ther,, coltiv:s (i c. Forrest, York, Essey) osnally are not colonized 
by coll,i aIworis ;itI hvo. yond the capability of the natural control 

agent' to keep larval o)Lpllati,:ns helow the damage dhreshold. Eiji FIy,.; 

(hy May 20) (if any ciiltivar, ifcludinig those2 which often bliooTI ill synchrony 

with the H. zed moth flight, ;e(JLIC!S -'ro ) attraict iveness and colonization. Pi e

sumably, early planting ha. this effect Ibcause, of a more completu canopy de

vClopillent, a liqh desyticlironizatiun of flowering with tile tooth flight, and 

a greater I)' I)OIOt of more mature foliage on which larval estailishrnent is 

re(liced. How spacing ofliiiir]e, canlopy developrtent in later planted soy

beans and tileL is also tsf:il to if1!iiTi (later planted soycrop attractivenes 

beaus only). Adtlitionliy, plant growvth e;re:tlv1 Afects canopy devlopment 

;Ind foiI,,.)[ t n, 'Ind peStS, plow-pans, atidtason Iity, iil nwrliatode, Util e 

other growdi-linliting factr5 ii;i iirtl de o sio, hilae vegetativeranagiey rr 

!':0wti. Through the Useiof these v;aitos ciultit ful tactics H. zoo offtell cal he 

rehegalttlI i ito' fri:iuccy Jtest 1 redLice(2d e]g d(epositioi and subseltr ih(ll 

iliuetu larwal ,estatlishint.et. 

Altumpt. to ichi'we hiqih mitality of /J. zea eggs and larvae within the 

'lV[,<a) ,'rop nJlly;tv iiolve proimiotiri of indigenous biological control 

agents. Ph siltific;ice of this biological control complex upon the corn 

t.arvoimi pop)ulatio is itifhelic,:! hy the presunce of hosts ove an extended 

time pe ,d, by tht 1h'ph (1i tirte tromi)plantingi until corn earworm invasion 

(devoloittlent tine), hy the )rtf!s2nce or lack of toxic chemicals, by tenpera

lure and hnnidity cortitilis, and Fiatny otler actots. Consequently, recoin

meaation; ,ur mtiade to (1) use no Soil insecticidues, (2) p!ant early, (3)pro

illote vigoroiLt owth reulting ii ruiupii canopy developtment, (4) use foliar 

inset-tic:dl only wlwl ileiie(l, ald (I-)) lise selective itsecticides (i.e., low 

ates of cat ,l ift qtwVi 0( possible. tacticsvl) fo Labloom whenever These 

flell) insure a cotlitIN< Of iOlogical Control ag(ents which usually exerts sub

stantial control prsstll( o) inl imnitaturis ol invdinig lepidopterous pests. 

Detection 

Derection p to utes to tse( to describe the H. zea population in the 

general environmetit as well as il individu.,l fields. Monitoring relies upon 

light trapping of 1oth.,, wide-area survey:, and scouting of specific fields. 

Light trap a1d wide-area surveys provide inforiation on corti earworm abun

dance, development, ,.-d disttibution among soyhean fiilds differing in 

phenological stage. Information ismainly Jsed to confirm and revise pre

aiction and to inorto Agricultural Extension Agents, farniers, and others 

concerning the corn earworm problem. Melhods of relaying monitoring in

formation and revised predictions (derived from the Heliothis computer 

model HELSIM) include special "Insect Alert" bulletins, a weekly "Insect 
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Survey Note," mass media, and a special toll-free "Tele-Tip" telephone record
ing (LIdatU' three times weekly). These communications awr mainly directed 
to AgLinUiural ExtensimriAgernt:, vho in tirn tiltiy thn respu(tiVl Ciref,'le., 

Althuouh (I i1 ,v(IOill irFuhrllels coul rlsualiy lie prcvn0Mtr( thIOul 
the uLseLof lilt: ilt*viotis Ill ' illltulJ tc0ehl iLUl.s, l adiny farIII s cuISr I1 11 1,(C 
full adVd( lt,i O l m'' 1 i :lIC'l ,udt 10 Lconillicts within their tvw.'rall lIO(tLctrn 

lJIoIriIii. Tii:Ifii iMwt t I Oplj i i atii amidlila(.le [i1ll1( isit0lilg tSCOUtirlq) 
necessiny to idhntily tlt indl io tweat iniividltii fields. Early senaSOni scout
ing is dotme for Vriolt, f~'i ic ldI-t (MNlxican t[wan beetle, hean leaf beetle, 
gleell clovelsvu lll, t ll, w utilizes foliagei;(n,'I mlmciy' fiii ,) ud a loss estimat
ing technique; tihe sc t i h., V tlmatirg leaf darnmage at radlom sites 

fiv L] i saiplhs(Ole sample r wiw l ii iii :Of i t thresholds; pre
bloon 35't, llocrnn-rr'l In' '),)
 

S otil(j IlM ":()Il 'ivi l i I J'-nWIIS.oyhban bloolninj is [p)rloX

illii.tely 90', colllpln! ltlii' i lvititl l hlds Or welii Corn et-arwofn 1 Illoth
 
poplatlalionis tlr l-,. Ft it otlilliqJ i)L: ii'S, d 'ln CC,111 l) d(tu CLd,IS coInoected
 

Or adjlcicllt 5Lylran111 lii ij f ailulrr iri iiili'ly' r;Lial ;otieitial [iost char
acteristics (i.e., sairre CliVer nil iflarirint ltit'l, with siriilkr vegetatite 

growlhI. Q/. oa il ial'H: i,taiiiflits arid risti bo)lte Irei eggs in inrandom 
lashitli withir hI , vI'm:t ptAlOrol I iltd nan(lrr LhHIiillI i s of poor growth 

whlre ovil)otiltionl is liki-ly to he plltlr. SCoutirrg is thus 11e ill randont 
fashioil, hut avoidi! Iinl~l mnrjiil., dii W1-k S)OtS Wilir ficids. Samples ale 
takerr tusin th lhreit c:lth ichliltr{ (I) andri the salle ninmlr))r of samlies are 
requited is whwil ru1kiun; ioianLe loss rStinmatC. liltenisive Sdarrpil t is begui 
in fikl., whiCl diritlily ultiicrtive toi ovilrositiirg iroths (lorn ilg--otuerr 
C:ariu)/ ) arrdl is dtTMilraI,(zl as fields of lesseri de(lreeS of attaCLtiverress are 
eICrIi~telt' . SI(trinnrii !aSrlipliruit is rftrell useful arrd sailriirlr can le terni
nated after 3 irbl in italworr nuIrbtrs average less than 0.50 per row 
foot o, 10o1 thal 8 icre owV foot ari samlllles are not highly variable (no one 
sample colprising 50", or molw of the total number) (Van Duyn, unlpub
lished data). Tilre.irholds for or)Ir earvorin in North Carolina are 2 large larvae 
per row foot and au considered to he damage thifsholds, as opposed to eco

niomic injury thresholds. 

Suppression 

Suppressior refers to the quick reduction of a population and, in this 
instance, relbes solely upon insecticides. Since few soybean insect problems 
occur later in the season than corn earworm, insecticide selectivity to favor 
arthropod predators and parasites is not a major factor governing choice of 
insecticide. Efficacy against corn earworm, cost, application ease, mammalian 
toxicity, and availanility are the main criteria influencing insecticide selection. 

Rate adjc.tments tailored to individual needs can be 3ccomplished if scouting 
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information is relislhle. Sine tlt' .esilt d effort ISto lower the IIs)UlatiOt Ie

low tho thloshoh!, tilt deljI, of colitiol rreeihd is deptendent Upoi initial 

toplmiihtiii dhn)ity . ititicl'r hiqlh i~ttes (o.t., methomyl, 0.45 IIliaiiA) ie 

(isei t fu) d; i1 IIM IlJi tW th,all 8 iltvoc r le)r1)lowel. 

,'Xi") (:Lill he 1 l t'dh l l t'ov inlest'tlio t et ., iii]tlhonI yl 0.2 iol 0.16 

Ih..'ii/-\ lt ! l t . ii r Iif o foot, rospiotiv\ ly). 

,i ~i,l rCc lli li ed with II iil )1 llise .1.thoucle 

h ilt ch ,il' 1 o Aiyif e v i)[tl lS I1" Ofi(i ICSj; . Tie11,il1rt1 ll1W uitit' irfl 
(0t1)l ejlt+%W illl cot;s!r inl htc~rs it-com inlsecti:)lt',)1l,,( ;s() with eld~tedI 

,i :it, 'Ind Stl o\kdlltw's & ), iio t lt J Io he hitlilly ifilpo)tlit[ <is Iollg LISv 

h 'Ti'' (w ct, , i q tiS t din5 fl 

ico ite'xl ti '] plIt tinl.t IliMi till t tl, jit ill ei.otelii North C ioiiha. Ti e 
I It'; l ! I tl', I I I !,il:it! ' tli'11 ) ' l, II) l ',Ii(vv I !e( ( ti tt c" o l sO,I y h o )l: f iel IS 

vjt lSU5 'Lh Mi llili,t S!iii lti pt), ti it 'iif,tioimt, iiIt ill i ol V tl, (2) molle 
u .i-H icioni i Vti l't irr.i ticit : Ii di (i(l Ii lllilwi t finei t r icide Ipplica

riii sl, I wdit;io i i lipi (tl ll i wlii, t;iiiI iisti c sli i s indt (4)r0, 

& Wlt:q (('d % i tlhout lS t'd ' \i(l O:;t.
 

f IWit 10, 11ui<!Iio ii Mi, 0 , L 'ri i ,iil Jl.V I tii lof, 'lt t or tCrtiolil,
 
Lill(i ! ':;'.;i(lll Lic~aolnini/( t w;~i dI i~ltol cirlorllolk}licil dnfolllatioil anld,
 

tillow inliaoilreil iU2i7tro513.s I i.t, [i1it1iih of pllt 
I {ih )loltillil.li, )!o ! , "v ' i t'[W(t M i t :1 I~i ) ttIM I t i il .l I h [It tiCturo 

is nlow iti 1 Llt ls( t C0nI l M iy~l pc~~fl.'. ill t llOCet ' tS (for 

ivh , Cllwlt 

t us '!iC;{ll Wrnit 

i)ll peLsts) int") ovcid~l ('It'll Ilm 1iI1(j(-] I i tI 'S ,II it) W itlh C muolin i. 

NOr[-S 

.J H. Hrijdhfw, J1 itltd J. VW,Vall Dtiyn'l, D~ept, of tOitorlo!ogly, North Carolina 

State Univ., iahigh, NC 27t,50. 
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ROLE OF PHOMOPSIS SP. IN THE SOYBEAN SEED ROT PROBLEM 

A. F. Schmitthenner and K. T. Kmetz 

Soybean seed decay and poor seed quality have commonly been attrib

uted to ,he pod and stem blight pathogen, Diaporthephaseolorum var. sojae 

(Dps) (5,6, 12, 16, 19, 20, 21, 22, 24, 27). and the soybean stem canker 

pathogen, D. phaseo/urum var. caulivora (Dpc) (16, 24). A third inciting 

agent, an undescribed Phonopsis sp., generally has been overlooked or con
sidered to be a Diaporthe sp. based on cultural and asexual characteristics. 

Lehman (20), Lutrell (21), and Hildebrand (12) have described non-perthecial 
isolates of Phomopsis. The importance of an imperfect Phomopsis as the 

most prevalent component of the soybean pod and stem blight and seed 

decay complex was emphasized by Kmetz et al.(16). The importance of 
Phomposis in the soybian seed decay complex has not been evaluated. Until 

recently, attention has been focused on distinguishing between Dps and Dpc 
(4, 12, 24) and the identity and role of the non-perithecial Phomopsis isolates 

from soybean was neglected. 

DISTINGUISHING CHARACTERISTICS OF PHOMOPSISSP. 

Imperfect soybean Phomnopsis isolates can be distinguished readily from 

Dps and Dpc on acidified potato dextrose agar (APDA) (17). Single, alpha 
spore isolates produce dense, fluffy, white mycelium, turning yellowish green 

to brown with age. Erumpent, multi-chanbered pycnidia develop in dense, 
carbonaceous, pulvinate stromata. Pycnidia with prominent beaks are pro

duced in old cultures. Alpha spores are extruded in agelatinous matrix from 

the ostiole but beta spores are rarely found. Perithecia never develop. Stro
mata are very well developed, frequently extending under the entire culture. 

355 
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Isolates of Dps pro(duce colonies of loose-growirg inyCeliurr at fiist 

white, tlhen turngi dill orMarre to pink and Ioosey Unitinil into strlnds. 
Myceliulnl 111i iejrl i)ncorllu dhk in tIe unrirsi'le witih ifo. Sirnl' ;rycnidia 
wIth slighstly irortoiing l,,ks {oi 0 ill e l5Il iatI strriirim. Multitbeakedt 

pyCliid;, C;:M rL fht' rMrJillOld I:,ltrrrrS, IUt thire bn ks i'vr l 0do1 rJate. Per
the(: id , (olL1dW O ft1 1(il0Olih eithtil Si (t1y or illt1i (illll(j py:nidia.1 (1 wiitlh 
IniSCUh)8tln h liht is irrl/otirt tof peritr.iir production. 

white al11 frerltirrl0 furrrrr di(nise strmrnls or tuf:; with ota.Pycridtla forml in
freqtuerntly arltareil ljlly sl itf. Pl" ithtTcid iir t s SS((:te( w ithr foIlr lU~t(';S 
pJyCnii(Jia 01rill rlyCil iLlts Wn010 esrittiXs ;;d l li tt Alpha spoes of 
11he fHhoro)SiS si).arid OS Lr. slit1iiir ' d ties Of ips and Dpe. 
PhotMOl)SiS IrOlOnlt:t;s.o iitiir/ ift, riftri ;Jrtr,itiii sieten successive trans
fers, Wht;Irt pSrs n"rll'sIlslii rrni )il Stf( Iotatstr'ts with successive 
SUli)CulttI ith]l, 

"
PREVALENCE OF P1tOMOiPSI IN SOYBEAN STRAW 

Phomrops " sp., [/ ,'Ind JI 111 aI lar ho tlild hl%(.Cidtod with mnature 
";oybealln sl ow (16, 19). P,'nomrop.l wa isol;te'd Iolw bqilertly than Dps 
and Dl)C. It wvs isolated from 92",. of 1,200 pycniidia frol illature soybean 
tissue and DpS treor 83%. -hom;ropsis wais ieconvtlen froms tire (elatihous spore 
matrix or tire ttrtiie sporoi i ) of ill rlumrperint, beaked and sninetiriies multi
raireinrbeled
pyclidia Slrirpled, whilr 01s was obtained from sublobose pyciid
iawith sholt, rotinde d to (OnicAiI f)reks. Occasionally, beta spores were fowi'I 
inDps pyCoidia hu never ilrthose of il!Phooopsis 1;.Pelritleca were In
dUCed to forl onialtue sOyheail stlaw fry p!-tjil stem sections io moist 
cfsanibeis for 30 or inore days ittire end of the uIrowing season. Of 200 cul
tures obtairled fromr tfhese t)rtlhecia, 97% were Ops and 3% were Dpc. PeNi
thecia also were ohselved our soybte<n stemns that had ovewintered in the 
field. Out of 72 sinile asco'.runss oliauned from six perithecia from each of 
four stems, 69 wer e Dpc and three were Dps. 

PREVALENCE OF PIOMOPSIS iN SOYBEAN SEED 

In Ohio Knretz reported that Phomopsis was the most prevalent soy
bean seed fungus (15). It constituted 77% of seed isolates compared to 18% 
and 5% for Dps and Dpc, respectively. Similar results were obtained from 
seed isolations in1977 (Table 1). Percentage seed infected with fungi was 
quite high. Phomopsis was the most prevalent fungus isolated; Diaporthe 
(Dps + Dpc),Alternaria and Cercospora were isolated less frequently except 
in one test where Cercospora was unusually high. Other fungi constituted a 
very small percentage of the isolates obt-iined (Table 2). Fusarium (F. acurni
natum and F. equiseti) was the predominent minor genus obtained. 
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Table 1. 	 Percentage funou infected soybean se d atid major fungi (percentage of 

total fungi) isolated from soybean setx in Ohio in 1977. 

l'tfI 1esI3 est 5 6t Ti 2 1e-t-1 TItst 

Number of scit:d ),600 5300 6,9)0 B.600 5,000 11,900 

Inftect!x.set / 9 3 0 63911 '13 9 '13 1 61 91 

Phoniopsis 75 '1 70.8 42 H 287 60 7 65.3 

Di.,porthe 8.6 1.6 10.1 I3.) 11.5 0.6 

Cotcospora 1.2 3.8 26. 1 4.1 1 11 0 5 

Alttnriria 13.4 14 6 1834 I A 151 3.2 

Others 1 .2 1.0 3 6 3.9 13 

Table 2. 	 Minor fungi (porcentago of lotal f ngi) and otter microorganisms %)iso
latod from soybian seet inOhio in1977. 

T;, l ust 2 1est 3 Test 4 Test 5 Test 6 

Perctentalt nettert ftLtll9 1 4 6.2 2.0 3.6 3.9 1.9 
FusaIwo 11 30 50 25 47 48 

Col .,titt chut 0 11 13 5 3 6 
Cha'tornnl 1 22 5 3 22 7 
Epc ccnlfy 1 0 4 10 5 4 

10ihocton)i 1 2 4 9 3 7 
Niqiospora 0 0 1 4 3 4 

3acteoia 0 9 5 2 1 2 

Others" 80 26 18 42 16 14 

:1jlrltles AspterPllus sp., Botryodiplodia sp , Cladosporium sp., Macrophomita sp., Peni
vi//iurin sp., and Tric/iodernasp., as less than 1 %of minor fungi and unident;fied fungi. 

Thue imperfect Ptohimops sp. also tiay be the most prevalent seed decay 

fungus in other soybean qrnwtng areais. The literaltire isdifficult to evaluate 

on this point sincte mcst reports refer to DI's as the -chcat;eed decay patho

gen and do no,. indicate ifisolates obtained were identified on the basis of 

perithecia pro.luccd o1 thse impelfect Phomopsis stage. Lehman (20), Lut,'ell 

(21) and Hildebrand (12) reported Diaporthe and imperfect Phornopsis types 

from soybean. Kilpatrick (14) found Phomnposis sojae to be a maJor soybean 

seed fungus, but itis not clear whcther this fungus was different from the 

Phornopsis sojav described by Lehman that is now called Dps;. Ross (25) re

ported on a Phomopsis similar to Kindt/ et al.(16) inNorth Carolina. Ellis 

et al. (10) teported on the occurrence of similar Phoinopsis sp. on seed of 

several legumes in the tropics. Comparisons of Phomopsis isolates from soy

beans from different sections of the USA and different parts of the world 

need to be made before the relative prevalence of Phomopsis, Dps, and Dpc 

on soybean seed can be determined. 
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VIRULENCE OF PHOMOPSIS 

Neither the imperfect Phioosisssp. nor [)ps produc, symlpt(,rmls oft 
vigorously growinq plarlts altu'ouh oci(:CSinionl isolat;s were iound by K-netz 
(15) that produced stein canker-like symptoms. Generally, only Dpc isolates 
consistently producLe typlicd steir culker in 7 wk old iroctJlated soybeans. 
Both Phomnopsis sp. and L)is folio inows of pycnidni on mttLre soybean sterns 
(pod arid stem blight syniptonis), whereas Dpc only pii(;liced perithecia arid 
only oii oviwinterd stenotn According to Kiietz (15) who used the tooth
pick method of iroiuliat io, Phluno'/s rotted more gi.ell podls than Bpc or 
Dps, antd Phoniops/s and Dpc lttd n ole (ren and mature seed than Bps. 
Also, Phoolpss sp. and fOpt were capable of 'ottitrj mature soybean seed 
before they g]riioail, while Dps colonized germinated seed after the radicle 
had formed Geiminatiori was arrested by all three fungi if seed were placed 
on APDA en'tores to 48 hr prior to iilantiiig in soil. Percentage survival Of 
Dps iife!etfd setd ligfs was higher than for Phomuopsis sp). or Dp infectud 
seeitiliils. We hvie ::omirled these resIlts bv WOUed mnoculcting iature 
soyltieai, seed with locks of egal cuItUleS JlWe tIhP seed had incubated over
nighlt o) weVt tilte' iapet. Phomops s, Ipr', Dps, Fitsritlinand NIV.rospora are 
virutlent seed j},ithc(tiis. -er0 iatin il toeresses further hefoie seedlings are 
rotted when they ire infected by C)ps than by Phomuopsis anid Dpc. rDhoniopsis 

sp. and Df.s are virulent only oii develolimg 01jerol nii ati101 eud. Ph/'.,rjopsis 
may be mine virulenft tham [)p),;. 

DISEASE C\CI.E OF THE PHOMOPSIS SP. 

The lisease, cycle of the imlerfect Photnopsis sp. may differ fronm both 
Bps arid Dpc (15, 19). The Phomopsis sp. overwinters on pycnidia on soy
bcan slivaw having the characteristic symptoms of pod and stem blight. The 
followin spring alpha spores oo/t- in a dense matrix from mature pycnidia 
and are splashed onto young plants where latent infection occurs. Later in 
the season, alpha spore inoculum from overwintered pycnid;a is supplement
ed with secondary incocIfum from pycnidia developing on fallen cotyledons 
and petioles. Latent infections of young pods occur. As the pods mature, 
Phomopsis spreads from the pod wall to the seed, especially under wet condi
tions (25, 26). Colonization of the seed coat and seed decay occurs. 

Pycnidia of Bps are Much less prevalent in soybean straw than those of 
the Phomopsis sp. Both Dps and Dpc may produce perithecia on overwin
tered straw, but they are much less evident than pycnidia. It is not yet. com
pletely clear how much of seed infection from Bps originates from ascospores 
or alpha spores. The distribution of Phornopsis and Diaporthe on soybean 
plants may be different (18). Phomopsis was more prevalent in seed on the 
lower parts of the plent, while Diaporthewas more prevalent in seed on the 
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upper parts. Thus there isevidence that Phoinopsis and Diaporthe ii10Cr] urn 

may not be ego all r 	 the glowing season.lesalnt throughout Iypilcal Pio

rnopsis distribution data ohtained from an aerial spra y test in Ohio in 1978 are 

prese nted inTable 3. 

Percentage 	seed lnfect,'ion with L)nporthe as wll as Pho,'rroosis becomes 

progressively higher as harvest is delaycd (8, 15, 16, 28i Somrces of the late 

infections are not yet established. They could comie fiorn u: ir(matrion of ma

tore pods by nryceliuM from Iatore ste[Irs after latent ifWectious be{ole aC

tive when the plants die, from activation of latent infectious in the po(s (19), 

or from splashirig of spores trorn plMnt dhbris olnto seed throL{.)gh cracks in 

d(terioiating pols' valls (5). 

CONTROL OF PHOMOPSIS 

Crop Rotation
 

Ciop rotation aid residLureirnlaie eritcan influence the severity of 

Phomopsis seed infection aind base beor ;ecomininmded for control of pod and 

stern blight (I). Ircvbnce of P/oirnsia iinsne(l wcs lcss in soybeans foilowing 

corrr tharr iilsoyhealls tlowiriq sy!)earrs illfoul locations if- Ohio (15). 

Cr01o history had rI)o ef''cl on werf infctini with Dps exept whir harvest 

was dely'd 2 nritrhrts Ir111, )rs was friliher Ill ifmflMI i >ylWrrs f0olowing 

cure thfrri un .oyy!homr illIoiro] .oyiixis L.,vtls I),'s did iot exceed 

3G ,.iii this t-,st wvllihe ! s irrc t urg /() - -fuS, ter e is cvi,iouiops rard rt,, 

Pence tint the efifect, of frotaion W iCR of Ph,/n ; arid.,n: D.s are differ

olit. Prolrousl's rtild solmt'd nlor' h eklioitly frorrr sovl,!Iar straw leit, 

coverend trori w hs of siyheari hollowinl soybean than frominpliw)"ellot 

plowed l)l,)ts that iiihtcia of Diaporttr could be indLCed to form 1rut it c 

on soyhrir stiriV tTcevted from1falI-plowed than from stprig-plowed or 

Irlplviw o; i(15 . 

Tablr 3. 	 Distribution of Phomupsis infected weed in soybean plants sprayed aerially 
with Benlate in1978. 

Top Middle Bottom 
Treatment 1/3 of Plant 1/3 of Plant 1/3 of Plant 

2a
None 	 4 

Benlate 	 3 7 21 
(two0.45 kg/h ahcijx ns) 

Benlate 5 7 23 
(one late 0.9 kg/ha application) 

aMean OTfive samples of 200 seed each. 

20 
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Ripening Under Dry Conditions 

The (iseas, ca..d iy Phoi),psis, Phomopsis seed Ife(:tion, can be re

dU tld Of elIdt, o if ,Ott brS Inature u-idh: dry cond itioHs. The effect of 
eryironin'nt (hli ,; mtl atu1ratiOl Was first noted by L hnt.rit 120 . rliti 

tem atLr.id itfutoirtnly Septellfettf Octtob r inl Idianla fu;vo fL.bLnlqIt rifd 	 S 
deWvIoilOlw!lt j'I ltd (,"H) -'viw Phuoliosis inlctiorwi of seed iln North Caro
lina .as ,tiirmi lor.i; I i rltatu'd 'lots (25). Stiilke; (25) Studied the 'fb(cts
 

of llololtin' jil tillm , r~lilft' ,ndeoe r( le l' iI !o,,th chambers. The c(lViiOIl

,, I, 1 orl tiecr" titln 	 icart seednie tal v rit ,, 1t ' e ttaije (R6). Signit 

rfieCtion sst Oi il "I a hoth i qh (33 dr;v 2il cijht) and :ow (26 (lay 
16 iight) t+il p i . if the r1,.:v titimidi ty was hiqh (90 ) but at neither 
te(tp I:IAtu i , i til rK'fltf hlr it , w c; low (40"). Moistture, dorrrll t ip)etiing 
appalfIilrt 	 r' HiiM l t,l tlil l thafi eiifper ttiire. GI owilg pidgeof pea in a 

, :o(mu 	 IhuitOl)siS(ly weirw Putr t ,;i, fwufirlilY I NilCti sPmed iufection
 

(11). T is ppr I ch t i i iiw; )o sI : Ci ;til l i SOyIuaiH Of-iight 1e useful in areas
1 
,w itI d ist in 	 t 't , :,misui Uii rift lii soyfedrtI iilt I I,,IrI 110',tCihh t) 


seed ptod :iion itie', i tilt, LJ.S
 

Late Plaitirni rnd Late Coltivrs 

In hufllli, teii te ! Some NoUjirCIts,, ill ieduituinq Phoniopsis seed
 

infctl o hu ,i tr Idle cLilivars 0t eatrly cLiltivars late
hl w,iii jldm idr1initi 

so t1i:it S i ,iuiI , it' ill th so i 1.1, 23) SteL i irfctCio I ill all early 

,ttrinrfg t iti,rr, Ar:,: / 1, le t I,,vd liOni /10', t( 10, wher the plant

imlj date wii, hir/ r , ,t Mx,' !o 14, t.itj,,1 ! Ohio (ib). Plnltirt (ail had 

i1o effect on I rl tijrlh ill i tti lit' I I turrilo; .tltivair VvII!iarcs and elcen

tage soteed irfit,tnl iwVir :teerrdl r 2'". NO piaritil1 (uate effect was noted 

with Dps, in ;iciitt infection wa uniformly low. A typical maturity 
response lit so" rwan to) P('fIopI;S sit11 inftCtiOI rs sitrIrtlarizet iii Table 4 
(Jeflers and SO 1itthenrri inro:lished ). Wilco× it al. (28) rave suggested 

that cooher temp ratUr, lite In tiht tall irhibit colonization of seed by Dps 

but Spilker (26) vwrs riot abe to show a large low temperaturre response iii 
controlled environrr. it te'sts. The mechanisn by which soybean seed matur
ing late i ilrhe season Srae Phomopsis seed infection still needs to be deter

mined. 

Table 4. 	 Effect of soybean , 'fltivar maturitV on percentage moldy seed, Phomopsis 
seed infection and 5 -d gormination. 

Cultivar Days to Maturity MOIL ' 1e ed %) Phomopsis %) Germination %) 

Amsoy 71 124 59 83 6 
Beeson 127 35 71 14 
Wayne 134 14 46 44 
Williams 140 9 30 30 
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Delayed Harvest 

The effect of delayed harvest on seed quality and seed infection with Dps 
has been well established (8, 28). Kmetz et al. (16) have reported a similar 
relationship with Phomopsis sp. The biggest increase in seed infection oc
curred between the yellow pod and m3ture pod stages in the early maturing 
cultivar Amsoy 71. Thus, significant seed infections may occur before soy
bean seed are mature enough to harvest and prompt harvest may not com
pletely control Phomopsis. 

Resistance 

Several sources of resistance to Dps are known (3, 13). Resistance to 
Phomopsis has been found in maturity groups VIll, IX, and X. It is possible 
that resistance to Phomopsis seed infections occurs in all soybean groups, but 
care must be taken to separate out environmental and maturity effects before 
such resistance can be evaluated. 

Fungicide Sprays 

Control of Dps and Phomopsis in soybean seed by foliar application of 
Benlate has been reported (7, 8, 25). Phomopsis sp. in soybean seed also can 
be reduced by foliar sprays of other fungicides, and seed germination can be 
significantly improved. Results of 4 yr of spraying for control of Phomopsis 
in seed and improved germination in Ohio are summarized in Table 5. Sever. 
ity of Phomopsis varied each year. ;ungicides were applied at stages R3 
(young pod) and R5 (green bean). Benlate was most effective. Other fungi
cides decreased Phomopsis seed infection and improved seed germination 
some years. 

Fungicide Seed Treatments 

Improvement of soybean stands andryields from fungicide seed treat
ment of poor quality seed has been reported. In Volume 33 of Fungicide and 
Nematicide Tests (2) there are seven tests summarized. Alternaria, Fusarium, 
Dps and Phomopsis are variously listed as seed-borne pathogens in the sam
pies tested. In our tests in Ohio, the effectiveness of the seed treatment has 
been related to the severity of infection. Results for 1977 and 1978 for two 
different seed qualities are summarized in Table 6. It is concluded from these 
data that common seed treatments improve emergence of Phomopsis-infected 
seed and that plants from Phomopsis-infected seed can yield as much as 
plants from uninfected seed. 

SUMMARY 

An undescribed Phomopsis sp. is the most prevalent soybean seed decay 
fungus in Ohio and probably elsewhere. Dlaporthe phaseolorum var. sojae 



Table 5. Effect of foliar apolication of fungicide on percentage Phomopsis seed infection and seed germination in soybean. 

1975 1976 1977 1978
 

Rate Phomopsis Germ. PIornopsis Germ. Phomopsis Germ. Phornopsis Germ.
 
Fungicide (kg/ha) (%) (%) (%) (%) (%) (%) (%) (%)
 

None - 71 33.0 49 74 44 552 5 a 38 
Benlate 50W .45 6 80 0.5 71 39 70 12 85 

Bravo 6F 1.2 10 69 5.8 78 60 54 12 79 
Difolitan 1.8 11 62 13.7 76 57 54 61 54 

Duter .45 15 81 8.8 74 73 45 52 42 

Mertect 340F .45 12 83 0.7 71 67 54 56 48 

LSD (p = .05) 6.8 8.9 4.4 6.9 8.5 13.3 16.1 17.4 rn 

aMean of four replications of 100 seed each. 

C3 
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Table 6. Effect of fungicide seod treatment on stands and yields of soybean from good and poor quality sead. 

1377 1978 

Good Quality Seeda Po.r Quality Seedb Good Qr'ality SeedC Poor Quality Seedd 

Stand Yield Stand Yield Stard Yield Stand Yield 
(%) (kg/ha) (kg/ha) {%) (kg/ha) %) (kg/ha) 

None 55 3,200 43 2,700 86 2,700 43 1,900 
Captan 91 3,600 66 3,100 83 2,800 74 2,600 
Thiram 84 3.500 67 3,300 85 2,700 68 2,500 
Vita vax 200 83 3,700 66 3,300 86 2,700 74 2,800 

= LSD Stand (.05) = 9.5% LSD Stand (.05) 8.5% 

LSD Yield (.05) = 450 kg LSD Yield (.05) = 335 kg 

aSeed germination 90 %, Phomopsis seed infection 8%.
 
bSeed germination 62%, Phor-opsis seed infection 37%.
 
CSeed germination 95%, Phomopsis seed infection not tested.
 
dSeed germination 55%, Fhomopsis seed infection 63%.
 

eMean of four rows 6 m long, spaced .75 m, planted with 200 seed/row.
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(Dps), the pod and stem blight pathogen and D. phaseolor,m var. catilivora 
(Dpc), the stem arnd canker pathogen are less prevalent. lhe Phonopsis sp. 
diifers frorn the latter in the ahsence of the perfect stage (perithecia), pres
ence cf distinctive beake(d iycnidia il old Cultures and soyeoir sterns, exten
sive stroma dlevelop ent and distinctive rrrVceitirn on acid FDA. Phomopsis 

can rot developi( :ind (lerinhl;tilI seed tut is latent in giowinig plants and, 
frequently, in niat Mr!'i. It persiStS as Iycnidia in soybearn Straw aid nlay 
form secondary illociMloi o1 fallen cotyledons and ipetioles. Pholrropss forms 
lattnt infections ill young. [onis, irinarily oil the lower half of the plant, from 
where it colonizes sUed astiey ilattlr- nIter wel Conditiors. Both -jBc and 
Dps form tperitincia on overwirter en straw anid ir! found more frequently oil 
seed from the top third nl i)lanrts. Phoinopsis seen infection can ihe reduced 
by controlling inocuurim through rotation an( resiriue rmlanagemeint, ripening 
soybleans inlder dry conditions, ilaet)Irg late ctlltivars or planting early culti
vars late so that tihe crop nrratntres Li:te in the fall, and atpplication of fungicides 
such as Benlate to pnds when they we 1cIur long and again at tire green bean 
stage. Delaying haivest ilerinass PisorriOtiSiS seed infection. Some sources of 
cultivars that are resistant to plod ant sten iblight have been teported that 
may Ie resistant to Phoinopsis. Fungicide sced treatment will irrprove stands 
of Photropsisirllected seerd art irevent yield loss. Moe work is needed on 
identification of Phos'opsis sp. frorri soybeans arrd other seed legumes from 
U.S. arid other countries to deterrrine what species ale involved arid if all can 
be controlled in tihe sarti marner. 

NOTES 

A. F. Schrtitthenneri , l)i rtoeni rt ot Plant Pathology, Ohio Agricultural Research 
and Development Center, Wooster, Ohio; ard K F. Krietz, E. 1. DIu Pont de Nemours & 
Co., Colubhis, Ohio. 

Jo jrnal Article -No. 49-71) of the )hi Agricultural Research arid Development 
Center, Wooster, Research funded inl part by the Ohio Sued Iprovement Association 
Research Foundation, Dublin, Ohi'r. 
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RESEARCH ON PHYTOPHTHORA ROOT AND STEM ROT:
 
ISOLATION, TESTING PROCEDURES, AND SEVEN NEW
 

PHYSIOLOGIC RACES
 

B. L. Keeling 

Root and stem rot of soybeans [Glycine max (L.) Merr.! caused by
Phytophrhora megaspera Diechs. var. sojae Hildeb., can be one of the crops' 
most destructive diseases. It is most severe in low, poorly-drained, clay soils. 
In the lower Mississippi River Valley alone, there are oter two million ha of 
alluvial soils where phytophthora rot can cause a severe reduction in soybean
yields if susceptible cultivars are grown. Recently, it has become evident that 
natural populations of this pathogen are made up of numerous pathogenic or 
physiologic races. My comments will be limited to experimental techniques 
that worked well for us in thu study of this physiologica: pecia!ization and 
the testing of breeding materal for resistance. I will also present evidence of 
seven new races of this pathogen. 

ISOLATION OF THE PATHOGEN 

The pathogen may be isolated from infected soybean plants at any
stage of growth. Small pieces of infected tissue taken from the edge of a 
diseased area are surface disinfected for one minute in an aqueous solution 
containing 0.5% sodium hypochlorite and 10% ethyl alcohol and rinsed in 
sterile water. A layer of selective medium is then inverted over the pieces of 
infected tissue in a petri plate (3,8). After 3 to 4 days incubation at 22 to 
24 C, uncontaminated isolates of the fungus may be transferred as it grows 
through the selective medium. The selective medium consists of 40 ml V-8 
Juice (Campbell Soup Company), 0.6 g CaCO 3 , 0.2 g yeast extract, 1.0 g 
sucrose, 10 mg cholesterol, 20 mg 50% benomyl, 27 mg PCNB 75 wp, 100 
mg neomycin sulfate, 30 mg chloramphenicol, 20 g agar, and 1000 ml water 
(7). All ingredients are mixed and autoclaved for 20 minutes. 

367 
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TESTING PROCEDURES 

The two methods used at our research station to test soybean cultivars 
for resistance to l)hytophthora rot are hypocotyl puncture and hydroponic 
culture. Inoculrum for both methods is produced by growing Phytophthora 
megasper[a v rH. a seniisolid corn meal medium (2.5 g Dilco cornsoiae in 


neal aqar in 100 rnlwater) tor 10 days at 20 C.
 

Hypocotyl Puncture 

This inoculation method is a variation of the technique described by 
Kaufman and Gerdemann (4). It consists of dipping a spear-shaped needle 
through a cuL!ture of the fungus in semisolid medium to pick up strands of 
mycelia. The needle is then inserted thogh the hypocotyl of 10-day-old 
plants approximately I cm below the cotyledons. The strands of mycelia are 
deposited on and with in the wound when the needle is withdrawn. Inoculated 
plants are placed in a moist chamber for 16 to 18 hr and then transferred to 
a greenhouse bench. Greenhouse telperatures are maintained at 22 to 24 
C. Susceptible plants are kiled within 4 to 5 days after inoculation. 

Hydroponic Culture. 

Seeds of cultivars to he tested by this method art: germinated in vermicu
lite. When the seedlings reach a total length of alipioximately 10 cm (4 to 5 
dlays after planting), they are transferred to holes 5 mm indiamether punched 
50 mm apart ir) sheets oi styrofoam 25 mm thick. The styrofoam sheets are 
floated on a 25%Hoagland' s nutrient solution approximately 15 cm deep. 
Two days ater the seedlings are placed in the styrofoam sheets, a 10-day-old 
fungus cLiu.ure growing in semisolid corn meal agar is added to the nutrient 
solution at a rate of 100 ml/10 liters of nutrient solution. The test is then 
shaded wizh brown Kraft wrapping paper until disease svmptoms begin to 
appear (3 to 5 days). The plants are classified as dead or alive 7 days after 
adding the pathogen. These tests are done in a greenhouse with a night tem
perature of 21 C and aday temperature of 21 to 30 C. 

PHYSIOLOGICAL RACES 

Physiologic Race De.ermination 

Physiologic races of P. mnegasperna var. sojae are identified on the basis 
of their virulence or nonvirulence on individual cultivars included in a set of 
differeitially resistant or susceptible soybean lines. These differential host 
cultivars are Harosoy, Sanga, Harosoy 63, Mack, Altona, PI 103091, PI 
171442, and Tracy. They were selected by a group of pathologists and 
breeders at a meeting held at Harrow, Ontario, in 1976. 
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Nine physiologic races of P. megastwrna var. sojae have been reported. 
The first o11te (111 ,ds tdlSi'lna,td race 1. SuLbsequentl ,, race 2 wasiccodjni;'ed 
recogniized in 1956 (6), face 3 in1972 t9), race: 4 n 1974 (10) races 5 and 6 
in 1976 (2), and ices 7, 3,and 9 in 1977 (5). Of the 9 aces desciibed pre

' 
ViO sl! ,on I iCts , ,,alli I hjVe beell ttlld in the Mississippi Rivet delta 
afea oi Mississippi, .11k ioas and1 Lonisiaia. Hko',tvte ,SeVtll new villent 
Stlia'IS hJVt' be It)ecvetet fTolmsobe)'n)s it' Mississippi .:Mdai,tiiointlOtd aS 
races I0, 11. 12 II,13 , 15 , an 1)( . The; i eactioil and those of tie 9 ik s 
descited pi'vVoush, it listed n Table 1. Races 10 thliough 14 were isolated 
fro) so bhedil. oLwn o11 l1 Delta Bianch E\peilent St1ion at Stonevilh, 
MS, race 15, lon' sot,01ea mi 'It (1o031Swifm,terI, MS, 16 frommen indrace 
soylbel illclAteYil tll l1lo1t at the Delt, a1nd Pine, Lind Plantation at 
Scott, MS. 

These ne, iaces v,etc, idet liehd u;sirlgthe hypocotyl inc0tulation tech-

Table I: Physiologjic ra,:es of I'll,, hthwt/,i rhwwaser. var. sep1 . erom so,;1eans. 

tferertalso t Ract, 

Cultivar 1 2 3 4 5 6 7 S 9 1U 1 12 13 14 15 16
 

Harosoy S S S SS S ; S S H S S S R 

SaRa a S R It 1t' In S S S 8 R R S 
Harosoy G3 R . S S S S S S S R R R R RR R 
Mack R R R S S1R tR R R R S R S 
.Altona R R R R S S S S S R S R S R R R 

P1 103091 13 R R R R S R S R R R R R R R R 

P1 171442 R R R R R S S R 1R S R S R R S R 

Trac, R RH R Rl R I13R S S R R R R 

aSynbols: S :susceptihl;, and R - esisant. 

NOTES 

B. L. Kteei nq, S'.bean Pioduction Research, U. S. Delta States Agricultural Re
search Center, Storeville , Mississippi 38776. 
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ECOLOGICAL FACTORS AFFECTING WEED COMPETITION
 
IN SOYBEANS
 

C. G. McWhorter and D. T. Patterson 

In 1976 the losses caused by weeds in soybeans and the cost of their 
control amounted to about $1.3 billion annually (58). Weeds are estimated 
to cause a 10 to 15% reduction in yield and quality of soybeans, which ac
counts for a loss of more than $350 million annually. Farmers treat about 
80% of the planted acreage with herbicides, at a cost of more than $400 
million. Farmers also spend more han $550 million annually on cultural 
weed control practices including seedbed preparation and cultivation. With 
inflation conservatively estimated at only 10% since 1976, the losses caused 
by weeds in soybeans in 1979 will exceed $1.5 billion annually in the United 
States. 

Weeds cost soybean producers more than do all other pests combined 
(58). The excessive cost caused by weeds is largely due to the comp!exity of 
the weed control problem and the lack of selective cost-effective techniques 
that permit farmers to control weeds efficiently. This chapter summarizes 
the present weed problems experienced by American soybean producers and 
the major factors affecting present and future weed problems in soybeans. 

PRESENT WEED PROBLEMS 

More than 60 individual weed species infest soybean fields in the U.S. 
Mdjor losses are caused in all regions by annual broadleaf and grass weeds. 
Perennial weeds including grasses, broadleaves, and sedges are increasingly 
troublesome. In this section we provide common characteristics of existing 
weeds, summarize the level of competition normally expected from some 
of the major weeds, discuss the extent to which American producers have 
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been able to control weeds in soybeans, and provide examples of recent 

ecological shifts that have occurred with weeds in soybeans. 

Characterization of the Present Weed Problem 

The major weeds infesting soybean fields in the U.S. that were described 

by Wax (85) are list..ad in Table 1. Sixty-two % of the major weeds are di

cotyledons while 38.% are monocotyledons. Sixty-five % of the major weeds 

are annuals while 35( are perennials. Fifty-five % of the major weeds are 

exotic in orighin while only 45% are native to the U.S. Allelopathy has been 

demonstrated in 541 of the n,.;or weeds in so,'beans (Table 1). As will be 
discussed later, plants with the CA dicarboxylic acid pathway of photosyn
thesis are much more efficient it. arjrbon-qaining capacity than are the more 

common C3 plants (8). A surprisiily hi(ph number, 93%, of the grasses listed 

as major wee(l s iii soybeans ate , 4 plai ts; only quackgrass is a C3 plant. Con
versely, all of the dicotyledons lisied are C3 plants except p)igweed. 

A summnary of some of the characteristics mentioned above for the 

major weeds in soyheans versus similar characteristics for the world's worst 
weeds, as listed by Holim et al. (30) is presented in Table 2. Seventy-two %of 
the world's worst 18 wee(s are monocots as compared to only 38% of the 
major weeds in soyheans. Also a lower percentage of the major weeds in soy

beans are pterennial, have veqletative reproduction, have rhizome production, 

and have C4 photosynthesis than do the world's worst 18 weeds. Compari
sons of this type suopjest that tlhre are many other highly competitive "weed

y" plants throuqLhou t the world that have not been introduced in the soybean 
fields in the U.S. 

Hoin et al. (30) list 34 weeds that are considered "serious,' ''principal," 

or "common" weeds in soybeans in various regions of the world. Of these, 
the following 18 are riot included by the list of Wax (85): Ageratum cony
zoides L.; Commelina henghalensis L.; Cyperus iria L.; Echinochloa colonum 

(L.) Link; Eclipta prostrata (L.) L.; Equisetum arvense L.; Euphorbia hirta 

L.; Galium aparine L.; Heliotrophin indicum L.; hnperata cylindrica (L.) 

Beauv.; Leptochloa chinensis (L.) Nees; Leptochloa panicea (Retz.) Ohwi; 
Mimosa invisa Mart.; Mimo& pudica L.; Oxalis corniculata L.; Physalis angu

lata L.; Rottboellia exaltata L. f.; Solanuin nigrum L. Many of these species 
are already piesent in the U.S. and represent a potential threat to soybean 

production. The five weeds that Holm et al. (30) singled out as "serious or 

principal" soybean weeds through the world [Cyperus rotundus L., Echino

chloa colonum (L.) Link, Echinochloa crusgalli (L.) Beauv., Eleusine indica 

(L.) Gaertn., and Rottboellia exaltata L. f.J are monocots with the C4 -dicar

boxylic acid pathway of photosynthasis. 
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SOYBEAN LOSSES DUE TO WEEDS 

In1965 it Was Cstimated that w eds cause avrage annual losses of about 
17% of the potential value of the ciop (31). A oumber of improved and more 
efficient weed control practices have be n made available since 1965, but the 
average annual loss dje to weeds has probably not been ieduced appreciably, 
due to increased infestations of weeds tesistant to herbicides, local introduc
tions of new w(eds, and ecological shifts in weed populations. This review of 
.osses ('C to wccd,,vwill not he extCnsive because, other IeviewS ale availabie 
( 1,85,86). 

WrUds compteM atively' for ligjht, ntlrients, and moisture. They reduce 
both the (gurtity and (10.ality of the harvested product. The presence of 
weeds increases the icileni ,o)f diseases and insects and frequently hampers 
the efficient operation of equitiment. Unfortunately, the specific competitive 
effect of individual wTeds il soybeans is largely unknown, but reduction in 
soybean yielrs from weeds is well documented (85). 

The level of wed cormpetlition in soybeans is generally acknowledged to 
be (treater in the souLth'rn U.S. thao inthe northein produciing areas. Barren
tine and Oliivur (11) ret-ported that common cocklebur reduced soybean yields 
Up to 76% witlr seesonal competition. McWhorter and Hartwig (46) also re
ported re(?luced -)oybtall yields fy 63 to 75% but found that some soybean 
CLdtivars ConrpIleteId more effectively with cocklebur than others. In Georgia, 
HAmusr et al. (27) reported that rnixtires of common cocklelor and yellow 
nutsedge reduced soybean yields by 75%. Hemp sesbania reduced soybean 
yields by 60 to 80% (45) and sicklepod reduced soybean yields by 35% (76). 
Yield reductions of tile type retported may be higher than those experienced 
by many farmers; )Lt, even so, these research findings indicate the yield 
losses that occujr frIlLurntly in Ieavily infested spots within fields. 

In field research witf natural weed infestations in Iowa, yield losses 
were 6 to 27%, even with good cultural practices (67,70). Several annual 
weeds including pigweed, smartweed, velvetleaf, and foxtail were also found 
to reduc(; soybean yields by 10%, even when acceptable cultural practices 
were used (70). In Iowa, Staniforth (69) showed that giant foxtail reduced 
soybean yields by 25%. In Illinois, Knake an( Slife (33) reported that giant 
foxtail reduced soybean yields by 30%. 

The level of competition provided by individual weeds may depend on 
soil moisture levels. Relatively little research has been reported on the inter
action of soil moisture and weed competition, but Staniforth (66) found 
greater reductions in soybean yields when limited moisture was present than 
when adequate moisture was available. The level of competition provided 
by weeds is also related to the level of weed infestation and to the duration 



Table 1. Characteristics of the major weeds in soybeans in the U.S. 

Plant Characteristic 
2 

Photosynthetic 
Pathway Class 

Growth 
Characterislics 

Allelo-

Common name I Scientific Name C3 C 4 Monocot Dicot Annual Perennial Exotic pathic 

Barnyardgrass 
Bindweed, field 

Cocklebur 

Crabgrass 
Crotalaria 
Foxtail, giant 
Foxtai!, green 
Foxtaii, Yellow 

Echinochloa crusgalli (L.) Beauv. 

Convolvulus arvensis L. 

Xanthium pensylvanicum Wallr. 

Digitaria spp. 
Crotalaria spp. 
Setaria faberi Herrm. 

Setaria viridis (L.) Beauv. 
Setaria lutescens (Weigel) Hubb. 

X 

X 

X 

X 

X 

X 

X 

x 

X 

X 
X 
X 

X 

x 

X 

X 

X 

X 
X 

X 
X 

X 

X 

X 

X 

Yes 

Yes 

No 
Yes 
Yes 
Yes 

Yes 
Yes 

No 

Yes 

No 
Yes 
No 
Yes 

Yes 
Yes 

c, 

Goosegrass 

Jimsonweed 

Eleusine indica (L.) Gaertn. 

Datura stramonium L. X 
X 

X 

X X 

X 

Yes 
Yes 

No 
Yes 

Johnsongrass 
Lambsquarters 
Milkweed, common 
Milkweed, honeyvine 

Sorghum halepense (L.) Pers. 

Chenopodium album L. 
Asclepias syriaca L. 

Ampelamus albidus (Nun.) Britt. 

X 
X 

X 

X X 
X 
X 

X 

X 

X 

X 

X 

Yes 

Yes 
No 

No 

Yes 

Yes 
Yes 

No 

Morningglory, annual 
Morningglory, biaroot 

Mustard, wild 

;pomoea spp. 
Ipomoea pandurata (L.) G.F.W. Mey 

Brassica kaber (DC.) L. C. Wheeler 

var. pinnatifida (Stokes) L. C. 

Wheeler 

X 

X 
X 

X 
X 
X 

X 

X 
X 

Yes 
No 
Yes 

No 
No 
Yes 

ZI 



Nutsedge, purple 

Nutsedge, yellow 
Panicum, Texas 
Pigweed 
Pusley, Florida 

Quackarass 
Ragweed, common 
Ragweed, giant 
Redvine 

Sandbur 

Sesbania, hemp 
Shatterccne 
Sicklepod 

Sida, Prickly 
Signalgrass, broadleaf 

Smartweed 

Sunflower, common 
Thistle, Canada 
Trumpetcreeper 
Velvetleaf 

Cyperus rotundus L. 

Cyperus esculents L. 
Panicum texanum Buckl. 
Amaranthus spp 
Richardia scabra L. 
Agropyron repens (L.) Beauv. 
Ambrosia artemisiifolia L. 
Ambrosia trifida L. 
Brunnichia cirrhosa Gaertn. 
Cenchrus spp. 

Sesbania exaltata (Raf.) Cory 
Sorghum bicolor (L.) Moench 
Cassiaobtusifolia L. 
Sida spinosa L. 
Brachiaria platyphylla (Griseb.) 

Nash 
Polygonum spp. 
Helianthus annuus L. 
Cirsium arvense (L.) Scop. 
Campsis radicans (L.) Seem. 
Abutilon theophrasti Medic. 

X 

X 
X 
X 
X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

X 
X 
X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 

X 

X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

YLo 

Yes 
No 
Yes 
Yes 

No 
No 
No 

No 

No 

No 
Yes 

Yes 

Yes 

No 

Yes 

No 
Yes 

No 

Yes 

Yes 

Yes 
No 
Yes 
No 

Yes 
Yes 
Yes 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

No 

Yes 

2-

Cal 

(b 

TOTAL PLANTS 
PERCENT OF TOTAL 

23 
62 

14 
38 

14 
38 

23 
62 

26 
65 

14 
35 

22 Yes 
55 

20 Yes 
54 

1List of major weeds in soybeans adapted from Wax (86).
2 
Plant characteristics determined from a literature survey by D. T. Patterson. 

W 
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Table 2. 	 A comparison of plant characteristics of the world's worst weeds as listed 
by Holm et al. (30) and the major weeds in U.S. soybean production (86). 

World's Worst Major Weeds 
Weeds frorn in Snybeans 

Holm et al. (30) from Wax 186) 

Plant Characteristic I Worst 18 Worst 76 Worst 37' 

Monocot 72 53 38 
Dicor 28 47 62 
Perennials 44 55 32 
Vegetative reproduction 61 51 35 
Rhizome production 33 25 19 
C4 photosyn1hesis 78 42 62 
Exotic -- 55 

Allelopathic .. 54 

1Plant charactei stcs wete determined from a literature survey by D. T. Patterson. 

of competition as indicated in research on giant foxtail (34,35), cocklebur 

(11), hemp seshania (45), sicklepod (76), wild comimon sunflower (6), morn

ingglory (93), piqweeo (48), and wild mustard (12). These and other studies 

generally show that major competition occurs during the first 4 to 6 wk 

after soybean emeit'eIue. Soybeans become much more competitive to weeds 

at 4 to 8 wk after emergence, and soybean yields usually are [ot reduced if 

ade.(,ate control is provided for the first 4 to 6 wk even when weeds emerge 

later. 

Relatvaly few studies have been conducted to define the effect of soil 

nutrients as a limiting factor in soybean production in conjunction with 

competition by weeds. However, Verngris et ai. (83) showed that many weeds 

have a higher mineral content than crops and that weeds may be able to use 

minerals at the expense of crop plants. Increasing the fertility level may not 

overcome the competitive effects of weeds, because the increased fertility 

often causes the weeds to grow more rapidly than the crop (68,84). 

Heavy infestations of weeds in soybean fields at harvest interfere greatly 

with timeliness and efficiency of harvest (17,52,85). Weeds in the field at har

vest also result in reduced soybean grades (4,5). In Mississippi (43,44), com

mon cocklebur resulted in foreign matter content of up to 5.1% in harvested 

soybeans. At least 70% control of common cocklebur was required to keep 

seed moisture levels from exceeding 13%, Small discounts for damaged ker

nels occurred when common cocklebur control was less than 40%. With ade

quate control of common cocklebur, the estimated U.S. soybean grade was 

1.3; whereas, in the absence of control, common cocklebur resulted in a grade 

of 3.9 (4,5). In these studies soybean yields were increased by about 6% for 
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each 10% increase in common cocklebur control, and net returns to land 
management and general farm overhead nearly (oubled as a rsult of ade
(uate cocklebur control (43). Also, hemp sesbania was found to reduce soy
bean grades at weed pOpltlations that did not reduce soybean yields (45). 
Seeds of jiimsonweed, showy crotalaria, and morninilglory are often poiso-ious 
to both livestock and( iu mans. T' presence of these weed seeds in soy'bean 
Seed not only lowers grades but may prevent sale until the soybean seed are 
cleaned. Ti is is often , i tXliensive process. 

Relationship of Weed Control to Soybean Production 

Since 1968 there have been no national studies to describe the extent of 
the weed conlrOl problem il soylbeans and to establish the cost of weed 
control in soybeans (82;. The only curtent inforniation available that pro
vides insight into the falmels' ihility to control weeds in soybeans is in 
soybean growers' SurVeys cond)uctedt in 1967, 1971, ,isnid 1977 by the National 
Soybean Ciop Iliriovement Comicil (NSCIC) (49,50,51). These surveys 
indicated thmatweeds ctst'dtd greatel difficulties illsoy)ean prrLductioi than all 
of the othel pests combitedl. Fainier s aCkniwVl(tled that ilmlIroved weed 
control techlitques and herbicides have coittributed more to increasing 
soybean yields during] the past few years than have any other practice. Farm
ers pace weed conilrol lhilht aIt11o1i thei0 IIany l)riOrities ill soybean pro
ductiun. 

Thc surveys by NSCIC show that (30 to 70%(of the soybean producers 
do not feel that they obtain excellent w.ed co:ttlol wili the herbicides avail
able (51). The pecentag]e of farmners who obtain excellent control of weeds 
with herbicides has increased only slightly during the last 10 yr (49,50) 
(Table 3). The difficulty in ohbtaining excAllent weed control is lIrobably due 
to the large number of broadleaf weed species Iresint infarniers' fields. 
The farmers inlall 4 soybean productioi regions listed cocklebur, morning
glory, and pigweed (Table 4) as roost difficult to control ill the 1968 NSCIC 
survey (51). Many other weed species occur in all soybean Iroducing regions 
but apparently they were not sufficiently troublesome in each of the 4 
regions to be listed as difficult to control. The percentage of farniers in the 
regions who list cocklebur as difficult to control was higher in1976 than in 
1970. In the western and niidwestern regions, velvetleaf was also listed as a 
troublesome weed about 10% more fretuenitly in 1976 than in1970. 

The large number of different weed species present in soybean fields 
contributed to thi overall difficulty that farmers have inproviding adequate 
weed control programs (Table 4). Also farmers were unable to control in
dividual weed species, resulting in an increased level of severity in another 
weed that was not controlled. These so called "ecological shifts" contribute 
to the complexity of the weed control problem confronted by the farmer. 
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Table 3. 	 Levels of weed control in soybeans obtained by farmers in surveys con
ducted by the National Soybean Crop Improvement Council (49,50,51). 

Farmers in Each Region Indicating 
Level of Control Various Levels of Weed Control 

Obtained with Herbicides 1966 1970 197% 

SOUTHEAST 1 

Excellent -- 31 30 
Good 58 50 
Fair -- 10 18
 
Unsatisfactory -- 2 1
 

2
 
DELTA
 

Excellent 38 26 42 
Good 52 48 44 
Fair 5 21 9 
Unsatisfactory 5 5 5 

3 
WESTERN 

Excellent 32 40 40 
Good 45 44 38 
Fair 18 12 19 
Unsatisfactory 5 4 4 

3
MIDWEST 

Excellent 26 42 35 
Good 49 48 45 
Fair 19 a 9 
Unsatisfactory 6 3 1 

1 NJ, DE, MD, VA, NC, SC, GA, AL, FL.
 
2KYTN, AR, MS, LA.
 
3ND,SD, NB,OK,TX.
 
4 M0, IA, MN,WI, IL, IN, OH, MI.
 

Recent Examples of Ecological Shifts in Weed Populations in Soybeans 

Plants previously unreported either as weeds in soybeans or in rotational 
crops appear to be reported at an increased rate. Weeds thai are incidental in 
rotational crops are thus introduced into soybean fields where they become 
highly competitive. Newly introduced weeds include wild poinsettia (Euphor
bia heterophylla L.) (9,10), purple moonflower (lpomoea turbinata Lagasca 

y Segura) (18), Texas gourd (Cucurbita texana A. Gray) (26), and hophorn
beam copperleaf (Acalypha ostryaefolia Riddell) (63). Plants that are becom
ing increasingly troublesome as weeds in soybean fields that were originally 
present in other crops include fall panicum (Panicum dichotoniflorum 
Michx.) (55), jimsonweed (62), shattercane (14), wild cucumber (Echino
cystis lobata (Michx.) Torr. & Gray), artichoke (Helianthus tuberosus L.), 
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Table 4. 	 Weeds listed as most difficult to control in soybeans by farmers in surveys 
conducted by the National Soybean Crop Improvement Council (49,50,51). 

Farmers Listing Individual Weeds as Difficult to Control 

Delta 	 Southeastern Western Midwestern
4
2
1 	 States

3 States
Stateo
Weeds Listed as States

Difficult to Control 1970 1976 1970 1976 1970 1976 1970 1976 

Cocklebur 42 62 29 39 22 25 14 16 
Morningglory 20 6 9 14 4 3 5 4 
Prickly sida 14 3 -- < 1 . . . 

Johnsongrass 11 21 -- < 1 0 7 
Pigweed 9 3 14 9 8 6 8 2 
Hemp sesbania 5 3 12 13 
Nutsedge 0 3 .. .... 1 3 
Jirnsonweed -- 4 8 0 1 7 7 
Ragweed . . 0 5 0 1 2 2 
Sicklepod . . 0 5 .. .. .. .. 
Velvetleaf . . .. 28 33 22 34 

Sunllower .. .. . .. 12 6 4 4 
Srmartweed .. .. .. . 10 6 17 6 
Foxtail .. .. . . 8 1 7 3 
Canada thistle . ... .. 2 0 2 2 
BuIrnettle .. . 0 1 .. .. 

Devils claw .. . .. .. 0 1 . 

Other grasses .. .. .. .. .. .. 6 2 
Lambsquarters .. .. .. .. .. .. 3 5 
Milkweed .. .. .... .. 1 5 
W ild mustard .. .. .. .. .. . 1 1 

1KY, TN, AR, MS, LA.
2 NJ, DE, MD, VA, NC, SC, GA, AL, FL.
 
3 ND, SD, NB, OK, TX. 
4 MO, IA, MN, WI, IL, IN, OH, MI. 

beggarweed (Bidenr spp.), and firebrush (Myrica faya Ait.) (51). Shifts in 
weed populations also occur as a result of the continuous use of herbicides 
and from the use of certain crop rotations (1,13,16,28,38,89). 

Minimum- and no-tillage techniques for corn and soybean production 
have resulted in many ecological shifts. Even with the best herbicide prac
tices, weeds increase in severity with continuous no-tillage production (90); 
and weed populations develop that are resistant to the herbicides being used 
(22,29,36,7.). In no-tillagg corn Tesearch in Ohio, weeds that increased in
cluded common dandelion (T6:ax6-,1m officinale Weber), Canada thistle, 
common milkweed, hor'-nettle (Solanum carolinense L.) groundcherry 
(Physalis spp.), and tall ironwL *d (Vernonia altissima Nutt.) (79). A farmer's 
survey in Kentucky indic, d that many perennial weeds became much more 



380 Ecological Factors A ffecting Weed Competition 

troublesome in no-tillage corn (29). Perennials such as johsongrass and ber
mrudagrass (Cynodon dac*ylonf(L.) Pers.] spread so rapidly in no-tillage pro
duction that it generally has been conceded that no-tillage should not be used 
in fields infested with these weeds (37,57). Worsham (94) listed several pit
falls with no-tillage farming and emphasized that no-tillage production should 
not be attempted on land on which perennial weeds are established and e()
logical shifts in weed populations can appear quickly. It is primarily the in

to i l1 Weeds Oid that ate resistantability of fallnries wlt lolciii Wtied dllllalS 


to herbicides that irvents more extensive use of no-tillage production.
 
Johnsongi .Jss has been a major troublesome weed in cotton and soybeans 

for many decades and serves as an examlle of how a single weed species may 
undergo a series )f ecologicul shifts. Until about 1960, johnsongrass was con
sidered to be the worsi weed in soybeans in the southeastern U.S. It was 
tanked among the top 5 worst weeds il cotton, although johnsongrass was 
less troublesome: in cotton than in soybeans because of the intensive level of 
hand labor used to control weeds inl cotton. As farmers discontinued use of 
hand labor for weed control in cotton, the lewel of iohnsongrass infestation 
found in cotton fields increased Highly selective herbicides for the control 
of johnsongrass were not available in the IPte 1950's, when it appeared that 
jousngrass would be a major limitng factor in the production of both 
cotton arid soybeans. The arsenical and dinitroaniline herbicides were intro
duced in th,,, early 1960's. These were so effective in controlling johnson
grass that is relative importance as a weed genei;lly diminished. A survey 
in 1968 indii;a'ed that not a single southern state listed johnsongrass as the 
most important weed in soybean production (82). Inl 1977, a subsequent sur
vey listed johnsongrass as the worst weed in soybeans in Louisiana, the 
second worst weed in Miss~ssppi and Tennessee, the third worst weed in 
Arkansas, the fou,-th worst in Virlinia and Alat)ama, the fifth worst in Okla
homa and Georgia, and the seventh worst weed in North Carolina (39). 
Johnsongrass is one or the most costly weeds to control ii many of the 
southeastern stales (42), irrespective of crop. 

In 1968 a survey indicated that johnsongrass was troublesome in cotton, 
but of the 12 states reporting, 4 states reported that the level of johnsongrass 
infestation was stationary, 4 states reported that johnsongrass infestations 
were on a downward trend, 2 states reported that johnsongrass was no signifi
cant problem, and only 1 state repurted that johnsongrass infestations were 
increasing (82). In 1977 another survey showed that johnsongra,.' was the 
worst weed in cotton and caused 16.4% of all losses caused by w",.ds (47). 
In an idditiorial survey in 1977 (39), johnsongrass was listed as 1 of the 
7 most commonly occurring weeds in cotton in 9 of the 10 southern states 
reporting. Thus, while widespread use of highly effective herbicides for 
johnsongrass control in the early 1960's temporarily minimized its import
ance, johnsongrass has again increased as a troublesome weed throughout 
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the southeastern U.S. Unfortunately, no research has been conducted to 
study whether new strains of johrsongrass may be present now that vere not 
present when the arsenical and riinitroaniline herbicides were first introduced. 

Three additiotwa smIveys ilso; indicate that johnsongrass is increasinj as 
a weed problem. In 1977, jobulsongrass was listud as 1 of the 5 worst peren
nial weeds in 6 of the 13 sthits rut)rsutted iil the North Central W,!ed Con
trol Conference (NCWCC) (23). It was listed i , the most sevele pirennial 
weed )rolem in 4 of the NCWCC states. Johns-orgross was also 1 of the 
2 worst weeds in cii ps in West Virginia (91). The severity of the problem 
caused by johnsonlidass in states as far north as Illinois, Indiana, Kansas, Ken
tucky, Missouri, and Ohi raises the possibility of new strai,-s being evolved 
that are nore toleiant of cool turnperaturies. A so ivey COldticted by 'he 
senior U.ithol showed that johlsojigrass was il more cotton fields in the delta 
areas of Mississippi, Arkansas, zind Lou isiara in 1978 than in 1976 (Table 5). 
In the north delta of Mississippi, foT example, 46V, of the cotton fields evall
ated were listed is not having johnsrigrass in 1976 hut only 1I% of the fields 
were free of johnsoiiciass irl 1978. The sur,'uv summarized in Tall' 5 includes 
evaluation of over 130r 1: . Js epresenting nearly 200,000 ha Or cotton and 
soybeans. Because of th .,' of the survey, it should provide a reliable esti
mate of rhe extent of johusonji .ss infestation. 

Common milkweed is an tir poerennial that has increased rapidly both 
in the area infested ard ';I the severity of its competition ' . Al! of the 
states represented Iy the Noith Ceit ral Weed Cjntrol Corrferttjice had mole 
cropland infested w ith common mI:lweed in 1977 than in 1969. Iii Nebraska, 
for example, commoin ii ilkvweed infested only 28% of the cropland in 1969 
but it infested 50/,) in 197/. Probable caises listed for these increases were 
reduced usage of mechanical cultivation, widespread use of preemergence 
herbicides, and removal of a.,,nual wends, ,'roviding a more favorable environ
ment for establishment and rrowth of cornmon milkweed (23). These and 
other factors affecting ecological shifts are discussed iueloW. 

FACTORS AFFECTING FUTURE WEED PROBLEMS 

Weeds in soybeans have beert the subject of much research, directed 
mostly toward the discovery of methods of control. The frequency and ex
tent to which individual species of weeds occur in soybeans in the U.S. are 
largely unknown. Essentially no research has documented the factors that 
contribute to the "weediness" of unwanted )lants nor of the factors that 
affect the ultimate distribution of "new" weeds in soybeans. McNeill (40) 
stated that there are many unanswered questions about the past and present 
evolution of most weeds. These questions include how both weedy and non
weedy races of the same species coexist ,nd how certain species seem sudden
ly to become scrious weeds for no evident crop management reasons. 



ITable 5. 	 Levels of infestation of johnsongrass fields in AugJst, 1976 to 1978 in cotton and soybean in three states in four areas of the N) 
alluvial floodplain of the lower Mississippi River Valley (Delta). 

Northwest Mississippi 	 Southeast Northeast 

Johnsongrass Estimated North Delta - South Delta Arkansas Louisiana 
Infestation Yield Loss 1976 1977 1978 1976 1977 1978 1977 1978 1977 1978 

Cotton fields 
0 0 46 22 11 48 24 14 26 27 23 15 

1 to 5 <1 25 42 53 30 36 43 36 32 49 45 0 
6to 10 1to 5 15 21 23 11 25 26 25 23 22 20 E5 

11 to 40 6to20 11 14 10 9 12 16 13 16 6 17 
41 to 70 21 to 40 4 1 3 2 4 1 0 3 0 4 
71 to 100 41 to 60 0 0 0 0 0 0 0 0 0 0 

Soybean fields 

0 0 15 5 5 20 10 5 17 20 7 12
 
1 to 5 <1 18 25 29 17 22 27 24 23 28 25
 
6 to 10 1 to 5 23 27 35 23 27 28 24 21 29 26 

11 to 40 6 to 20 29 31 28 29 27 29 27 30 27 25 
41to 70 21 to 40 8 11 4 10 12 11 9 7 7 12 
71 to 100 41 to 60 5 1 <1 2 2 <1 0 <1 2 <1 

'The survey included evaluations of approximately 596 individual cotton fielc; and 772 soybean fields each year. The same route was folloved each year representing a total of nearly 1600 km. Total annual acreage represented by all fields evaluated was cotton-34,000 ha, "Z 

and soybeans-41,300 ha. 	 Z 
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Anderson (3) has stressed the need tot more ecological and taxonornical re

search in agr icIltu ral situations to study the ecologlical shifts. 
Three of the most interesting recent reviews on tle evolution of weeds 

and factors relating Io the piredictiori of new weed piohlmis are by Baker (8), 
McNeill (40l, mnd Paiker (54). Bakel (8) developed the following list of 
chalacteristics that migiht hieexelted ill 'ideal weeds": germination leguire
meints folfilled il imry erivirorlrents; discontiLnOuIs geriMination (internally 
contiolled) ani grert longevity of seed; ialid growth through vegetative phase 
to Ilower igt; roulilltjos seed Pr Oduclttion for As long as growing conditions 
plermitl s,.lf -cOnrptiIleh hU) not conilettely antoga1nis Il apoinictic; wherl 
cIoss i 1ll rr0ted, i ,s)pecialized visitosior Wind t ilized; very high Seed outprt 
in favoItMie iviroIrrerital CiIeilIlIStdII(ces; firdices some seed ill wide range 
of teiovIr onmtertrl cmitiorIs: tol, ar. arid l)I0stIC; hIs adoJf)tatiorIS for short
1it(i lorq distarce disher s,fl; if a peirteuirl has vi(otils vegetative relroduc
io oi egelerlition roite ifaI giri[ts; if a perelrial has blittlelless so not 

easily diasvw fron011oird; inn has ahility to compete interspecifically by 
sF,,','ial m,'Ins (osH'Tt, chokiI l glowth) (all'lochir'.iCs). These characteris
tics aIppe to) rsrlIre the najol weeds tht occur in soybrearis ill the US. 
Plairts twithont J few of liiis,' cia(rcte listics ar' unlikely to Ire troubhlesome 
as weed. ht'si' Charlctelsics ale primnily homrical indicatols of "weedi-
Oess" irr ;rlrrts, hlt there1 ' rrliry olher f ictor s that affect the frr'senrc and 

fI' ricu(t(yOf wV(ds ill soylris, isdistUsSed hel w. 

Cultural Selection 

Variables iunde this heardirrl iciude oilertiot utational pratterns, pro
dUictiori of soyhenIrs withot illagle, jr uducriori or soybeans with different 
tillage practiects, use ot di lCfut soyheair cultivrs, techlni(LueS in harvesting 
and seed clearliiinj, arid a 'vith' variety of other production variables. Probably 
no tother siithjl' pr ,tice, has resulted in such rapid ecological shuts of weeds 
in soyheans and corn Ishas the use of Ino-tilla(e )rOduiri (7,15,24,29,64, 
88,94). Annual weeds may ot he troublesorne duri uLthe first year of pro

luction~ tilater, Chtrrhgrass, fall )a;ictnli, ani other auuals becomeV serious 

probhcs 129). In addition to annuals, several i'rernials become major lrob
lems includiil:g some that ate normnially not tIrouhleOr e when cultivation is 
utilized, such .( greerihi iar (Smilax spp.), hralhles (Smilax spp.), mulberry 
(Mores spp.), aind poison ivy (Rims r,Ileians L.) (29). 

The use of different crop rotations often has a siinificant impact on the 
composition of specific weed piopulations (13,16,20,28). The weed problems 
in corn and soybeans are llow much more similar than in the past, perhaps 
becaIrs' of the extent to which these crops are rotated (72). The extent to 
which different croJif rotations affect lOj)uIlations of troIrblhsoie weeds de
pends Oir the herbicides UscL' for weed control in the individual crops and the 
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extent to which mechanical ctivatio iOi'ny or may not be used within a 
qiven crop. The effect of row spacwim (:drt influence dramatically ofthe Iel,(,I 
WeedisllI SOybilfts biec' e the e.t)tx!:i'ti 0 th( iticllt iV~te(I ijra inciases 
as row wi(Itf, ih (l'rIll'Usualy, ,;oyheilw,if)I ows 50 cm Withe or less dto riot 
nieeiv.e cullivti(l, allltweed, ;ifrfnot troIl 'wtrlu ht1(:!!i they irtlist het 
controllWit h htlritir(lle, ilY). 

P Jitil lt;-(c: ie tillkifi! !y',tit s hiivi? 1 rlt eff ect or) weed t q)ulaportanit 

i lmsill (yhi;iti,, hut th! i, (if lifforfrt ,y t,! , ;y he(iplt'lauitili tiiiji: ,'Al 
equially imporrtnt. IliIri(li,;tm, ciittliiriot1u,)| finoltlltl(j(, ( nvii filtiot al iimold
hioard pl(owill , 'Itl li tl wil fuiw(J r;ulmlii'uIft?, pii 1,hl ofill ls~rS fall 
pal[t illl, lltt) ;irhliv, I (.92), V houti t; iwol,f hletlhi(ci(f(?S forit i iuidJ ,i!l 

w iecd conrtrol, i)dol, tit Villjiq l ! tilltu;( illtii. tuhis hadt twic" thein)it e.t 

poilitlili)li )t fi,1lli a;cu ul, !!iii loits w ith vithei (clilt till . or tnoufilial,je, 
-tillji? tut11 ipo puatiu:ill th in Ilotsut!tiojl(t pitoli"h iti oiilloti( ri,, of fulll 

With iont(utt) ;ll (Ir uIhwVmiruij (ctrliri lwiiii i luti tilkiu. ichit,i1! whntu iciuit hroolrals 
wel ." ( (1ail.).A wr~l htt, it,-ediih ,lf- itlt'-, effort lw ti o i?',tihlli Jo ti
'111111) 1;Jf ll a , 11h o~f allotJ~i ,+)I' l T ftll,1 11 tl',(- I m l. % TI~t (itj( ;!(!j((;tf-: jJlj(J
 

i,,it {tatter , il iWr ld itd(lr i1(ctiti l V l IIfi ie Irutty i', I t fl thoi crop)fing 

Ijisti ufiiitiiut of wfveii"((!,eu t in 1( Iiliii hv-Iwtt uj nuiooiit au(:titaitt prob.
alhly for Ow{ tW(A{!tlr.1)l(1 ,plll oft'c,I'!vpod)(Ol,'loolh{l t H .;,~t Aikansa.s, 

ant Mi 'i)pil.li lilt lji-1 '1% 0/,v,coiifwcf! ?,ttlifrly to !,uiithei mis %.i 

uil)), Alihat;ic, (oorijl;i, jll(li(t K;u;ltt. hot ,vlihm Oil: l;I't .3 to 4 yr its, 
l ;it(!ofinuf tiux! hi fi'ttii ,tiit'i m;iuly. l ut{ l;u.y tIe, (:ijf", plto ,tictse 
C(Jfill )(J",;JW! 1.h10 ,,Jd'1Wr If~tll'i I !ollly iJfl(J, fI;iII,,j})oIT "l! unllll-Y!, k f fwddill(s 

fte ;htej )t'vi~lowi ,' l ilil'.i' ri itiovval f.w i t!ai l',, f r fuarve.,te:i ,0ybleans 
probuabily in:;i(rro , for r;uid itncivl,',i,?'lin Ol arini;',,'f witfi purphe rmom
flower antd( hallooiiu (Card(ot)') rJljm/lthl:a,, i .)I;!lA% if these 
We(!e s are vlery diffi;ult to ieitulivs from ',i)Wuwal;:lr, ,. 

Chemical Selecion 

As nliscuis'r'tt iy Pairker (54), lt-e 1:llir fii.tory of h'rbinide lewelopir litstrtce thie early 19!0'', h uri onet n:furliqur \eel f ora,. The stio)i of 

resistantr wee '(i,th (lire(t of O;h:i(mrei,,jl!ii'I.it i ily sim ljar herhnicidt.s ov,r 
a ieriod of yai l,.Fi, mmay rolt 1'.oIliiany lmcal we.ed !ioupoilatiorts ,how
ilq variatit ri it %Vti'.;eplihility.I h e ( mt irr('c l d tr.cujrramtja royi!lcijs 

CoitmmOml cou:khliuir wa-, fr 'i irnttly lfi tri.nrrni-llramit m i l Iliartyt! 

soybeant fill', hut ulIritIlui/irnif 14 armino 6 tort )ityl.3 ltrr hylthin) as.
 
tria/ire.5(4ft)oite; ,hiili tirt!tirirr(r;ni( iinl 1), r;ti/ot 13 i,.opro:yl .!H 
2,1,.3-tjirn/othidi;a/i r (4 )'3//n oiu 2,2 hitxiulej ;lui4uJet hItrternlercerit
dnnicemi Jr''tely iopuhIlation', of t;ormtmrtr cot:klebur. (Itfer w6,wu;i,that were 
suJprssi(J fortm.trly Ihy comrmrmtrt r(okm'hmtjlr, 'tfh w, johrori'onura,-, and rnlorn
irgfqjlory, piolwee., ;nd olii-r ;Jsril', apr;ajuarertlly ecnoirttji .,vt:rf. weeds 
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atsaIdirect rufof farniviY ilevelopirill more effective control pro(raccs for 

vX(Iix ive anid hencommn cocf lefitr. Befcji' tOe piresient te (, o. of toetlicbiir 

ticJ/ri for (cntrolt of cockhlc'li ciii other hctccdlrllef wefck, Ow rewteil use of 

fcerficf, MOWcc',icc(.ific for icciitrcl of ijri cih wcltr itliralir cmycti 

fliiorrcc2,6cctiniot N/il iiriopyl /) toliiccicii anid ;cchilii 12 cllcro 2',G(i

ethll (cciixictty)ctiiiie hild iciciecicl ijiT flt.. idifficuilty 

cc,ecl(: lroadiilu Ii ,.w:ii, tti iciiitiniccoc,cof tr i,'iii lirliccil',Ir~, vvceil(],, ic'i! 

ojver i ort mcaw/iyjr%kv c~ticc,cc cfin rpiiji qjtly ici,ci,''i piciiiiltiiii, 

Iial c c ii c cjI.r i jc i'', /i I "p., a; it aIwil11 4 ip. (5/I). Cc ccilmrccicnl 

I id11t A icfiiciil (34' t.filoioioiiiiii;iiiliic) cIi ric;e! ha', mcirewieI Ilm, 

lfji4 ii rit licci ( II- ,f alicccil Icih/c~~ iii ccci'cld cdtlr clcrc', are 

(71,819 ), ho ! I, c(pcrmIcccjcc j'c~c Illii '10( c11i 11,1lciil'( ii~cj llht', 

iwtcfiilc.. /IIhtecIItjII ciii; icicci, cf it ltc"lit ckl]i',cici;cyc.IcciccicI procve 

Icicic Of!icict it, lcicticil'( )I jimilc lh~'cc(ccii ;icii;it'. I'c-rc'iiialc(i? m 

O w vi'c- o f i I i l it licm .i i l i , Ili (Icc lil( 

[)istrifit on 

h icc i'ltl c.1c.rc ,cI'M lithf-i cli'tcihiitto (it v f'citi tic tici oltir
 

iccli III, cc);cjccr icldciwc, vcqia~,It,], c..It'cc Wi ptcc mi Arii;ci 1 lwieai cirr 

djmjc w', cccliif'ct-r by. th Iicclici- (if ill~ccT IF, 1 Malcyci'tuc Acc 

iil'! fictrodwclcccl It i:c' lI.it1i;1t 1w:of vfic 0cc;ii (iil i:;ic Owi ',wcc',icht 

clcc1t,ii', /:c~cc' ;i~cl'it'll ciii 1111 ,ct iiccc"Ic (if ccI(Acc 'ticctcrc 1oialy m":', 

not cfcicccccrictcgcl Mwc I (it 'Ii' 'ii /cii' theit jwc tcccicbIiw,ccciv, Ili 'coyhiw, 

/'cc' iwiccicci lifi, ic, , !fc/ cco'w;i hilt cii iiritc~lii.ticiii,,III

ccthii iclic ;~ia' Cf'(41biI/)H'ii (xII,,I'i !_ ccc i i ciyjtri''. [Impie.rat~i cyliti, 

ic j o atl. (i%:*))J ( oilciccil a'', H1c 'it vvorA~c,;cc:clti Ifol 11"I" % .vfrIh 

V./iPc l ifi: icil hill it ite, iptiri ',iitfIc:ciIOwc (lot to, iiw cccclic~ltitivf! in 

tOi PJ) toc (.~iciti: iiijc ir'/(cl3 .oicc'l iII I ci iii occvi:cct ic;chly iv;,tci.ctcclt 


'c '.Iiic viii .oi, ce tc.0itcc ;c:'w, Ii crlic~i 01c?tc cjrI;tr ii-cr ;c'' orfcci ci 

c inlii ii .ciJIIl ccit Iii i,0f~Iji i~i r! Iwa'ciommi j ucIf '/~r !c ii fhi. in weei.d 
fcor %oii,i:i jIJI(:cc', Il( ari:;ircarif:',c- with f(cciclr,c'.'. i', mucicricc cin 

I,, ;I iriicjcr 


iitccl;, ..ocli li fit riot ciic:lcc. ttici iccc~ Iciii'.(rt;c,', in 


'ichot it , ccii cit i,0ccclrIccc'' '/idi'c( to thi: U.". I,. -cinknoniic. 

ii cr~c 

wiicticit'. c ' cu cud ttc;it irifc,li-clhicIII.J jr ,hictoctal ccrsc; rcilci Ill: c,-irctccaly 

-aIllh ii', VIi'li~iii' to, bic c~;rc;cl(O ftctccrw'.Ii'. cufiric(c tcrw'fclitly to 

'xoiiTfic.i I fccic ; ircif tfsc:cc 'iccljIIt iiill Ickc1'(d t ! crjir ccfe'..tc'cid ,'ci cc ciii b i ol ici 

w.ill (.cI icitci w~'c cropwiithi ct.fcra'. icc ioticfly ttcccicclh it%, rsir:,c 

.oec',/il'., anrid fisrric ccqmcpciwn t, 
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The Federal Noxious Weed Act was passed by the U.S. Congress in 1974 
but was not funded until 197e. Continued funding of this Act should be high
ly beneficial not only in reducing future accidntal introductions but also in 
curtailing ti.w movement of more recently introduced exotic weeds that are 
presently of lirni ed distribution. 

Genetic Changes 

TIhe existent, of ,ecotypws or races among various species of weeds has 
been recogniiid for many years. The increasing frequency with which differ
ent ecotypes are reported as resistant to herbicides is disturbing (19,25,31, 
32,41,53,60,61,65,74,75,78,82).The variation within species often has been 
ascribed to envirorlmental conditions, but iecently the fornoation of ecotypes 
ha', been shown to he more complictfed than thought previously. King (32) 
has characterized a number of ecotypes including regional, altitudinal, lati
tudina, physiolojical, and erdaphic ecotypes. A large number of local popula
tions armiong variou, swcies (of wie(s are reported that are resistant to herbi
r'ices; thi, couild result in reluced cotntrol of weeds that were controlled 
previously without appreciable difficulty. New ecotypes result not only from 
the continuou, w.: of ce.-rtair individual herbicides but also from inadequate 
dose of herliicidr, that provide only partial control. As pointed out by 
Parker (54), thre use of inade(quale dos,!, of herbicides increases greatly the 
risk of re.sistart types surviving and increasing The literature on resistant 
species and strains ha, (jrown ,(., rapidly in recent years that we hve not 
attemptid to provide a comprehensive survey but a number of review arti
cles are available (8,32,54,82). 

Photosynthetic Pathways 

Only in recent years has the method of carbon fixation used by individ
ual plans been shown to cortibute: to "weediness." The importance .-I the 
method of carbon fixation is shown by the fazt that all of th. mc.nocotyle
donous wefers except quackgrass listed as troublesomue in soyb!ean-s (table 1) 
possess the C4 (dicarboxylic acid) photosynthetic pathway. The na,nbr of 
grasses with the C4 patnhway seems unusually high in view of the fact that 
comparatively few of the rnonocotyledons reporte(d to dlate possess tlhis 
pathway (73). Plants with the C4 pathway differ from C3 plants in a large 
number of anatonrical, biochemical, and ultrastructoral characteristics (71S). 

Plants with the C4 pathway are in highest relative abundance in areas 
with high minirum tesrperatures during the growing season (73). The per
centage of C4 ficotyk:ifonroos species in a (Jecgraphic region is predicted best 
by a rornriimtion of su mernr-pan evaporation z'nd dryness ratio (71). Be
causi; of 'reir trats, C4 lants are particularly well represented in hot areas 
with high ',olar radiatoi, whereas C3 plants may have the jreatest advantage 
in cooler ternperatures. Many of the C4 plants are annuals, have the ability 
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to produce rapid growth, and are often drought resistant, thus increasing 

their "weediness" (8). Plants with C4 and C3 pathways have been reported 

within the same genus which, according to Baker (8), indicates the evolution 

of the C4 system from aC3 ancestry. Research relating the method of carbon 

fixation used by plants to weediness and competition is relatively new; more 

research is needed to relate the different photosynthetic systems and the asso

ciated features of water relations and respiration to competition, interference, 

and weediness. Scveral recent reviews on this subject are available (8,21,71, 

73). 

Allelopathy 

Plants may release chemicals into the environment that are secondary 

relative to such primary compounds as carbohydrates and proteins. Some 

of these secondary ciernicals (allelochernics) cause direct and indirect effects, 

either harmful or beneficial, to other plants (2). Rice (59) suqested that 

allelopathy coJld be important within the general fie!d of vegetation con

trol hecause allelochemics prevent seed decay, prevent infection by pathogens, 

affect dormancy of seeds and buds, inhibit the growth of adjacent plants, in

hibit prharvest seed germination, inhibit nitrification, and generally affect 

patterns of voetation and plant succession. Although the general concepts 

within the field of allelopathy are nearly 300 yr old (59), very little research 

has been conducted to establish the importancf, o allelopathy within the 

framework of weed control in soybeans. A surprisingly high number of the 

major weels in soybeans have been associat"- with the production of allelo. 

chenics (Table 1). None of the research repot tc, on allelopathy to date has 

had a direct inflience uronweed control in soybeans, but undoubtedly, allelo

chernics play an impo-tant ecological role in sobean production and agricul

ture in general. This area of research is so new that the first USDA, SEA/AR 

funding for allelopathy research was in FY79. Recommendations for future al

lelopathy research and summaries on previous research were published in 1977 

(2). 
SUMMARY STATEMENT 

Much research has been conducted on weed control in soybeans but 

probably more than 90% of that reported to date roncer,.s the development 

of technology to provide better means of control Abo -i%of the total re

search conducted to date concerns the competitive effe, , of individual weed 

species in soybeans, the remaining 2% is a combination of other v3riable,. 

Research to determine the effect of weeds on crop yiends ha., primarily been 

limited to the effect of weeds on yield rcduction • onl,., a moimum amount 

of research has been reported on the effect of weeds on the quality of the 

crop produced. Very little research has been reported on the specific factors 

that affect soybean-weed interactions or those factors that may affect future 
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weed problems including cultural selection, chemical selection, distribution, 
genetic changes, photosynthetic pathways, and allelopathy. 

Much greater attention should be given to the procedures needed to pre
vent problems arising from changes in weed flora that occur from continuous 
use of individual herbicides and combinations of herbicides. Included in this 
research should be the efflect of rotatintg ClaJpS and using different herbicides 
with different modes of action. 

Little research has been) conducted to define the environmental condi
tions under which specific weeds are most competitiye to soybeans. Work of 
this type needs to he increased, especially with those weeds such as itchgrass 
and cogongrass that have the greatest potential of spreading into areas un
infested previously. These stUldies should include work on life cycles and re
productive patterns av arfecte.1 fy errvironment to pro ide information that 
would prevent "11111o "weeds flOl becominl "lajiA '"wefds. 

Many ohservatimo.'; ae miadi hv research scientis5 Alnl exth-ision special
ists on ch,ngis ill "0Ne 1Jn)platio)ns, f;Lt tot ofte)n this inlorrratiorr is sUni
marized in ahslrarits it it is l,til)lisherl at all. Mow itfoirt is reeded in nionitor
ing the cianges il weed ropolations OH an aIr1nal Irasis -- rrl publishing thisill 


irrfoimraioii 
Research relatin;] qeiretic charigis, th diffelent photosynthetic path

ways, arnd alfelopathy to "weediness" has been vey modest and research in 
these areas should he frtiitflil anld )roductive. Likewise, research on cultural 
selection in weed-soybean eci)iogy would be beneficial. As SMUgested bv Parker 
(54), tile ultimate aim is a full Study of popul tion dynamics and tile response 
of irdividual weer species to arrticipaterd charngjes irr chtmical and cultural 
practices. The studies sho,.Id ilude the monitoring of all parameters of seed 
production, seed loss, adl buried seed reserves. Cornputerized modeling pro
grams could he wsed to make projections on rates of slread and the condi
tions conducie to spread. A few studies of this type have been initiated with 
individual woeds, but this research is in its infancy. The total SY and dollar 
effort needed to complete an unrideltakir q of this type for all of the more 
common weed species in each of the major crops in the U.S. would be very 
great, but t (ay a few of the major weeds, particularly thoser be justified for 
which have tei, shown to pose the greatest future threat. Losses in soybeans 
due to weeds arnd their control exceed the combined losses caused by insects 
and diseases, and this fact appeari to provide ample justifiction to increase 
the effort to establish the economic role of weeds in soyhean produc.ion, to 
establish the necessity for controlling certain specified levels of individual 
weeds insoybeans, and to provide criteria for prediciting new weed problems 
that could damage American soybean production. 

NO FES 
C. G. MLWhorter and D. T. Patterson, Southern Weed Science Laboratory, Agri

cultural Research, SEA/USDA, Stoneville, Mississippi. 
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WEED CONTROL SYSTEMS IN THE CORN BELT STATES 

F. W. Slife 

Soybean acreafi. has grown rapidly in the Corn Belt States in the past 
10 yr. This area produces about 2/3 of the iotal U.S. production. Improved 

weed control technology has been a major factor in allowing soybean acreage 

to expand. The intensity of hcth annual and perennial weed species has de

creased and yleld losses due to Weeds have been reduc(ed dramatically. 

PERENNIAL WEEDS 

Much of the soybean producing area int he Corn Belt is free of serious in

festation,, of pvrennial weeds (7). In the northirn third, scattered infestations 

of Canada thistle (Cirsicurm arvense) and riuackgrass (Agropy-on repens) are 
present. lihe southern one third of the area has scatne'd infestations of 

johnsongrass (Sorghum halepense). This wied is roe I..,:valent in the river 
bottom areas. The central one third of the Corn Belt is relatively free of these 

serious perennial weveds. 

Yellow nutsedge (Cyperus esculentus) occurs in all parts of the Corn 

Belt. It is a problem that needs added attention, but it does not reduce yields 
to the extent of the previously mentioned species (8). 

The following list of perennial weeds are found in soybeans in some 

parts of the region but under the curre.nt crop and weed management sys

these have riot spread rapidly. There is considerable evidence that some 

of these species rnay become more vigorous under reduced tillage systems 
tf.rns, 


(5). 
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Climbing Milkweed Ampelamus al,/.duS 

Common Milkweed Asclepias syt 4i', 

WiresteN Muhly IM1uhlenbe,,,6 ',wfmlo, 

Field 9indweed ConVC delus , rv '1/SrS 

Wld Swtet Potato lIpoml may /11l(t/,,, 

Horse Nettle S oum cx7rollfl'flse 

Trr;ipet Ci (11er ('', lpsis IIl/l,1ns 
Hemp DO(JIMLe Apo112)( rx muCy/niI t ,llm 

ANNUAL WELL.; 

SUMMlr in ,J V- '(Ik L SOyheans ir' (lit, hormii1 mt inbhern in the Corn 

Belt (7). Tliy have omiricnt lawe plIS cornh.uire p3,ccac sro(juce only 

and soyheans. Si'e 1;1( lif, c/ces of the SmmllniI ,llrohl weed coincide with 
these cliop3 IOwi wrtd'b ' tl 1 Oi lH1 1¥ to ilt'.,( 0oo.d conrolol Ule Ss 

leasol s iic pI i i lc:d, "1 d tiJal Iotiti l . which 1,:!kiA d CrepS with di

,SO:lhe ool Ith l1l 'uct{ ,n)1l annutIl'd W ,Ild; foutrilld i s y)(hulls In) /1: Corn 

Belt re 

Crahlr a") D'gitara5spp.
 

G Jalit lox ;oll Setaria laburii
 

Fall PailICijni Pawiculn (i1cot.miflL.ru,'?
 

COMU1rrn iMCo(c l;ltLir Ximlhium t)e,.svaoltcol; 

JilllsolI.veed Datura S tmIiI hlO)Illl 

Coliifn I i I SqLrte, Chem.cp)(lii /111)uti 

Anm ,:fl'ui rinciqlory l)ol-a 3pp. 

Pigvweed An.,aranttms spp. 

Giant Ragweed Ambr,)sia trifida 
Coion on Ragweed Ambrosia ortem;*sifolia 

SrTlarmw cud Polygolum Spp. 

Veivtieat A/ntilo'? tlhopioasti 

The mo t dominant anrual weed snecies is gianT foXtail. It is found in a 

the soybean ]row'lrlj ateas. Good control mleaSut s I-wve teduced the intensity 

of this species, but it ill remains as the inos, pirominent species. 
In certain years, the most prominent v. problem, in soybeans in the 

Midv est is volunteer co-n. This is du to poor corn harvest conditions or 
disease where ears drop from the co; plant. Tr.e conditions are aggravatci by 
reduced tillage systems on tl'e corn stubble where tre ears are not huried in 
t soil. Vo'unteer corn can reduce soybean %,tds, harvested wybeans can be 
docked for corn contamination, a..d volunteer corn serves as a host for the 
corn root worm. 
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The use of a t)oste etle Cocspray aoplied through a rcirculation sprayer 

is low usttd fol this I)t olIIfl l dild d posternl(jence herbicide. "r volunteer 

corn in soybeaNs Is ('x)Nthed to wcc:vi' lahel cleaa'nce in 1970. 

Pri,!_iIVr-t tle Itelit ltJr ,)cCdsiOnaIly usel in SOe() l|I S i ai 1pta|tteMI 

(dessicate illutlI weth& ill Ina ti ',Y)Vt'iWiM . irIr IIh;(lr];lW(I1I p (larnlS i 

soyhe jir; have lhou i s.), ii((' sAi il the ),rt b yr tlit1 this plic t',! iS sehtl )n) 
lisetd. 

Novs hehicr li sJwill ht! oiel InI It) s LINI thf ;i IS l t lTCI t f Ik )d weId 

econtrol. Of p r ill iic ,)i wotihl iiivi lIlui lhwintl iipt touicr hri l)ltl'joIin ( icals 

thit woulh ut:oo|tl hotfi tpass wi ahlk ihi ti hi VVwIul. h-lt-t! (nitmials 
CO:ld Iht Slter1O 10 111t, I)ItW'.111 Oll 11),'itJ IWI, C hsW,:tl'i l loh) Ie LILAed till

;,gtsSystrlris 

WiNEED MANA(; MIENT 1YS1 EMS 

,
Weed nlaninio reuIt ¥s n s, ti tl li Sylc'h Ill thi (:()1ii 1Belt var'.' wvidle

ly hut1are hasIe oil (1 I (:;()1 m tti, (?) aq*, ;iwl j3) henhicidt Iieatrlent, 

Rotation with Othu- Crops 

SoyhoIS ) t lnirtul 11 * m i nl, /,,f hut are morerot itti ine t s1: Ai 

colflrnoily l(rtnle witih nthi cr()pit. nhih r,d ni( llit l cl5)p is Cot 1-. 

This is im exolhint systtrl inn.fai i witnil C,'sit ol is (ciOn Wd, since nost of 

tOW t1i01lhle(niC inintljl I)(,10atltif we.nb i) scyin(:arn. cari he contriolled with 

Itshlicidts InnC0111. jei tqts )nnluctiI I aidl tc p0oIs sn :reduCes eI 

tIntial v,heti sity)Iarls Ite pljtntd , it. So:".++ rotations include at least 2 yr 

of corn tbid i limti..d I.) syibeans II t t southcuin half of)efofle fS aqon 

the Corn Belt, witl, whea is frericilly ineClnude in the clopping sequence. 

Winlt' vS
1.at dis(cotirJltS twstIio{wtlh )f s'imitel i: lrual We(ItS comilot1 to 

snybtears aid corn anr allows conti ul ri-cisures to be initiated o0 perennial 

wTls After whea t hrvest. 
Thte acreaile devoted to each ;sroa) inn the rotution may vary each year 

(ILI I) ;TticilCat(Id returns for each component of the rotation. An increas

il rMh)(1r of prd'(lcers vary the rapping seqluence to control a paticular 

V-c(i t. oblhem in a particular field. 'Soyheans are planted in johnsongrass in

festcd areas so tha, a douhbe rate of a dinittoanil re herbicide can be used 

for 2 yr for control. Corn can 5e pl .ted in the same area for 2 or 3 yr to 

reduce the intensity of the annual hroadha; weed problem, before return-

Ing the land to soybeans. Fields heavily infestu. with ennua! grasses are 

ireqtiently planted to soybeans h'scsuse excelhent herbicides are available 

for soybeans to control this problem. 

Crop rotations arc now recciving much more emphasis than in the pre

vious 5 yr because of the development of pest resistance. The corn rootvor,n 

has developed a high degree of resistance to some insecticides that corn 
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mnonocultUre is decreasing. In addition, the soybean cyst nematode is now 

prominent in the Corn Belt. Both of these imio tant pest problers can he at 
least partially solved with mole dve, Sr (:Ioppinq seqtuenices. 

Tillage 

Tilld(l is still wid ly u-_; in IhIU C )i . 13lI t 101 wOV COWIitol in soybe.os. 

Preplant tillage is tiid to destiuy et'e or it; C(ops of annual weeds before 

plantinl, a totaiy it of similar i nplement is Itused to break the soil crust to 

iml)tovet soyheati (tttJttI'IeIcI :,l~i tP) letl, y weetd seedtilegs and one or miore 

row cLltivatiIO', ate Custonrltaty A.). lhese tilla(]e 11actlctes have ttot changed 
greatly eve h ltl h teri(irhds .re used ot (vt' 90% ")I tilt: stybeatt .c(

age (2). 

-irllatgttit'ii's svti!onu IitrhIttl e eent icoishitlit ter wed cor. 

triol hciuos. ! ll t "ctttly iftle et s with tittiely lhtbicidesopu0tatioas. 
h


ustI witltt t Ileul(ItitIt tilalt!. tlaclices ii.,e'I hi t'egtre t w eed control 

hut helictit t lttttetttc(lt i rtiti with ill ye las ilis(.tn t t(e,otsistent we" d 

cont rol. 

lh, irt';1 ;y!'tot ol hurbicede t atme,)t aod row cultivation normally 

gives Jood w,.Ila colittt)lti ,it Ioast G vk. By that tite the ;oybean canopy 

has (heveltp'd itett t h ir, ti ve it tistation (1,3).t levew 

Tillage pt:'cic s it)ithCottt Bel ate now t:ndelgoing sustuttial change. 

Plant itg ylte . s lfe withot tillage (dollbit taOt)plftj) has beenlil vol elalt iti 

a standard prtiriice itt th l Iow, bait of Ite Coot B.it for sotme 10 yr. More 

recently, rlticd tilla(, systetos that 1av part or all of the i)reIvions year's 

crop residue ott tit soil sutace are being accepted. There is also a trend 

toward planting soybeats ittvty iarrow to.. row cultivated.that cannot be 

All of tltse ew practices [cruct the c:it if tillage operations, but this 

is partially offset hy an itcitased herlitidu requirement. For the most part, 

herlcides are atailable to sustain the tead tlward reduced tillage at the 

present time. WeetI scientists m1t1(5coretinUe lo develop new weed manage

ment practices that will allow this valuable practice to t:ontiti,. 

Perennial weeds are expected to increase i.i treduced tillage systems and 

new herbicides will ie needed as a new weed spectrum adapts to the tillage 

changes. 

Herbicides 

Herbicides, itl conjunction with tillage and other good management prac

tices, are a key factor to high yields of soybeans in the Corn Belt. Producers 

are now expet iencing the highest degree of weed control since soybeans were 

introduced. ihey have become more precise itt the use of herbicides and 
herbicide treatments are now being initiated for individual fields. Many pro

ducers have analyzed their soils for organic matter content and degree of 

http:soybe.os
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acidity ill ol(d1 to hie m)liii tcise in helicide Iates. Pest nallijeillit pro

qlilals tfiA .Iiliil .curits wri a jili li ii idintificatiojll of till;fileir wedt 
,lt(' In tlw ltic:llll fw l'! . 

Since !.hiii:iide tie iliellts tfir soyhozieis airi chaiiid fiitIIcltfy, 11.posi 
',ihility of deIve~ltq ili w eeIt( i ot.til vwithill I wte d t cI),-i';lo ;I It'Ice 	 llic'uli;t 

f!l f)ic:iifl is .tiildv,/iat lIs. W Ie rcslsfllcri to a ciithtil;l hieil)i(Aichi cani de
,!,lf }I) if hoiiifllli s ftl Oi niialy yi~liiiir fht) : ,tl, S1 tot (it). 

Heihi:itk; trclimiefls wwd~t ill The! ()Ill tli inlcltldl firepIlant, Illel-ne(r

etllii:' fct iic .tlilillll . Vl I(ius c llhifllti)li i)i the ai)ilicalt)'-trlll s 

( IfS e f)tlt ji l ll ltcitiu)i ¢liello() I ',INI pl li nd pli el Itii! ihe (onlitllant 

tii'atlllfts. flatftl :f flilt lily :,'t t , i )tw wcfi'iriials iixed togIi;ther,, 

hill' fti tilil 'l k ,;;iL oifd iht f, l fti iii l htoalhi:af viifs. As illti~h s 

"0 ' Ot Iltuta, W." lm(' fy i:uetou a l)l)lIC:atii-,i tliSM !j1ioii(i 
Ut liitl llwlt '{ "-I he(!!t. '(Ill ,appl-d, ll t iiwllt!s coinhirwd wvith tillag, hmve: per

fo)lill ' ',, ' V H i111 t ,1 IOITllitvp!l cl llit~j it'tlit" Il'iVI! ni t heiH; l w idely used ais 

i i	 lmvu,.,',vf~l, anid th~t.y da l HO, t;',S0 ! 'f t( I N C O dril II rO(W, 

titif >:wtflu!. 

ii i "t:a o , i )I Of 0fmes'v/fill acrqI(e iS had wt((vfid to iiinove 

wi-f l leii c 1 I- , i , h cihltwj t i iatmiand c:Iltiv tioo. Ifhis pnac1o fu ii row 

i' (il , .Vi'(l s' I f oui ctil rii it icinrioVes t Il: tuf (piIowtN )ofcortain 

jw w',lflJlIik l tll t1 i lihhfly i nt? llln I eds0l50 Jlilyof fort i( stfietic til',io l other
 

lifill 1)i5
 

SUMMARY
 

Soyb'an icltaqie hle- lcias-!d inl tiet Coill B:lt States ill thc last 10 yr 

.t(1 ill so liat- iI is 'iplo(ifhiri] (lii ld status acilnfe with coin. AnnlLial 

w'.eeds p[St)e 'i': i p1 ltnhlW thrll llPrial we(fs hLt wied nianagernente ie 

proftlraMl (Liri -itly are rfl ir l li,,Itoital weed problem. Ilcreasdti research 

effort i rleeded it fiw follo.vin(o, [Ieas to maintain and improve the present 

weed control program in soy[ es. Sm,. of those ar,.as are: (1) Integration 

of wee.d marlagc'intit systnis Jirto ethr pest rnanailmnurt systems (2) 
Iunproved vweud ranafuernlent sysemis for rtduced tillace systems (3) Develop
mient of varieties for iinpwroi-d taot;;ace to herbicides, and (4) Reseiarch on 

biological control of wemdS. 

NOTES 

Fred W. Slife, Department of Agronomy, University of Illinois, Urbana. Illinois 

f1801.
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WEED CONTROL SYSTEMS IN SOUTHERN U.S. 

R. Frans 

Before proceeding to a discussion of the weed control systems in south
ern United States, it seems appropriate to describe briefly the iegion in ques
tion as well as types of soybeans grown, sornethinq of the crop culture, and 
somethinq of the weeds infesting tOhe cr0l). The southern United States is an 
area of relatively high ternperature a(d moisture during the soybean growing 
sua!rn. Alth(ugh tIh, rfegion is aI the ti imperate *on(,, rainfall tends to be 
abundant during ttlis period :i d, as i'ivhJ, tenm)eratures high, all of which 
ISconhitruiv(, to ILJXiriant pl)Itgrowth.This includes, unfortunately, not only 
the cr-,pqiii u;stion hi, Invading weeds is well. Therefore, competition be
tween soyerm and w,, :,tirids to be high, necessitatniq a high level of 
control. 

Soybeans varying v,idely in rnIturIty are grown in the South, ranging 
from groups IV to VIII. III many i eas of thle southern rejion maturity groups 
will be mixed as far as adaptation is concrrfed so that harvest will not need 
to be accomplished all at the same time. Most of the soybean varieties in the 
South are of the deterrninat: bushy type. Usually this May be considered a 

plus for weed control purposes. The bushy varieties tend to shade the soil 
early, forming complete canopy or lapping of the rows reasonably early. Al
though some variation may now exist in the width of rows, it is now gener
ally agreed that row width should be adjusted so that lapp;ng will occur 
approximately at the time of first bloom of the crop. 

A decade or more ago soybeans were considered secondary to other field 
crops grown in the South, such as cotton, rice, or corn, Much of the principal 
effort and managr'ment vent to these primary crops with the residual being 
expended for soybeans. That situation is not so in the present time. There 
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have been steady declines in corn and cotton acreages wh'ch have given rise 
to increased soybean acreages in this ten-yr period. Most recently, however, 

rice acreages in the Mississiplpi River Delta have expanded more rapidly and 

perhaps this expansion is reslponsihle for the somewhat stahlo situation that 

now exists in the soybean ,cw'iq.es of the South. 

Weeiliil(S infesting southerln soyh)eanS ale as variable ph h,ps as the varia

bility of plant life to ht:found in that egion. Prior to the high ise of herbi

cides a broad range of both annual broadleavcs and grass weeds were to be 

found in most soybea fields. Perennial weeds were also scattered lilrally 

throughout the region Ecological weed shifts have been covrerl in an eallier 

paper, but suffice it to say that th ese shifts have left marry weeds now diffi

cult to control either through cultural or chemical neels. These include both 

annual broad leaves and several perennial vines. Common cockleuh, for exam

ple, was one Of the annual broadleaf we-u; that increased sharply following 
increased use of lreer(rrnernee herbicides. Better control measures in the past 
few years, however, have given some relief in its control. 

Johnsongrass has always been ind continues to Ie a major problem in 
soybean fields of the South. It is true that specialiedf measures have been 

adapted for its control. Oftentimes, howevr, the meastires are costly and 

this factor presents an obstacle to a broader use of these practices, to tli 

end that the weed cootinoes to he a problem. Other weecs will be discussed 
particularly as they relate to the systems of v._' control practices described 

below, 

SYSTEMS OF CONTROL BY SOYBEAN GROWTH STAGE 

The particular system of weed control adopted by a given farmer should 

logically he selected upon thie basis of the weed infestation occurring in his 

fields. It must be admitted, however, that practices heing employed often 

are not needed, simply because some farmers are not aware of the extent or 

type of weed prob lern present in their fie.lds. Nevertheless, we will discuss 

the optinu0 systems that should be selected at this point according to the 

weeds present. 

If the particuIar weed problem is apre nnial such as johnsongrass, the 

severity of its effect usually requires that all practices possible be employed 

for its control. These may include herbicides applied before planting, at plant

ing, and postemergence, coupled with good cultural measujes. Ifthe weed 

infestation is primarily small-seeded annuals, then these may be controlled 

adequately by preemergence herbicides, although some postemergence prac
tices may be required as well. If the weed infestation includes vines, then 

preplant and preemergence measures are not too successful. The weed usually 

is best attacked by post emergence practices. Let us review these various 

systems available at these stages of soybean growth. 

http:cw'iq.es
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Preplanting Measures - . . 

Preplanting cultural practices are used extensively in soybean fields of 
the South. These cultural measures are for the purpose of, loosening the soil 
to facilitate planting and to destroy existing weed growth. There are several 
herbicides, principally of the dinitroaniline group, that may be applied during 
this period of time and incorporated into the soil. Incorporation, of course, 
is both to protect against volatility loss of the herbicides and to bring the 
clieh-i-l'c-it cta-ctwwi -weedseed or vegetative plant parts. Grass weeds 
are most easily controlled by these herbicides. Johnsongrass seed is particular
ly susceptible to the dinitroanilines and even rhizome johnsongrass may be 
controlled when these materials are applied at twice the normal rate accord
ing to soil type, 

Other materials applied preplanting for johnsongrass control may include 
dalapon (Dowpon or Basanite) or glyphosate (Roundup). Neither material, 
however, is consistent for control when applied before planting. Too often 
johnsongrass growth at this time of the year is slow and foliar development 
too insufficient for adequate uptake and subsequent root penetration by the 
herbicides. Also, delays in waiting for sufficient johnsongrass growth before 
using these materials may unduly delay time of soybean planting. 

Another material that has been used preplanting is the contact herbicide 
paraquat. It is often used for weed knock down prior to planting, particularly 
under the stale seedbed concept. This is an expensive practice, however, and 
must be questioned as to efficacy when compared to similar results obtained 
by conventional, cultural practices. 

Herbicide mixtures are also used preplanting and may include the dinitro
analine herbicides mixed with certain preemergence materials and then both 
incorporated. Trifluralin (Treflan) or profluralin (Tolban), for example, are 
commonly mixed with better preemeraence herbicides and incorporated. It 
has been found that there is little loss of selectivity from the preemergence 
material with this practice and that it may result in savings of extra trips over 
the field if the farmer contemplates using both herbicides anyway. 

During this time of preplanting there are cultural practices that may be 
integrated with herbicide applications to achieve maximum control of weeds 
either in existence or those that emerge prior to planting. Repeated diskings, 
for example, have been shown to be effective in helping reduce johnsongrass 
infestations before the planting of the crop. 

Preemergence Practices 

Soybean planting time has also been the time at which many of the 
herbicide control practices of the past, at least for many years, have been 
used. These practices include the wide variety of preemergence herbicides 
that are applied immediately following the planting of the crop. Although 
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several of these have been used in the past, mention will be made here only 

of the two or three more important ones. The acetanilide group contains, at 

present, two herbicides commercially available in the South: alachlor arid 

metolachlor. There are prospects of othe-r acetanilides becoming available 

very shortly for .,oyheanr roHltucers. These her hicides have been (qiteuseful 

on grass weedIs mftestin,- soyhean fields, and generally are of high degree of 

selectivity for the crop. 
The triazine family cotains one herhicide, metribuzin, commercially 

known as Sencor or Lexone. This herbicide has also been quite effective for 

control of a fairly broad range nfweeds that germinate shortly after planting 

the crop. Rate of application witl this herhicide, however, has proven to be 

quite critical anId riust he-adLjusted carefully according to soil type and organ

ic matter inthe soil. Again, the use of preemtroence herbicide practices de

[)rnds upon the weeds irfsting the soybean I.fitd If these weeds tend to be 

the small-seeded annuals, then preemerguncc herbicides should be an integral 

part of the wee(l control programl for that field. 

"Cracking" or Soybean Emergence Stage 

Often, ,ctIC ricirge with soyhcxas .hat may not have been controlled 
by earler pr,irtices or tht may riot be susceptible to earlier practices, either 

cultural (r chmical. Two examples of these weeds in the South would in

cludet conmon cocklebur and weeds of the morningglory family. Neither of 

these, for cxaniple, are particularly susceptihle to el .her preplant or pre

emiergence herhicides. It has been found, hr(-ever, that when these weeds are 
inthe cotylyh(lonary stage of growth, the, may be susceptible to s ich contact 

herbicides as dinoseb (Preemerge) or to a 1)ppular combination used in the 

South, naptlaiah and dinoseb (Dyarap). Either of these herbicides can be 

spiayed dhrectly over the row to bcth emerged soybean and weed with little 

damage to the soybean, yet give jood control of the seedling weeds. Ofton, 

if a pftmerigerce herhricide har not been used previously, it is mixed wirh 

these contact materials to give soil residual effect. Alachlor, in particular, has 

been useful inthesc combinati)ns. Timing of application of these herbicides 

is critical. Bevond this stage of growth, the weAds ma., become more resistant 

to the herbicides and the crop olant more susceptible to damage. Usually the 

period of time at which crackiig or soybean emergence applications Can be 

made is only about 3 to 4 (lays. 

Early Postemergence Practices 

For convenience, the early pustemergence stage of soybean growth will 
be referred to as the V2 or V4 vegetative stage. These stages, of course, are 

from approximately one trifoliate to three, fully developed trifoliate leaves. 
Certain overtop practices have become popular at these stages, particularly 
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where such weeds as common cocklebur have not been adequately controlled 
earlier. Dinoseb, for example, can be applied when common cocklebur is as 
tall as the soybean plants. If the rate isadjusted carefully, damage to the soy
beans usually will be minimal. These practices are suggested only when it be
comes impossible to employ other means for weed removal. Bentazon (Basa
gran), which is considerably more selective than dinoseb, can also be applied 
overtop at this stage of growth for common cocklebur control. 

It is desirable that a differential in height between soybean plants and 
-weeds- will, have- been obtained by- the -time- sybeans "reach this stagi-fT 

growth. With !his differential, herbicides can be successfully post-directed. 
Chloroxuron (Tenoran) is an example of this application although at times it 
is also used overtop. Dinoseb, or a mixture of naptalam and dinoseb, can be 
directed successfully on young broadleaf weeds under the soybean canopy. 
In many situations, repeat applications of these herbicides will be needed to 
continue to extend the weed-free period as soybeans continue to grow and 
weeds continue to germinate. 

Later Postemergence 

By the time soybeans attain the V4 to V6 stage of growth other herbi
cide practices can be used. A combination that is particularly good for mor
ningglory is that of linuron (Lorox) and 2,4-DB (Butyrac or Butoxone) or 
2,4-DB alone. Either of these can be post.directed starting at this approxi
mate stage of'growth. Again, for most successful control, there must be a 
differential in height between soybean and the young morningglory seed
lings. Sometimes, the herbicide paraquat is successfully mixed with 2,4-DB 
and post-directed, if both grass and broadleaf weeds 'are present. Bentazon 
can also be applied overtop at these stages if common cocklebur continues 
to be troublesome. 

In nearly all these situations later postemergence applications can be 
made and are simply a continuation of the earlier practices outlined above. 
These later practices, of course, are done if the weed in questions continues 
to be a serious problem. 

An exception to the above might be those situations in which weeds 
continue to grow uncontrolled above the canopy of the soybeans. In the 
South, johnsongrass fits this category and often will emerge through the 
canopy at mid-season regardless of practices used before. New innovative 
techniques are being introduced into this area and include such things as re
circulating sprayers and new methods of "wiping on" herbicides. Of par
ticular interest to soybean farmers today is the use of glyphosate with these 
new application techniques. The wipe-on technique is accomplished through 
what is called the rope wick applicator, and several variations of this are 
rapidly becoming available in the mid-South. All of these methods are 
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promising since johnsongrass is considerably more susceptible to glyphosate 

later in the season than it is in its early stage of growth. Nevertheless, it must 

be realized that considerable competition has already occurred by this stage. 

Continued emphasis oust continue to be placed upon early control measures 

for control of this weed. Also, by the time johnsongrass has emerged above 

the soybean canopy, viable seedheads have been formed and There will still 

be an adequate seed SuLply fo reinfestation in the following year. 

Herbicide Innovations 

New herbicide products are coming into existence through company and 

academic research programs. One of the more interesting herbicide families 

is that of the diphenylethers. Oxyfluorfen (Goal) and acifluorfen (Blazer) 

are representative of this family. There is the promise of other diphenylether 

analogs becoming available in the next year or two. Some of these com

pounds demonstrate considerable selectivity for soybeans when they are 

applied overtop, yet n lay give goo(. grass weed control, or in some cases, good 

broadleaf control as welI. If these compounds continue to be promising, their 

adoption may radically change present posten,ergence control programs in 

use, This will include a definite shift away from post-directed practices to 

broadcast overtop applications. It nust be emphasized, however, that costs of 

thee materials are relatively higrh and must be taken into consideration be

fore adoption is made. 

Aloril with these new herbicides interest has arisen regarding the possi

bility of their miXtLire with more established herbicides. Work is underway in 

the South or mixtores of these compounds with such selective materials as 

bentazon. As cost3 become more in line witn need for control we will prob

ably see increasd (ise of these mixtures in the futule. 

CONTROL ACCORDING TO SOYBEAN CULTURE SYSTEMS 

Soybeans are grow, in tle? sourhern region of the United States under 

several different cultural systems. A discussior, of these systems is necessary 

in order to unJerstand types of weed control practice, utilized. 

Full-Season, Standard Row-Width Soybeans 

This system, of course, is the method of growing soybeans in conven

tionally-spaced rows. Various of the practices outlined above will be utilized 

according to the weed problems preserrt. As has already been indicated, many 

variations of practices are possible and are in use at the present time. 

Fuli-Season, Reduced Tillage Soybeans 

Under this system the land is not disturbed prior to planting. The soy

bean crop is planted in the trash or stubble from the last year's crop. Most 
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often a preemergencd herbicide will be used in mixture with a contact herbi
cide, such as paraq(i at. The . nixtUres are applied at planting and then nor
mal cultivation antd p,)stemowrfjf:nc, piactica's proceed as necessary. These re
duced tillaile systems hayw lbeen of considerable value on rolling iands where 
water or wind em(sos it so il b,(;comes a problern. They are not used exten
sively (1 the thal Ileas of tie Dlia region of the m(lid-SOUth becaulse weed 
infestattios in tle.' al!a hetw:n cropping swasons are too severe to be 
handled without coI,, I operations. 

Other limitations are presemt with this system. There is difficulty in oh
tainint a good o be'!han stand On certami !)mil, thai tenod *mjle crusted or com

pacted. In addirn,n f ireas an' irnfste, w,:t.v reinui weeds such asjohnsorl-
Irass, these! methods lit Iflaim1mgrl should m.ot a; used. 

Double-Cropping Soybeans After Small Grains 

lti,ai,- (" ti.;iismvl Ioj jrolv,;t 'ason in the southern United 
States, tnojny f steers pI mt smli r1t;ra in tdm fall ani, L0JOn harvst in the 

spring, imnwdiatuly hollow .tith ai planting of soybeans. In some cases this 
may involve: plnting dirct 1,, into tle smll grain stubble ofter the small 

aii'ml is harVesteid with no fUthiei se,,,iprnoaration. Although it may he 
difficult to tlant and tiobtain the stand with convemitmonal planters, new plaint
itig ulLJipn',em(t (lesigoed to hieak thrOLIgh the: stubble promises 10 make the 
planting operatior easir. Tlh rt: may he difficulty experienced also in cultiva
tien, again whrI soils have a tendency to becone conilnctleil. 

F arms my a lso hirn the stubwbl from th,- sinall gram i, d i:;k these fields, 
ann thenl plant snyb;eans. T,,. is imost often done to attmnpt to conseve: soil 
rnoistuin at a perind o)f tim, lo the year when ranfa.l may he Imiting. Under 

t,,ther of thir ahov, metho, is, conventicota o; narrow-row beans may be used. 
Againm, if e'rrow-rov; l an s irt a)!nflted With this system, the area must be 
free of proiiat we lits.i these Situations, of course, the cultivation option 
has aeen !nst anxid n (:en roimrt only to the use of herbicides for further 
control. However, the introduction of the more selective and promising 
materiutl, for wee' :(mItoil may ,nak this muthod an attractive one in future 

years. 

Full-Season, Narrow-Row "Broadcast" Soybeans 

Many farmeis in the South are in-coming interested in growing soybeans 
in grain dril width rows plar ted at the optitu n time of the year. This has 
aso been temed the "no-tili" system for growing soybeans. Usually, conven
tional seedbed preparation is practiced which will allow also the use of pre
plant incorporated herbicides. In addition to the preplant materials, pre
emergence herbicides may be applied at the time of planting. No cultivation 
is done, and weed problems after emergence must be attacked by overtop 
applications, This is a new concept in the South and is of creat interest to 
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many, principally to minimize the necessity for extensive cultural operations 

tl,,uughout the year. Although there are no particular yield advantages from 

full-season, narrow-row soybeans witn the varieties comrnmonly used in the 

South, the system, if it can be successfully adopted, offers promise of reduc

ing production costs because of the elimination of the nieed for interrow 

weedinq through cultural means. 

This sytem lso bas li in itationirs w hich are similar to those listed above. 

Areas infestid with perennial weed problems such as johnsongrass should be 

avoided. Again, thete is 11u cultivation option under this system, and pro

ducers must rely on the ;-cplant or preemcrgence herbicides and whatever 

may be available to be applied overtop of soybeans during the rest of the 

season. The advantage of the new selective herbicides becoming available, 

however, and as noted above, lends comsirdr able promise to this method for 

Southern soybean farmers. 

THE SOYBEAN-RICE ROTATION 

Special emphasis Mrust be given to the growing of soybeans in a rotation 

with rice. This is a ccmnloo practice i the mid-South. Ernpl asis is given to 

this rotation here because of desveloping weed problems that are unique to 

the rice crop. Red rice is one of tr, more serioris of these problems and has 

increased considerably in recent yeats with an increasing acreage of rice. New 

practices, aimed sPucifically at control of this weed, are in the process of 

being developed at the present time. 

The best method of attack for red rice at present seems to be during the 

yrars when soybeans are grown on a particular area. Double rates of the di

nitroaniline herbicides, for example, and applied preplant iricorporated offer 

considerable promise. The herbicide alachlor can also be incorporated at a 

rate nearly double the usual preemergence rate. With either C-f these appli

cations post-directed herbicides must be used to maintain early control 

attained. Paraquat, in particular, applied post-directed after soybeans are 

tall enough, has been one of the better practices to maintain this control. 

Since paraquat can be used only post-directed, this sytem can only be used 

with standard row-width soybeans. Generally, 2 to 3 yrs of intensive prac

tices such as these are necessary to gain control over red rice. 

SUMMARY 

Soybeans grown in southern United States are subject to severe weed in

festation due to favorable climatic conditions for plant growth. Because weed 

growth is most competitive early, extensive practices of early control are used 

until soybeans are large enough to form a foliage canopy capable of giving 

complete shading to the soil. 
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Preplantiti), soil incorporated trbicides are cortrnonly applied for con
tiol of pras: wvveed, often followed by preermnrgeve e herbicides at plantirg, 
or hy "cracknil' stagje applicatiors for weeds eMergling with soybeans. Early 
control is then cxti:nded by utilization of various f*)stenweleneu applications, 

iitfr overtop, depending on wmrd infustation. Increased selecitrvdin:ieid or 
ity o; postemergnce herbicides offurs promise of even improved ,.ontrol 

during these carly soybeain jrov.th Star".S 
Seve'ral soylhean c1lt,al sysrems awiised in the South. Large areas are 

still iliniter to nwnrvtntrnally-spaced rows, althouglh itrcrest isir.reasing in 
narrow row, fill .r;-,wi ;o%/luianq. Doildh-Cronlin J on, usually fo!+ 

lowi:r(! inra!grain, 1! j so I coriltln i)pfet ice. Itr alI th esr SvsI eros weed 

control practiecs rrrr':t r! to infestations, and cerr ipted fit existing weeud 
tion ,ySters, srnl lis r ri,.row soyhe:rs with tr:Ceiltvatio, option, most 

he avoiited Wtvhr- ti'nrril~ .%,eds ire! a prorlni 

NOTES 

Robert Frans, Alther :er Lio itory. [)eparvrrent of Agronomy, University of 
Aransas, Fayetrevile, Arkan s 72701. 



FOLIAR FERTILIZATION OF SOYBEANS DURING SEED-FILLING 

J. J. Hanway 

Although foliar applrcation oi nlcronutrients is practiced extensively, 
[.spec;iaily for rree crops, foliar applications of ,he major nutrients for field 
grai!' crops cenerally have not hu(i effectiie (10). Therefore, when we re
ported (3) very significart yield increaes of soybeans resulting from foliar 
alliLtiioo of NPKS solutions dur in seed filling it created much interest. 
Good seed yi:'d cwI/ere S have been obtained fiom these foliar applications 
it) several leid experiments, h.t in many of thu experiments that have been 
conducted there were no ,i,!d increases and in some exp i ments there were 
yield deureases. Oirviously, we still hav,, thinois to learn before foliar fertiliza
tion of scyheans duinrj soe -filling can he usId as i general field production 
practice. 

At the VVorld Soy rU if Research Confrence in Champaign, Illinois, in 
1975 I discussed some iterrelated development arrd biochemical processes 
in the growth of soybean plants (5). These processes provided a basis for 
foliar fertilization of soybeans during seed-filling, and we had started field 
experimentation in 1974 (3). These studies were concerned primarily with 
foliar application of the nutrients N, P, K and S that were being translocated 
from the plant leaves and other vegetative plant parts to the developing seeds 
during seed-filling. 

In studies and practices involving fertilizer use and mineral nutrition of 
soyueans and other grain crops, we have been concerned primarily with the 
nutrition of the "mother" plant rather than the nutrition of the developing 
"infant" seeds. For example, we have developed relations between the 
nutrient content of the leaves on the plants and final seed yields or the in
creases in yield resulting from soil fertilization. The seeds generally have been 
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considered as "sinks" where materials and nutrients that have been synthe

ask you to start thirk
sized or accumulated in the plants are deposited. I now 

infant plant with very definite nutrient re
ing of the developinm, seeds a. an 

and theirseeds that develop, their late of growth
quirements. The number of 

as well as the organicon the minera; nutrie ',tssize at maturity will depend 


materials made available to the developing seeds by ,he plant,
 

Duninq se(,d-filling, ii there ha:, been a good seed-3et, the developing seeds 

the primlary sinks lor mater
rather than regions of vegetative ,Irowth heconne 

ials synthesized in the plant. Soluble cs-5rbohy.trates p-,oduced by 'hotosyn

to the developing seeds aod their
thesis in the leaves are charnneled pri.a ily 

in the stems (and undoubtedly in the roots) decreases. Be
concentrations 

cause of this, N'l-fixatica by the rhizobia in the root nodules slows and stops 

ceases or is very limited. Although nutrient uptake
and root growth generally 

of at least some of the nutrients
by the plant continues, the Late uOf uptake 

N, P, I<a!id S is not a,:equate to supply
gradually decreases. The uptake of 

these nutrients the t arirelatively mnobile 
the needs of the deve'opi.g seeds su 

tihe seeds resulting in
in the plant are tra:slocated from ut he' planL palts to 

This dept-tii results in !eaves
depletion of these 	 nutrients in the leaves. 

turning yellow and then dying. 

Therufore, duri the se:.d-filling period we are concerned not only 'ith 

leaves so they remain active pnotosyn
maintaining adequzte nrients in the 

nut ants to the developing seeds.
thercal l,,but also with spplying adquate 


poea, s 
to offer pronmlising possibilitiesFoliar fertiiization during ser:d-filing 

for doing this. 
and -there is

Since xylem connections to tthe 	 seeds genertelly are poor 

the seeds, the cupply of nutrients and 
very little trarsplrarion of wa',er from 

niust be through the phloem of the "mother"
other materials to the seeds 

S ate rcadily transported in the phloem. -owever, the
plant. N, P, 	K E',nd 

several other nutrient elements such as Ca, Mg, Mn, Fe and 3 is 
transport ot 

Ikmit -4.As shown in Table I, the concentrations of N, P. K and S in soybean 

similar to or higher than the con
seeds (which are primarilyI ctyledons) are 

leaves on the plants. However, in the seeds the
centrations in healthy gret:n 

zrd Mn (arid Si) aie very low. In addition, concenconcentrations of Ca, Mg 

trations of Fe and B are ;ow. Possibly one or moie of these nutrient elements 

inthe plant phloem ;slimiying seed development.that are relatively immobile 

THE "MOBILE" NUTRIENTS 

in which foliar
Field experimert, 	 were conducted in 1975 and 197L 

arid S solutioirs were made during se~d-filling. Urea,applications of N, P, K 
were used as the primarypotassium polyphosphete and potassium suli-te 

foliar applicaof N, P, K and S. Preliminary tests. had shown that a 

than about 
sources 

tion of these solutions resulted in serious "leaf burn" if more 
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Table 1. 	 Typical concentrations (on a dry wt basis) of different elements in soybean 
leaves during vegetative growth and at plant maturity and of mature soy
bean seeds for Hark, Amsoy and Wayne varieties (1). 

Leaves
 

Eemerit Vegetative Maturity Seeds 

N / 5.0 2.3 6.5 
P % 0.35 0.20 0.6 
S % 0.25 0.14 0.30 
K % 2.0 	 0.8 1.8 

Zn ppm 70 44 40
 
Cu ppm 17 14 17
 

Ca % 1.4 3.4 0.3 
MO'% 0.5 0.7 0.2 

Mn pm 100 160 20
 
Fe ppm 400 400 100
 
13pprn 50 65 30
 

Al ppm 300 	 300 <8 
Si % 	 1.8 1.8 <0.15 
Na % 0.06 0.6 0.03 

20 kg N/ha was applied per spraying. Therefore, the rate of application per 
spraying was held at this level. 

The results of these studies may be summar'zed as follows: (a) Foliar 
application of 80 + 8 + 24 + 4 kg o,N + P + K + S/ha applied in 4 sprayings 
during the seed-filling period (stage R5 to R6.5), (2) increased soybean yields 
very significantly. Where N, P or K was omitted from the foliar application 
there generally was little or no yield increase and where S was omitted the 
yield increase was less than where S was included with the N, Pand K (Table 
2); (h)Increasing the amount of any one of the nuti ents above the 10:1:3:05 
ratio of N:P:K:S (the ratio found in soybean seeds) did not result in an 
additional yie!d increase; (c) The yield increase occurred principally in the 
tap half of the plant; (d) The yield increases resulted from increases in num
bers of ha.-vested scads-not increases in average seed size; and (e) The foliar 
NPKS applications at the rate which resulted in optimum yie!ds generally did 
not maintain the N, P and K content of the leaves (Tabe 3). At higher rates 
of application the percentages of P in the leaves were maintained, the N per
centages decreased although the decreases were less than where no N was 
applied, but the K percentages were not aftected. 

The results of one 1975 experiment (3) were especially striking and prob
ably resulted in much of the excitement that resulted in 1976 (Table 4). In 
this experiment soybean yields of two cultivars were increased by about 
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Table 2. Effects on soybean yields and seed size of foliar applications of different 
nutrient solutions a'plied between nr,:.n stages R5 and R6.5. 

Total Nutrient Exp'.riment 
Application Ames Ames Kanawha 

S4 Sprayings) 1975 1976 1976 

N P K S Corsoy Corsoy Steele 

- kg/ha - - Soybean yield (kg/ha) 

0 0 0 0 2980 3040 2620 

- Yield increase (kg/ha) -

0 8 24 4 -170 70 80 
80 0 24 4 lu 350 70 
80 8 0 4 -140 400 250 
80 8 24 0 320 620 250 
80 8 24 4 570 730 620 

- Seed size (g/00 seeds) 

0 0 0 0 15.8 15.2 18.4 
0 8 24 4 15.7 16.4 18.5 

80 0 24 4 15.9 149 18.5 
80 8 0 4 15.7 16.4 18.5 
80 8 24 0 16.7 15.1 18.2 
80 8 24 4 16.2 15.4 17.5 

1500 kg/ha and average seed size was not influenced by the foliar treatment. 
Yield increases this large hav2 not beer obtained in any other experiment. 

But these results indicate that such increases are possible. 
Field experimel lal data to evaluate the etfects of cifferent variables 

are still very limited, so definite conclusions are not yet feasible. Some tenta

tive observations are: (a) Increasing the total amount of NPKS applied to 
greater than 100 + 10 + 30 + 5 kg of N + P + K + S/ha or the number of spray
ings with the same total nutrient application resulted in lower yield increases; 

(b) Although yield respon3es to foliar fertilization have differed among diff

erent varieties in any one experiment, no one variety has ccnsistently re
sponded more than others in different experiments; (c) Foliar spraying of 
NPKS solutions during midday when the sun is shining often results in 

much greater leaf burn than similar sprayings in the morning or evening. 
Although we do not know the reason for this, spraying in the evening is 
generally recommended; (d) By using sulfuric acid to supply varying amounts 

of the S, the pH of the spray solution can be varied between pH 2.5 and 7. 
Although none of the solutions resulted in serious leaf burn, some of the 
data obtained by T. Smith indicate that a solution pH of 5 to 6 may be most 

desirable. 
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Table 3. 	 Effects of different rates of nutrient applications during seed-filling on 
percentages of N, P and K in youngest mature leaf on soybean plants (3).a 

Growth kg N applied/ha kg P applied/h, kg K applied/ha 

Stage 0 80 160 0 8 16 0 24 48 

- lleaf N -- leaf P - - %leaf K -

R5.5 3.05 3.22 3 55 20 .24 .30 .72 .90 .91 

R60 2.11 2 6( 2R2 .26 5 28 70 .84 .69 

R6.5 1.52 2.60 2.93 15 .26 .33 .62 .72 .61 

aFoliar applications at g-o,'h iitges 5, 5.5, 6 and 6.5. 

Table 4. 	 Effects of foliar applications of NPKS during seed-filling on yields and seed 
size oi two soybean cultivars. 

Snybean Soybean Yiid Yield Increase Seed Size 
Variety Not Spri'yed Spraycda Not Sprayed Sprayeda 

-- kg'ha -	 - y/l00 seeds -

Corsoy 	 3540 1570 15.2 15.0 

Amsoy 	 3850 1490 16,7 16.0 

aA total applicaton of 96 + 9.6 ' 28.8 + 4.8 kg of N + P K. + S/ha applied . develop

mental stages R5, R5.7, R6.2 and R6.6. 

THE "IMMOBILE" NUTRIENTS 

AlthOLIJh it!.!: rch data are limited, it is interesting and may be most 

profitable to ccnsider the efl.tects of the relatively immo bile nulients or. seed 

yields. The results tnat haV, been obtained indicate that foliar Epplications 

of the mobile nutrients N, P, K and S during seed-filling often resulted in 

seed yield increases but in many expe enents resulted in no yield increases. 

Were some other nutrient elements, such as B, Fe, Ca, Mg or Mn that are 

relatively immo il.,, limiting seed yields? 

Nelson (8) found that boron applicationls on Iowa soils resulted in 

al faifa yield increases but not hay yield increases. I on deficiencies in soy

beans generally become evident in new growth of the plants when older 

plant parts ,how no defic;ency symptoms. The concentrations of these 

nutrient elements in soybear seeds are low in comparison to the concen

trations in the leaves. Prelim~nary studies of foliar applications of dif.erent 

forms of these nutrient elements that may be more mobile in the plaits were 

started in 1978 by S. Ritchie. 
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The marked increases in Ca and Mn concentrations in the liaves during 
seed-filling (5i and the very low concentrations of these eements and Mg in 

the seeds (Table i) indica'e tlhat these elements are not retranslocated from 
the leaves to the devcloping seeds and may be deficient for optimum growth 
of the seed,. Konno i6) a' o renorted tihis increase in Ca, a similar marked 
increase in Mt iT ,oysean leaves and petiles during seed-filling, and very low 
concentra tions of these elements in the seeds. Certainly, studies should be 
started coric-:rning the possihilities that ti use nutrient elements are limiting 

:tU"[.tr~li] JVUL~iI;'j;t l~ t f .d, ili,<tleLJ ,~U~ u L;tl.z ( ului~td fIi ;isl-

provi-i tt, Ii t,,:-slocati;i in the plants to the seeds. 

The rjesiar ch at the U.S. Plant, Soil and Nutrition Lainoratory in Ithaca, 
N.Y. (8) is most inreesting an offers prcrnise of a technique to study the 
requirements of the di -,i!-ping soybean seeds for the relatively imrnobile 
nutrients. These researchers ha.- separated the cotyledons of small, embryon

ic soybean seeds and groswn them i vitro Culture to stldy the nutrient re

quirements of the (it ,,ilornmq cotyledons. The growth rate: of the cotyledons 

in the standard cuitu, :T; imi was ireatier tai on the plants. Omitting 

P, K, S or Fe fro-,r Ow solution reduced wovth, Oririsslovi of either 
Ca or Mg had littki .ff ct, hut onission of hoth ri duce, olroVth and protein 
synthesis. More ieforation s needt:d concrriinj th- ,flects of these and 

other nutrients such I Mn, 3, Zr, Cu li ;osibly Si s well as the effects 

of varyin( coicentilit. ns of al! th, dirftrei nutriunt elem nts on growth, 
protein s' Prthesis and firal nut iry cor tent of the cotyledons, F:or exam
pIe, the available dAt) iii ite tnAt the rate ci growth aoi other character

ha, ri 

of the nutrient eleenrrrts such as Ca, M, Mn, Fe and B that are relatively 
immobile in the phem. 

istics of the sef'Js I- .. affected by the avaii;obiiity to the seeds 

Using a sirnilar technique wiith cucumber cotyledons, Green and Muir 

(3) have showr That Ca and K levels miarkedly influenced the growth response 
to cytokinins. 

We hay', co ,dt,cted some very preliminary greenhouse tests in which 
soybean sedOs V.er, ;11,inted in acid-washed sand to study the effect of differ
ent nutrient elements in the seed on growth of the plant immediately after 
germination. Were the sand was wetled with water or with Hoagland's 
solution minus Ca aind Mn the plants beveloped only to the stage where the 
cotyledons had emerged and unfolded. Where tih sand was wetted with a 
solution containing Ca and Mn tile plants continued to grow and develop 
for a time similar to where the sand was wetted with a complete Hoagland's 
solution. These results indicate that Cai and/or Mn were deficient soon after 
the seed germinated. They may have been deficient during the development 
of the seeds. Some results of McAlister and Krober (Y) published in 1951 
are pertinent to these observations. They obsen/ed a rapid loss in drV weight, 
N, P and K in soybean cotyledons during the first few days alter seed 
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germination ard seedling emergence, but a rapid increase in Ca in the cotyle

dons following seedn 9 er eergence. 

OTHER FACTORS 

Much Uvi dUce, exists to show that urea is more rapidly absorbed arid is 

10s phytotoxic than in osT other common forms of N which can be appliecd in 

a foli ar Splay. However, foliar fertilization during smaed-filling requires larger 

u:mouUn ts of N tan of other Outrients, and it has been observed that the "leaf 

burn" which occurs with lriar lertilIzation of soybeans during seed-filling 

WVV with urea in the solution. Since cyanates, ca;bamates,S asocia'tc1d t re 

hiuret nd eyanaoi'! ray he fried during the decomposition of urea, one 

sti(lerit, M. Ms i, lal luvl studying the toxicity of these materials when 

pw rrt i, te NPKS spra'/. Initical ohservations irrdicate that cyarrate and 

cyadmid arm, most toXf; fuiloved by Inuret. Where 20 kg N/ha was applied 

!e spay in. it ruore thatn 5 of the N -- I ki; N/ha, was present as these 

forms, th riWL''If NIrur dIIa l . dLecrease in seed yield. SimilarV.v,V, S 

amount,; (,f carh.iarite N, although sorietirnes resulting in leaf hurn, did not 

resuilt i! seyed yie drcreass. I3ecaiSUe decoroposi ti(r of urea to form these 

srihstancis wu hlt?ire exreCted '- be assoxciated with the urease in and on the 

pinlt lraves and oilrtlr plai;t p;rts, another student, N. El-Hout, has begun to 

cllct dncaa couoetrrin) LIl-.'a ir soyhearr plants during the season. 

\! aurui Lff(rntS iii restrore to toliar ferti ization aptrlications may
beUnrr:d c[ld have hieer obsr,(ved. Tr cfharactrize the notrient status in 

diffelrnt pfl,,i~t ;rajrts of different cultivars throutihout the season, G. Loberg 

work ri w 0h I , ShiIdes has donea extensive sarrplir gs and analysis for differ

ent nu tr',Ilt elements ii differeirt soyhearl lines. 
Plant physiologists have made tremendous coltrhibutions to our know

ledge about hormones and growth renulators (auxiris, gibhere lins, cytokinins, 

ethylene and abscissic acid) in soybean plants. This knowledge nav supply 

tile inforrimati on needed to devise foliar nutrient applications tIna. will be 

more consistently successful. For example, foliar applications of -a:ytokinin 

to dela t nutrient depletion and senescence of leaves in conjunction with 

foliar nutrient applications to supply the nutrients needed by the develop

ing seeds may he SuccesSful. Or, the nise of inhibitors ef etiiylerne and ab

scissic acid in leaves together with foliar nutriert applications may improve 

seed yields. 
Foliar fertilization of soybeans during seed-filling shows real promise. 

But we still have things to learn before it will be cofnsistintly successful and 

accepted as ageneral practice. 

NOTES 

John J. Hanway, Agronomy Denartment, Iowa State Univr.sity, Ames, Iowa 
50011. 
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FACTORS AFFECTING THE RESPONSE OF SOYBEANS
 
TO MOLYBDENUM APPLICATION
 

F. C. Boswell 

Molybdenum (Mo) is one of the seven micronutrients essential for nor

mal plant growth and develonment. This element is somewhat unique when 

compared to the other fcrironutrients because its availability increases as soil 

pH increases and it is reqLJhed in relatively small quantities for correcting 
deficiencies in plJants. Molybdenum is involved in at least two essential plant 

functions (16). It is required iii all 1)lani[s for protein synthesis and for sym

biotic nitrogen fixation in legumes. Ihe specific function of Mo in nitrogen 
fixation issomewhat obscure but isimplicated in the constituent of an 

enzyme involved in the process of fixing atmornpheric nitrogen (34). Berger

sen l5) indicated that Mo is an essential constituent of niirogenase in N2 

fixing rganisms of soybean nodules (Rhizobium iaponirx). Although Bortels 

(8) shov,'trd the bio!ogical importance of Mc in 1930, its essentiality for plants 
was not reported until 1939 when Arnon and Stout (3) produced Mo-defi

cient tomato plants in six successive experiments conducteo under rigidly 
cont,olled conditions. 

Bortels in 1937 (9) mnd Evans in 1956 (16) alluded to legumes, includ

ing soybeans [Giycine max (L ) Merr.] making better growth and fixing more 
nitrogen when supplied with Mo. However, it was not until 1962 that specifia 

soybean responses to Mo application were reported. Berger (4) reported Mo 

deficiencies in the U.S. on soybeans in Wisconsin, Illinois and Indiana. During 
that year, Parker and Harris (35) also reported significant soybean yield 
responses to application of Mo under field conditions in Georgia. The follow

ing year, Lavy and Barber (29) reported significant soybean yield responses 
to Mo applications in Indiana. In subsequent years, soybean yield responses 

to Mo applications have been reported in at least seven additionai states in the 

417 
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U.S. (2,15,31,32,40,41,44) and more than five countries outside the conti
nental U.S. (7,12,23.30,43). These countries include Japan, China, Taissan, 
Russia, and France. Generally, responses in the U.S., as well as other countries, 
involve soils that are acid in nature, usually with a water pH of 6.2 or less. 

In addition to increasing soybecn yielo, Mo additions tj the soil, seeds, 
or soybean foliage at proper rates and methods may contribute to vigorous 
plant g,-owth, increased protein conients and increased build-up of nitrogen 
in the plant and soil which accompany increased nodulation and symbiotic 
microbial activity. 

Soybeans are nigh in protein and oil and further development in the 
utilizvtinn nf soyheans in the human dlietwill lead to a demand for increased 
yields per acre as well as an expandcd acreage in future years. In th;s context, 
it would be helpful to better understand factors affecting the response of 
soybeans to Mo applications since small quantitics of this essential micro
nutrient have a potential to affect desirable influences on this important 
crop. 

SOIL RELATIONSHIPS TO Mo REQUIREMENTS OF SOYBEANS 

Many soils do not have suffi,!i,nt Mo present in a form soybean plants 
can use. Generally, these soils are acid with phi levels below 6.2, inherently 
low in total Mo content, coarse textured (often loamy sands or sandy learns), 
relatively low in organic matter, with appreciabl, amounts of iron, and 
severely eroded and/or heavily weathered. In a review, Cheng and Ouellette 
(11) stated that results from various countries indicate that the average 
total Mo content of soils is 2.0 ppm and the average available Mo content is 
0.2 ppm. Plants often show Mo deficiency when the avalahle soil Mo is less 
than 0.1 ppn and the soil is acid. Yield rasponses in sovbeans have bee, 
noted when the available soil Mo is above 0.3 pprn (10). 

Soil pH 

The relatively small fraction of the total Mo content of a soil that is 
available to plants is dependent on soil pH (25). Unlike other essential micro
nutrients, Mo availability increases as the soil pH is increased. Therefore, 
soybean responses to Mo applications are greatest on acid soils with a major
ity of the responses occurring east of the Mississippi River. Molybdenum 
resnonses in Japan, Taiwan, and China have also occurred on acid soils while 
a study conducted in France showed appreciable yield increases at pH near 
neutral. Smith and Connell (42) showed a significant response to seed ap
plied Mo (0.5 a/kg seed) at pH values of 6.1 to 6.3 in a 5-yr study on a silt 
loam soil in Tennessee. 

Workers in Louisiana (41) showed that 36% of the variation in yield 
response to application of Mo at 15 sites with 14 different soils was 
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attributed to the nfluence of soil pH. They found a curvilinear relation be

tween soil p1H and yield response to Mo (Figure 1). The regression equation 

indicates a very rapid increase in the slope of the curvilinear lire as soil pH is 

decreased from 6.5 downward. They indicated an average yield increase of 

approximately 323, 175 and 67 kg/ha at soil pH \alues of 5.0, 5.5 and 6.0, 
respectively, from ap;)lication of Mo. They did not show a significant yield 

increase frm the application of Mo when the soil pH was 6.2 or hiqher. Re

sponses to Mo added as fertilizer are greater on acid soils than on alkaline 
soils. The application of limestone to acid soils is an effective method of in

creasing available soil Mo as well as the Mo concentration in plants (1). 

Soil Molybdenum 

Davies (14) presented a review of factors affecting Mo availability in 

soils ,whi:h indicated that alkaline soils, some "young" soils, and most, 

Dut riot all, organic soils art prone to produce planis of high Mo content. 

Conversdly, soils that are highly podzol iz(d, soils of high anion-e:xchange 

capacity, low pH, high in iron, and pos~irhy soils that are Mo depleted by 

exhaustive cropping ray be deficient in Mo. Cox and Kamprath (13) re. 

ported that c-op resoOIses had been ohtained with soil levelS Lip to 0.4 ppm 

but most values wt~re hss than 0.2 pprn. 
Soil Mo data relati o to soybt.ar yieli response is somewhai limited. 

Sedherry et el.(41) repol toi soil total M' values of 0.63 to 1.64 ppm while 

extractable Mu (Tamrm', ,coltiOn, anmIoniurn oxalate adjusted to pH 3.3) 

ranged from 0.03 to 0.31 pirm on 1A Louisiana soils where significant yield 

responses were obtained. Boswell and Anderson (10) o'otained significant soy

bean yelld 	 responses from soils of Georgia which rLoged from 0.06 ppm to 

800
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Soil Reaction (pH) 

Figure 1. 	 Influence of soil reaction (pH)on the yield response by soybeans to the 
application of Mo on 14 soils (41). 
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0.32 ppm extractable Mo contents. Hashimoto and Yamasaki (23) reported 
significant soybean yield increases to Mo applications when applied to Japan
ese soils containing 0.11 ppm oi 2vilable Mo. 

Soil Texture, Organic Matter and Iron 

Several rnvievers (11,14,16,20,25) have indicated that soil factors such 
as texture, organic matta.r and iron content affect Mo nt-e ds by plants. Davies 
(14) reported that Mo deficiencies have been n(oted oln peat soils in West 
Australia and New Zealand. He also stated that Mo becomes unavailable in 
ironstone soils. However, reported data on organic matter or iron levels o 
soils in relation to Mo response on scybeans are not evident Although soil 
texture relations to Mo responscs have not hin asstssed ful!y, rui ieponses 
have been on soils of sill !oam, sandy loam or loamy sands with most response 
reported on soils o.'th silt loini textures. 

Sedberry ei al. (41) related extractable and total soil Mo to several chem
ical properties of 1-1 soils of Louisiana by means of correlation coefficients. 
Significant correlations occurred between extractable Mo and extractable K, 
organic matter, and cation exchange capacity (Table 1). A significant negative 
correlation (r-0.502) was found between soil pH and the extractable Mo con
tent of the soils. Significant correlations were not found between the extract
able and total Mo contents ol the soils. Other soil chemical properties were 
not significantly related to total Mo contents of the soil. 

Table 1. 	 Relationships as shown by correlation coefficients r) between extract
able and total Mo contents and certain chemical properties of the soils 
(41). 

Chemical Property 	 Extractable Mo Total Mo 

-r--

Extracteble P - 0.364 - 0.223 
Extractable K 0. 5 2 3a 0.125 
Extrartable Ca 0,122 0.150 
Extractable Mg 	 0.026 0.128 
Organic matter 0 66 5 b 0.311 
Cation exchange capacity 0 .74 7b 0.342 
Base saturation - 0.388 0.008 
Soil reaction, pH -0. 5 0 

2a -0.002 
Extractable Mo 0.347 
Total Mo 0.347 

aSignificant difference at the 5% probability level. 
bSignificant difference at the 1%probability level. 
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THE SOYBEAN PLANT AND Mo RELATIONSHIPS 

Visual Deficiency Symptoms 

Since Mo is an essc itia! element in nitrogen fixation and nitrate reduc

tion, ViSuiSl deficiency symptoms may be very similar to nitrogen deficiency 

in noniegurrus. These symptoms include a pale green color in developing 

leaves. Peterson and Purvis (38) C.veloled Mo deficifect synptoms for soy

beans in purified nutrrent soltion. They indicated that the leaves were light 

green in color, twistt.d oii the socnis with necrotic areas idjacent to the mid

rih het ,een thin veins. and flony the margin. Under fl'hJ conditions, Mo 

deficir t soybean leaves are light green color, often smaHl in i. e. The plants 

are son'ewhat stunted when compared to plants rceiving i egqouste M. The 

plant often develops spars,.. !:pr,iht ci:nopies that do no' . iovi overlap in 

normal rrv, widths. 

Tissue Levels of M,-c 

For plants in genera Johnson (281ii rca~edt it i Mo deficiency occurs 

fregnuently vvhvnl the piant concentratioi is less than C1.10 ppm Mo. Levels of 

Mu i) tissi ie may exzeed several hundred ppm wirh no evirence of detrimental 

efects in plant gjrowth. Hos-vve Barshad (6) reported that Mo concentrations 

greater tlhca 15 ppmin )asure plants may be toxic to cattle. James et al. (26) 

reporter .th-Mo conterit of alfalha plants from greenhouse studies was much 

lower fthan that of plant:,rown in thl,, field. Siinilar comparisons for soybeans 

have not hecn reportf.d. 
I. i tiil t Ysile concentrations have been reported. Studies in Tai

';.r (30) Yhn,.ed 'e MO L-.)nltent of soybean leaf blade tissue to he 0.20 ppm 

o; s,.;il with pH lev,, of 4fi anr was increased to 0.45 ppm when 200 ri/ha Mo 

was ,.iplied. Hash wit - id Y iesl.ki (23) increased %inccncentra no;is in soy

bean leaf tissrie, steerr, ,, i, uLluh'sby tIre application of 130 rag Mo/liter 

of seeds (Table 2) - hy fwi ii t at Mn cor celntratior,. of most plant compo

, r.'s decreasedti.ni as i ! iii , ' wr d el ryed. Bosss ell and Anderson (10) 

reported 0.13 ppn, icrr iof, af leaf t)etiole tissue from untreated 

plants grown on Geor;oi l :'i etment of 217 g Mo/ha increased Mo 

concentration of !e:f tastie tran 0.13 ppm to 0.22 ppm. Feliar spray 

Tabbe 2. Mct,,bdenum coritentrations of soybean plant components (23). 

Plant Component" 

rreatment Leaves Sterns Roots Nodule 

-ppm -

Control 0.32 0.30 0.32 0.90 

Mo Applied b 1.13 2.75 3.36 6.10 

aSampled 40th day after treatment. 
bRate-130 mg Mo/liter cf seed. 
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applications of Mo increased leaf tissue levels to 4.70 ppm Mo by spray 
application of 217 g Mo/ha at full bloom-oarlv pod growth period [R-3 stage 
as described by Fehr and Caviness (17)] 

Louisiana workers (41) showe-d a yiuld fespnn-e to applied Mo on Cal
houn and Crowley sil soils which han .:.ue contenits of 0.14 and C.19 ppm 
Mo with added lime or Mo. Seed applied [Ao (35 g Mo/ha) increa.ed the tissue 
to 0.87 and 1.54 ppm Mo, respectivfl, (Table 3). Their data also indicated 
that the application of limestone to the soil increased both native and applied 
Mo and increased Mo concentration in die leaf tissue of the soybean plants. 

DeMooy (15) obtained significant soybean yield responses to 230 g Mo/ 
67 kg seed on sill loam soils that had leaf tissue levels of 0.87 to 1.65 ppm 
Mo (Fpectrographic analyses) when sampled from the control plots at full 
bloom gr wth stage. 

Soybean Seed Mo Levcli 

Reported levels of Mo in soybean seeds range from 0.6 to 47.0 ppm. 
Sevetal workers (19,22,37,38) have shown that the Mo requirements of a 
soybean crop can be supplied by seed containing a high Mo content. Gurley 
and Giddens (19) showed that the seed part as well as the location of the 
seed on the plant inflUenced the Mo cor,ient (Table 4). Parker and Harris 
(37) reported a sigtnificant response to applied foliar Mo (70 g/ha) when the 
Mo content of the seeds which were planted contained approximately 8 ppm 
Mo ot les. Hawes et al. (241) reported Mo-values for soybean seeds to be 
0.68, 1.32, 2 60, 2..9, 2.44 and 3.89 ppm when grown on soils fertilized 

Table 3. 	 Effects of limestone and Mo additions on the Mo coitent of soybean 
leaf tissue grown on soils in Louisiana (41). 

Mo in Leaf Tissue 

Treatment Calhoun Sil Soil Crowley Sil Soil 

- ppm -

0 lime 
0 Mo 0.14 0.19 

35 g Mo/na (seed spplied) 0.87 1.54 
560 g Mo/ha (soil applied) 0.60 0.62 

4.5 mt/ha time 
0 Mo 0.18 0.64 

35 g Mo/ha (seed applied) 0.93 1.60 
560 g Mo/ha (soil applied) 2.24 0.90 

9.0 mt/ha lime 
0 Mo 0.28 0.84 
35 g Mo/ha (seed applied) 0.84 2.94 

560 g Mo/ha (soil apolied) 4.22 1.97 

http:increa.ed
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Table 4. 	 Molybdenum content of different parts of soybean seeds and of seeds 
from diffeient loc3tions on the plant (19). 

Part of Seeda ppm Mo Location of Seedb ppm Mo 

Seed Coat 10 Top 1/3 of plnt 08 

Embryo 28 Middle 1 /3 of plant 1.7 

Cotyle'"n 43 Lower 1/3 of plant 2.5 

aGrown from seds which contained 44 ppm Mo. 

"SampeO [omr ,.onts receiving 70 q Mo/ha as foliar spray'. 

the previOu year with 0, 0.22, 0.44, 0.88, 1.32 and 2.64 kg Mo/ha. Soybean 

grain Mo from the residual applic:;tion was considerably higher than barley 

or wheait grain. 

Influence of Mo on Other Soybean Constiturents 

Additional plant components which have been reported to be affected 

by Mo applications are se, d size, nilio-en), protein, oil, nodule size and num

ber leaf chloropl yll, mioCulants ndL nucleic acIds. Lee et al. (30) reported 

significantly greater numbers of pods, seeds ind seed weight when 200 g/ha 

of Mo were applied. In addition, total N of tissue at fill bloom-early pod 

stage and crude protein of seed, were increased by Mo applications. Parker 

and Harris (37) and Sedheriy et fl. (41) haV also shown an increase in seed 

weight when soybeans respond to Mo application. Numerous other workers 

(10,21,22,30,35-37,42) have reported increased nitrogen contents of tissues 

with Mo applications. Parker and Harris (35), Boswell ard Anderson (10), and 

Le, et al. (30) have shown incicased bean protein with Mo application but 

in inverse relationship with oil content of soybean seeds (Figure 2). Gener

ally, the protein increase will he 3 to 4 of each 1,it decrease in oil content. 

However, Lee et al. (30) reported a soybean seed protein increase of 8.7% 

while seed soil was decreased U% with Mo seed treatments. 

Smith and Connell (42) showed a highly significant increase in leaf 

chlorophyll when 35 g Mo/ha were added as seed treatment. This increase 

was from approximately 2% for 0 Mo to 4% for plants with added Mo. Hashi

moto and Yamasaki (23) reoorted that nodules on Mo-treated soybean 

plants were characteristically larger size, had lower water content and higher 

Mo content than non-treated plants. 

Studies reported by Giddens (18) indicate that the addition of 7 or 28 g 

of molybdenum compoundF (sodium molybdate ammoniurn molybdate, 

molybdic oxide or 'Moly-Gro') to 140 g of inoculant applied to 2700 kg of 

soybean seed significantly reduced nodliation of soybeans grown in the 

greenhouse. Using the same compounds, Johnson et al. (27) evaluated seed 

treatment effects on the germination of various soybean varieties. They 
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Figure 2. Regression f soybean seed protein on soil when 217 g/ha Mo were applied 

(10). 

found that neither source nor rate of MG, up to 224 g/2700 kl of seed caused 
germination losses. Pozsir (39) reported that Mo, as ammonium molybdate in 
a concentra:ion of 50 ppm, stimulated nucleic acid synthesis in soybean 
leaves through enhancing the intensity of nitrate reduction. 

FACTORS AFFECTING SOYBEAN YIELD RESPONSES 

Factors that m3,y influence the soybean yield response to Mo applica
tions are total and available soil Mo, soil pH, rates of application, methods 
and timing of Mo application. Studies by Parker and Harris (37) and Hashi
moto and Yamasaki (23) showed no difference in yield response due to 

sources of io. 

Soil Mo and pH 

Sedberry et al. (41) obtained significant yield responses to added Mo on 
Louisiana soils that varied from 0.04 ppm to 0.22 ppm of extractable Mo; 
however, they were unable to establish a critical concentration level of avail
able Mo in the soil. They found that yield responses were influenced by soil 
pH and were able to relate Mo conccntration of soybean leaves to soil pH. 
However, concentra dons of available Mo in the soil cou!d not be well related 
to soil pH or Mo content of leaf tissue (Table 5). 

The relationship between soybean yields and soil pH with and without 
applied Mo was depicted by Parker and Harris (35) as shown in Figure 3. 
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Tabie 5. 	 Influence of soil pH on the cuncentration of Mo in the soil and leaves of 

soybeans grown or a silt loam soil (41). 

Mo Concentration 

Soil pH 	 In Soil In Leaves 

- pM 

5.1 	 0.26 0.41 
6.0 	 .25 .40 
6.7 	 .29 .50 
7.2 	 .27 .65 
7.4 	 .29 .86 
7.5 	 .29 1.30 

LSD 5% ns 	 0.10 

MO 

3024 	 9=3132-61X 
r=-.03 2 

= 26818 2680 Mo,,7- o 0 

No Mo" 2352 / / 9=827X-2482 

,-_No Ma rz.996" 
2016 - 1 

5.5 	 6.0 6.5 

PH Values 

Figure 3. 	 P.elmtionship between soybean yield and soil pH with and without Mo (35). 

= A high significant coi ii.ation (; z 0.996) was foUnd betweun the mean yields 

of treatments without added Mo and soil pH. However, this relationship be
= came nonsignificant (r -0.032) when Mo was added at a rate of 225 glha. 

Parker and Harris (35) also compared the effects of Mo applied by two 

methods and dolomitic limestone rates on yield of soybeans in Gearg;a 

(Table 6). Molytdenum, without lime, increased yields 46% by foliar appli

cation and 5% by seed treatment. However, the yiela difference in favor of 

seed treatment was significant only when averaged for all lime treatments. 

Lime, without Mo, increased yields 31 and 50% at the 2.24 and 4.48 t/ha 

rates, respe,;tively. Lime had no significant effect on yield when Mo was ap

plied and yields were not influenced by Mo when more than 2.24 t/ha were 

applied. They concluded from this study, along with other experiments, that 

added Mo was equivlent to 4.48 t/ha of lime in promoting yield increases. 
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Table 6. 	 Effects of molybdenum and lime on the yield of soybeans grown on a 

loam soil (initial pH of 5.5) in Georgia (35). 

Dolomitic Limestone t/ha) 

Treatment 0 2.24 4.48 6.72 8.96 Average 

- g/ha - - yield (kg/ha) -

0 2036 b 2675 b 3050 a 3004 a 3152 a 2782 c 

224 (foliar) 2977 a 3125 a 3050 a 3084 a 3158 a 3078 b 

224 (seed) 3158a 3266 a 3266 a 2,353 a 3326 a 3273 a 

Average 2722 3024 3125 3145 3212 

%ata in the same column followed by the sama letter and d3ta in rows underscored by 
the same line do not d;ffer significantly ,t the 5%5p:obability level. 

Sedbmm/ et al. (41) reporler significart soybean yield increases from the 
application of Mo in 11 of 22 experiments. Where responses occurred, soie pH 
values ranged from 4.9 to 6.0. Yield increases above no'itr'; ted plots ranged 
from 87 to 786 kg/ha with ',he highest yield occurring on a Gallion vfsl w*th 
a pH of 4.9. l-hey indicated that application,, or seeds, toliar and soil Mo 
treatments proved to lie c:ually effective in correc-irg Mo deficiency on acid 
soils, although various Mo rates were used, depending on thu treatment 
method. Morm Mo is required to attain maximum yields when applied to the 
soil than when applied to the foliage. Parker and Harris (37) observed that 
885 g/ha of row-applied Mo were required to be equivalent to 28 q/ha of 
foliar-applied Mo or a 32-fold difference. 

Utilizing an equation proposed by Mueller et al. (33), Sedberry et al. 
(41) showed that a response V) applied Mo was usually cutained when the 
value for soil pH + (10x the ppm of ammonium oxalate-oxalic acid extract
able Mo content of the soil) was less than 7.5 (Table 7). There w3re two ex
ceptions to the 7.5 Mueller value; the Calhoun sil with a pH of 4.9 and the 
Yahola vfsl with a pH of 7.1. The Calhoun sil contained 0.21 ppm of extract
able Mo while the Yahola soil was alkaline. 

On moderately acid soils (pH 5.1 to 5.6) Hagstrorn and Berger (21) and 
Parker and Harris (35) reported that nitrogen (N) deficiency symptoms were 
observed on soybean plants grown on plots not treated with lime or Mo. 
To further assess Mo and N rates on acid soils, Parker and Harris (36) evalu
ated the influence of N and Mo on yield of non-nodulating and nodulating 
soybeans for 3 yr. Yields fr:m the final year (1968) ot this study are shown 
in Table 8. Molybdenum did not increase yields with the non-nodulating 
soybeans. For the nodulating soybeans, significant responses to Mo were 
obtained up to 67 kg/ha of N. Average yields for the Mo treated and non
treated non-nodulating soybeans were increased for all increments of N 
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Table 7. 	 Soil pH and extractable Mo content of several I-ouisiana soils used to 

predict the soybein yield respanse to Mo application (41). 

prn Ext. Muel!er MWauur-ed 

Soil Type Soil pH Soil r,'.' Valuea Response 

4.9 0.21 7.0 nsb 

Gallion vfsl c 
Calhoun sii 

4.9 0.04 5.3 

Alligator C 5.1 0.42 9.3 ns 

Calhoun sil 5.1 0.17 6.8 

Gallion vfsl 5.3 0.04 5.7 

M:-i!a3chie fsl 5.4 0.22 1.6 ns 
Janrerte sil 5.4 0.14 6.8 

Pe!,Y C 5.4 0.23 7.7 

Ccoiey, sii 5.5 0.1 4 6.9 

Crovhly sil 5.6 0.18 7.4 

Acadia -1 5.7 0.05 6.2 

Crowley si 5.9 0.14 7.3 

Robinisonviile vfsl 6.2 0.18 8.0 ns 

Commerce sii 6.4 0.22 8.6 ns 

Yahoii vfsl 7.1 0.03 7.4 ns 

Norwood sI 7.6 0.04 8.0 ns 

MLJelerVue soil pH (110x m trpn)cta i.e Mo) 
L)ns cdenotes a nonsignificant difference in yield. 

c - denotes Lisignificant difference ;n ' ield at the 5n prohbsbility level. 

Table 8. 	 Influence of N ani Ma- on yield of rrjn-rodulat;ng and nodulating soy
heans (36). 

Vi,,1d* 

Non-nodulating lg N/ha) Nodulasing (kg N/ha) 

Mo Rate 0 67 134 201 0 67 134 201 

- g/ha- - Agia -

0 1714 a 2661;: 2997 a 3145a 2506b 2762b 3084 a 311! a 

34 1620a 2574a 2937a 3158a 3051 a 111 a 3226a 3132a 

Averi1ge 1667 2618 2967 3152 27;8 2936 3155 3122 

*Data in the sarme column followed by the same letter 3nd data underscored by the same 

line in a row do not differ significantly at the 5 : lev-21 by DMRT. 

except the 134 ke/ha rate without Mo. Also, Mo without added N increased 

soybean leaf N. They concluded that N efficiency may be improved by the 
addition of Mo to nodulating soybeans. They also indicated that the primary 

function of Mo was to correct a N deficiency and that sufficient soil Mo was 
available for nitrate reduction but not for symbiosis. 
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Sources, Rate, arid Time of Mo Application 

Parker and Harris (37) reported on a 3-yr study with sources and rates of 
Mo on soybean yield (Table 9). The study was conducted on loam soils with 
pH values ranging from 50 to 5.4, depending on the year and soil. Yields 
were increased 58% at the hijhet 'Yield level but 83%6 of the total increase 
occurred with the lowest Mo rate (17 g/ha). Average of sources indicated no 
additional yitld increatss abov the 69 ( Mo, h, rate. There were no differ
ences in yield response due to source of Mo. 

A comparison of sed tVeStLmlnt versLs loliar applicatini of Mo to soy
beans hy Parker and Harris 135) indicated that seed treatment was superior. 
However in a subSeu(gnLirt rport, these investigators (36) found little or no 
difference hetveen the two methods. In addition, oil-applied Mo was not 
dif,rero liorn the seJo or toliar applicatiors. Boswell and Aiderson (10) 
shov',td that tim', f spray applic.tio- or Mo was imoportant (Table 10). 
I ,ar i x, i thit del,iyed fliIr applications of MO after the R2 
17 growvth stag', do not j lIow nrm\imum yield responses. Little ifeet is 

noted on conc.ntr.1*utiith-f ptltiolr or totd i1 an(l protein content of'N Lt 
seed. V iun ar prixs - .,plihedt the proptr growth stage, they found 
no ditference i ,'e on11f(Ilii dppliC P relative to yield, protein or oilM 

effects on soyh,,ans. O;i o M ,'mtevalio ;it oarn Bosv.ell and Anrhtrson (10) 
reported a 75 . vitldi ir :,,, from qoe,,d OIlo Jdi Mo. 

Table 9. 	 Effect of SOUrces and rats of molybdenum on soybean yields, 3-yr aver
age (37). 

Source 

Ammonium Sodium X Chelate + 
Rate* Chelate Molybdate Molybdate , Sodium Mo Average 

-	 - yield (kg/b,) t 

00 1532 b 1539 b 1620c 1499 b 1546 c
 

17 2285 a 2312 a 2312 b 2251 a 2 2b
 

69 2339 a 2446a 2433 ab 2278 a 2372 ab 

138 2426 a 2500 1 2446 ab 2379 b 2439 a 

277 2426 a 23S2a 2567 a 2439a 2446 a
 

Average 2204 2231 2278 2171
 

Rate of each source applied as seed tr.rame:it. 
tData in the same column followed by the same letter and data in rows underscored by 

the saire line do not differ significantly at the 5% probability level. 
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Table 10. 	 Yield total oil and poilsin of saeds of soybeans as influenced by seed ap

plied and spray application of Mo at various periods (10). 

Mo Treatment Period* Yield t Protein Total Oil 

Check 158J 38.6 21.8 
Seed :reated preplknt 1907 a 39.6 21.6 

Spray 20-cm ht (V4) 1903 a 39.8 21.2 

Spray pro-bloom tH 1890 a 21.501) 	 39.8 
Spray bloor MR3) 1660 b 40.0 21.3 

Sprcy early pod M50) 1716 b 39.7 21.5 

Me aosr-e and rate -217 q Mo/ha as sodium rnolybdate.
 
T/Avera( from 7 SItos with 5 rtejl;caes
 

4 Oata in the sam;e column foliowed by the same letter do not differ significantly at 

thc , probability level. 

SUMMARY 

Soybean yield responsus to SLJ)plerc tat Mo app)lication have been re

ported in the Far East (Japan, China, Taiwan), FLuro), and at least 12 states 

of the U.S. Generally, the i..ost ftecluently observed iesponses in the U.S. 

have occurred east ot t'ie Mississippi River where rainfall is moderate to heavy 

and soils tend to he acid. Yi,ld increascs have variedal with the lar(est increases 

being greater taH, 75., from the application of Mn to soybeanh seed or as 

foliur spray. Ywid iessons('S have been obtdined with seed, iclia; spray or 

soil aptplications of Meo. lHiwevet, rates mu.,t le nigher for soil applicarions 

than for seed or foliar spray treatment. Responses have bon otainit 'vith 

seed treated M,) rates as low as 17 q/ha, while soil applicatior; races may be 

greater than 800 9/ha, Molybdenum applications often increase seed protein 

and decrease se, ' oil content. 

Wili n)dulating .oybeans, ni tro,;n efficiency may be unproved by the 

addition of Mo. The primar,/ fonction of Mo may iha to correct a nitrogen 

deficiency when swi icient soii Mo is available for nitrate reduction but not 

for symbiosis 

Generally, soils which may respond to Mo applications are acid with pH 

levels below 6.2, inherently low in total Mo content, coarse textured to silt 

oams, relatively low in organic matter, and severely eroded and/or heavily 

weathered. Applications of limestone to maintain soil pH above 6.2 may ef

fectively correct or prevent molybdenum deficiencies. Molybdenum can be 

used to reduce the lime requirement of soybeans. 

Critical tissue levels of Mo have not been well established although most 

leaf tissue contents have been less than 0.20 ppm where yield response oc

curred. Although data are limited, Mo concentrations of soybean plant 
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components, as influenced by Mo application are seed > nodules > roots > 

stems > leaves. 

NOTES 

Fred C Boswell, Departrent ol Agronomy, University of Georgia, Georgia Station, 

F-periment,Georgia 30212. 

REFERENCES
 

1. 	Allaway, VV.H. 1968, Aginnomic control. over the environmental cycling of trace 

elements. Adv. Agron. 20 235 ?71. 

2. 	 Anthony, J. L. 1967. FertihI in soybeans in the hill section of Mississippi. Miss. 

Agri. Exp. Sta. Boil. 743. 

3. 	 Amon, D, 1. aid P. P. Stout, 139. Mlytdenuin as an essential element for higher 

plants. Planr IIlI- m . 14:599 602 

4. 	Bar'r, K. 19t2:. M i(romtrint cyinnosimn- Micronutritnt defic;encies in the 

United Stat s A Food (htrn. 10(3) 178-11I..1, ritc. 
in5. 	 Bergersu:, I .1 1971 i .chieriSIt: , (if symbiotic ii1tro(glitnn fixaition legumes. 

An. FPo,j~.PlI;!P~hy,l '22,121-1,10.
 

6. 	 Oarshad. I 19C Cz!Ti1ni oIit)u(t OtI ii to toxicity to1)asttjwe pdalnts relation 


ca Itle. Soi soi 66.137-1j;
 

7. 	 Bertiant, L'. 19t-,2 .Int'f 'pr . i a,. itolvhdsn - co nie engrais pour la 
' 


culturi oi, So,!. K f !Ps. Sc,. [',tIs 2i5."3141 2016. 

h. M, s the i,.:tin of 


Arch. Miciotiml 1 333 3,12
 
8. 	 Bortels, i930. j-bdcirna cItal,/,t ini biological nitrogen. 

9. 	 Bortels, H. 1937. fit fit of rniiyseltiiti andi vinacliurn fertilizition on leouro

inosae. Arch Mliciihw If.1 13-26. 

10. 	 Boswell, F. C. nid0 , Aijlsin 19331 ,fct of time of i.-iolyhlbenin applica

tion on soylheif, ytti1 ,ml ;i;itri ,i,nit, and rnoly deini eontents. Agron. J. 

61:58-60. 

11. 	 Cheng, B. T. and C J l173 Mi:ldisrr: as a [rsnt nutrient. Soils PodIlm,:lhtt. 


Fert. 36(6:207-215
 

12. 	Chu, C., C.W. Liaiig and E. I-.Chen. 1963. !ffect of minor elements on the grow.th 

and yield of sr;-bean in some inportant soi'tses of Northeastern China. (Chinese, 

English sum. carylActa. Pedol. Sin 11:417425. 

13. 	Cox, F. R. and E.J.Kanprath. 1972. Mtcro-iitrIm.t soil tests, pp. 289-317. In J. J. 

Mortvedt et a,, :Fds ) Micronutrients i,agricUltlur. Soil Sci. Soc. of An., Madison, 

Wis. 

14. 	Davies, E. B. 1956. Factors .U;fecting molyisdAenwm availabilihy in soils. Soil Sci. 

81:209-221. 

15. 	DeMooy, C. J. 1970. Molybdenum response of soybeans [Glyine max (L.) Merrill] 

in Iowa. Agron. J. 62:195-197. 

16. 	 Evans, H. J. 1956. Role of molybdenum in plant nutrition. Soil Sci. 81:199-208. 

17. 	Fehr, W. R. and C. E. Caviness. 1977. Stages of soybean development. Coop. Ext. 

Ser. Iowa State Univ., Ames, Iowa. Spec. Rept. 80. 

18. 	 Giddens, J. 1964. Effect of adding molybdenum cormpounds to soybean inoculant. 

Agron. J,56:362-363. 

19. 	 Gurley, W. H. and J. Giddens. 1969. Factors affecting uptake, yield response, and 

carryover of molybdenum in soybean seeds. Agron. J.61:7-9. 

20. 	 Hagstrom G. R. 1977. A closer look at molybdenum. Fert. Sol. 21 (July-Aug.). 



431 Response of Soybeans to Molybdenum 

21. 	 Hagstrom., J. -4. ;ind K. C B e -r . 1963 Molybdenun status of three Wisconsin 

soils and its effects on four ieruies. Agron J. 55:399-01. 

22. 	 Harris, H. B., M, B. Parker ind ii. J. Johnson. 1965. InfluLar'i of mUaybdenuro con

tent of soybean seed wrid hirwrfactors associated with serf S0LJrurCon progeny 

response, to rrrlY xitnur;I. A'i n. J 57:397-399. 

23. 	 Hashinrotc, K, and S Yamasaki. 1976. Effe~cts of mol boirriv'i aOpricairni n trie 

yield, nitrout!, nut!ition ro-,d rodit! dotvel,)ief t of sa)yheair Soil Sci Pli,t Nuti. 

22( I))435 44 

24. 	 Havw'rs, HS. L., L. Swio , nd Iv. u I 16'9 M,,,; ,'iIt:n, -oi en'rations of 

certain ,rip a0 j y ,',i,. ,;)jl:tatoi) Of rrolytde unur ferr.,: ii flure1 I)Y V-


tiiizer. A";r f .l .2 1 7-21
 

25. 	 Hodgson, J. F. 1963. Microrrtrr ini soils Adv. Aqrion. 15 119-154. 

26. 	 James, D. W., T. L. Jackson ind M. E Harv4,(1 169 Lff(i er of rnolybdenurn and 
w

liii i the rrcwth arid lI' li-1o ri1t r ,iallic rin oil acid soils. Soil 

Sci. 105.397 Ad' 

77. 	 Johnson 1 J.. rf. [. Iuriis, M. [ Parktf, i E. E. A'iiiste-'. 1966 Effects of 

mol'tbdi Ir ni eII r eitments n jern rrr w, f soyheris. Alron. .,. 58.517-518. 
28. 	 Johnson, C. M. 1966. Molybd-,.,ui, pp. 236-J01 In H. D. Chapioar (Ed.) Diart

nostic criteria for plints ard soiis, U iv. ,! Calif BDrkely . CA. 

29. 	 Lay . T. L and S. A. B rr . 11)63. A relatiorrrrri f r l .t1wr.yierld response of 

,oyaa s ti n.llatthte riolt'd l.- ro corttitniolyfilenur ,rod of the seed 

pfoduck d. Airin. J. 5 15 ),
30 	 Lee, L. F., W. P Tor rni ,. F , 19f7 Effects ,f virrous liming rates and 

nIolybdonur t a ir frer.t rn ss'rtr .dlel , CherricaIl composition and uptake 

of rj, P, r., "rId V"a English suiriary). -3. Agrr. Assn China laiwanC iChinerse, 
59 66-76. 

1. 	 Long, ( H., J. 1. QOVrror, T ImlcCutchen, and L. M. Szly. 1965. Molybdenum on 

soybtdan,. Fenn. Far iraif l e.n Sci. Prog. Rrpt. 54:11-13 

32. 	 Martirie , ,J F., V1. K. Roisr; ;,r, arid F. G. Martin. 1977. Soil arid soed treatirents 
with lime, rofyldlrriw, and boron flc.rur Mrr. . producfor soyhoar's [G trax (L.) 

tion on a Florida I),,otc[. . and Crop ScI. Soc of Fl3. Proc. 36:58-60. 

- 3. 	 MnreLder, K. E., L. WitOv, B Wntit , 9. Eneling, and IN. Berqrann. 1964. Molyb

denun supply of Thuriagian soils and the influence of molybdenunm fertilization 

on '/ield, crLJ(lrf protein, and mier:l conternt of alfalfa. Albrecht-Thaer Arch. 

8(4-5):353-373. In L. C, Albrigo R. C. Scafranek, N. F. Childers (Eds.) The role of 

rnolybdenin in IIlants ,rd !.oils. A supplemental trlhouraphy witih abstract, 

Hart. Dept., Rutgers- Irih titijtr Univ. N.aw Bri-swck, N.J. 285 pp. 

34. 	 Nicho!as, D J. D. 1957. Ihe f mctici of trace rotls in the nitrogen met3bolism 

of plants. Ann. Sot. (N S.6 2' 1(84).587-598. 

35. 	 Parker, M. a. d H. U Haris. 1962. Soybean response_ to molybdenum and lime 

andr tJir rilationrlu setweern yield and cheirical cormposition. Agron. J. 54:480

483. 
36. 	 Parker, V. B. and H. B. hrrris. 1977. Y' ld aid leaf ritrogen of nodulating and non

nodulating soybeans -s Affected b, ritro(fen and molybdenuunr Agron..1. 69:551
554. 

37. 	 Parker, M. B. and H, B. Hfrris. 1978, MolybderrrUo studies on soybeans. Ga. Agri. 

cxp. Sm. Res. Bul. 215. 

38. 	 Peterson, N. K. and E. R. Purv;s. 1961. DevelopoMent of molyixienum deficiency 
symptoms in certain crop plants. Soil Sci. Soc. Am. Oroc. 25:111-117. 

39. 	 Pozsar, B. I. 1965. Effect of molybdenum on the synthesis of nucleic acid in soy

bean leaves. Acta. Agr. Hung. 14:301-308. 



432 Response of Soybeans to Molybdenum 

40. 	 Rogers, H. T., F. Adams and D. L. Thurlovv. 1973. Lime needs of soybeans on 

Alabama soils, Aia. Agri. Exp. Sta. Bul. 452. 

41. 	 Sedberry, J. E., Jr., "'. S. 1harrna putra, R. H. Brupbacher, S. A. Phillips, J. G. 

Marshall, L. W. Sloin D. R. Melville, J. I. Rabb, and J. H. Davis. 1973. Molyb

denum investigalons with soybeans in Louisiana. La. State Agri. Exp. Sta. Bul. 

670. 

42. 	 Smith, H. C. and J. Connu!i. 1973. Lime and molybdenum in soybean production. 

Tenn. Farm and oNomeSci. 85:28-31. 

43. 	 Sokolova, M. F. 1966. Flesults of experiments using molybdenum fertilizers for 

soya in the Far East. (R) Agrokhimiva 5:88-95. 

44. 	 Thompsno, L. F. and G. W. Hardy. 1964. Soybean response to applications of 

molybdenum and limestone. Ark. Farm Res. XIII (1)2. 



SOYBEAN HARVESTING EQUIPMENT:
 
RECENT INNOVATIONS AND CURRENT STATUS
 

W. R. Nave 

The rising need for protein in many parts of the world has encouraged 
an increase in the worldwide production of soybeans during recent years. The 
estimated production increased from 28.0 to 69.1 million meTry tons from 
1932 to 1976 (1). Major producers in 1976 were the U.S., contributing 50% 
of the vworld's total production; the People's Republic of China, contributing 
15%; and Brazil, contributing 14%. In the U.S. alone, over 20 million ha 
(49 million icres) of soybeans were harvested. 

Soybeans have become the leading cash crop in the U.S , but they are 
still planted and harvested with equipment designed primarily for other crops. 
Since soyheans are physically unlike other major crops, the use of this equip
ment causes excessive damage and field losses. 

Harvesting is one of the most critical steps in profitable soybean produc
tion. Surveys by Lamp et al. (1) and Nave et al. (16) showed that the average 
soybean producer loses 8 to 10% of his soybean crop in the harvesting opera
tion. More than 80% of this loss is caused by the combine header. Some of 
the factors that influence heade)r loss are choice of variety, row width, plant 
population, cultural practices, harvest conditions, combine efficiency, and 
operator skill. 

HISTORY OF SOYBEAN HARVESTING 

The earliest harvester designed specifically for soybeans was a two
wheeled, horse-drawn machine that stracdled the bean row (19) This special 
harvester was used in Virginia and North Carolina about '920, but was never 
used frequently in the North Central States. Harvesting losses ranged from a 
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low of 20% to a high of 60%. In areas where small grains are grown, the bind. 

and thresher were used for soybean harvesting. When soybeans 

were cut with the binder cr mower and then thrcshed, harvestinig loses 

ranged from 16 to 35% of the tota; yield and averaged 25%. 

The grain combine harvester was first used fcr soybeans in the mid

a major factor in the expansion of soybean production. 

er or mower 

twenties and has been 

A survey of 12 combines operated in Illinois in 1.927 (20) prov;ied the fol

lowing information: "Losses varied from 5.7 to 22.6%, with an average loss 

of 11.4%. The greatest loss occurred back of the cutterbar, because of the 

low pods, thin stands, low brancnes, down beans, and uneven ground. Where 

low plant populations occurred, or where soybeans were planted in rows, the 

pods formed very low cn the stems; in many cases, only 2 to 5 cm (1to 2 in.) 

above the ground, and often with the pods tOuching the ground. With very 

level g-ouUnd, some of the combines were able to cut as low as 7 to 10 cm 

(3 to 4 in.), but even at that low cutting height ore or two pods may be left 

much of the stubble. The header loss aeraged 9.8%, while the threshingon 
and separating loss was abc-it 1.8%." 

The first major breakthrough insignificantiv reducing soybean harvest

ing loss was the introduction of the floating cutterbar attachment developed 

by Horace D. Flume and J. Edward Love in 1930. In 1933 Hume successfully 

and reel in soybeans at Champaign, Illidemonstrated the floating cutterbar 

nois. but acceptance in the soybean region was slow. As an example, only 12 

flexible floating cutterbars and 12 pickup reels were delivered to farms in 

Illinois in 1934, and the 12 cutterbars were returned as having no apparent 

value (24). 
Until aboL.t 1970, little progress was made in reducing soybean harvest

ing losses. In recent years, attachments such az floating cutterbars with 

hydraulic height control and pickup reels with hydraulic height and speed 

control have become common eatures on many combines used for soybean 

harvesting. At least one combine manufacturer has considered the option of 

automatically controlling reel speed relative to ground speed. Harvesting loss 

can be reduced 25% or more with proper combine adjustments and the use 

of these attachments. 

HARVESTING LOSS EVALUATION 

For several years, agricultural engineers have been evaluating methods of 

reducing soybean harvesting losses. Initiahy, the research was conducted 

primarily at universities in the soybean-producing states. More recently, 

combine manufacturing companies have undertaken research and equipment 

a result combine headers designed specifically fordevelopment projects. As 


soybeans are now appearing on the market.
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A combine must adapt to specific harvesting needs to achieve high nar
vesting efficioncy. With soybeans the combine must cut close to the ground 
to reduce stubble and shatter losses. The soybean plants must also be handled 
gently to reduce losses fiom .hattering. -:"he plant material must flow posi
tivelv and evenly through the combine's threshing and separating mecharisms. 
Methods for containing shattered soybeans and picking up lodged stalks are 

also important. 
Studies by researchers 6t Ohio, Ilinois and Iowa proved that major 

gains in harvesting efficiency must come through the reduction of gathering 
losses, particularly ,hatter, lodging and stalk losses. Almost all gatherinq losses 
come from knife and reel action. Aggressive handling by a header's cross 
auger and by the slat convi.yors in tl'efeeder housing Can thresh a substantial 

percentage of the soybeans befri Tney enter the combine cylinder. Under 
such conditions, the slope and tightness of the header's deck and a positive 
feeding mechanism to the comubine cylinder become critical in reducing har

vesting losses. 

OHIO STUDY 

Probmly the most e to sive study of soybean harvesting was made by
Lamp t al. in.h ie (12). I",tests condiirtc :'m 95G to 1960, they found 

that total harvesting lrsseu' varied frorn 9.8 to 19.3%. Gathering losses repre
sented 30% oi all lo.;-Iss ind consisted of 55% shatter loss, 28% lodging and 

stalk losses, and 17% srubble loss. They also found thit preharvesting loss 
was nrtgligible when hirvesiing was completed with kernel moisture" above 
!0%. 

The Ohio study proved that oporating a i;andaid hat reel 38 to 51 mm 
(15 to 20 ifi.) ahove th, ground at a reel speed iridex of 1.25 resulted in mini

mal 'hatter lJs5,es. It also showed that gathering losses increased as the widtl, 
of cut was incri.,sed, a problem that was attributed to rigidity of the header. 

As ground speed increased fror 4 to 8 km/h (2.5 to 5 mph) total machine 
losses increased over 50%. Most of this increase was at speeds greater than 

5 km/h (3.2 mph). 

ILLINOIS AND USDA STUDY 

In 1968 a cooperative research project was initiated between the U.S. 

Departmen; of Agriculture, SEA/AR, and the Agricultural Engineering De
partment at the University of Illinois One of the project goals was to ana
lyze soybean harvesting losses, and subsequent research was direct toward 
improving harvesting techniques and equipment. 

Research at the University of Illinois from 1968 to 1971 helped to iden
tify several factors that cause excessive soybean harvesting losses (16). Weeds 
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cause a reduction in soybean yield; however, they will not cause significant 
combine losses when care is used at harvest. Ground speed must be reduced 
when harvesting weedy soybeans unless the weeds are desiccated before har

vest begins. 
Yield is not affected significantly by population and row spacing in most 

cases. Higher populations, however, can cause excessive header losses because 
of Iodginq. The cultivation practice of throwing soil into the row for weed 
control may reduce lodging but usually increases harvesting losses since plant 
material will be CLt and lost between the ridged rows. Low population in 
20-cm (8-in.) rows may increase harvesting losses from the lower podding. 

Field investigations were conducted to isolate and evaluate the percent
age of the gathering losses attiibutable to each component of the header 
when soybeans were harvested with a combine (8). Of the three major com
ponents of the header, the cutterbar cjused 81% of the average total header 
loss in the three varieties tested, the auger caused 13%, and the reel caused 
the remaining 6%. From this study it was concluded that improving the cut 
terbar desion shc,,,Id be the most effective way to reduce gathering losses. 
Ree-speed studies showed no significant difference in header lksses when 
reel index was 1 2 to 1.7. Shatter losses were somewhat lower when the reel 
tines were set a: 20 cm (8 in.) above the cutterbar than when they were set 
at 7.6 cm ( 3 in.) above the cutterbar. 

A 1971 survey of 35 combines perating in four areas of the soybean
producing states showcd thai harvesting losses ranted from 3.5 to 12.7% 
(16). Maintaining a low stubble height was the most critical factor in reduc
ing harvesting losses. Careful combine adjustments were observed to be an 
important factor in obtaini-j low threshing and separating losses. 

More recent studies 0y Nave and Hoag (13) revealed that conventional 
cuterbarF cause soybean shatter from excessive acceleraticn during the cut
ting process. Modification of Cuttorbars with lipless guards or sickle and 
guard spacings less than 7.6 cm (3 in.) were effective in reducing shatter 
losses. Research is continuing to evaluate new methods of cutting to further 
reduce harvestir i loss. 

IOWA STUDY 

Research at Iowa State University by Quick (21) confirmed the loss 
values obstv,'d at Ohio and Illinois. With the aid of a laboratory test stand 

and hijh-speed phutography, he determined several factors that influenced 
header losses. Slow knife speed was found to be the prime limitation on 
combine ground speed aid capacity in soybeans. Reducing guard and cut
terbar bpacing from 7.6 cm (3 in.) to 3.8 cm (1.5 in.) reduced header losses 
significantly. Quick concluded from the laboratory and field studies that any 
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attacniman t that enah!,id tilt, operator to lovvc: the cutting height and to con
trol the plants (ILI ni1 ('til in hy ieducing stal slippage would be an aid in 
rXtUlicinp heAer loses. 

DI Vi LOPMENT OF IMPROVED EOUIPMENT 

Public Institutions 

Two tmsic ,ilili, i ; liivtt l it I > yI) ,l Itll . Oneiv!StlI)di'(iltin ig 
in>S b U iM ty t vtllt i in (11,111di l l tsIiii aid tilt01thPI,t i developli-011 
ItAV Cft~ hIJIvOt 'l ]tHlJ llli'l .) 

hi il ir,plr hi:i,l st I 1-/ ,A i,/ ( t, tt tfi l, 11itilt l engin e s 

,t I II :vt Lt i / t Ial i Id" c' coltl dittl o il t . t h t, Of air jet oit (IS oil a 

Il t t Ii t i I I I t I I I Ic I ii i I , LIIlic hI;II .1 1I t i isfro ti 4 yi 

) itti li t hq i A(i t ,Ih 01 wi,~r o) fit jet fitlui Ia, Istiw ctic l iii/ t okeep 

hjl ,iti ip i inv ipiufili ii iftl t ies'\tlte d tI iitiLt' 11IIJIVot ovisy i dlit s t S 
ihc l 1 ',I1ti ). Tht i t iuI ttlktvts auIt' tas ilt' til jt![S ,.tatLtitMisOW . ft~t 
it i, t) ir ow wasIcedv0 ( h.a, than ;11lowihliV, haretill ts 1 ill 

vq~leusiaty 6 (30 ihil.).i :2l 
In vw kl! il-i "A im(] thi' S('T'O:, d p lltt, OWlt tOfth~ u ltlt It)W-elIO) 

hti \,oti t tI l siswithient tiettldl llhi7noirtoileit Ails s tot! 

vnitMondillil Ia -,.Ianpi labout I ill co9 (1r). t aelow titifloij c otte 
hedirlio , i tittv ,,.tis wilt thel\,let unit elh.hwert Teiv 

I( ll " lvOI O w l~t iillentlS: JI(-,i II ) O t 1 I(I In k-clh'l ii).;l' o (i th w t! 1Lf~llACi 

11) (:C tilliii t l li :, (h ) ,:On~Vt,' illl{] tl 111antS, linll t (,C) fh~ lill'. 0 10t I)IMl~tS 

intoil tlt ind o ltld .i il a r ilthillandl tinlidet; ee . CnIs itei{R d, it a 
rC;Iu redfior at'ihacIi y 'teratiti mechn. ii a ' Ctil MY hiuilt d tested. 

SLitice 19h68lIS uItIcl)It with ines ad titliv; rsty td i ovin 
11111tiiii', Inlto the cm :.:, mjl~i, i Corlfiid rtJ tC difficuI,y wa s eIICOkLlltt(l!Wd be

cduts,; Illa!te il rellw inw l or) th,'. tilWs drtnt t SJ e~t S ivlh tter loss.0XCtiSliVO 

A fW110 (At~ ha!rvesting soybean~s was di-v(dtolpt dit tI'ldUeler for Uni

ve oityin 1972 (32). -heit o w c tr device usevwide-tad, sn all-diameter 
rber td ros to i stlk utrs th cuttinrOcl tle toot systemy wiV Tho 
itlhction inhlrlnst Losses with tredUed 41it than s ut 70 comthred to 
i ioriol n ts 2 corpate to floating cutterarheader ,9ll(9 out )0h 
headei (5). Two pmh-nawl\ pwrrUHImS With thU j)(11101 unit weie tihe (essive 

soil that iwmained onl :iu plant roots an~d the highl de( ree of steer in(j accuracy 
re1(11ir-ed for satisfacto,yY "teratiorn. 

Since 1968, a u iCu]lllal engineers at th~e University of Minnesota hlave 
develop)ed and tested two soybean harvestingl devices (4). One device; con
sistedt of row-orie-ntedf rotary cutte;rs with cylindrical roller;s or belts for 
q~ath -rlog tilt plants. Losses Were reduftced 41 to 637% less than with the con
ventional header in 19639 tests (28). Their studies wvith old pull-type, draper 
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combines prompted investigation of the second davice, a full-width floating

draper extension. Floating the rigid cutterbar in the lateral plane allowed the 

cutterbar to follow tileground contour independently of the header frame. 

Losses were 14 to 59% less with the diaper extensior than with the conven

tional floating cu~tterbar (29). 

Industry 

An integral, floxible-cutterbar header developed and introduced by John 

Deere (JD) in 1975 is a modification of the conventional grain platform de

sign (3). It was designed to: (a) Reduce the incline between the knife and 

auger, (b) Improve tiledu;dbility of the sickle and Cutterbar by floating the 
.wobble drive unit with the cutterbar, and (c) Improve the functional per

formance of floating-cutterhar headers when harvesting crops other than soy

beans. A contiuous skid shoe spans the full width of the header, so the 

combine operator is not restricted to driving on rows and a particular row 

spacing is not necessary. As a solition to the long-standing problem of crop 

dividing in soybean havesting, long floating dividers were designed for the 
new header. 

With the flexible-cutterar header, total loss was 30% less than with the 

conventional floating citterbar in tests conducted by [)eere and Company. 

The reduction was gIreatest in the amounit of shatter loss. During a 2-yr study, 

the average loss with tli flexible cutterbar was 5.5% (3). 

A low-profile, row-crc,; h,ader, was designed and introduced by Deere 

and Company in 1974 (2). The individual row units were designed to pivot 

independently about the common drive shaft. Adjustable skid shoes on each 

side of the row Maintainecl a low cutting height. The adjustable load spring 

provided with each row unit minimized sc-il pressure on the shoes. A rotary
knife cutting mechanism was chosen because, during cutting, its impact on 

the plant was less severe than that of a reciprocating knife and it caused less 

plant agitation. A pair of meshed, corrugated gathering belts extended ahead 

of the knife to grip the plant just before it was cut and then extended rear
ward to continuously convey the cut stalk into the auger. The operator could 

adjust the speed of the belts and cutting mechanism to match the ground 
speed of the combine. A closed trough under the gathering belts collected 

the loose beans, which were then swept up into the auger by the stalks as 

they were transported by the belts. Lodged and leaning plants were lifted 

and guided into the gathering belts and kn~fe by low-profile points. Bichel 

et al. (2) reported that, in a 2-yr test, harvesting losses with this unit were 
below 4%. 

Another approach to reducing soybean harvesting loss was the intro

duction of a narrow-pitch floating citterbar by White Farm Equipment Com

pany in 1977. The basic research on the design was conducted at Iowa State 
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University by Quick and Buchelh (23). The sickle and guard spacing was 
reduced from 7.6 crm(3 in.) to 3.8 cm (1,5 in.). ile cutterbar wa: mounted 
on a fle;xibl.h lmack witll a fLit pl~ti knife irive. Sickle sections and guards 
wUle mirnirf,l;'ttred in muti!ple, arid 'suctions were l:olted on (instead of 
rivitted) fi leasy firdh wlv iir ; f94; h 

the plrinary goaln rdueinJ c!ititli at ij,ith by urn-half (7.6 to 3.8 cm) 
\vas to Ireduce stemlT Ir1overrleIl (itirinup cit Ing. Rduced stemn movement, at 
the same knih Slied, was texpee,,l it) rsut if): (a) Iowei acceltrations; (b) 
15!s5seed sh.iLer; (c) short,I( -,tLrl. arl,, surbsfuutly, IoweI loss; (d) higher 
horwai( spoed capability (2,1.25). Thr rtsuilts iidiciti a 50', higher forward 
sped, rowv.er losses, and I ,r rs ahehly tlal speed tn-loss curve that was super or 
to thsrt (it lilt rollvertlu(lial i itiri}q ('t ihr;h wi ri a sickle ,and (pLIra(rSpaCing 
it)f 7.6 ci (3 .). hist.; \ 1- wi r S_0\h(ai*a s were reportedi !; is -is i i .v )SVw 

St V(t} 
I ()tllwi t; l.1irrrrs ' c ,] i s. &sn tii)ied with imro)rO)vet header 

(hesiwilrS; fr sov; au , (),t). tnch ,'iri(atLrrillg Co7mrpany pro
dsices I uer tici dlt mn) l tllachlinr t funir s sirljch sis soyie;ilns. Ex
bllided divittr, lift i uuud p rlant, iio tih fcutt drrimiS Siveilil Collip ilies, ill
cisutlig Hl t-Cilter ( .i r, J. E. Love Cmpay anld Hiniker Company, 

rrloduce flatulrg-crrrltil ai islrsthtch.hive Conventio'Is knife sections 
A1111(gLuaf ',. At h l ;ti , )IIIItJI'lies pruittu healers which contain a flexi
ht, floitinI elitettmu r aisrinn iitl rant. he .JohnIDeere integral flexible 
sruirnrr1ir h Iru sl ' viirtIlv.[is i yi: p 

In 19,'6 A -w Ih,-,i i oucu(Ih an i lltlr al floating CLItterbar with a 
lov-prolie, pliinis-sihhetween the lnife and the platform.-TheI ilate 
clitlerll aindl 6ira float mel , siriis of terrain slsors that follow ground 
u~l.linurrmrl. [)mcr(sisudf u;sriu irug{Irosses aIir illuraSrl (;rOtiilld speeds are claimed 

(4). 
I-, 1971 IrIte r u ori0Ml HaIvestetr (Il1) iltroduced a new nrain header 

feiltisri a 1-crll (6-in,) ilteg ial -fle -nannjt floatiri cutterliar with full-width 
skid sI os and autoIatic height conirol (9). the performance of the IH and 
Avco New Ie) integral floating cutterlai! shoird be .irnilar to that of the JD 
integral flexihle isrittrtar; however, 1ata re not available f), these com
parisons. 

'ht(heeari )ali concept was first manu factured by inventor Frank Baker, 

and ho Hesston Corporation for one season (4). Pans are suspended ahead 
of the cutterbar betweon the rows to catch shattered pods, beans, and cut 
stalks. Collected trash, pods, and beans are swept into the platform by 
brushes attached to the reel bats. More complete emptying of the pans is 

achieved by raising the head. Loss -eductiorts of 72% over the conventional 

header have been measured (30). 



440 Soybean Hae vesting Equipment 

HEADER PERFORMANCE COMPARISONS 

In 1976 a header loss performance conparison was made betweenl the JD 
integral flexible-cutterbar "eader equipped with air-jit guards, the JD row

crop header, and a conventional floating-cutterhar header equipped wrth air

jet guards (14). Th, JD integral flexible-cutterbar header and the convention

al floating-cuter bar header were operated with and without the air assist 
engaged The 4lo,,ting-cutterbar header with the air-jet guards but withoLt 
the air assist erigagedI ws Used as the standard for comparison. 

All comparisons were made with the air-jet quards in pla,:e sint-e it was 
not feasible to remove or adjust the iards between the test runs. Therefore, 
the guards provided sonic lifting effect on plant materiul even when the air 
assist was not eniaged. The plaiform headers were compare) inboth 76-cm 
(30-in.) and 18-cm (7-li .)rows il foulr varieties of soybeans. The row-crop 
h-adei could he tested only ini76-cm (30-in.) trs. 

The losses i'itli all of the new desinrls were less ! all with the star(ard 
floatir0 eulterbar.- Whel oprlatirg in 76-cm t30-in.) rows, thfn row-crop 
header reduced total header loss by 84% (Table 1). Total hWca(in loss with 

the flexible-curtterhi lieader without air Was 56" less anrl with air, 61% 
less than with tli- stroldir d floating CUMttrLar. Oteration Of the air assist on 
the floating cotterliarH educeCl losses by abiout 45%, which was sirmilar to the 
value found by Nave and YoelJer (1/). 

Losses v.'ere rcductmd also when operatirg if 18-crm (7-in.) rows. Total 
header loss was 30% less when the flexible cUtterlhar header was Used, with 

or without air, than when the standard floating-Cntterbar hiearder was used 
(Table 2). Total header loss was 45% less when the floating cutterbar was 
used with the air assist in operation than when the stardiart cutterbar was 

used with the lii issist tnrned off. 
The total Ireader loss with both types of platforrm headers was 30% less 

for 18-cri (7-in.) rows than for 76-cm (30-in.) rows. The row-crop header 
was the most efficient header under the teAt conditions ini1976 (Table I). 

However, the row-crop header cannot be used in row spacings less than 
76-cm (30-in.). The row-crop header -ppeared to handle the soybean plants 
more gently than the platform headers if the spe ed of the gathering belts 
and rotary cutters was properly coordinated w th the ground speed of the 
combine. 

No significant advantage w as found for the use of the air assist with tile 
flexible-cutterbar header; however, a final conclusion cannot be drawn from 
this experiment since a flexib;e cutter[Jar with the air guards removad was not 
tested. There was also sorie question about the effectiveness of the air 

assist on the flexible-cutterbar header since the readings indicated that air 
velocity from some of the jets was lower than desired. 
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Table 1. Effect of header design on iarvesting loss in 76-cm rows.a 

Loss (%)b 

Shatter Stalk Total Header c 

F uexsnt,-'utlerbar 1.7 a 1.9 a 3.8 a 
Fi9xibl CutterlIf 1.8 a 1.5 a 34 a 

v. fillss5ist 

F10,t!oIg cutterbar 6.2 b 2.3 c 8.7 b 
tstiId ird 

i0,1tm111CLttert) ir 2 8 c 2.0 a 4.9 c 

r,,,) 0.3 d 1 .0 b 1.4 d 

,jfOi'test data fon, aght replications in each of four vwrieties --Corsoy Amsoy-71, 

ad V,illiarris 
All , e n as ,i oarciritaqe of groqs , hld. M.eanl gross Vie;d was 2.E 5 tiha 
(4"' -1 )LI',:i1iti 5 th cO ',,11i s,sc+rr II:ttie sar't: lettr!rs do not didfer signifi-
Cc;, [ it le? i l, i tt:?i, bI,,'st'! onf (te LT;{P , nlexi,,t 

t 0 h fi~ Icirt it: Ii , iIe' LtM iic~irt ll-l (J;o> l (. ,-il, i [ .. 'q., ,cr0 'ii--,lo'd ',J)li trico > t,i!t,: il lOssteS. 

Table 2. Effcct of heiidt. des:-jn (iii h,rvt-stiji los:., in 18m ro 0 
' 

!css (%)b 

Shattor Stalk Total Headerc 

Flex(ble Iuttorba1 1.6 a 0,6 ab 2.4 a 
Flxilble cutterhai 1.6 ab 0.5 a 2.4 a 

\* air assist 
Floating ctiterhjii 4.8 c 1.2 c 6.3 c 

(Standard) 
FlU.atrII sCtterrar 2.2 d 0.9 b 3.3 b 

aAverage oi test data from eight replications in each of four varieties-Corsoy , Amsoy-71, 
Beeson, anfi Williams. 

hall losses are given as a peicentage of gross yield. Mean gross yield was 2.95 t/ha 

(43.8 bu/acre). Withi coluinis numbers with the same letters do not differ signifi
cantly at the 5 ptr cent lewl, based on the LSD of means. 

CTotal header loss includes shitter, stalk, stubble and lodged losses. 

rhk (.Itj for thht 1976 se-son confirmed results from the tests of Nave 
and 5 oer.er (17) which irdicatef that losses from tSer of a floating-crtterbar 
11, Ot with air issist %%as45" less than from use of a conventional floating
cwuthrlar hoader. FOrthle tosts inrtden different ct op conditions and with some 
modification ott the air-jet gouards of the integral, flexible-cutterbar header 
wo ld ite0tLlliired before a final analysis can be made to confirm the effec
tiviress of air jets on a flexible-cuttertwar header. 
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The ievel of loss was so low with the flexible-cutterbar header tnat the 

air-jet systr rilmight a the ratical. The flexible-cuttertW r headvi eas oh

i conventiorral iloatin.-atterhar,erved to have the follov,.no advantages over 

points, ;-.hich heiped unlah ed woyheur: (b)header: (a) Lung crt)-divtldig 

An extenden itoarr a d In. prohih , .'a rr r,,duexd ,iijttr ind staik loss; 

WVTetd the piarrt material51nd (C) A arIJeLir (I dia wiCh IGor ' J;!jly 

to tne center arid htep ad,JCt I 1 , lISS. 

- A or J n 's.hit-cuttetbarc I", rr r litThe adtLa t.; t the 

th l,. a vt t c(e (,) 11iee 15-cr (G-irl ) lonheader and 
the skid ;)ads plovideair guard; r ,a io, i, ,rab, t- ; g rI) ctln0 l;q 11111 

on a starr;uari flaO tr Ct[t .i: (hi Pl. :t terna v-as fed m11ore evenly into 

rrrit [e. cci ,x T has anid could in<'reasethe cOa.irlra2,v x'itt rr 

-; c( 11)d i-i Tirt dr11! , J)rvti!%J I etter viewcor;bin , r. 

' 1h s c 01rri arri rracl, 1 iruve awatyif the !A; a n s 

more rap'.(i 

Or ' i 'llat , <.aSlr irwa t ! fian locaticin. TIre fan 
,

sful',i d heLI-Lr Lt T W-.. t i> itoi tar,i ae v w of the right erid of The 

(st1g headeIloSs daII fo 1 1) 7 6, tire row-cro,cutterIa Of , aIs har,. 
WaS toe r_1(1J tcI etl reer tstr. mtoevuef, :(*Ieconomltic coll; arsor 

riticht he ts.;iUl ,'.sMir tht r1tcractlnS jraorr /adity, row spaci g, arid 

co0h1[re hejder 

RECENT DEVELOPMENTS IN GRAIN THRESHING 

T1ir ,i.t a, ,I soyieans IS of growing concien to both domes

hx-crrt increases in the number of complaintstic and tai iI ,r 

about ir, utrl t,'at a l t -irs e, ti\tr l to foreign cour'tiies have led to an 

st'sO f :rrybeai! dalmage during harvestingCvaLiuatarri ," thr' rrr t'Iitid 111d Ca 

of soybeans is to reduce theand arrdlih. Oirt , to rrrrr,. the qIrality 

mechanical (darrr1,ite CScld by' the crrrrhimic thrshing mechanism during har-

Efforts to reduce while increasing capacit, havevesting. threshin indamage r 

resulted in the dievsdoprnei1 of rotary threshinq equipment. Rotary combines 

have one or more lonitudinal resors to replace the converional cylinder arid 

straw walkers for thirestrir and separating grain front crop material. The 

rotor swirls the crop material rearward, passing it over corncaves several times. 

Because the material is apparently subjected to less impact with a rotor than 

to be more gentlewith a conventional cylinder. threshing action is reported 

with a rotor (7). 

ill a study by Saiji Paul et al. (27), the seed quality of soybeans harvested 

with a Sperry New Holland TR-70 rotary combine was compared with that 

of soybeans harvested with a Sperry New ' olland Model 1400 conventional 

rasp-bar-cylinder combine. In most instances soybeans had a higher germina

tion percentage when harvested with the rotary combine than when harvested 

http:follov,.no
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W;Cfl the (:onivc-ti;Ifhii iuoIhue. Alsii) tihe ratio of cirairn In at the wear of the 
com hime to I I terI iti I I t!.Ifjr; ItIvv ieO eo o IoIeIthe rotary Combine thanl 
fo1 t , c(rI;tr iiiirIV IIII IoIiII f It.IP, IS eOlldLIuCI1 I h/ IH Oljtli'rS~r lIuieatUd the~j 

- it) f I I ',,x ld-r , (oll ilicr e rti n Only halt .1s 

ll~~.t x:r tir jf I~.,I erilt a ec rr,1tjlrrIr ,II Ipcaev I I1111(1 

(h) I r t .I "Is tt~~ )III , )vt It~ w t-: i I ) tc r t I eIall f st. 

x !1m ,) : I ,t I 1 1; 1 I 1, '1i 1,1 I( C. I I(1I y v! Il i~vetl 

IiIIito'I Io~ ciut ni fA ~ aI,! t~nto kl I nn11C 

Aw ;, tii I' d-n -f ~III II )I It (11 tf hodif.~I , 1,H tnt evaLat IkN 0 the 

i.)1 !rO.ll ( )(I'llI (:, t l) ,I i(tli ) IT A)ry NewtMi' 

l~tirr~tl I) oli) l l Li iril' il l, 9t 'W lrrtnl rovi'll 

ti t: JilI:'i Ii tw i oly I t' i t11111 i Ill, t ~ truiies ns 

i nA i dvltir . I,(hjA-!(tii ;Jti li 51) ~il~wt tot: tiv 1b dilhusy.7 thret 

:)lt 11 ; l 1i the lsor 

i'llxTilli1 v S : d[ e 

tnill cijiti tin lu l(, k1 )lvntillli l th-i illr e si l 
tmI~ll 110 [lrlll:hr II l n t ,)l t :,i the !tir ii th w 

I ollrjirirrr[ I, /0 Ii(otir ,11IjID xi'i/ (cCmthii~ lllSllii;lllklmlh:1111: siiilixt 

wiri~ir tin:li:::illrlr t en; 'l All till eitiil toiwlVVA (,11111:oflyiilliivr h G.I [nl 

l)Cit i h" tlipe e ljtv ntrnet)er ilIOtlliIollIti l .reht~e 

pisld t ex.imt; hI i lfllo ilf- t 1h0. olh t U 1rai toythnt NI:Io (18 tan 
i) 1,11t ) ir l till th Ijll ('1 tile1 lt jtf; ill' its Cin rli C O Ile1'1C I)leltj Ued

dodiii:l::hr ioo ii til eyiO rrdi or tl'Wsrj if) treaid. The inraie in 

doult rtor ie5~ vtrtir ti rotry iei ihl] lll,%ithilSth 1re wthe he 
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conventional cylinder (Fijure 1). With all three mchanisils, composite 

threshing and siparatrg losses decreased as the respective cylinder or rotor 

speen was increas"d M,-ar thrishtinq and star atirig losses ranged from 5.8 

to 18.2 kg/ha. Thieshirri mid searating losses with tie irotary com)ines were 

significantly hiqlhe it thm skrw~,,t otor spetd thall itthe faster speeds. (d) 

Increasing tht cncrraivt clear inct! gerrirally hlecrersei the peicentages of 

splits fo, a01thi comhire ,, buit the effuct wars luss than that cflused hy 

changes ul cylinride ) The ic(!wn ,of were sijn , srt -ni. lit je'a Slit,: not 

rificartly ailtecdtl li er",V0 adjustriirr rirrtil jf!fr a rnin11 nl,.1ar11,1ce 

was rearchtl tot rit ctih (-rrllitts. (o)Soylear, suwt:rtihility to b)leakanje, 

as dchtenmilrd hy th: Stir hrt-Akit t t, arild S:tlcot cr lck fn rcertayes di( 

[lot .bitel irrilrr lrrlyar a ftIt1it :lm tyll of t h lil l i l:eirlaliSill 01 theOf 

M tnr e'd l ',n dinl n I l ilil ladrln. 

aturs sIil rht,e ,t rr::llt ir; of i;Ianired kci rl-s, andri percentaflji 

cyl itdekJ il IM p ; Iwith-l t.Ihtll instctirnn 

of fotclrliF Irt !r',I: l It 1 lir I , ro'lt'.; %,.; tirrnI to he needed illtihe 

rClfsl of ,irl '... Tht moylis the hnlt-n "1 r, convy frlm clean .gain 
rt o tIr 1J ir. iOw I (d spits Catsted flr'Ilevatingi lir nl: -lurltal-lt, 

teh ch 1t1he o (pvrani trrrtksoyi),'ans flinr ,i, im; i tlliey 0.96, 0.60, 
ltw I- coevolnth,nnr tI',lintl, a1irrl owlitirt alld dtlihie Flaw 

ctolh ilrr' 

adlld 1.Al2. , 

i)Ii: il ml t lt' 4l i.irrhlth l t(24t rrrtrr\ ::rnld)h1rr.- lriittie f')r 
Imvil't! lq dJi,;,Idv~ ,j,1> CoJlil m li'll cvlinm llr:H~~lfi ' ,ldt( tlll J1:CorllilLi ttd -\%ith 


Fi .ire: cirrlr t wvlich 

ctrra.id Jr tll Inn Cri Lty ilVell alICinhm Si,'.(I) A rt(durleni tIlrtnl l 

:o.)mirwrtr ilvw rrtait!s (I)/Afilrr: (tl'silrl, il.ovs io

),i; tot I ' 

oi Perr ;).i f ir , whth ,c1t iht r a-t!t io linwln IrirrIntl nlrrfI coSts. F-or 

exarile, Ill cit-il it- 1,1GU 'P<,di-iow,esIc;r x; liavim 17T, Ihigiher cil)acity 

at only 10 hi(Ilh,coat t!rn t inrvrrtinllrr 9 15 liodtel. (c) I Iproved 

,'w - lltnlallacce:-silility;-rr I l vic lil,', f,.:icilita'trl rrr;l e rilld rwi ovaI of clop 

teiliis ftroi the rnniliie. exirip)i e ilrt m l'itol theFrr txam linijlal of 

rrtar y c:Cwii!niri- r; ioi c.li-tl'lself- ii lyhg aild wnsiritrillily r1alrntolalillIc 

tiit,. (d)Tim 1ir r !) thI' .; il(trIoW cltW!-:l lr0no (C:IrI(Sa1raft thlroih machinie 

tlrat rdtJlf'.iS duS tis it ilr coonditions;tIr 1iit ti W f ir) dry Im Ve~tillq 


mnd(0) crrlitlnllS, aIclietal srrnlnph cal in obtained
Uilurl Sirrile ar-yfIiar1 

with a1 iins-raewhl- ed(rictiori in arryinear uararalle. This additional cleanli

ness anlidinlct:ion in (LIftai irray rpresent a cornsiilfal)le sivings hecaulSe 

it shouIf I(:d(tic-t MtkailuIInIillairl I(lds of g;ait atthie frrr tIllltelial in the 

delivery ponit. 

Tine riilvaritaqcS are: (a) Straw l)tnakuL) i: .ercirrally macfh morrose.ere. 

ihis excessiv,. leakrt-u ) nay ie a di awback when the straw is of value. (b) 

MaNlUfctireLr savrr acknowlednled that the first generation of iotary dsiqrns 

wrrre iot yt. early it 1977 for tire rice crop ilr Noi tI Alter ca o: for cartain 

E uropearnr lorti straw crops; and (c)When straw is toulh or damp, more of it 

http:rdtJlf'.iS
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Figure 1. Effilct o

,augerrsa 

f peripheral threishing s;uid on 

ples In tilt! hd)or iory avraedl over 

perce of splits in cleani grain 
Ili ti trvtst moistures. 

nt&aia, 

lJy w,,i ai iinrlltIhe thricsIhioi riil- iariisiri ih in ,I., cai,nver tioiial cylin
die r is u sed, arid ioi el ll'ImpJtl (foil I1, y he jlgtll . 

l'rs,.lt'. of tIhe Ohiio S;ti / by Sdil Pdl, l Pt dl. (2/). end the llinois study 
hy :wN t 11. (18) tldiii td(l t11 adjii3tllleits to iotii y c l:lbiies may he''..i' V 

less Cr.C.I ; c(rviintlinIml ,asp-hal cyliindih coiilille. However ,t thill thtlhti) 
lt;SUlts ftiner thtuir re~c'c jkin dictiittrl that a coiiviitioirial cortnineiwill 
thlsh ini r:lidar: 5,n)Yhei,s such that the rmiqen levil will he well lelow that 
l'i(.illr I tdnikay' if the comiltSe is piolerly itdjustiul. II hddltion to the 
rotaery collirw? introduced by Sperry New Holl,imi dlnt natiolal Har
v,,',tr, one has b)00; itIrodLuceil hy Allis (hlnrer'. 

MONITORING DEVICES FOq COMBINES 

The oniratoi of a Imotpi ccmbiri rmot l ulli0toi and idjust many 
parame~ers affectiig the im;achi:re's pel fifw.rrtnaici;. Many of the self-propelled 
models are eu(ltl)i)('i with cah el)closures t0 isola!'; the op:;ator from the 
combirie noise. Therefore, method; for remote monitorig and co-trolling 
of the combine o iatiori rmust lo adopted. Somn; remote rt;ooitol ing devices 
,r( already rvailahlo. Poweiplamt noritors, which consist of warning lights 
or analog readouts of various eingine furctions, are (uite coimroori on com
bhnes. Electioric morditors for sensing shaft speed, ground speed, and grain 
losses have )een developed hy se,,era; mono factu rers (26). A method has been 

http:l'rs,.lt
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developed by van Loo (31) to creasur e the nmIstjrre content of the straw 

enterinJ the combirne anti us- It in conj,.'cticl with a gjrai n-toss monitor to 

improvi. tti loss ri'elleaSUrCtrlent acculacy. 

AJitGititC i wscrs that[ ae seld to 1t1ijr,ioI 111j'tJiirii'. lid crop status 

Could tJv,;tti b pr tortir thelOi ;rcCljurtt :, neW of theecessary rItired 

o i ati u l ,ti ri(i Il' ec,i r : in uI teI illI a ft( li ti e tl havestinj machinery. 

Momitolls tor !e 'l I111C. iaCliticry O>1 Iie (hlivitd into two categories: 

(, t tll u ,It i fltI- r m tc a! o i'.t el rtt of the triachinle, and (b) 

tte< whitil 11ii trwtied Io 1lert te oteIitor it the intended functioll is 

tot Ir i 't rioi d (lilt ,ftwiialtiy (26). ManIy oi lle needcl fuinctiol illilitors 

alt 11o, ye! iv :Li clilt in cotlllti.lles hltc-tlse tile necessaly traralnetel s have not 

yt heen adideqtly it;scridtti. i xairple iuteili thatd A (too( it informatioi 

i5 not av iiIdfl il . sthi hetm .c'i c('iltl especific reltItio cylinder slpeed, 
(11,1flill l Abtilte, arid lolw qll til~l .t!(julllog es.,lim 

Fitlrtiiorlt to rtiilt tairt loss thiOliit(lh ciiit'e; has tUei develofpled 

dul-iiiIj tit, iltst lt!e yena';, Ind at least 10 compalnies now iletrchandfise grain

lois l,)llillf,. C tlilil Iinlitiatiut ,if qr;tim lOs<; tliOnitorS are discuWssd in the 

litrl,11 ie. F i i, (: illlll li ot tss fate does not nleces,Iitttl tai't t 'I tjvl'it 

the-!i1:it ii eftlaOitCi eh1vel pItsillily t hlii anlacij , ii h ;CiCliSe til ot 

formant -' itf d'i, i l t t ,0itVi'A j I it(. if illttlLicttirer has partly over-

COllic tut IO'l 1llolit .;itt ,ir i i:t7 mr ,' idirf Vi'liou; scales oi the monitor 

i
1

irett l telI i eiil. - triaeisnitors rise a siqllal that is iropol

tiot l ti ti ,ivi (I it iitttiii tit, loss tit fier ulit of field area (26) 

Users rel)ort tia, he tv.'i Illost valtiilrl iids)octs of monitors are: (at they 

indicite wmhet grain1 ito. tt ove Ilidir or lris;rdLjustIlen t begins, a id (b) 

they indicati: hCil 1lt Joivti ,ctioll is Ileded (Illoeto Slddell chanprs in loss 

rate. Witlhitit etilitmors if i, virtially impossilfe frir the coibine opeirator 

to know whtet ili t, (t! itutie is otieratinig at its iaximi separating 

capaci ty. 

Sensilit ievii:ti5 thlat will itlircat ntritir eil-.riir loss and gain quality 

arie n0 availihki: ;di will 1ie (titIoult to (live 'ill). rInlrovcrielits to the present 

ilonlitos of 5etiarattltg per ter mifilc ard tilt, (lvloineni of iew sensors may 

lead to the evtentual ilso of more a!tormutic controls oil tie combine. 

thloulflh the use of inttirated circrits and rmicroprocessors complete 

arititritic citlpatilitis ci1 lie catlied oni liOtrt comtbine. Since the basic 

iristitoti rn" pler nWi(nalloitly lockeri in the ineinoy i)f the mi coprocessor 

it call autorl;ticall' aidjust vLriOen, functions suich ias cylinder speed, concave 

clearance, amn fairlspeed. 

When a coIiibii iS itnluppil with a ricro;)lrocessol, an interface system 

is required to (;allit:;ct the rticroliroceSs(r ILtIn,, "rl woild." This interface 

system consists of drivei; for til various mrachinrre actuators, a display panel 
that will allow the operator to monitor and make changes to the micro

processor and data converters to convert the binary/numeric information 
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supplied by the mi api(l',cessor to a folrm intellitlile to both the harvester 

and the operiltol (10). 

Automatic itrountd st''et coiltrol is a good exanlll)i Of a 1YpiC, use for a 

nI clr o TIe d 1I"Itdo tllit#is graill loss, material flow,cj)IOCie,,,niOr W(iil !SLIf include 
;


and pOWI I 'I'llan (I. htIIIicr:[ ()lnIOClssor llOC!Ssi S this inormation, con-I: 

Fpaes it with J ditii1ahlte stadI-arl, and then nikes anll alppropiate adjust

ill gliniid spet-d quickly ard aut tliatically. 

The List tit 'I illiciOpinct sso fIll alltnlaLic cylidier-SItlle coiiotrol as a 

hI CtOll nI II 11 iOistl.lr0 W I's investig.ated by 3ri.,f.qis et al. (6) at the Utiiver

si ty of 

nh1enlt 


lliinois. A cot Iinuou f!ow nisure se[Sit was 11ktIunte( iothe gradin[ 

tanI, .tkI(]t0l.oIts 1n(diCa.tt!( tf It o1tiIt 1,tidingI of tie contiuoLis-fIowI he ITcste 

IlOI StLle SteI Sor I I I e SdtI l I Itcietlh wit il li itt]l I ItI Ic sts to acCoill

) isfi it uLlOiit 1 t: hilti -speeds .etlIolr l with iplt,i ii cormbile desiii 1nd 

Il-iStLi -SiI iHitiIIt
ij (Il 1. 

Rt'SearlCh LII )Iu IV'Y it Clt!Irs :it(JiliVeI sity to tilItNer investigate tihte 

LL, of l(ttSs 10II 0M0VOiI hll)itloin, of 1h combine llnlderto 7ciit!i 


field conditions. Th. inijot Ohsh it ill this resonc Illhy well be the lack 

of a(hdquate, ie(SClIl)tlrl;noOuiictlorlcill.liC hIillllti)lS. 

SUMMARY 

The list ry of soylheam haivcstinq is tlaraeil hm the mid-twenties 

througih the yt-ais of niajoi irpiovenleints inl the late sixtt,,s anti seventies. 

Thiom(h a coricAIn,0t ,ifIOrtly plublic iesiarmcieIS, the problem areas were 
t int0I1Li~tdesclrihet and ioqe)slin s Witlr ll lhe fto IlIhi(rll i)\l i . DLWe to al) 

it ()alrcil b()th t)hC at,111tffnfl tiy lti1li to.ellee M a(i*lilNIelt nantifaCtli-

ISlllqltl i l I t lllil l ltihe li ii nf !)ybI MI hlalVOStill inlLl( lili 't h~ive 

-,t),ll tC:O)ij1)lm hI l I hlfiilvestill !0 5 ..ll 1) l)Lhllw) to) I-S, than 40 '
) by tle 

w te ()! nt)i\ Of wvtIiI 1lpl0 )V (i Ct lll) ill)) )t)h l)uls ctIl It yIIvIailllt. T[l ill

Itr(ducliti ot rotrv cimihiintes fy the fiin titiill'Ilerlt in(ItIStly iindicatets that 

hIO()WIY) . iellm olu to lim)lllVi) soybean qiiality ![)( harvesting efficietncy. 

Tle use of ll1Otlitorillg tquilflleiit on combines ispig)Olisig., and the aLto

lMWt C0lltOfl of 1,jor tOlIl)biilt) Oplt'ilnf ,larimmet Is is receiving new 

til phlsis. 

NOTES 

0W. 1haiph Nawy U.S. Departmet oi A-jr,,:ultut, SEA/AR, Urbana, Illinois 

61801. 

Trade lmmesare.Used it, th's chapter soliely ,or the purpose of providing specific 

ilOlldo tiOn. Mention of tte tra1e Itillltv, proprltlr itpioIuci, or specific equipment 

Department of Agriculturedoes riot Costtilule il ttudillnve or wairllsy it the U.S. 

imply approval or the exclusion of octheror the University of lllinois, ant: dots nut 

Il)rOdjcts that mayLW SLIiNIOl. 
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CRITICAL FACTORS IN SOYBEAN SEEDLING EMERGENCE 

H. D. Bowen and J. W. Hummel 

This chapter is presented in two parts. The first part describes laboratory 

studies at N. C. State Univ. on the emergence by soybean seedlings un.ndgr 

several levels of three soil environmental factors that are often critical to 

emergence due to the vagaries of weather and soil conditions at. the tinme of 

planting and during the gernmiation and emo' gence period. The second part 

reports on field investigations conduc:ed at 'lhe Univ. of Illinois on the effect 

of hological and physical factors on soyea seedling emcrgernce and yield. 

ENVIRONMENTAL FACTORS AND THEIR EFFECT ON
 
HYPOCOTYL AND ROOT GROWTH
 

A truly vigorous soybean seedling call sirvive almost any weather stress 

imposed upon itshort of fre-ezing, and by contrast a low vi g-,,seedling will 

succumb to stress of mi.l intensity anid s.1o1t duration. With high vigor seed 

lings very few factors are critical except under extremes of weather and soil 

conditions at planting time, hl with low vig]or seedlings, a stress of any one 

or more of the edaphic (soil 1,iiysical) factors makes all aspects of the plant

ing operation critical. Unfortunately, the average producer buying certified 

seed assum'es high (gnrmination percentage to mean high vigor, bt, in fact 

low vigor seedlots may show as high an official gerrnindition percentage on 

the seed tan as a high vigor seedlot. This seeming anomaly comes about be

cause the seed producers are required to indicate only the 20 to 30 C ger

mination percentage which does rnot distinguish between high arid low vigor 

seeds. Under non-stressed conditions low vigor seedlings may perform iden

tically with high vigor seedlings, but under stress conditions the low vigor 

seedlots may give 10% or less of performance they had under nonstressed 
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c_,rditions, whereas high vigor seedlots may have germination and emergence 
that is -10 to 80% of the nonstressed performance. Thus it seems that the sin
gle most critical factor in ensuring a good stand is to e sure that the steds 
have a high vigor and are substantially free from mecha!ical (mlie. 

Sine(:(? the seed vigor cannot reliably he estirna!(d I m germination per
centarje rIUpoi ted Oiithe sUed tao, the ploducer should d(Aemalnd vigor informa
tion from his se(ed source and hiewilling to pay for high perfoinance seeds if 
seudms are toj th klltd u(nder siress conditions A l)ro(lucer should plant his 
mu10st viJ(OI rJ)usent Juts whCn there is a danger of stress and less vigorous seed 
lots when cn;jihtmnrs ire predicted to be less stressful. Most agricultural uni
versities car [i !p 01e p nducer determine the vigor of his seedlots or the pro
ducer nay ;rake his ()v- rests afteur conIsulting his county extension agent in 
the evelit his sen sl'i cmirot or will not suply that information. 

The ci itical fart,; of the soil physical envilonenCot nduring germination 
and rIwgoerlce all, W rlllprlatUrI, moistmre, mechanical impredance, aid aera
tion for sr-yhearis. [ )eundin]on tihe geographic area, climate!, seasonal and 
local weatlr, conditions, lid sodmltypres all(conditions, any onn of these fac
tors or aiy c(mi iation of tlrri can be critical. An effort is rade here to 
(luantify sonie of the stresses that result fromnsirmilated field conditions and 
the response of orn soybea enltivar (197 h Forest) to these stresses. 

Altlioug' is is likely that there are guarititative differences in the re
stponse of eicl coltivar to cNrviIrrIIMental stress the nature of the response will 
be similar. Six soyeian cultivars (Hill, Essex, Bragg, Lee 74, Forest arid Ran-
So)) grown ill lerlicated plots for J yr at Clayton, N.C,, have shown similar 
responses to wm.t coi, to [lot dry, anid to rrustirrg emergence conditions. The 
resp)Onse oi soyheans to the cnvironmint arte from the growth chamber study 
descril)ecd below. Tire stre's data tire, from several studies made on the Ap 
horizon of Noth Carolina Coastal Plains soils over a 20-yr period. Unfor
tuinately, tre soils vary in mechanical analysis, but they are all soils of the 
Norfolk loainy sand series. They are a Wagrarn loamy sand with a mechani
cal analysis of 90.2% san 1, 6.6% silt and 3.2% clay; a Ruston loamy sand of 
mechanical analysis 83.2% sand, 11.0% silt and 5.8% clay; and an Crangeburg 
loamy sand oifmechanical analysis 80% sand, 17.2% silt and 2.8% clay. Even 
though the mechanical analyses differ considerably, thry have in common 
similar moisture characteristic curves with field capacity water contents be
tween 7 arid 10% (d.h.), lor, organic nmtter, and severe Crusting following 
high intensity storms (4 - cm/hr) of greater than 1 cm of rainfall. 

Growth Chamber Studies 

Equipmenr and Procedure. Seedlings of Forest 1975 soybean Glycine 
max (L.) Merrill were grown at 48 different soil environmental conditions; 
four levels of temperature (15, 20, 25, and 30 C), three levels of moisture, 
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(0.3, 1.0, and 10 bars), and four levels of mechanical impedance (0.23, 1.12, 

2.24, and 3.36 kg/cm 2 ) in growth chambers held to ±1.0 C. 

Plant 1rowlh boxes leasul ing 62 cm wide by 8 cm deep by 45 crn high 

were ni- plywood Onithirec sides with a window side of transparent.1e of 
material. A )lexiglass side piecc 10 cfm high allowed the observation of the 

9i owth of in iypocolyl. -the seeds were I)lant;d 1t the iun[cttll2 of the plexi

glass sidt'piece with a glass si lepiece 36 cn high for observation of the roots. 

The boxes woeo tiltt ti 10" with the vetical to torce the roots to the glass 

sidepiece. 11 pilexiglass sidtepiece was angled (eward15' with the glass side-

When the hux was in the' tilted position, the plexiglass sidepiece waspiece. 

angled 5 inward from the( vent cal in an attempt to folce the hypocotyl
 

;ijaiinst the plexioglass. This was only partially successful ard considerable
 

data Was lost LuitJIr Some1t ttelllnts fILIC the not staying in
to hypocotyI 

conitact with the plexiglass. Most of the time the roots remaind visible from 

tli plantilgdepth to tie htto'n of the box. 

A Ruston lomBny sainl with a mechanical analysis of 83.2% sand, 11.0% 

silt, and 5.8" clay was:, Utd il the tests. FigIure 1 shows the moisture char

acteristic curve. Watr was rmixoil with air-dry soil to brinq the soil to the 

proper moisturc :ontent. The soil was allowed to equilibrate for a minimum 

of 24 hr. The soil was sieved (4 ranl mesh) and poured into the soil boxes in 

layers ain packed wii sn face en llMacti i anld vib;ation to as uniform mech

could IW attained. TIre amount of surface compaction Olanical iopeilaPce as 

IQ_ 10iBAR4 4 -
3 BAR- 4 8% 
I SBAR- 55% 
i13'BAR- '9 % 

L 

10 .

.2_
 

3 4 5 6 7 B 9 !0 II 12 

PERCrNTAGE Of MOiSIIUKZ 

Figure 1. Soil moisture characteristics curve for Ruston loamy sand. 
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each layer, the magnitude and duration of the vibration, and the thickness of 
the soil layers used in the filling process depended on both the rmqoisture con
tent and the mechanical impedance level, A soil! penetrometer with a tip in
cluded angle of 300 and a base cone diameter of 0.46 cm was used to quanti
fy the mechanical impedance an( establish compaction procedures for the 
different moisture levels. 

Seeds were inspected visually and those with cracked seedcoats and those 
which were irregular in size or shape-were eliminated. The remaining seeds 
were pregerminated in vermiculite at 30 C for approximately 18 hr. Seeds 
with a3 mm radicle length were chosen for planting. 

After the box was filled with packed soil to the top of the glass window 
the plexiglass strip was fastened to the side of the box and 15 pregerminated 
soybean seeds were planted against the transparent side of the box at the 
juncture of the glass and plexiglass parts of the window. The seeds were 
spaced 4 cm apart with the radicles pointed down and visible through the 
glass side of the box. The 10-cm space above the seed planting depth was 
filled with soil and compacted to the same level of mechanical impedance as 
the soil in the root zone. The hypocotyls and roots were !hjected to the 
same level of impudance from the top soil surface to the bt ,mI of the box. 
A leaky plkistic cover was then fitted and taped to the top of ne box to re
duce moisture loss and the re'Aulting changes in mechanical impedance due to 
drying of the soil. 

Four replications of 15 seeds each for the 48 combinations of tempera
ture, moisture and mechanical impedance were observed. A factorial design 
was used, and for each replication the order of preparation of the boxes and 
the position of the boxes in the growth chamber were randomized complete
ly. Air was supplied to each box at the ratE of 0.6 ml/s to insure that no 
oxygen deficiencies existed in the soil. The air was bubbled through water 
to reduce the tendency of thr soil to dry out from the passage of air through 
the soil. The boxes were covered with black plastic except when the readings 
were taken. 

There were four runs with all combinations of moisture and impedance 
at each temperature. Each run extended for 10 days at a constant tempera
ture. Daily readings of hypocotyl and root lengths were taken. 

Results and Discussion. Both hypocotyl and radicle length were limited 
by the size of the boxes. At the lowest impedance, 0.23 kg/cm2 , tile hVpo. 
cotyls had emerged through the 10 cm of soil over the seedlings within 3 to 4 
days and presumably would have pushed through several additional centi
meters of soil if the seeds had been planted deeper. The roots grew to within 
2 Uo 5 cm of the bottom of the growth box in 4 .o 10 days depending on the 
temperature and stopped short of the bottom. It has been observed in our 
laboratory that as a penetrometer nears the bottom of a container of soil 
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the resistance to penetration increases because the penetrometer compacts 

the soil ahead of itself. Thus the data does not show how far the hvpocotyls 

and radiches CuOld have gone against the indicated in)edance hut only how 

far they did go before the hypocotyls emerged or the toots were stopped by 

excessive, impedance as they ;i)l)roa,:hed the hottom. Even with these limita

tions in the data nummber of thing,; can he ohsei ved. 

Hypocotyl growth rate (Fi(JLre 2B) inlcleas'd as Lat0 "Jsedteme In',r 

frorr 15 to 30 C in the same order as reported by Gilman (3) ai.d Htatfield 

and Egli (4) 	 fur seed germinnated and Clown in papel towels. 

The effect of impeWdanc on hy[iocotyl grovth (FigUlie 2B) is most 

dramatic in the range of 0 to 1 kgicm2. It is mlch less draniatic inthe range 

of 1 to 3 k/c'n'. The lowest impedance (0.23 kqcmni) is abotl the irrini

morn inpdaicu level that can be ohltained by pouring a sandy soil irto a 

conltainei. Thu soil is very loose at this lllrpmillce aild exrille Cale m11ust hle 

.:xercis(d to prctVellt additional settling 'aid .olrpactioln in handling the 

boxes. lHwevcr, tilis Very slighlt rWsistMirce is .sufficient to reduce the growth 

rate to ,1;otut that of the zec(impedlance growthihalt rate. 
Tatles; 1 md 2 shoc, the hypocotyl and redicle lengths aftel 10 days of 

rrowth at calch temperatureL r-isltore, ard imipedance level. Temperature 

1aid veIy little effect on the length atlailled by eithet the hypocotyl or root 

,xcJ It ilhe lohw,'st iri)pXlaIsct and th0 lowest tellperature. A plot of the 

data IFi e 3) tot 0.23 kg/cnn2 for 25 C at the four impedance levels is 
as asomVhatt seadttered but it is easy to see i trend in hypocotyl length 

23 kg/cm2 

8 2.'C 	/ 

7 	 l/ 7 

6- - 2 
>,/ i2 kg/cm _ 

4 ./.. '~5".24kW/crn2 

03 

0 I 2 3 	 4 5 6 7 8 9 I0 0 I 2 3 4 5 6 7 B 9 10 

TIME .DAYS 	 TME , DAYS 

Figure 2. 	 (A) Ilypocotyl growth for Forest soybeans at four levels of temperature 
as a funci;on of time in days after imbibition. The impedance was 0.23 

kg/cm2 and the moisture was 5.5%; aod (B) Hypocotyl growth of Forest 
soybeans at four levels of impediice at 25 C and 5.5% moisture. 
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Table 1. Average hypocotyl length at 10 (lays after imbibition. 

Moisture Impedance, kjt/cm 
2 

Temp. Content 0.23 1.12 2.24 3.36 

-- C - - d, -- H pocot'l/I Ic'roth. 'm -

30 9.0 10.0 35 3.8 3.1 
25 9.0 95" 4.0 3.5 2.7 
20 9.0 10.0 4.0 3.6 3.2 
15 9.0 9.2 4.0 2.7 2.5 

30 5.5 9.5 3.2 2.8 2.6 
25 5,:500 4.2 3.0 2.6 
20 5.5 8.0 5.0 3.1 2.6 
15 5.5 7.0 2.0 2.5 2.5 

30 4.4 9.0 3.0 2.0 2.0 
25 4.4 7.5 30 3.0 2.2 
20 4.4 7.0 3.2 3.0 2.5 
15 4,4 5.0 2.0 1.7 

GOnly one t (if (lata. 10 cm ofeplicatio Others are averages of foui replications tiroUgh 
w

soil at a given ipdmpdcc anid mlOist- e content. Thse which emerged w%ere counted as 
being 10 cm long. 

a
Table 2. Average radicle length at 10 days after imbibition.

Moisture Imfpedanrce, k : 

Temp. Content 0.23 1.12 2.24 3.36 

- C - % d.b. - adicle length, cirr 

30 9.0 33 33 33 33 
25 9.4 30 32 32 30 
20 9.0 30 28 26 27 
15 9.0 22 19 15 15 

30 5.5 33 33 32 33 
25 5.5 30 21 32 30 
20 5.5 24 21 13 14 
15 5.5 24 21 13 14 

30 4.4 33 33 32 3"
25 4.4 32 30 24 30 
20 4.4 32 32 28 25 
15 4.4 23 14 13 15 

aThe boxes were 35 cm high from planting depth to the bottom, but penetrometer read

ings always increastd as the penetrometer approached within 2 to 5 cm of the bottom 
of the box. Thus radicle 9r owth was retarded after 30 to 33 cm. 
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Figure 3. Hypocotyl length 10 days ifter imnibition as a iunction of mechanical 
of 25 C and 0.23 kg/cm

2 
impedance for 3 moisture le.els at a temperature 

mechanical impedance. 

function of imedan. Prirctinrr btick to .01 kq.'crv 2 would (live anproxi

niately the 18 to 20cm hypocotyl length ohtiined by Gil1,an (3) for seed
lings groon with little or rio mechanical inrp dcarce. In terms of planting 
depth it is easly seen ,F Urte3) that at 25 C seedlins could not emerge 

from a depth greater than 
"3
2.5 to 3.0 cm in 12 to 13 days after planting if 

the impedance is 2.0 kg' m, but could emierte from a depth of 7 to 8 cm if 

the irnoedance were only 0.23 ko/cm. 

Moisture affected both hypocotyl Jnd radicie growth, with the 5.5% 

(d.b.) moisture content gunerally the most favorable and 4.4% the least 

favorab!e, but differences ;n growth rates were small and would not be 

,;tatistically significant for this data. 

The growth chamber data, though limited by the dimensions of the 
growth boxes, shows that temperature controls growth rate of both hypo

cotyl and radicle, but mechanical impedance fr',m 0 to 1 kg/cm2 reduces 

hypocotyl growth very dramatically. Further increases in impedance show 

less reduction of grov'th rate. Moisture between 4.4 and 9.0% for this soil 
did riot materially influence either hypocotyl or root growth. Within 10 days 

after imbibition, roots at all conditions had reached or exceeded 25 cm ex

cept those at 15 C and these exceeded 12 cm even at the highest impedance. 

This implies that in tilled soil healthy soybean plants can get their roots down 
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to sufficient moisture and emerge in 12 to 13 days ifthe moristure was ade

quate at planting, the average impedance was less than 3 k~t/cn 2 a.'d the aver

age temperature was 15 C or qreatei 

Stress Raising Aspects of Soil, Weather, and Planter Settings 

If pianting isdone at the proper time temperature per se, will usually 

not be a problem unless some unusual weather comes in after planting. But 

cold wet weather wil! harn, weak seeds. Most seeds including soybeans can 

obtain - Ificient water to germinate from soils with moisture tension up to 

the wilting point if th(.y have sufficient time. Because of the shallow planting 

depth requiled to achieve a shc:rt emergence time, moisture stress mav be

come a problem. 

Sped Imbihition ann Visible Moisture Front. To investigate the uptake of 

moisture by seeds as a function of soil moisture content, cotton (another oil 

crop) seeds were planted in a Ruston loamy sand with atfield capacity of 9.3% 

and a wilting percentage of 4.4% (d.h.). Seeds were extracted every 2 hr and 

the moisture content determined gravimetrically. The seeds were planted in 

soil with moisture contents of 5, 7, and 9% at a depth of 2.2 cm anti sub

jected to the radiation of a clear May 1st day in Raleigh, N.C. 

The soil was packed to a unilorm bulk density of 1.3 g/cc. One hundred 

seeds wer, planted in each 0.09 rn2 soil box vid placed on the Edphotron 

(2), a 4-m turntable that revolves once/nay under a bank of heat lamps that 

can be adjusted to ,iMulate th, radiation for any specific day of the year. 

The seeds were planted so th<,t the seed top surface was at the planting 

depth by pi sinj the seeds into the soil with a finger. Replicated boxes of 

seeds were alternated with boxes for determining the depth to the visible 

moisture front. The depth to the front was measure; with an ohmmeter 

with a small wire probe which was pushed into the soil slowly and carefully. 

One lead of the ohmmeter was thrust deep into the soil to contact moisture. 

The other lead was attached to the wire probe. When the probe was in the dry 

soil above the visible moisture front, the ohmmeter showed several megohms 

resistance It when the visible front was contacted the resistance dropped to 

a low value. The front measurement was very repeatable and could be meas

sured to within 0.1 cm. 

Each soil box was placed on the Edaphotron at the 6 AM station. A soil 

box was placed on the Edaphotron every 2 hr once the test was started. In 

elfect this meant that the seeds were planted at 6 AM on a clear May 1st day 

in Raleigh, N.C. 

The visible moisture front (where the soil loo'ks slightly moist) (Figure 4) 

moves down inversely as the amount of water in the soil and for the 5% mois

ture content soil it crosses the seed planting depth at exactly noon of the first 

day. By 6 PM the front has reached its maximum depth for the day and even 
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Figure 4. 	 Depth to moisture front as a function of oraps-A time after planting for a 

Ruston lonjniy sand. 

moves slighrtly 	 Jr'niyhiickrrg up noisture below.ti) the '1iirfalt by from 

The second day the moves mjar all moisture bytront iliiwi f()r levels and 

10 AM )iithe second day Ohe ront in thf! slil with 7% moiSture content 

crosses the plantinq itelzIh. -hi vIsibl' o!Il) if) tle S0ilwith tile 9% moisture 

content did l,)!re;ich plintiii depth on the second day, hut presurnably 

would ha,)Ve CI Ss(:d it on th third or fourth (iry. 

Se:cl mloisttJl, conteItI -Figure5) ilso varied with tin:i.All seeds began 

pickill] up; mostlmre at the sarini rate until noon o)f the first day at which 

time the seed in soil with ,.moisture conltent hl ]arnlosing moisture. Pre

cishly at the samuie tir, the visible moisture front (Fi(iule 4) leached the top 

(ilthe seeds. Even though th: seeds M the 7% 1,,uisttUle content soil were 

still in rnoist soil the firstnight and cinotiunild to pick tip moisture until 

10 AM oi!the second (Jay, they began losing moisture rapidly at precisely 

10 AM,when the vsihle moisture front (Fioure 4) crossed the planting depth. 

At 3 PM of $hi: s(econrd day the moisture front of le 9% moisture content 

soil reached its maxiirnorr (lel)th for that (lay at about 0.4 cm above the 

planting de)th. At that depth the seeds lost some 5 or 6% mnoisture which 

they picked up again by 11 PM that night. Radicles were coming out the 

second (lay so that the 9% rnoisture content soil germinated all of the seeds. 

The seeds planted in soil with 5 and 7% moisture content (Figure 5) lost 

moisture rapidly as the visible moisture front went deeper. When the visible 

moisture front of the 7% moisture content got within 0.2 cm of the planting 



460 Critical Factors in Seedling Emergence 

830 	 REQUIRED FOR GERMINATION--N 

z 	 

tw-60
 
z .,
 

40 

. INITIAL SOIL MOISTURE 

u20 5 

9 

0 	 4 8 2 16 20 2A 28 32 36 40 44 48 52 

ELAPSED lIME AFTER PLANTING, HRS 

Figure 5. 	 Seed moist ure content its a function of time after platilg for cotton seed 
when pln)ted in a Ruslon loamy si1t1. 

depth, the seed In()is;ture pickup slowed down indiicating the evaporating 

front is not a shari) line at timhel"inniiig Of tilt! visi)le moisture front. This 

test has not been lol!e on Soyi)L'nS but their imbihitioni times are similar to 

cotton and they Iiuslt hflave ill es ;(,nttally the Samtle way. 
Froni this t,!;t we leaned that the seeds' rale of pickop of moistute is 

the Sanl) for the !;Oils with 5, 7, ind .9(1 moisture colitent and that when the 

visible uiioistuii fitiuit crosses tfit? Se( pla)lntil(J del)th, the Se(ds begtin to lose 

noistli". We also lI!,ii(l that 'loistile can be lost fioin a seed when the 

visilh! nnoistuie ho i-;within 0,2 to 0.4 ('m f the seed. 

?ri1ny/tg Watel to S'eds by C;mlaCtiof). Most iesearch workers are 

awart that press wheels ijenerally imp)Voe moistuii availability mider drier

than-otiiiin sOil coIi(ditiOns. They often oVilook the fact that it is the 

voloimet i; watei coitttcit iather than (Iravirneti(c water conltent that deter

mines (1, the availahility of water to an inbibigI seeud or trowing root and 

(b) the I aiL uif moistulre nIilOVilItnt to seeds and roots. 

A seed ibihinij wate from soil is i:Ontrolled by the volumetric water con

tent of the s, .'ih -ri soil moisture is relported in percent by wt (hry basis, i.e., 

gravimetric wate ( ontent,we often overlook that increasing the bulk density of 

the soil increases !' volumetric water content of the soil. The relation of 

gravimetric water coi ent to hulk density and voluinetic water content is 

illustrated in Figure 6. 

The important thing , out the moisture-bulk uehnsity relation is that an 

engineer, agronomist, or farmer can change the amount of water within a 
1 cm 3 volume of soil simply by changing the bulk density. In a soil with a 
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Figure 6. 	 Chart relating gravinmcttic water crintent in '' to voluntetric water content 

in % as a1tunction of (Jrt,/ bulk dt,,nsity. 

fitaviinet ic nwi,hre coleurt of 5%pa6;<:d toa (Irv hulk density of 1.0 g/c 3 

the vol'l Ofvofwi, '', of the vo lunw, of sil. T-hat same 5'%, FoistM'r con
tet soil Ibv w[t, vI.,-o wa:k(!( to a hulk denlsity of 1.5(jt'C;IT13 has 7.5'% mo1isture 

1 
1H0Wtve el, ill ) c!V1.'1 lowI iloIoitdint bh ilt-lit homll anl increased) moisture 

content of thtw ' )i Is! the lathel (hrrItiC i11:lA('se Of Soil MOISture diffusivity, 

D(H-), that wso;tlt henil irl incre~ase; in moisture!conte~nt. Iln increasing the soil 
hutlk il+.:nsity tiont 1.0 to 1.5 (1/c3 and the tw';ltingj voturntetric water content 

Oft a 5',, h%,wt (H.h.) soil rfnoi-tUWe C(Alet from 5%, by volunie to 7.5% by 

voIlume, the' inctemse in blJk dlensirt, was in the ratio 1.5:1 hut the increase in 

inoistuie (liffuisivity (Fit 'jurC: 7) was in the ratio 4: 1. Water movement for one

dlim-ensional movernent as shown in Coble (2) is (liven by: 

Jc D (0-) d(-l
dIx 

2where J is the voIlume of water movedisec across a 1 cm area normal to 

the direction of flow, x; D(H-) is the mnoisture diffusivity, cm2s;an 

d](-)/'dx is the voIlumetric moisture gradient of the soil in the x-direLtion. 

increasing soil nmoisture by any medns not only increases the water con

tent in the vicinity of the Seeds, bUt More importantly, increases the moisture 

conductivity in the soil around the :,eeds and in the root zone. 
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Figure 7. 	 Soil water diffusivity, D((-)) as a function of volumetric water content for 
three soils. 

Summary 

In summary, the two most critic~d environmental factors are temperature 

and impedance provided we do not plant in extremely low moisture soil. Soy

bean emergence is adversely effected by even a slight amount of mechanical 

impedance and deep plantings will require more time for emergence than 

shallow plantings under any conditions. Planting depth, moistre content in 

and above the seed /one, and compaction of the soil are very important 

factors in insuring tle availability of moisture for the seeds. Soybean roots 

are not as sensitive to impedance as are soybean hypocotyls. This suggests 

that, especially at low moisture contents at planting, higher pressures and 

bulk densities in the root zone will be an advantage to th! seedling. Increased 

soil compaction over the seed is beneficial from a soil moisture viewpoint, 

but it is likely to increase the impedance to serious levels. 

FIELD EVALUATION OF BIOLOGICAL AND
 
PHYSICAL FACTORS AFFECTING EMERGENCE
 

Seed Quality and Seed Meters 

Field germination levels, while often lower, can b no higher than the 

percentage of viable seeds placed in the planter. An initill reduction in field 

populations may occur as the seeds pass through the planter seed meter. 

Several recently-developed commercial planter meters and grain drill meters 
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were COmi lited by Nave adL PauIsell (5) to determine the amoLnt of damage 
Sufftld by ditfcrfell Val Juliet; of soybean seed if) Tile seed metering process. 
Planter rillet i'I tevic'; evlriaiter included: (,i) JD 7000 Max-Emerge planter 
single Iui fod lcup, (h) I11400 Cyco Planiter all dium, (c) I11 510 (pain drill 
fluted 1o1, (d)Ili58 pllllte hori,'nntlil plate Ietet, and (0i) While 5400 
PiantiAir e liteu aJi disk. 

All sed inleters were adjusted to a normrinal Seediilg late of 400,000 
seeds/ha. A slovw-stpeed (itriv (Oplional (,n tie H1-1 on510 di ill) was Used the 
flut(d rl ilmetel, as iC.rirterll i for s)yire .lrl riteriing. Samples of several 
valimies Of soy eals at tin0e rroistre levels wert p)!SStti 0lb(ll the seed 
meter:;. They vere evaluaiked along with a control saimple Li eacti 11oistule 

level usillil fi, ger ailrtion tests. ellpleicentage if split soybeants was also 
recordld. 	 Nrnt, of th leroirration tests were able to dietect differences 

t c rilt'I'io'ip til 	 seedrllth l tr eatllt'lls 111 ie o l sarm ple. 
A siqIriticiiily hiihei picciritagIe of split soyi(eairs occuLed with .)e 

plate iictel arld tll i rOil 10e11I owever, damagte levels as measlre d by 
It einthi f I)1dii sityboanrs rnr:v exeed:ied 1.3?; compar - to 0.48X, for the 
celiol -ioiple. Nave arid Paulsron (5) (:tOiliid that all five COmmercial 
IMPlWtt eTr SatlSlIchiOry 1i0i paitihl soyficains. They did rote!a higher sus
c'cit iilitv of a;irie qold vai ieties to rrimicai danage. 

Frwiienie 	Sred Tr'atmi'ent and Planting Depth 

o ') via!ilr: 	 seed has teen delive eid to tire soil, its ability to germirinate 
! tIc ' sLeeidlinil is a ftnctimn if tir! total seed oirvirornment. Assuming 

*l i' circll ilVlltllren: is ertitoll edi it an a trteia lehvel, research was 
Il hriveitite s(rrim( oispeet- of the i)iolotii'ai and Soil physical ern

.inTl nitlwic ohijerctlves of this study were: (a) to evalate the use 
, ,,a- nyiheal seed, (t) to dterinirre how planting depth affects 

ill , i nd (cl ) ito ascss. e ffect of seeding :ate on yield. A previous 
,011r w, i I Cahiwell (I studi seed tleatllet and seedirig rate 

~lht~t >, !t of ;o lrrrfr varieties, (Ilown in)tire 1950's. 

Proc'dure 

[tins s.<idy was oriu'lueIL duririr 1974, 1975 ai.d 1976 on Drummer 
silty/ clay loa i arnd Flanalan silt loam soils of the Aq. Eng. Farm at the Univ. 
of Illinois. All plots were planted in corn the previous year and plowed in the 
fall. Fertilizer was anplied in the early spring, herbicides were applied and in
corlorat(:d twice, and soybeans were planted in 76 cm rows using an IH 
Cyclo-Planter. Plots were established in a randomized complete hock design 
with four replications. In 1974, three varieties (Amsoy, Amsoy-71, and 
Beeson) were planted at depths of 2.5-, 5.0, and 7.5-cm. Seeding rates were 
adjusted according to g.ermination tests to deliver 348,000 viable seeds/ha. 
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In 1975, Amsoy-71 was the only soybean variety planted, but two seedir, 

rates were used-348,000 viable seeds/ha and 469,000 viable seeds/ha. Two 

planting depths, 4.5-cm and 6.4-cm, were Used. Thirani (Tetrarnethylthiuram 

disulfide) was used at 1 g active ingredient/1 kg of soybean seed as a tieat

ment and became a third variable. In 1976, two soybean varieties Arnsoy-71 

and Corsoy) were planted at depths of 2.5-. 5.0-, and 7.5-cm. Two seeding 

rates, 198,000 viable seeds/ha and 317,000 viable seeds/ha, were used. A 

fungicde, Captan [N-(tricholormethyl thio)-4-cyclohexene-1, 2, -diacarboxi

midej , was applied as a seed treatment at 1 g active ingredient/1 kg of soy

bean seed to investigate seed treatment effects. 

Results and Discussion 

Emergence. The data on the influence of fungicide seed treatment and 

planting depth on emergence are summarized in Table 3. Significant differ

ences in emergence among planting depths were recorded for all three varie

ties in 1974. Significantly higher emergence was achieved, based on Duncan's 

New Multiple Range Test (DMR), in all three varieties at the 2.5 cm planting 

depth than at the 5.0 cm depth. For the Amsoy and Beeson varieties, a sig

nificant decrease in emergence also occurred as planting depth was increased 

from 5.0- to 7.5-cm. A mean air temperature of 20 C and 12 cm of rainfall 

in the form of thundershowers during the 10 days following planting resulted 

in a soil physical environment conductive to germination at more shallow 

planting depths, but probably limited soil aeration at deeper depths and pro

duced a soil biolugical environment where disease and other soil micro-organ

isms could thrive. These factors were along with the greater soil mechanical 

irmpedanc due to increased planting depth corhtributed to the significant 

differences in emergence among planting depths. 

The use of Thirom as a seed treatment in 1975 did not increase emerg

ence levels significantly. Emergence oercentages were higher for the 4.5 cn 

depth than for the 6.4 cm depth, and in most cases, the difference was sij

nificant according to DMR. Again in 1975, adequate moisture and tempera

ture conditions (4.37 cm of rainfall and mean air temperature of 23 C during 

the 10 clays following planting) resulted in a soil physical environment which 

favored the more shallow planting depyh. The higher seeding rate almost 

always produced -ignificantly higher emergence percentages according to 

DMR. The closer spacing of the seedlings in the row probably resulted in 

greater forces to overcome soil mnchanical impedance. 

The use of Captan as a seed treatment in 1976 did not have a statistical

ly significant effect on emergence percentage. However, in most comparisons 

at the same planting depth and seeding rate, higher emergence percentages 

were attained by the untreated seed lots. Generally, higher emergence per

centages were attained with the low seeding rate (198,000 viable seeds/ha). 



Table 3. Emergence of fungicide-treated aid untreated soybean seed at different planting depths, 1974-76. ° 

Percent emergence cf selected varietiest 

Amsoy-71 Beeson Corsoy 

depth, cm Untreated Treated Untreated Untreated Treated Untreated 
Planting Amsoy 

1974 
2.5 81 a 	 85 a 82 a 

5.0 65 b 	 62 b 61 b 

7.5 34 c 	 53 b 44 c 

§1975 
4.5 	 79 bc 77 bc
 

88 a 84 ab
 

6.4 	 67 ce 63 e
 
76 bc 75 d
 

1976§ 
2.5 	 89 ab 86 abc 84 abc 81 abcd 

78 cd 92 a 69 e 87 ab 

5.0 	 81 bcd 92 a 89 ab 91 ab 

77 cd 89 ab 74 de C2 abd 

7.5 	 72 d 81 bcd 80 bcd 75 cde 

73 d 82 abcd 69 e 73 de 

Thiram was used as the seed treatment in 1975. Captan was used as the secd treatment in 1978. 
t Within columns for each year, numbers with the same letters do not differ significantly at the 5 percent level, based on Duncan's New 

Multiple Range Test. 
§Two seeding rates were investigated n 1975 and 1976. The first emergence percentage given within each column for each planting depth in 

1975 is for a seeding rate of 348 000 viable seeds/ha, the second emergence percentage is for a seeding rate of 469,000 viable seeds/ha. In 

1976, the first emergence percentage given veithin each column for each p!anting depth is for a seeding rate of 198,000 viable seeds/ha; the 

second emergence percentage is for a seeding rate of 317,000 viable sec.wdsiha. 
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The lack of measurable precipitation for 12 days following planting resulted 
in low soil mechanical impedances for all treatments and increased competi
tion for moisture at the high s,;t d rate (317,000 viable seeds/ha). A general 
trend of lower emergence percentage with deeper planting depth was ob
served. Within each seeding rath. level, no significant difference was evident 
between the 2.b and b.0 cm depths. 

Yield. Data on the influence of fungicide seed treatment and planting 
data on yield are summarizedl in Tahle 4. Significant differences in yield due 
to planting depth vetc recoded for all three varicties in 1074 using the 
ANOVA and assci;t:ed F-Test. T he use of DMR identified a significantly 
lower yield at th- 7.5 cm plantin depth that) at either the 2.5 or 5.0 cm 
planting lepths for hoth thi! Amsoy and Beeson varieties. The Arnsoy-71 
variety, which is resistart to Race I of Phytoprhthora root rot, also )roduced 
lower yields as planting depth increased, but thuse differences in yield were 
not significant. 

In 1975, no ,igrnificant differences existed amrrrrg the yields due to 
planting rciih, seed treatment with thiram, or seeding rate Above normal 
precipitation a id tenlperaturt contributed to an ideal soil physical environ
ment during the first six weeks of growth and a difference of only 2 cm be
tween the two p1anti g depth levels resulted in a reduced range of plant 
populations. The sybearn l)lants were able to compensate in terms of yield 
for this ange of plant populations. 

Again in 1976, no significant differences existed among the yields for 
the Amsoy-71 variety due to plantirg depth, seed treatment with Captan, 
or seeding rat(. For the Corsoy variety, signficiant differences in yield did 
exist accordin to the ANOVA and F-Fest for means. However, the DMR did 
not establish a relationship among the yield differences for any of the inde
pendent variables. 

While yield is the ultimate nreasure of the value of adjustment of the 

total seed environment, its use in evaluating those variables contributing 
to that environmerrt is limited Weather variations, cultural practices, equip
ment malfunctions, and management decisions durin the growing and har
vesting season influence the yields obtained. In addition, the soybean plants' 
remarkable ability to compensate in terms of yield for variations in plant 
population make yield a rather insensitive measure of the adequacy of the 
total seed environment. 

Planter Press Wheels 

Planter press wheels may or may not be beneficial to the total seed 
environment, depending upon the press wheel pressure used, the design of 

the press wheel tire, the soil type and soil moisture content at planting, and 
the weather conditions between planting and seedling emergence. A study 



Table 4. Yield of fungicide-treated and untreated soybean sped at different planting depths, 1974-76.* C. 

Yield (t/ha) cf se!ected varietiest 

Planting Amsoy Amsoy-71 Beeson Corsoy
depth, cm Untreated Treated Untreated Untreated Treated Untreated 0 

1974 S. 
2.5 3.22 ab 3.32 a 3.27 ab ",2 
5.0 3.06 b Cb3.19 ab 3.12 ab 
7.5 2.62 d 3.0Mab 2.83 c 

1975§ 
4.5 3.43 3.46 

3.30 3.28 
6.4 3.42 3.34 

3.30 3.45 
CS 

1976§ 
2.5 2.74 2.65 3.03 a 3.08 a 

2.73 2.67 3.11 a 2.95 ab5.0 2.71 274 3.06 a 2.93 ab 
2.68 2.72 3.09 a 3.06 a7.5 2.59 2.65 2.81 ? 2.83 b 
2.73 2.66 2.98 ab 3.02 a 

Thiram was used as the seed treatment in 1975. Captan was used as the seed treatment in 1976. 
t Within columns for each year, numbers with the sam letters do not differ significantly at the 5 percent level, based on Duncan's New 

Mu!tiple Range Test. 
§Two seeding rates were investigated in 1975 and 1976. The first emergence percentage given within eoch column for earh planting depth in1975 is for a seeding rate of 348,000 viable seeds/ha, the second emergence percentage is for a seeding rate of 469,000 viable seeds/ha. ;n
1976, the first emergence percentage given within each column for each planting deptn is for a aeedinq rate 
of 198,000 viable seeds/ha; the second emergence percentage is for a seeding rate of 317,000 viable seeds/ha. C0) 
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was conducted in 1978 to compare three different planter press wheel tire 

designs and three different drill press wheel tire widths at two soybean plant

ing depths. The tesis were conducted on Drummer silty clay loam soil with 

three replications of each treatment. Plots received 5 cm of irrigation water 

immediately after plaoting to accentuate differences in soil mechanical impe

dance resulting from soil compaction differences among press wheel tires. 

Data on t:he efect oi plantcr press wheel tire design and drill press wheel 

width are summarized in Table 5. Significant differences in emergence percen

tage ard yield were identified using the ANOVA and F-Test for differences 

among means. Using the DMR, emergence percentage at 16 days after plant

ing was significantly higher for the shallow planting depth than for the 

deeper planting depth for all press wheel tires except the 25 mm Smooth 

Crown press wheel tire. This tire had a significantly higher emergence per

centage than the other press wheel tires at the deeper planting depth; other

wise no significant differences existed among press wheel tires. Yields gen

erally followed the same pattern as the emergence percentage data, but small
er differences were recorded. 

Table 5. 	 Emergence and yield of soybeans planted at different planting depths and 
with different press wheels, 1:78.* 

Implement Planting Percentt Yield1 

Press Wheel Depth, cm Emergence t/ha 

Planter
 

Mod. Flat Traction 4.2 59 abc 3.17 altcd 
6.4 44 d 2.49 f 

Dual Traction 4.0 63 ab 3.09 abcd 
6.4 45 d 2.71 ef 

Press & Closure 4.0 66 a 3.07 bed 
5.9 53 bod 2.95 de 

Drill 

76 mm Dual Crown 3.2 63 ab 3.35 ab 
6.3 47 d 3.00 cde 

51 mm Smooth Crown 3.2 65 ab 3.42 a 
6.3 48 cd 3.13 abcd 

25 mm Smooth Crown 3.2 63 ab 3.34 abc 
6.3 60 abc 3.43 a 

Soybeans of the Beesoi variety were planted in 76-cm rows using an IH Cyclo-Planter 
and in 18-cm rows using ar, IH 510 Grain Drill. 

tWith~n colurns, numbers with the same letters do not differ significantly at the 5% 

level, based on Duncan's New Multiple Range Test. 
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SUMMARY
 

In summary, a an e of plattingj depths will qive nearly equal results in 

terms of yield when seed puality and seed envjrorniental conditions in the 

soil 	at rioord. W%'ei: ;jdvQi se seed envii ,inmental conditions prevail due to ex

;2eS5 	 IUicSUE'e and,or cilistilor, a Hoe shallow lilarltilrti depth isfavored. Con

versely, whurl poorljeimirrtrol curditions ( 'ist dit' t less tloan ande(liate 

moistLre levls, a deeper plantinil depth is helttet. For the SOils used in this 

study, a lktirI de fh IIcm appeals to he the best comptomise. Planters 
and 	 (hills me avaiwilable' folr equipm".nt I oifat.hriiIS tha.t canl mleter Seed 

, cIate'ly, d,) reWjliibhhl c:aoeris of da1,rapi: dtli i meterilq, and canl ac

carately conltrol pllrtil (ldepth in our present clean seedred situations. Final

ly, ol, wheln pllant roialatioris Oeviate mow than 25 to 30% from recoi

iernde ur ortir I)on l1t11S will yield i e seriously affected. Inaccuracies 

io psredictinol liel(lircy which rtsLllt lai;je deviatioWs fromIer ceOtaql in such 

eC(i111rrlUeld rr)(olatitMs mdy flo 1 wteather condi01rr o)tir1LJIn 	 eSLilt IiV(,:,e 

tiors dur irn; the (joratinir i1eiod an d'or less t1,:11 i(1-itI seedhed prepara
io n.
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1.D. [owen, BRolcqicil :!ni ArIcultural Enginering Deipartnrtnt, North Carolina 
State University, [3aieijhi, N.C. 27650; and J. W. Hummel, U. S. Department of 
Agriculture, SEA/A -, Urbana, II. 61801. 

Trade names are used in this chapter solely totthe purpose of providing specific 
itturnation. Mention of the trade na[rre, prorprietary produCr, or specific equipment 
dioes not Constitute a qLialaitee or warranty by the USDA or the Univ. of Illinois, -nd 
does riotimply apiroval or the e\cltsionr of other prntIuCtS that na he suitable. 
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MECHANIZATION ALTERNATIVES FOR SMA. '.ACREAGES IN
 
LESS-DEVELOPED COUNTRIES
 

M. L. Esmay and M. Hoki 

World soybean production has increased nearly two-thirds in the past 
7 to 8 yr, as shown in Table 1 (1). Brazil, which has increased production 
7 to 8 fold in that same period of time, is giving special attention to the 
development of the soybean crop and processing industry (9). Indonesia, even 
in the tropics, is producing soybeans commercially at locations near the 
equator. Subtropical and tropical regions are thus being shown to have a 
great potential for soybean production. That potential will no doubt increase 
as new adaptable cultivars are made available. The improvement of soybeans 
is still, however, in an carly stage; thus, there is much room for dtvelopment 
(12). Torchnolqical innovation for higher production arid better preserva
tion of soybeans must be implemented to meet diversified regional condi
tion and requirements. 

Soybean characteristics have been studied quite extensively with the 
possible exception of the engineering properties (2,3,13,14). More extensive 
and applicable data related to mechanical, hygroscopic and thermal proper
ties of soybeans are necessary for a significant improvement of production 
and preservation noerations 7). 

TECHNOLOGY AND LOSSES 

Production and post-production methods and techniques for soybeans 
have evolved in the less developed countries without extensive knowledge or 
consideration of the effect on the quality of the final harvested product. 
Sume non-mechanized operations which have been used safely for rice can be 
quite harmful to soybean seeds. For example, threshing by beating or tread
ing provides impacts sufficient to damage many seeds. Physical property data 
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Table 1. Soybean production data for selected major producer countries (1). 

1969-71 1977 

Hectares Production Avg. Yield Hectares Production Avg. Yield 

- kha -- -kr- -kg/ha- -kha - -- rt -. A..gr,1-

World 35,314 46,747 1,324 19,426 7,502 1,568 

U.S. 17,036 31,174 1,830 2,,435 46,712 1,993 

Brazil 1,314 1,547 1 1.8 7,059 12,100 1,714 

China 13,859 11,398 822 14,236 12,955 910 

Indonesia 64 468 728 663 527 795 

for soybean seeds showt they have less mechanical st, ength than rice. Table 2 

shows that the compressive strunith of soybeans was 1/6 to 1/7 of that for 

rice in the moistur ' ranges tested. Conventional combines have similar diffi

culties in ei nimizin1(1 damage to soybean seeds as they were dcsigned original

ly for small grains with higher resistance to mechanical impact. 

Considerable effort has, however, been put into the development of large 

'modern" soybean harvesting machines. The problem is how to focus atten

tion on the post production quality loss problems in the less developed coun

tries. Engineers like to think of themselves as doing research at the forefront 

of knowledge. The results of such new and basic research are then quite nat

urally applied o the largest and most expensive machinery. The cost of re

search can no doubt be recovered most quickly by includirvr it as a small part 

of the sale price of the high priced machines. Unfortunately, these research 

and design procedures do not help the less developed countries that can only 

afford low cost hand and animal technology. Creating something other than 

the largest, most complex machine has not been considered very exciting oi 

even worthwhile. Intermediate technology seems only to be interpreted as 

some routine adoption of a long ago discarded machine from the "advanced" 

countries. Occasionally such an application might work but generally does 

not. 

APPROPRIATE TECHNOLOGY 

Appropriate technology must take on increased meaning even in the 

"developed" U.S. For the first time ever, engineers must begin to consider 

energy efficiency. Technology just for the sake of technology is being ques

tioned. Is bigger always better? Do new designs always have to be more ex

pensive and more complex? Is labor efficiency the only index for innovation 

and mechanization? Can various product quality losses be sacrificed arbi

trarily for mechanization? Does mechanization have to be more and more 

automated? Wil! technology that makes possible the concentration of the 

population masses in a few large cities be forever justified? 
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Table 2. Ultimate compressive strength of soybeans and rice (4,6). 

M.C. Soybeans Rice 

- % w.b. -- - kg/n 2 
.- - kg/mm 2 

-

8 2.5 16.0 
13 1.1 8.1 
17 0.6 4.5 

Apprupiatu technology for a lrimitive society may mean the design of 
a better club for beating the soybean vines for threshing. Possibly a wider, 
softer club would smur t, more bean seeds easier and without the sharp im
pact responsible for dirntagle. But, who wants to work on such a mlundane 
probleM? It would I)( arge, I arr sore, that erginee irg skills are not neele(d 

tior such sirllh irrlovernlols. riot why riot? Cannot the same laboratory 
physical property re"u(;ls he applited to soiviug the threshirrg by beatinj plob
le as for a complex tl'reshinr machiine? The p)1oblems may it fact be more 
conlplex thalt threshing wihI aimachine. For exanl)te, urtevert raturity at 
tine of harvest is often elicorlteted. This may be due jrartly to the mixed 
varieties and partly to the varyirrg cc.;aditiors of tillage, water marnagemet, 
feltilizer anid pesticide application. As these unpredictale conditions rmay 
remain for some time, along with the susceptibility to rnechanical danage 
of soybeans, a device for selective harvesting may be justified in some areas. 
A 1good example is "Ketap or arri ani" for rice. This ir a selective harvesting 
tool still used wid(ly hecause of its simplicity and ingenuity irncorporated 
with labor intensity (5). Many people would bertefit front improvement of 
the hand bean threshing operation or the development of a simple selective 
harvesting de'ice unless the "improved" techrtology removed itself from their 
reach by its high cost and/or put them out of a job because of undesirable 
labor efficiency. 

SOLAR DRYING 

Pride, recognition and compensation must be promoted for designs that 
are truly appropriate for given situations under specific conditions. The social 
and public costs arid returns must be considered as well as the private cost 
and returns. Antoher example of a need for an appropiriate technology is for 
drying of beans and grain crops. Sun drying has been used for centuries. It 
is a use of free solar energy, but there are problems. Sun drying as gencralli 
practiced is an uncontrolled rocess. Some seeds, (due to the rartdorn expo
sure, are overheated and dried too fast and too much, while others are 
underdried. High temperatures and overdrying cause quality deterioration. 

There is a need for a simrpie, low cost, iion-rtrech3nical solar dryer with 
an essentially self-controlling temperature. The dryer would require no 
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outside mechaniczl power source, which 	is always expensive and also burns 

a solar drying requires the carefulexpensive fossil fueds. The design of such 

and skillful applcation of some basic engineering concepts of heat transfer 

and fluid flow; however, few enipneers are interested. Comparatively, it takes 
little engiring expertise to assemble 	 mechanical components to force 

of beans or grain. The design of a successfulhe'ated air through a fixed bed 

low-cost solar qrain dryer with clear and black polyethylene plastic and some 

wood franmint] materials requires the application of the basic engineering con

cepts of thermal convection, (hying theory, solar radiation and product 

physical propenrtiw-. The thermal convection and temperature must be bal

in sULI a way that (Lu1eq intense solar radiation the dryer does notaIcied 
everlhwat the hirmo(huct. It designed properly, the air will merely flow through 

the produ(ct fastei rather than increasing appreciably in temperature. When 

clouds shield the sun or ifnrin' a rain shower air movement arid drying would 
to opencease! he.-cause. of a lilk ,oh thermial convective forces. As compared 


sun dryiral the solar drye woUl hLiv( two iroportanit advantages; one would
 

be teiipelratmre coilol, which caio elimirlate overdrying arnd much seed 

check ing and crack ig; and two, piotect ion fiorn rain showers and rewetting. 

RESEARCH NEEDS 

The hygroscopic arid thermal properties of many grains have been stud

iled although less attention has been given to soybeans. The recent rapid in

crease in proiduction with the associatedf 	 tiroblerns accelerates the need for 

research on the )rocessinig and storage of soybeans (8,10,111). 

Soybeails Jre a higl value, high p~rotein crop. Thus, countries around the 

world are pronotiig pt oduction. Many countries, particularly in Asia, are 

mainly concerned with su)plying their own consumption demands, while 

others such as Brazil are interested in expanding soybeans into a major ex

port commodity. Bean production in most Asian countries is labor intensive 

arid on small farms with field sizes that average less than one acre in size. 

In many of the rice )roducing tropical countries soybean production is an 

two crops of rice. Since labor is adequateoff-season crop following one or 

and yield levels low, considerable increase in land productivity is necessary. 

Soybean production may be totally a hand operation in many of these coun

tries. The only tools used would be a hoe-type device for primary tillage and 

a sickle for cutting the ',-op. This does not necessarily mean that improved 

seed varieties are not used. Higher yielding varieties are often planted and 

plant protection chemicals applied. 
TropicsThe International Crop Research Institute for the Semi-Arid 

sor(ICRISAT) in India is developing a farming system for beans, peas and 
and ditch cultivation apghumn utilizing animal power. A permanent ridge 

proach is being tried. The narrow ditches of 1.5 m on center serve as 
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paths for the animals and irplement wheels in order to prevent soil compac
tion inthe plant (lrowini ridge area. The ditches may also serve for irrigation. 

CONCLUSION'; AND RECOMMENDATIONS 

Soybean ir)(licti irtmost edlv(ldolmq cousttries is labor intensive and 

on small farms. Land proluctivity c(an be increased through the careful utili
zation of I.-I, new varieties and cultural practices.)r gtid aifopiion of selchted 

Appropriate i:,.:ha,.iztion ani tuchnolo(lical improvements for the post
harvest operatios ie cessary to tpreserv, high 1luality and minimite losses. 
Vhe physical proper:ties of soyhaarrs must he knowrt and considered in the 
desigIn of improved toiols and machines for the post iproduction operations. 
Greater attention must tobe (livein the design and development of technology 

that is appropriately simphli, low cost and energy efficient for small producers 
with little capital, 

NOTES 

M. L. Esmay, Dipartient of Agricultural Enguinerin;, Michigan State University, 

East Lansing, Michi;mii 48824; and M. -foki, Deparrnermt of Agricultural Engineering, 
Pennsylvania Stat Univirsiry, University Park, Pennsylvania 16802 (on sabbatical 

leave from Mw University, TsL,Jipani). 
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SOIL CONSERVATION PRACTICES IN SOYBEAN PRODUCTION 

J. C. Siemens 

Several alternative methods can be amployed to reduce erosion on land 
used for the production of soybeans Three principal alternatives are terracing 
the land, performing all field opcrations or the contour, and practicing con
servation tillage. Terracing has not been well accepted because it is expensive 
and not well adapted to mechanization. Performing all operations on the 
contour is inexpensive, but in many situations it is impractical and not sutfi
ciently eftective in controlling erosion. Conservation tillage is an approach 
aimed at combining efficient row-crop production with adequate control of 
soil erosion by wind and water. It is the objective of this chapter to discuss 
that approach. 

The effectiveness of conservation tilk)ge in controlling erosion depends 
upon creating and maintaining a surface that resists erosion. Tile surface's 
resistance to erosive forces results irom the protective cover of the crop 
during the growing season and from crop residues or a rough, stable soil 
surface at other times of the year. Conservation tillage systems employ vari
ous tools for primary tillage operations (such as the moldboard plow, chisel 
plow, subsoiler, or disk) and for secondary tillage (such as the disk, harrow, 
or field cultivator). Numerous other tools can also be used. The degree of 
success achieved in controlling erosion depends on when and how the tools 
are used. Three commonly used conservation tillage systems are the chisel
plow, disk, and no-tillage systems. 

Farmer acceptance of conservation tillage depends primarily upon 
whether such systems provide greater profit than is attained with convention
al tillage methods. The profit, of course, is obtained by subtracting the costs 
from the income, which is directly related to yield. 
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Although the costs of erosion control practices can be determined quite 

readily, their benefits are more difficult to quantify. Few data are available to 

use in evaluating the economic impacts of erosion. Erosion causes damage to 

the land on which it occurs and, of perhaps even more importance, causes 

damage downstream. Sediment carried by runoff water frcm agricultural 

land is regarded as the major nonpoint source pollutant oi streams, rivers, and 

lakes in the U.S. Legislation in some countries requires that erosion be con

trolled to some tolerable level. 

From the preceding discussion it is apparent that three major factors 

must be evaluated if one wishes to recommend conservation tillage to farmers. 

These factos are the effects on (a) income or yield, (b) costs, and (c) erosion. 

EROSION CONTROL 

Only a few studies have been conducted on the effect of soybean produc

tion on soil erosion. Miller (3) showed that a rye cover crop could be used to 

reduce erosion after growing soybeans. Browning et al. (1) conclude that soy. 

beans leave the soil loose and susceptible to erosion. Van Doren et al. (6) 

studied erosion on a corn-soybean rotation. The corn plots showed a higher 

soil loss particularly in the spring following the soybean crop. 

Moldenhauer and Wischmeier (4) measured soil erosion caused by 

natural rainfall. On land where soybeans were grown after corn, the soil loss 

was similar to that where corn followed corn. Where corn was grown follow

ing soybeans the soil loss was 40% greater than with continuous corn. Man

nering et al. (2) and Siemens and Oschwald (5) concluded that soil losses in 

the spring were much greater after soybeans had been grown than after corn. 

In the study by Siemens and Oschwald (5) a rainfall simulator (rainulator) 

was used to apply intense "rain storms" to plots on which soybeans had been 

grown. After the growing season the plots received three different treatments: 

moldbcard plowing, chisel plowing, and no tillage. Rainulator runs were made 

on the plots the next spring before any spring tillage took place. A similar 

set of rainulator runs was made for the same tillage treatments after growing 

corn on the plots. 

For all three tillage treatments, a higher percentage of the water applied 

ran off after soybeans had been grown than after corn (Figures 1 and 2). 

The soil surface appeared to be more stable after corn that after soybeans. On 

the fall-moldboard-plowed and chisel-plowed plots the rough surface persisted 

for a longer period of time following corn than following soybeans. The 

higher runoff following soybeans also reflects the smaller quantity of residues 

left after that crop has been harvested. 

Soil loss with fall plowing was two to three times greater after soybeans 

than after corn (Figures 3 and 4). After soybeans, the soil loss caused by 

100 mm of rain was over 18 t/ha with the fall-moldboard plow treatment, 
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6.2 t/ha with the chisel-plo.v treatment, and 2.5 t/ha with no tillage. After 

corn the first 100 mm of rain carried 10 t soil/ha frori the surface with the 

moldboard plow !reatrnerit and less than i.0 t/ha with the conservation tillage 

treatments. The larger quantities of residue after corn and the relatively loose, 

easily erodible soil following soybeans account for the greater soil losses after 

the latter crop. It is concluded that excessive soil erosion is much more likely 

after soybeans than after corn. 

'IELD 

Nounerous factor, affected by t;llage have an influence on yield. The 

main factors are the amount of plant residue on the soil surface, the distribu
tin of nutrients, the weed infestation, the )lan! population, and possibly the 

soil density. Plant residnes on the soil surface decrease the evaporation rate 

and the rate at which the soil waris ul) in the spring. Depending on the con

ditions, these effecls may he detrimental to )oybean growth. As far as could 

be determinred, the effects ol sirface residues on soybean growth ha,-e not 

been assessed. 
Fertiliers and liwe are rrixdl uniforrmly in Ithe tilled layer when tillage 

systems ', ch as rnoldhoard plowinru are,- osed. Wiih chisel plows, disks, and no 

tillafy, less :nixing of the soil t p:,lace. A,; a result, nutrients, cspecially 
phoslpnorius, ),tasinmn. and lim, are corceritrt dt near the soil surface. It 

is not cl,ar, howeve.r, whejthe.r the! riorriforuit / of rintient distributiorn to 

the depth niormally tilled reduces yields. 
We;eds trust be controlled to obtain rrn;riMlln yield. As the anount of 

tillage is reduc:d below that required to, a wee(:d-frue seed bed, weed control 

problerrs increase. Several facterr contributote to creed control problems when 

using reducend ill age. With conservation tillage systems in ,vhich the mold

board plow is fr:-Jt used, w(ed seds are left on or near the surface. Also, plant 

residues on the surface reduce evaporation, making the soil at or near the 

surface moist (nough for weed-seed germination over longer periods of time. 
Soybeans, are often planted in late spring. With conservation tillage the 

amount of ,pring tillage must be reduced. Hence, weed control may not he 

satisfactory because weeds are aliowe:d to emerhe before planting. Realistic 
herbicide applications may not control weeds that emerge both before and 

after planting. With rrost cors(rvation illage systems, preplant incorporated 

herbicides cannot be used because two tillage operations at(' ,luired for 
incorporation after applying the herbicide. 

Usualy, soybean plant populations are nearly the same with conserva

tion and conventional tillage methods. However, the reduced populations 
sometimc encountered with conservation tillage may be caused by pour seed
soil contact in the rough seedbed and by some seeds being placed in contact 

with the residue. 
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Yields obtained with the different tillage systems are of the utmost im
portance. In our experiments we have obtained slightly lower yields with 
reduced tillage, especially on poorly (Irained soils having high organic-matter 
cont-nt. On well-drained soils with little organic mdtter, the reduction in 
yield with reduced tillage systems seems to be minimal. Numerous studies 
have reported yields with conservation tillage -ysterns equivalent to those 
obtained with the moldboaid-plow system. 

COSTS 

To 	compare costs for different tillaqe systems one must determine the 
types of machinery to be used for each system. The size of the machinery 
must be selected according to the farm size and the amount of labor avail
able. It isimportant when selecting the machinery set for afarm that schedul
ing of the operations be considered so that any d.crease in yield caused by 
untimely opera 'ons can be taken into account. 

The costs of a tillage system include' t;ie fixed and varLble machinery 
cost., 'r.aor costs if applhcable, and the costs :elated to untimely field opera
tiow. C." ts for pesticides, fertilizers, and other inputs atfected by the tillage 
systems bec'g compared must also be determined. 

Costs for producing soybeans with different tillage systems have been 
estimated. In general, as the amount of "' qe !s reduced, machinery-related 
costs decrease and pesticide costs increase. . ,nsidering only these two varia
bles, the cost. for the different tillage systems are about the same. Thus, 
from the standpoint of cost it makes little difference which tillage system is 
used. 

SUMMARY 

Several tillage alternatives are available to soybean producers. The best 
sytem for a given produc_ r depends on a number of factors such as location, 
slope, and soil type. Total cost differences between practical systems are 
minor, although yields rmay be slightly lower with conservation tillage sys
tems. However, the greatly reduced soil erosion rate achievable with a con
servation tillage system isan important benefit that must be fully considered. 

NOTES 

J. C. Siemens, Department of Agricultural Engineering, University of Illinois, 
Urbana, Illinois 61801. 
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EQUIPMENT FOR NARROW-ROW AND SOLID PLANT SOYBEANS 

R. I. Thvackmorton 

The American farmer has seen a decade of planter improvement. The 

changes in seed metering devices have remoced the need to match seed and 

seed plates, have provided monitors for proper operation, as well as chang

ing seed population "on-the-go". However, only one major change in row 

spacing (to 30 in.) has been general in the industry. Progressive soybean 

growers desiring to increase yields via narrow rows can v,'ell ask, "What has 

the equipment industry done for me recently;'" The po pose of this chapter 

is to answer that question ind present recent developments. 

The continued growth in soybean production has )laced it in the number 

two position in hectares for harvest in the U.S. in 1978 (Table 1). This out

standing success record has, in a large part, been due to the U.S. farmer's 

ability to meet the market needs created for soybeans for domestic and ex

port use. F:. Soybean Association's market development efforts have been 

a real catalyst in developing this demand. One wotld have to question if soy

beans could have reached second place in the U.S. without this association's 

efforts. 

Recent data indicate that ap)roximately 50% of the U.S. soybean crop 

is exported and there is a continued optimism for additional exports to such 

coor.tries as the Peoples Republic of China where oil use is 7 lb yearly per 

individual, compared to 55 lb per individual in the U.S. 

At the first World Soybean Research Conference at Urbana, Ill., in 1975, 

Baumheckel (1) presented a paper on soybean row spacing trends. His title 

describes very well the changes in the last 25 to 30 yr as farmers stopped 

drilling soybeans due to weed infestation and placed the crop in the same row 

spacing as other principle crops for mechanical cultivation. With new 
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Table 1. Millions of hacares for harvest. 

1977 1978 

Corn fot grain 28.3 27.4 

Soybean for btans 23.3 26.5 

All hay 24.5 24.8 

All wheat 26.8 22.9 

aUJSDA Crop Relpcrt Board lOctober 11. 1978) 

herbicides there is a ec'iMizahie rrmher of farmer - completing the circle 
back to solid scedinni. For tho,, interested in the well documented change in 
soybean row st)J':; Oio,' t:1 years, I sti ongly recommend that you refer to 
Baumhexkel's paper. 

The advanteqe.s of 30 in. and narrov.er rows for soybeans was recognized 
du:i ng 'he research for narrower corn row spacings. It was known, at that 
time, that 30 in. -;:is not optimum for soybeans, but the convenience of 30 in. 
corn and soybvan culture for the fariners kept soybeans in 30 in. rows for 
several years. 

ONE CTEP FORWARD 

In recent yeas, %vc 'iave- witnessed two predominate :-nilestones in soy
beain proldction: (a) herhi.Aes for pre- and ;)ost-emergence weeL control and 
(b) the J-':lopment of semi-dwarf determinant varieties which have the 
capacity tot high plant populations without lodging. 

We have Iso experienced new planting equipmcnt for a variety of row 
spacings and farming systems. While these developments are not likely to be 
the final answr, tre equipmont industry has taken "one step forward" to 
provide eouipnint better suited to soid seeded and very narrow row soybean 
plainrg. This chapter will deal in detail on new ?quipnrvf '-.velopments for 
very narrow row and solid see(ledi soybeans. 

I have attenrpted to group tne equiprnent to be described into four 
categories. At this stage, many individuals could provide their own equally 
appropriate set of categories. Before too long, the equipment industry will 
have to at rive at descriptions acceptable to farmers, to avoid coofustion. The 
categories I have selected are: solid sec-ding equipment--drilis; very narrow 
iow equipmert-drills and planters;narrow rcw equipment--rv crop plant
ers; and farmer developed equipment. The equipment and features to be de
scribed were largely submitted by the manufacturers. 

http:narrov.er
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SOLID SEEDING EQUIPMENT-DRILLS 

Thit euilitpment is generally represented by equipment which approaches 

chosen to call solid seeding.equi-distant planting patterns which I have 

Rows ale from 6 i. to 8 in.wide with ai.proxinmately 2 to 2,,,plants/foot of 

Drill The douible disk ,mnd wheel style is available in 13 ftCrusthuster 

to 41 ft widths which fold for tiansport. Several types or gauge or press 

wheek are availK.1 imcluding a 2 in. x 13 inl. and 1 in. x 10 in. combination. 

iillitS Co1t0ol the o)ener depth as wellgauge/press. Both ut these li esS. wheel 

tire seed. The single 1 in. xas firm the seed from the sides with loose soil ovei 

tire seed into ioist soil and10 ill.Sl)ring loade seed Iirmini wheel fimis 

SlO111d do, a iloe(X job whell uS d with a seed bed Iiuishi'lg tool jlust ahead of 

the (trilL This manulacturer a!so offeis piesS type drills in 7 ft single to 41 ft 

three-sectioir folding mo Is. 

Jo rin Deere (Moline, IL)offers h(tli end wheel ,.ndpress drills in conven

ionAl conligLunation. Ir addition, Deere las just anImounrced a new drill in the 

10 in. and 12 in. row spacings. This will be repurted it the very narrow row 

category. 

TI 3rea Plaiis Drill (Assar a, KS) is a tn eesction, end wheel style 

which :s easily folded ifo u ,nspotrt. !t tl:s been showni at soyheari field (lays, 

and tile nalufLICrLl fr eCOr11ren(s it for soybeaii planting. 

Haybuste, (Jamestown, ND) offers end wheel drills irs a single 12 ft ot 

double 24 it size. Spacing is 6 in. aod, as rost drills, it can he l).lLIe: to 

18 in.roes. The se!ed firmilg vleel liesses seeds into moist 

soil before the seeds are covered. The in ess wheel also gauges tine opener 

depth. With adjulstable olneneI vownpressure to 400 lib/opener the drill an 

)eused for otlh tiirst 1:1,o) anI d'cIble CrOp. 

priint 12 in. or 

ac-The Interrutional Harvester (Cli rago, IL) press drill has been well 

cepted for soybear pllanting aird ispreferred as multi-hookups and easy trans

port wh ch remains on the (trill, Spacings iorl)6 in. to 8 in. (or skips) in 

widths of 7 ft to 14 Itsingle units up to Inulti-hookups of 56 itare available. 

Hydralic track erasers are mounted on the (till hitch frame and lift with the 

openers for ums or transliort. The seed feed shaft speed is standard for soy

bean seed planting lopulation rantges. 

Just introdticed for sale inl1979, is tire I.H. "Soybean Special" drill 

v,ith "icombination gauge/press wheel with 3/6 in. depth increments. The 

special gauge press tire has a depressed centc.t to firm the seeds from the 

sides leaving the center more loose for eaier emergence. It is available in 6 in. 

to 8 :n. rows and 8 ft to 13 it single units. Sowing charts are in seeds per 

unit length of row rather than lbs per acre. 
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Melroe recently introfluced a multi-unit end whel type drill in 6 in. or 
7 in. spacing and double disk openers. Also from Melroe is the 702-3D n ,till 
drill with 6 7/8 spacing. Siues range from 10 ft to 13 in. The 11 in. Coulter 
mournter on each pressured opener cuts residues for no-till or double cropping 
practices. The MoIroe press drAII i, 6 in. 7 in. spacij ii,oi 0ingle sections of
 
5 It to 14 ft with muLIti-hookujm available. Pres; tires are 2 in. round steel or
 
2' in. semi-,'netrnatic rublwr tlires.
 

The Tye drill ([Locki:y, TX) is a niourited d(rill n 80 in.to 320 it:.widths 
it) 6 2/3 in.rows. The coniveitille end wheol drill is 160 in. F,ur types of 
press wheels ae availablhl: 2 in. x 13 in. lau~le/lJre',', 1 in. x 10 in. spring 
loaded seed firlninn, in. 12 oage/pre-',4 x i. 6/, (1. x 20 in. qaugje/pre, s. 
Rew spacing variatioi, allow for popui;Jr coo figjurat low, of 14 inl.with a
 

30 in. tire track lane. Tiack eraers reiivlfle;iiJiharid wl(jiiit on the! rridir 

franme har. Coultrs aro for !o-till pracit.iviilaIlt or doble cti:01i il 

EARLY STANDS AND CANOPY CLOSURE 

Solid ' ,:<Ifill tld, . pldii coniti:(,nt froni thi roil,iilc, howevi-r, in the
 
earlier staie, sltiii(J ii mJ/ iq)peLdr irw ilat. Th.e5( irregular
ohlirvie the! filid 


cause rrne 

erally found th;i p~rope(:rly Irdldil',ee Jrea;rl5 are" elo i :. 
A 6 in. row c ,n clo rhi lilircwimilpy in 5 wi.(:k,, heljin.ri 

stands may farltwi Tm(coni;:n ;t;nl i(i, however, re:search hias gen

to control
 

weed. At harvwt, tIhmlack of cultivatJr ril:s ariid hliher Liottorn pod ht
th 

reduce flatvest It.s,, arid ircrease th;:e!ase!
(of harvestl.
 

New viri:ties bIeirn developewI for .,olid ,,e(ir in: shorter to avoidl lodg
ing. Hifgh,:i plant popolations ojf these ri,,, typw, jerially respond with 

higher yields. 

SECONDARY TILLAGE FOR SOLD SEEDING 

A secordary tillagf, operation jJvl :njhi:al' of th, girain drill has prodJuced( 
sone of the best stands in nesearch triats. Suci , may include packer. 
nuluchers, spring tooth attachrerfntl, with or new toolso)l+tsw:eet,, arid 
such i-s the Lilliston "Tillager'". Cautojrn must le ,,,-.t:rcised wten using Sprinq 

tooth attachmrent, with r)oints, the drill opener ;oiJ -asily stint: into one,, (if 
the tooth slots and plant tooreepl/. ,i air~ni of the sprlwnj Nt."T.h ', the op rl

er runs betwe(ni the lot!, i,,.tinI(.;j 

VERY NARROW ROW EOUIPMENT-DRILLS AND PLANTERS 

This e.g(ItJi)I.-rf it :a!fi(gjory is nlerri:rinlly represetriteni hy (frills and planters 
with 10 i-., up to and including 20 in., -pacings. by plugjinq vario feed 
cups in urills, they can he used for very narrow rows with and without tractor 
paths in many planting patte.rns. 

http:heljin.ri
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Allis Chalmers (Milwaukee, WI) offers the "Air Planter" for 4 through 12 

rows in 20 in. spacing with provisions for no-till practices. Just recently intro

duced is a 15 in. row spacing, "Air Planter" unit for pull or mounted planters 

in 4 to 12 row. Opener mounted depth gaug]e wheels are available for the 

new 15 in. row unit. 

The Buffalo Slot Planter is avl;ilable in 4 to 12 rows in 20 in. spacings for 

first crop or double crop codritions. A narrow seed firming wheel presses 

st.eed into rnoist soil before coverirlt with loose ,soil front the disk coverers. 

The Burch 'Bean Machine" (WvariwilhI, IN) has 10 in. row spacings in 

14 to 24 rows. The twin row llaritin( units are gravity drop with no knock

ers, springls or cut off!,. DiP, to the alniost solid press wheel feature the Bean 

Mac-iiw plant' to a urtiforri depth e:ven it v;ariable soils. 

Cole (Charlotte, C) offe't, 20 in. row !,pacill.. in tool bar type planters in 

s/es of 8 throwlhi 12 r ow',. 

The Intermtatirnnl ltvrv.ster unit pliters a available in 14 in. rows up 

to 12 rows wide. 

J:hir Deere (De', Moines, IA) jii',t introduiced a new "Tru-Vee' opener 

i 5
for grain drill,. TIle 10 ir. row io /l) /aj rank in 8 to 13 ft widths. Twelve 

in. row, can be plarite:l with Oile ,traijhit rank :orifijutation. A varievt of 

;Ipacinr, cd(i be obtaiiredI[,ly li.iyjirll tire meteriii' cups. Two ard three drill 

hitche,, to 39 ft aie availabh. ,le "Tru-Vee" is the saine principle for depth 

control as on row crop planit-,, and Itili/e two 2 to 13 ir replaceable rubber 

auii(Je whIels. Depth', If 3/4 ft. 31/, in. in 3/8 in. increments are available. 

Coveri is ac(:OmIlei'.hid by the two sial sprlig cowremrs which knock downIi 

the edle-putlting ',oil over the sed..Seed pressinlg is with gang press wheels. 

The Lillis-ton (Albany, GA) planter i', available in 20 in. row spacings 

with 4 througlh 8 rows. It can he eg ii ip1,n for first crop or no-till double 

cropping after .,rfill qIraiii or in ,od. 

The Tye rjrain drill can Ief seT inp f-,r ,ile very narrow row plantings. 

The mourting ',sten providles iii alrrio infinite arrangement of row spac

ings arid skip rows for tractor p.-ths. ' - track remover (in the drill assures 

all units penetrate the soil for olantirig. The lype "Twin Row" system can 

al',o beI utill/ed for ld or flit pilartirg. 

The White Company (Oak Bronok, IL) o 'flers 18 in. rows planters in 6 to 

16 row versions as well as 20 in. rows ii 6 to I row; with the "Plant Air" 

system. Both sytters are adaptable te no-till or minimurr till 'tw operations. 

Also available is a 19 in. row tool bar configuration with skips for tractor 

paths. 
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NARROW ROW EQUIPMENT-ROW-CROP PLANTERS 

This category includes unit planters and conventional row-crop planters 
with 21 to 30 in. rows capabilities. These sp-acings can also be obtained by 
plugging drill holes as in the previous very narrow group. 

While a great deal of activity is apparent in the 6 to 20 in. row spacing 
range, many farmers hade not yet jone irorn wide rows to 30 in. rows. The 
Illinois Crop Reporting Service recently published a report on row spacing for 
soybeans for 1978. The report indicates that 49% of the Illinois acreage is 
planted in rows over 30 in.The same report indicates that 63% of the farmers 
use greater than 30 in. rows for soybeans. 

Since 30 in. is the most popular single row spacing in the "other than 
wide row" category, equipment for 30 in. rows should also be included. Al
most ever1 planter mnrufacturer I'ovi(le a vdriety of 30 in. row planters. 

Ooly a few representative typ':s will be covered here: Allis Chalmers -- 28 and 
30 in. in 4 thrurjh 8 rows; Buiffokj 28 imrJ 39 in. in 2 through 12 rows; 
B urch sirleh 30 in. or pair,:d row, in 2 through 8 rows; Cole -- 30 in. rows 
in 6 and 8 row- ;John Deere 30 i. rows in 4 through 16 rows; Ford (Troy, 
MI) 24 to 30 ii. pull type in plat-, or air type.,; Iiterriatiornal Harvester 
28 and 30 in. pull type: 4 throurjh 8 rows, 28 and 30 ir. mounted 4 through 
16 rows, special tool bar- in 6 rows 20, 24, ann 26 in.; Kin/e bar - 30 in. 
rows in 16 to 24 rows; Orthmar -- wide vartiey of narrow row spacing and 
sizes; and Tye single unit, on tool har, variety rf spacing and number of 
rows. 

FARMER DEVELOPED EQUIPMENT 

Thos- ,itteridirin the 1975 Conferince saw the slidv,of an experimental 
precision 7 in. row spacing soybean planter. It was a double drum planter 
to provide for 16 rows, Cost. aeirlht, and other factor, resulted in dropping 
this development. 

Raymond Furrer of White County, Indiana, developed a double drum 

pull type Cyclo plarter to plant eigjnt 38 in. corn rows and lifteen 19 in. soy
bean rows. His previous exper iernce iwith a unit planter set up on 19 in. rows 
out-.tielded the 38 in. by aboaut 10 bu/acre. He di,,liked tfiei-the-row spacing 
of the unit planter arid also wanted to use the ame pid:nter for corn and soy-.

beans. He pl;-nts solid rows and uses a pos( rnergence herbicide, although 
he has no reservations to driving over a row eariy in the seasoT to cultivate, 

as the beans rjenerally recover from the early traffic. 
On a large scale, Bob Anderson of Warren County, Indiana, converted 

a 12 row 30 in. Max-Emerge planter to a combir.ation 12 - 30 in. rows for 
corn and 21 - 15 in. rows for soybeans. There are 4 rows left open for 
tractor tire paths. The 9 extra rows were mounted !n front of the main frame 
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and seed delivered from a soybean hopper and fed through the starter ferti

lizer tube and into the disk fertilizer opener. The depth was gauged by a pair 

of cultivator wheels mounted on each side of the starter fertilizer opener. The 

planter drive was continued over the main frame to a front central drive shaft. 

Behind each frnnt rank opener the planter carryi,'J tires were changed to 

dual rib tires similar to those on the end wheel grain drills. This put more 

of the weight on the sides of the seed row. 

In Marshall County, Iowa, J. D. Hunt , onverted an 8-row Max-Emerge 

planter to a 12-row 19 in. soybcan and 8-row 38 in. corn planter. Four rows 

were added leaving tractor paths for cultivation. He reported he did not 

realize any yield increase due to probtlews of chemical weed control. 

Further north in Wright County, Iowa, Bob Kalkwarf rearrar.3ed a 

mounted Cyclo planter to plant eigfht 30 in. corn rows and fifteen 15 in. 

soybean rows. This was an experimental machine furnished by International 

Harvester to plant sixteen 15 in. soybean rows arni eigjht 30 in. corn rows, 

however, this arrangenent required moving the units on the tool bar. Bob 

wanted an easier system which didrnot require moving the units. He did this 

l)y placing a unit between each 30 in, row and placing the wheel track units 

on each lip of the tool bar. The soybean units are held up by a pin and clip

guard whe:n llailtlrlg corn. With the planter lowered the pins can be easily 

removed to allow all 15 units to plant soybeans. The rear carrying wheels 

run between rows. The entire soybean plantin.; width matched his combine 

platform width and he has subse(quertly lpurchased the planter. 

SEED METERING SYSTEMS 

In reviewing the egimenot discusse(l in this chapter, there isa variety 

of seed mfetering deviices utilized. There has been some question by farmers 

as to the possibility of seed lamage by some types. The Univ. of Illinois 

cor',ucted seed daimage tests with a variety of planters and new grain drills. 

The results as given in M. R. Paulson's report show no statistical difference 

in seed darnage fron the rnany tyl)es of metering devices at normal seed 

rnoisture contenit. 

In the future there will he many more steps forward in soybean produc

tion as new varieties and practices develop. Increasing yields through the 

adoption of new practices and eu' intottions will hell) tle farmer pro

(Juce: more soybeans --at a profit. 
NOTES 

fifsiarch, Inteinationai! Harvester Company, Chicago, 
Illinois W61 1. 

R. I. Throckrriorton, Prxlxuc,-
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SOYBEAN DAMAGE DETECTION 

M. R. Paulsen 

Recent publicity over complaints about the quality of U.S. soybeans for 
export has stimulated increased concern for soybean quality research. One of 

the major problems in measuring soybean quality is the large amount of vari
ability among samples. Such variability may be due to the subjective nature 
of the damage tests, randomness of the sample, and the relatively small size of 
the samples collected. 

The purpose of this chapter is to discuss some of the soybean damage 
tests we have conducted in the past few years and to show the application of 
some of these tests to the evaluation of soybean planter metering mecha
nisms. Similar tests performed by Newbery et al. (7) were also used in evalu
ating soybean damage itum conventional and rotary combine threshing 
mechanisms. 

Soybean damage may manifest itself in the form of physical breakage, 
seedcoat crackage, and internal damage. Tes.ts for evaluating these different 
forms of damage all require a random sample representative of the seedlot 
being evaluated. 

PHYSICAL BREAKAGE 

Sieving was a very successful method for determining physical breakage. 
In our studies a sample of 1000 to 1500 g was weighed and sieved on a 
Clipper seed cleaner to separate the broken beans from the whole beans. The 
cleaner was equipped with a 4.76-mm by 19.05-mm (12/64-in. by 3/4-in.) 
slotted sieve on top and a 3.97-mm by 19.05-mm (10/64-in. by 3/4-in.) slot
ted sieve below. Material retained on the sieves was handsorted to remove 
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splits and foreign material from the large whue beans on the top sieve and 

the small whole heans on the hottom sieve. Material passing through both 
sieves was sieved by 4.76-mm (12/64-in.) round hole and 3.18-mm (8/64-in.) 

round hole hand dockage sieves. Splits ann other material were retained by 

the two sieves. Material passing through the 3.1 8-mm sieve was classified as 

foreign material. Percentages of large whole beans, small whole beans, splits, 

and foreign material were calculated by wt. Samples for oven moisture tests 
were also collectud at the time of sieving. 

Another test, the Stein Breakage test, was developod originally for 
shelled corn to test for Susceptibility to future breakage due to handling. This 

test was applied to soybeans by placing a 100-g sample of beans (previously 
sieved on a 3.97-mm by 19.05-mm slotted sieve) into the tested. After the 

sample was impacted foi two min by a rotating impeiler, the sample was 

removed and resieved on the same sieve. Stein breakage was defined as the 

wt percentage of material that passed through the sieve after resieving. The 
effectiveness of this test on soybeans has usually be~n inconclusive in our 
experiments. 

SEEDcOAT CRACKS 

Soybeans may be completely whole yet have seedcoat damage in the 

form of seedcoat cracks. We have used indoxyl acetate, sodium hypochlorite, 
and tetrazoliurn tests, although tetrazoliurn may also be considered an indi
cator of internal damage. 

The indoxyl ,cuute tusiconsisted of imnmersir,, 100 whole soybeans ;n 

a 0.1% indoxyl acetate-ethanol solution with :5I of 6.0 for 10 sec (8). The 
beans were rumoved from the solutir . ,iir, a 20% householdsprayed with 

ammonia-distilled water solution ln. !ujsec. Next the beans were dried with 
unheated air from a small blower. Finally, those soybeans with any blue-green 
coloring pieseInt were hand-separated from the sample. The seedcoat crack 

percentage was defined as the ratio of the number of blue-green colored beans 
to the number of beans in the sample, multiplied by 100. The only areas that 

colored blue-green were seedlcoat cracks, scratches, abrasions, or other small 

imperfections in the seedcoat. French et al. (3) reported that when the seed
coat is intact no enzyme activity occurs to l,'oduce indigo. But if the seed

coat is ruptured, the indoxyl acetate solution goes into the parenchyma 
tissues, (The seedcoat is composed of an outer palisade cell layer, a middle 

hour-glass cell layer, and an inner parenchyma cell layer.) Enzymes in the 
parenchyma cells hydrolyze indoxyl acetate and cause indigo to be deposited. 

Ammonia fumes accelerate the staining reaction and aid in the formation of 
indigo. 

For the sodium hypochlorite test, 100 whole soybeans were immersed in 

a 0.1% sodium hypochlorite solution for 5 min (9,10). Soybeans with 
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se;lcoat cracks readily absorbed the solution and swelled 2 to 3 tines their 
normal size. Th enlarged seed size facilitated separation of seedcoat-cracked 
beans. Th: percentage of seudcoat cricks was clef ried as the ratio of the num
ber of swelled soybians to the nunber of soybeans in the sample, multiplied 
by 100. 

The tetiazoliurri hlst involved ilerroistening 100 whole suybeans fy 
wrapl)irrn theill in dalill) paper towels for 12 hi. Next, the sample was hni
mersed in a 1.0", tetraiolimn (2,3,5 triihenyl tetrazolurni chloride) solution 
with a I)H of 6.0 forr 5 to 7 fir. The secd4 were renroved troim the solition 
after a bright rel stain developed in the healthy tissue. The beans were thein 
rinsedi with water, anid hniporarily imrnersed in water trior to halnd separa
tion for dallidan. Daiiied tissnes stairred a (lark red color, and nonliving tis
sus,, remained white (2,5). Moore+' (5) repoiteihd tiat when living cells absorb a 
tetrazoliril solotiLi, lieaction ietweeri the tetramoliurn and hydlrogen jiven 
off dur1g ;1ormnal ieSpIadtion causes the outer IVyer of tbe SL!Ud beneath the 
seedoat to staii a hIight red r:olor. |irnised or ariiaIged tissues develop adark 
red color irndictn(l a rpiiri respiration rate, while riea(d tissiues lenain while. 
One of the interestig findirrgs about the tetrazoliurir test was that the most 
Iheqlierrt place on tie seed for dead tissue to J))ear was rii the area directly 
beneath a seedoat (:rack. For this reason tetrazoliirni dala(tr , defined as 
the ratio oI rnrriteir of hIalls with any white shownq to the total number 
of beans if) the sarrplll, initipiplied by 100, was ,ilsor considerd a test for 
seellcoat cracks. 

Coefficients of virriatiol iased on 10 re)lication. with each of three 
soybrean varieties, Arisoy J, Corsoy, and Willimms, ranged tromi 1.3 to 22.0, 
2.1 to 23.7, aind 1.2 to "7.8 for the indlo.'yl acetate, sodtuh liypochlorite, 
aind tetrazolirrir tests, respectively. The relatively high coefficie, .s of varia
ti(in greatly tiilei the abiility of these tests to show !'qnificant differences 
amnong various treatrhrent, that cause relatively low Ielefs of damiag,. The 
incoxyl acetate test was found to lIe a quick, oin-destructive test that did 
nrnt have hrarmiiful effecs on warnr gleimination percentages of beans found 
riot to have seedcoat cracks (8). 

INTERNAL DAMAGE 

Tests which riight be consideied related to internal damage include 
warm gerrrmination, cold tet, accelerated aging, accele, ated aging cold test, 
and the tetrazolium potential germination tests. Other tests for fungi, pro
tein, oil content, and oxygen uptake (1) may also be indicators of internal 
damage but will riot be discussed in tnis chapter. 

The warm germination test involved placing 100 seeds on moist paper 
tissue that was maintained at conditions of 25 C and 95 to 100% relative 
humidity for six (lays. 
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The cold test consisted of planting 100 seeds in a zoii-sand mixture main. 

tained at 10 C for seven (lays, followed by the conditions of the warm ger

mination test for four (lays. The results of the Cold test gfenieratlly Show a 

higher correlati( .i with fieli eimergence and fi l stand ti, l thi. other types 

of gernminationi tests (4). 
For the acculerte(l 'i(Jiriq tost, 100 (ds weret sul)jw:ted to a 40 C heat 

treatment for two days, followed by wairm gerririiatior test conditions for 

six days. 
The most sever of all (J(linriwtion tests was the accelerated aging cold 

test. Here 10o seeds were exposed to 40 C tvinlwratUres for 32 hr, 10 C for 

seven (jays, arid then the conditions of the warm ui.rination test for four 

days. 
The tetra/oliunm l)oternial jerrniriatiori test consisteid of performing a 

tetiazoiun test as prvvio sly descibud, except that those soybeans having 

some whte, awei'u, were further classified as grlminabli or not germinable. If 

largle arw.s ol the sc(d or small vital areas around the radicle-hypocotyl axis 
remained white the seecl cannot germinate. Seeds were categorized as poten
tially gr,rniriahlh based on the criteria (liven by Deloniche (2). 

APPLICATION OF DAMAGE TESTS 

All of hlireireviously describedtlwtSs for sued danralfe were us(( in a study 

by Nave and Paulsen (6) to (e-terorirrei the effect of plalner ineterl ig mech

anisms on seed darnagle. Germination tests were prforried by the Illinois 

Crop Imlprovement Association at Urbana, Illinois. 
The planter meter ing devices evaluated were: (a) a single-run feed cup on 

a john Deere series 7000 Max-Emnerg]e planter, (h) ain ;!ir (ruii on an Inter

national Harvester (Il-I) series 400 Cyclo planter, (c) a fluted rollhr on an IH 

series 510 grain dh ill, (d) a horizontal plate ineter on al III seriis 53 planter, 
and (e) an air uisk on a White series 5400 Planit/Aire plarter. 

The mreter for each planter was set to provide a rorial seedin rate of 

approxilately 400,000 si:eds/ha. Meters were operated( in it statioriary posi
tion ;it normal field llant;ng spceds I),,,placing a idrive wheel on air electrical

ly powered set of rollers. Appro, iitely 25 kg of Beeson, Williams, and Wells 
variety soy beans were l)assed through the rmeters and colh.cted it) burlap bags. 

Seed moistures rargerd from 10.5 to 13.3% wet basis. In addition to the five 
planter me terin. nrichanisms, seeds were also collected after hbeing subjected 

to an 8,2-rn drop test, and a control sample was obtained directly frorr the 
seed bags. Three replications were performred. 

Mean warm gernination percentages ranged from 84.7% for the drop 
test to 89.1% for the air (Irum meter (Table 1). Statistical anal ses indicated 
that there, were no significant differences in warm germiration percentages 

amonq any of the planter meters, control, or drop test samples at the 5% level 



Table I Soybean seed damage evaluations by treatments averaged over all varieties and replications. 

Germination Te-,. 
Cb 

Accel. Tetra- Tetra- Sodium 
Warm Cold Accel. Aging Zolium Zolium Indoxyl H;p,!.Treatment Germ. , - Aging Co.d Test rotentia! Damage Acetate chlorite tlpf-ts 

Control 87.; 62.6 30.3 1.1 b196.6 .2.7 28.0 13.7 0.38 a 
Feed cup 87.6 60.8 14.7 1.4 96.7 b 30.2 27.7 12.7 043 a 
Air drum 89.1 63.8 33.3 0.8 96.9 29.4 30.6 13.4 1-00 bc 
Fl~ted roller 88.3 60.1 34.1 0.9 96.7 b 32.6 27.6 12.8 0.56 a 
Plate 85.4 57.6 26.6 1.4 95. a 31.8 24.9 11.7 1.22 be 
Air Disk 87.8 62.3 42.7 1.6 98.-, b 29.9 29.2 12.7 0.52 a 
Drop, 8.2 m 84 7 G1.3 33.7 1.9 958 a 32.7 30.4 13.7 0.85 b
LSD .... -- 0.8 -- .-- 0.24 

INumbu.rs with thu szme ;etter wiihin columns do not differ significantly at the 5% level based on the LSD test for difference, between
 
means.
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Table 2. Soybean seed damage evaluations by varieties averaged over all treatments and replications. 

Germination Tests 

Accel. Tetra- Tetra- Sodium 

Warm Cold Accel. Aging Zolium Zoliurn Indoxyl Hypo-

Varieties Germ. Test Aging Ccld Test Potential Damage Acetate chlorite Splits 

Beeson 87.1 44.5 a 1 29.9 0.6 a 96.2 30.9 2b.- 14.3 b 1.02 b 

Wells 87.4 76.6 c 39.2 1.2 a 96.1 31.1 28.2 11.0 a 0.59 a 

Williams SF..9 62.5 b 275 9.1 b 97.0 32.3 27.7 13.6 b 0.52 a 

LSD - 5.4 -- 0.9 - .- -. 0.8 0.19 

1Numbers with the same !etter within columns do not differ significantly at the 5% level based on the LSD test for c;fferences between 

means. 

rn 

Z 
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level of probability. Cold test pelc:taqe, were niuch lower, rdnling from 

57.6% fur the plat meht it) t)3.8% for the air iimnieter. 
The minly tests lshvitii si(nlitic',iii dlitrericis diliutiq tleatilits were 

t u.,! toi tetra,'olitl lf t tihl rtui riatit rid jicenttse of split". The 
Iflat)ITiter ii, 'i It (i,up tC!t tIhd Si1itii6 -M ! I Iiwer tetitii(tiliil iioteulial 

" 
orl'rl'f i l, iill Ihll nt th. !ITIt I ;'f, ! l l~ -;,I)t l; il m ojtp k'.,J!fj I :) ,', and'f 

Iriuit 'ith 1,0", 	 h p;tt tiii liopl ! aZir rtut r o,..t n tfi.: 1tt\ iII split; Ihal 

It?", w ill . : :)lit!. li II , i ,'i111 I t,Ili le cup 11i1 airk, a id fluted 

Ii'tl ft 1it 1 -Idt l Il -lollii'i, l ,p,,ii f lslli uii. tt11 lht; twI t i s. f 
Socd] Jlltl~: ,t f(+ullil! to l Ilfoc't dt Ilo lt t¥ ,J l h~ty 111,111by pllanterl 

l w l I(Lt), tIII 
flit WdcllIV M ~M llVdrl ~ hh I"I IIt'.4 44 ctb'( lj j, IIlfhI'li",ll Wo.|s signifi
flilt t ( , lht )i. W hlh i t . II ft ((I 'i(tr(I hltl did lo! valy sItr

va W ith 

V I~uth'il W i.,IW ,aIjI I t 

thw lht:(,s( l varIit.ty (1j W ') ,v ' 4l tun ly hiflt',,l titan I,w levels of the 

( o, l II 1 IIvt Ir~ m (I: tt,!,; level If( splits for 

o lti wo wtrif'tSt .B ,,,<n miIj ,L h h(it doitificantly higher per
cf. riti] t,(1 , f:u l ca r: , t m till w :ll vIll!v .
 

SiMMAlRY 

Siviril fht lrcltttjitl 4fl it; , (t10 1ttlist l physical hreakage when 

lariji: saii)hls wr,' i,;tt I - ii- d.ut y! cot(t lteh i is a fou( i; ion-destruclive test 

for 	(Ilick idicutIl' ) th, i p u,,itetCi ( of !,telitiat iiacks Out like the sodium 
hll .	 ochhlito! ;IWI tl~h( H i JLH~!! I: It llw is consideraleh variability 

anionl rwplicaiitatd expfJtitil utits;. At ihtl iiativs'ty IOw lMevts of Hplits 

ctit:iiitf ft (ihi the plrt'Iil leiutt;,Slo ut if th? te sts for seede;oat cracks indi
eut,'t mwl i(qisficant differ itricts itiroIti tt philter r,-i s tested. Germina
tionii tests, thet-xciC ti lpoto:t, trwith )tioti of titrtizoliJ I iimiiation test, 

also did tot vary significantly amofil plaiter itetefs. 

NOTES 

PauIse n, Ere i 

IL 61801. 
Trade names are used in this chapter solrlv for the I)urpose of providing specific 

information. Mention of a trade nae, proprietary product, or specific equipment does 
not constitute a guarantee or wtorranty by the University of Illinois or the U.S. Depart
ment of Agriculture and does not Imply ap)proval of the named product to the exclusion 
of other products that may he sijtahIle. 

M. 	 R. AqriciIltural iilering Dcpatrvi ent, University of Illinois, I Wona, 
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DRYING METHODS AND THE EFFECT ON SOYBEAN QUALITY 

G. M. White, 1. J. Ross and D B. Egli 

The common practice today is to allow soybeans to field dry to safe 
storage moisture contents before harvesting. If weather conditions are favor
able this generally resrlts in high (fuality soybeans. If weather conditions are 
not favorable then field drying will be delayed (or perhaps prevented) and 
soybean quality will decrease. Under these conditions hat.est losses can be 
expected to increase, and the harvested bears may not be in a storable condi
tion. Even under fzonalhle weather condrt ions, excessive harvest losses are 
often irCuri d due to brittlhmess Of thn: sterirs an(i pods at low harvest mois

ture contents. 
It has beeni siugested that soyheans be harvested at moisture contents in 

the 13 to 15% range rather than the usual practice of harvesting at or below 
12% moisture. Byg and Johnson (3) found an 8% shatter loss occurred when 
soybeans were combined at 10%Y moisture as compared with a 21 shatter loss 
at 17% moisture. Soybeans harvested above 13% moisture content will re
quire drying before they can be safely stored. 

Ohe quality of soybean planting seed is particularly sensitive to weather 
conditions in the time interval between maturity and harvest. Ambient tem
perature, relative humidity and rainfal' can ;ibine to cause rapid declines 
in planting seed quality if the seed is left in the field after the date on which 
it can first be harvested. Soybeans which are harvested as soon as possible 
after they have reached harvest maturity will have maximum viability, but 
their moisture content may be too high for safe storage. If so, they need to 
be dried to or below 13% moisture soon after harvest in order to maintain 
their viability in storage. Natural air or low temperature drying can be used 
for this purpose if harvest moisture contents are 16% or below. Drying 
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temperatures, air flow rates and drying time all need to be controlled within 

certain limits in order to maintain maximum seed quality. 

Forced air drying of soybeans is advantageous in that it permits earlier 

harvest (threby reducing harvest losses), altdi it provides a means of obtaining 

desired moisture contents for long-teritm safe stora e. It may be disadvanta

geous ifimproper dlyin~j coilitions are pr,)vi(ed in that the germination ot 

seed beans may be reduced and physical Iiatnage to the beans may reduce 

their Market grade nd potential storage life. Oil quality may also b( affected 

either directly or indirectly as a result of dryin; damage. 

SCOPE 

This paper incluLdIes a eview of l;terature related to soybean drying and 

the factors which influeoce the drying process. The effect of various drying 

seed and grain (Iual ty is discu ssed and the results of researchparam,ters on 

by the authors on the levels of seed coat and cotyledon damage in soybeans 

dried w;th heated air i,described. Recommenm(led criteria for drying soybeans 

for both seed and i,'im are summarized along with .-adiscussion of research 

needs. 

SOYBEAN DRYING RESEARCH REVIEW 

Prior to 1970 very little research on soybean drying was reported in liter

ature. In 1945 and 1946 Holman and Carter (7)carried out a limited number 

of drying studies as part )f their work on soybean storage. They found that dry

ing was best accompli. ted using forced-natu.ral air in mild weather or forced

heated air when ambient temperatures were low and/or relative humidities 

high. For natural-air (i /ing they recommended that air temperatures should 

be above 16 C and the relative humidity below 75%. Maximurn recommended 

temperature for heated air drying in a bin was 54 to 60 C with recommended 

depths of 1.2 m or les-. They discussed problems with over drying near the air 

inlet and with moisture differences in the dried batch, but they did not men

tion any seed coat cracks which they ;night have observed as a result of the 

drying process. 
Matthes and Welch (8) dried planting seed (cultivars Dare and Mack) soy

beans from 28.2 ind 22.7% moisture content, respectivelk,, using 42 and 55% 

relative humidity at with flow rates from 1.7 to 13.2 m3 /min-t (cubic meters 

per minute per tonne). They found adefinite correlation between drying time 

and seed germination in the upper levels of their batch dryer. Based on their 

results they recommended minimum air flow rates of 9.9 to 13.2 m3 /min-t 

to maintain seed g :rmination for the moisture contents and dryirg conditions 

tested.
 

The hygroscopic and thermal properties of soybeans were measured by 

Alam and Shove (2), and relationships developed to predict equilibrium 
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moisture; content, ejuitlilirm relative humidity, specific heat and latent heat 
values for Oybeato,. UlsiltI this irflotrnatioi with -jn equilibrium thin-layer 

drying motle'l tirry drowtp.-rl a dt',ied ryinq irimlz:tion modohll for antl)ilt 
air tat (ltlr low ti perJto t', dyirt') (if ,tyiart'. A satlt factory aijre!,rent w iS 

,lrtii 	 firadienItfouInd hi:twv'sr > t i:× tI ii ilf ,'of I TI(uttiIr whenI B m 

COlotitn of ',,io'j-:ja 'a', dr it h r it 11 1titr1i ir N TrLI-

I;It IT f p ro-I I a rII I V./o , "I]!til,.r illo , h fnf'J to ', fi !tithjt(7 Fo v, ts+Ill ! t llf" hI y II ll 

o f (I e r) I I I ( I ( I "o(y Jhf- , 11'.1110 }ho u rly v' ,l t ( t i l 

()verhillt", (t d. (if ',oyfii , if thi- (§ i citltivai fit tliilf(14) d jtlt Iaye!rs 

rtotr20 to 3"' ili l moito ' (:oilt,it dovrii ti) ntrl with dryingto 10") nov 


ot ho at 'itr . t atirpl fr,'rrt if ) 104 C. A two t t rorrodtf:ol'd li j 
titritti. dryirol rraitl'-I 'ai',to fit Ill'. ta!Ja. Both iarairitdqrS were,d fryi/ ) 

f UItl to I ([Irt 14't f I I I y/1 alt T r :ri(iIsIftatIf t -iy Ical dailarla ' 

;'0 thev foor l of Saifd c jro .otvledon cta:kS vvas Although thed ol),, ravt. 

fx t,rt it '.it ii &lin;rjio vwLJVriot (ijartt fhi it ) a1, ore )tt (tllSodfA at high 

'm:1a tto rld i h h ii lmtt l) o(toitft',. a felaIted (vrhultsCtd'',ooottitr ITT 

,-I aI ( l))rI ',' t ift -fI ( , f" tirI .ft)tY'itr, drttl ithn If i,iho.v-v(ditctilied (,xtieri-

InfNilV ;Iptl J t-)(J++! iri q( tref! 1,jt'y acidJ coritenrt, :,odir,Itj,;jlht/, hy d-t;,r rm 

f+ill tth(fr, 1,(:iox,+' (J, niL~riih~r, eindJ thi lo Hti m C itjcid (TB[:A ) v+jhutr. [3f!,ultS in

ii(Tti ' i,, quality 

ojf ti, )il i',i, 'ot (,rrioJVl/ affoittl( I'/ thi, trying lrtce,;,scI. However, hi?
t i'r)i I, ft- ) ~tt'tr!¢t/+t , . ir tfr ,d, Ow (iofritial storage life of 

1 I! 0 l) cilP I I ' JJ~+ ( t;l J / . S i(s rI i iri I :rI itI III( !It ++i o IiI If 11) 4 

dicatt(I tl i i "():itt' ,),od itfm (if t oil orcjrted, th+; ovi iall 

h ,J' [T) 	 I)+~ 

'/ 	 i' t , It t ! I i ) iH r II j:it) ir ', ma'' 01,so have r('tcurri d as ittdi

, h i T''f., ii-'.' t I'I it ' , ; *t't t(t /tt L t tho- ItiI from thfo , saimtles. 

-2{1) rCititf,:'t te;sts lttivars 

!if Ut{)' + !,O '; '~ r: to imj fro tt 32 3to ()C til at tfelzIaivf. humidi

ti ", ,, -: !ort'LI 0 lit alo oi i i ' ttit, wors! 16 to 20''1. They 
of-i V(ii a.! th o seed iTT 

;I', LI:' ': tlt-n /yer ilyitlt ont two c 

t I (:;Ik t(n sOy Hl!a; Coait soybeans dried 
,t It oh +i.; ;)''rt t , h,,,, rifatv ftrni (!itiI Tht.ere w ere significant'' id,'oi s. 

diffr'tt .; it,' tr tlitl , Jtjt till oxilariition could be given for these 

d fifrrnc:;. Thi'/ oitsrvd oit:or rioctackirt(q of s coatsheed in either culti
.,ar ',(to)t if r:la-tivo fI.iiriI ;T' 'If It) dry ng air was J6 ', or more. Initial 

rtlosturt: (.ittiztti5 ir Tif' ramii( <i co illiiotns teste( had Ito significant effect 

o the ourdTihsr Of so,!fd (:oat cracks. There was little effect of temperature on 

giermination; up) to tridittletding 54.4 C; above that, there was a drastic re

ductiiou in rjermination. 
Rojana.,'iroj, i+t al. (17) impacted oybfris which had been dried with 

heated air at temperatures ranging from 24 to 74 C. They concluded that 
heated air drying results in considerable physical damage to soybeans and 

that subsequent impact damage (luring handling is related to drying a'r 

temperature. Higher drying temperatures can be expected to result in an 
increase in the number of splits and cracked beans after handling, Moisture 
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content also was found to significantly affect the anrount of impact danilage, 

with higher roiStore levels resulting in less larnage. 

The storahility of soybeans dried with heated air has heen stutdied by 
White, et al. (21). Soybeans which had been dried with heated air ranging in 
temperature fron 24 to 74 C were stored at two moisture contents (12 aind 
17%) and thrwe storage temleratores (10, 21 ard 32 C). Molds developed 

Iuch Ort e ratpidly it tile high ruosture contenrt seed which hi:A been dried 
at the hilher temperatures. Thik was helieVd to fhave been caused ity tihe in

creased r1irirfu(r of seed coat and cotyledon cracks which developed as a 

result i)fthe filgher dryingt air ternrlrratrires. The percentage of seed coat 

cra(ks ranged front 30 , for the 24 C flying air terrlpe ture to 84% for the 

74 C air templ)erature. SUch darnaije canlr encourlage the growthhe exjedtd to 

of futng]i and other rtiircroorrlarniSms in stored soybeans wher. er environmen

tal conditions are favorahl for such growth. Hilher lryirq air temperatures 

not only reulu(eJl q rnirriatiuo levels t the start Of storAjt; Litthe remaininga 

germination also decruised earliur dUriir storrgr i0 comp,,,irln tro the soy

be ns dried at lower lerrielatrrws. This vvas thol t TOtlhe partly dnne to in
Creased.h ITICl growthI atn a t rret (Atr 1o0ation in seed quality I srJlting 

frorrr the hiiher percenlige of rual irc(at fatty aci(ltrecks. Froe percerttag,:s 

telliler to in ;easI t with sturiolt tTit LuIre, st orirqe tempe ttijre itrid storagie 

time. Wilrver si rd l'oat eracks ciwuse by hlit'fr trnr)tperature drying encOIur

aged moit itrrv.th tlere wais geiwr.lly a coirrif'poirr(j increase, in free fatty 

acid. 

Piist 1i')"trirh!I thu eif(u;t Of ,rnvirorwntrrr aind varietal factors on 

it ,,irrri; 
cludl 17 cu:ltvar's, if SOhWilr, hros/ir It 2 locations in his tests. Cultivar 
effects wuT, furitirt tO h" si(nifitant at Itt .1: level. For any given cultivar, 
tht, rlatWv hUrnirrity Orfthe drying air w us to be the most significant 

crackage irt ih di rrm rrurus ringingi fron 32 to 66 C. He in

fornd 

factor ajffe:tifro the level of stud coat cracks. In general, crackage increased 
with atnenease tli drying air temperature, initial moisture content, and 
drying tt- and diereased with increased final moisture content and drying 
air relative hum idity, Most cracks were observed to form during the first 

few minutes of drying. 

More recently Misra and Young (12,13) used finite clement analysis 
to mathematically descrihe drying and shrinkage of a remoistened soyb( in 
seed and to estimate shrinkage stresses in soybeans during drying. They 
concluded that the prediction of stresses hased on elastic material assump
tions was not adequate for soybeans and that a consideration of viscoela;tic 
properties would probably improve their stress predictions. Haghighi and 
Segerlind (4) also use a finite element model to analyze the stresses in soy
beans under thermo-hydro loads imposed by the drying process. Their results 
show the tensile stress on the surface of the soybeans reaching a peak app-ox
imately one hour after drying starts. Since ultimate strength properties of the 
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soybean was not known, the ti me of faihlre (produc tion of seed coat or 
cotyledon ciacks) could not Ie pedicted. Mensalh, et al. (11) in studies of 

the onechariical propl tire; ''tuUyh)eaos lound that the ultimate tensile stress 

and the relaxation modouhd ()fthel oyhetn seed coat hoth decreased as 

slen( Coat terliperature and oquilihr rim relative humidity incieased. A three
term Maxwell rnodl wa fenlii !utrhlie thli' in Jnaracteriing the visco

elastic behaviol of tile sr()ylheilil see,(d ertr! 

EXPERIMENTAI. STUDIES 

Introduction 

I1 fN(iivw of lit ll I 11,I i M] tulittd tha (rying methods and drying 

con(Jtinr rave corleiJelf, freer rrrl eirfire quality of d;inr soybeans and 

their vahlrir& >,,,dor r iOm. It wrrlltrrreftiie he advanitagtrnius if soybean 
dryers, p:imr:kii1y lrratld air r ye's, C01hid Ir desi(jlred and operateid in such 

a way a ti) rwdicr or Tnilri.'! wldvcirs,'ffects hour the (rying process. This 
would Wr(Ilir' kll.sirh'i rl tie (reCtr rrrCnc Of (dryilg dniacie in soybeans 
js lrlatl,, 1; 01. 11,r1, t.r i, . if the (;stwha lbe g drierd, thf' variation in 
rJryioir i terrmrri . ,.' iflfflrriit I h-irh ti lrcitin i t dryet, and nrying 

!IhltW't:rJr ,rii rr 1 ''dilltlr1 S( tir sea lSi'J(erftakn by the aiithorL 
in ar l:ff(rnIt sirj i tIii; dita. Tire objective,,ri 0i ru,,n was to eitahlish 

~tter urr tjrrti {r i)f!11- reitltirishi .whi,:h exist between varioriS dry
irrr Jararrl:tr, th, r ! d,ryliil, rrd tire rl hvelo)merit o; sued coat and 

[ylthm l l, 1) :,\Iir s hIr dlinrI 'vith I lratrl ail.The experimnental 
\vori .,,, riid !rierr nniliIyi as t\rO sepalate lrjects: one conrcerned 

vlii it1'irs hrmi! (hiri fnliy}-x[rosed or thin-layer drying conditions, 
aid , .,il i t , ur: erncfi of drying damati it different locations 
I a dlp h'iril syhi Iyer In b1oth studies observed (trying damage was 
classified into LO,'(:firzS ;emi (oat ,nd cotyledon (cleavage) cracks; 

the; lattirrlheinr a inl r type ot ni ying damage. 

Thin-Layer Drying Damage 

Experimoental Desiyn and Procedures. In tiis study thin-layer drying 

experiments were Cr: Iducter I(mr various combiwitions of the following 
variables: (a) Irlitil uroisture cOntunt (16, 20 and 24' wet basis), (b) Drying 
air temperaturc (30, 40, 50. 60, and 70 C), and (c) Lewpoint temperature 

(8, 13, 18, 24, 28, 33, and 38 C). Test conditions whi( h resulted in drying 

air relative humidities greater than 55% were omitted because of extremely 
slow or non-existent drying rates. 

High quality seed of the Williams cultivar were used in all tests. As re
ceived, these seed had a moisture content of 13%. All test samples were re
moistened in a high-humidity environmental chamber to their selected initial 
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moioture content and stored in plastic bays at 10 C forat least 2 days prior 
to their use in a drying exl)erirnlent. Before (yinI, the, Iemas wtere rImoveld 

flom) stora;,o u111d to come to rr)Ci t rleper dit]lt'. F)i 0,1r thltallowed 	 a co

trol 	sallpile wJa pkiced in a wire- iesh tray at loom cmdiii itsll, rl(djllow to 

dry 	slowly to tihe rltJ :;:rII uloistutij coI)terit. The ,vils of (IrLr ,ii in these 

sanIpiles were e(ornrll),r. h1 tohus in the correslnndinJ sa' iples ihime in(ler 

filly-Cxpood totA Colinntiiri,.. Tio t saniple weiglit were monitord thftoulh 

eaxch test by pertiildiy ir'iw/imrn the samples fiin the tiyei to take weight 
illeasini;rnients. After (dying to 12'o loistuLe COilt(lt all santles weie iC 

moved for the dryer nid allowedI to co1 ti room ilnmperature. They were 

th,.I sealed in plastic ba(s and stored at rotm tinlnlerattre until danaJe 

detelnilllationns could be 1nade. 

D,ifamje determiniations weree mai(h hy ve,-.ily soi ting out the damage(i 

seed from 3 sii, .i npls of aiwproximitely 28 g each ftmrri each of the con

trols Ind floni .i the innip l id with Ireated ii . Inriarjed sued were 

classified a i, ly ti coat ;racks or both seedf (:(,t i!id cleavdge 

(cotyledon) cn ackS F.)r piO es iif a ildysi.;, Oie sin of both types of danrage 

was Consider of as seed coat crack (11 atJje. Iire second typ of faninage was 

classified as cleavagi: cicl damaqe. The per( -tagetjt (by wLuight) of each iof 

these ctegories of tvmnnrag (acfhditemnintd fot soh-sarriple. 

DI yinI? Test ilsolts. In analyzimqg the drying latai obtained inl this inves

ligation the dryinl ,odel efriploycod by Ov(erfhlt. ti al. (1,4) was used. This 

model was of the fore: 

M-M I t))f ... . ,xpM tv .. I.(K ) 	 (I) 
M, "M,t 

where MR noistnrL dtIo; M rnoistrre coritent (fry basis) at any time, t; 

M' initial moisture content (dry hsis); M, eCuilibririn moisture content, 
= dry 	basis); t --time, fir; K enipir cal drying constant, hr and n empirical 

drying exponent. Values for M, M, ond t for each test were available from the 

experimental drying data. M,, values were calcolate(l tdil1no Henderson's (5) 

equilibrium moisture equation with the constants for soyheans as developed 

by Alam and Shove (2). 

Regression techiiclues were used to obtain values of K and n. Values of 

n did not how any relationship to initial moisture content but were related 

to drying air tenrperature and relative humidity by tile following equation: 

n - 0.33 + 0.00238 Rh + 0.00276T 	 (11) 

where Rh = drying air relative humidity, %; and T - drying air temperature, 

R2C. 	The value for this regression was 0.577 and the standard error 0.0268. 

Values of K were found to be a function of initial moisture content, 

drying air temperature and relative humidity, with some interaction between 

moisture content and temperature. A regression analysis yielded: 
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K -0.207 f 3.57 X 10 3 T 1 2.16 x 10 3 Mo 

1 2.613 x 10"Rh 1 3.202 x lOt)MoT 2 

where MO is et cent illmlistll ,cmite t oil I \\,tt h sis. The 02 tllr this rtOgres

sion eluatiol v.iS 0.91 with I stmruihl otini of 0.025. 

III (jeteiji, thete w.i (lot] *lt 1tl it'l It1 i tt1t!,t llwtw li Itl)IivedInois
teW contenIts dni tOWSO Im'tttic:t 't 11,iilj rtliltton" I, II '111 III. T-he meanl dif

[htwen Vahlles liii (If wasferene l l, (h)wlVeId iit pielttiCtell ii t11(1 drying
a3 ",ftc tetsts hav, ony7OLit o~f0.4.1Wi te .7 Ya~~nwit 8+7 

ing llol 111,1tt diffece:+ tWL'tll ob',tl' il~d f)T('diutltd final 111oistult+0than 

cotltlltt (22) 

! of scmlL)ryli [) l P,c, dt . Obse vetd levels toit mid1 (leivage clacks
 
ill all Ict~s ;tq h. 1ie+tlid iny da/liit, which existd inl the+'o..ybealls lptiol to
 

dlflllldlyinII:1 LIS ll a11 I, iluuIl C,austl lSt'h l!e yirnt] lItocess itself. Therefore,
 
III ~ dtyilli .:ult's Owth w lsved levels of Seed and ,c.:havyi! wsaj cota 

li lt:k ill t colillol ll f les Well Sl)llb tlcld ftrolf th(! lestlective hanllwa e 

tch oII ltw lli ( aniluliit cl s t l:Lli ItetP1 mst,l es. Dtyini w ]S is, thee

t lw, pIt'm' tt'd Ill 5ttlll () liht CO l 'It 'f!i ill UnICt nt r S.1t1ltillilj flon sOyW 
(if yml! p[ ~~t',, 

ntl]',+;ill pe i::l i e c iOdt ChIt~l,, ('.;C:() h+MOhWVdaI( IS dlyin~t lutf-s 

wele d1 . ~ ~I)!0] Y'TI~t I tliey could h(' tttltt'd lto Ole conlditionl of tihe Soy

bean: , th tldititli w h ilo '1 ol 1hec ttle ,ofdrying. SCC level, wereio if tIe 1 ht 

found to I tw(of l;l tt:(J t() thet initial 1 l'n-,tll O t tlfn , thtU (ifyil~dit t laliw, 

hu nidity, ii: ll :llc, hiii t: ( rell tll ,,ld)or hleSSLjIP1 oI tiht drw l iiii andlthe 

sat r (i VILIoV,11 l ,1 l ,+ttllt' .V t fL) !) ttlll;) ,itllle, tihe LIM l)Oirit dhipres

ion), (V 411 t I,,) I I" . Ih 1,t1 ilI:;lmlse of intirrelatiolships between va~ia

noi,;t vIlahalul beblesii ofIIll ;,, S'CC , ('1O11ld xplil)IZIied Using only MO 
(%initi, i rntistuw ,in ,I v+,ttt t ,I', !;) Iod R11 (", relative hu n d i/ .D rying air 

termlperLattlhl wVS I ot tllid ton 1w Sigmif;l'tnt A tieliessiol ainalysis Wisulted 

irl tle followi lI tlIuatioln 

SCC 128.76- 1.246M -3.061h1 2.118 x 10 I-, (IV) 

R2 was 0.885 aend the standard error was 10.2. Very little improvements in 

the level of R2 conld be realized by introducing other variables into the re

gression ainalysis, All coefficients were significanly different from zero 

(.1% level). 
Figure 1 shows a plot of equation IV for 20% initial moisture along with 

the experimental data points. As can be seen, the regression predictions are 

high belcw 5% eative humidity ard slightly low in the 10 to 15% range. 
Results indicate that little or no increase in SCC should occur when drying 

20% Williams soybeans with air at 53% relative humidity or hi]her. The 

relationship between observed and predicted SCC was similar for all moisture 

contents. Figure 2 is a graph of equation IV for each of the tested initial 
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Figure 1. 	 Increase in percent soybeans with seed coat crqck!, from drying when initial 
moisture content is20%. 

moisture content UO It is interesting to note that increases in SCClevels. are 

higher for the lower initial1 moCisture contents.o
 

Measured increases in the percentage of cleavage cracks (CC) were also 

analyzed in terms of the various drying parameters. CC levels were found to 

be relat-d to the sarne factors as SCC. Temperature was also significant (1% 

level). Preliminary regression analyses indicated that highler order terms w.-uld 

be required to fit the data at the higher relative humnidities where little or nc 

increase in CC was observed. These data wvere removed from the analysis by 
higerhe orowe initi I otrcoenseliminating CC for readings for: 

Rh > 40',, for Mo =24'/0(w.b.) 
= Rh > 30%/u for MIC 20% (w.b.) 

Rh > 25% for M = 16% (w.b.) 

A regression analysis on the remaining data yielded:
 

CC = 6.054 + 2.785MO - 3.42613h + 3.907 x 10-2Rh 2 V 
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Figure 2. 	 !ncrease in percent s.oyhean seed coat cracks from drying at three initial 

moisture contents. 

R2with an value of 0.833 and , standard i--ror of 8.1. CC levels are to be 

taken as zero whenever equation V predicts /(,ro or negative values. Intro
ducing other tlls (including tentrratu re,) into equation V did riot signifi
cantly improve its R2 value. 

Figure 3 shows a plot of equation V for 20% initial moisture along with 
the experimental data points (including those omitted from the regression 
analysis). Similar fits were obtained for the 16 and 24% initial moisture con
tents. The regression and the data incicated that little or -io increase in % CC 
should occur when the drying air relativ" humidity is above: 

(a) 19% for 	 M 16V (w.b.), 

(b) 25% for Mo = 20% (w.b.), 
(c) 36% for 	 10o = 24% (w.b.). 

A plot of the predicted increase in % CC for 16, 20, and 24% initial moisture 
contents for various relative humidities is shown in Figure 4. 

As can be seen, relative humidity is the most significant factor affecting 
the production of CC in the Williams cultivar of soybeans when dried with 
heated air under fully-exposed conditions. Contrary to the results noted with 
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Figure 3. 	 Increase in percent of soyheans with cleavage cracks from drying from 20% 

initial moisture content. 
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Figure 4. Increase in percent uf suybeans with cleavage cracks from drying at three 

initial moisture contents. 
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SCC the percentage of CC increases with'an increase in iritial moiture con
tent. 

Deep-Bed Drying Danage 

Experimental [6esign and Procedures. In this study a segmented deep-bed 
soybean drying apparatus was designed so that test samples at selected depths 
could be removed easily during adrying test in order tp establish drying rates 
and variations in drying damage with time. The levels monitored in most tests 

were located at t;ie bottom of the column where the drying air entered and at 
grain depths of 15.24 and 45.72 cm (19). 

All drying experiments were designed to determine the time-variation in 
moisture content and drying damage at different levels within the soybean 
dryer as affected by different drying parameters. Parameters studied included 
two soybean initial moisture contents (19 and 25% dry basis), two drying air 
temperatures (50 and 65 C) and two air flow rates (0.102 and 0.203 m3/ 
s Ai 2 ). Each test was replicated 2 times, making a total of 16 tests. Drying air 
for all tests was taken from a controlled enviornment chamber maintained at 
a dew point of 8 C. 

Results and Discussion. Results obtained in this investigation included 
data for each test on temperature, moisture content and dryilog damage as a 
function of time for each drying depth considpred. Observed levels of soy
bean damage included the damage which existed in the test beans prior to 
their use in the drying experiments as well as any damage caused by the 
drying process. Enrept as noted otherwise, measured levels of seed coat and 
cotyledon damage for each sample were combined into a single total damage 
determination expressed as a percentage of the sample weight. 

Figure E and 6 are typical of the results obtained from each of the eight 
treatment combinations (19). In all tests, the drying damage of the soybeans 
in the bottom layer increased rapidly to a maximum value within 20 minutes 
after the tests were started. Maximum values for different test conditions 
were different from each other. The drying damage of soybeans at adepth of

23 /s . m45.72 	cm did not increase with time for the air flow rate of 0.102 m
2but did increase with time for the air flow rate of 0.203 m3/s. im . Under all 

drying conditions tested, the drying damage of soybeans at 15.24 cm in
creased with time. 

Figure 7 shows the increase in percent soybean damage resulting from 
the drying process at three different depths in the dryer for all eight treat
ments. An analysis of all the data indicated that depth was the most signifi
cant factor affecting drying damage. initial soybean moisture content and 
drying air temperature were also shown to have a significant influenue on dry
ing damage. In general, higher drying air temperatures and flow rates and 
lower initial moisture contents caused more drying damage. The effects of 
some interactions were also found to be significant. Lowering the initial 
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Figure 5. 	 Soybean moisture content and drying darnage versus time at different 

depths for 50 C drying air temperature, 0.102 m 3 / ,,, . m 2 air flow rate 

and 27.2% (dry basis) initial moisture contont. 
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Figure 7. 	 Increased damage to soybeans dried to 12.36% M.C. (d.b.) at different dry
ing depths. 

moisture contert of soybeans caused a significant increase in drying damage 

,n the bottom layer, some increase at the 15.24 cm clepth but had no signif 

cant efect on soyh,. jn damage at the 45.72 cm depth. The soybeans at the 

depth of 15.24 cm seemed to be more sensitive to changes in the various dry

ing -actors than any other layer investigated. The percentage of soybeans with 

cleavage cracks did not -ignificantly increase at depths of 16.24 and 45 72 fm 

in any of the tests, hut significant increases were found in tha bottom la/er. 

The cleavage cracks at this level, unlike seed coat cracks, occurred gradually 

with time. In gen-eral, the percentage of cleavage cracks increased with an in

crease in drying air temperature and, unlike seed coat cracks, increased with 

an increase in initial soybean moisture content. 

One zidnitional test was conducted to investigate drying damage at other 

levels within the dryer and to determine the potential increaje in damage that 

might be expected at different depths as the beans dried below 12.36% (dry 

basis) moisture content. Five different levels in a 60.96 cm column of seeds 
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were monitored during this test. One was al the bottom near where the 

drying air entered, and the rest where located at 15.24 cm depth increments 

from the bottom. For this test a 25% (dry ba.is) initial moisture content was 
65 C and 0.203 m3/used and the drying air temperature and flow rate were 

s • m 2 , respectively. The test was terminated when the lop layer of seed had 

been dried to 12.36%' (dry basis) moisture content. The time-variation of 

moisture content ;:nd soybean drying darmage at five different de,)ths during 

this test are shown in Fi(oMe 8. Unlike the previous tests, the soybeans (ex

cept for the. ;ayr at 60.96 cm) were dried blow 12.36% (dry basis) moisture 

content. P,ofiies of (tying damage at any tile during the drying process were 

established 'Figure 9). 
The drying damage curves in Figm1 8 show that soybeans of different 

depths tend to reach differ it maximum values of drying damage as the dry

ing zone passed by. In other words, when the drying is completed there will 

still exist a certain profile of drying damage in adeep-bed dryer. The shape of 

the profile will depend on the existing combination of drying parameters. 
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Figure 8. 	 Time-variation of moisture content (%dl.b.) and drying damage of soy

beans at 5 different depths. 
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Figure q. 	 Predicted profiles of soybean drying damage in the bed dt different drying 
times. 

RECOMMENDED DRYING PRACTICES 

Early harvest of soybeans is limited by the fact they are difficult to har

vest on first dry-down until the plant dies from complete maturity or is ex

posed to a killing frost. In good weather the seed will usually have a moisture 

contert of 15 to 16% when they can first be harvested. If they re-wet in the 

field after that time they can usually be har/ested at somewhat higher mois

ture contents. High rncsture scbeans must be dried before thuy can be safe-

Iv stored. 
Generally, all conventional grain drying methods are adaptable to soy

beans with some restrictions on drying air temperature and relative humidity 

and on handling equipment and practices. Reasons for the temperature and 

relative humidity limitations have already been discussed. Handling restric

tions are important in that soybeans are more easily damaged from physical 

abuse than are most grains. They should be handled as little and as gently as 



516 Drying Methods and Soybean Ouality 

possible to prevent seed coat damage and cracked seed. Split and damageo 
soybeans open the way for flongal growth and can lead to storage problems. 

Soybean Seed Dring 

The most re h.riotations on soVhwan drying conditions are those im
posed when rrr'g llairtinq seJd. The seed must be dried to 13' moisture 
content or less t) F l l r; viability in storage. To maintain viability prior to 
storage the tyl c. )vr ion most be accomplished within a certain time 

i)(1riod depend eq on sed enoisture content in(d the environment to which it 
expcosl. [- , r, t Ih , ,i , irlativd humidity ald f:O'V-Iu ; oAIust lie 

such that di .rvj cornpl,'i, withio the lescribed time without reducing 
seed germi at iror or cdusirilundue physical drying damage. This means that 
the dryirng ail tr a relative humidt)rpe-ah ild be kept below 43 C with 
ity greater than 45o , rid, than 70 . Ternperature limitations are usually 
not a prohler if tire rilitrU, humility is controlled wiihin the indicated 

lim its. 

Natural air rlyinrit rIa) hersedA to dry ,oybean seed wilth rlloistlro; con

tents of 16 , or Iins if tIi - I air i"ra rLireis above 10 C with a rlativ I humid
,ity below 70",. Air f!,v r, 2 to 3 m 3 ilio are r(quir ed. If Ilruflliditie 

are higher or if ire riroitir rtortenIt is :trove 16", then a frw (J(,grees of sups
plemental heat and a hiid:r ,r flow (4 l- G in '3,rnin-t)shorilol he used. The 
maximum allowable -r, ii"r,'-r ise v ,illy re lixedhri tbyrre lower limit 
on relative humidity. A Uinirrll O tl~lmnb" is that telative humidity is 
approximately cit in half for each 11 C Itr.limwlatur rise For soybean seed 
moisture conients above 20 Mati--.;. et al. t9) l,.ive suggqesid heated air 
drying with the dryirji e,,ntlotl, ArI 40 to 50', rwlative humidity witn , ir 

flow rates of 10 to 12 n 3-ini-t. At this air flow rate t gi amr denth 11ould 

be limited to 1.2 Ir o)r less. 

Drying for Commercial Use 

When drying for commercial use the primary consideration is usu.Ily one 
of economics. Fcc -r, inid commercial g;ain elevator operators are usually 
willing to accept a c-i tni level of seedl coat cracks and other dryirg damage 
in their soybeans as lonq as the degree of such damage is not sufficient to 

lower the market giatfe of the soybeans. The,' are in the podtion of choosing 
higher capacity along with higfher drying damag- or one h-And versus lowe," 

capacity and higher quality on the other. The choice of operating conditions 
is usually a compromise betwen these extremes. 

Most recommendations ( 10,18) suggest a maximum temperature imit o' 
54 to 60 C. This applies to all types of heated air dryers. At these tempera

tures, the relative humidity of the drying air will be low and seed coat d-mage 
high. Lowering the temperature below these limits will reduce drying capacity 

but should improve the quality of the dried soybeans. Air flow rates should 
be essentially the same as those used for other grain crops. 
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Soybeans which have bern dried with he,..t air should be handled as lit

tle as possible since 1h,,y are more prone to handling damage. Dryers which 

use recirculators or stir1'vi:,: can also iesult in additional darnafe ,nd 

should hr ivoinitd 

Lnv, isi,,rp Ol', 	 r.E-,hiod for dryiwo cominerc'ial soyir 	dry:r'. , iu thfi 

beans :lr- w .mthrC.;11&tuIAs .i snilhl> It has been Lseid satisfactorily 

in Illino,, I'l ar idld 1u a satisi,!ctory dryirl nirtiod in th: North Central 

th droperatureR':porl of U S. jft'l th,. Osejr daily drcps below 10 C. In 

,1 r Si',irir-stnni that: ratesW '1J1fnti ot , it is itco rnrended (a air flow 

i Thf- r;ite soybean moistajre 

cc)r,*ni tS .'_ 1 7 , wr r, (h) XOTlr l harv,'st moiStuLe content should be 

22.; and (h:)trheaw ;i , h,.ater should only In; used when the relat;ve 

hLmildity ixciae ' li,A/t zir temnlieratures drops below 5 C. 

1.1 	 ' 2 '" " '. it h(ci r aoilied v.h en 

s ..r ir, twi 

SUMMARY 

This paper h ii: ,,d th,' ot(jot ;,nyhan drying research and re

viewed current rlryirri nrat:w s It atmr;rlt frorn the presented material 

that there is sti!l riCh to i leaiO how a soybeanl dries and how the 

drying process affects sobt-r:an(s.qality 

The eff':ct of dryir-,(air t'iip[1'at ri'011 soybearr Oil quality does not 

appear to hay,' sen * tiit,: I sery thorounfily. The factors which ca,.ise 

seed cot i , i"'ot,] ht:dr,'inq prs)ct:ss have Itvelnan t.;i .:,jw d studied 

to a qreert' ,t-i-i 1, t ,, or; - be deii:ri niorecisely. Methodsti 

of preoctir r i,q a , ieut I rio ii, iri a dt:- i)-btJ s5yi),ian dryer 

are nieed;d trl r al rl i:,rr ; .: l (riilllmed ard dryingP' 


danage iniainzwJ 

The econornmr: sjyhlemn> a fond crop alakes it imperaoltaiic-'f as 

tive that we gair a letter .Lrd(lstcrdinq of ailaspects of soybean drying and 

that we apply this knowledge im th design of practical royl,'san drying 

ssterrns. 

NOTES 

G. M. White and I.J. Ross, Dep)artment o. Agricultural Engineering end D.B.Egli, 
Department of Agronomy, University of Kentucky, Lexington Kentucky 40546. 

This papef is Oublished with thieapproval uf the Director of the Kentucky Agri
cultural txneriment Station and desiginated Journal Article No. 79-2-3-28. 
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SOYBEAN SEED STORAGE UNDER CONTROLLED AND AMBIENT
 

CONDITIONS IN TROPICAL ENVIRONMENTS
 

E. J. Ravalo, E. D. Rodda, F. D. Tenne, and J. B.Sinclair 

many locationsFavori,ble results from varietal 3nd agronomic trials at 

around the world have resulted in wider production of soybeans in tropical 

and subtropical areas. The maintenance of soybean seed quality during 

storage in these hut and humid environments has been recognized as a limit

ing factor in soybean production. High Liality seeds are required to obtain 

adequate stands for proiitable soybean production. Soybean seeds must often 

he imported in the initial stages of production (,velopmert in a new area. As 

local seed pnoducJon becomes possible, astorje technology suitable for the 

env:ronment anrd scale of operations must be avilable. 

Soybean sieeds do not store as well as seeds of other legumes. The major 

environmental factors influencing seed dete. ioration are temperature and 

moisture (1,2,3,[.,8,9,12). Moisture is usually considered in terms of seed 

moisture contert. Since seeds lose or gain moisture from the surrounding air 

until reaching equilibrium at a given set of conditions, it would also be appro

priate to think of moisture in terms of the relative humidity of the storage 

environment. Storage fungi are a major cause of reduced germination in soy

heans, especially when soybeans art stored a'cmoisture contents above 12.5% 

(3). 
Other factors associated with deterioration of soybean seeds in storage 

are microorganisms, field production history, and storage containers (6,10,11, 

13). Variois researchers (7,12) reported the association of Aspergilhus spp. 

with reduced viability of soybean seads in storage, Tedia (10) showed that 

the microorganisms most frequently associated with the decline in vigor of 

soybean seeds stored at high temperature (35 C) and moisture content (13%) 

were Aspergillus spp. and Bachlus subtilis. Bacillus subtiiis has been shown to 

be seed-borne in soybeans (11,12). 
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The primary objective of this project was to study practical and inexpen
sive methods for storing soybean seeds under tropical conditions. The initial 
phase of the study was to evaluate tropical storage prope:ties of ceitified 
seeds produced in the continental U.S. The final phase of *he work was to 
study the storage properties of soybean seeds produced in Puerto Rice under 
tropical conditions for various storage environments. Results of these investi
gations were previsouly reported in ASAE Annual Meeting Papers 77-4057 
and 78-6030. This ch:ipter presents a summary of the above reports. 

MATERIALS AND METHODS 

Research emphas'is w j ds ltt in decelup;ni) simple and inexpensive 
methods for storing soybean seeds using resources generally available in typ
ical sma'l farms in developing comuntires. The rxperimental variables investi
gated were. two storage locates 1 --Mayaguez Campus, and L2 - Isibela 
Substation; twvo storage conditions, S1 - shelf-stored in anbient conditions, 

and S2--stored in cn'rdboard (;artons with bouo ','ix inches of rice hulls for 
insulation; three initial moisture l['vels, -13%, M,--10%, and M --7; M1 
four containers, C1 --sealed me al can, C2--,retal cans with one mil plastic 
lining, C3 -- fertilizer jute bgs vith one rni plastic lining, and C4 --cotton 
cloth bags; and three storage perods, T1 --thret ionths, T2 -- six months, and 
T 3 ---nine months. Three replications were used for all samples. Sealed samples 
in cans were also stored in a controlled environment of 3 C and 25 C at Ur. 
bana, Illinois. Germination tests, moisture content determinations, and path
ological studieS were conducted both -t the start and at the end of the 
storage period. 

Preparation of Samples for Storage Tests 

Four hundry thehty-two 200-g samples were prepared usinb certified 
Woodworth seeds from Illinois for the initial phase of the storage studies. 
Seeds multiplied in Puerto Rico with parent seeds from Illinois were used 
in the second phase of the storage experiment. The initial moisture ccntent 
of the seeds was about 10 to 12%. The seeds were reconditioned and allowed 
to absorb moisture from the surrounding air. This was done by spreading the 
seeds in a one-inch layer in a cold storage room for several weeks until the 
moisture content reached 3 to 14%. 

The seuds were then dried to each of the three desired moisture levels 
by using forced air heated to about 33 C. The drying was done by placing 
all the seeds in the laboratory dryer and withdrawing about one-third of the 
seeds when the appropriate moisture level was reached. The dried seeds were 
then selied in double plastic bags. At the end of the drying period, the seed 
!ots of each moisture content were divided into three approximately equal 
parts. The seeds were then subdivided into 200 g samples and placed in the 
different containers. 
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Preparation of Samples for Germination Tests 

The seed samples placed in storage were a Mixture of mechanically 

broken a( whole seed . Tire percentage of broken se ds ranged from 1 to 2%. 
Mechanically damaged seeds and seeds darnagedl by insects were separated 

fromn the wholt! sceds by hand. Samples for getnination tests were taken at 

random fnom the whole seeds. Four hinJred seeds WelU used for germination 

tests for each t eKi,,nI t. The seeds were fin thor subdivided into 8 groups of 

50 seeds each. Sairitld germi nation tests were USed for determining the seed 

](,rnlinatron L)eitt:it;Jgeend of the storage period.at th'l 

Consuant Temperature Storage Studies at Urbana 

Oven moisture content determinations were run on the seeds as received. 
Quantities ;f si5edr; fOr e(rehr test were conditioned to the desired moisture 
content by moisture ei Aminco chamber or by low fIovg absorptio-, in 
trrlrerature dii Iin(. Conditionedi materials were held at 3 C in rdouble plastic 

ags Lntil all mate , ial vere ready for sample preparation. Each sample con
tainLd a mirnimnur of 250 seeds. Tests were Iun with llinois-produced seeds, 

rlev, l/ harvested Puet1 ii20-pf-roduc(d seeds, and the same Puerto Rican 

seeds herd for conldtin)ing it' Pterto Rco for amhient storage tests. Con
tuiier atmosphere CO2 deter onliiiOns Wevre made for the 6-month ard 9
rimonth samples o! t he I linoi-prlir ed se'ed. 

The smhples were storend in st-,ah'r No. 1 cr us. 1he s.torage conditions 
stnuieJd wvere as follows: dry his noirstre (:onlents of 7, 10, and 13%; 
storage temperatules of 3 C kchamuer tenlperature cycle of 0 anid 3 Cf and 
25 C; and for lheist sire3, treatment with th iam, a fingicide. Three repli
cations were rio for all samples. Official germination tests we made by the 

Illinois Crop Irnprovenent Association, Urbana, Illhin. 

RESULTS AND DISCUSSION 

The results of storane studies of U.S. certified Woodworth and Puerto 
Rico-produced soybean seed storeri undei a tropical environment in Puerto 
Rico and at controlled temperatures at Urbana, Illinois, are presented in 
Tables 1, 2, and 3, and Figures 1 through 11 All storage variables studied 

except storage locations had significant effects on the germination of Wood
worth soybean seeds stored under different storage conditions. 

The apparent influence of storage containers on germination of U.S. 
certified Woodworth soybean seeds stored in Puerto Rico for oifferent stor
age periods is presented in cigure 1. Germination was maintained at fairly 
high levels for three months' storage for all containers. For longer storage 
periods germination was strongly affected by the storage container, with seed 
germination dropping to zero after nine months' storage in cloth bag contain

ers. Soybean seeds stored in C1 sealed and C2 unsealed tin cans preserved 
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Figurg 1. Variation of germination with respect to containers and storage period. 

germination at the acceptable level of above 80% after nine months' storage. 

High germination was associated with containers (C1 and C2 ) which mini
mized moisture gain of seed while in storage. In contrast low germinations 
were related to seed stored in containers (C3 and C4 ) which gave little pro

tection against seeds absorbinq moisture fro,; the wUrroundings (Figure 2). 
These results corroborate the findings of others (2,3) that one of the most 
important sactors affecting the rapid loss of germination in stormge is the 

moisture imontent of the seeds. It is not only essential to have low initial seed 
moisture contents, but even more important is the requirement to maintain 

the low initial moisture content of the seeds throughout the storage periods 
(Figures 1, 2, 3, and 4). This is particularly important under the hot and 
humid conditions prevalent in the tropics, which are very favorable for dry 
seeds to absorb moisture from their surroundings until the seed moisture 
content is in equilibrium ,.-ith tire atmosphere. The best containers were those 

that maintained a low initial moisture content (Figues 1, 2, and 4). 
Results of storing soybean seeds in se~iled tin cans under cortrolled tem

pterature and tropical environments in Puerto Rico are presented in Figures 

4, 5, and 6). At controlled temperature o 3 C (SI ) which closely resembles 
conditions of seeds ir cold storage, the germination was fairly independent of 
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Figure 2. Change in moisture in storage. 
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Figure 6. 	 Mean percentage of germination of Puerto Rico-produced Woodworth seed 
in sealed cans stored at constant temperature 3 C, 5 i1; constant tempera
ture 25 C, $2;insulated box PR. $3;and ambient PR, S4 . 

storage time. The germination at the end of the nine months' storage period 

was about the same as the initial germination prior to placing the seeds in 

storage. The effect of storing soybean seeds in sealed tin cans, in rice hull 

insulated carton boxes ($3), and under ambient (341 condlitions in Puerto 

Rico was )ractically idlentical, with mean germination dropping from the 

initial germination of about 90% to about 40% after nine months' storage. 

Insulation had no effect of practical significance (Figure 5). Germination 

results of the controlled temperature storage at 25 C were similar to those 

of S3 and storage. The drop of mean germination appeared to be relatedS4 

with CO 2, concentration in the tn can atmosphere (Figure 7). Germination 

was held at a fairly good level ol above 80% for CO 2 concentrations below 

4%. Above 4% CO 2 concentratiols the germination deteriorated rapidly, with 

gernmination dropping to zero for CO 2 concentrations of about 11%. Low 

CO 2 concentration was associated with seeds of low initial moisture content. 
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Figure 7. Relationship between mean percentage germination and CO 2 concentra
tion for Illinois-produced seed sealed in metal cans and stored at constant 

temperature of 25 C. 

High CO2 concentration was related to seeds of high initial moisture content 
stored for nine months. The rapidly deterioration of seed germination ap
peared to be related also to Bacillus subtilis populations (Figure 8). 

Comparisons of mean germination for seed multiplied in Puerto Rico and 
parent seeds from Illinois are presented in Tables 1 and 2, and Figures 3, 4, 6, 
and 9. It is quite apparent from these daa that seeds produced in Puerto Rico 
stored much less satisfactorily than the Illinois-produced seeds. Field produc
tion history has been shown to be associated with germination properties of 
the produced seeds (4). The hot and humid conditions prevalent in Isabela 
were favorable for the development of any internally seedborne microorgan
ism which might be present in the parent materials. Microorganism popula
tion, primarily Bacillus subtilis, was much higher for the seeds produced in 
Puerto Rico than for the seeds produced in Illinois (11). Bacillus subtilis had 
been reported as seedborne in soybeans. Treating seeds with thiram in storage 

did not produce better gemination than the untreated seeds (Table 3, Figures 
10 and 11). Ellis et al. (4) have shown that growing pigeon peas, Ca/anuscajan 

Millsp., in the less humid condition in Fortuna produced seeds of much high
er quality than the seeds produced in the humid conditions in Isabela. Select
ing a favorable growing iocation for seed production with due regard to the 
foregoing consideration and producing the seeds during the dry season of the 
year can be expected to be of much help in producing seeds of good germina
tion and storage qualities. 
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Table 1. Mean percentage of germination of Puerto Rico-produced Woodworth soy
be(an seeds in sealed metal cans at various ,Ftorage environments. 
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Table 2. 	 Mean percentage emergence in sand of Woodworth soybean seeds stoed in 
various containers; at three initial moisture levels; either noninsulated (N) 
or insulated (I) in rice hulls; for 3, 6, and 9 months; either non-treated 

(NTR) or treated (TR) with 2.08 g/kg thiranm, Mayaguez, 976. 

9 Months3 Months- 6 Matns 

Containers Moisture Insulpion NTR TR NTR TP. NTR TR 
Initial 

7 N 89 91 83 88 62 76C1 
Sealed tin can 7 I 91 89 90 R9 92 79 

10 N 88 85 70 7-6 44 50 
10 I 82 82 76 -,2- 60 29 
13 N 38 51 2 0 6 0 
13 I 42 40 1 0 1 0 

C2 7 N 92 90 86 88 84 83 
Nonsealed tin 7 I 90 92 85 P3 90 72 

can 	 10 N 82 82 G6 63 22 34 
10 I 82 76 54 57 8 20 
13 N 52 33 0 0 0 0 
13 1 34 42 ) 0 0 0 

C3 7 N 92 91 89 81 81 76 
Fertilizer bag 7 I 96 91 07 83 86 63 
(plastic lined) 10 N 80 85 G7 54 23 16 

10 1 84 83 57 52 8 13 
13 N 36 40 0 0 0 0 
13 I 36 35 0 0 0 0 

C4 	 7 N 70 57 0 0 0 0 
Cloth bay 7 I 38 15 0 0 0 0 

10 N 50 49 0 0 0 0 
10 I 42 29 0 0 0 0 
13 N 51 41 0 0 0 0 
13 26 13 0 0 0 0 

Table 3. 	 Mean percertage germination of Woodworth soybean seeds sl,rod in sealed 
cans at three initial moisture levels, at two storage temperatures; for 3, 6, 
and 9 months; either treated (TR) or non-treated (NTR) with 2.08 g/kg 
thiram. 

Initial Moisture Storage 3 Months 6 Months 9 Months 

Content 	 Temperature NrR TR NTR TR NTR TR 

C 

7 3 80 83 79 83 78 76
 
7 25 77 75 71 73 76 53
 

10 3 75 80 82 75 77 68
 
10 25 64 77 62 70 36 46
 

13 3 82 80 78 77 74 61
 
13 	 25 55 65 16 17 1 3 
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Figure 9. 	 Mean percentage gi'rmintion of Illinois and Puerto Rico Woodworth seed 
at various storage periods. 
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Figure 10. 	 Mean pecentage of germination of Puerto Rico produced Woodworth 
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Figure 11. Mean percentage of germination of Puerto Rico-produced Wcodworth seed 

in sealed mutal ca-s either treated (TR) or nontreated (NTR) with 2.08 g/kg 
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SUMMARY 

Storage studwis using U.S ctrtif ud Voodwo:ith and Puerto Rico-produced 

soyboans were conducto_,kl A,,'tn the pr mary objectmvt, of developing simple 
arid rio'eo[rr[vi ib1mhjl i r-,drui-rI l aintairin.r Sued quality during 
storajie In t v, )l)ii>. R,:i,,'., -iht).,Sflwviahblity ot high quality seeds 
'tt.lohT[r if ! ! , rrT).th 01 rl[IroI)H stora ei-in a 
tr o.I) tl <I r , I )t ', IfJ,; _) a iO m,\ ru 1, 1C I 0'".. 'rid m ain

tai Ii 1 T . t1J ,(,0, od thIo: Sil ae
if O, , llH fI I I! I:. , !, x,. c ,'t! -r 5 Ihruh di en

ih c'' ia*'. , 5 I(t{LJ] d)+ ' f {r Si,: 10(( IOV 1(11, , E I " t:r;t K T bI)( i )I t 1 i I'1 >>.!='''t Ii OW a!ltn(Ih 

.1),f 	 I t(ll 3j ( l FOt1 ( 1: 1 t: . f-'r,,iardti r , Sli'rC li'i 	 , ;,t{ :SI,(IIf t ll I,. ) ItrLo.05t!d'ilc~!, 	 5l .- T? tha{ iO rinic rnJV 

,NO r E-

Eiiodoro J. Ra,.alo, Dt:i.]rtr ien CA , l L' ,ir -' .. -it cf P,,irt) 
Rico, %iayaquez, Puerto Hico 00 ("i, Err(.i D roD- ;ur rt. - f , arIcultu,3I ri-C a 
gin ering, UJr:aierstv ol 'in ,s U nre, lliiois 61801, F,ank D) Terine, formerly of 
Depart an:rit 0, PathroQ!oI, Uii-lv'rsit Of IIllnoiS, ULitn. 6O. 11 GS aind Jam,!s B. 
Sinclir, ODi. ortnler-t Of P: !ogl , Uis, arSi's of I noi,. Ur Ija'. n I S6 1801 

Th:s Stui',i ,as 3J, I' l'y furded b' the Roci ef n-i F'-i. :.n<t IrId LJSAID under 
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ie INTSOY' Progra' ;o nl'v ad"'inisiared L t'ie ;J n, rsitS t PL.-rto iwrt irid ot 
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SIMULATION FOR RESEARCH AND CROP MANAGEMENT 

D. N. Baker 

Just before the 1920's a methodology called! "growth analysis was de
veloped in an Affort to descrile mathematically the seasonal time course of 
crop dry matter yieid. Gregory (10! defined net assimilation rate (NAR) as: 
NAR 1 L)(dW i, t)where L and VVare leaf area and plant wt, indicawin 
t0 at NAR i ,ameastirt of the excess of photosyirthate riodluctio over respir

torry loss Blackmar (6) I)oirnted out that the rte (R) of increase in kry 
wt carl h) :r. I-, as J process of c(r/tirIUIOLIS coMpound into jst: R 
(IAV) (tlW'dt). ..r h te l:if(Jsrilht JV, lalIhle to us a half century later sve can 
seu that t!mso 'motlls" rmolniciltr crmtin .orre conceptmal eriors and short
cominqs. For Xile, Blaickrman's cur1ljLJrd interest analogy suggests a 
constant ijiwstim 1at throughotjt the season. This implies exponential growth 
throgh tre nbUt know thatseason, we crop growth is si(gmoid (c f. Fig. 1. 
Nevertheless, ;t i,, dfrn exponential eyrly in the season whee the: plant is 
verletativn' and receives an unlimited supply of litht, water, and nutrients 
So, over the years the p, irciples of gi owth analysis have been used success
fully with foraque ,_nd root crops. The Simulation of f ruitig crops is another 
matter. Beyond the conrceptual proh!em with lr.q terni constancy in the 
growth rate, we find short-term vatietions (e.g., those causerf by cloudiness, 
drou ght or temperature extremes), of much interest (Fig. 2). 

By the late 1940's Watson (21) had coined the term It!- area index (LAI),
and in the early 1950's the development of canopy light interception-photo
sVnt-,esis models (13) was begun in an effort to explain in more detail the 
illumination of in stands and theleaves crop relations between LAI and 
canopy (fry matter accretion. The 1960's and the early part of the present 
decade saw the empirical description of leaf and crop canopy photosynthesis. 

533 
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w 	 3 

t-. 	 Z 

Emergence Harvest Emergence Harvest 
TIME TIME 

Figure 1. 	Time courses of plant growth Figure 2. Time courses ,nf plant grovth 

as described by (I) the corn- as occurs in the idealized sig

pound irterest liw, and (11) moid pattern (11) and the 
(I)the sigrnoid pattern found in 	 more typical case where 

growing conditions have variedfruiting crops. 
or stresses have occurred. 

The history or all of this with special reterence to toe reiations between crop 

architecture, r,iotosynthesis and yield has been reviewed elsewnere (5), 

tracing the evoloti .nar process from growth snalysis, through the modeling 

of crop canopy 11;ht interception, the modeling ard measurement of canopy 

pho osynthesi; and respiration, to the firtt seasonal materials balances, and 

finally to the dev lonent of dynamic crop simulation models. 3ut some of 

the more important discoveries irom the experimental research deaerve men

tion here. Thc leaves and canopies of well-watered crops are not light satu

in the field (1,11,17). A four-carbon photosynthetic )athwayrated at full sun 

exists in some species (14), and indeed, this manifests itself in terms of great

er efficiency at the crop ca iopy level (12). The assumption by early growth 

analysts that canopy dry mritter yield was rnairly a matter of canopy light 

capture was cc,,-'ed (2). F Inally, it w6s demonstrated that in some species, 

especially legumes, s'<ech levels in leaves may bui!d up during r3pid photo

synthesis, thereby reducing photosynthetic efficiency. Through all of this the 

conceptual unde.rstanding of crop photosynthesis was worked out and a data 

base describing it began to emerge. 

This data base and theory would serve as the basis of crop simulation 

models. 	 Because growth and the collateral physiological processes affecting 

it do vary diurnally and seasonally and because yield is reckoned in terms of 

wt (per unit land area), dyiarii materials balance models were built and 

solved iteratively. In other words, the "H" term in Blackman's growth equa

tion is not constant in crops and the scientific effort from that point to the 

present simulation models has been largely one of elaborating more detailed 
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and better methods of accounting for the; physical and physiological factors 

causing this rate to vary. Initiaily, the dynarfic models accounted only for the 
effects of temreratL.rU ati solar radiation on respiration and photosy/thesis 

(3,4). No ateroi vvas made to ,iirulate organ growth and morphogenesis. 

In 196J, Stapleton, in iqric-,,ltUral engineer with an interest in the op

tirmization of rachiner', i ays in cotton production, proposed the develop
merit of what w.' know roday as crop simuiation models (20). Many of the 

early efforts here and overseas (8,9,22) can be att:-.ter to the fact that 

Stipleton brought ih, lossibilities of a new technology to the attention of 
plant scientists (19). Tblu 1 contains a representative list of current materials 

halance dynamic crop modeling efforts. The objectives and the validation 
.methods used hy the modelers in this (lp are almost as varied as their 

*cipl iear / hackgr,')krrds. Validation efforts range from extensive fieid testing 

t, smilv tests of i rasonableness; tIe former usually is employed where crop 
,,an;ageierwi decisior: making is the objective, the latter when the object is 

simply to study the interrelations among processes. Some programs (including 

o rs) nvolv: ho th of 'lh(se anti ha e the alditio,;al objective of system design, 

i.e., crop hediin nd breding in special combination vith cultural practice. 

The f l,,' rchartin Fitlrij 3 depicts a possible model of soybean growth. 

Thi major 1,:ant and soil [rocesses are treated as iodels or subroutines, 

which are calid One or more times per (Jay as needed t:) r redict the progress 

ir thalt process for the day. This model contains a soil section whihh describes 
the movenent and distribution of soil. For RHIZOS (15), this wojld be a 

two-diinnsional model of the soil profile. The remainder cf the model cor

(:rris t'e produ(:tnr arid distribution of dry n-,atter in the plant. Climate, 

soil, vari;ty ,111d culturali infcrmation are read in at the beginning of the 

run." Then each day a nmain program calls, seguentia!ly, the subroutines in 
t!,e main line. Alter PLTMAP has been called and execruted, the date is com

pa ed with the maturity date (either input or calculated) ancl if the crop is 
nature, the reguestpd Output is In1rted and the "run" terminates. CLYMAT 

massages the input climate data, converts it to the proper units and provides, 

for each pararneter, average values appropriate to the time step being taken, 
e.g., 3 hr CLYMAT also calls a DATE subroutine which begins with Julian 

dates and Calculates calendar dates, time from emergence, etc., arid TMPSOL, 
whicti calculates soil temperature t various points in the profile as needed. 

If a rain has occured, a RUNOFF model may be called, and then a GRAFLO 
model may be c-lled to distribute vertically the rain percolating into the 

profile and to estitnate the elution of soluble nutrients down through the 

profile. An alternative scnetimes followed here is to use the capillary flow 
subroutine CAPF .O to distribute the rainfall 1i the profile. Evapotrans

piration, ET, is calculated, often via a mod'fied Penman approach, and the 
uptake (UPTAKE) of soluble nutrients and water is calculated. Then, the 

capillary redistribution of water (D31-cian flow) is calculated. 

http:temreratL.rU


Table 1. Some currently active crop modeling efforts. 

Authors 	 Institutions 

Allen, J. and J. 1-1.Stamip 	 U. of Florida 

Arkin, G. F., J. T. Ritchie, Texas A&M U. USDA/ 
and R. L. Vanderlip SEA, and Kansas State Ii. 

Baker, D. N., J. R. Lanibert, USDA/SEA at Mississippi, 
and J. M. McKinion Clemson U. 

Brown. L_ G., J. D. Hesketh, 	 Mississip;i State U. 
J. W. Jones, and F.D. 
Whiser 

Childs, S. W., J. R. Gilley, 	 U. of Nebraska 
and W. E. Splinter 

Curry, R.B., G.E. Meyer, 	 Ohio Agr. Res. & De-
J. G. Streeter, H. J. Meder- velopment Center 
ski, and A. Eshel 

Duncan, W. G. 	 U. of Florida, U. of 

Kentucky 


Duncan, W. G. 	 U. of Florida, U. of 

Kentucky 


Duncan,W. G. 	 U. of Florida, U. of 

Kentucky 


Fick,G.W. 	 Cornell University 

Model Name 

CITRUSIM 

SORG 

GOSSYU 

COTCROP 

Unnamed 

SOYMOD 
OARDC 

SIMAIZ 

MIPMISOYZ 

PEANUTZ 

ALSIM 

Species 

Citrus 

Sozghum 
bicolor 

Cotton 

Cotton 

Corn 

Soybeans 

Corn 

Soybeans 

Peanuts 

Alfalfa 

Processes Treated 

Photosynthesis 

Photosynthesis, respiration, transpiration 
and evaporation 

Photosynthesis, respi-ation, growth and 
rnorpniorenesis. Incorporates RHIZOS. 

Photosyirthesis, respiration, transpira
tion, ru, off, drainage, nitrogen uptake, 
denitr'firation, leachingorganogcnesis, 
partitioning and .growth. . 

Photosyfnthesis, respiration, sr;,nspira- : 
tion, grc'A-tn, soil evaparation and soil t" 

water flows 

Photosynthesis, respiraticl, trnsloca

tiun and evaporation 

4, 

Photosynthesis, processes anvolved in set
sing seed numbei and seed size 

Photosynihesis, niirogen fixation, assimi-
late redistribution, processes for setting 
seed numoer and seed size 

Photosynthesis, mtrocer, fixation, pro
cesses for settinu seed number and seed 
size 	 : 

Photosynthesis ifined as crop growth ib 
i3rate, and partitioning 

.5 
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Holt, D. A., G. E. Miles, 
R. J.Bula, M. M. Schreiber, 

D. T. Doughter/, and R. M. 
Peart 

van Keulen, H. 

van Keulen, H. 

Loomis, R. S. and 
E. Ng 

Loomis, R. S., J.L. Wilson, 
D. W. Rains, and D. W. 
G r i met 

Loomis, R. S., G. W. Fick, 
W. A. Williams, W. H. 
Hunt, and E I'Jg 

Marani, A. 

Orwick, P. L., M. M. 
Schreiber, and D. A. Helt 

Ryle, G. J. A., N. R Brock. 
ington, C. E. Powell, and 
B. Cross 

de Wit, C. T. et al. 

Purdue University, 
USDA/SEA 

Netherlands Agr. U., 
Wageningen 


Netherlands .gr. U. 
Wageningen 

U. of Calfornia, 
Davis 

U. of California, 
Davis 

U. of California, 
Davis 

The Hebrew U. of 
Jerusalem 

Purdue U. 


Grassland Research Insti-
tute, Hurley, Berkshire, 
England 

Netherlands Ag . U., 
Wageningen 


SIMED 

GRORYZP. 


ARIDC.HOP 

POTATO 


COTGRO 

SUBGRO 


ELCCrFAOD 

SETS' M, 

Untarned 

PHOTON 
and 


BACROS 


Alfalfa 

Rice 

Natural 
vegetation 

in semi-arid 
regions 

Potato 


Cottoni 

Sugar 

beet 


Cotton 
fAcala) 

Setaria 

Uniculum 
barley 

Any crop 

Photosynthesis, respiration, growth, 
tianslocation, and soil moisture uptake 

5, 

Gross arshrnilatiore and respiratinn 

Photos.nt-esis, respiration, transpira
tion. an wate; uptake 

0-

Phiatosnthsis, respiration, transpra
tion, v,,.rnr uptake, grmwti, development, 

and sena!scence 

Photos' nthEsis, respiration, transpira
tion, 01ter optale, growth, development, 
foerf g, frIt develop;ment, senes
cence ;n- 'cii heat flux "
 

Phoosnihesis, reeliiration, transoira
tion, water uptake qrowh,development, 
z.nd senescence 

Photosynthesis. re.pi!ation, growth, 
morrhogenesis, E T,ritro]en uptae, and 
gravitational soi!vetting 
Carbon How, nh.fto7 yn ha.s. respiration, 
grow.%th, arid transiocation 

Photosrnthesis, as-imilate distribution, 
and syrthetic and -aaintenance respirL-
Zion
 

Photosvwthesis, respiration, transpira
tion, reserve utilization, water uptake, 
and stomaal cnntrl N 
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F gu re 3. Flow chart of 1ho tiubroutino structure inapossible soybean modd. 

The SOIL. section provides the overall model with an estimate of soil 

water potential in the root zone. In the simulation of nonleguminous species, 

a model such as RHlZOf, also determines the daily uptake of nitrogen. 

After SOIL the subroutine PNET is called to estimate photosynthate 

production and respiratory losses. The net photosyntate plus soluble carbo

hydrates held in ru~seives are available for growth and nitrogen fixaticn. Nitro

gen fixation ! calculated in NF~X There, the effect of Rhizobial type tem

perature and sodl waici potential are accounted for. 

Assimilate partitioning is handled in GROWVTH. Sever i'str-tegies are 

used to distfibute dry matter to e'xisting organs. In one, arbitrary priorities 
to decide the fraction of available assimilateand distribution factors are used 

going to each organ. This is the so-called "standard plant" concept. in 
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io:thitr, dhv, J'smililitt: ..;tly)li t0 dtclr d ratio 1 Obtuliiod hy calculating tho 

o it cti ,t I I I it i I I IIf', I 'kf,-_W / If!,-) ]I, l it'' i t l ldI, I I I I t( tntial 

(pI )v t " (;I I )I ILlit l Ii iI (t II I tin til t (I It t Ii 

I[.wl: ll~l ~lttt, itiq ,t i .,t'i ll ,,< .,, I,JI:,IIlill w il , l tio i itirlil 'it tilt l tiS lit t 

I Vo I , l .(I , I,, i , \ 11, 'H, )li - Itii i II I"itl(t , I I i :I<I(I II ,I . ToI w Illt I ,l .tl I i t I l tIII, t. ,l o 1 ,-I ll ti )1 1 11i l it liII ti I i'.. i It!I t - ,t+1 

w ithIi. .' 11)!II Ii tI~, I, I 1, i)ii 1 1' 11 ,I w . n lI hill(r i li l ll, ,, 'l til t p lu l l 4IJ 
, 

I! I'/ it l t ' ttl III i , il l' ii , t'll l lit ll l l p a l t it io in 

1~~t l, ' ' 111ti V:lh il (Iii I ('I ,h ot 'lto x ,'l nl t e mlitIl t %lillt ti o I I it 

!t,,~~ ~I!t~ ~ ~ ,,lf,<r~ ~ ~ ~i il!) tIllsi,,,,~ ~ ,Ilb ~ t ( t 11 111i illclill'ioll 

,)s i i , , I'tl.l I iI; !l d I'I' II~ I I I I . il k'h ll . itt)I IItl I, III ~ l 

,,~l !;,ll l Ill I I, t t l l11il It tIl Ilt cIt~ I II 1;1 J UILIl t tLl Ill., h',l, 1 Ih' C 

/\ ~ ill~~~~~ ~ltf I! I h vi IIh 1 i1 11t I li:!slJ, IM:1I I.n ':lt 

(I... i AIs] 

I k, l ostImIf al1,md tosnthat inFigur 4,p 1ieI concepIt ofel pho paTitoin tehaedy 

bean plant. 
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structures represent flow regul;:turs. Solid and dashed connecting lines depict 

material and information flows, respectively. The carlbohydrate pool receives 

material via photosynthesis at a rate. uepend ing on tie amount of shortwave 

radiant energy absorhed, tileleaf temperatulr rind the !eaf water potential. 

Carbohydrate is lost via maintenance respiratio at a rate depending oil tem

perature and the hioin.iss of the system. It is also lost via a respiratory process 

associatel with lhe pollotosynthesis lMi tellrltiatlie of the tiSSueS inVOlVed. 

Another nii:Jiraory ioss is jssociated with this growth. Biomass is lost from 

various orlans by sevral Iweans. Leaf material is lost thiough insect feeding 

and serrescerice. Insect leeding may also take some fruit. In simulating insect 

darnarte itis necessary siorrply to specify daily the age and Mass of the organs 

damaged. F ruit May also he ahorted as a esill of irrsuct damage or physio

loyical stres,;. Biomass is also removed frhore the iruirit pool via the foriation 

Of nlaltulHt insoil! Conditions, roots ill crtlaill .Ige cate(joriiesreans. Dipendingu 

arc lost or slournhe'(l tlhhLIllhout the season. 

In the irrlel, the physiological rates are expressed niatheriatically. 

Some Of Ihe funelionel retlionships srolgesterI in FigrUle 4 are listed in 

Talh, 2. Irisome cases ii is correiiit to ilsesevelal plogranr statemllenits to 

solve these e dtions.. For rxiiumlle, a curve witlh a shall) bhreak mray be sec

lior(l int two. FlT lr(pwtlh ILnrCii~l is rot i si1111l)10 frinctiOrn of n>;rather, 
tissilettll(iriis IfrirCrtir i ()fC.,,.ir(llrriwtlr is etrLraily extrressed ISa flIlctioll 
of triotr. Sinmilh lihIs()Ifrrrtiiirlrl rirlairinship)s muIst be,neveloried for the 

othlr flantil sil riCe'sss. 

Bieakirg (down t10 ystnr into :Jille elements idlentifies experimental 

research ieeds. For exallldh, crop (:airoliy r)hftosyrmthlesis must be measUtrerI 

Uniler a lrll(le iltellsities, levels, terirperattlres, leaf water poten-Of light CO 2 
lials air leaf staich levels. Tht; iesilts may simply lheexturessed in thle form 

of a InUltl!e re(ression eutiation. Organ sgrowth, for exaMple, nLst be rnea

sLnie(l at VailiOUS terrrl)elattrrrs ,ard tissue tLIntOl levels. If the model strategy 

is to ise a metabolite sopply:lernand ratio as a )artitioning factor, then these 

growth ra ts must be tpot.tial rates (which ar then decreased by the ratio). 

This niplies the neasulelret of growtl Under luxury supply conditions. 

It is ordinarily done at elevated CO 2 levels and bright light. Then, more ex

perimenits are rone Under controlled conditions progressively further from 

the optimum to develop a data base arrd equations for decreasing these rates 

fron the potential. Since potential rates of both growth and morphogenesis 

need to be obtained at elevated CO 2 levels, we (18) have developed a special 

facility referred to as a SPAR installation. SPAR units. contain a meter depth 

of field soil an(l the plants grow in a canopy light environitent similar to that 
in the field. Such installations are now in use at several locations where 

models of the type referred to here are being developed. The SPAR unit 
represents a physical model of the crop. 
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Table 2. 	 Some functional relationships in the materials Lalance of a crop simulEtion 
model. Symbols are defined below. 1 

Photosynthesis P - f(Ri, CO-), T, 4. CHO) 

Maintenance resp. R,u - fi )B 

Light respiraton H L - tlilP 

Growth F = f(T, Q) 

Growth respiration GR -k(G) 

Fruit abortion A B f(Sp) 

Maturation M f(T) 

Root SlOLghing Si - f(T,O2) 

1Where: p - photosynthesis; 13 imcident solar radiaton; CO2 : atmospheric carbon di

oxide concentration; T --tempeature; leaf water potential; Rm zmaintenance res
=
piration; B plant iomiass; HL lithi respiration; G growth; k - constant; Au fruit 

abortion, Sp physiological st! s:M - falnturation; S, root sloUghing; 02 = soil oxy

5)en-oncinutruition; and CHO, leafstarch level. 

At Mississippi State we have (arristd ttiodelin( a sIe) further. This is rep
resented it Fique 5, talken from McKinion (1b). We have tied the computer 

controllinol and loppinjg sLita f om our SPAR units to the computer running 
our models. The rn 1ft inl the figore represents the computer systemUnit th,.' 
illwhilh thU crop siil)ultliol 110(101 runs. The e(Llipmenlt Ol the right repre
sents the machirne tied to tie SPAR niits. With this arianp!]eml-ent wve call "un
tlug" a subhroutine s sIuL1routines at a tittle in the simulator anld plugor dvera! 
in real data froi the SPAR installation of process tates, .g.,photosyrithesis 
or transpiration. This is helpful in identifying sources of error in the remain
der of the Siltro lator 

Clearly the iriodelinrig of crop systems results in the asking of a character
istic class of (luestions for experimental research. Not only that, it specifies 
how exprrmients shall he done arnd itt some instances how the apparatus or 
facilities shall be designed. This one might call Phase I research management. 

Phase II research tnanagement might he that whiuh pertains tc the appli
cation of a cro) sitnulationr model for system design. For example, suppose a 
br;Ieder wanted to know under what soil Vnoisture conditions it would pay to 
have a resistance to a certain kind of nreniatode in a certain crop line. Or, the 
question may be asked, "Inorder to gut the most beliefit from the develop
ment of enhanced photosynthetic capability, does fruiting habit need to be 
modified, or does oplinun fertilizer nanagement need to be altered?" 
Dozens of such questions can be addressed with process-oriented crop simula
tion models. For the immediate future there is no guarantee that the model 
predictions will be correct. The rn,.el is merely a tool which accounts 
rationally and quantitatively for as much scientific fact as is available in the 
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P)ITi ALI - TN 

CR PO-CONSO, L 

Y 11UMAXNET nfMlL 
D'SU. 

OFR L I __ ___ 2_ B 1ML 

Figure 5. The computer systems and hardware used in the simulation (ModconiF IV) 

and physical (SPAR) modeling (Modlcorp II) of crops. CRT, LP, and CR 
epresent cathode ray tube terminals, line printers, and card reader, re

spectively. 

making of suich dhec;3i,;.; stucht a miodel should he, Ihotolht of as anI adljunct 

to, niot a sublstittute fi, commonlt~l stelSe. 

The Sanielt or VI~Xyiro;ilair odetls will ;oool be USer to help) Crop statistic

ars or e'ono)inist<. shlrpen their estiia~te;S Of the effe~cts of climate, pest anti 
disease disturbaines<. onx yield. Initially these. alpplica tions will fncos Onl picking 

out and ((uaotily'Iio Iti tiends am) re;lative changles inr q.rowth and the resul

tant effects on yield rathter than on absolo te' yield forecasts. Al though ou r ob

jective is ahsolute accilracy in yield predliction, we will qlairn much useful in

formation about crops from these models before suich accuracy is achieved. 

Farm operators will use these simuclation inodels eventually in conjunc
tion with coinparable insect, dlisease and weed models in nraking crop man

agement decisions. In fact, one of the main reasons (in addition to the appli

cation in breeding) for the process orie.ntation of these mod~els is to provide 

for the inturfacing of insect, weed and (lisease models. 

A simple example of the use of a model in cotton ir rigatiorinlmagement 

is presented in Figure 6. The cottor, model GOSSYM gave a neor' perfect 

simulation of the moisture stress treatments in the rain-out shelter experi

ments of Bruce and R6mkens (7). Their plant population was 50,600 
plants/ha-a rather sparse population. We used the model to predict the 

growth, fruiting and yield of a crop planted at 101,300 plants/ha and grown 

with their climate and irrigation inputs. 
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Figure 6. Simulation of soil water potAntials and cotton growth under two possible 

irrigation plans. 
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The model predictions of the avag? cf so! vater tensions at 15-, 30-, 

and 45-cm depths a ,gaph edifF G D two of the treatmnents.rtiirr for In ont. 

treatment soil ,'.ateL)ttt ,.ltt. to 1.0 hrf o tri 85th dLay from 2:letr

qence. Then, the c, ) eIl t II, , V!If Oent t, t 

it hl N 

of tto!eaot . /\ t , it r i iii I , - I h i e tt,oiI i n th 
4.5 1ns of thet , .< i n t , 0 . i eoir lor ot tl o t ti 

t. 
same1rr f . . . . . .. . '. ' It 

s o i l t o i,l t r I , I t >I ;t . !( j i 1 ,4[i ' ,I01 


,10 'I t 1l. , t tj t1. 2to ( i ( "Jo- '11h 1 Ii5i Th'iS 

It, . --. i;,;''c iIII,thet :ro[s e l , 1,A at,, wtn to frild 
. 

;a 'It it-h Kt,r~ls2(tirurlttt(t.itt -'',,. ' st ft' ,, f -),1 ' t illty stt'rl{ 

,

t l11t ,'-'- e .) 2 a i lO tvr, 150 afni
 

118 i t'*>ct~tl',
 

Cropnh .', I Ptil' - l - lr 5 s 

.

I lit.ri) )I;0 t,' ,- ill (I C I- I i oI St - ,(Ji' l ,1 , dt- I rflt+ , lIL 

d !> e 'i0i i I it P1O iLiC:t l s)Ivtti, , I(tI j 5 . ,j 111"A, LIJ) c , 

tio 'i rLl 1 " If1- 6 il ) t >il , L ' l'I : iti n( rWsltI t.Hi11 It' 

i ii ly '.',' - -1tit. 1 1" it mittority f r thte oilly : (t ) ,as colsI 

a ltxt t tD), tsrrt i -V'' I sir- I LII, li t th li i, &ii a ciicted thatwSth I ' 

l h ,- i . i drier crop.th ilt t; ,'.,trJ . I.ht Ilil(1,i l thl! t~trjqt, ir tl11c 

A finsal ' (fit -l[w!, f . . haHil ' 1 1t)hI's (28'.:;. 2 2,acre) was pli

!ict,..Ti lt. tK (,t ,. jlj i ,tlit ,ret,c 1 iv + ,, f h iig (35" 1)011 Openi aho, i 
an,'" k.I l 1.0- !ir this id ' ImadtUrrityt ILII Lf.iiAk 1 ,l in w ithI its
 
inci t c'): t 1 ii- l,' >) t ' iof'iq. the cost of irritatioll in
t t(is with 

decidini v w l, it 1W t ll ' L to ify fit to,' a(ditiofal yield of 1.5 bales/ 

ha. 
Other alrlitl:,l s sIat1ial'tl li cintsilt1 ir, tillagelot illcI I i'ItII .kilrig and 

pest Contloi noUld hie ireserited for vii iotis wuithe'l Scertios. We believe the 
soylean falflre, too. will 0t0 Li;st mdLels in selectbtrefit frot Of siM latihtion 

ing and e'valloitir l(0tiltmre iIhILitS. 

In SLtIinIiiit y, tilt! t t 5Mati matioal desci iptio ; of crop Ii , ,that 

will he oJsotul t clo iiant1Lt(lrtiit ai yield forecastiri coiitinits. Giowth 

analysis ratce.-olved into crop miroreliri anid systems analysis. FIOMTI sirple 

C OIIr IolttritA laws w. ich Co .Stilerte the gross plant attributes of v.tand 

size, ar1d whih cooht only I)isiliet gIoth in the early vegetative stages, we 

have seers a move towaird the sttil',' and matthematical description (at first) 

of plant photosynthesis, respiration, (ard later) growth and nrorphoqenesis, 

and the assembly Of these process Models, as SLlbroutines, into plant simula

tiern models. The effort to make these models useful over the ecological range 

of the crops has led to development and ircorporat.on of comparable models 

http:ircorporat.on
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evapotianspiiation, 

fitl iotgi t rln1sOi aTioI, in(d th movement cf ater , nuItrients a1d roots 

(e.g., RHIZOS[ of tihe clinate and soil evrocess,,. soil 

Ki 1toe es nirfu Lthethlrouitlh lh st)iti s s. F lrthII, this t ff)rt to iaT1, od, u if In i 

![,li. t 1.. SltI! , ijtlt,- t P I t .t It I tte i v I I 

t ifetii ml ii I qmr i-r t'f ' Am ;Ini Iri Viii] l-t i Tit11 i tifItS 

ilt!. ,ill, I I is fIt ! i l i It i tirt.'.r i , I I 0 ll , coot-S IItal 

J itim s. T!' e e)rmutroti t'0r X te il l t', iN1-oil uLe moe! 't simulate 

t ' , 	 ,
[Ot!l Stii3 t'Allt I, t , ! o !, ht, PA Rf tit;t ii - m - I,, l . T he! 'C! 	 ! m iew,.,lt 

II.lt tl. Ir h , [it " 1 !lIi :1L ;l ( !, TO \V -,i l l~ ) l it' k[i 111,,t,.11 (0h ,', ,lit' 111l 
,andil , le, cr;) !qi ot s i mt d pm cat'l ,. the'7 contir, h l eVOmiil tii the!I(noo 	 i ctil

!N.i esv Un,itX USDhAI, , Lt-e 

tt'.cto; ti fllniiM ilj Jrc-' tt', d 1 ! '- ]~ ,Jmitl~ 1id 7{ctiJ /t . Tit hc 9 to) 
DonIpI o III th11 Irot S h t rhI 	 jhT'.(t) and 

t M0 ti IO "I t idiI 1. i111tL 1 

monlt A.nrr n v .- ,Is iofis i eiptt Urrerht 1 , visij lp Stat,t i sI llii 397o2
j i<tt The. ( VOJLtitI 11 toV-, rd tho nlo01 tINtU111"i', t oelstt1 ilt'Wl1t1c. to siniulzm e 

'Indc Inlwtlet clopl tiowth is mode J)t1;0iCJl h,y IMl' COl ntL4111(l i'VOlUilf if' the 

c<wipt erltli)CI.Sty.
 

NOTES 

Dormtli N. Balket, Crop Simulaition Research M~it, USDA, -SEA,/AR, Cnd Depart

ri-ent of Agroniumv, Miississippi State Univers~ty, klississip'pi State, Mississippi 39762. 
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SIMULATION OF INSECT DAMAGE TO SOYBEANS 

W. G. Rudd 

It was apparent early in our efforts inthe duvlopment of integrated pest 

nanaenierlt programs that a soyhelir crop growth modehl that responds 

correctl to sWOrLldit:d da hagihy irse(ts aid1 other p w0estsuld he required. 

At the time?, r JIC.1h0e1)r1r1 s s o pes's that (Icfoliaiit soyhean plants or 

th Itf- d oil ,.(1.A srj-j,,, Of ,xi5tilq s y dri phIi rit(poI.,tin i,)dels revealed 

!, 'fi l ',iild (if Ihriivior A , thrr, for set 

' 

ill-: sIs -,j (),this 

LIt 0 ' , rit. 1, l i )(! ir;ml i . 

i " mph: srs;e i lI f0) a1,0W,: ,t)Vv'-r 11 t 'rli Cld ction>.rr r 

h'i i P f, 'l ) Llb,Iu in.1seet ;rrs ir irrr101 llerlt rrr, lirsl rertirch. The 

:!I) tlHI' i0'fI) W l n hs [ie!rrsai t r imatterhi ) jui I i l f ire,iidd (ry 

,jCC III-IoTl)r ritfe>. i0()r.tr 
) liClhde ster'1s, arrdTh' l 0LJt)LJt dify wVt of leaves 

trul!) as irt:tis nis 1t ys itir piintlri . Vildato wurns show jcod igree

'ltnt i flIodeiJ outw jWl i itiW for sl:viri soybeanr llil ts rxel LiAiti 

vilcties urdtfr r !IOv\'1 cirdr;tons. Experiments oith Lirrulateddiffeite rl 

iTrrchalical d, foliation indicate that some "comnpferSatiori1''CCurS if the plant 

is dtfo!,,ittd atier The nodel a(Irecs wel! with experimerrtalh,,aviiv nodset. 

results Vl01t'r cm )ens ticS is iPclU(hd. Th m1rd(elalso ri.:,pondts correctly to 

slmulated podfi diri and to vriati ns III l!,intinl datts. The model is now in 

use n pest rn7aaageuierrt studies. 

MODEL FORMULATION 

The model is based upon two priiiar y sets of data. Thre first is Jensen's 

thorough study (5) ir. which Dare soybeans were planted in 122 cm-rows and 

kept relatively insect free. Periodically, fifteen 61 cm-samples were chosen at 

random from the 1.48 ha plot. All Plants in each 61 cm sample were cut at 
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ground level, placed in polyethylene bags, and carried to the I 0'oratory. 

Fresh wt, dry wt and counts of leaves, stems, and fruits were taken 1Leaf area 
was measured using a Lambda meter. The other basic datum used td build the 
model is The dry matter production vs leaf area index (LAf) cie from 
Shibles and Weber (6). 

In Figure 1, bars have been omitted forclarity, butt z;; coeff icients of 
variation for leaf, stem and fruit dry wt are 10, 22, and 17%, respectively. 

*Three different post-emergence growth patterns are apparent. During vegeta
'- tve growth (pre- podset}L., early -growth -is-exponential,- foilowed by linear 

growth as the canopy closes. The Shibles and Weber data (6) indicate a possi
ble explanation for this behavior, Early in the season, the dry matter produc
tion rate is proportional to LAI which is in turn roughly proportional to the 
total dry wt. Thus the rate of increase is proportional to the wt produced 
previously. The result is exponential.growth. Later on, as the canopy fills, 
the dry matter production rate approaches a constant value, which we call 
PTSMAX. A growth process that occurs at a constant rate results in a linear 
growth pattern. We have refit the Shibles and Weberdata (6) to obtain the 
following equation for the dry matter production rates: 

(5.4 +47.78 LAI - 6.12 LAI2 ) PTSMAX (LA1<3.835) 
f(LAI) = [1] 

[1 - exp (-.91435 LAI)I PTSMAX (LAI>3.835) 

Our arguments above indicate that, during the pre-podfill vegetative growth 
period, we have: 

dw/dt = f(LAI)
 
dt/dt = FRLF -dw.dt [2]
 
ds/dt = (1 - FRLF) •dw/dt
 

where: w = total dry wt, L= leaf dry wt, s= stem dry wt, and t = time. 

ITEMRG = emergence time 
ITLSTP = podset time 

The podfill period is more complicated. We assume that all leaf growth 
stops at podset, provided that defoliation is not too high. In other words, all 
further dry matter production isdevoted toward the filling of the pods. Early 
in podfill, the pods are toc, small to absorb all the new dry matter produced 
each day so that some dry wt must remain in the stems for temporary stor
age. Later on, the pods grow large enough to assimilate more than the dry wt 
produced each day. The dry matter stored in the stems can be transferred 
to the pods. This occurs until the stems have been reduced to their pre
podset wt. This behavior, we feel, is the reason for the "hump" in the stem 
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Figure 1. Data (letters) ad hOines) Jensen's study (5) of Dare soy

wt in Fi!gni 0 1. Many Otliir )1i11 giwLth data se!, which we have elxamined, 

dis;:,3y till-, hehaviel. ti oli Wal;,(!; l ]v(S : t(llld SIo u evidence to irdihie .

cate th-It telu)otla y StO;tI ( (Iccis if)IhlavJs as wel!, Jeiisen's data do not 

show thio to h,1 01:D tle. N,, i.. this leat stotage] )lpirccss necessay in our 

model in CdII to ohItailr the1final ohsevewd fuit Wt. Out dmaJ indicate that 

S010)I S(!lsCcence( OCCLII Slowly .t a constant rate during ihe podfill period as 

follows: 
w/dt - flI K. 

dpidt Cp, it ITSLTP < t (-'ISTOP [31 

dis/tit dw/dt Cp, 

d/d t -K 

where: ISTOP i the tin? at which pod filling ends, K is th- (constant) rate 

of senescence, ' rl C is j pro 1 )ortionality con.tart that determines the rate of 

fruit growth. 

Equation 36.7 correct behavio, Early in podfill, p isexhihits the gUalitatiVs 

relatively small so that Cp is les, than dwidt and the sterns gain in wt. When 

the fruits become large enough to assimilate more than the total dry matter 



550 Simulation of Insect Damage To Soybeans 

produced during the (lay, the stem wt decreases. We have not indicated the 
stem wt limits in equation 3, but in the computer inplementation of the 
model, thu stem. wt is niot permitted to fall below its levei at podfill (t = 
ITLSTP). One can argue that the plat must keep enough dry mitter in the. 
stems to pcvith, Structu fal Si itroIt. 

At time ISTOP, all dry ,ititer production ceases in the model. The leaves 
senesce rapidly aind Onli hy w Iis lost from thte stems, )resLmably because 
of leachifi processes. We havt riot [p: i lot ofieffort into modeling this phase 
of plant deV'lofpIneit suC.: insects have little effect on yield during this 
period with the excreptlw i .rsetiat ter tdirectiy cIit puds. 

Figure 1 corrpait's the model dry Wt tsults with the irriginal data while 
Figure 2 shows coimpnuted aIod iIreasiird leaf ara. 

We have found that by chanl)in foor piarameters--lTLSTP, ISTOP, 

PTSMAX and FF3LF it is pssilh to model several other varieties and 
growth patterns trorm se.ver I t hpiial locations. To do so, we observe 
that PTSMAX is (i tril sIr sc'eriee) the slope of the dry matter produc

tion crurvi dtuin podlfill. ITLSfl essentially relulates the a'mount of vege
tative gtrowth prior to podset, while the diffCrence, !STOP - ITLSTP, deter
mines the h(iifth of time flit are being formed. Ar easy way to adjust the 
Ialaramuters fl i s[;0Iefich coltivar is to notice that, so long as ISTOP - ITLSTP 
is long enoICh to per mit the stems to be drainred of the material temporarily 
stored there, the, final fruit .Vt is, rietlletiwi a small :or rectior for senrescence, 
simply PTSMAX (IS1OFl - ITLSTF'). 

We have oltained agreement lertween mitodel ard data siMilar to that in 

Figures 1 and 2 for several other varieties amnd growing conditions, including 

some partial sets of data from Braqg, Pickett, Dare and Lee varieties grown 
here, three years of data f ir!endeison aid Kamip'ath (3), and some data 
on the indeteriiinate Beeson varity grown in Wooster, Ohio, by Curry (2). 

PST DAMAGE 

Since the model is to be usedl in pest management model studies, it is 
vital that the model respond properly to simulated pest damage. We have 
chosen to use the data of Kalton, et al. (4) as representative of the effects 
of mechanical defoliation on yield. Figure 3 shows a replot of their data. 

With no attempt to model any "compensation" for severe defoliation 
the model seriously overestimates the effects of defoliation early in the 
season. Since modeled growth is dependent upon leaf area, to add compen
sation for defoliation in the model it is necessary to have leaf growth occur 
in a qualitatively different manner when the plant is subjected to high levels 
of defoliation. In particular, the model should regrow some leaf area lost to 
defoliation if defoliation is heavy enough to have a significant effect on yield. 
Before podset, leaf production already proceeds exponentially, which is as 
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Figure 2. Leaf area index measured (X) and modeled (-). 
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Figure 3. Data of Kalton, et al. (4) showing dependence of yield loss on mechanical 

defoliation at various levels at various growth stagoes. 
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fast as is rossible. Therefore it makes litthe sense to try to ilrC"Lide conl)ensa

tion during the wre-podfill phase. 
We have assumed that tho twit ire thf; only real sik for dry matter after 

the I)urinwrrq of podfill. There is reason h tat, if p',etto tliv thu ,iters 
hea, y letoliatir:1, the leavets can become sinks as wi, thereby weieovinrt 
som1e drly Imlattul that normall Iwolld qjo to fruit andI usi lm that (Cly rIatte to 
replace lost leaves. lt a sense, the niodeled l)ln[ s arnvows olition of its anti 
cipated yield in leaf I)rloUction, hotpefully iniproVine) fiture yield ly increas
ing !eaf area, thereby lnc tailliq prodoct've capacityt. 

Ill the COm;IiLINr 1iPbt'rirtat0ion of the ;o110h, wt c:he(ck tilt leaf area 

after pro:Ist. If the LAI fails l'low a tdtilt shhi v!Ili (we use 4), we tak! a 
pwOtoin (), aolmer to work. well) of th; eXces- (fry nate lnie(l daily dd 
divert it from is nioinial destination, teirloutry storati in sten1s, to leaf wt. 
This process is reheatcd Jao:iy 1iritii the lef ,el rises above :ti1 Ohreshhold. 
On leeth' puds ar l eiq1,ri 0 jlr it, i),.orh all lict liily di rnat i tJreof(tlceir, 

tire; COrll):nat: mill I'! ' ) In tiht ltd.wi'nili; 'Ilo 
Fiure 4 shows, i ',iniriloitiiri If tilt t..,iinieo t of Kalto,, et al. At all but 

the highest defnl!ilti n u !e, the, lt l ar(es well wvitlh th- uXperimerrt. 
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Figure 4. Model simulation of the experiment by Katon, et al. (4). 
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We found no special provisions for compensation for pod feeding to be 

necessary. Figure 5 compares simulated yields after several levels of depod

ding with experimental results. 
By varying the model time between emergence and podset, leaving all 

other parameters untouched, the effect of changing planting dates on yield 

-from determinate varieties can..be-detei ed..Figuref6 €o~mares-the results 

of such a model experiment with field data from Able (1) ,
 

CONCLUSIONS 

We have developed a simple, efficient soybean plant growth model for 

use in soybean pest management model studies. The model shows reasonable 

agreement with several sets of plant growth data and responds much like real 

systems to simulated stress. Currently, we are using the model for studies 

such as that in Figure 7, in which we show anticipated yield reduction vs 

peak soybean looper populations for various maximum undefoliated leaf 

area indexes. Similar studies permit us to perform model experiments to try 

various pest management strategies in controlling pod.feeding pests, 

100-.
 

x.' X0 DATAODEL(Thomas, et al,) 

0 

0 - \ 

"" 2/A

R4. R5 R6 RF-.~'A& 

STAGE 

Figv'Pe 5. Comparison of model and data on yield loss resulting from mechanical 

depodding at various levels at various plant growth stages. 
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Figure 6. Model and extPer iineioul results on the effects of planting date on soybean 
yield. 
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Figure 7. Effect of soybean looper populations on anticipated soybean yield reduc
tions. 
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Gross effects of defoliation, d(Il)oding, and planting dates all can be ex

plained witih this simple model in which the only real factor acting is the con

nection between dry matter i)rodur(tiro and leaf area. There are io tempera

ture effects or roots ill the Imodel aid ihotosrynthesis, niorlrh1ogenesis, trans

location, respiration air(l other processes are riot mod,ed sj,,acifically. The 

fact that a simple leaf area-driven modl can explain several gross observed 

i)hlenomena of course does not imlply that the hypotheses behind the model 

are correct. 

NOTES 

W. G. fluI, Departrninet of Corputer Science, Louisiana State University, Baton 

Rouge, Louisiana 70803. 
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SIMULATION OF THE VEGETATIVE AND REPRODUCTIVE GROWTH 
OF SOYBEANS 

R. B.Curry, G. E. Meyer, J. G. Streeter, and H. J. Mederski 

to t state 
SiRtulationi as I'ij(Itlstf by the CeOfeeNCce plannrs, it is necessary to cover 
-oIlie of the hlctkolf{Ili oil Simulation of sy)ytiean 'powth and development. 
Th simulation etuiiit lisci. hele ,efs t:)application of Computer anal
ysis Of I ;yst )f if l iJJatical equtions oil a COtIttif tI.3 basis to de!scrihi; 
the ifyrllmic hahaviol Of a (C:,o plzant cvtr a(lowth season, or portion there-
Of Work Of siIMLtLtioe. Of soyIeara (growth and (j0velol)olllnt CLIurently under

way at VitriOLIS institutioms with which the authoirs ai personally aware will 
he reviewed. The ctilrent sta{ts of SOYMOD/OARDC in Ohio will be dis
(.0ss;d( if"sonie detail as ai exarripI)le of the statl)S of sOIyl simulation 

In order l)rest-oadeuqtately the curreot of the art of soybean 

lean 
today. 

BACKGROUND
 

Work on soybean growth and development simulation at OARDC dates 
back to at 1east 1972. Througl tile sLIpport of the Research Center and 
several CSRS grants, a team of people have had a part in the evolution of 
the soybean growth and devlopment simulator. The current version is re
ferred to as SOYMOD/OARDC. Faculty niernbers, R.B. Curry, J. G. Streeter 
and I-1.J. Mederski, together with post-doctoral research associates, L. H. 
Chen, C. H. Baker and G. E. Meyer, represent an Interdisciplinary team of 
agricultural engineers and agronomists who contributed to the modeling 
effort over the years. In addition, A. Eshel, a post-doctoral research associate, 
and N. K. Narda, a Ph.D. student, are currently continuing work with the 
previously-named facuity m'embers on further model development. 
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About the tile our work tQrlrhrit,e Ohio, Di W. G. Dorcari lrhjflill 


work on z-,soybean model at Kentucky. This model was pattlr ned after his 

corin r!.rwtlrh id ,lw'I, rrhrhlttindi SIMA/. IN'tirirrro.u exChdl Of .:I's irfo 

irlJni q o rth I bl 
ii t0/7j, . nmiinr(Hmr t')irniritti v.'rIZtirrrt~ in/tire $rurrlrhmrr, [e:rrr]ol (S.' 

rrratiolrr rrll{ i',:r:LIIrh .',,t tim (rrrnlt 

107) to mIVvmoi ,,>oyltwrn r1m t.I v.h1r1 .vmnlu, c:L'V(-r t0c .rrrs of dmt mer

trol rnd cr r rrrrrIrrrmr1"It 1 w11l 'IS B v ,'1rr diviIccpjirnnerl t. Thes thrue 

I,)dev, ! () three uhm ,.Nerly 
Solttl ]tJI ll t\t ltt~~~ll irth~'lwjith / 
lrtrar foinir tie c, Irte Jrrtr1 , ntl ill the 

' t'17(' i~~llle ire loti!j US[J A ,/SLA 

AR rtseurrir wmrkrts d tho A litcsnarCi ann lJnimhplitlmturl A;;r cicult(irl 

Centel. 

CUFPEiNT RESEARCH 

Space does (rot rernil! the i,:viow oh nhetail" (f rilodels leing developed 

at various locatiorrs; therehote, ]rrri,'al 'rias oh ermphasis arid people ir

volved are mentiond inlorder nr intew stel rterlers to make further contacts. 

Florida K. lootr!, ilornq with J. Jours, mid G. Srt,ige, have begun to 

work on a soybean morcnid 'aseid rn i,,erhruinrtal data obtairred in Florida 

stulies, with olrrbhasiscnl-plart watt defoliation hv ilon riatiris ari 

sects. 1heir studies (:ort!rihirte to '-10Y. 

KVviticckv- A, r,.,,rtiorrcd lwicn:re, W. G. Do)irtiihas dPvehr)perd a soybIearl 

model. Work contitr; rr C0)()[WI Left!itt.atioir with D. Egli and Everett 

Lotlisiara "'. RLInld,has trot toletier a simrrlifixd sorleri (p oojil rliicrl 

to genrlate plant maturral fOl the soyb[)ean insect Siruirnt!tor I haWdetIVel)oped. 

This model is availhrir. Rid.rd also has been a maior corrtrihnrrter ': the it;sect 

submodel of S-10. 

Nebraska C;.L Ncyer, now on the faculty of the University of Nebi as

ka, has continued to work vith SOYMOD/OARDC in cooperation with Ohio 

with emphasis on adaptin] it to Nebrraska's climate and needs of irrigation 

managemenrt. An intetactive version with simplified prompting and help op

tions is being incorpotetd into AGNET for us- in Nebraska. 

North Carolina -D.Mapeir and M. Wann are developing a model of dhe 

vegetative growth of soybeans hased on phytotron data and patterned after 

the tobacco mnodel. Their group is Crit inuing to work on the model. Data 

has been taken on carbohydrate and nitrogen balances for validation. Their 

work has also been expanded to include study of floral initiation and repro

ductive development based on an internal aging function. 

Ohio-as muntioned before, faculty members have developed a dynamic 

simulation of soybean growth and development, SOYMOD/OARDC. A brief 

description is given in the following section. A more detailed history and cur

rent status on SOYMOD/OARDC can be found in the literature (3,4,5,8,9). 
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South Carllia G ,Mils ian J. Lailwri have lv ided the coordination
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system accepting the inputs necessary to run the simulator, clueing the various 
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Figure 1. Simplified flow diagram of SOYMOD/OARDC showing flow of logic and 

program units. 
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process subroutines and managing the selected output. The simulator is being 
run currently on a Hewlett Packard 3000 Series II computer, but has been 
run on several other computers including various models of the IBM-370. 

Input required and available output are summarized in Tables 1 and 2. 
Given an emergence date and a length of growing season, a special routine 
selects the required set of daily weather data from a large multi-year file. One 
of the subroutines converts the maximum and minimum temperatures and 
total daily insolation into hourly temperature and insolation. Output forms in
clude chronology and synopsis of crop performance over the growing season, 
adetailed profile of the soybean canopy on any selected date and an abbie. 
viated weather and crop summary. 

The processes simulated include photosynthesis, respiration, carbohydrate 
translocation and partitioning, nitrogen assimilation and partitioning, leaf 
senescence and transpiration. Nodal formation, flowering, initiation of pod

* fill and leaf and petiole abscission are considered as discrete events. In order 

Table 1. Input data required for SOYMOD 

A. 	 For Each Run 

1. 	 Plant Parameters 
Variety
 
Emerqence date (year, month, day)
 
Row spacing
 
Plant spacing in row
 

2. 	 Soil Parameters
 
Soil type
 
Soil water retention curve
 
Bulk density
 
Hydraulic conductivity
 
Initial soil water content
 
Irrigation? (If yes, can have automatic irrigation or supply irrigation schedule)
 

3. 	 Operational Parameters 
Choice of output formi
 
Interva! between time of printout
 
Special tests (e.g. defoliation, depodding)
 
Maximum numbor of days simulated
 

B. 	 Automatically Supplied Climatic Parameters
 
(From disc storage beginning with date of emergence)
 

Daylength 
Maximum air temperature 
Minimum air temperature 
Dewpoint temperature (or minimum temperature) 
Solar radiation 
Rainfall 
Wind speed 



562 Simulation of Vegetative and Reproductive Growth 

Table 2. Output data generated by SOYMOD. 

latIOl alid pysirliical evenls-wholeplantA. 	 Log (Chronolotly ot dry iMatter iWcUr1 

basis) 

Dry matter for uach ;earit part (leaf blades, stems petioles, roots, fruits)
 

Plant heiqht
 
Maximum totel diarlret(er 

Number of fruits
 

Flowering ard podfil events
 

Leaf area
 

Irrigation events
 

Leaf ihsciosion evints
 
Seed yield
 

B. 	 Pa,-tiriowi' Summu;' (once/day; specify days desired--each node basis) 

Leaf area 
Number of fruits 

Total dry miatter imd dry matter components: nitrogen, available carbohydrate, 

,;tructural carbohydiate -for eeich plant part 

Rate of: net photosynthesis, respiration, phloem oading, translocation, and carbo

hydrate storamie 

Growth rate for each ;lant part 

C. 	 Short Summary (end of season) 

Location, date, variety, soil type, and plantiil confiouration 

Total rainfall trom ernorgetce to maturity 

Fotal irrigated water fronm eleg[rce to nt'alliy
 

Total solar radiation arid heat units frorn cerrenjence to maturity
 

Physiologi:al everrts fhmve lig, 1,idfill, Sr(rmscer'ace, Lrrd maturity dates
 

Crop suir rlarv : numaher of nodes attaineod
 

Maxlma um plaint fry matt-r
 

Total evap)otranslpiratior rain 4rnr(a:rire to maturity
 

Grams per 100 rced
 

SO I yield
 

Tot, I fruit dry natter per plarot 

to give the eader a sense of the process lormulation included, several of the 

processes wil be descihed in some detail using Figure 1. 

Photosyni esis is described by an equation reported by Lommen (6) and 

is calculated ir. ,ubroutine PHOTO. This equation described the C-3 photo

synthetic process ,:, within a leaf with photorespiration and a simplified leaf 

diffusion resistance ntwork. Stomatal and mesophyll resistances control the 

the site of fixation. Stomatal resistance is controlledflux of CO 2 to and ft, -n 

put'ntial and light intensity. Mesophyll resistances arejointly by leaf water 

controlled by the level of ': rch buildup in the leaf (10). The level of maxi

mum potential photosynthes is governed by the leaf nitrogen concentration 

(representing important photosynthetic enzymes) and leaf temperature (1,2, 

at each node on the shoot where leaves12,14). Photosynthesis is considered 


exist, according to the energy available (Photosynthetically Active Radiation)
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PNCT2). No oliowth of photo~syr,thesis o:ccouw; below 2%),N content in an 

organ, bawdM on data trorn Perming dieViie (13). The nmodel aSSUinleS that 

I1gOf d 1 1 (1JUcoW W, illyi(' of nitrogen. 

Carbohyidrate p~artitioning ;or,*tol ishandled in SOYMOD/OARDC by a 

series of equations Of thw Michaelis-Men~ten rates ;ire comldti?; type. These 

puted for each nodle to balance the deunardt for carbohydrate and nitrogen 

arid tile supply from p.hotosynthtesis and flitrotien f ixation. The rate of struc
tural growth ot each planit part IScalculated USing Subroutine GRWTH. This 
series Of eqjuations issolved dynamnically using the real pole numerical explicit 
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technique described by function RPOLE (5). This method applies a first 

order solution over the integration intwval to a liea etlUation. The Michaelis-

Menten aId secood oder terms I1 in latn l( ieariz (I using theIhe tat were 

Thtse e(i uoloi ils solved sefirst two terms of a Taylor strs xpar isori. wveree 

quentially iitIhe po]teljiroolam. 
it wereThe timin of wproductive events ,ioch is flowering ant rting 

simulated using a set of enpirical terniperaturie-layhegth terlitve re(]ressing 

(7).This approach seens to work satisetiklations lroposed by Major, et al. 

other climatic conditions. Itwouhl h'factorily bUt needs to be testeod for 

desirable to replace this erpirical approach with physioiogically-hased in

terrnaily curtnlll ,1_prodi;liv0 evtnt pIcl-lratlrl systems whcr such a step
 

hVt'sI tieory antd velfied exprerimentally.can lre (hlevelolehd ficm 
trycomparison of smmlationVerification and validation wet: handled 


results selecnin set:;ot soyl)an data front field expel itents horn illOhio
 

they inclIUd:d hotl tire reand elsewthere. Data sets wele selected only if 

(tuire(I environmenta! piarametes. A set of data for Beeson soytlant and 

beans grow! atWooster ill1974 was used inorder to determine tireJaram

to simulateeters in tfresimulaor.-Ti calilrated sirulator was then used 


soybean. plants 
 lrowr in the fiell usirof weatlor data for 1972, 1976 and
 

1978, for examplles. Validatio)n VZas tl<I cart (idOlt by COMItaiVi the simu

field (ldata. Figures 2 and 3 show examples oflated Iesults with the actual 

this validation. Table 3 shows sirriolated and exper mental fruit nunbers for 

the 1976 season. 

Uses of SOYMOD/OARDC include both tests to further the under

oit the effect of change in plantstanding of the soybean plant and tests 

one can study tire efiect of plantstrtucture "or irtanaltet(t. F-or exarniple, 

i(gdesi;V V)lth 4 shows the variation irryield with plantint1 density for 

4 yr. Also shown is the fefiic changling troisture regine fror year toof 

year. 

This set of simui lations indicates how a complex nodal canopy Struc

ture can he handled rather easily over the growing season usino the com

puter. These results, although not totally validated, indicate the import

ance of high canopy density for high reproductive yields accepted generally 

by th t agronoric community. The problem of soybean branching and stand 

compensation isnot solved completely inSOYMOD,however. 

Another problern of interest to physiologists isthe ability of the plant
 

to adjust and corIpeisatU for different source-sink relationships. SOYMOD
 

offers a way to study these relationships using the defoliation or depodding
 

optiowl. We have only begun siamulations along these lines and this is a wide

future stuuics. This latter question ptovides an example of anopen area for 

important test of the simulator: can it respond to a step change? In this ex

ample, either the fruit are removed or the leaves are removed.
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Table 3. Simulated and actual fruit numbers/plant, summer 1976. 
a 

Date Days Alter Emergenca Actual No. Simulated No. 

8/5 75 56.0 ±7.3 58
 
8/19 85 61.5 ± 6.1 65
 
9/2 99 44.8 ±1.9 42
 
9/17 114 36.8 ±2.5 39 b
 

aBeeson soybeans giown in a test plot at Wooster, Ohio. Emerged May 27, 1976. Grown 

in 76.2 cm (30.0 inch) rows and thinned to an average 5.1 cot (2.0 inch) plant spacing, 
and irrigated. 

hFinal nuinber. 

20 SIMULATED 1976 0/ 

19 LEAF BLADES---

STEMS & PETIOLES

18 FRUITS -/
 

/017 EXPERIMENTAL 
LEAF BLADES A I 

16 STEM& PETIOLES S / 

15 FRUITS o /0 

. 14 

Z 13 0. 0 

z12 * • 

~10 
 A 

•J 7 -e 

, . , 

4 

2 / A 

1 /" ) 
0 

20 40 60 80 100 120 

DAYS AFTER EMERGENCE 

Figure 2. Comparison of simulated results and actuAl field data for 1976. 
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Figure 3. Comparison of simulated results and actual field data for 1978. 

In addition to, or incombination with the plant spacing test of SOYMOD 

be used to study the effect of othermentioned before, the simulator coUld 

plant structural changes SUCh as leaf arrangement aod size, and light distribu

tion. By testing many different light distributions in a short time and select

ing those that showed promise of understanding canopy architectule and its 

effect on yields, the simulator would redm!Ce the research time and cost nec

essary to test the best of these combinations in the field. 

A reliable and responsive plant growth model is necessary for the de

velopment and use of insect and disease infestation. SOYMOD could be used 

in this way. A combined model would then be useful for predicting the level 



1 
Table 4. Simulated soybean performance under various planting configurations and moistured regimes. 

Max. Le3f Area 

(cm 
2 /plant) Fruits Neighx (g/plant) No. of Fruits/Plant Yield (Kg/ha)

Spacing Density _________ 

Year Row by Plant (plant/m 2 ) Irrigated Not lrrigatcd Irrigated Not Irrigated Irrigated Not Irrigated irrigated Not Irrigated 

1975 	 13x13 62 1154 68 13.8 2.9 22 20 4422 2c49 
76x 5 26 1730 1316 15.0 10.4 35 30 2016 1391 

91x15 7 2867 1941 45A 33.0 71 61 1687 1230 

1976 	 13x1 3 
62 1135 105 122 12.@ 20 22 3938 4132 

76x 5 26 1699 1591 19.3 21.1 34 33 2587 2822 
91x15 7 2846 2405 47.2 32.5 67 57 1754 1210 

1977 	 13x13 62 1127 1053 7.5 17.1 13 14 2399 5484 

76x 5 26 1/02 1574 13.0 22.5 29 34 1734 3010 z 
91x15 7 2652 2224 40.6 28.1 70 58 1512 1048 

1978 	 13x13 62 1162 902 15.2 11.7 12 20 4939 3750
 

76x 5 26 1721 133C 16.0 12.1 28 34 2144 1626
 

91x15 7 2552 1919 43.3 21.6 69 47 1613 806
 

1Based on Wooster, Ohio, weather data, Beeson variety. 
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root hl(rileati lFI ',y,te.i whicth would thrn provide a water uptake furctiour 

baSi(l ,n tiFhiianl ;ji avilability of water and locat;on in the soil profilt. 

In ot(t!r t llii', ',Ystrns to work satisfactorily, the, soil profile in the model 

must bt; lay:etf,(l iinl fjrilit to ,ihowwhl!re roots are developing and where 

water is adrlet arndltw~lloVf!(. 
Finally, work net!(lt tri be start( to coLIple SOYMOD/OARDC to 

rnariagemernt and cultural practice models. This will req(Iuire modification of 

the simulator and possible simplification in order to keep the overall models 
of rmJnagjeable size. 
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APPLICATION OF MODELING TO IRRIGATION MANAGEMENT
 
OF SOYBEANS
 

J. W. Jones and A. G. Smajstrla 

The potential for increasing soybean yields by irrigation is well docu
me.-ited. In Ohio, Mederski et al. (44) reported on experiments in which non
irrigated soybean yields were compared with yields of soybeans irrigated 
when 20% of available soil water was depleted. They found that yield in
creases due to irrigation ranged from 5% for a late maturity, high yielding 
variety to 60% for an early maturing, low yielding variety. In Australia, 
Constable and Heari (11) measured about 1000 kg/ha increase in yield 
when soybeans were ilrigated. The smallur seed size of non-irrigated soybean 
accouiLt(l for most of the yield difference. 

In a recent staidy in Flurida in which Bragg and Cobb soybean varieties 
were grown oin sandy soil, an extended drought occurred after flowering and 
soybean yields averaged 976 and 2832 kg/ha for non-irrigated and well 
irrigated plots respectively (L. C. Hammond, K. J. Boote, J. W. Jones, un
published data). These data support the findings of Peters a-d Johnson (56) 
that about 134 kg/ha of soybeans are produced for each 2.5 cm of water 
used during July, Augtust and September. 

Soybean yield .)nd water use depend on the stage of growth and on 
available soil water. Results from several expe, iments (26,61,62) indicate 
that soybeans are most susceptible to drought when it occurs during the pod 
filling stage and is lerist susceptible when it occurs during eaIy vegetative 
growth. In a phytftron experiment, Sionit and Kramer (63) found that seed 
yields of Bragg soybean were dccreased 16, 11, 34, and 28% when water 
stress occurred duriig flower induction, flowering period, early pod forma
tion, and pod fill stages, respectively. Burch et al. (9)found that the ratio of 
actual evapo-transpiratioi (ET) to potential evapotranspiration (ETp) in
creased from 0.2 early in the season to about 1.2 late in the season for well 
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watered plants. The ET of non-irrigated plants decreased rapidly during a 

drying cycle. 

In arid areas, irritqaion is needed to replenish the soil water depleted by 

ET to avoid reductions in yield, In huo id areas, the need fot ir igation in 

soybean procliction is a mone! COil)lex issue. Al though long-telm aveiage 

rainfall amounts may be sufficient for replenishing( the soil water supply, 

the year-so-year vaiiability in airtall amounts and the variability in suc

cessive (lays without rain may result il one or more drought periods during 

a season. Therefore, irrigation of soybeans may be desirable in humid areas, 

especially if grown on low water holding] capacity soils (54). In order to 

stuy the need for irligation as well as irrigation nianagement strategies, 

mocxls are needed to suiMIalize and opetationali,'e existing knowledge 

about soybearn water use and yield, weather patterns, soil properties in(1 

economics into a franework comopatible with irrigation objectives. 

In this chapter we ocus on the use of models in scheduling irrigtions. 

Models have been developed at three levels of sophistication. First, a soll 

water balance method is lesciihed in which estimatel ET is snUbtilited from 

tie soil water in tie root zone and irrigation tining i, based on replenish

ment of soil water supply after a critic'al level is reached. S3condly, a crop 

yield response mod(el is inclIdfd with 'ie soil water balance 1o1el so that 

irrigation scheduling for reeximizinq yield or net profit can be studied. The 

third level (f sorhistir'atiln iiolves a dyrnanric crop growth model sensitive 

to plant water r latio s arid other weather and manajenent variables. Such 

a model is cli lh:(d with the soil water balance approach to study more 

comp!x nisrestiors concern ing irrigation scheduling and other crop manage

ment interactior-s. Relative advantages and disadvantages of each level are 

discussed. 

WATER BALANCE MODELS 

Water balance models for irrigation scheduling were developed as "book

keeping" approaches to maintaining soil moisture in the root zone within 

desirable limits. In general, volumes of soil water, defined in terms of the 

soil moisure characteristics and the root zone of the crop being irriqated, 

were assumed to be available for crop use. Depletions from this reservoir 

by ET were made on a daily basis. When the readily available reservoir of 

water in the plant root zone was depleted, an irrigation was scheduled to 

replenish that volurnie. 

Water balance modes were classified into two categories: (a) Those 

based on the assumption that water was uniformly available for plant use 

between the limits of field capacity and permanent wilting point. ET rates 

were therefore simulated as a function of climatic parameters only. Curve A 

in Figure 1 illustrates this model. (b) Those based on the assumption that 

transpiration rates were known functions of soil water potential or water 



Irrigation Management Modeling 573 

I.0
 

A
C 

B 

LL) 
hl *T' ;.aC evLu't2- t 

!rnr,sp r'anon 

ETp- .0otenlule Ipo
 

1MC F eld e 

PWP - P'r Gren EtI It 

OD - Oer, (L 

FMC PWP OD
 
Soil Moisture 

Figure 1. Various proposals tor adjustin.g ET as soil moisture becomes limiting (13). 

content. FT rates were simulated to decrease as soil water contents decresed. 

Curves B, C and D in Finiure I were all propoF,!.das possible relationships 
between relative tiarspiration rates and soil moisture. 

Tihe water balance approach as discussed here implied that depletions 
from the reservoir of available soil water were predictable for specific plant 

species arid climatic conditions. ThoEe depletions were the ET volumes nor
mally predicted on a daily basis by ET models. 

Uniformly Available Soil Moisture 

Water balance models based on the assumption of uniformly available 
soil moisture between field capacity and permanent wilting point simulated 
water use based on climatic variables only. Those simulation modek for ET 
by various crops have been summarized by Jensen (33). For ET predictive 
techniques to be applicable to irrigation scheduling, they must be capable 
of predicting watcr use on a daily, or at least a weekly basis. The techniques 
must be capable of interpreting short-term climatic variations in terms of ET. 

Some of the more widely used techniques that meet these criteria are de
scribed brieflv iii this section. 

An equation used widely to calculated potential ET for use in irrigation 
scheduling is the modified Penman (55) equation. This equation is given as: 

° 
ET (Rn + G) + " 15.36 (1.0 + 0.0062U 2 ) (e - ez) (I) 

where U2 = wind speed at 2 rn (km day-1 ), e. = vapor pressure at ht z (mb), 

e saturated vapor pressure at ht z (mb), A - slope of the saturation vapor 
= "pressure-temperature curve (mb C-1 ), y psychrometric constant (mb c 1 ), 
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" = = net radiation (cal cm 2 day .1), G heat flux density from ground (calRn 
2cm day -1), and ETp = potential evapotranspiration rate (mm day ). 

the Penman equation predicts potential ET (ETp), which ', that of a 

welliwatered, vegetated surface. Allen et al. (1) determined that ETp pre

dicted by the Penman equation slightly overestimated measured ET froma well 

watered grasses in lysimeters. Van Bavel (68) modified Equation (I) ,)y the 

inclusion of a transfer coefficient for water vapor based on a logrithmic wind 

profile and a surface roughness parameter. This formulatior, was tested with 

good results for evaporation from bare soil, open water suIrfaces, and ET from 

well watered alfalfa. Ritter and Eastburn (60) determined that the Penman 

equation overestimated ET fon irrigatCd corn during the entire growing 

season except for short periods of time during the peal. vegetative stage of 

growth. 
To predict actual rather than potential ET a crop coefficient, K., was 

introduced (33) as: 

ET -- Kc ETp (I1) 

Crop coefficients for specific crops must be determined experimentally. They 

represent the expected relative rate of ET if water availabiiity does not limit 

crop growth. The magnij.ude of the crop coefficient is a function of the crop 

growth stage. 
The Jensen and Hai , (34) equation is a second predictive technique 

sometimes used for irrigation scheduling applications. The recommendcd 

minimum time period for application is five days, which may not be a suita

ble tirne base in many situations. Their equation estimated potential ET as: 

=ETp (0.014 Ta -0.37) RS (Ill) 

where Ta = average daily temperature computed as 0.5 •(Tmax + Tmin) (F), 

and R s = solar radiation (mm day .1 H2 0). Actual ET was calculated as in 

Equation (11). The prediction of ET by Ritter and Eastburn (60) for irrigated 

corn resulted in underestimations during the first year of their study, but 

accurate estimations during the second year. 

Pan evaporation techniques have been used widely as indicators of ETp. 

The applicable equation is: 

ETp = (Cet) (Epan) (IV) 

where Cet = a pan coefficient dependent upon the type of pan used, and 

Epan = the measured pan evaporation depth on a daily basis (cm). The great

est difficulty encountered with the use of this technique is that the pan co

efficient is not a constant, but varies with changing surroundings and weather 

conditions. However, reasonable approximations of daily ET are attainable 
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if the is maIntaIned Loperl and If care is exercised in the choice of apan pi 

pan coefficient. Jriisen (33) pfmtMn ts a method of estimating the pan coeffi-

Clent. 

A lji t\p ct[ (reu elr sCiI Ie'd heie is a mr olificati+nr of the Brown-

Rosroen er S) iesite rwIhl This nodel \%wis tet,d .,ith ficld data for 

Irllu ttt'd so' huln nI, Vi ard1r1d Rsenheri j t69) -lHoirl aind daily model 

e to l,estmiirrlt va e t Iiret).I(oliret I inmetIIi nitrasu renrelrts , itIh good 
air teirtrrt urld, I 'lt)tor'fit(; t et Ikt lto nintr-ltectvte coirtltiors. 

III SLrrrar$, liia ,ipi oi at\ill of ill irii ttor schedlul rin model 

Lsii, a ,ltm l t an Ji L t titr tot+ Vell t,01ie( crop conitioiS 

ws, lesciitl St' ,ril tLnnidrLtLI' tl1 st i n wire cl sciibed. To be 
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t 
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tha t the lo !ot 'CCtLmIII for , r.or.l" Ill ET rites due to 0harriql)] soil mois
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Limitin Soil Moisttur e 

A irtliiii,'l sIt rirS i demehoe10d ModtlV to itrdlCt aCtUal ET as 
,fWWti oiI. 01 1)tW! ClIlrriati h M,irm Jirl soil walt't roL~tenttl. This results in 

a no10rt' tCLile)I1\ ;r/thtl t ro d\.iutsl,d50'iti phrlvh hiLL ise climatic 

iitcat on . 

Soil l10 (! It m-'s (.',il) It0llC t, LT :o v' iotential le els. There are dif

tertlCes ot 1irmn Jt' Chlnan l trlanspir itor rites as affectedOPnl tonmnrt'(11lr: 'S i 

by the av,ialhlt n Dhi.) d (13) some of theSie l fso: ll to t' I' Hli stiormari,ed 

frlatotlllsi)s i r tvI a it It'St'dC he s. These ate pmeserited in Figure 1. 

Notero (52) deIv0rel i aI eilatirlt) to expiess El as a function of soil 
mi1sTILte [)ttHftiaI alnd rire' ed d:Li ll I tCa.tcnu tt 1101 ,ema 

d(ETI ET ETV - k !.... El (VkL (V). 

= where \' total sOil moisture potential (rnb), and k a proportionality co

efficient. This Cquation was foLnd to r)ioduce, results similar to those of 
several other Iito atte mlodels if proper values of the proportionality co
efficient were chosen. Noiero et al. (53) verified thle suitability of Equa
tion IV) OSa predictor of actual ET. They compared simulated and field ex

perimental data for the widely varying available soil moisture levels asso
ciated with shallow rooted corn and deep rooted alfalfa with good agree
ment. They also developed a q;eIural ;clationship hetween relative ET and the 
time since the root zone soil moisture was tully replenished. Required in

formation for the use of this techrniIJue was the relationship between rela
tive ET and mosture content or potential for at least one evaporative demand 
intensity. 

http:tollov.n1
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Norero's model is being used currently with good results by an irriga
tion scheduling service in the San Joaquin Valley (42). For this application, a 

dryness coefficient, k. , was defined. The dryness coefficient was defined in 
terms of water potentials as: 

Er 1 

k[ E . 
p 

___1 
1 +---'"2.56/log (01'smin / "smax) 

(VI1) 

-where 11s - water potential corresponding to 0.5 ETp (nib), ,l'smin water 
potential corresponditq to 0.05 ETI (mob), and kl;siflax water potential 
correspondilg to 0.95 ET11 (nib). 

Hanson (22) defiied a coefficient of limiting soil water, ksw, as: 

k a 0.03937 ET(VI)SWLSW _ -(I 
where 0 curreot sol! water in the root zolne (cimi), (I - lower limit of soil 

= water in the root z'one it the wilting point (cm), and SW soil water in the 
root zone at field capaci ty (cm). This formulation implies that ET decreases 
below ETp as soon as the soil water storage decreases below ield capacity. 
As shown in FijlUre 2, Jiid as contrasted to the single valued functions of 
FiLure 1, the rate of decrease is greater as evaporative denand increases. 

Hanson's model was calibrated aid verified for pasture ET in the north 
central U.S. Field and lysiieter data at fouL sites were used with energy 
balance and pan evaporation techniques for predicting potential ET. Good 
agreement between sirinoulated and meastued ET was obtained at all sites with 
both techniques for estimating ET1p, although agreement was better with the 
enerty balance than with the pan evaporation technique. 

Kanenradsu et al. (38) simulated lysinietric data for soybeans and sorghumi 
with a rnodel developed by Ritchie (58). Ritchie's model separated evapora
tion and transpiration components of water use. Potential evaporation EP 

from a wet soil surface under a row crop (energy limiting) was defined as: 

Ep = 7ETp (VIII) 

=where 7 reduction factor duE. to crop cover, and a = proportionality con
stant due to crop and climate. 

During the falling rate stage (soil limiting) evaporation rate, e(mm day 1 ), 

was defined as a function of time as: 
! 1) ' E -- ct , - c(t - 0IX) 

= where c = coefficient dependent upon soil properties (mm day- 1 ) , and t 
time (days). 
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Figire 2. 	 Relationships between available soil watsr and the coefficient of limiting 
soilwater as affected by various values of ETp (22). 

Transpiration rates were calculated separately from evaporation rates. 
For plant cover of less than 50%, potential transpiration rate, Tp,was cal
culated as: 

Tp = ov(1 	 -T) [A/(A- )]R1 (X) 

where R	 net radiation, and 'v (c - 0.5)/0.05. n 


For greater 	than 50% crop cover, Tp was calculated as: 

Tp --(o- T)jA/ A + )]Rn. 	 (Xl) 

This formulation represented transpiration during non-limiting water con
ditions only. To account for decreasing soil water potential with water con
tent, and effects on transpiration rate, a coefficieht of limiting soil water 
(ks ) was defined by Kanemasu et al. (38) as: 

0 a 	 NO 
0.30max
 

where 0a = average soil water content (cm 3 cm-3 ), and 0 max = water content 
at field capacity (cm3 cM 3 ). At v3ter contents above 0. 3 0 max, transpiration 
rates were assumed to be controlled by climatic conditions only. Ritchie (59) 
reported that this model predicted transpiration rates well for sorghum and 
corn.
 

Kanemasu et al. (38) modified Ritchie's model by including a term to 
account for advective climatic effects. The modified model provided daily 

http:0.5)/0.05
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and seasonal estimates of ET that agreed with lysimctric observations. Daily 

estimates for soybean and sorghum were both predicted within 2 mm of 

lysimetric estimates. 
In summary, several models lor predicting ET rates under both well 

watered and water stressed conditions were presened. All models adequately 

predicted E for the crops and c!Tiatic conditions they simulated when cali

brated for those con(litiorls. The models presented were all simple approxi

mations of complex dynamic systems. Their simplicity has the advantage of 

requiring few data inpus, and, therefore, they can be applied with relatively 

few meterorological, soil or crop measurements taken. However, because of 

their simplicity, several empiricai coefficients are required in each model, 

and each must be calibrated for specific ciops, soil conditions and climatic 

variables. 

YIELD RESPONSE MODELS 

A second level of sophistication in the use of models for irrigation 

scheduling involves crop yield response models. There are two forms: dry 

matter yield modeis and grain yield models. 

Dry Matter Yield Models 

Dry matter yield was calculated as a function of cumulative transpira

tion, T(cm), by de Witt (14) as: 

Y mT (XIII) 
E6
 

== where Y yield (kg ha-1 ), Km crop factor (kg ha 1 day 1 ), and E0 aver

age free water surface evaporation rate (cm day' 1 ). The formulation of this 

equation allowed yield to be expressed as a function of water use. It was 

assumed that the only limiting factor to maximum productivity was water 

availability. 
For a given crop and year [constant Km and Eo in Equation (XIII)], 

Hanks (19) calculated relative yield as a function of relative transpiration: 

Y T
 
Y p T p
 

where Yp = potential yield when transpiration is equal to potential trans

piration (kg ha 1 ) and, Tp = cumulative transpiration that occurs when soil 

water does not limit transpiration (cm). Hanks concluded that this model 

produced reasonable first order approximations of relative yield. When com

pared with field data, the model predicted the Y/Yp versus ET/ETp seasonal 

function well, provided that factors were adjusted properly to allow for the 

separation of evaporation and transpiration for the use of Equation (XIV). 
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Hanks' work developed and tested a physically-oriented, simple model to 

predict yield as a function of water use. Many researchers used regression 

type equations to express relationships between yield and water use. Those 

relationship. are not as useful as physically based models because they are 

site-spccific arid crop-specific. 
Many investigators (2,20,41,57,70) have shown that dry matter produc

tion is related linearly to ET with a high degree of correlation. In all of these 

studies, no expression is given for giain yields which is the component of 

maior economic importance. 

Grain Yield Models 

Grain yield has been estimated as a function of soil moisture level during 

the crop season by various techniques. The most common are simple statisti
cal regression models Of seasonal water use versus time or growth stage. Aga;n, 

as with (fry mnattir regression models, these models are site- and crop-specific. 

Therefore, they dre not as useful as physically based models which are applic

able at various locations provided crop water use data can be measur 'd or 

simulated. 

'#ieldWater production functions, which relate to water use, are useful 

tools for economic analyses of crop production and water use (23). These 
models commonly assurie exponential relationships between yield and 
individual factors affecting yield. 

Other approaches predict yields from physically based models which 
relate water stresses during various stages of crop growth to final yield, ac

counting for incieased sensitivity to water stress at various stages of growth. 

An approached used frequently was to interpret ET o, T reduction below 

potential levels as integrators of the effects of climatic conditions and soil 
water st;itus. Two basic mathematical approaches were taken in the develop

ment of these models. One assumed that yield reductions (luring each crop 
growth stage were independent. Thus additive mathematical formulations 
were developed (17,26,49), A second approach assumed interactive effects 

between crop growth stages. These were formulated as multiplicative models 
(18,32). 

Additive Models. The Stress Day Index model is an additive model 

presented by Hiler and Clark (26). The model is formulated as: 

A n 
(C S i xY 

-p 1.0 p SD i ) (XV) 

= where A = yieid reduction per unit of stress day index, (kg ha 1 ), SDi stress 

day factor for crop growth stage i, and CSi = crop susceptibility factor for 

crop growth stage i. CS expresses the fractional yield reduction resulting 

from a specific water deficit occurring at a specific growth stage. SDi ex

presses the degree of water deficit during aspecific growth period. 
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Hiler et al. (27) and Hiler and Clark (26) presented crop susceptibility 

factors for a number of field crops including soybeans. Yields of several field 

crops and vegetable crops were predicted well as functions of water stress by 

the stress day index model. 

The stress day index model was utilized to schedule irrigations by cal

culating the daily SDI value (daily SD x daily CS) and irrigating when it 

reached a predetermined critical level, SDI o . This integrated the effects of 

soil water deficit, atmospheric stress, rooting density and distribution, and 

crop sensitivity into the plant water stress factor. The critical SDi o factor 

for irrigation scheduling is a function of water availability and cost. It is 

established for the entire growing season. Then, because of varying crop 

susceptibility factors with growth stage, SDI o is obtained at lower levels of 

water stress during critically sensitive periods, and therefore, irrigations are 

scheduled more frequently. 
Moore (49) devised an additive model to predict relative growth during 

irrigation periods for the crop season as a function of soil water parameters 

and time. This mnodel was used in an economic analysis of irrigation schedul
ing, but was not verified with experimental data. 

Multiplicative Models. To estimate grain or bean production where con

ditions during one stage of growth are more critical than others, where 

nutrients are not limiting, and where effects of water stress at each stage 

may be interactive, Jensen (32) developed the following model: 

p ; Ix,7rKL l (XVI) 

where ET/ETp = relative evapotranspiration rate during the i-th stage of 

physiological development, and Xi = crop sensitivlty factor due to water stress 

during the i-th growth stage. Hanks (19) used this method successfully to 

predict grain yields of corn grown in Israel and Nebraska under various irriga

tion regimes. Neghassi et al. (50) reported that this multiplicative model did 
not predict adequately grain yields of wheat at Nebraska. 

Hill and Hanks (28) modified Equation (XVI) by including factors to 

account for decreased dry matter production due to planting late season 

crops, and to account for decreased yields due to excess water. Their equa
tion is: 

' 'L F  

7YIn-]i SYF (XVIl) 

= where [T/Tp] i relative total transpiration for growth stage i when soil 

water is not limiting, SYF = seasonal yield factor which approaches 1.0 for 

adequate dry matter production, and LF = lodging factor which approaches 

1.0 for normal soil water conditions and 0.0 for saturated conditions. Because 

this model relates relative yield to relative transpiration, it was also necessary 
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to predict evaporation rates in order to maintain a water balance. Both E 

and T were calculated as functions of ETp using the Jensen-Haise technique 

(33). 
The Hill and Hanks (28) model predicted corn and soybean yields which 

were in close agreement with field research data. Figure 3 presents the field 

trial relative yield versus model predicted relative yield for simulation of 

Missouri soybean field data. Model verification was accomplished b. imt

lating soybean yields and comparing with four sela: te sets of field data. 

This yield response model appears to be an excellent ;ihmu lator of soybean 

yields as affected by transpiration rates. 

Stewart et al. (66) developed a yield model with multiplicatve clop 

sensitivity factors. -his model was based on ET deficient, ETI), and poten

tial yield. The rationale was that etch crop variety has a unique genetically 

determined potuntial for yield, the level of which is adjusted doward in the 

real world by environmental factors. The model was presented in two ver

sions. When stages of crop growth were not important the model was given 

as: 

y Y - Yp Bo (ETD/ETp) (XVlII) 

70 
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/
 

0 10 20 30 40 50 G0 70 

Model Predicted Relative Yield, y/yp_% 

Figure 3. Results of soybean yield response modal calibration with Missouri field 
data (28). 
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where Bo = slope of the ETD/ETp versus Y/Yp curve, and ETD = evapo
transpiration deficit. In the formulation, BO was defined as a constant for a 

given variety and was considered to be independent of location. 
When water stress at a given crop growth stage had a greater potential 

of reducing yield than stress at other stages, a second version of the model 
was used: 

y = yp- Yp(BvETDv f BpET 1 p + BMETDN1)!ETp (XIX) 

where By B, BM = intensity tactors for vegetative, pollination and matutity 
growth stages, and ETDv, ETOp, ETDM -_evapotranspiration deficits for thu 
same growth stages. Hanks et al. (21) evaluated this model for corn produc

tion at four sites in the western U.S. They concluded that both models 
[Equations (XVIII) and (XIX)l produced excellent results for dry matter 
production, and that agreement with field data was also good for grain yield 
but improvement obtained by osinq this model was not signilicantly greater 

than that of the single stage model. 
Flail and Butcher (18) presented a model which related relative crop 

yield to relative water availability in the plant root zone. 1 heir model was 
formulated as: 

W , YM X)=N W~'3 (X[vD H{
where W = amount of available water at the end of the growth stage (cm), 

WM = total avai!able water in the soil profile (cm), and b1 2,3 
= crop growth 

coefficients for each growth stage. Hanks et al. (21) analyzed the Hall-

Butche, model and obtained good correlations with field data for corn 
growth at one experimental site. 

Minhas et al. (47) proposed another multiplicative model expressed as: 

Y-= Ir 1.0(X.0-ET iI)
 

where all factois are as previously defined. Howell and Hiler (31) found that 

it de'.c:';bed adequately the yield ;esponse of grain sorghum to water stress. 

In summary, considerable effots have been directed toward develop

ment of simple models for describing the yield response of crops subjected 
to water stress conditions. The applicatiion of these models to soybean irri

gation management appears tractable and is already beginning (28). The in
puts for these models, in addition to soil and weather data needed for E and 
T calculations, are crop related variables. There exists a paucity of data in 
the literatur for adequate calibration of the crop coefficients. Research 
efforts shoul.' 93uire,,'t.d at filling this need. 



583Irrigation Alanagement Mo(deling 

CROP GROWTH MODELS 

Crop (trowth rodidl, im! b*wxrihi here a',the third lev'el of sophistica

lion irlmriodel fhi; Johedlii.ukvi:loiitnir irrealiorr; This approauh differs 

from thle yielul r',powfe rodl, Ijil previoij"l tl several respects. Final 

ilbolotl, yiIrl', i,r,e(itpm ftorr rop ijro Vtll rijrl illcontrast to relJtive 

yielk, rlii;ij,',al whi. AIko, tiw factoi, :oi(,iri!rei ard lhe Imethodology 

J(1( a01 V:I, dJlfilIut C( hlmod dylai estirrates1 ilowlil ,plriJvifie m of 

ti,, (;rr ,ttl i' t a ,j lwitl d o i a ",( Thu iwflhuie; of various soil 

and ,:ri rrr iirtti I fan;l r,, 'mh; It!rriirT ra(Ji;itini arnJ sojilii iJwre, wat,!r 

',tafti', ij,~ijall./ri;Itiitw 

ilorlrtfh+ptlJ~te l ,/10r, hr ai l r jr,, h;',h mlrn r ilthiot Jhd'

veipthrio lof l'rii0,r. crop iold+:l',nlotwili (3 (i,12,16,24,30,43,46,15b). 
' 


MIJ(10 of l+orjl:f', iri hrow)ht ajaokit by Ili,,tarJingjfhi, h,Ii ii irijiroved 1t. 
(j *ruin teelirr"pj, fo rri;iime-ierut ofhthioto.,yitli arid r.piration. Crop 

ijrowvith wodri:ilv;, illletii it cJ nipli-xity, howN evetr, each t;oi:diris a 

c;ar or khalincr: ;][A "Ilihi ;it0:, esw,onal fijrl I rilrj pi drnl:tir for t i .-valy

ilnq/ ( inv remwol (.or ilit ii (:J0i,,i !Jjv aremur l,.It,thl, i:o + atit:, J(+uv to+ 

nl,:.',;rlr, lilt" .'Vl:rill t-'arJ',! a ofi uimv( rrallydjiirolai o la:k a ar:cite1 

frr:ev vorr fr rurti:r'iq vl liom,'!, adol their irt:rri:latiorn(o cro 

(r,ji ' 1r)rjrowlha it': l r,nlh.kml fte:J;I'. the Jiffiertrmr;elhtweer+ photo

,yrlhi, ;ij rridreirrtiori, liphe h i ti'1',):/ (J conv rion factor 

(25): 

')Il)(PqtHoW)I! 1 , (XXII) 

vf'hre, (nW)/I(jt) blrorla', ejrowth rate (kfjhaI (lay 1 ) ,5 hiornass: CO 2 

corver,ion fa tor (I r; hiorria',; krjI C( 2 ) Pq (jross photosynthesis (k. 

Co hil1 Jay o rnniritirarwc': tpiratior fator (kgCO2 k, biornass 

aya), W hiorna,' (kfi hai ), arid (;Il (powth repiratiolt factor (kj CO2 

kg Ifiirri',) ih oTw''/1,lh(",e, proce,, rate nJ(:lw Pr on incidlent photo
rrthrticali,/ ac;tive radiation (PAHI) r d rcao-py nJ ometry (usually leaf ar'.a 

inderI.), i:-pir itirirI olartt ;,well as total plant hioi',,tjon rjrowth r;jtre 

rn;5 arid i' huihl / ,erritive to !:rnrperature'. Partitionirrq of biornass into 

variow ilant part', r,uj-ally dependert onrje of gJrowl' or in orglan 

initiation and sourf-in rilatiori'hip, (37). Grovwth of heav, .. 'ierns, roots, 

jridr i are r;;icnat,:d by: 

11j (XX III) 

(it dit 

where (JWi)/(nd t) biorravs growth rate of leaves (i- 1 ), stems (i=2), roots 
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(i=3) and fruit ([V4), and cxi = partitioning coefficient for leaves, stems, roots 
and fruit. 

In more detailed models, photosynthate carbon first is transferred into a 
nonstiuctural carbwhydrate pool that is used subsequently for translocation, 
respiration, and growth (30). It other models, biomass growth is dependent 
on soil and plant nitrogen balalnces as weil. The important point is that these 
processes, Py, Ro, G. I cy, are Coml~hex and are dependent on crop state and 
environmental conditions. Usually, daily or shorter time steps are used or 
calculating the process rates and for integrating them througrI time for esti
mating crop biomass in leave.s, stems, roots, and fruit. 

The sensitivity of a crop to water deficit is described in general terms by 
Slatyer (64) and by Merva (45). Figure 4 is a modified schematic from Merva 
showing the efiects of water deficits on crop growth processes. The evapora
tive loss of water fran leave results in reduced turgor and osmotic water 
potentials in the leaves. The resultant deurease in the total water potential 
causes an increased ,,ater potential grajdient between leaves and soil. When 
soil water conteiit is sufficiently high, root extr-.tion occurs to replenish 
water lost i. the plant. However, when the soil dries, the decrease in soil 
hydraulic .,.' m.tivity causes a decreased rate of water uptake by roots and 
significaint ritrnI plant water deficits may occur The turgor potential may 
be lowered suffi,':ently To cause stornatal closure which prevents further leaf 
dlessication. Thus, transpiration is decreased. . ihermore, reduced turgor 
deceases expansive gr.wth of leaves and photu Vnthetic rates (7). Overall 
growth is thus r(ednceI and source-sink relationships may be altered by fruit 
and leaf aoortion. The reduced leaf expansion, over a long-term, will result 
in drecreased canopy si/e and the!' photosynthesis (because of reduced radia
tion interception), even after water stress is alleviated. Finally, mineral ion 
availability irra/ he reduced due to decreased N fixation and ion absorption. 

For use in irrigation mariagement studies, crop growth models must (a) 
include a soil water balance to dynarnicall / estimate the water balance com
ponents, and (b) be sensitive to internal plant water deficits caused by a 
faire of the soil-root system to surply water rapidly enough to replace 
water evaporated from the, leaves. 

The soil water balances used in crop growth models are esentially the 
same as those described in th., first section of this chapter. The soil water 
balance must provide an estimate of soil water content and water potential. 
Cecreased rates of water loss by soil evaporation and by transpiration as soil 
dries are essential features of a soil water balance for crop growth models 
(as in Figure 2). The ET model developed by Ritchie (58) has been modified 
and used in several crop Fowth models (5,36,43). 

Potential evaporation and transpiration are calculated separately in the 
corn growth model described by Childs et al. (10). Potential soil evaporation 
is a fanction of leaf area i,-Jex (LAI), calculated as: 
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Figure 4. 	 Schematic of the effects of water deficit on crop growth rate and soil 

water extraction rate. 

-El = ETp e ((LAI) 	 (XXIV) 

where / = empirical co istant (0.438 was used for corn). Potential transpira

tion (Tp) depends on il ercepted radiation and is estimated by: 

-Tp1- ETP(1 - , 3(LAI)) CROPCO (XXV) 

where CROPCO -- acrop coefficient. Actua! soil evaporation (E) is calculated 

using a numerical solution to Darcy's law in a one-dimensional soil water 

model wi enever soil evaporation is restricted by soil characteristics. When the 

soil surface is wet, actual and potential soil evaporation are equal. 
Actual transpiration (T) is calculated diurnally by solving a steady-state 

resistance analogue model similar to that described by Nimah and Hanks (51). 

The equation solved is: 

T = ('l'- M)/(rs + r ) 	 (XXVI)1 


where 'I/ = leaf water potential (cm), TIS soil water potential (cm), r, = 

resistance to water flow in soil (cimhr cm' ),and rp = resistance to water 

flow in the plant (cm hr cm "1 ). Stornatal closure was assumed to occur at a 

given minimal leaf water potential, iflhn During the day, the maximum flux 

of water from the soil to leaves was calculated based on the 1 'lm and soil 

profile water potentials. Actual transpiration was then the minimum of T 

and T Thus, actual evapotranspiration was the sum of actual transpiration 
and soil evaporation values, ET - E + T. 
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Because of the complex effects of water deficits on crop growth proc
esses, the sensitivity of the crop to internal watui' deficits has been described 
by ,.arious, simplified means for crop growth models. Characteristic of most 
crop growth models is some function for reducing the photosynthesis rate 
depending on the severity of stress. In the corn model described by Childs 
et al. (10) and Tcheschke and Gilley (67), photosynthesis was decreased in 
proportion to the average leaf water potential: 

Pg - Pg'. FWATER 

where Pg' -- photosynthesis rate for cron without water stress (when leaf 
water potential is above -6000 cm), and FWATER - qu3dratic function of 
leaf water potential derivd from corn data of Boyer (7). The only effect 
of water stress on crop growth was a reouction in photosynthesis, yet simu
lated corn yields compared very favorably with observed yields over a three
year period in Nebraska (Figure 5). 

In the corn model described by Barfield et al. (5), water stress was 
defined as the ratio ol water in the soil root zone to the water in the root 
zone at field capacity. In their model photosynthesis was reduced in pro
portion to that ratio, arid an additional effect was included. If water stress 
occurred at silking, the maximum ear size was reduced. They simulated corn 
response to irrigation arid compared simulated rcsults with 12 experimental 
p!ot-year results. They conclurrcd that tim rtodbl was an effective tool for 
estimating long-term herefits from irrigation but that additional evaluation 
is needed before it is trmed in irrigationIrraa'rtent on a yearly basis. 

Other ITrod-. i. in vario, sta(,;s of development include the affects of 
water deficits on otIW processes, such as changes in leaf area expansion rate, 
biomass partitioning, organ initiation arid abodtion rates, and nitrogen uptake 
rates (36,46). 

Inputs to the crop growth models usually include the same climatic 
data required to estimate ET ind calculate a soil water balance because crop 
water use must be estimated for this approach also. For crop growth proc
esses, air temoeratur, (max arid min) and PAR are required. Soil data usually 
include a soil water retention curve, root zone depth, and unsaturated hy
draulic conductivity relationship. Crop parameters must be specified and 
consist of coefficients used in calculation of process rates. 

More detailed models have been developed for simulating soil-plant
water relationships, including transpiration and photosynthesis, for various 
soil and atmospheric regimes (29,40). To date, these models have been used 
to study the occurrence and significance of water deficits over sufficiently 
short time periods that crop parameters are constant. Seasonally, crop mor
pholoy and physiology are changing continually in response to various 
environmental factors. Therefore, the effects of water deficits on the 
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Figure 5. 	 Comparison between simulatod and measurad corn response to varying 
water stresses over a three ?e:,! period in 'Jaeiraska using a crop growth 
model (671. 

longer-term 	growth pro(.esses, suCh dS icif ates expansion, root .roliferation, 

and source-sink rId;ion%, need to be Included in crcp giowth models. Prog

ress is now being made i.. adapting the short-term soil-plant water models for 

coupling with seasonal crop growth models for more comprehensive studies 

of the effects of natural weather cycles on crop growth and yield. The use of 

such models for studying irrigation manasgement strategies is promisillo. 

SIMULATING SOYBEANO WATER REQUIREMENTS 

A model was developed for simulating water use and yield response of 

soybeans grown on well-drained, sandy soils in the humid southeast. The 

objectives of this model were to provide a research tool for (a) studying 

scasonal irrigation requirements, (b) estimating the long-term potential for 

yield increase using irrigation, (c) studying the effects of different irriga

tion management strategies on water use efficiency and yield of soybeans, 

and (d) studying the sensitivity of predictions to errors ;n estimating soil, 

crop and climatic parameters. A water balance approach was coupled with 

a yield response model to demonstrate the utility of this methodology. 
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Model Description 

The scil was divided into two zones similar to the approach of Hill and 

Hanks (28). The upper zone (evaporation zone) was 5 cm deep and the lower 

zone (transpiration zone) varied in depth depending on root growth. Root 

growth data of Mitchell and Russell (48) were used to vary the transpiration 
zone depth during the season to a maximum depth of 152 cm. Evaporative 

water loss was ,romn the evaporation zore and transpiratior' water was lost 
from both zones depending on their respective water contents. Soil proper

ties of a Lakeland ':ne sand, witl- a capacity to retain 10% water by volume 
(71) was used Due to the high inflitration rates of the soil, all rainfall (and 

irrigation) was added to the profile until field capacity was reached, and 

excess water was assumed to drain from the profile. 
i'.jtential evapotranspiration (ETp) was calculated as a fraction of pan 

evaporation (PEV): 

ETp _ 0.7 (PEV). (XXVIII) 

Then, ETp was partitioned into potential transpiration (Tp) and potential 
evaooration (Ep) components calculated by: 

Tp = kc(ET P )  (XXlX) 

Ep = (1 - kc) ETp (XXX) 

=where kc crop coefficient based on seasonal ET data of Burch et al. %9), 

= (0.015) (Days) with 0.2 k_< 1.1. 
Actual E and T were calculated as functions cf available watcr in the two 

soil zones. Tr3nspiration was calculated as (28): 

T (Tp/0.5) jSWS/AW) if (SWS/AW) < 0.5 (XXXI) 

and 

1 = Tp :f SWS > 0.5 (XXXIl) 

where SWS = total root zone soil water storage on the current day (cm), and 
=AW total root zone soil storage at field capacity (cm). 
Evaporation was calculated by: 

E = minimum [Ep/(2t1), SWSez (XXXIII) 

=where t time from last rainfall or irrigation (days), and SWSez = soil water 

stored in the evaporation zone (cm). 

A soil water balance was calculated as: 
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WBAL - SWSez (I) + SWStz (I) -SWSez (I - 1) -SWStz (I -1) 

+ RAIN + IRR - E - T - EXCESS. (XXXIV) 

Tne yield response model was based on (T/Tp) ratios for four stages of 
soybean growth. The multiplicative form: 

4Y/Yp - (T 1!T l ) (1 (T2/T2)\2 (T3 iT 3 )'Xd(T4 /Tn4)' 

(XXXV) 

Was USed. The leutt Of each stalt' and N Vauies were based onl the crop 
susceptibility (CSi ) valies of Hiler and Clark (26), Table 1. Since Ni values 
were not available, datairom a 1978 r igpation experiment on Bagg soybeans 
(L. C. Han'mond, K. J. Boote and J. 'A'. Jones, unpublished data) were used 

to calculate the A factor for the additive model, Equatior (XV) (26). Then 
thte lrIported CS i vaies wer0 LSed to calctlate, the (Y./'Y',) with (T/Tp) i equal 

to 0.5 for tach sta~le separately. Thern, the mtiltitlicatiVe form was used with 

(T/T p) i 0.5 and the calculated (YYiY)) to obtain N for each stage. Thei 

resulting data ir' pliveI in Tabh 1. 

Ten years of wteaithe data, rainfaill aid pll evaporatiort, for Gainesville, 

Foirta, were ised to stuidiy the i)ossile loiptler water use and yield re

SJ)onses Of Soybt'tllS lOwn without iligatin. Art emer pence date of June 1 
was used for all silru latiorrs. A maximun root zonle depth of 100 cm was 

USed to tler'onstrate the List Of the model. Then, maXim 1iim root zone depth 

was v,,i-ied front 40 to 152 cm to demonstrate the sensitivity of crop response. 
Finally, the lenp th of stap, 3, the period during which the crop is most StUS

ceptible to slress, was varied to dlermonstrate the importance of an accurate 

determinration of stage lentths. 

Simulated Resuls 

Results for tilt 100,:mroot zone are shown in Tables 2 and 1. Actual 

transpiration was less than Tp durino 5, 1, 3, and 4 years of the '0 years for 
stapes 1 throiit 4, resfiectively. This inrilies that water stresses ,j.e most 

Table 1. Stati lonjths and crop sensitivity factors, N., calcularod for Bragg soybeans. 

Stage Stage Langrtr, Days CS i Values From (261 Calculated N Values 

1 Ve,'rati,, 55 0.12 0.24 

2. Flowetnin 30 0.24 0.48 

3. Early Pod Fill 30 0.35 0.84 

4. Lj'z, Pod Fill 25 0.13 0.26 



Simulated soybean water uswand relative yield response for 100-cm root zone depth using Gainesville, Fla., weather data.Table 2. 

Stage 4 SeasonStage 1 Stage 2 Stage 3 

Tp T T p T Tp Y/YpYear T Tp T 

8.2 8.2 42.0 42.9 0.941 9.9 9.9 12.2 12.2 11.7 12.6 

2 10.2 10.4 1 1S 11.8 12.4 13.-, 9.1 9.1 43.5 44.7 0.93 

3 9.5 9.5 11.2 11.2 126 12.6 5.4 9.5 38.7 42.8 0.86 

0.994 9.3 9.7 14.8 14.8 12.' 12.1 7.9 7.9 44.1 44.5 

5 sO.2 10.2 11.2 11.2 10.9 10.9 5.8 8.6 38.1 40.9 090
 

6 9., 9.4 99 9.9 11.1 11.1 8.4 8.4 38.8 38.8 1.00
 

7.6 38.2 38.2 1.007 8.5 8.5 10.9 10.9 11.2 11.2 7.6 

39.5 1.00 :
8 9.5 9.6 10.7 10.7 10.7 10.7 8.5 8.5 39.4 

38.7 43.9 0.81 r. 
9 10.6 12.0 8.3 12.1 11.4 11.4 8.4 8.4 

8.1 27.0 40.9 0.34
10 8.9 9.8 10.3 10.3 66 12.7 1.2 

38.9 41.7 0.88

Average 9.6 9.9 11.1 11.5 11.1 11.9 7.1 8.4 .
 

Standard 
 0.200 .9 2.4 0.6 4.7 2.4 
0 .9 1.7 1.4 1.7

Oeviation 0.6 



Table 3. Simulated sobean water use and relative yield response for 100-cm root zone depth using Gainesville, Fla. weather data. 

Year ET 

Stage 1 

ETp ET 

Stage 2 

ETp ET 

Stage 3 

ETp ET 

Stage 4 

ETp ET 

Season 

ETp 

Z 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

18.2 

15.3 

16.7 

144 

16.3 

16.5 

15.4 

14.8 

15.6 

14.9 

22.7 

24.2 

21.4 

22.5 

23.3 

21 .9 

20.3 

21.3 

28.0 

22.5 

13.2 

12.7 

12.2 

156 

12.0 

10 .G 

11.5 

11.5 

9.0 

11-2 

13.4 

13.0 

12.4 

16.4 

12.4 

10.9 

12.0 

11.9 

13.4 

11.4 

12.2 

13.0 

13.0 

12.7 

11.4 

11.8 

11.9 

11.3 

11.8 

6.8 

13.8 

14.6 

13.F 

13.2 

11.9 

12.1 

12.3 

11.7 

1,:.5 

13.9 

8,5 

9 5 

5.5 

8.3 

6.1 

85 

7.9 

8.7 

P.8 

1.4 

8.9 

10.0 

10.4 

8.7 

9.4 

9.2 

8.3 

9.2 

9.2 

8.8 

52.1 

50.5 

47.4 

51.0 

45.8 

47.4 

46.7 

46.3 

45.2 

46.8 

588 

61.8 

58.0 

60.8 

57.0 

54.0 

52.9 

54.1 

63.1 

56.6 

Average 152 22.8 12.0 12.7 11.6 13.0 7.3 9.2 47.9 57.7 

Standard 
Dtviation 1.1 2.1 1.7 1.5 2-9 1.0 2.4 0.6 2. 3.5 
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likely to occur during stage 1 and 4. For maximum root zone depths less 

than 100 cm, the percentage of years experiencing water stress during the 

last two growth stages increased. For the 60-cm maximum root zone depth, 

water stresses occurred 7 of the 10 years, whereas there was no change in 

the occurrenrce of stresses during stage 1 when comparel with the 100-cm 

root zone simulated results. 
, t, be 93% of theSeason ",. trSprrti' 

potential valore. Actual evapotransilr:tionn was more affected because of the 

limited depth of the evaporation zone. Ii every stage each year, ET was less 

than ETp, and averaged (July 0.69 of ETp for stage 1. In general, the varia

bilities in ET and in T for all the stages were greater than those in ETp and 

in Tp, respectively. Simulated ET for the 140-day season was 47.9 cm where

as simulated T was 38.9 cm. 
The simulated relative yield, Y/Ypl' averaged 0.88 ard varied from 0.34 

(1978 weather data) to 1.00 (1974, 1975, 1976 weather data). For compara

tive purposes, non-irrigated soybean yield in Gainesville was about one-third 

of the highest yielding, imilated treatm et vield in 1978 (L. C. Hammond, 

K. H. Boote, and J. W. Jones, urnpublished data). 

When maximum oot /one depth was varied from 40 to 152 cm, the 

10-year awne- Y ire? eased from 0.54 to 0.94 (Figure 6). If the wellage 

watered yiwl I (Yp) was 2600 kg ha1 , then average yield losses of 1200 and 

160 kg ha"1 wouh be ex pected if the root zone was restricted to 40 and 

152 cm, respectively. The simulated yield losses varied considerably. For a 

root zone depth of 100 cm, there was a 20% chance (2 out of 10 simulations) 

that yield losses ssuld lhe (greater than 500 kg] hat without irrigation if Yp 
-was 2600 kg ti 

The crop susceptihiility to water stress was greatest wher, stress occurred 

during the early pod growth stage. Because of the lack of a precisely defined, 

(liscrete event to separate stages 3 and 4, a sensitivity analysis was performed 

to determine the effects of errors in setting the length of stage 3 on predicted 

yield response to water deficits. For this analysis, the lngths of stages 1 and 

2 and the length of the growing season remained constant. The lengths of 

stages 3 and 4 were varied to study stage 3 lengtlhs of 20, 25, 30, 35 and 40 

(lays for each of 40, 80, 120 and 152-cm root zone depths. 

The 10-year average relativ' yield responses are shown in Figure 7(b) 

for stage 3 durations of 20 tr - (Jays. As the length of stage 3 increased, 

the predicted decr?,;W., i, Y/Yp ;eJ from 4 to 6%, dependting on root 

zone depth. These data indicate that, over the long-terrn, lredicted average 

relative yield reductions are insensitive to small errors in estimating the length 

of stage 3, regjardless of root zone depth. However, depending on seasonal 

weather conditrons, the sensitivity may be greater. For example, predicted 

Y/Yp are shown in Figure 7(a) for 1978 weather, which was characterized by 
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Figure 6. 	 Simulated relative yield iesponse of soybeans as affected by maximum 
root zone depth using historical weather data from Gainesville, Florida. 

a long drought beginning in mid-July. For the 152-crn root 'one depth, a 
change in the length of stage 3 fronr 20 to 40 lays resulted in a decreas,; in 
estimated Y/Y) of ahoiit 32%. For shallower root zones, the sensitivity of 
Y/Yp to change('; irm;ta(e 3 length decrewae. 

For liongto;rrr resultS, thre was little difference between 120 and 15?
cm root zone depths. The 10-year average 'lYp) value:s were sigInificatrily af
fected as, root tone depth decreased from 120 to 80 cm. For an extreme year 
such as 1978, however, the 120-cm Y/YI) (!stirnates were about 10,, lower 
than those for the 152-crn root tone depth. 

i ;umnary, a model wa'; developed for estimating soybean crop water 
use and yield responsf to varying climatic conditions. The model was used 
to study tho poterntial for increasi',g the yield of soyheans grown on sandy 
soil in the hurnid southcast hy irrigation. Although unverified, the model 
indicates that for moderate root /one depths (100 cm), yield increases may 
average about 14% for well irrigated soybeans, but may vary from no in
crease to 300%, depending on the year. Results were very sensitive to root 
zone depth hut relatively insensitive, in the long-term, to the length of 
growth stage 3. The study of irrigation strategies is now possible using the 
model. Experiments are critica-.ly needed to verify the model for local con
ditions. 

SUMMARY 

Several modeling approaches have been used for studying crop water use 
and irrigation requirements. Few researchers have studied soybean irrigation 

http:critica-.ly
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Figure 7. 	 Relationship of simulated relative yield of soybeans (Y/Y p) to the length 

of growth stage 3 and root zone depth for (a) 1978 weather data of Gaines

ville, Florida, a year having below average rainfall, and (b) average for 

10-year historical weather data of Gainesville, ; orida. 

scheduling; therefore, this chapter discussed methodologies at several levels of 

complexity and then developed an example model applicable to soybean 

irrigation studies. 
Basic to each model is a soil water balance. Of the processes that affect 

the soil water balance, most attention has been placed on ET. Whereas the 

assumption was made in early models that ET was a function of climatic and 
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and crop parameters only, mole recent soil water balance models separated 
E and T and iii:ll(h.de effects Of limiting soil moisture On both E and T. Such 
an approach has hen successfully tested for soybeans (38). Irrig tion sched
ulingl using a soil water lalance il1odel is based our li!Itaining optimunl Water 
lUv(ds ill the lot /011 or IliXil~lum J)rOductivity. 

Yiel(l I:SlI(nst! 11MIs have brein addhhed to the soil water balance al)
c! "(' t t1 1 C1ti: 1Cddi ; Ij Oil tII C lU I i I.UI , i i g, iiid 

delie of plant wlvaer sti s"Ss. Such nMoIdeIs have been used foi vir ious CrlopS
 
inclidiriij snyhiari. l-hiwevu, dlat, tol snybeall lespouses ale lillited to two
 
s!uo..s (26,2i aind the diffetuies hitweein the suscepitibility factors, .i,
 

fO, the two sndire aw urrsolved. Mote tltu ate teeded it allow this ap

lrroach to hn fulthe l&velh)ped Ioitoylialr. 
Il tlis chalter, i lilrsi Mielilrodel was dtescrihed ai simirularted 

resilt. wele dls.uiesed. Ilepledicthd relative yield (Y/Yp) was vtiy sensitive 
to 111,) r141it11 ie (h tl)th, that iil iidiajeiileiitlooto t eil it is sutiogestiud i(litio li).l 

to elillarce loot irolife'itliin is i viiale methoil to d(ecr!ast! the eftects of 

shiUit dilouJht peruiods in huoriid reitnils. 

I-lituse of lynilllii; orIlorwtlr modls ill itriration rrauigeneiilc l was
 

(lis:ussel. ,'IthouI(lh seV0101 soyhieail uIlowth riroilels clrently lleavaIlable 
ail Illowtil lemol dhweloJ)ld theil 'IppliCati()1 to stA(IdYiO(I 1111,ilriliAtioll 

ill thevelolfwtlrlt, Wt~e ltcted whtleeil coill growthlt+vawits txalllhts 


nrii(lefs w0i0 S(l suCCissfully lotsti(lylu ii ldtioiliriiai(eirert. The inluts 
for 'uhli irnlrls WifiiiiP Ciwfiil :i si(hiliitioiir. Cu rlernt'lplic'arioirs of crop 

Min)d [r l il'itiolrl ll in lSualch'rovwil ll lSIo lilur 1hril iiaria lq(.fernii ile still es 

llh stof ievehiI lllfrt. 

Fol fira(.tic(al tipllieitIll to iatio() sclhedililiiig, the stall of the art 
ippeili s to lictht (:irililiritill it Witel balalicit alndJyielil lespliset models 
such is the illul rhevehipetl lil ifisCruss(i i iss c l i-IW f,11ildtioii 
'Al Suich ilodels is rluitivily s;ille althoulh alpplication iit(ltiii , that they 
Irie calihrated fry dhtlirrriinlg erilicial ctiol) ft sriecificcoefficieits crops 

aid loi-tiins. (tOrutnt ml tonese models irovit e useful iliinatioil for irri
giatioil .ystiuir lesign amid or scheduling iiriglatioi. Fri eseach aiipplicatinis, 
the dyilaruic COfi) lrowth ior(lels offlr xcitiilr Op)Irtunitie:s for studyiing 

the effects of liiritil( ioll trofp glowth plrucesses and Oil abwatr varitls 

sole yieldl, Itfhei 1hir 1(dlativ yie!ll,( l (11. MIeI fhl;% -levelunedCiO l and 
tested, c oip (Ilowth models will become usef,.il tools for application to 
scheduling intI latiiin. 

NOTES 

J.W. Jones and A. G. Simajsirla, AIriculiural Engineering Departient, Uni
vrsity of Florida, Gainesville, Florida 32611. 

http:usef,.il
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A MATHEMATICAL MODEL FOR THE THRESHING AND
 
SEPARATING OF SOYBEANS
 

V. M. Huynh, T. E. Powell, and J. N. Siddall 

A mathematical model is presented to describe the process of threshing 
and separatng soybc,ns ii aconvetional cylinder and concave thresher. The 
pI)obabilistic aplroach proposed in an ear;r work hy the s.nie aiithors (3) 
is used Io derive urrilytical explessiorls for the process. 

II thir, the detachlment of heans from pods, the separation ofm-odel, 
:oose l;ears thrcugh both the strawv and the concave grate, and the generation 
of oaroagd ans threshing are recognized as random -vents. Each isreardull 
desrihed thya ")ro[rhility rderusiiy function which can Ire fitted by an expo. 
nential dacayi foodtC ..Thie palallnelters charzcterized by these functions are 
thCrr rela ted to tlitorocess )hYsIccl guantities such as miachlnre parameters, 
crop feed rate, operatig conditi ,:is and crop conditions. The performance 
of a given thresher is described fhit the'se distribution functions. Threshing 
performance is calculated in terms of threshing loss, separation efficiency, 
arrd heani dar;age. Quantitative relaticnships for the thresher Ikorsepower de
mand are also deternuirred from a consideration of the force required to move 
the compressend straw al ng the concave. Various graphical trends are ob
tained to show the chaacteris tics of the proposed model. The influences of 
different threshing parameters on threshing performance are studied via the 
model. r4o attempi, however, is made in this work to confirm these experi
mentally. 

L2TERATURE SURVEY 

Research on soynean htrvesting has so far been concentrated on the com
bine header loss; and various efforts had been made (1) to improve combine 
design to reduce this loss. Soybean threshing, however, is usually considered 
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to be of secondary importance and is often neglected it, lesearch literature. 

Extensive field work in soybean combining was conducted by Lamp et 

al. (4). Tests were done over a five-year Period 1i) mostly hijhIOiStti. CropS. 

Threshing loss and bean dama-ie were rel)orte(t as fUoctior is Of tht1 hiulg SlOEed 

and c: ur()oistuLre Ievel. Similal rclationishis carr he found in thw works of 

Pick(ltt (G') ,Id Snqh (7) t navy be'an thrc'i'. PF.,Itt iriic -0 th!t 

thlreshilil loss was dependt 0on rOd1OistrIr hlvC1 antI that this hIsS could 

be reduced hy ircrrxrsirrl the cylirrder 51)t't1o t'I asI ur cleart]ir crcavi 

ance. III I similar wrok, Sirrih siuwvvd thal Pickett's data on inliechanical 

darria(e corult be fitted Iry ai (VxOl'rouIrial frNritior of both lheshir o spesa 

arlof brn [iroistor e level. 

Recerlt rXprerilrirt'lll wolk ni ;oybwaio thlieshiroj by rotary coinies (5) 

showed that e:ven tho ielh small clk aiarrI' was il itred for threshinli high 

mostuf cropr", tIis did not rave .;iliicarrt influence oi rl1 Impact isdararle. 

generally crrsilrel to le a rraj, CIMs' ot setd crackale and split luririr 

threshirig, Irisiirgl Imtirrct trsts, (,i rrrd Hrlrris (2) fOUnIni that the bain 

saniple havinq lwest moistr coiterit was srirjrcted to thre most extensive 

damtage aInl that theI,rereet e of split" and fra in e fs increaserd ral)idly as 

the impact speed mncreaseil. 

PHYSICAL MODEL 

In this section, the threshing and sepatatine process for soybeans is 

examined. This leads to the devlolrnent of a physical model from which 

quantitative relatinishsilis fbr tIhe Irocess are deiived. 

Coirsidre the thrreslrinl of soybeans in a cylinder arid concave thresher 

shown in FiloreU 1.TIe ciop irIXIture, which consists of unthreshed pods, 

prethreshed hearis mrdrrltraw are fed to the thresher to forrr a loose mat at 

the concave entrance. The rasp bar cylnd'r imparts threshing energy to this 

mat and accelerates it arouni(h the coinave. Thireshing action takes prlice ali,", 

the concave lerrrth, relreasing beans from the pods. Lorose ne,ris oiethen sep 

arated through the straw mat and finally thr oughIthe concave grate. Un

separated teans, as well as ,inthreshed beans and straw, are discharged at the 

rear of the concave. A schermatic d'agram nf the threshing and sepiarating 

process is shown in Figure 2. 

The threshingr murIoel is illustrat,1 best by imaking use of a control vol

ume, a concept derived front fluid iechanics. Consider a control volume de

fined by the space between the rmrsp bars and concave and the areas A 1 -nd 

perpendicular 1o the directiour of crop flow (Figure 2). This volume moves 

around the concave at a velocity V, which represents the average velocity of 

the crop mixture. For simplicity, it is assumed that crop material does not 

leave the control volume with the exception of the uoose beans at 

A 2 

enter or 
the time of concave separation. 
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Figure 1. Rasp bar thresher. 

ou of thrshng 

Figure 2. Physical model of threshing. 
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Spe(IdSince the Velocity of the contlol Voluimie is liess than til li iipherai 

of the cylitidih, this control voliiiiei C(ot,) wihii ttelast) hi.llsis ili i[ a IIoilohi1el 

hetiie (xitii0( I (!ar. At elcii coiii1,ict, i1ii,11y is tiallseoiired toof tisllis 


the cIop inlsiihi c(i(tolbvoIllll t ni( c,
thil i l lIt i 1s of i ii i lli sslOll, and 

shear folces. C(iulioo', :in,illi dl(l{)llh(m)l1 i c;ili(ave is alsoi added to 

this elnrn]y ti) llo idt ' tiilhill] icitiil) toi iJff:iilt parts of the ;iol . 
Thks, h kc,:b,- : 1-!!-I:+,!,:t t -. m i)! ld,,.,dotl, J 111ly'l-11.-:;1 r ~~ il l 

ale' tali:; i'l al lh ,(:irci;ivi Irit, Ili. A fti thilisfiiii(l, ilt,, 1(11 (-itnaisrll ii 

ate' lien to riiov p ) l i oliisviU IlSidCl 1. : Ci .iti 01 VoIlittle, Th. eHN fl ( riv

ity fori:e ii( (elltoi;1(i l iacelclniatlii is ,iflr impiiosed oli thi, iotlonil t ) pro

Vi(it i tict of {(i silddi ov ioVll] i11liiVel}iv tit ll(,I cans iral iiii thloiofh tire 

I i 
co()ltl(ol VolI LI. 'il{ alw ill coll.Stalit COill;icl W111lll il;COOCJt~ vC (Irate. C~f() .;ive 

A ft'l r,'ioltiil l Il ln liun iit ,litt: IiN ean i alei ldtin.l w ith the 

sepal;itriill iic)ii I .vfinlla 1 ,ill ( il iii uiojfi oir ili ('a illthe concave 

rat', ,iil firiflly heaw; tie iioriil vih:m . If it siLikes uni oiida bar, the 

fliiii hiP(iiePLs OI 1ri(i , cdi l' way by 1ti C:01rli1101 viilIii . This ip occss is 
lwtll [wilihle ;ealtedI tllll the'It[ tl 'l1wt; th 

A JtI ll} t I tilt" I )((s, Ih(It(.! { hlit!iii (damla(f p)ron/e as theytll(10,ithll ill eo,,' 

of eln 

the !;iirslir, ti' limo lik.ely thill retl (ildioclltnd. 1-1uh sw1uefd 

all" ;.iJ)Oi'i lfr-,itlifly Io til iniriiact thii: tii, i iir eh i ts. The lo iel 

they will impacts, 

iti, wte I is scvi ( heiial1ll (; 1i ioe i!c)iifii/( id I heI likely catise;s ofOilil, , 


sc!::l ci i4 Il , S hi iiiiiiilld fiy i oif the sipel, ie This 1ioifi1 tifirILICIn th I 

citic ruoy,' f)uurIIcki by the (:lo) dulitiii inimit anod tire Iaictlir stringth of 

thse hear us 

THE PRObABILISTIC MODEL 

As indicated in the abirve ilitition, the thteshing allo separating of 

.;oybeans involves a ninumber of iftl(1ii ihi)iiiilleia, Llh a',the iletachment 

of beans from po(s, the sur)a ition of loose beans .iough the straw, the 

penetration of ban tOihOU the; c cavI: grlIn' irrl the gieocration of dan

aged eanos. Each iif these caln he treated as a ,TalsIlcal evenlt, i.e. tine time to 

occurrence of the w.'ciit is i rorsi'um vaiiabhi. The prohability density func

tions which deiscriie these (,vznitlw assulmed to he of allexporleial type: 

f t u - 1,2,3,4 (I) 

where t is the time to occurrernce of the even t such as thishing of a bean, and 

7i is the mean time to occurrence of the event. Thus, COUld represent the 

average time elapsed between the entry of the crop to the thresher and the 

threshing of a bean. The basic assumption implied in the above expression is 
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that the evtnt e: lik,,, to occur At Jny tinte, e.. a bean has an equal chance 

to be thtielh'd Inyv 'wll(re leinth. Thus, 7,as efinei abovealoni tile (nollcavi h 

is a constal I d i!, irlde of tlt,- tinme Fquatiii (I
ntm twildrttit variable I. 5 an (cx

t)om'ltfitll ' cty fonei nti listiatemil io Filoure 3. Pi h)hIiilii,tic: theories ae 
a; p liti It li t: a1i lyfii:a' etrxfn.iJorls i o t ill th eshiniiq :n c:.;s. Details of 
the dhei v~itl)l ,Iut' a ltf (3), 

the tlieshinq loss o tit! hactioll of 1ii1thleliud ihealls is (livenly: 

R I ,,"1 , (II) 

,
t c the dwc ll (l iio t/o(lle.whr~re is lifit" of tiH it, lt h l(ln N1 is equal to 

th an ll si'hinq [IWl eil. separation effi

ciency of a threshei , liven of ytd, t ,,i:td 

lT, and is m l i ate in ktlfw pi FTe 

in fiacti(o ota wi i, by: 

wslere N2 l"liliar tl) It t I tTiflb iih av / antirrTt an i) t'etil ';tll, ( '2), 

me ai !,e)ia Atle ln If I)t ) i Ilit c o:ticave ili: ( 1/3).i it t hol ji t 

Thu~rf 15 ;dtifftr,lt '[i~ H I Ijtlfol I, ll)d onf the disn 1),H petrldiliq 


tan:- flrtl fit rlc-, It ,.vi t it v,, Ill ami earlier Ip er (3), 
this was itmotiHrd h' iiio mJtWl vetail Iimitio efficiertcy. Nume'i

cal trial, ayv,Ithitltlt l111 1 lllfl; h'] alhel0uq tu:f appro)ximation is simply 
to it(-, d}rllldf "t' ldl lo li.{ in ,' I Mig~h %.Ifawas dlefined above.of[,Wd. ', 11w 

thil fraictlon of damaIttA:hlilsl flro(iicied iy til: thr-eshin( prort-ss is 

derived's.
 

D 1 tc (IV)a 


where '\4 i5the damage infliction rate on the beans (= 1/T 4 ). 

Figure 3. Probability density function describing the probability of occurrence of a 
random event. 
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PROCESS CHARACTERISTIC VARIABLES 

EquatioI s (11) to (IV) deserhie the thrhire performances in terms of 
five characteristic v,,r ril', the meaan rates of occ;:nience; '1 ,2, 3, and X4 
and the crop dwill tr :. !ii this section, tliese ariahles arte related to 

physical rtjantitie,:( )I the!irelh;ri) and separatiny process. 

Model of Crop Flow 

A crop irnmtiri mo(leI is developed to define the flow of crop in the 

thleshirr'j 'r:;. I-l speerllj motions tudies hav- indicated that crop velocities 
are Ton1 Wni forri ;11-i ,the Conexve clearance ami are different for different 
crop pcirtichi (ilpe!dilijg on their physic:al properties. For a given particle, 

thi velorit 1', dItimff varying (ghalitity. Pa tic; instarntanuu,js speeds, for 

[n (,, c roatef l, :nm fromi to y greater thu barcrop ij zero sliirllh than rasp 
peripherail ;j,-d' Ii (orrl, the hightest plartalde spend occurs near th rasp 
har aol Ii,,st rxf the c'jnc-aine. 

I()miplilfy thl, rnodel, the clop pa [icle s weds are assUMleI to he Unil 
forrm and r:oristrt, vith tirne. The erliiv if it cr )p speed is fjiven by: 

Vs 2 (k fV0 ' krVIT) (V) 

where V andt V 1 are( the fteedlur (hiri sleeJ and the rasp har peripheral 
speed, respectively, and ',f and kr are the slip factors. For a given feeder chain 

geometry arid a particular rasp har ar d cnronave design, these slip factors are 

considererd to Ire (li[erllwndt on cropr) )perties only. 

EiludtJoii (V) i fines the average ';peedl of the beans and straw in the 
threshing are, The tifire duration for th -i .op to travel the full length of the 

concave} at This., Jel is qivi.; as: 

tc 
VL (VI) 
s
 

where L is the concave length. The average free mat thickness of the straw 
matrix accordinq to this model of crop flow is: 

(VII) 

where Qs is the MOG mass feed rate, 1) is the free density of the MOG, and W 

is the thresher width, 

Threshing Parameter 

Soybean threshing involves the application of energy to the crop in order 
to: a) break open the pod sufficiently for the bean to escape, and b) remove 
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the bitanlft urn the opei pod. In ti e cylindIe arid concave thrfsher, this 

enrer(jy ;, ;ppliwd in the f ii of imipact action, tension, compression, and 
sliai A i, i -hi', hIwir ind direct inipact are icn i/( I ,i the main 

iI mt i } :, Ii'aI sh ri ,v '1. lat]rril I 1it tht, liirrld r IIrll con-

I I i Y I,r II Iifly .: I:( 1 i 1w'1 100n t:'.!' ifi1 0 ,liI, [W. I' 1.!,I,.! ti m 

l~~Ib,~ t 7 v11 1 1 i f I I, l ! tl,; I ' l 11{oti( 1!( fl ItlI I I ,tJI I1(t~ ! l l r~,t 


IIIIt I ' 1 '1 II in f aelI vIiI 1 ier ' tie f ir III : iiiiCM(V "'ii ii
 

viere O5 isthe rtoG feli late, C ith w c(,ii:cavi' hel~rarici' , M i the cropC 


riloisture coiitnI, [) is the cylinhe (f: le ifr,alii is I til eshipt f1Iactor. 

Iitthe abovei expression, the tfhreshiij !ali' a,, iirli( d to lhe I I to 

K1 

IT lo!tioral 

t Ii r veis f0 Crort rT)iStIjI(' ',(ontti t ii I '-i I) n r tioril t( tei spe!cifir: (-i-ru Iy 

nai I (lI l a ,ah,)oitby th( crop in she jr dire III ) ;iCit. F off 'I ]I.II threshI thIe 
hiif.i ,frh lti<A ,rld'rlt only er cnrfn and ';i: ,,id('r'id constanti r' dt I vain ht-, 

in) "his arlnaysls 

SeparattOii of FBearis ThIroith theOSroiw 

Dlini tfh' ' i . !,. , w !If , tra , littl for o oh a loo-e nat, acts 

a& a Iat l'-r (w-in h' h"' ihuwevillit,,] - ' fosi ars r,the 
!)rnf-nanft:b<sitl' !>1 rn u' ',' il]' rnm'o ti to h,.t i';i,!. atiiir. The 

(,pIII! Owl'),! f~ f , . , ! ti l v;ivillrldt:)11 d4i-' ty Ce tiht necessary 

1r ,'i''t l for l hf1nu-n , ' [ i. , .i I tii r raftirr () the e at.i u 1 ;t I tr n',i[ o 

nn' n"tl i t I f 1 , ; If r!SistivelI(I (!'- i>IlI": t m'i t I Ie'rn, If j t nI)I ;' ,.r1 , t f I o 

f(l; al - (13 u ud'if l'i, rl '"' !11 Ifi 'n-!nvbnnn' It) ilr(I I, ('i hio crop mat. 
Ir nmi'urinhl I ' initnu,, a-,istluni' -i' t0t1niF.int t i i itnt iS asstnneId 

ti, III' plo( ili ia! to itii)pi i t A 2i iltclj tI this model, theAccCi2Ift.di'nui 

tim ,(uhil o: foir a beani to pass t iourrf < in itthickness "I is givei,a (tivfri by: 

KKer (IX) 
2V-


D 

where G is the acceleration due to gravity, D is the cylinder diameter, and 
Km is a proportional constant. 

Since the beans originate from different mat depths, the time for each 
bean to cross the mat to reach the concave is different depending on the 
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relative position of the bean within the thickness of the mat. To take this 
into consideration, the straw oat of thickness { is divided into n number of 

discrete thin layers. Within each layer, the hean:, possess the same ;nean time, 
7', for mat crossingj. Thus, the overall mean tine for the loose beans to pene
trate the mat, isthe; aveae, SLIm of r for all layers, i e. 

T2 I I I -) 

C _( 4 ---

D 

The mean rate of bean separation through the straw is, therefore, given by: 

= 12
1,2 - (XI) 

Passage of Beans Through Concave Grate 

After passin ithrouwth the mat, the loose beans are now sliding across 
the Co)Cave svi Waceit i1 iSSeLHel velocity V s.Consider a cell formed by 
rods and barr or. the concave whose jeometry is shown in Figure 4. When a 

i'an presented to this cell, thlre are three possibilities: a) the hean passes 
cleanly *liniih tOw cell, h) the hean hits a iod or ai har and alti a series of 
reflectiorv!, it Irols 011OL opening in and bouncesthI, ae the cell, -)the bean 
Off forn 11r v,frucrine arrrd is carried toward the next cell. In this analysis, 

the effect of lejJrrwflhrtion is neglected and conclave separation is ISSUtmll 
to occur W111 rroleOjtion the [)ean areawL tlhe of is vithin the open of the 
cell. Thus, the pirruhatility of passage for the bean t!IouIth a cell is: 

p = (a1 -a 2 -d)(b 1 1)2 -d) /(alb 1) (XII) 

D, / /...r. 

Figure 4. Concave geometry. 
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where a1 arid 1 are the centedie disttances between the rods and between 

hars, respectively; a2 is th rod diameter: b2 is the width of the har; and (Iis 

the bean size which is lSSImed to he Shlel Cal. 

It is also asslined h,.tif a heant does not separate through a given cell, it 

will move to the next Cel at a vlocity VS .ThuS, the amount of time available 

fon each hei I to punleratte ihouqh any given cell is the sane. The probability 

that hear; will iass thlihili} a cell d irlq this tine is given by: 

I I (XIIl) 
VS 

where is the mean rate of concave sepailalion and 1)1 /Vs is the crop dwellN3 

tiue within the cell. 

Combining Equations (X I I) and (X II I), one obtains: 

Vs 1 -a2 --d)( 1 -h 2 - d}(XIV) 

"3 T a b1 2 

Bean Danage 

Mechanical damage inflicted on soybeans dluring threshing includes both 

visible and invsible damlae. Visible damaqte takes the fonr of seed coat 

cracks splits, alnd fragments Invisihl damage relattS to the failure of the 

emb1ry or any internal stitnctur? which redeis the beani incapl;ble of ger

minating. Ill the threshing area, lose h'lns are subjected to ilamaile as they 

are expost I to the mullipl, iml1pacts of the theshiig elelents Dallagtk is 

de(telmiild ihy the suelr y iiitiit to the crop and the bean strength, or the 

ability to .il:.r Ii this ennt Y withoult ailure. Tl-e energy input to the crop 

ill 'i sinflh lipiact isploli rio al to the squart of impact velocity, and the 

bean st'mrinlth is rWlated lo the hlie oills ture contenft. 

Ill this model, Ihe mean damage rate for soybeans is proposed to be 

plroportional io the ratio (if the specific impact energy and the minimum 

ellergv to ci st ficar i lure,i.1 
VT 2 

X4 - Kd VT 2 (XV)
dQs Mc 

where is a damage facto. For a given thresher, this factor is dependent 

on crop variety and is considered constant. 

Kd 


THRESHING POWER REQUIREMENT 

During thoeshig, the cylinder horsepower is expended in imparting, 

compressing, arid shearing the crop mat and in transporting it around the 

concave. This power is also dissipated in bearing friction and aerodynamic 
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force! creat-d by thp rotating cylinder. This part of the power, however, 
const tutes Only a small fraction of the to,.i power demand. In this analysis, 
the cylinder horsepower is estimaled ft)rn a consideration of the cylinder 
torque required to overcome the motion resistance of the crop mat which 
is subj(cted to a compression between the rasp liars andl the concave surface. 

Soybeans ale considred to be con prussible materials. The static com
pression curves for most crops follow a power law, i.e.: 

Sh() [ 

h.. (XVI).. 

where h and h o ire the currentl and original thicknesses of the crop mat, 
respectively, ard k and i me constants. Typical cormpression curves for 
soybeans are showi in Figure 5. Tb: constant n is about 6. 

Consider the threshinq ea showii in Fi poite 6. The straw mat of thick
ri ss is compiresse(d to a thinner milat of thickness C, the average rasp bar 
to concave clearance. The average prusrire on tlhi, mat is (iven by: 

k C (XVI) 

where n' is a constant ielated to 1w d(Iyiailm. coplnnession. In general, 
"n"' in this expression is slightly less than "n" given in Equation (XVI). 
This is because in rdynamic Compression, part of the mat spring force is lost 

a 

, rr-\. 

Figure 5. Soybean compression curves. 
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, _t
 

Figure 6. Forces acting on thr straw mat in threshing area. 

due to the shear failure am the crushing of straw particles. For simplicity, 
'n'" is considered the same as "n" ini this analysis;. 

Tn estihnate the force to move the nat aroLlnmlhe concave, a coefficient 

uf motion resistance isassiqmd to die, mo(. This coufficient reflects the slid

imj friction, sihearing, and plowing resist-ne o; the crop mat. The resistance 
farce is corniuteri by: 

F - pPrWL (XVI11) 

where p is the coefficiert of motion resistance of the straw. For a given 
thresher design, this coefficient is dependent on the crop moisture content. 

The threshing horsepower dremand is derived from the cylinder torque 
required to overcome this resistance, and is given by. 

0 ....NFD ' PN (XIX) 

where N is tie cyl nder RPM, and PN is the idle power of the thresher. 

PREDICTED RESULTS 

Equations (11)through (XIX) constitute a mathematical model of the 
process of threshing and separating soybeans. This model car) be used to pre
dict the performances of a qiven thresher. In this section, general trends are 
established for the threshing performances to indicate the behavior of the 
model Quantitative results interms of numerical values, however, are not 
obtaineo in this primary part of the study. These could be calculated by the 
use of a computer program. The procedure for calculating the threshing per
formar-us in such a program would be as follows: (a) Determination of 
Input Data: These data include the cylinder and concave dimensions, shown 
in Table 1, and the crop and operating conditions, Table 2. (b) Determina
tion of Modi1 Constants: These constants are determined from exeriments 
are are listed as shown in Table 3. (c) Calculation of Crop Flow Parameters: 
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Table 1. Cylindir and concave ddta. 

Cylinder Di:rmeter D 

Cylinder Width, Vt 

Concave Length, L 

Concave WVJth, VW 
Centerline Distance Between Ad;acvrit Concave Rods, a1
 

Concave Hocd [,aoivtoir, a,
 

Centerline Distance Buvtwen A S.nt Concave Bars, b,
 

Width of Conc.ve fars, b 2
 

Table 2. Crop conditions and operatiun runditions. 

MOG 	Feed Rate, 0s 
rMOG/'G 

MOG Fiee Density, j)
 

Moii.two Cont nr, V C
 

Coefficient of Motioii Resistance p
 
Bean 	EqLo'alenI Diaiivetef,r 

Average 	Cy iinder to Co ic,. Clearance, C 

Feede Lnar Seed., V O 

Cytinder PeripheriruI SpI)ed, VT 

Table 3. Model constants. 

Constant Equation 

n (XV) 
kf (V) 

kr (V) 
kT (VIII) 

km X) 

kd (XV) 
kp (XVI) 
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Th~e veioclty of croi fiov aIrtwod the concave and ttll ifkncss of the cr-op 

fmazt toir aI e OMV\-K/ G t 0 I i( me uietel minled (15my1 the et,*,p motion mlodel. 

I 'tm lh K, tol Cfi; d , inl theltifiti lo Jli I., Jki CifeniatiM l. (i) 

I l'so11Lt), C jcILi i 'n l 1,I' to i j Ate IS (iti li for a p iit Se't 

I i %10(n~ieal!Oh, ' ; . isilleitie I ii \i' Flrj tioii 

it He(K (n, , a ~ii~iT ACLeott'e i' JW iWi fitioei foi the 

tjj itW iW MtiI j, 11- 1 ;1i 111,1 TI, J'-li J, 11V F&is 

"llii m -!; o llij I'll ,t il Iii;h tl-i, stdV 1" (:~I~I(it 'i 

!. i! , , )[ , t (i I', miii Iitcoiii / or 1,I (itis -] I( ev diti 

100 1 !W 1l~,'i I c, ( !, 1" ,' .m it) jI Iivt .1 ()-t~l1 I )toi)( /SISt!ca i 

ti illitilt-Clote Iti11I;istn),I[ 1ii, ii it i,'I)if di' 

.1 'ii/'Ie( iI)XS ui e:1 liiJtedCOl-aif 

in h~lj, ;'i si fi1 txoi asthoi Ciisulmovesat. a I wv ,1 kionai w ltol 

1' i1/licaIiii, lii :\t F iiii, /1 Tii 'dl iIe sli hoshe to s ac o he inOG 

I / ~ . 10 1 sd sth lio lI e llild i e fi 
Al-lI N if i jn c fh x~ flwc l njtec n 

cll~ .~ l ~ llt, l IO /cl C I W lt- C~IJ 

'i ), he I /!]fSl ' i ,!h III o rC tw x oIeII aIIy a;tII'c o nO e 
1ju l~sii(l"dSOtjl)'V W f )t(N OOW C t~~XI 

Figre . f banscoioctd ndrcnaeDstrbuton 
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feed iate on the distribution curve. As MOG feed rate increases, threshing is 
retari&nd and the separation rate through the straw is reduc,.ed Thus, the dis
tributnr curve becomes flatter and more beans are separated near the rear 
of the L'oncave. 

Threshing Loss 

Mww, bans are fairly easy to thr sh especially at low moisture level. 
Thrcshihg Ios, however, can be exc:!ssive when harvesting wet crops. 

Effect of '(o[eavo Length. To illustrate the eha ioCr of the threshing 
model, the thi, shing lss fo: similar [ioreshers of different concave lengths 
was (letermine,. The main influence of increasing concave length is that the 
crop dweil time in the threshinq area is icreased. The threshing loss de
ceaes exponontially as the concave length increases. This relationship is 
presented IL z, straight line ir- a semi-log pa[,er ( -igoure 8). As the concava 
reaches a c(ertalr ICng(th, tb ; econoric re ture of a small redluctiorr in thresh
ing loss does [lot jL:tff aWy further increa..tr in the concave length. This is 

shown as point D in th'a loss curve plotted in linear scales on the graph insert. 
There is a ,'ertain an)(- ii t (,f bean prethreshing before the crop reaches the 
concave. This prethreshing woUhI cause the loss, cuIIrvC 1 in Figure 8 to shift 
to a lower level, ckirve 2, F gore 8 I r the same figure, threshing losses for 
crops at different moister e contents ae shown as concurrent lines of differ
ent slopes. The line of greater slope is for low Moisture c,'ops, u.g., line 3 

Y 

Figuire 8. Threshing loss versus concave length indifferent crop moistures. 

http:reduc,.ed
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in Figure 8. Thus, tho threshing loss is reduced vwhen harvesting low moisture 

beans. 

Throsh,rit , 'tt,. Thitshini loss dutreasrs exponentiafly as the impact 

oe'uly rcto (FsU to' 9). For a (qiven ciop thirughput, this impact energy 

is prO Ptontoin to tht oJ'ratt, of t ' cYlirldcl Sjtitld. Fi most difficult-to

sp1e(Ti ranqe 

ctulit to it-juct: tIL!h ii l os to an a;1Ic_,p lhht leve!l. Mote !lelfy is rw 

Itttd it, tllwtstl OI()I)S a hu tiijit S. ltt Ili(I(,l shows thdiithe impact 

t

thtesh clops, tlhtthliirt tih IyliIdiT 1JWC(l 	 Mtvortr sorreal I is suffi

50 II cio) mlistlyyi'nshouLIt he illclteat I,, th hillt o t oportion to I list? 
-

tit. 1(i1-i t StOIi tt tt reshir(ig I()t i1 th , s eh l (Figmtn. 9). 

cemc'? c' qhrc.-,fino-lI;,w l O S (:IIm he( -t(kltcot Ito i cc-itai 
r .  ::xtc'nt 

coic[lv t c 	 , 'k shealirgith 't ' Ice.A o'"IIt I al,'t it 'ts t 

action of tie rtsli lr , t'iin 'i ntO I',V Ilti- J (1Vi'l ] Hi111, tO 
hy (letCICt Srl 

t ilt hlshintj 

out tiy t r tffi At o i sttm tlo triothteshwtj loss atto C'O[ ho!' :, a/,, uid 

Various (: I 10 II ; oo()[I ilt 'ilt ' 10.lO tLJ I 'tfl 

MOG/ c ,)o . FHi th t (itrj1t, 11w tttt'es;htitl etnergy pertor ,i (gV1i l. 

tt it t tt-t ' tim f Nt!,tol] ft- ed,'it) it i ireto1 t ) Il (It ' to 	 ' {sfs. Thus, 

,t.tis([:;(wt il I). Ai incieaselh, th!u-hIt i ij it; ow titIi A hathll ( fct((i 

Mtr ( I P1 t Wliti ' t lt -aIS; tI s V,' tio SVItlt tlttV ditt,llt 5 t'tl 

tl'-'vho,it th,>htilt i, ltolm ally hillihtd hy the susceptibility to damage of 

th stetls. hitl itnit tilfort I is usually k(pl a millinimUM level to reduce 
(J.mage. 

Figure 9. Effect of cylinder speed on thrashing loss. 



616 A Threshing and Separating Model 

I I 

I I 

Figure 10. Effect o, clearance on threshing loss. 

:? / 

// / 

Figure 11. Effect of MOG feed rate on threshiny Irss. 

Threshing Speed. Soybean damage is related to the energy absorbed by 
the crop during impact from the rasp bars. The model shows that as the 
impact energy increass, the portion of intact beans decreases exponentially. 
This portion is a!so greater for high moisture crops as the beans at this mois
ture are more tolerant to mechanical impact. This effect is presented in Fig
ure 12. The damage vs. speed curves are also shown in linear scales in the 
graph insert. 
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Figure 12. Effect of threshin speed ol damage. 

MOG Feed Ra)te. The pr.;rrw t tof .;)ybearm straws in the threshing 

area affects the se,:d ciic:. in hw follovme ma,rle: [al the straw pre

vents the i),, s frnm (lttmi inrt, contact theloose dirct ,,itll threshing 

elements \vhre seem!-e alieie ,Iy t ,01co ,old (h) the,, s.tl'w mat gives 

a ctshiollelr effret to CioJ 111;e,,I lie e(hlciqlh ,t f; lery tiolsmitted to 

tht? heans.IA Bm (Iimqimh lm<I, hrhfrr , :l m:dti: w..,:whrl the straw or MOG 

ibt d imlJ k i ci ir ,,,((F i he!r 1 3). 

Thrniii nmHorsepower 

L ftert ol Thto' hl,it. Fiquie 14 illuslrates the relatiorship between 
t th , heri no fted lrate. As the crop mat pressure is'er md crop 

proportional to timmrmehi to the power "n", (ii> 1), the cylinder torque 

increases rapel I,,,MMe(, f,ed r' te increases. Conse(jueIltly, the thresher 

powe, demand is mihlC pleater at high feed rjtes. The crop moisture content, 
as well as the presence l (Ireen wee.ds in a soyloerrm crop iffec~s the resistance 

to motiorn of the c op ar)nd the coricave. Fieujie 14 sIhws that for a given i

MOG feed rate, th,, horsepov,.mi remlmiii;greater for crops at higher mois
ture level. The horsepov.er cnives ir this figure form parallel straight tines 
when replotted oilIog scales (see graph insert). The slopes of these lines are 
proportional to "n", the constant in the straw mrit cormrprss:or e(noation. 

Effect of Cylinder Speed. For a given feed rate, the cylinder torque is 
determined by the crop mat thickness in the threshing aa. An increase in 

the cylinder speed causes a decrease in the mat thickness. Tnis results in a 

http:horsepov.er
http:horsepov,.mi
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Figure 13. Effect of crop feed rate on damage for a given threshing speed. 

Fir 1/ 

Fiur 1.Cyinerhrspoe v. OGfedrae 
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large reduction in the cylinder torque and a slight decrease in the threshing 

horsepower. This L ffect isshown in Figure 15. 

DISCUSSION 

In this section, ;oirnof tht aSsumPtions used in the derivation of the 

model are exatind( 

The Probabilistic Model 

Fxp)i)tiitf l Ii Aiiiiltv dinslty functions are Lse( in this work to de-

Scthe th, ,i ) nv threshing and separating process. It is !1:2 veil in thl 

3SSlftl((i t [ten.c.'fitimr ni: t ii tandloln and, thus, the rates of oclild 

currence i)tlhwe ;- ifldt}i:initdnt i tmtt. Tints tyl e ifdistribution functionf )1 


S neiS ta )()Int the it
Stiti' fir oI)d's''d liite convenient for 

tnJath1fwel!at n! lte. P .'nnl lho nottf(, hixvet that the rites of 

O TU rI I C, o;f ti ~i i' i t : 1O1tt;t exh n II ", ft nit 1 llt. Vor 

ret I1 tit , , . ,,h ,h furit[e orntrg the con
c t !* 1 5TIS i l lear bett1t 'yi; t I t i ,--l it)til conor'.a.ve 

-ciLiS,1' ofilthti Cl-nu1Uls ieVt' ffiCt. A ,,tih l 'wiot , IO [ivt trate the mat sooner 

r'z. inc i it -t C. te 

,ils in tts arei riwy iPti'VI6 tOL illfiln hotoIV0ciii. 

tl :h' cotceaveM X n()O tfinh at.113, -X[)0li'r ttl inuestiga-

Crmp Flow Model 

T- present model for ciop notion uti izes constant slip factors for crop 

cicit.' t relation to the feeder spee'l atd rasp bar speed. These factors are 

Figure 15. Effect of cylinder speed on cylinder torque and hrost;power for agiven 
crop throughput. 

http:conor'.a.ve
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assumed to bte dependent or) thresher design afi. crop itope rties. It is recog

nized that these factors may cdso depl.nd on the material feed rate, feeding 

speed, drurn speed, ai cocv( clceer.arce. A constant crop average velocity 

is aio use-d rIrthe 'rlodel to (d'terrne Lie Cii) dvwell time and the mat thick

less in the concave aea. 1l) practice, the rcip reateri il is flt into the thresher 

at low irced and t is acc,!,rated to the rear of tht, threster. This ri0e Lilli

formity 'f .he cr) steed t)oLld afft:e.t the overall tlrier tieforrnances pife

dlco:4 h th' iloQl. 

Threshing Rid9- r Die ate 

Trw thresliril ind l-!nere rstre5 in this ureudel art;.ssumed to he inversely 

proltilion to IF, ulrrnirnJni ererfly r,.,,uir(n to thu ush :rid the rrrnrmum 

energly to caos, trs,ulpctively. Thfese firqy quantities are described 

as siioi fIrictieus of irloll fioeter, content. It is known, however, that 

ta'scse uetttl i'r u)ll, futlion:6S of hran uiEd pod moisture contents, 

''fOl' l et/., crop tillh riu 5pTei , nrl ciraror)ce. Further studies in this area 

may hi, rwCs- r,,- lo ;rrlroeV the rrodd. 

Passage of Blans TIroL.jh Concaver Grates 

In fins,:' ir i T"u i rr 1l n of tie ttruslnd leans through tha. concave, 

tie passage of ,I: tl ,ih the coNIca',. opeuitg by particle reficction is 

neglecteri nid thew is: ire are asswcowdl to travel at a constant, spced in the 

threshirhtl area. In aceattl i t., tlh, ifhfltiorr of hens hy the concave rods or 

bars ircreasw, the prohaility it ,F poss Jg causes a reductioncrw gaiid also 

in the bean travelling speed-.,inn, etiln c'i [ Cc separation v ould be greptor 

than that predicted 6y the miodhi. 

SUMMARY 

A prohab listir irnethod of app oach has ieen proposed for the mathe

matical modelling of the, threshingt and separating of soybeans in a conven

tional cornhine thresher. The parameters for the model were defined in terms 

of process physical quantiries. General trends were established for the thresh

ing perfor nrrces suin the model. The effect of various crop threshing vari

ables were a!so stuli ed vi,' the predicted tit nds. 

NOTES 

V. M. Huynh, T. E. Powell, Er, ii Dnartmen, VV ite Farm Equipment, 
Brantford, Ontaoo Canada; ind .. N Ijidc,Mechanical Engineering Department, 
McMaster University, Hare tn, Ontao, Cirle 
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SIMULATION APPLICATiONS IN SOYBEAN DRYING 

J. H. Young and R. N. Misra 

In order to obtain Ma;inIunn profits, soybeans must be harvested within 
short period of tine itwhich maximum yitld and quality may be attained 

and must be maintaired at a moisture content safe for storage. Hunt and 
Hrper (12) developed h-irvestiny timeliness factors for two varieties of soy
beans (Shelby and Hcosoy) and concluded that there were "only a couple 
of lays when the monetary a minimum" iguriloss is at (F a 11. Harvesting 
prior to the jime at which the bean no isture contenm ciaches 13% wet basis 
(W.B.) results in penalty costs for the maiketing of wet beans while later 
harvests incur increased harvestint' losses Inaddition to weight loss due to 
the eduction in MOistilIe Cortaut below the market level of 13%. 

A number of investigators have studied soybean field losses and various 
chliriqes which m-ly be made in harvesting equipment to minimize losses 
(5,3,10,11,15,21-23,25,26,29,30,32,34). Although improvements in equip
ment can reduce harvest losses, the optimumiperiod for harvest remains 
relatively short requiring high capacity harvesting equipment which can be 
used for only a short period of time Hunt and Harper (12) shewed that a 
significant portion of the field losses occur prior to harvest due to field aginq 
These losses cannot be reduced by machinery modifications. Byg and John
son (5) showed that field losses increase(] as the moisture content decreased. 
An 8% shatter loss was found when beans were combined at 10% (w.b.) 
moisture compared with only z; 2% loss when combined at 17% moisture. 
These observations suggest that the length of the harvesting season may be 
increased by harvesting prior to the time at which beans reach the 13% 
market level of moisture and completing the drying artificially to a safe 
storage level. Artificial drying may also be advisable in wet seasons to prevent 

623 
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Figure 1. 	 MonetasV loss with line for two soybazin varieties [evaluated by Hunt 

and Harper (121 assuming a yield of 40 bu/a arid a price of S2.40/bu] . 

losses in seed viab ility due to field agintg which according to Moore (19) 

is dependent mainly on the r1oistUlre and temperature changes in the seed and 

the duration and frwqueney' of rxposure to moisture and temperature changes. 

In order for atificial diyinq of soybeans to he practical, the drying proc

ess must he accomllishet it a cost which is less than the additional field 

losses vJ1hich would O)CCLir in field drying and there must be no significant 

deterioration or ciacking of the seed . It is the purpose of this chapter to 

review studies which have [een conducted to improve drying efficiency and 

quality of the dried product, to discuss simulation procedures which offer 

promise for the design of better drying systems, and to indicate priorities 

for future soybean drying simulation. 

REVIEW OF SOYBEAN DRYING RESEARCH 

A review of literature on soybean drying research reveals an evolvement 

of efforts which may be categorized as follows: (d) Experimental investiga

tions of drying 2urves and damage caused by various drying conditions, (b) 

Development of simulation procedures for predicting drying curves and the 

determination of required mass transfer properties, and Ic) Development of 

simulation procedures for predicting both drying curves and stress develop

ment and the determination of required physicai propert;es. 

Walker arid Barre (31) conducted thin-layer drying tests on two soybean 

varieties (Harosoy 63 and Chippewa 64) at temperatures ranging from 32 to 

66 C and relative humidities ranging from 20 to 60%. They then evaluated 

damage dun to seed coat cracks and reduced germination. They concluded 

that seed coat cracks carr bt prevented by using relative humidities above 40% 
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and that dry:ng air temrinraturre above 54 C will cause reductions in germina

tion. 
Matthus and Welch (13) ir soilated the drving of 22"t, moitrte content 

Dare soyhearw, in lins. 1.1 0t ii delpth. Tests VwPic corliucteri at relative hu
midities of ._ oIld 55', ,vlh lit llovw rates rartuirel from 0.02 to G. 16 i1 n33s 
and res.ting seed g(p'ilin It ; e vL)a tJd. The'y Co)I'iLii(li (, ' it is 

feasible to dry hih t .,,,Jti (up to 22',) evlih . elim aind orbtain 
a produl ct Of a(1eti H )ality, t[cit i' l lative h lliilit AtI i r,'iroq air 
can ra ciq fi om 40 to 50 ,,, aIi t that iii 11 rt sHA rte shcuhlii h"'it than 

0. 14 to 0.16 it : 
3 s. 

a!. (33) lf-;,:in s -oj aI a . (2; I i .ily.... ii Id II 

t lt ei, i .11! i~l i 

oin .O[t;aj l h ii li , a i : Xsc'jitibility o rnilpact dianiu . 11 was coo
1lUdied that , y1WIW. -le ,; Itejt toitl ) i ti t Veie iOl (tihroti to rmold, 
iIuVIiit e .iih(eiiliirLodi i hl iJ h11h11)" aciid conitents, 

Iy lrs air!,'oi tS ] )n:4 Il) 74 C di l'VIILIY. I t PffLe ts 

. i' I ll, filie fatty 

andtk .,je n )t 1itiJi)iltt i to cack ii or() .lilit ti (i- to impact iII hand ii 
SiIeI, wl iti,.. ni rn,Itly was [lot co rlr- itl ill thill s ltu ie}s it is rot clear 
V,ieti 11e,.f', de1tiall,' tie rilt/ teera, t resjtfor to the lOWens Lin L to e 
0.it I~lv' li [i'I ; '.lich v Iie.0It,( i i l rt teailti ai. bhnii t airl. 

. t: ll w]]ald erllotitd fll ,d ls h; i,t thtet l develop~edJ vIthill the,* Im st fewv 

yo-,ill"iHtlttll t i'l( i ,,Sttri rtll val druirng soylrelr ifying. Nian) and 
in ',:W erMA0 S 'si)v( I f )i 41. ,vinj t of lOnOMe lntI (4) oind stic

i' t ~(l oir , l il Ii ih lylij of 20.7', (wIt) soybeans irr i 1.83-n colurim 
tvS~ {j ,;mlri, t i,f dtli:i 1.58 et/). 1i 111rtemi. Relall, nships to 0L le19e tiLIi
iih rnrnLI )tr l'e ; e OlI ' , sfI CifhI h1 t, aieur l i Cter l ir / iolnI,Ii alld 
tirulk (Jlfr,i ly lif !;)O t';'li , 'V'! il'Ivcklj)t(i anir! inc-lidel ill t e sintirlation 

Illociel
 

Ov!rhults i+tA l. (24) Irrv st ](hitl- thei t of ila ,.xl,.nritiiil dryinr rela
tion 1t1) fot iescribi, I the IrriIlsl e if-movdil from thiri.ayeis of soybeans. 
They obtained a good ler.criptioi if ix!)'i lleilttal irsilts wheln they used the 
relationship: 

M - Me
M R - - . .. exf)I -(kt) n ] 

(I 
Mo -M, 

where MR - moisture ratio, M = moisture content (dhy basis) at any time (t), 
M initial moisture content (dry basis), Me equilibium moisture cont,;nt 

=(dry basis), k drying rate paraieter (hr 1 , t - time (hr), and n - constant 
'or a par ticLilar temperature. The drying parameters, k and n, were found to 
vary with terll )er(rttre as follows: 

=k - a 4b-T. and n Jo+ 0 T (1) 

=where T, = absolute ternpe,-ature, T drying air temperature, and a, b,(o and 
01 = corstarrts. The thin layer drying simulation model was evaluated using 
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experimental data obtained for soybean, of the Cutler variety ranging in in
itial moisture content from 20 to 33% (w.1.). Dryinr r temperatures used in 

the study ranged from 37.8 to 104.4 C with a constant dew poimt tempera
ture of 7.8 C. Severe ehbysical damage tu i,e so'ybeans was noted at the higher 
temperatures and moisture contents. 

S9ihhah et al. used the Michicn State Univ. drying model developed(28) ri 

by Bakker et al (3) to sin',ulate the drying of sovbeer s in fixed beds with 
periodic air direction reversais. A thin-layer drying model was aeveloped in 
which the d~yinj parameters were rather complicated relationships of the 
grain, shape, dr'ng aii state, equilibrium moisture content of the grain, and 
initl,: content of the grar.rloistmre 

The si,nu aton models of lan and Shuve (1, Overhults et al. (24) and 
Sabbah et al. f28) allconsider oni,/ the moisture rr'mova! curves for soybeans 
with no attempt tov/rard describing the bean shrinkage and resulting stresses 
which mJ', cause crackage. More recently simulation models have been de
veloped by Misra (16U)an IHaghighi (1 vh ich LISe finite element procedures 
for simulating the ttoiturc transfer and stress development phases of soy
bean drying. These modelds both giVe adequate si mulations of the moisture 
transfer fnnctirn. I-w.ever there are basic differences in model assunpt'ons 
and neither is prese:ntly adequate for explaining the grain crackage which 
occurs durinq drylng. Difrferences in assumptions and simulation results will 
be discssed in a lattr section of this chaptet. 

REASON FOR SIMULATION 

Morey -t al. (20) have revi,;wed the present status of g-ain drying simu

lation and have sug.iested two answers to the question, "why simulate?". 
They are: a) The ni wcfss o" model development and testing contributes 
si nificantiy to the undstanding of the mechanisms and processes involved 
in the drying of grains, and (b)simulation nodel, hiip to predict the per

formance of dryers and dryer systems so that they may be us' d to improve 
dryer designs and to aid in the operation and Management of drying systems. 

At this time, the cracking phenomena Insoybe.is are riot well under
stood and the efforts of Misra (16) and Haghighi (17) to simulate these 
processes mathematica'ly have helped to evaiuate some theories concerning 
crackage. If these models can be developed to the point that grain st'esses 
(and thus failures) can be predicted for various drying conditions, then they 
will be quite important tools for drying design or management. 

COMPARISON OF THE MISRA AND HAGHIGHI MODELS 

The models of both Misra and Haghighi consider the soybean to be a 
spherical body which is divided into finite elements for numerical analysis. 

http:soybe.is
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Misra has assumed a hnem riineous sphere while Ha;hioqhi has assumed an
 
innrr Kirltil SI rIrIIIt(J 5j i) ical thet sefid coat). 13ased on the
tslh' (h 

.,ork of Arica ct (2) ;,. irc Mc to ci-j.,ct th, friAt trarrsI proflem
 

w fithirh k.,, i i t, (Tic d - s s rhic riWst !,)I r ; 'F n . rIIttrrl)'!'CI 

,o ,t, ,o ici n ii lS Jlu ( heiiat transl nv., 
li! tiL' liltli~d ,dhl, j'iq, " it cffkxtpd by both 

rlci, r!i ,J i ttrTl),i'rI~ trt c}iic itiIl, fi; ci) !( icc Scrr i tt i h r.iuOiStijiiu 
t:.ui~,ird S(, ,,V li l : k) IlflhUll,ltt\ tlhiiI-t10IhiMhit',.U : 

frI It. ( uni cclciJ i-ifl rric~l:tri 't h c ~rit hii rrc riririrc i if(u fhun 

' l -. ir'ci):th *Jlinikt1 '' : fcr)l 1 ( )rrf cl mic dfii' rStLJWi'crfl r l0 

,.ii~t }iil1i]l cht~il n c1;C]Jiii } ci,,ciIff p, c :i c - i uxitil[( r 

I cII1t fi l a, 11 ; cl Ii for 

i " vip11 i f'. I Ile .it i u c hth'', ti in t C if eJ! 

IcCI~i I LiIc i I-c ritm ipcrncrt 
.!I1,' ii- l < ,, r c l ;)) it i!it~l i n dtltuP)vcii ' ,. ti ftt rirnif s fis

.1 I I ii c t i I Ii i hri1,--yn0 ; i t f L hII ti tt i 

l ittljl, :3!-) 5,{:/5 'iflt, ,i!!,Ilh , .. C ti)dl {tt0'%P 0 11 1 7 0;,15 ,2 0 , 9}5 t,iifl)' 

{, :1 C ) I h ,'-,: %~f.V, I,* ti"'(1! 1( l''I l '1 [-!III l~h; ;):]1{1!11W !' 11 1,!11t J Mh tNas,,i 

'),I Ii- ,. -:-T:.:[lkatctIc II,n l IIIt, !Tt('(Iil ( \ I)( rilt IIo I -I i IJ t 1 th 

I fl c It;irf ilI M r c( (17), tp erliclc of l . 

IttIu i3 ;) i It it,L I L.Vl.S(AfI Ii( S ti(r!1 (81, 

rit iftI Y( mI (i wi 'ritrc 0 C2 

I l IU 

,I11uIs in)11l(2, rtIS li.L ei hi.(2 ) II Isci) Ii tI thai wvithI )Iol ei 

: , 1:,.)11 )0 I hiihI i 1 i iiI l 

t -) il , . 

I jfIle te I Vi d )lcitI i i ' in 1:, 6 1 I WI JIr0i clocciXitt tIrI)(rI . 

Flu Ti r II It it,1), ,it: W)rit iIci li tilI tair"l tIalStiinv- -3 

r t cc F.'r ' il.(119) :lit,. Fli( 5 the S dsis iledrcu shoVVs stICSSr eteur 
h Hcirfilhiil c ill lirrnl (il. LHelh r puirf icts compr issiv adialifh r 
str . tI iI hoiict th >oybri llIv.1ilIc tarniertial stni(sSeS areI'complressive in 

c i terr con.io iAe but tn)site! rirJ the StlIfacn. Tiheofr oI)nsphre Iecome 


Iit ciii trnsil ! ,t!s.(sesI 'dr sIrIface in F iure 5 arI (ie to the
tim ) i t I 


cF:;ireci tic, I--tof stiff,
fp.Lti I itriLil Propertiles for the setetd coat. 

t I]irhstrIIte tII trnr IItial strtuss at the suriafct?predicted by 
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Figure 2. 	 Experimental observations and simulated drying curves for rewetted Ran

soin soybeans at a dew-point temperature of 10 C (17). 

relaxation at the lower temperat'reselastic) would have allowCd more stress 

such that peak values may then tean indicator of crack susceptibility. 

Figure 7 shows the teigential stress Curves predicted by Haghighi and 

Segerl ind (8) for the seed coat when soybeans are (iried at 35, 55, and 75 C. 

Note that the peak stresses increase with telplerature and always occur after 

approximately the same drying time. Haghighi sujgests that the increased 

stress levels at higher temperatures as (lue to his inclusion of temperature 

gradients in his shrinkage relationship. However, higher temperatures of the 

drying air should cause expansion of the outer layers (not contraction as 

results from moisture removal) and thus thermal stresses in the seed coat 

rather than add to the hydral stresses. There is apparentlywould counteract 

some as yet undetermined difference in the moisture removal relationships 

of the two simulation models which is responsible for the drastic difference 

in predicted stress reactions to different temperature levels. 

Figure 8 is a plot of crackage data presented by Misra et al.(18) for 

four dry-bulb and four dew-point temperatures. Note that the percentage- of 
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Figure 3. 	 Comparison of doying curves simulated by (28), (24), and (8). 
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Figure 4. 	 Simulated radial and tangential stresses of Misra et al. (18) for soybeans 
drying at 35 C dry-bulb and 10 C dew-point temperature after 3.5 hr. 
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Figure 5. Simulated radial and tangential stresses of Haghighi and Segerlind (8). 
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Figu;e 7. Siniulaitcd tangentia! stresses at the surface (8). 

cracked beans increases with drying temp.rature at .iach of the dew-point 

temperatures. A primary question is whether the increased crackage at the 

higher temperatures is due to tihe temperature gradients or to the larger 

moistuire gradients which resuit fiom the faster drying. A replot of the data 

(Figure 9) as percent crackage versus reltadive hunidity of the drying air seems 

to suggest that the later is the primrnry cause. Note that above approximately 
40,' relative humidity there was no crackage as had been found previously 

by Walker and Barre. I hough the data is too limited for definite conclusions, 

indications are that at a particular relative humidity the effect of higher tem

peratures is to lower the percent cracks. This would support the theory that 

cracks develop primarily due to moisture gradients. 
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Figure 8. Percent cracks versus dry-bulb temperature at four dew-poi,. tempera
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SUMMARY 

During the past tell 'yea s a 1i,it ieai of information has been aCCl-llLJ
lated on t1 m4 different drying envirendie moisttur,! rlfII,()VjI 'tFhyb)]ns 
nmens an, on thc phdfyay.! dt wnay ittSLIft There ale a lumnber of 

nm(fdels .hicti i ,( sits! ctojy of ifh I OiStrit rwinoval. These 

ttfdi(ls iIf thff p 0) .11 ') drffi ~Ji! ! s ih,. i1o('.'tv f they Wtodire aIddl-

Vffi tlil~(iill.![; ] r,l i a),h :t(I;, ,iI.u f I., fl :I 01ffi ;.I~ Ihi >)tfli' 1 11ff Ifri';! 

Tlwf10h it. of ( i ift16) :id HSt (7) I'tt!llil )w 	 t oj to srfrt lh'hoth thw 

f i'f'iStLf(i t iffil 'Fnfi h . ,1. f tht tf or t it) tf (wt t h f Is Ie il tf r 

tJI)tf ff Ll.) III d]si(fir )f'I' ' ! t I L) I?U 1'iU p'l,fff; th ii' In r Is 
II(, iI.-II, rI I I o v i, t f f I, iII Ic Y . H . ,, ' I , I t I I,- tt I tIf t t (I I I )t (I I. , I I( e Ifte d 

mr ofdt'" ',L) , ;J1J Wr I! C I']~ ]Ah ! il w) , t(t,, ! w dt III£ o() fr( o t o'( rol)tt, 

Jr '(ktL 'Tlt'S) S t~lo 0 I 5 '.Sir 6 '-I 

Both Mis!, (16) fitd H-ihif;h (/f iS' eiVt f tt t .isco~itlutc f)t '79irliitS 
tf? fi iJIf 10 , ! mih 1,1tioll odlels. Otit n. It 11. (9)'fi 1.' ,.i p0l ilt m 

Sd ^.lfil,i o 'I 1-. t1 ,' ,'l lit ''O. k in th' ora theseof evalhhiili 

prop":! I ll, ,,'- i : t., t *tfl:iJ)itu01 ttil th, v.ocodlastic propeity 

NOTES 

.J. H Yo14, Del)rrinent of Biolotcal amd Agricultural Englraerino, N. C. State 
U i i! y , Raf ih, North Carolina 27650; and H. N Msra, Arricut'ural Engi ertog 
f)~i~arriirt Ohio Agricultural Research and Deve~loprrilent Center, Wooster, Ohio 

44691. 
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APPLICATION OF VON BERTALANFFY'S EQUATION TO
 
SOYBEAN GROWTH MODELING
 

R. Guarisma 

The emergence of moybeans [Glycine n'aX (L.) Merr.] in the field is a 

function of the interaction of the see(;s and the soil environmental factors. 

Stress during the emergence period o suvb;an production results in eithet' 

inadequate no he,- Cf plants tor profitabhle production or a highly diverse 

plant Jipo)lln hicl makes crop mamgement difficult. Important en-

Vi1i,i1rmental factors irrelLde soiltempll)erature, soUi Mo'sture, aera on, soil 

rnsects, arr1(1',)ol Iical Gild ,m et 17) foundroe(h impedance. al. have that 

e,!ssthan optimom levls of ten;p(rature or moitnute nay weaken the seed 

arCidrnLer t more susceljtihlc to other fLi ters of the environment and, 

consequently, reduce emergence. NornLIfoln IvtarlM(s in(ruase the diffculty 
in determining thtu op)timom time t )eiforring subseqijent production 

operations. Poorly timed operations usually reduce proiits, and for the 

grower, this -eans that tle crop must be managrd more effectively. Effi
cient management requires an understanding of the system which the grower 
is attempting to coi*,-ol. The ultimate understandiig of a system cati be 

represented by a model whereby the system can be simulated. Modeling can 
be very beneficial, even if the initially developed models are rot sufficient 
for accurate simulation (3). Modeling and computer simulation of plant 

growth has increased greatly in recent years. Hatfield and Egli (9) developed 

prediction equations for soybean hypocotyl elongation as a function of 
soil temperature and depth of planting (2) and Wanjura et al. developed 

equations which describe the rate of shoo( and hypocotyl elongation in corr, 

and cotton, respectively. The L " fions developed by Blacklow (2) and Wan 
jura (13) were incorporated into computer models which made it possible to 
predict the time of emergence as a function of soil temperature. Von Ber

talanffy (12) has developed a growth functiot for animals, and Richards (10) 

637 



638 Application of Von Bertalanffy's Equation 

has shown that when limitations imposed by its theoretical background are 

discarded, it may have wide anplications in empirical botanical studies, tacili

tating compzIrisons between sigimoid curves of different shapes. 

The ohjecl.ie of the ptcsent study was to determine whethei Von Ber

talarffy's e(,Jiatoiol Colld be adapted to sirnlate soybean hypoco ti growth 

during seedling emergence as influenced by the soil physical environmet, 

noisture, temperature, aZd m,.'hanical impedance. In order to evaluate the 

suitability of Von Bertalanffy's cLuationL fc'r siu atillp soybean hypocotyl 

elongations we chose to ev;e a set of average hypocotyl elongation data de

veloped from growtlh cha-lbi Ia 

EXPERIMENTAL PROCEDURE 

Description of Data 

We voiked with a set of eve:age soy beain hypocotyl elongation data 

developed by Bowen (4)unde' a wi lderange of steady state soil environment

al conditions. He germi rated seeds of soybean 'Forest 1975' cultivar for 18 hr 

at 30 C in vermiculite, selectIn!J those with uniform 3 mm-radicle lengths, 

which wel e planted in plywood boxev containing soil. Hypocotyl growth 

readings were taken through the transpaleo side oi the box. 

Four leplicatiois of 15 seeds each of the 48 cimbinations of tempera

ture, moisture, and mechanical impedance were observed. The statistical 

arri geioent was a factorial design. For each replication, the order of prepara

tion of the boxes and position of the boxes in the growth chamber were each 

randomiied. 

DESCRIPTION OF VON BERTALANFFY'S EQUATION 

The four parameter form of Von Bertalanffy's equation used in this 

study was derived from the version presented by Richards (10). This equatian 

has the advantage that the four narametrs define any one curve just as effec

tively as do the original constants of the growth equation (12), and in a way 

which conveys physiological information more easily. 

The equation is given by: 

y - El-,l 1 ± B exp (-KT)] [I] 

In equation [,I the + sign applies when m > I and the - sign applies when 

m < 1. The hypocotyl length (cm) is represented by Y at any time T (days); 

E represents the maximum hyt-ocotyl length (cm) possible under prevailing 

environmental conditios ;rn determine>, the proportion of the final size, E, 

at which the inflexion point occurs; and B usually has no biological implica

tion and can be eliminated from the ecluation by adjustment of the time scale. 
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Richards (10) formnwiated ,iiveisally cormo)arable average rate parameters 

among the family of cur ves; th- B - Ki2 i +.2 represents a weighttd aver

age ahSOlLrte elongation aite throughout levelernent (cm/day), S --K/2 m -2 

has a similar int0ipi. tatiII iII relaition to 'proportional elongation' rates 

(day 1 ), alld VV : Kil is tht' actual relative el0 ati(' ate at 1r p)oirt of 

irlf!xiOn ()I the jiovti curve, wh1ere te ahsolute rate is irraxilli (dey 1 

if 11 0, egoidlioll [I I t s to the hiioi-illolfcular fturnctiorn, and if n) 2 

tO th ilit; catalytic filei.iC) . W1iii il I exactly, e(Itlati(rl [i1 cannot hie 

Solverd, hit it ilay lit+ Al'.%'I (110) trhal as unity is approache(f the growth 

ctirVe; a)l roaches iriorl uhlsel li (GorrtzI; CLrve, which is indeed the 

liritinil f(o'n. Value';s of III in;teirtieriate ).lweeri 0 and 1 restit in a family 

Of CoiyeS i',.iigO in shape)j froiri the roono-rIolecl "r to the Gumpertz, and 

the? .aattocatalytic. 

RESULTS 

Calculation of Von Bertalanffy's Parameters 

Best-fit flararlieters were derived for each of the 48 sets of mean hypo

cotyi elongation values ('v,!r time by means of an iterative, non-linear least 

sCtIares pirotram (NLIN, Statistical Analysis System, NCSU). Tinme was ex

I)ISSed ill days ill ordiler to S)teed l) ex)onential calculations. The E 
-(asyillprtcnt) valuie was dtt:emiinI from observations of elongation time 

curves hase(i oni the .ictial data for eacth coirihiinatiorn of soi! environmental 

f ctors. 
-iis *pliirai;iapllied tol 48 llearnw,,s tihe sets of hypocotyt elongation 

;Lra ll'rihr-u.rlfferent valles for i (0.7, 09, and 1.5). The results oh
tai!ed trol) tiel littilrol lOets,, for the three valres of n) sfowed that the best 
fit is ')imirled w',- iii 1.5. TaliL' 1 siiows the best-fit )arameters for a fixed 
vliue (if m 1.5 Vith the 2 wtlues froigoor-es of lit for this particaloil, a 
ular case and for the 48 treatnirit corhinations. Observation of the R2 

values shows that 41 tfreatmeri rs were fittd with .9r2 values higher than 0.80 
R2 anc 21 treatmints with values higher than 0.90. The lowest values are 

found in those treatments at 15 C t2nrl)r'lratire ard 10 bars of soil moisture 

tension adid in one case at 20 C and 1.0 bar of moisture tension. 
The best fit values for pararneter E acr eed closely with the observed 

lean hyprocotyl length at the end of the rlowth preriod. 

Influence of Soil Environmental Conditions on 
The Best-Fit Parameters 

Each of the 48 sets of hypocotyl elong-tion data now has associated with 

it a best-fit estimate folr each of tie three parameters (E, B, and K). Average 

rate parameters were formulated as combinations of the best-fit parameters 
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Table 1. Best-fit values fo. Von Bertalariffy's parameters Lnd R2 values tur good
of fit of equation (11) for 48 observations. 

OBS E 8 K T, Ma pa R S W Z R2 

1 7.9C 652 0.31 15 10,00 0.23 0.49 0.06 0.21 16.13 0.64 
2 2.09 3.49 0.50 15 10.00 1,12 0.21 0.10 0.33 10.00 0.72 
3 2.05 5.16 0.64 15 10.00 2.24 0.26 0.13 0.43 7.21 0.75 
4 1.77 2.09 0.57 15 10.00 3.36 0.20 011 0.38 8.77 0.77 
5 10.00 3.71 0.29 15 1.00 0.23 0.58 036 0.19 17.24 0.91 
6 2.67 4.79 0.52 15 1.00 1.12 023 010 0.35 9.62 0.92 
7 2.63 4.00 0.41 15 1.00 2.24, 0.22 0.08 0.27 12.20 0.00 
8 2.95 1.90 0.31 15 1.00 3.36 0.18 0.06 0.21 16.13 0.88 
9 10.20 7.96 0.53 15 0.33 C.23 108 0.11 0.35 9.43 0.97 

10 4.15 5.30 0.47 15 0.33 1.12 0.39 0,09 0.31 10.64 0.94 
11 2.74 1.85 0.37 15 0.33 2.24 0.20 3.07 0.25 13.51 0.83 
12 3.44 1.39 0.22 15 0.33 336 0.15 0.04 0.15 22.73 0.93 
13 8.74 6.14 ( ,1? 20 10.00 0.23 0.73 0.08 0.28 11.90 0.85 
14 3.63 599 0.49 20 10.00 1.12 0.36 0.10 0.33 10.20 0.93 
15 3.13 3,11 0.5) 20 1000 "2.24 0.32 0.10 0.34 9.80 0.89 
16 3.02 2.38 0.38 20 16.00 3.36 0.23 0.08 0.25 13.16 0.93 
17 8.19 5.52 0.53 20 1.00 0.23 0,87 0.11 0.35 9.43 0.8C 
18 5.88 4.11 3,11 20 1.00 1.12 043 0.08 0.27 12.20 0.82 
19 4.28 194 0 ",1 20 1.00 2.21 0,27 0.06 0.21 16.13 0.94 
20 2.Fg 228 0A9 20 1.00 3.36 0.25 0.10 0.33 10.20 0.63 
21 10.10 6.67 076 20 ,2 .. '2: 1.54 0.15 0.51 6.58 0.97 
22 4 ) 3.46 C.56 20 0.33 1.12 0.46 0.1 0.37 8.93 0.93 
23 4.34 2.09 3.17 20 0.32 2.24 0.32 0.07 0.25 13,51 0.96 
24 3.54 3.40 0.90 20 0.23 3.36 0.41 0.12 0.39 8.62 094 
25 7.55 ' .15 0.50 25 10.00 0.23 0.75 0.10 0.33 10.00 0,88 
26 3.11 4.33 0.66 25 10.00 1.12 0.41 0.1.3 0.44 7.58 098 
27 3.04 3.29 0.67 25 1J.00 2.24 0.41 0,13 0.15 7.46 0.93 
28 2.32 2.36 063 21 10.00 ,3-.3C 0.29 0.13 0.42 7.94 0.85 
29 9.92 5.99 0.80 25 1.00 0.23 1.59 0.,6 0.53 6.25 0.94 
30 4.45 3.91 0.64 2S 1.00 1.12 0.57 0.12 0.43 7.81 0.91 
31 3.06 4.04 0.75 25 1.00 2.21 0.46 0.15 0.50 6.67 0.86 
32 2.68 1.15 0.43 25 1.00 3.36 0.23 0.09 0.29 11.63 0.83 
33 8.20 8.40 1.21 25 0.33 0.23 1.98 0.24 0.81 4.13 0.92 
34 4.45 1,85 0.52 25 0.33 1.12 0.46 0.10 0.35 9.62 0.96 
35 3.41 1.74 059 25 0.33 2.24 0.40 0.12 0.39 8.47 0.81 
36 305 1.27 0.50 25 0.33 3.36 0.30 0.10 0.33 10.00 0.93 
37 9.78 8.60 0.51 30 10.00 0.23 1.00 0.10 0.34 9.80 0.90 
38 2.86 2.79 0.58 30 10,00 1.12 0.33 0.12 0.39 8.62 0.89 
39 2.45 2.28 0.60 30 1000 2.24 0.29 0.12 0.40 8.33 0.88 
40 2.09 4.13 1.01 30 10.00 3.3( 0.42 0.20 0.67 4.95 0.71 
41 9.90 3.37 0.51 30 1.00 0.23 1.01 0.10 0.34 9.80 0.89 
42 3.55 3.53 0.78 30 1.00 1.12 0.55 0.16 0.52 6.41 0.91 
43 2.80 7.51 1.27 30 1.00 2.24 0.71 0.25 0.85 3.94 C.97 
44 2.76 1.26 0.56 30 !.00 3.36 0.31 0.11 0.37 8.93 0.90 
45 9.82 6.29 1.12 30 0.33 0. 23 2.22 0.23 0.75 4.42 0.97 
46 4.51 1.91 0.60 30 0.23 1.12 0.54 0.12 0.40 8.33 0.97 
47 3.63 6.82 1.20 30 0.33 2.24 0.92 024 0.80 4.17 0.76 
48 3.21 1.19 0.56 30 0.33 3.36 0.38 0.12 0.39 8.47 0.95 

aT = temperature, C; M = moisture, bars; and P mechanical imped1nce, kg/cm 2 . 
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and, the relatioirship betvvven thesi, rate tpamariters (R, S, and W) and corres

pond ing levels of so'i tel IPOIte tire, o. ll 0 tlMO te.nsioin, and oil fmechallictl 

impedenco 'Vas ;,-ialirledl h,1 lltiiih' li 10 I dir SSi0if analysis. he inflluent1ce 

nf soilIelivi(;llnwilt oil eaCh on ani t 'I S 0xplaiLld';dtiSfIctOrIlv by tlee 

421-i 11.1 lilfi issmna '(lis sh ''eiwn T 1)1.s 2, 3, and 4. Ththi 2 values for 

fit (if tl ,' an; n tool arinitts , B, ind 1K,wtrt 0.97, 0.75 and 

0.82, :sp ,';'. I o; 'i tipt~l ), iltn s tih elonqition paralnw1e -(E) d . , 

crea." ';!),,[lly ih 1n n:,'So iIn nneichaical inipcdatce at my fixed lhel 
of Sn'it ,iSti,i ' 11 T5 , hii o pa l itel \Vd5 Vii y slowVil )t cI;w e 

in the Irin(nanmini Inlr"'{I,1C FJl 2 2-1 In 3.3(;ik I 11 
2 

. Pawmranetel R 

(wi-ril t ipd CFvielFagifl ii. I to Ilorill ' itt) FO :CtF,v wilh anI li:wzrse ,Ii 

;iicCl nica1It l atIt-311 niVce helI l lT I m x vaeLtITft'F!aILFltlnl ii' ilC mInI 

for tlis pdha e'lit !'; atti I it 30 C, 0.23 -s, ani 0")I q<ii'li and its 

mmi mm alt,' .' ,l !) idrs, 3.36 k(,' . !his rarani-I attIiiwt 15 C, l C l m 2 

-tl (l , aSeS'm v. I tli ; :itr'at I1; IFOIstLile lvi:; At Ili V lv (IF[il T IIti 

ParlIiilttel S dhleis 'imiT t1' tO lllii'i ate' ,IOtS lOW1i Lit coinS to hu 

iTse lisitiv, , Tich.ilical IlIli:ihi(il )I sdoil i o' tnei' tensiu . The weirfhted 
flwan fiTi 'i . I, iH[ lt, ,',,V!,h{)vC, sr' IlIVIity 10 to1CTli)(i,'lInI i but Inot to 

(I{loiitilli of Int'lth,IichI,i' ,' ) i: t, I s hihiiJht'-t alm', is altnie'il at 30 C, 

1.0 ili, Illd2 2i 'ii i il{d '1 . oMIotSI '.iliIO is tliild at 15 C, 0.33 hars, 

-1d 3.36 0 i ,. .lilitl e,, i-;irl.te ini terktcn (t,' )1, this study is parar11 

Z which is tlm I ll, n .nil S ,l i l i',0 lt,t tf oPi tinO r[i uiri't, fo the MajOr 
ixirt oif hyl}cot/VI 'lorluljlil, l rh i I, i tt I slhow\s'5 i'lh s'!nsitivitv to teni
1, flitmlt [Ill(d irw w owti'hs i I d ec){l .;, io il soil illli}(11al ll , 

USF OF T4E fr',ltEL IN SIMULATION 

\Ie nI',l Tiv',loi{d d ' sii ,, I siyll hl eloridtp1 0i MI ;I !Vti :' ' l f lea(pocotyl 

fjatioi l uLII l fllICtLIalti1ji; 1:,itll Iit101S ni IIt' Sill I [ I m IIert. This involved 

substitution of the im:dicted! vli''"S ;lc i r Ii':I 's 1-, 3, and K (obtained 

from regressionfriTn {lsl ; o he h ,asic\oii lITtalanffy's e-ufn;tion, i.e., 

Y' - I I t AI'E I1 I B : (- KT)l[l 

3q11 dius obtirinil a preilicterd avcrale hylocoTvI lerti (Y) for ary time 

under any c:o.,..,inaton of soil uondition; for which tin modiel is valid. 

Simnlatinrs Of lNo Undr'r tlnctUatinq conditiors of theiv!)c'tV rlatnaor 

soil envirorment Were t,sint o of Guarismacarlrod OLit The Step inptt zfppi 'i 

(8). Each horiy qrowth rate was CalcLIIdtli a> tIle difforince i!ntwer Thie 

prieilicter] hvlPoCntyl ICei.ith Unde(r the soil conditions it~vailin at lime T 
I 1 hi and predicted hylpocotyl length at time F. Fi(JuirPs I and 2 are thl 

reslti' of simuliations iiriri a 10-daV period for some paticular coinbations 

of soil environmental conditions showing the effect of wilperatire and 
mechanical impiedarice on the pred icted hypocotyl elontlation. 



642 Application of Von Bertalanff 's Equation 

Table 2. 	 Multiple linear regression modei ZLpredict Parameter E in Von Bertalanf
fy's equation. 

Parameter 	 Estimate SE 

Intercept - 6.027 11.0 
T (tempieratur!, C) 3,066 1.51 
M (mmvsture, bars) - 0.217 0.08 
P4 ilwdmin~c'. kqlcr 2 )  -26.747 4.93 
T- - 0.160 0.06 
T 0.002 0.001 
TP 1.290 0.37 
T M 
T2 p 
T2 p 3 

0.009 
0.027 
0.00' 

0,01 
0.006 
0.0004 

TP 3 
- 0.083 0.013 

P2 6.335 1.31 
TP 2 

- 0.025 0.06 

M2 p 
M3T 

0,001 
0,0001 

0.001 
0.0001 

R2aMean 4.72; SO-- 0.585; DF -14; 0.97; anid n 48. 

E(tuatiio ti was ir)llst}ntJtl by ! t'ilrlrtlr plogran which carrics 

tLt the sinruilati or of hry1)rO:(ty1 elonglttion sll ingl t 10-day periiod and 

lmrdhs ('lihm(lle5 io envir irimentl 2colrntilir, withil the lruje of thledata 
lSe ill tht e teiimti., Igit! r tohe i lillni ttllsists (l soil tt imperatmre (T) 
in)C degrte s, fl rloisutn' tw';irl (Ml) ifi lirs, arid Si)l niectlliCal irrr)edanCe 

(P) ill k !/cm2 
. ti tlier iirsii;ts ()f daily erorriaho 1 (ms) aid elongtation rate 

ill lllm1l/day cttl if 10) d.y pI ow!l h 1)( iod. 

DISCUSSION 

The rtesults ohtdlntd ill this Stiily show that at any fixed level of mech

anical irIvredtiirc. i) so il m1,oistutle tension, average hypocotyl elongation 

rate shows ain olr[irnal reironse to soil temrperature with highe elongation 
rates occLIri ,it 30 C (FI Uit 1). These results alree with tile firdings by 

Hatfield ai F(Ili (9) anwl t' ci!iiani (:t Ill. (?) w rose investigatiois have 
shown1 that -o 'he[l lolrr(rece uceiciIt ill the least ;mimourt o time when 

the soil tefinpLrattirr was ill the rzinge of 25 to 35 C. -The r.eact temhrperature 

01)ti1l1111 CtLd nlot he dettrrirred iil the iresert stludy )rects of .rohlerns 

'1coLtintered (uriril dLta collctio, it 32 arid 35 C. 
The dalopenini effect of soil m.Tchaial inipeldance on Iypt)ocotyl elo

gation (Figure 2) agjrees With results ohtained Iry Arnold and Alston (1) and 

Garner rud Bowen (3). Wiu nra (13) and Vaughan (12) have observed that 
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Table 3. 	 Multiple linear regression nodel to predict Parameter K in Von Berta!anf
fy's equation. 

Parameter 	 Estimate SE 

Intercept a 3.82 5.60 
T (temperature, C) -0.57 0.79 
M OTIoisture, bars) -0.20 0.81 

P (1lW dance, kg/cm 2 ) 	 0.54 2.73 
T2 
 0.03 	 0.03 
M1 	 -0.04 0.09 
PT 	 0.07 0.35 
TM P 	 -0.005 0.003 
12 0.04 0.04 
P2 -0.81 0.67 
M2 p 0.33 0.13 
M2 T -0.20 x 10 -3 0.001 
p2 M -0.07 0.04 
p 2T 0.05 0.02 
T2M 0.20 x 10-2 0.0004 
T2 p -0.01 0.01

2 T2 2 	 .51v p 0.31 x 10 0.36 x 10, 5 

T3 -0.54 x 10-3 0.53 x 103 
4 	 .3
p3MT 	 0.54 x 10 0.35 x 10

3 	 -2p	 0.88 x 10 0.14 
4


T3M -0.35 x 10 0.6 x104 

T3p 0.25 x 10-3 0.22 x 10- 3 

3T2 	 3 p -0.36 	x 10- 0.15 x 10-3 

x 101M 3p -0.31 0.012 
p 3T 0.44 x 10.2 0.01 x 10.2 

P3M 0.91 	 x 10.2 0.1 x 10.1 

3 Mean 0.587; SD 0.156; DF 22; R2 0.82; and n - 48. 

the hypocotyl with attached cotyledons generates greater resistance to 

movement through the soil mass and consequently, shows higher sensitivity 

to soil compaction when compared to the root. 
The low R2 values obtained under high stress conditions are the result 

of the difficulty encountered with the reading of hypocotyls whose growth 

was taking place away from the plexiglass side of the box. This situation is ex

pected to improve with more replications under the same conditions and with 

the use of x-rays in those cases in which the hypocotyls cannot be seen from 
the outside. Our observations show that, for treatments at 15 C and 10 bars, 

the best-fit value for parameter E in Von Bertalanffy's equation tended to 
exceed the observed data and (lidno represent a "reasonable" asymptotic 

value in a physiological sense. We investigated the predictions of equation 
[II] under high stress condition using a value of m = 0.7 and iound a signifi
cant improvement oi the R 2 values as compared to those obtained when 

=
 m 1.5. This suggests the possibility of using 	a combined model to improve 
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Tabe 4, 	 Multiple linear regression model to prelict Parameter B in Von Bertalanf
fy's equation. 

Parameter 	 Estimate SE 

Intercepta 19,36 57.37 
T (tun p ratLir?, C) - 1.72 8.09 
M (m iratu!, bdr s) -8.71 8.37 
P (irvt danrce, lkf/Cfl 2 )  

5.54 28.00 
T2 0.09 0.36 
MT 0.58 0.95 
PT 0.02 3.59 
TMP -0.05 0.03 
M2 0.43 0.44 

M 
2 1) 

M 2 T 

-8.34 
2.31 

-0.91 x 10- 2 

6.92 
1.33 

0.01 
P2M 

p 
2 

T 

T2 M 
T 2 

p 

M 2 T 2 
p 2 

-0.29 
0.55 

-0.02 

-0.05 

0.12 x 10 A 

0.42 
0.29 

0.04 

0.15 
0.36 ,. 10 

T3 
p 

3 
MT 

3 

-0.16 x 

0.26 x 
10-2 
10 2 

0.54 , 
0.36 x 

10 -2 

10- 2 

p 
T 3 M 

0.86 
0.29 x 10- 3 

1.51 
0.62 x 10-3 

T.p 
P3 T 2 

0.12 

0.21 
x 10-2 
x 10.2 

0.23 x 10-2 

0.16 x 10-2 
M 3 p -0.21 0.12 x 10-2 
p 3 T -0.19 x 10.1 0.92 x 10-1 
p 

3 
M 0.13 x 10.1 0.10 

"Mean 3,90- SD 1.60; DF 22; t12 0.75; and n 	 - 48. 

the predictive ability of the present one makitng it a more reliable mathemati

cal model to simulate soybean hypocotyl elongation under stress conditions. 

CONCLUSIONS 

In the present study we have shown that Von Bertalanffy's equation 
can be adipted as a mathematical model to simulate avrage soybean hypo
cotyl elongation of CUltivar 'Forest 1975' under a wide range of steady-state 

soil environmental conditin is. The equatLion shows soufficient flexibility for 
accurate siniulatin(n and the e Its outlined here have exciting potential and 
could be extentied easily to other cultivars. Furthermore, the parameters of 
Von Bertalanffv's quati, contlin important physiological information 

that is conveyeti very conveniently. 
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Figure 1. Growth timer esImse for 1(0 Ihrs moisture and 0.23 kg/cm 3 mechanical 

F- ilmpedanlce i 'lt it nq( temp11|eratture effect. 
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Figure 2. Growth time response for 30 C temperature and 10 bars moisture illustrat
ting mechanical impedance effect. 
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SIMULATION OF SOIL COMPACTION UNDER TRACTOR WHEELS 

H. D.Bowen and H. Jaafari 

World-wide there is a keen sense of urgency in finding a simple and 

reliable way of predicti nJ the amount of coMn)action that may be expected 

r orn operation of heavy-whoele and tracked vehicles on agricultuial soils. 

The plessure of gaining ilhoi Ifficiericy is increasing the demand for morf. 

powerfl and heavier tractoi, at ; tin, liien there is no practical way to 
dletewlrin,! \voeher is (:i1W the byllaniadjr 1)11)(1 ti sol:structure traffic 

trtil Icr ag has htetr (l1e. Sr)Il ,o rirpa tter, incleases draft lequired for 
tillage, lirit; root tJrnawtlh :er,0.10ve deLe to high riMecharnical impedance, 

WrdnCes irliltralicjr of water, inciea.;es tmi to drain tlhe soil to field capacity, 

and when excessive; r(edLuces yields of all se d, torage, loot, arid tree crops. 
Soil colrrilation is riot a new p1rrnGireoro . Soil compaction problems 

hav been lininragn natural pasture production for centuries. The cow path or 
any place whvere animals conregaTte ae seldom pioductive. Soil compaction 
clltirlel lands was awell ,ecognized problern in farming before the advent of 

the tractor. Tractor powered farming witlh heavy machiiery has aggrevated 

compaction prohle~rl-s, het it has also made it possible to alleviate compaction 
by tillage. 

Tractor wheel traftic is the vrst offender in causing excessive corn
,actioni in ioderri power farming and results when pressures on the soil ex
ceed the shear strength of the soils. The risk of excessive compaction in

creases as the wheel loading and draft increases, the tire pressure increases, 

the number of passes increases and the soil moisture in -reases. The larger the 
tractor the deeper the compaction. 

Although these generalizations are helpful guidelines they are not precise 
enough for the farm producer-nlanager who must maximize labor efficiency, 

b47 
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while slowing down the rate of accumulation of excessive compaction. The 
farm manager can make a wise decision on whether to puirchase the larger 

of two tractors only if ie knows the compaction resiolting from operatOon of 

each of the two tiacto. Ili the daily der:isiorts of crol: p odLiction he may 
howe to dci¢de whetli'r to qo to the fietld t( hdl, est ,who1hO tmhld is a little 

too vet i 1, Io-,r1- - flo-, ai pv-i 7Ctcd v.tio ,. .t thit is toving 

into the ama<. -e twes to know ,\..ath leii ctltsetqLuJt(cI 01 S di iCsion will 
be. The availa li , (,T all iea '-to-ise, itie e CtL)iriilr t 

'; 'irl altion for 

calcula[itg the rC:WIt.ctioil by dlfTerent size t, actotf & )LAtftln at various 

moisture) COOltelnts onl his Yoil won illot hi n t, saiii tiis ability to make 

dlecisions involvitttj CoMtLIctionr 

The p1,rip)oSe 0t this chaitti I', to leviA'w ltiofly the history of past at

tempts to fevelop a lactical sij[litlatirni of soil compaction tiniier wheel 

traffic tod a s es:, tihe, prospeC0s lo:) obtainrnj I satisfactory simulation in the 

leer fut il . 

HISTORY OF SIMULATION ATTEMPTS 

Ii the early 1950's I German 4V, S6eln e, made the firstii Walter 

corirprehensive SIt HV n f I compaction uLde0r iactor tires. In that study 

So0ehne hr ou(llht tOihaitOl flit, IrohtlenI tsi,: alou oaches of soil mechanics 

developed by civil crtre rs fot use il preldictinli the soil plessures under 

circular and strip footings lot buildi-tts ,toO dans. In his investigations in 

Gernany, S6e0hne made: test, Lit)(ier a Vat t1ly of coi Lcion1s and found that 

BLoussinesg's e(I!ati,)ns, modiled b'y Fr it slt diffelent soil conditions, 

gt/ac a reasonahle estimate Of the ijot j i ;i6I! StrUcs, (I , ocCurt eIg uinder 

wheel traltc in r;,ny situitions (11). 
S(ehnP rade thC assumption that soil Com;tPaction1 ulner whetl traffic 

is uniquely detittlnl~nd by 0 That assunlpituo w-as juistfied I)'b the soil 

mechanic and foIundation engineering lit(itte of the tine. The relation 

of 11 to soil compaction was rl(te iined by compacting the soil in a con
fined coi prcsto i test, which consisled of obtaining the porosity of the 
soil as a function of the av rage Ies,'suie developed by a close-fitting pistoo 

comprcssing soil ;1) 1 cylintdrical vessel. 

Whnt'll tne pision has a smali clearaice with the cylinder, the soil is 

confined on all sides and shear stresScs and lateral straiis a,-( assurmed to be 

prevented. Il tlhis apparatuAs all resulting axial strain is presumed to be due 
to the axial sti ess, (1 ' imposed upon the soil by the moving piston. The 

inteirmediate and mino priincipal Stresses, ro2 and (j., ar ad are due 

to passive reaction of the vessel walls to the soil lateral stress generated by 
tile axial sttess, )1 * From laboratory tests or each so;I type, it is possible 

to construct semi-lcg plots of the potosity versus log0 pressure for several 

!evels of soil moisture and obtain a family of curves similar to Figures 1 and 2. 



649 Simulation of Soil Compaction 

WAGRA61LOAMY SAND CONFINEDCOc PI[ESM 
TEST 

55 %PcOOS4TI * pFiSSLRF(0,,) 

SAND % 0 il 
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36 _ 
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PRESSURE
 

Figure 1. Semi-log plot of confined compression test of a Wagram loamy sand (8). 
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Figure 2. Semi-log plot of confined zompression test of an,Appling sandy clay loam 
(8). 
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The curves of porosity versus Iglo pressUre ate Ioutjhly stta'qIht lines over 
a wide range of pressure for most soils at ItreSSuies ;('eatCf thart1 15out 40 kPa. 
so that porosity at each moisture level is writiten as: 

- olhlI - A 1 Op I C (I) 

where p isthe suil Iro,osit y (o tin soi, 1 't,lhi 'St, ite It il thle cunfitned 
co plltr(ssiorr i% is sIopw the ' I, ),antdtest th: of ,lli pl,t o! It)otosity vs. 

,
C is th litte' ce;,i 1if th . CtItv at 1I,0 t1 ' { rt i L ai':rtid( ''d ittl the 

t ihtrIg h II t(:i t t t IWO t'Wti ' ftt S]0 al I ILI" t' I O0 i I('leI (titIny VJ I t j t Y 

f tII !t. noItt10 ttt il i' I t 'i I i t 5
 
t t I L IIt tu t I. ' t m l} I rt ItIai,dthIeIIt
ttlih Itt' f f I , tI '. I t'lt; i 
1950's itt'1 t Iet' t t '' riit toidlk t ¢~ftrVdl*ldttti. . tlt t' , tlt u,;t
face. Sot~htt 1 / f t e , , ch Toi ',tidolit oif (aio at liI),IC1rry 1958
 

O ] tttl I sOtO t Itil t ltlIol
 
1950'S hw t, it)vol" ' I L OtIcu .
 
thtr' IIttl i t ) t n:t t1 Iitt 'Li rcftittt)r tnt 1it hI tr 

k"It, h,' Li's ,,'lh <rv X ll I.l('' C !tu 

stressit : art] thel',u sirntt,t, at;tff.it it) to ir1 t . i t n lItth)-

I)rO Chil io ;Jit/I;ttJ,,ti!I t- A fhy i, it ttt11 a l 
A' Otfi )'ti - t) nevecompl)lete t'"i 

,:OrlntJ, bic t tt'stt . ),'Stf 1!1,11: ti , W l' l' l tt i 'r'.-ofllo~lls "1frIl!,ll'To th o "', 

hl, t~ w kiSlf ri~ nerallyfi .,t,) t;] '~tlt Io l l l V I v 't. l~, ' l o ,i'i t jI 


-'0tl~~l lv t '-1. , .i !i t', w the m loll~ ' l,J <: l ", A . ",'t(I ith l!Sstl~t 
-,flact (1, U 111/foItl' tl 't lj lifj,' !(),I kt l ] t l t i l~'Ic(: l w+ rk ''Is Ilco olrl"Z'' 

i.titl ia , ,tl r , t~ll C ,qlltd f icc(-pt t 1 is lll 'flethod 

whr W) it ll]eslope Ottle cl(ue fid BistheL(J11,11 Itrjcet) o %fthut llthe 
c tl i i il Xl, 

br owe" 
ontl t d rae h a il S ICttro l tht i .llt'ch,i ,ction. 

Thilpptar ltDitc 1and il6 s' thtl undl soil Scintists 
, Soil com 


Vdr1 .jtrlr'3rtj(][~13, ot te N,,tioii l~ijl ,.l Mi~tch~riyt Laho~riatory j)ropti)sed a 

the ory,adl p - oletlltd i'stt','k,11 It'li, ti Soii cullip<Ic~tlon to diet rlle'arnolinal 

Stress, 0 )d t tht' r~lJ',IMIlI '1 )aIttidal dl N, thian to'.;huLift rJil :,thic thle 

plrincipa! normiial trteSS,III I a:; ,lld yS Vanden for',' +Vhll illBert's o)'Ijudltit'n 


the bulk denisity, BD, l.as; 

BD Io) 
+ B (1 

where A is the slope of the cuive and B is The Intercept of the curve an the 
+ + }BD axis. The mnean noinial stiess, (,,, was given by o,, = 1/;3(ol a2 a3)

and -f,,max the nmax-imun-, natural shear strain was determined fromn tests using 

triaxial apparaatus. D ,-nlap arid W~eber (6) showed that under certaining load

in.+ paths (-2 rather than o I or (Srn controlled compactinni. 
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Jaaf-iri (M d t rpoito trat the max.imum veiticalSt -Alital.(12) 

strain tno' a Irt,dIta, a)1t iCae at,i th- tie-soil ift' face where the maxirILlM 
t . l liif tht(1 oca ,,h ,t ',"i,i,t ,p x i / lat ,Iit,',idth helow the 

tl ' hi tt' . tli wItlt ii ' I .i %f e. i ; t a c I i t.l Itf s a i q 

I . tt 'i t1 It t I 't"I I)!,i t, t I Ito ' ,A J I f rI I f triO 

l~ t, r ,i l.r ;,)t ,Th ! : z ,T t r ' I ti l , r.i ft(o th o tiff, s()IlOwl, ill 

t Iti~I ,-.I I * Ii Ii- I I t Ifl II I i I IrI i I I Ii .IIrI l I I I I Iu 

Till~~il 51) I-ti- aI 

Stiil i In ar P-I' i I - t i t ci ,i' t ietherfmd) , tifet writh7)'l,Ii ii " IIilIl -s-i ,IlthitiilY01 s oi 

1 " t/c[)wh'w . ( t -, II !,I,\~ ,, )SkIII 0l111 S IIt t 1 !1 ,if 1 I, t I"l : I !,vI a tILioI 
tii. itt, Ii Iti , ( i lhit'1,ii ' IIi,,i I i irI n n'Itahlaed 

I , r )t witI".,t;iIII/IiiltiiI[31)oI mIi~'tsiqsIuprli-ia-itt-,t1 IIII ll , Istt I I I t I I I lf Bortlsifij wilii' 

I r % l I, j 1. v 1 tIw(S e Ill , /to C IRI)tt l I I I 1 26(5t ,, u IDj lipu 

or ofHo%1s 2 wwaCrluter -wi~it'tpi ton vieI ishdsplay hulkst 

,riltS t iCd trlolita hypothetical soil. The i I tiII' the Simulation are 

ndicate; irnd oicept for thne soil fajctors ae icadily aivailable. 

THE SIMULATION OUTPUT 

~Vhat Would a! Soil COiacW(tOio SIl'JIl Show YOU that You do0 not 
already know? A SWIlLLhIIIIII car))l oiVe 111 011tpt sii)t that iniFigure 3 

,eeiillocikinil de l ,OiT ca ,the predicted distiw h hy a t,h il i iti o sIVI 

h1tioIn Of bulk density uiter tne tlt, fa the first p'l; ovet a illed -oil. The 

tiiolatIron irinrai ,ill plot jri.hsif orositydand bulk density vs. moisture 

cisotet forthe iiilr FI-it(J 4 5 for the Wagramsoil, to andl{s foaiy sand
 

ii th ,, loam B' selecting the bulk density
Appling sandy clay respectively. 
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o ! OFl.!' BULK DENS ITY-


F ,"FF 1. 	 1"."1"} H: F I" I" FF~i1:1 1 F I.'F"1:Fl 1:1': F F :tF F "}FFF"FFI F,'I;A'} 11: :11: FF 

F1:F 1F F'} VIF FF"FVY"VFI InFi'FFFFF1:FI* .1:I F 'FF F F 1 F 1: 1I I'I'FF F 

SV"TFII.: I 	 F FI'I H:11:1. F1111'T FFF1

."FFF I " 	 !']'F!'F"I F: 1]'1" i ' FF.' 1:1I" q"FF 'F1 HFI )}' F E.I':F I 1' !'. )F: H 

1
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' 
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,
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i.I'1 }'1 ;; 	 1 1 1 1 7 ( I'I'I F]F ]Fi.Fl* Fu Jl ! iIlI [III!!H, F')'I.I IH Y '11 ':FF 

pac'l producd;iyillIaI t l s.k a11Itilled oIi I Wril 1 1dFI t 

r

FFFI F ;:~ i i i 1 1 1 '1 1 1 ]i~: ';i'l' 1,1 ' 
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Figure 3. 	 Visual printout and codle foi' left half profile of simulatioia nf soil com

paction produced by a tractoi and disk harrow operating on a deep tilled 

soil. 
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55 WAGRAM LOAMY 'AND-CONFINED COMPRESSION TEST 1.2 
POROSITY % s MCISTUIFE CONTENT , 
SAND % 9015 --t LIMITED 
CLAY % 3 16 .0 AEFRATION I 3"E 
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WATER CONTENT,%(db) 

Figure 4. Porosity and hulk density vs. water contLnt for a Wagram loamy sand (8). 
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3 - I'11O55>ITf ' /. s M(I TRLIPI 
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"AND 'o446 	 WATER FILLED PORE 18 
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I PSI 6 89 kPa [.9 

?5 . . ... .. .... A .d . . . W A _ I. L_.... ... 	 I 

0 3 6 j 12 15 18 21 24 27 30 
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Figure 5. 	 Porosity and bulk density vs. water content for an AI)plinq sandy clay 

loam (8). 

under a tire on( can see ron Figune 4 Osr5 'tow the W(r;lil hl-1y sand or 

tile Appling sandy cl,y loan is compacted. Ii aldilion CtIrVeS like those in 

Figure 6 will ho 1)101lt(I'(l slho(win,; i',,effect of nunbers of passes of any given 

Siz.!tractor o soil hull" kIlon itv. 

Soil coInpactionl will edLnC: too and top growth either by an excess of 
mechanical i)ipedarice or a lack ,f aelotaion. Penetrometer readings with a 

cone index Cl, greater than 1033 to 2112 kPa (150 to 350 psi) on soil at field 

capacity moistire wili lioit root qrowth. From the graphs of Figures 4 or 5 

one can determi ne how near the soil is approaching a limiting compaction. 

The shadled area represents the range I f bulk density encolitere( for plant 

growth. Some clay soils will have a bulk density following tillage of less than 

1.0. The blk density of some sanIs may be as low as 1.2 following tillage 
hnt available moisture Will be limiting. Compaction to 1.2 or more on clay 

soils and to 1.4 or more on sandy soils (isually increases available moisture 

and does not seriously limit root impliance or aeration. However, increasing 

the bulk density over the range 0.8 to 1.6 reduced available water to one

third for several of silty soils in England and Wales (10). Air capacity of silty 

soils was limiting at bulk densities greater than about 1.2 to 1.3. Thus it 



" ° 	 . :
 
a / 'afCa : al ' < a"; ': ,]< .,.- < ' <: - " /. ' , i .,' /a" -.:.i '< ,."}- k .y':a,:./< ,' , . 

654 

2.0 

i'E-1.6 

E 
>.-1.4 


0 1. 
V 


Z) 
* -	 1.0 

0.8

0 ,16 ' 

Simulation of Soil Compaction 

aa WAGRAM LOAMY SAND 

'a ' 

APPLING SANDY 
' CLAY LOAM
 

Total Weight
VEHICLE kg lbs 

A 5918 13020 

8 8400-3818 

C 1727 3800 

....... I.... ......1I ,, ,..h.. .. , ,I. .. ., I
...... . - ....... .. . t , .....


I 2 3 4 5 6 7 8 9 10 

NUMBER OF PASSES 

Figure 6. 	 Maximum bulk density in center of wheel track vs. number of passes for 
three tractors on two soils at near field capacity moisture 18). 

would seem that ';le silty soils would respond the (nost to management 
schemes of essentially zero traffic, while clays and sands benefit from modev
ate compaction and can tolerate relatively severe compaction if only pai t 
of the soil iscompacted and hard-pans are not continuous. 

The bottom edge of the shaded area of Figures 4 and 5 indicate a poros
ity and bulk density that will severely limit plant growth from both aaaton 
and mechanical impedance or an interaction of them. In general it wa fowaiS 
on Swedish soils (7) that when asoil was compacted to 200 kPa (29 psi) w1i* 
one trip of a wheel across a tilled soil at 100 cm of moisture tension. abmt 
30 to 40% of the macropore space (>30 um equivalent diameter i.
stroyed. The soil will still grow crops at this level of compaction. Ho a 
loading causing 800 kPa (116 psi) in the soil at 100 cm moisture tmuion r-

-" 

sulting from one pass of the wheel was sufficient to destroy all of the 

1 
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1m41CIopes Ill mlost snfls od icsilt lit Ito doration, even 11-thotoj there'( mIAY 
have heoi , ' conlsidrlahlI pol osity Ill pol - 30 oh'1 11ivdflenIt ii;alinel.T 1lke 

It ,S 30 Jih II o11 liivl t li l i it 100 cilIi i I , I I: !i toliJsIIIIv." k1ki IfI kH s Io 

Ill qw till, ILdl
1 

kio0LSity' ii, d1 Iiiii'd hii tl)li (it it" ' ! i iiiniiel61jL~ 

XIms~s Lotl' tilli I It illii, ielationl ho~lds f )1 100 o1 hlLole jL eiiel WoC 

Cl ail'S1diY 1:\LLL1 to LL~ii fmo tilt' arCMIIIiiI~teit Ci'lhoitimh Iii o 

Iatio:lot tn pililldcit LI Ltdldd t%%,)vvileI (ili v 'Iuuctn vs. lfolni

"I',ut ": t ) io, t c i tl l tutu IifjI Ii ii i i' 'uL U ILS 111 ti tle I 

iti i ilihtiri iio ILLLI te Im' Ow~hl I m LiJSf ioilio 1(m II1Ict ioI t Is%'A oi 

lt Isnldet! vIwltllILI,01''1k~iliu~101 i jl toIcd i ii..ulitl dii llId na,ilis
 

11,1 o .%..1tiihlLL it iiI LIl i i fdiii I.ho ta ! )tiiuir(Ii l~ich '01111 i(!It?( dCiv 

%vilt't-1itot O w 1Lu " to ll ( ;uLL %h i/ olV i o tiII !Il 

It ~ ~ ~Ii,II, ~old ! W ', LII'i1 l-,,(UIO W I ACLtltI':! 10 MeL 

a. t~lt'lotil'; ,, col lp A o.l h' M iIILLLLt11 tlt 00 0 11 W W 

A>4 1 ' 5* 13 13 

zj TRACTORIA 

FiACTCR 9 

TR/hChTfl50 

-- fLLi --- 8 9 10 

Figure 7. 	 Penetronieteor Cone IlidltX, Cl, VS. delpthil incenter 1,f the wheel tracfs of 
three tractors of uifforent weight after one pass an an Appling sandly clay 
lojam near field capfmcity (8). 
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which is about 3 times that of tractor C. Also we can see clear evidence of the 

peak resistance being at greater depths fot the Ilor etrat] 

ASSESSMENT OF PROSPECTS FOR A SIMtLATION
 
FOR GENERAL USE
 

Technicalily -v: coi Ow ioritt ri p )oiorlsl to dlevilop the kind 

of infolilrtior -,o r III th11, h1,<11,t I d r i.t" OjII h' cost anid its istl is well 

vithin t e L IIs Ii.iii I (liItit frlll S ill mlost arllas eveillflio. 

I-ow ewvl, I1'- ,, , fi lfrI 1,i I mpirril elr:rrriis Ii Ihrrtorur lh , ill uo 
Vid et Il ", tM); J <! ,' 1 " 1,1Jli ' HLIt itt'd , 

plovid 'd, ' I . iud.fu! siilll >li s lti t ln). il hrliqti I Itll

filit tl L,!iolr ' l tl t l ri ' ''I,l ilt lh in; I. ti, ;:t str( lrr likel' 

tirit iv I rl in t i in -si: r I n 0i )l,'I'i . tfO.'(1 Ir i l I ! ".s i tlr 
Lll il~t~ t ll ' ' IUi'1ll It~l l111 ' Ill, l; i i ll a lL l ily.ltk s tl i :411h ( i t, i s fil .,s.o( il, 

(ib) 	 Lrirt) xi:>,ih . !it iLt t tl iir'ells o. I lIt)ii ll!r ir il lc.iri fi:) ,rh.! 5 
cot m pllhi(A t't t t,, .i t k jlilltA'. :,1111ltilotlt 'lit dt VU tlI l UJIt. dtly imll/ otve tril 

ti ,ty rIt0 . 4 l c'it ,r trill o ld . 

T"in t rlllrlrlr 0i LTtl\,! (i lt, Pr i L I nric srleOirCo rIittte of thW 

A i iit l -r()cnct,' (it Alpr t ti l irll [r riil r'l" A .SAi I'M ,155 is to Il,11-,e IvartIl

l ) iI 11 r ri testn 	 Il StLlr ! il ,! ' I[ r i 'll u)rl .1i0h r llllt'd t efrrlrssior ntrta oil 

5) ii r !d Imoh!ished theo 	1e sollIs H S. rll" slilt;I! I I hir, rm k ill ASAE 

arhoo l.Nr A;AI: IM 45:5 tIhLrrrrIItke rs Crr)sed tr a01ii lltotral 

riqulni tril M rr)il i '>h ,tr I enl¥ itelestied ill I)rovir il j a vwlid 

sinr,;i ;)In A r ol rk Itlliait: of tile nor uratl (iire to :rss(Mlhle atid noCu-

Illlrn r Ii )rOirrrrr/ v Lrild e 1) Ylils, hill With the n1tihlnil erut)Isis Oin 

I~-ss.<iLlt urrnI t:rrliu>-rr iir .Str]U l:LWlairlatil. ill th. soil this plo)la l llmay 

pos ih!V ii, jrtle I lle iSs In the rtilner hrl irr tinl.. rruriW if sufficient inter-

Ust is showir nuhCI i could Mrade to researchtho SiMurlotiun ie available 

adr(i txtrinSirI1 leIsonir i withinr a year of thiS publication. 

NOTES 

I-1.D. Bowen, Deparlm nt of Bioh gial ani Agiip ultural Eo ineefii., N. C. State 
University, F3aleigrh, North Carolina 27650, ind 11. Jaaifari, University of Technology 

and Agricultural ro CLuiiion, I Mialan, Iran. 
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l:3. 	 VIndti flell,(. I_. 196"7. Ft1Ai,iI rIpiei.tr,-tits Of shtirttiII stlaio antd compaction 

i ttrstiurated soil ASA-: Ilatr No. 62 648, St. Josetl MI. 



RAW MATERIAL AND SOYBEAN OIL QUALITY 

T. L. Mounts 

The current U.S. giades of soybeans (Table 1) give little atteri: n to the 
quantity or quality of the oil and protein obtained from the crop, althouqh 
grade levels of splits, damaged kernels, and foreign material measure factors 
that :educe (luality. In hoth ilornets(c and exlport trde(, the most common 
grade of bean is the U.S. 412. This derives strictly from economic factors 
with little reg!(id for the (quality of p)roluctS. 

Our foOd ,ysteni flows thloUgIlh three sectors--inputs (such as land), 
farm oleaati:ns, and productl ilarketing- -to the fourth and final sector, the 
consumer. The third sector can be more completely descri bed as encompass
ing all facets of tpost-harvest handling, storing, processing, and distribution. 
However, there is some overlap from those immediately preceding and 
following sectors. Pie-harvest factors in production of the crop certainly 
affect the quality of the crude oil and processing efficiency. At the same 
time, the price, availability, and quality (esthetic and organoleptic, as well 
as nutritive) of food for the consumer are functions of post-harvest tech
nology. 

PRE-HARVEST EVENTS AFFECT OIL QUALITY 

While our many farm crops are growing, a multitude of factors play a 
role in the successful harvest of the crop, A ciamatic example occurred in 
1971 throughout much of the southeastern portions of the United States. 
Because wet weather delayed harvest, mature soybeans remained in the 
fields for prolonged periods, and much of the crop was damaged. When 
the damaged soybeans were placed in storage at high moisture levels, the 
darTage became progressively worse. 

659 
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Table 1. Grades and requiremonts for soybeans.a 

Forcign 

U.S. Test Wt, Moisture, Splits, tDamagedKernels, Brown-Black Material, 
Grade :h/Bushel %) Total Heat Damaged Beans, % % 

1 56 13 10.0 2.0 0.2 1.0 1.0 
2 54 14 20.0 3.0 nr.5 2.0 2.0 

3 52 16 30.0 5.0 1.0 5.0 3.0 

4 49 18 40.0 8.0 3.0 10.0 5.0 

aofficial grain standards of the United States (1). 

Robertson et al. (2) reported that.as the severity of damage increased, 

tile percent free fatty acid (FFA) and Lovibond color increased while the 

phospholipid (P) content of the oil decreased. The authors suggested that the 

pilosl)holipids werie i)robably destroyed during storage by enzymatic action. 

Refiners repotted that oil extracted from field-damaged beans contained non

hydratable phospholipids that were not easily removed Ily degumming or re

fining. Such (il formed stable emulsions during refining, and high refining 

losses were experienced. The I-,igh FFA content of the oil from damaged 

beans was of greatest concterrl to processors. Oil refining losses rose from a 

nomnal of 1 to 1,,,,,to over 4%. 

Finished salad oils pretared from field-damaged beans had poor flavor 

stability, and the residual )phospholipids were suspected of contributing to 

the flavor deter ioration. However, subsemuent resear(,h (3), indicated that 

increased iron (Fe) cortent of the oil caused the flavor deterioration. Iron 

acts as a catalyst for the oxidation of the oi!. The increased iron content, 

which parallels ,ir in:rease in FFA content caused by glyceride hydrolysis 

in the dariageri beans, arises from natural iron in the beciar and from attack 

of the fatty acids on iron surtaces and on particulate iron. As shown in Table 

2, the oxidation value of the crude oil from damaged soybeans was increased 

substantially over that of oil froi sound beans (4). Peroxide value (PV) gives 

a measure of hydroperoxides present in the oil, while the anisidine value (AV) 

is a meawre of secondary oxidation products. The AV plus two times the PV 

yields the oxidation value of the oil. 

Comparative studies were .erformed to determine the effects of proc

essing upon the anisidine reactive material in sound and field-damaged beans 

(Fig. 1). Relatively little increase in AV occurs during degumming or refining 

of either sound or fieAt-damaged soybean oils. Bleaching raised AV in both 

oils But to a lesser extent in sound oil. Deodorization had a markedly differ

ent effect on toe two types of oils. Anisidine values always decreased during 

deodorization of sound oils, whereas they sometimes increased during de

odorization of field-damaged oils. 
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Table 2. 	 Effcct of iron on oxidation of crude soybean oil. 

Bisn I on Content, Peroxide Anisidine Oxidation 
Condition pill Value Value Value 

Sound 1.2 0.5 0.4 14 
Sound 1.5 0.1 0.5 0.7 
Soun( 2.8 0.0 0.4 0.4 
Sound 2.8 0.8 0.5 2.1 
Damag;ed 2.0 0.2 3.4 3.8 
Damaged 3.9 1.2 0.4 2.8 
Damaged 4.0 1.0 3.8 5.8 
Damaged 6.0 1.5 1,8 4.8 

The final rneastue of a finished salad oil, of coIIIse, was its flavor. Proc
essed oils were evaluated organo eptically by a 20member analytical type 
taste panel. Parelists were asked to score both the odor and flavor intensity 
of the oils oil a I to 10 scale. Speci fic flavors or odors were scored on a 1 to 3 
scale. Freshly deodorized soybea n salad Oils flona souid hears usually score 
7 to 8 on overall intensity. Althoug(h thi anailyticazl or difference type panel 

cannot indicate corsulter a:cptance, a iatios] below 6 is glenerally indicative 

of poor tlity. 

Damaged oils were piocesso;l to finished iMlUCtS by laboratory simula

tions Of Comitercial j)to(e'ldLo es (5), Alternative refining l);Ilameters were 

evaluated to (eter mine which wer,! the: most effective for yieldinog improved 

8 
Soybean Oils 

,- - ®-----6 	 0 Damaged 

A Sound /
 

I 
I 

4 -
I 

2 	 *" 

0 .~~ 

Crude Degummed Refined Bleached Deodorized 
Commercial Oil Processing 

Figure 1. 	 Effect of processing on ani idine values (4). 
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oils. Crude oils were degummed with water, acetic anhydi de, or phosphoric 

acid; degummed oils were singjle or doub'" - - .; reied, washed oilswcre 

vacuum bleached with activated clay or activated carbon; e'eodorization was 

210 C, 230 C, or r;f the most significant expeliperformed at 260 C. Result' 

ments are shown in Table 3. Deodorization of the oils at 210 C yielded 

products having low flavor scores. Increasing the temperatule of deodoriza

tion to 260 C gave oils with flavor scores above 7. The results of these studies 

showed that elevated deodorization temperature was the most important re

fining factor improving the quality of salad oils from damaged beans. 

POST-HARVEST HANDLING AFFECTS OIL QUALITY 

Recent stu(Ci" 6 indicate that post-harve.st handing of the bean can af

fect the extrccted crude oil (gUality. Shipments were sampled at the origin and 
corndestination. Ildividual samples were combined after grading, arid the 

bined samples wtrte fractionated to give composite, whole bean, and split 

bean fractions for each sampling site. Crude oil was extracted from each frac

tion by lahoratory simulations of commercial practice. Resuits of critical oil 

quality determinations (Fe, FF/A, PV, and P) for a shipment of soybeans from 

New Orleans, La., to Tilburyr, England, are presented in Table 4. The analyses 

of extracted oils for Fe, FFA, and PV show that the composite and split bean 

fractions deteriorjted (tring shipment. There was no in-transit deterioration 

in these Oil qealWt factors with the whole buan fraction. Oil extracted from 

s)lit bean tractiofrs showed significant differences in oil! quality 4actors rela

tive to whhole bean oil. Analysis of the oii extracted frc.-n whole and split 

bean fractiers of .oyheans sampled from Iccar elevators (Table 5) showed 

sig:iificant differences in the results for Fe, FFA, and PV and confirmed the 

findings with the exported tear.s Split beans appear to influence greatly 

thilt quality of oil, is reflected by increased levels of Fe, which is a catalyst 

for oxidation of soybeLan oil, ard of I-FA. 

Table 3. Mean flavor scores compared by degturnming method and deodorization 

temperature. 

Mean Flavor Scores and Sig a 

Deodorization Temperature 

Degummming Me'hod 210 C 260C 

W-szer 4.80 7.17 

Acetic anhydride 5.59 7.11 
Phosphoric acid 4.82 7.16 

Mean 5.07 7.14 

aLSD (least significant difference) between degumming methods = 0.45 flwor score 

unit. LSD between deodorization temperatures = 0.78 flavor score unit. 

http:post-harve.st


Table 4. Soybean oil quality evaluationa during post-harvest handling. 0. 

Phosphorus (ppm) r-
Fraction Fe, ppm FFA, % PV, meq/kg Crude Degumrnmed 

New Orleans (barge-train) 
b
Composite 0.4 -0.04 b 0.7 ±0.3 0.9 ± 0 . b 442 ± 11.4 b 

370 ± 1.1 b ,F 
Wholes 0.7 ±0.4 1.0 ± 03 1.2 ± 0.1 . 
Splits 1.2 ±0.5 1.1 ±0.5 2.2 ± 1.0 

New Orleans (vessel) 
Composite 0.5 ± 0.4 1.1 ± 0.5 0.7 ± 0.1 500 ± 10.0 40 ± 1.1 
Wholes 0.5 0.2 0.7 ± 0 5 1.3 ± 0.5
 
Splits 1.9 ±0.4 1.4 ±0.0 
 1.7 ± 0.9 

Tilbury 
Composite 2.5 ±0.9 1.7 ±0.3 2.8 ± 1.0 359 ± 11.0 183 ±t 639 
Wholes 0.4 ±0.1 0.9 ±0.7 1.8 ± 0.7
 
Splits 2.5 ±0.2 1.7 ±0.2 1.9 ± 1.0
 

aAll values are the average of triplicate analyses. 

bStandard deviation. 

03 



664 	 Raw Materidil and Soybean Oil Quality 

Table 5. Oil quality evaluationa of soybeans from local elevators. 

Peroxide 
Sample Iron, ppm FFA, % Value 

Trivoli, Illinois 
0.6 ± 0 .3 b 0.3 + 0.3 bWholes 	 0.4 1 0 .2b 

Splits 	 1.1 ± 0.6 1.0 ± 0.4 2.8 '0.6 

Edwards, Illinois 
Wholes 0.3 0.1 0.6 ± 0.2 1.0 0.2 
Splits 1.4 ± 0.3 1.9 ± 0.9 3.2 ± 0.9 

Farmer City, Illinois 
Whole, 0.9 ± 0.1 0.7 ±0.2 1.5 !0.4 
Splits 2.8 ± 0.4 1.2 ± 0.2 3.6 ± 0.9 

a All values are the average of trip!icate analvses. 

Standard de ,iation. 

The l)h0SI)hlos content Of tileclude oil (Table 4) from the exported 

beans samiphed at ine origin was normal. Removal during water degumming 

(approximatel y 90" removal of phosphat ides) was adequ ate. Oil from the 
beans at destination showed deter ioration as indicated by the low phosphorus 

content of the crude oil. Dtgrnurmi of Ihu oil failed to lowel the phospho

rus content below 183 1;1. T-is, as o. ith the field-damaged bears discussed 

earlier, nonhyd atahie lrhsphaiiho, were formed during export shipment of 

the beans Foreign pr-ocesoIs r)ave long colltended that they could not 
achieve adequate phosphratide removal by simple water hydration. The evi

dence of this study indicates that ihosphalides deteriorate during shipment 

of the beans and explains the pool phospholipid removal experienced by 

foreign processors. 

Investigations are cantiou inrig to jscert air what specific factors of export 

shipment ccnItribute to phosihatide deterioration arid formation of non

hydratable phosphatides. 1he data on oil from split beans, however, clearly 

show that improved methods of hand! ing to minimize bean breakage could 

contribute to improved oil quality and lower refiiiing losses to the processor. 

NOTES 

T L. Mounts. Northern Regional Research Center, Agricultural Research, SEA, 
USOA, Peoria, Illinois 61604. 

The mention of firm names or trade product; does not imply that they are en
dorsed or recommended by the j.S. Department of Agriculture over other firms or 
similar products not mentioned. 
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NUTRITIONAL ASPECTS OF SOYBEAN OIL UTILIZATION 

E. A. Emken 

A total of 17.5 billion lbs of fat and oil was corsiumed in the U.S. during 

97G (1). This aMouTt ekluals a daily per capita intake of 0.35 lbs (157 g). 

The contrid)r tion of veletable oil to the total dietary fat consumed has 

contii iallv iincreisert ron, 1n. in the earl' 1900's to 43.3> in 1976. 

Visible t,2! !1oe1 onti b1Litnd 12.4 billion ihs 'Lo thte Artelican diet in 1976. 

The contrit>,itiori ,.fvarions fats iothis total is .liven in FigoreI , which shows 

tha:i soybearl oll piovdes alnmnst 60 '.,r7.3 billion lbs of visible fat (20). The 
(:ontrihLtiom1 of pfrtially hydro enated soybean oil to the total yearly per 

(,capit' COrIsinmption is testimated to be 24.1 lbs (Figure 2) (33). ThiS estimated 
value Iso includes a s11aill amount of other hydrogenated vegetable oils. 

Sinca! 40 to 50'', of the total calories in the American diet are contrib-

Uted by fats, the dietary aed nutritional importance of soybean oil and par

tially hydrogenated soybean oil are great. Partially hydrogenated soybean 

oil supplies 10 to 15% of our rlaily calories. Soybean oil is high in polyun
saturated fatty acids and has a high vitamin E content. In a properly refined 

and deodorized oil, there are no problems with contaminants such as herbi

cides, pesticides, microorganisms, or heavy metals. 
One possible aiea for concern is the reportej tosicity of cyclic mono

mners, dimers, and oxidation products formed in heated soybeai oil (8,44,45). 

However, only severely abused oils, which no longer have good flavor and 

odor characteristics, contain appeciable quantities of these dimers and oxi

dation products. 
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Soybean Oil 

58.9%
 

7.3 bit. Ib 

PdiladCocoanut Uis 

1.2 h i RlbU.::::9
 

12.4 bllion p01wnd tattotal 
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Figure 1. Sources of visible dietary fat and oilconsumed in the U.S. during 1976. 
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Figure 2. Sources of visile dietary fat consumed in Ibs/capito/year In the U.S. 
during 1974. 
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NUTRITIONAL ROLE OF FATS IN METABOLIC DISORDERS 

A variety of cOilltin) and iare disorders; known to involv fats and fat 

metabolism ate listed III Tahle 1. I1 many cases,e(iiuly fats ale not pllopelly 

absorl d, utilized, oxidie(l, ()i remiovei frtom cell tissue. These plohlems ae 

iiorInally the result of iMlWlited nIetaiti defects that I:aIise at 1111titnleh Of 

clinical symlptuns. In some diseasis, the pii ileii cii he tiac d to a inisshl(I 

ernzyoie, or altei atiol (I litlid-iiltdliil feelback Ilechaiisms. Il any case, 

these SyliptOIS illostidate the Iillirltaliice of the oh k!ts l)la il oilr gene'lal 

well -bei Ott. 

Noii-ienetic disidehi silch am csitit;liwl fatty acid ieficie:icy alu noe 

existel lf the ioi il iopulaitii. Essenti.l fatty acil tie llui lieslts at easily 

iet fby the Amiicl(ili diet, pattly licit(le 'liheain oil is I ihii si)lce of 

linoleic acid. 
The tio'silihi iiivIlvmieiit oif fats tInd, in altirietilir, hydiileinated so ,. 

beam oil ii cmoiai()ty htai t dis,ise and caniciI IlS causil Illich co1icui iand 

Iesul~td hi 1YC0fliitiCil( scieiutilic IItt 13, 18, 21,24, 32,38, 43,11,iy (11, 

48). However, at lIesent, tile i(iesti;i of vviethei hyi(leniited soybeati oil 

(contrll)ute.s to 10ititiliily of il:,,adses sHclh as caiicei or coronary heart dis
eaise caIot he aillsweied with any oimltinty. 

FATTY ACID ISOMERS PRESENT IN PARTIALLY
 
HYDROGENATED SOYBEAN OIL
 

Ilhe cntloveisy io.nicillh ifi iliated(l soybean711 oil is the result of 

tli iruerl ic fatty acid'; lot med (Ikillni iyli o(Ii'iation. Both (leonletric (trans) 

and pioisiti(iil i mtw i f1, fi ttii ill hyiiofttedl soybean ill. The (Iteneral iso

111ic lilt ,i(i;il tr itll td hidir itniiitel siiyhin Oil is shown in Table 2 (27).W 

-rlilu 1. D i, rr , tht iv tlvw f ,it lln tiabolism . 

A,\rth li)inat 'm t) llit mill ,i il 

Allergis eitertis (;iuchtu 'S lSeixii 
Atheroschmqosis hl l ;;~~lllt]i 

Biari disca:s; lcholutilisl) fIy;Y,!rlil)OliIow llimli 

Canccer Kiky hair iiscast 

Colliac disase Isirilw) Kraihe's disease 

Coorinry teinmt disease Metalihtonalic heukoilystrophy 

Cystic fl)rosis Muttie scietosis 

Diabetes tetlit us Niemainn-pick disease 

Diarrhoea Obesity (adilp)sity) 
Diverticul, Steatorhoia 
Essential f-ily acid leficiecy flay-sach disease 

Fabry's disease 
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Table 2. Fatty acid composition %)of soybean oil (SBO) and partially hydrogen
a.
 ated soybean oils

Fatty Acidb SBO HSBO-1c HSBO.2c HSBO.3c 

16:0 11 11 11 11 

18.0 4.1 4.3 7 10.5 

c_18:1 d 22 29 33 18 
t18:10 -- 12 12 51 
9c.12c-18:2 54 31 22 -

9c,12t- and 9t,12c-18:2 
9t,1 2t-1 8:2 .... 

4 6 -

9c.13t- and Bt,12t- 18:2 -- 2 4 9 
Conjugate(l i! ers .- 2 0.5 
18:3 (all isomers) 7.5 2.3 2.0 
>20:0 1 1 1 1 

aData from Hef. 27. 

l)GeMva numbering system used for fatty acid abbreviations. 
CHSB0 -partially hvdrogenatud soybean oil. 
dncludes positional octadecenoic acid isomers. 

Figuies 3 and 4 give a detailed analysis of the distribution and relative 
amounts of the positional monoene isomers in commercially hydrogenated 
soybean oil pro'duts (42, 49). 

ABSORPT!ON OF FATTY ACID ISOMERS 

Soybean oi and hydrogenaled soybean oil are well over 90% absorbed 
in norma! hnt1an subjects (12, 15, 17). The data in Table 3 indicate that the 
melting point of the fat is the main factor that effects its absorption. Melting 
points greater than 50 C are accompanied by decreased digestibility. Tli
stearin, for example, has an op of 70 C and adigestibility of 19%. 

Recent studies with deuterated tri-trans-12-octadecenyl glycerol (mp 
52 C), tri-:is-12-octadecenyi glycerol, tri-trans-9-octadecenyl glycerol, and 
tri-cis-9-octadeceny! glycerol showed that all four fats were equally well 
absorbed by humans provided the high melting trans-12-octadecenyl glycerol 
was first melted and then emulsified with a mixture of sugar, sodium casein
ate, and water to inhibit crystal fo,'mation (14,15,17). 

TRANS FATTY ACID CONTENT OF HUMAN TISSUES 

Analysis of human lipids confirms that the trans fatty acid isomers are 
absorbed and incorporated (23, 25, 29, 31, 40, 45). The trans fatty acid con
tents of various human tissue are summarized in Table 4. 
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Figure 3. 	 Distributiion of positional iscmers in the tri's-octadecenoic acid fraction 
from commarcial sample, of in,irgarine and shortening. 
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Figure 4. Distribution of positional isomers in the cis-octadeconoic acid fraction 
from commercial samples of margarine and shortening. 
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Table 3. 

Fat or Oil 

Mutton 

Hydrogenated cottonseed 

Hydiogenated Cottonseed 

I-y'ritogenat ed peanut 

Hydrogenated peanut 

Hy drogenated corn 

Hydornenateld soy)ean 

Soybean 

Lard 

Butter 

Tripllmitin 

Tristearin 

'Data from Ref. 12. 

Digestibility of fatsa. 

of DigestibilityeltingCoefficient 

C 

50 

54 

46 

50 

52.4 

43 

35 

... 

37 

34.5 

66.5 

70 

Human Rat 

88.0 84.8 

-- 68.7 

94.9 83.8 

92.0 

79.0 

95.4 

96.7 97.0 

98.5 

-- 96.6 

90.7 

-- 27.9 

-- 18.9 

Table 4. Percent tran4 in human tissues. 

Tissues 

Adipose 

Liver 

Fetal liver 

Heart 

Heart 

Aorta 

Aorta 

Aorta 

Maternal fat 

Myocardiurm 

Jejunum 

Sebum 

Milk 

Serum 

Erythrocytes 


Serum sphingomyelin 

trans (%) 

2.4-12.2 

4.0-14,4 

0.00.5 

4.6-9.3 

1.0-8.2 

2.3-8.8 

2.0-8.0 

0.67 1.53 

1.5-6.8 

0.27-1.53 

0.38-1.21 

1.0-1.7 

2-4 

2.7 

3.1
 

4.6 

http:0.38-1.21
http:0.27-1.53
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Considering that the trans fatty acid intake has been estimat,.d at 8% of 

the total fat (34), it is surfrising that higher trans fatty acid levels are not 
found. Certainly, there is no evidence for til accurnulation tf trans isomers. 

This observation is consistent with studies on hInars. feed eitera-ted fatty 

acid isomers ( 14-17). Ill these st(ldies, huth deuteriululaheled elaidic acid 
and oleic acid were completely eiuilov fl oro essentially all of the prasla 
lipids within 48 to 72 hr after feedingi. Also similar tin iovei rates were found 
for 12t-18:I and 12:.18:1, which were ciiphqtetly ;ciiovefd from )lasma 
lipids within 48 fir aftel feutdirig. 

STUDIES WITH PARTIALLY HYDROGENATED SOYBEAN OIL 

Multilde (tel iiatoln feedii studies ill lits have i.eeii c+llducte(f by 
several lahoratories to assess the lorii-teiim conseqweiice of partially 
hydhogmeiated .(lyhiea oil (3, 22, 54). The data in -! ;.lhle 5 all typical of the 
results using tllis al))ldCh. This study with partially hydiogienatedi ,oybean 
oil containing 35' trais fatty acids showed no statistically sigr-ificant effect 

, oil the growth, weiflht, rel)loductioii i;d longTevity of larts. Patllc-loqficll ex 
amnination showed no identifiahle iilf:Preoce betweein conitrol arild expert
nrental rats. 

Paitial!y hyioltellalid siyltical i has h ni fed tio a viity of other 
sFiecies il(Ililnit hlilIiliii S Iii lliiMieMIS ex lrirlirltS. Ill these studies, the 

nal %vw tio illciiilse s ill ii 1 cliol1.st,;iof, trirjly'ii 'l el )hosie curlrelite 

)holi)id levels with the trxns fatty acii ciirteit of th; diet. Iflin itsulits have 
etll vlliahil dllit seeimi del)lnii t npn)"m thw sli(ns its well as [fie (exlperi

iiental desi(n. fesults tio1ii several studies iivolviiig partially hydrogenated 
vngitahle oil feid to illullars are st-,m inI Table 6 (2, 5, 6, 7, 9, 10, 19, 26, 
28, 36, 37, 39, 52, 53). Where normal dr!ts a, fel, tile results indicate 
essentially no difference hietween ipartially hydrogeiiatmh and ion-hydrogen
ated oil 

fatle 5. Multigeneration experiment with rats fed fats containing 35% trolS fatty acidsa. 

Wt at 90 Days () 

Fat Level %) Generation Males Females 

11.2 	 40 290 200 
75 310 212 

16.0 	 5 283 219 
25 278 209 

Purina rat chow 280 

aData from Ref. 3. 

210 
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Table 6. 	 Effects of trans acids or partially hydrogenated oils on human serum lipid 
levels. 

Hydrotonated Oil or Cihange in Serum Level 

Isomeric Fat Triglycoride Phospholipid Cholesterol 

Peanti N .D NP). Increase 
Cotoon td Increase I ricreas e Increase 
Cor.i Increase Increase In crease 
Corn N.D. N.D. Increase 
Sunflower Increase No change Increase 

Margarins (2 brands) N.D. N .D. Increase 
Marg(aries (6 brands) N .D. N.D. No change 
Soybean N.D. N.D, No change 
Soybean No changer No change No change 
t, t- and c, t-18:2 Increase N.D. Increase 
44% trans fatty acids No change N.D. No change 
34% and 37% Elaidr'z acid N.D. N.D. Increase 

aN.D. riot deteririri(A. 

Ani ilSi(Jl ilto theIIW etaholisin and ut1li/ation of isomeric fatty acids can 

be obtained by determining the distribution of isomeric fatty acids in tissue 

from animas fi(l diets contairing known amounts of trans or isomeric fatty 

acids. This approach is used to d itermine if he trans or isomeric fatty acid is 

disti ibuted .eh'tively inito specific tissues or lipid fractiou~s in comparison to 

the normal cis fatty ticids. A refiemrnierit of this approach is to use enzymatic 

Studies in iJ,,J(:r to rmniderstaiid why fatty acid selection occurs arid what is 

the likcly coirsequelrce of this iictio:. Many investigations using these ap

proaches have shown very definite differences in the enzymatic and metabolic 

steps which coitol the itili/ation of tie various sorreric fatty acids. 

ISOMERIC 	FATTY AC!D INCORPORATION INTO TISSUE LIPIDS 

Selectivity 	 vaLues for the distrihution of elaidate vs, oleate into human 

plasma lipid fractions are given in Table 7 (15,16). Selectivity values calcu
lated from chicken, rat, and rabbit studies are in nieneral agreement with 

values froni humlar studies, although there is some variation (41, 50). 
Relative sel,;ctivities for the preferential incorporation or discrimination 

of elaidatc; vs. oleate into tissue lipids are calculated by dividing the claidate/ 

oleate ratio fed by the elaidate/oleate ratio found in the tissue. Selectivity 

values less than o )e indicate discrimination against elaidate; converse!y, values 

larger than one indicate a preference for elaidate. 

In general, phospholipid fractions show a preference for incorporation 

of elaidate. A particularly strong selectivity was found for elaidate incorpora

tion into the 1-acyl position (PC-i) of phosphatidyl choline. This general 
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Table 7. Selectivity values for elaidate vs. oleate ikcorporation into lipid fractions. 

Lipida Human (Plasma) Chicken (Yolk) Rat (Liver) Rabbit (Serum) 

TG 
FFA 
CE 
PE 
PS 
PC 
PC-1 
PC-2 
SM 
LPC 

0.90 
1.31 
0.19 
1.96 
1.39 
1.34 
3.68 
0.68 
1.99 
0.83 

0.69 
.... 

.... 
--

-. 

1 .13b 

...... 

..... 

.... 

... 

0.93 

1.96 
1.49 
1.80 

1.31 

0.61 

3 .0 6b 

aTG - triqlycerides; FFA ree fatty acids; CE = cholesteryl esters; PE =phosphatidyl 

ethanolamine; PS phosphatidyl serine; PC phosohatidyl choline; PC-1 = l-icyl 
=
 phosphatldyl choline; PC-2 - 2-acyl phosphatidyl choline; EM -.phingomvelirl; LPC = 

lyso phosphit idyl chol'. 
6Total phospholipids. 

preference was also noted in laying her, rat, and rabbit phospholipids. The 
cholesteryl ester fractions fcoin human and rabbit studies show a strong dis
crimination agairst elaidati! incorporation. These data suggest that the fatty 
acid composition of tissue lipid fractions is regulated in order to control their 
physical and biochemical properties. The data in Table 7 are also in agreement 
with in vitro experiments and suggest that elaidate is utilized similarly to a 
saturated fatty acid (35). The discrimination against incorporation of elai-ate 
into cholesteryl esters suggests that elaidate may not have a major effect on 
cholesteryl ester fatty acid composition. 

The data in Table 8 list the selectivity values for the 12t-18:1 and 12c
18:1 positional isomers compared to 9c-18:i (14). The strong selectivities for 
incorporation of these isomers were found in both human plasma and rat liver 
phospholipids. The low selectivities for the triglyercide fractions probably re
flects the preferential removal of the isomers from the triglyceride pool for 
use in the phospholipids. The similarity of the human selectivity values to 
rat, rabbit, and laying hen data in Tables 7 and 8 indicates results from pre
vious animal studies are applicable to human subjects. Probably because of 
the difference in species, the magnitude of so:ie of the selectivity values 
varies considerably. Thus, in spite of differences, animal studies provide use
ful guidelines, but they should be confirmed by human studies. 

ESSENTIAL FATTY ACID REQUIREMENTS 

Studies of human populations have shown that relatively small amounts 
of fats are necessary to satisfy nutritional requirements (30). Fat intake by an 
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Teble B. 	 Selectivities for 12t-18:1 and 12c-18:1 vs. 9c-18:1 incorporation into 
human plasma and rat liver lipidsa. 

12 t-18:1 12c-16:1 
Lipid 

Fraction Human (Plasma) Rat (Liver) Humar. (Plasma) Rat (Liver) 

TG 0.55 0.64 0.71 0.42 
FFA 0.73 	 0.83 
CE 0.23 	 0.73 
PE 1.04 4.58 1.30 2.25 
PS 0.93 2.83 1.58 1.73 
PC 1.98 3.74 3.65 2.58 
PC-1 5.38 -- 3.24 
PC-2 0.14 -- 4.53 
SM 1.18 	 2.85 --

LPC 0.63 -4 4.13 

aSee Tables 2and 7 for abbreviations. 

aboriginal tribe in India was estimated at only 5 g/day/person. Previously, the 
essential fatty Ecid requirement was cesidered to be 4 to 5 g/day, which 
equals aboL t 2% of the daily calorie intake for a 2000 kcal diet (51). Recent
ly, recornmeridations for essential fatty acid have been revised to 3% of the 
total calorie intake for normal human adults and ;nfants to 4.5% during 
pregnancy and to 5 to 7% during lactation. An essential fatty acid intake of 
10 to 13% of calories is recommended as a protection against cardiovascular 
disease (47). However, subjects have been fed less than 2 g linoleic acid/day 
for 6 months without exhibiting any adverse effects. 

trans Fatty acids inhibit elongation of linoleic acid which may accen
tuate the essential fatty acid requirement (4). If essential fatty acid deficiency 
exists, the intake of isomeric fats may not be desirable. However, hydrogen
ated soybean oil is still a good source of essential fatty acids and would pre
vent EFA deficiency in spite of its isomeric fatty acid content. 

RECOMMENDATIONS 

America ns consume more than enough fat; the problem is one of too 
much dietary faz, which overwhelms the body's capacity to utilize it. Soy
bean oil (unhydrogenated and partially hydrogenated) is a major contributor 

to the total dietary fat intake, but it is also an excellent source of polyun
saturated fat. It would thus seem prudent to concentrate on reducing the in
take of saturated fats rather than soybean oil, if one is concerned about 
coronary heart disease and is trying to lower serum cholesterol levels. 

The many feeding studies with partially hydrogenated soybean oil do 
not provide convincing evidence that its intake should be reduced in prefer
ence to other fats. The problem is that isomeric fats formed during 
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hydrogenation are utiliztd differently from the usual A9 cis fatty acids. The 

implications of these differences are cuirently unknown. Man has been con

sum[n9 fatty acid iso, nets ini ruminant fats for many centuries and hydrogen

ated soybean oil has been used for 30 yrs. During this time, no short- or long

teim effects have been clarli1 correlated with isomeric fatty acids. "t present, 

trans isomers such as elaidate! appear to be similar to sterate in their niutri

tional value. 

The basic concept on limiting consunmtionI Of specif:c foud Items to 

moderate aniounts while Maintiinir,( lesirable body wt is probably the best 

advice that can ft.c offired. F,:ore; more specific recommendations are pos-

Sible , mUCh M(r ltrte s to rtj larnedI about the nutritional effects of the 

isomeric fats irnptiinially hlyd(fi(ujated soybean oil. 

NOIES 

E. A. Fmker, Nortnein , frional Research Center, Agricultural Research, SEA, 

USDA, Peoria, Illinois61604. 

The mention of firm nawes or trade p)ro(iLicts does not imply that they are en

dorsed or reconImended by th(;U.S, Departmeont of Aqriculture over other firms or 

similar products not mentioned 
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FOOD AND INDUSTRIAL USES OF SOYBEAN LECITHIN 

B. F. Szuhaj 

Commercial soybean lecithin is one of the most complex and least under

stood products of the soybean. To most chemists, lecithin refers to the phos

pholipid phosphatidylcholine. To many food chemists, lecithin is an ingredi

ent used for its multi-functional purposes in their food systems The next 

time you have an opportunity at the supermarket, check ingredient state
ments for lecithin. You may be surprised to find that lecithin is on many in

gredient lists. 
Lecithin has many food uses. If you had margarine for breakfast this 

morning, you had lecithin. That coffee creamer, donut, hot chocolate or 

instant breakfast you ate probably contained lecithin. 
In the non-food area lecithin iswidely used as a process aid. The concrete 

which you walked or drove here on might have had lecithin used as a release 

and curing compound. The shoe polish on your shoes might have been formu

lated with lecithin. Even the eye shadow, lipstick or shampoo you might have 
used could have contained lecithin. 

Yes, you have used lecithin today, you have seen the benefits of lecithin 

indirectly. I would like to provide more information on lecithin for you by 
developing how lecithin is manufactured, its physical/chemical properties, its 

functionality, and the different types of products and their applications. 

LECITHIN MANUFACTURE 

Commercial soybean lecithin is obtained from crude unrefined soybean 
oil (10). The process is a simple separation of the soybean phosphatides from 
crude oil by means of hydration and centrifugation. Live steam or warm 

681 



682 Food and Industrial Lses of Soybean Lecithin 

water is added to crlude Soyfean oil to hydrate tihe lecithin which agglomer
ates and then is separated hion the, oil. Ttie resulting lecithin and water emul

sion is batch o fWil dried from a m1u sturu of about 25 to 50% to about 0.5 

to 2% or liqhtened in color, then (fried. 

PHYSICAL-CHEMICAL PROPERTIES 

As with moSt food iruji edients, cununer cial soybean I:cithin can be quan

tified and qualifi,d hy its physical/chemical ploperties. 'Fht following lists tile 

major chemical and plysical analysis perfonrmed on lecithin products. Many 

arc AOCS official methods. 

Acetone Ilsolubles (Al) 

Acid Vlue (AV) 

Benzene IlnsOIl;leS (B) 

Moitlle (H.,O) 

Peroxide Value (PV) 

lodine Value (IV) 

Viscosity (CPS) 
Phosphorus (P) 

Nitrogen (N) 

Acetone Insolubles (AI) 

Acetome isouhles (1) are used as a rapid quantitative method for deter

mining the phospl latide content of commercial soybean lecithin. This test is 

a direct result of lecithin's very low solubility in cold acetone. This value will 

range from 50 'o 95k. 

Acid Value (AV) 

The acid value (2) is a direct measure of the total acidity of the lecithin 

product. It is not directly related to free fatty acid content or pH but rather 

the phobphatide acidity. Acid values are usually between 15 and 35. 

Benzene Insclubles (BI) 

This is an official AOCS method (3) fot determining the insolubles (soy 

fiber) in lecithin. With today's EPA requirements benzene is being replaced 

by kerosene or hexene in most laboratories. 

Moisture (H 2 0) 

Moisture is determined by one of three methods: Karl Fischer moisture 

(8), toluene distillation (14), and oven drying. The method of choice depends 

on the lecithin product and the range of accuracy. Moisture levels are be

tween U.5 and 2%. 

Color (Gardner) 

Color is determined visually rather than spectrophotometrically. The 

Gardner color scale (5) is used in the Gardner Hellige varnish color compara
tor as the industry standard. These values range between GH 11 and GH 17. 
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Peroxide Value (PV) 

The peroxide value (11) of a lcithin i)rodLuc1 is usually a measure of 

residlual lhlach atlhe(r thal aCtive oxirlatin within the lecithin product. Most 

lecithin produCtS haLve JPV O.jfless than 5 ht nay have peroxide values ex

ceQ(lhng 100 d'I (ending upori tInHiletho(i of M)dification . 

Iodine Value (IV) 

The iodineW value (6) has iceri wsted It)characteri/e lecithin by the amount 

Of LnSatlatiOn. However, it is riot i ecrirnerded as a good measure of phos

phatide I)lty. IhsIis a classical analysis independent of function. Crude 

natural lecithin h;is ;IIV of 95 to 100. 

Viscosaty (CPS) 

uis'sity lecithin is usually measured 

field visclieterl oi hy the blle time method (4). Liquid lecithins exhibit 

Newton ir flnw chliracteristics. Low viscosity lecithin have viscosities near 

1000 cti'i. 

FIhi Of in centipoise with a Brook-

Phosphorus and Nitrogen 

The phosphorus (13) aild nitloen (9) content of soybean lecithin are 
nsed for idenHtfy iilarid Characterizing lecithin and its fractions. Crude leci

thin contains aliloxirnately 2% P and 1% N. 

COMPOSITION 

Theire are at ijor oifsser,:iOiriotinis present in commercial;t;veial ot 

soybean lecithin (7,10,i2,14,15). These iirL(lude phospholipids, triglycerides, 

sterols, tocopheiols, sterylIglycosides, phytoglycolipids and carbohyd rates. 

These :orn)oUrIS rave been identified through two dimensional thin layer 

chromatography and further chernuir:d analysis by UV, IR and NMR tech

nlicues. The cOrhi)Misitior) of commercial soybean lecithin will not be ad

dressed in this chapter. It shoul d sLuffice to say that the major phosphatides 
t 
ar phosphatidyl' choline, phosphatidyl ethanolarrin and phospliatidyl 

inositol. The fatty acid composition is very similar to soybean oil: C 16:0, 

16%;C18:0, 5%; C18:1, 15%; C18:2, 56% and C18:3, 8%. 

PRODUCT CLASSES 

Commercial soybean lecithin pioducts are available in many color grades, 

viscosities, and degrees of functionality (13). I would like to give you a broad 

descriptive classification to better follow these products. The four major 

classes of commercial soybean lecithin would fall into the following: (1) 

crude-natural lecithin, (2) refined lecithin, (3) blended lecithin, and (4) modi

fied lecithin. 
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Crude-Natural Lecithin 

These lecithin ploducts are the most basic classification. These are the 
original lecithin products that reflect changes only in color and viscosity. 

Refined Lecithin Products 

The refined lecithin products are the result of further processing of the 
natural lecithin. The refining process may he the removal of soybean oil and 
providing a product that is oil free or the addition of other types of oils to 
change the physical/chernical properties as well as improve stability and 
functionality. 

Blended Lecithin Products 

The blended l)r)dL'Cts have been formulated to meet both handling and 
functional needs of the user. Blending may be used to meet viscosity require
ments throu.l, the addition of edible oils or cosurfactants to enhance the 
functionality. 

Modified Lecithin Products 

Modified lecithin lroducts are those that have been chemically modi
fied through selective chemical treatment. The modification that results is 
intended to improve or enhancc the compatibility of lecithin in certain sys
tems and provide further functionality. 

NSPA Lecithin Specifications 

From , eference stan(point, the National Soybean Processors Associa
tion soybean lecithin specifications (16) cover only the crude or natural 
products ;reviously discussed and the major analysis include Al, moisture 
BI, acid value, color and viscosity. The represem the different color classifi
cations of natural or unbleached, single bleached and double bleached leci
thin classified as fluid and plastic (Table 1). 

GRAS Status of Lecithin 

In general, all lecithin products are intended for food application. That 
is to say, lecithins are modified or upgraded with kosher and/or food grade 
materials. C,,rrently the GRAS status of lecithin is being reviewed by the 
FDA. All indications are that lecithin will maintain its GRAS status. For 
further definition of lecithin, one should consult the Food Chemicals Codex. 

FUNCTIONALITY 

Lecithin is a unique food ingredient because of its multi-functional na
ture. Lecithin may perform in one system as an emulsifer and a release prod
uct and in another system as aviscosity modifier and a stabilizer. 
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Table 1. 	 National Siybean Processors Assn. Soybean Lecithin Specifications for 
1975.76.1 

Grade 

Fluid Natural Fluid Bleached Fluid Double-
Analysis Lecithin Lecithin Lecithin 

Acetone Insoluble, Min 62% 62% 62% 
Moisture, Max 1% 1% 1% 
Benzene Insoluble, Max 0.3% 0.3% 0.3% 

Acid Value, Max 32 32 32 
Color, Gardner, Max 10 10 10 
Viscosity, poises, 

1-)77 F, Max 150 150 150 

Plastic Natural Plastic Bleached Plastic Double-
Lecithin Lecithin Lecithin 

Acetone insoluble, Min 65% 65% 65% 
Moisture, Max 1% 1% 1% 
Benzene Insoltul!e, Max 0.3% 0.3% 0.3% 
Acid Value, Max 30 30 30 
Color, Gardner, Max 10 10 10 
Penetrtion, Max 22 mm 22 mm 22 mm 

1Year Book and Trading Rtiles--National Soybean Processors Association (1975-76). 

Commercial soybean lecithin products are employed for their surface 

active effects. Since lecithin products contain both a lipophilic and a hydro

philic group within the same molecule, lecithin tends to be found at the 

boundary between immiscible materials. Therefore, lecithin's mode of action 

is through a surface modifying effect. A classic example of lecithin as a emul

sifier is in the area of margarine. Margarine is a water-in-oil emulsion that 

contains minute droplets of water with any hardened vegetable oil base. Leci

thin orients itself on the surface of the water droplets with its hydrophilic 

portion in water and its lipophilic portion in the oil. This orientation lowers 

the water surface tension with respect to the oil. Lecithin assists in the 

emulsification and stabilization of the water within the oil base. 

In general, the major functions of lecithin as surfactants are in the 

following categories: (1) colloidal dispersion, (2) wetting, (3) lubrication 

and release, (4) crystallization control, and (5) complexing. 

Colloidal Dispersion 

Lecithin products function as colloidal dispersing agents in: (1) emulsifi

cation, (2) solubilization, and (3) suspension. 
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Emulsification 

Commercial soybean lecithin acts a, a water-in-oil emulsifier in systems 
such as margarine and chocolates. Modified lecithins tend to function in both 
water in-oil and oil-in-water emulsion systems. 

Sotubilization 

Modified commercial lecithmns are employed to produce oils that are 
"soluble" in aqueous systems since their particle size is extremely small and 
approaches that of a tru-, solution. For example, flavor oils and oil soluble 
colors can be made water solublc !.,sitig this process. 

Suspensions 

Lecithin help:s to redispe:rse materials that separate during storage. Leci
thin is often used in conjunction with other stabilizing agents to facilitate 
pigment dispersing in paints. Lecithin coats the individual particles and pre
vents agglomeration. 

Wetting 

Lecithin products are effective wetting agents. When plated on a powder 
lecithin will tend to irstantize ;t by aiding in the dispersion and ultimate 
wetting. 

Lubrication and Release 

Lecithin is an excellent lubricant and release agent. The mechanism of 
this action is not fully understood; however, when lecithin is applied as a thir 
film over a surface, it promotes release from surfaces such as cooking utensils 
or plastic molds. 

Crystallization Control 

Lecithin controls the crystallization of sugar ini fat systems. It promotes 
more stable and smoother products through crystal structure modification. 
ic,;ithin also serves to coat fat-containing particles preventing migra
tion and recrystallization. Thu coating of cocoa fibers to inhibit chocolate 
bloom is a good example, 

Complexing 

Lecithin is believed to be involved in the starch complexing process asso
ciated with staling in baked goods. Lecithin tends to retard this crystallization 
of starch. 

Multiple Functioi.ilities 

In che . -eas previously mentioned lecithin was described as being ef
fective . one dimension. However, lecithin is usually involved in many 
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functional aspects of ' fiiiished pioduct. Lecithin is a multi-functional ingre
dient providinq hiqh v,'ls:lur\v in - i1f0,c aictive atlent. Aihre there is a sur
fice l(irldd!iy of aJoy Sl i, it C(M Il 1nolditeil ly a hi.citlii pruotuct. 

APPLICATIONS OF COMMERCIAL SOYBEAN LECITHIN 

In this last arej I will covel tie food ;ird iidustiil atpplications of 
coIninInrcll wyliian cithhil. As iM.-virUsly dIIS1icued, IhCithilo iis'sd hiiecaiuse 
Of its si fa, clivo clifl i. Ihe rntijoi catig(m)itcs of ;ipiplications are as fol
lrws: io~odiilceIrid(, i:(isruit i:, iiaaert; ls, ieltaly sut)lhillerlt, coat
ills,, phl, ic 'Jod loil,'i, glass andi c" wialic's, lting(.' Ind pape ) d lltJIl 

Feed Procesing 

M ~ri~arine. Li'jtill iiis r iSasil atrilijlsilied aud aiti-spattelirg argenrt. 
It iL iidhtli diltctly ri the oil (lli t il )atchiii(l. 

Collon ctionl ,om Srrek Foi)ods. Ill chocolates, lecithin iS usidi for cry
I'Ill ia liil : t(ioilt l while ill car iiri: lcitthin is uswid l tr viscosity control. 

Il tihcotijinij irela lecitlin is is(:il Ioi it. iiti-sticking propertiis. Chewing 
(is c( ;all h(leitllii as I siflterii In pout:on glkiiir; it is ised to nl }cias'. 
tackllOSS. Il Wirk Ji. e ls ilil i ii1,fisl Ihis it is mi ti prevli t .u1(1lilil-

Iilhin used 'aS 'I wettirmi 
eilillsifiei ill i:na niw(hir ,, iii'Iiit (Ilink,, hini,!it iii(oC , IIIstiit COiffi(i(, 

hIst,ml /ir)(. s., iiiddisf)isint aJeut ai/d 

I tein lnl ,, colfi!(h wliteirw s, iiilk itllii :,(ike mixes, ptii(lirgs, ill
'til t( l iillq', llmj ilnstllt OlijiS. 

CGnMi'r~u/ fhiAorv Prodmits. Lncithlii is tieid S a Stirch coinilex ing 
atiirf I ' it is also Lsed a' an urrulsihier, a wettin/gity!Iahliialioli c(nrtol; 
agllt, '1110 a relase tiill (internal mil irxtelinal). The areas of use include: 
breads, roills, dOmiits, nook us, ciakes, pasta ptrodiucts, pies, ani cru.s. 

Chemse Froducts. In cheese prlunHcts, lecithin is uised as an emulsifier 
and a rlease agent ill Ilitral ald irlititio cheeses. 

mMe.,;, a Poiltry Procesvsinf. LUcithin Is uSe das a sui 'actanit, sealant, 
trowninl ,Ilelit, pho lhat distl)rsant in neat, and ill poultry it is used inl 
!lazes anih mast in (ciuli)Otiids. For pef! fiois and thaion pioducts lecithin 
isa dlietail,mtitllernt arid rNlease ie(;nt LISWeII as an emulsifier. 

Dairy ard Imi,ton Diry lmrdxcts. II lairy and imitation ,iy prod
nCets, t:ihin ik usedi as an erunlsihier, welting arid dispersing agent, an 
anlti-S)atter agenlt and rIellease agenr. hrduct areas ricl(d: infant milk forM 

ulas, mi!k creami r(placer,t, eg replacers anld imitation eggs, whipped toppings, 
ice cream, ifavored milks, flavored butters, and basting butters. 

Miscelameous Products, Lecithin is used for crystall ization control and 
as an emulsifier in this miscellar.eous category of peanut spread, salad prod
ucs, and flavor and ccl(,r solubiliZation. 
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Package Aid. Lecithin is er.-ployed indirectly as a packaging aid for its 

function as a release agent and sealant, rhe polyrTwr packale area include can 

interior coatings, sausage casinq coatings, anid s.,tockirigq :, for hams and 

rolled meats. 

Process Eqrilipm t.Lw;thin is rsdrlon troc1ssin!t winiprnren for internal 

and external applicationi as oweas'; airit, ;I lul)ricant ;Jril an arti corrosive 

aqent. The i)roz.s;ivaj regqipnnc;rt i,;Judies: frvinq surfac:s, extrdler,, -:onvey. 

ors, broilers, dryers, bleidur, and evaporators. 

Cosmetics 

Hair Preparations. Lecithin is used as an Inmnhiti-1, r rnroI;ienil, softening 

agent, texture conitroller, lIhr iciant, and anti corrosive agent'il in sharnpoos and 

shaving creams. 

Makeup Pieparatioils, In makeup preparrati or, lecithini is used as a pig

ment wetting and divprsinj agi rt and mro!lienI arid an enulsifier in eye 

color crear and listic'. 

C::? 'is awl Oil'. Lo:citlhn i,anr enulsifier, erollient, ;,iid rnoisturi/er 

whl.i iii hand carers aiid oils, hrd,/ cris arid oils anrl cream bases. 

Pharmaccuicals 

D''tar, Siipp/,,ifit. n:itcilhmris rien . diiect dietary ,upplerment for 

man and farrmi armirals 

Interntissrular IitUctions. Lecithin fijnictiorrs as a dispersing arid emulsify

ing agj.:'i for int.mknraJl;ir injecr iris. 

Vitamoins. Lecitlir i. usr:i lo isperse and erril,,ify jitarnirr, for easier 

dispensing. 

Creamis and Oinrmtir.ts. Le:itlhin i,a diispe.rsing arid r rrulsifyirig agent 

and emollient in crea ms ;fii ointr,'rent for pharrnaceutical products. 

Coatings Manuiacture and Finishing 

Paints. Lecithim a'a rlsifieir, piimrit dnispernig arid wettingis n',, d 'mw 

aid, pigment grindiwo aid, and viscosity midifivr inwate:r mulskion paints as 

we!l as alkyd ann oil base paints. 

Magytefic Tape Colitil.qs. Lecithir i, tJ i ie atnd wel particles for 

magnetic tape! coatir .Jp. 

Waxes and Polishes. Lecitin i.an trr.ni ;ifieras well a;a particle wetting 

and dispersing agert for waxes arid polish,r. 

Wood Coatin.es. Lercithin i-,isr:dJas a preervatiw! in woodi coating;, 

Plastic and Rubber industry 

Iniectiotn Die Mldinq, Lecithin is incorporated as an external and inter. 

nal release agent as well as a plasticiter for injection and di';molding of poly

ethylene, polypropylene, nylon, and rubbr, 

http:Coatin.es
http:rmtir.ts
http:Industri.Jl
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Tire~Alaindfair. Iii(thiir,i' appliwd Ii Oil: irt. iianufacturirl prolF;ev, 

NalurmjI Laitex xdf(/1ii1/)f! i'.,i, in thl! ri .J'mdijcr.,. Lircitliii r~ilor 

ivIin t~ry w, a rflIeijr! ;i (Iirit, I)i(Ir riit FiI I i irj ;irj'itI, in it iF(I i j q ri-t, ir if] 

41,i I I I:ritpoly fVw.~ ri i, i mi l. 

ri ari"t o iir ,'; 

Polyme fj~rw , l .io riI:,' m'jvmI ill, (!;,!iiyi ;iilmiid 

t(;mrlirfp l 

:;i ri'Poye oooio ;mtytswt~ril, rr~iifmitpijrm iin l;Jl'riui!r 

um 

j , d jfl(rit ',j ird i aFJf:,l 

dliiI' f lIi: '
1 

~it F lpiFm im: eirl ',;jrl, ; ii arpifit wpmfr mwle 

l'o/H' M m iii tNur..( I t p m r' mel1! flIP .in t 

lauv.i'air I\ami-, I' rnriijet 

s itlta i /i I/' a i i t , ' J ' wo i m ( iff( i vj ttilq;if if, 

dliiitriijli w: p:mri tI r r i', l , ;.w r n.m i iF i rF~trt, w ;mIili,, mi ri iIm ijehrit? 

.' th'iirm ir, it i it;i o j'y~rtiiitpJin',, Ii'pi(,-(i.Imnt ;mlrir %mm ',rll , m/'d Ien? 


fit 'lI,: i', i iF: , i m'1d) ilti
p hio ,I& l~.tli , n, mI~'m 


;lmi . l i,
Ma~,, r .. I 'F:liat m n iiF;r ilim iJdimJ/it: 

(.'~~t~.tm.iliri imar,' OsA.m.ii,' , Fli:i (Iftrnumoil,,,md diI:i o,in,t, 

('sljsJiqi'I 1h,,i~iti ' o 'f tudriFflE Fi4:'niturrm i rri,mmnij..If.r,1 


Weldywipl , Ii mu;Im irqti": ml'.j'"'j"'Ilf f J 
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Miscellaneous 

Pesticides. Lecithin is used in the pesticide industry as an emulsifier and 

w-ttinq and dispersinq aqent. 
for its wetting andAdhesives. Lecithin is also use~d in the adhesive area 

dispersinq properties. 
Textiles and Leathers. Lecithin Is used as a softe:ning agjent, a punetrant, 

leather pigmentation as a solulili/inql alent. 

CONCLUSION 

In this brief art;cle I ,ivr.tiwd to give ant overview of commercial soy

bean lecithin, its marnafactor , its physical/cheinical properties, product 

clas es, t(sfunctionality and vrrost irriportarint of all, its applications. Lecithin 

i, indeed a multi functional inrgredient for hoth food and industrial use. 

['!,pi., the; rriltitJde of ;Jpplica)tions, lecithin is one of the most complex 

arid versatile niJr'dirots,from the: ,oyhieinI. 

Future of Commercial Soybean Lecithin 

The newr rriarket aerr', for sjlearlecithin will probably be in the non

food area. The, fuJto(j of comrnerci;l lecithin dcr: iIs on the: awareness of its 

availability and utility by the tch'oloists. 

1. A'. an omul-ilier, lei,itha, be:r corn-ietivrl) ai'ignst the more exotic 

but less comnil/ 'rtacnan . L':citniri, howvr.vr, is quite unique. Itis truly a 

natural food firkle rm;ahritf:ri t factant. 

1,Knit and therefore ha,2 Le s riottanding w(ettirir arent a future 

in in.tant produ;t. .oairf pow-r will facilitate the dispersion and suspen. 

siori o' b-verages, deserts, toppir, and sJur:eS. The potential in non-food 

area, is relatively une.xplored. 

3 The re/eae and librication prolrties will ciritinui! to expand the 

applicati'm of l cithir, ruo food arid norifood sySte.rns. L'ciih;n isa 'afe food 

gradie.'product that can he applied directly( onto a sorface or be incorporated 

into a formula to prrirmt irnternal release properties. 

4. The: he;lth jrd nutritio)nal benefits of ,oybran lecithin have yet to be 

explored. More rieserchl isniedlt iII basic biochenristry and clinical studies in 

a host of r 1':fi, inte!rest in Iciihin is in its involw.ment inrde hroo.t rzcent 


nieurolorg;al ,ri ner',io disorniers arid also in the a(,ing procss,.
 

NOTES
 

Berromr F. / oV Fter.c;rrn,Hirs'a rth ainFJE innerinq Center, Central Soya1'u ;j.- j 
C'f., Inc., Fort Wa rn, Ir:diana. 

http:howvr.vr
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INDUSTRIAL USES OF SOYBEAN OIL 

K. T. Zilch 

Whrr'av. a research chemist contemplates the use of soybean oil as a 
raw material tor the manufacture of industrial chemicals, he takes into con
sideration its molecular structure ,elative to sites of reactivity, its fatty acid 
composition and that, upon hydrolysis, glycerol is produced as a by-product. 
With these facts in mind he develops products that will satisfy various end 
use applications. 

Since the 1940's, one of the prirnciple uses of soybean oil, as a non-food 
grade material, has beer in the manufacture of alkyds which are incorporated 
into various coating foimulations and sold in the marketplace as house paints, 
bridge pain's, ai," dry automotive finishes, industrial paints, etc. Soybean oil 
satisfies this end use application because it contains a polyester configuration 
that can be rearranged it. the presence of glycero! and phthalic acid to yield 
a flexible pol, mer. Upon exposure to air this polymer oxidizes to a higher 
molecular weight polymer having film properties. It is possible for oxidative 
polymerization to occur because a high percentage of the fatty acids in soy
bean oil contain olefinic linkages. 

With a decline in the sales of soybean oil for use in alkyds from ahigher 
of 242 million lb/yr in 1953 to the present-day level of approximately 
154 inidlion Ib/yi, te research chemist began to conjure up ways of modify
ing alkyd resins which resulted in improved performance properties. The 
advances served to better satisfy the coatings industry as well as helping to 
develop new chemicals that could find utilization in more lucrative markets 
or in new end use applications. This is the subject which will be addressed 
in the remainder of this chapter. 

693 
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It might be interjected at this point that other natural oils and/or litty 

acids such as safflower oil, sunflower oil, cottonseed oil, rapeseed oil, and tall 

oil fatt' acids can also be utilized in the same way as soybean oil to satisfy 

the same markets. Therefore, soybean oii, to hold its share of the market, 

must be priced competitively or have a higher percentage of the desired chem

ical configu 3tion for aparticular end use application. 

MODIFIED WATER BASED ALKYD COATINGS 

con
about 2 to 3% 

As stated in the Chemical Economics Handbook (5), the overall 

sumption of alkyd surface coatings is expecteo to decrease 

annually through 1981. The major reason for this diminished demand is gov

ernment antipollution regulations regarding solvnt irt, and (misinns Hnw

ever, this decrease in alkyd resins would he far greater if it were not for the 

research chemist inventing ways of modifying these resins to improve their 

performance properties and at the same time shifting away from solvent

based coatings to watr-based systems. Fortunately the chemistry of alkyd 

systems is such that they can be tailored to meet avarietv of end-use requi;e

ments through the choice and ratio of reactants and/or modifiers. 

For example, this past September, a patent (6) was issued on a poly

was prepared by reurethane-modifird water-soluble alkyd wherein the resin 

acting soybean oil unsaturated fatty acids and phthalic anhydride with an 

excess of polyol along with a co-reactant dimethyol-prpionic acid, and sub

sequently reacted with toluene dliisocyanate to yield tho polyurethane deriva

tive. Water solubility was obtained by neutralizing the resins with ammonia 

or an amine. 
Since alkyd-urethane coatings in the past several years have been emerg

ing as tough, wear resistant materials that can he spz.cially formulated to coat 

many types of surfaces, alkyd modificatloiiw of th, type are of interest to 

the company or chemist attempting to expa'Nd lie use of soybean oil as a 

raw material. 

EPOXIDIZED SOYBEAN OIL 

Another use for soybean oil is in the manufacture of epoxidized soybean 

oil. It is made commercially by reacting soybean oil with peracetic acid as 

illustrated in Figure 1. The other R alkvl groups shown can alto be epoxi

dized if they contain carbon to carbon couble bonds. 

Epoxidation of soybean oil converts it into a more compatible system 

for a variety of resins such as polyvinyl chloride wherein it acts both as a 

plasticizer and a stabilizer. When incorporated into the resin it is relatively 
conpermanent to volatility and extraction of much the same order as the 


ventional polymeric plasticizers.
 



695 Industrial Uses of Soybean Oil 

H2 COOC(CH 2 )7 CH-CH(CH2)7CH 3 

HCOOCR 
0 

HCOR I- CH 3COOH 

"I, 
II 

H2 COOC(CH 2 )7 CH-C H(CH2)7C H 

HCOOCR 

1H,,COO0CR 

Figure 1. Reaction of SBO with peracetic acid. 

Because it is acceptable to the Food and Drug Administration as 
plasticizer/stabilizer system in resins that conic in contact with food, it 
enjoys a large share of the market for this type of product. However, in 
certain applications it must compete with other epoxized esters such as 
epoxidized octyl tallate, alk ,l epoxystearates, epoxidized glycol dioleates, 

and other esters of dlibasic acids. 
According to government stal~stic-s 114), the U.S. pro.duction o& epoxi. 

dized soybean oil has decrease.] from a higher of 127 million lb in 1974 
to 92 million lb in 1977. Huwemvr, in the same period of time there was a 
decrease in the production of i,ll e oxy ester plasticizers [rom 154 million 
lb in 1974 to 120 million lb in 1977. 

POLYMERIZATION OF SOYBEAN OIL UNSP TURATED FATTY ACIDS 

The unsaturated fatty acids isolated from the hydrolysis ot soybean oil 
can be polymerized thermally or catalytically to yield both dimer and trimer 
polybasic acids which are commercially utilized in the manufacture of corro
sion inhibitors, polyamide resins, lubricants, fuel additives, antiwear agents, 

coating modifiers, etc. 
In the thermal polymerization of soyb ;. oil fatty acids or esters, the 

polyunsaturated acids are principahrv polir,, rized to yield polybasic acids 
have mono-, di- and tricyclic configurations 3,C,,1f,1 1,16). Figure 2 shows the 
polymerization of methyl linoleat,, to yield one of the severill monocyclic 

isomers found in thc" reaction product. 
In the catalytic polymerization of lino'eic acid, a higher percentage of 

monocyclic dimer acid is formed, whereas in thermal polyme~i .ation a 

greater amount of polycyclic products is formed. 
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CH 3 (CH2)4 CH =CHCH 2 CH- CH (CH 2)7 COOC H3 

COOCtH3 

I
 

(CH2)a 

/
H-C "C-(CH)4 COOCH32 

H-C\ C-CH=CH(CH2)4CH3 

H, H 

(CH2)4

LI
 

(1 13 

Figure 2. 'olymerization of methyl linoleate. 

that in both the thermal and catalytic polymeri-It should also be noted 
monobasic acids represent a porzation of unsatilated fatty acid and ester, 

rtcmoved by distillation. Also the dimer acidstion of the yield which are ur 

esters can be ftactioneted from the higher polyn,,.ric acids or esters b'. means 

of molecular dis'illation. 

Corrosion inhibitors 

of dimur acids is for corrosionOne Of the most widely Used applications 

fact that dimer acids contain two pola, carboxvl groups and a
inhibition. The 

large non-Ooiar hydrocarbon compunent make, it an ideal acid for its ad

a hydrophobicsorption onto metal surf::e' . The adsoibed complex gives 

anti other polar agents.
surface which protects against penetration hy water 

Dimer acid iormulations are used to protect down-well parts in oil rigs against 

acetic acid, H2S, and CO2 (7,12). Dimer acidsascorrosion from agents such 

intO jet fuels as a stabilizer against thermal degradation,are also incoiporated 

and in gasoline as a detergeynt, forming easily removen granular deposits. 

Lubricants and Lubricant Additives 

dimer acids arc Litilized as stzhiliers in theIn the area of lubrication, 

cold rolling of metals to inhibit the degradation of petroleum products. Also 

lubricants and lubricant additives. For 
esters of dimer acids have foud tise as 

the formulation of synthetic lubriexample, they are utilized as base fluids ii 

added as arti-sguawk agents in transmission fluids. When dimer esterscants or 


are added to lithium soap greases they provide suplerior quality products.
 

Polyamide Resins 

of commercial significance and arePolyamides of dimer acids are! also 

derived through th , reaction of dimer acids with poly lunctional amines such 

as ethylene diamine illustrated in Figure 3. 
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GOOH 	 CONHCH2 GH2 NHRI 	 I 
(GH2)6 	 (CH2)a 

H.I H 	 H\I H 
/ c\I ,/C\I 

HC C-(CH2 )8COOH HG C-(CH2 )8C0NH(CH2 )2 NHR 
+ H2 NCH 2CH2 NH2 ) II I
 

HG\ CCH=CH(CH 2 ) 4 CH 3 HC/C-CH=CH(CH2)4CH3
 

H/I H II/ H
 

(CH2)4 (C H2)4
1 	 1 

CH 3 	 CH3 

Figure 3. 	 Reaction of dimer acid with ethylene diarnine. R = hydrogen or dimer 
acid group. 

Dimer acid polyamides are widely used as the resin binder in flexo
graphic Irinting inks and are especially suit(!( for fniting on metallic foil 
laminates and plastic films hecause they adhUre so tenaciously to these 
surfaces. Recently, I)olyamide resins suitable for use in fhexogra)lhic printing 
have been 	 developed in which water is used as the primary solvent (17). 
AqueouS systenlIs 0e irreferred because water is inexpensive, non-flammable, 

and does not present pollution problems. 

Dimer acid polyarnides having relatively sharp melting points, are suitable 

for use as hot melt adhesives. The major application for these polyamides is 
in the shoe industry whewe their excellent adhesion permits the bonding of 

sole to uppers without the necessity of stitching. Also because of their ex
cellent adhesion )rol)erties, they can bet used as welding cerments in the 

formation of cans. 
Many more end use applications of dimer acids and their derivatives 

can h- cited which ae of industria' significance; however, because of time, 

may I suggest that those individuals interested in this subject refer to a recent 
publication in diner acids (6) which deals with this subject in a general way 

but also contains many valuable references. In addition, commercial litera
ture is available which lists abstracts on dirner acids and their projected uses. 

DEFOA ' :S 

A number of natural oils, including soybean oil, have found utilization in 
PVC dispersions, spinning baths, textile baths, and fermentation processes 
because of their antifoarning propetties when incorporated into aqueous 

systems. 

One of the most critical problems associated with fermentation is that of 
foam caused by the large quantity of air and high degree of agitation used as 
well as the composition of tihe fermentation broth itself. Normally excessive 
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foaming is associated with adecrease in yield )f the desired product. Any de

foaming agent added to a fermentation process must be completely nontoxic 

and effective in small quantities. 
Soybean oil has been shown to be effective as a riefoarning agent ii; the 

manufacture of penicillin. In addition, it has been reported that soybean oil 

stimulates penicillin prodiction in tank and shake-flask fermentations, but 

the effect is not interpreted as one of surface action (2). 

SOYBEAN OIL GLYCEROL 

In the hydrolysis of soybean oil, frequently referred to as "splitting," 

one of the co-products produced along with the fatty acids is glycerine as 

shown in F jur 4. The fjlycerol/water (sweet-water) product obtained from 

the process is coricentrat(ed to crude gIlycerir o r treated in various ways to 

yield refined gIlycerine. Both crude and refined lycerol are used in a number 

of end use applications. 
In many medical and pharmaceutical preparations it is used ahumecas 

tant or as a vehicle to impart )moothness. In cosmetics and toiletries it is 

frequently 	used as a humnectant and as a lubricant. One of the largest end 
,
uses in this catenjory i iII 1he manufacture of toothpaste. It is estimated that 

in 1977 for the manufacture ofsome 3 millon lb of lycerir e were used 


alkyd resins (9). With a gradu;l decrease in thfe production of al:,yd resins,
 

as indicated above, thi, market is expecte:d to decrease at :I rate of 1%/yr 

through 1980. Glycerine finds use as a platiciter in cigarette papers and cig

arette! ilters a, it', triacetate derivative. Incigarette tobacco it is incorporated 

rnoisture. relativelyas a fiurnectart to help retain This market has remained 

steady since; 196/. 
Mono- an(f 	 dierstes!. .f glycerol are, prpared by reacting fatty acids or 

fatty glycerides with an e;xcess of glycerol. These! esters find their greatest 

use as ernoJIsifiers inthe food industry. They are also used ir the preparation 

of cosmetics, synthtic ela,tomers, and textilt s. 

Polyglycerols prepared by the alkali condensation of glycerol and poly

glycerol esters of fatty acids m findin inicrmeasirig use infoods, particularly 

in shortenirigs and in margarim:s. The polygiycerol esters. offer a wide range 

H2 0OOCR 	 H 2COH 

H2 0 --- HCOH + RCOOHHCOOR + 

H2 COOCR 	 H 2 0OH 

Figure 4. 	 Hydrolysis of soybean oil. R - patmitic, stearic, oleic, linoleic, linolenic 
acid moieties. 
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of hydrophiliic arid lipophilic properties. The most rapidly growing market 
for jlycerol is il the rnanufactur, of polyether polyols which in turn are 
used inl the manuiufacture (if polyurethane foams. The projected annual growth 
for this c:nd i1! applicatin is 8%/yr, through 1980. Polyether polyols are 
prepared ly c drensin propylene oxide with glycerol in a base catalyzed 
ieaction as .,hown in Fifirre 5. Further reaction of tte polyethur with tolu, ne 
diisocyariate produces resins whiich are lsed today in all major applications 

for flhxihle polyurethane foams. 

DETERGENT FUEL ADDIIVES 

As we all know, friany rhartes are taking place in the desigo of internal 
combusion engines to meet new fed(leral standards relative to exhaust gas 
ernissions. For examnple., prior to the early 1970's (:rankcase gasos were vented 
to the atrro,phere whereas *oday they are recycled to the intaKe air suprly 
of the cr thl: a portion of thecauritor. Anotfher change, involves recycling of 
!xhauta'., , to the cornhitioll /oe( of the ergine. Both r!cycl:d gases col
t;m suhstantial quantitie', of rleposit-for ionig sIlhstancls which promote the 
formation of depoit, in the carhiiretor leading to in.fficietnt operations of 
the -mijine roe :;rorrg an= imcrea,e imlharmfil exhau, irmissions. The.,refore, 
It en: i, a ered for a arlihnietor dete.r(ent in foels, to prevent the fonrmation of 
thenf dimio'i t'. 

Althoujgh tIe market for carr tior iletulrgi~its is sia!l, it has the poten
tial for treriieiind is growth. oJecaos, ;wi patentsif this potential, more more 
are appeariq it( lhei Ii tera tore (lescritlinl Ithe pre:paratloin rol such detergents. 
One oci tiatent (13) (lnnilin., the preparation o'f , ".isminimid derivalive of 
t;allowu, (cocoolut, ainl ' oybearl fatty acids, I .:;nrg the corresponding ethyl 
ester with the (:ornlen'ri,tiom product o0. ,oylfemne or propylene oxide with 
diirethyl hydnraire as .howo il Fii re (6. TlIn fatty acid moiety of the 

C113
1 

CH?.O(CH 2 UCHO) H 

CH 2 0H CH 3CH3I ( Bas I 
CHOH + nH 2C-CH B!Et-CHO(CH 2HO)yH 

GH 2 OH 0 

CH 3I 
C H20 (C H2CH O)z H 

Figure 5. Polyother polyol of glycerol. 
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0 

R CH3 

(CH3 )2 N-NH2 + RCH-. H2 --->HO-H-CH 2-N-NH2 

0 	 U1CH3 

0 R CH3 0 
II + RLC-OE,----IO-CH-CH2-1-N-C-R' + EOH 

CH3 

Figure 6. Preparation of fatty acid aminimide derivative. 

arminimide derivative provides the lipophilic property to make this detergent 

compatible with the fuel system. 

CONCLUSION 

There are many more industrial uses for soybean oil which could be 

cited, However, these are some of the latest and more interesting develop

ments in this field. 

NOTES 

Kar 	 T. Zilch, Erner', ndustries, Cincinnati, Ohio 45232. 
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ANTI-NUTRITIONAL FACTORS .ASDETERMINANTS OF
 
SOYBEAN QUALITY
 

I. E.Liener 

Ever since ThiSoybean \Var. first intiedoced into this co ntry in the early 

part of this cetwt y, its valuf as a i' source o'protehJ inthe diet of animals 

and man ha te:n fouW 1()he vzustly impliovei by he': Ieatinent. Implicit in 

tilis ohs.Jrvatlon e; (,)(? wii lizat.i('i that there acc hecat-II)ile factors present in 

S(h',s whici with thc otuIi/atiojn of its ltroteili. In addition toaiJs ;ItrHer 

tl~tiii c; iuv'whiih iif' mrIcliv;'tiil i)y hett, )thuih aitstablfwctors aie 

l.om)ll tlo plletill vc11luh, a1 also ;rI r thn ll iii10)n1l (uality oftf i iet1ruct 

.'yhtlui Itelt :ir, iutiut to a iclltivP;V i;,irll(Xtilnt AIniotnly ' lder rathcr 

sp)tcial ercudl;Stau :eS. Ill l l'fh I c u ll:ipl1 utiuon ol the le-it lalbili a,,d lheat-

I tab; ar,t;-nu:ritiolu factors known to hf- ptues(!t :c0,soybe-ans is peserted. 

Each (A ilh-e will b5 diSCscd in ton iand an, at':ieit will he made io evalu

at,:thei ijuIrit ic IaI sig n ifnicam.e, prirI:ua ly in : . .umau diet, wherever 

pc SSIH',.
 

HEAT LA13ILE FACTORS 

Trypsin Inhibitors 

The trypsin inhibitors are pro.abhly th, bes known, and certainl, the 

most studied, of all the anti-nutritional factors kiown io be presee. in soy

beans. From the observation zhat Vie tlhcrma inact;vation of these in:0bitors 

is accompanied by a mi ked enhancemrent in thn nutr itive quality of thz pro

tein it has been gent il y concluded that the ti ypsin inhibitor isthe main 

cause of the poor ctowth of animals fed iiadequately heatd so bear.s. There 
are, however, several linos of avidence vhich indicate that the trypsin inhibi

tors are only partially responsit:le for the poor nutitive value of raw soybeans, 
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Tlhli 1. Anti-nutritional factors in soybeans. 

Hea 'atibile Heat-stable 

Trypsin inhibtitors Saponins 
Hernagglutinins Estrogens 
Goitrogens Flatulence factors 
Anti-vitimn s Lysiloalarrine
Ph'/tate 

For example, ifratits are fed heated soybeans to wvhich ham bean added the iso
lated itihlitois so isto l)tvid( the ,ale level of Intiiryl tf: activity which is 
preSent in raw sor e iis, tI i dm tiLor inq owIth falls Lit I oI that or raw 

soybe ans (271 A: Ie (1. r. be1 d cif'rt;t soyi'Io."kti(lat I (efi lati1e 11fi voriiJI;s of 


hears wilth i:t to the r(wVVtt i I (itlur!ry )I ThIa proteinI iltAts
IM&IIt 

(PER) ,i i theri tli.OF irlhihito y ,Ctivity , IVi'ifiI 1w:()rllitioO between 
th se t ,, a aI)J;rIthi'i (21 . F it:aflly, ift it, sin irtiilitoi y activit of a tItid 

extr wt of soyli'ilr< irtew I- ,iletiily iiy ahlfil :iirttiaom (Jltophy with 

f}r(:)vth inhililii iii(. Ji tCrt:r : liytiittrIlihy (T-I lh2). It iiialied 'h1sti .trr .il 

ftor the (lita Jiowi i,) I il: that t shi, t!h.II aI)oo(2 111 Itot attrtts fo 

40", of the gjiroth iilhiti ri anl pIicteati(: uiftitlimtuitt (,bservedi with raw 
soyb"rairs. 

Th(:se finIIIul' Ir)e tII,,Istion 0st1 what is rep iwble ior tIe remain

ing 60" of the IotIhtii t(Iing and )mniieitic : effects (f taw soy)eils. A 
possible clue caml flo expliltlients it which he c'rie( sybcall t) ttin eX
tract from which the inhihitor ltd Ie i-iemove( sle(ctivctv was sobj,ted to 
digestion wvitl- trypsin io vitto. -Heat tVea'uiart of such a trelratioil of soy

beari protein [tii 'ic(I an iretease in the digestiliihtiy of the protein over and 
a3hove the diclestiiritiiy of a similar sample from which the inhibitor had not 
been removed (19). This o)servatliOtt Li(JfJests thr nc tive, tUdoieatured soybean 
protein is itscif.fictity eruZy-, atic tLilless I)yheat,in , to a]ttoc, dePInatureld 

Table 2. Contributior of soybean trypsin irnhibitori to the growth inhibition and 

pancieatic hypertrophy observed with raw soybeans (19). 

Wt of Pancreas 
Soince of Frotein PER g/l'100 g Body W, 

Soy protein, rihated 1.4 0.71 
Soy protein, ttzt-tted 2.7 0.57 
Soy proteri minus iwhibitor a 

1.9 0.65 
% change due to removal of inhibitor +38 -41 

aTrypsin inhibitors were removed by passage of unheated soy flour extract through a 
column of Sepharose-bound trypsin. 
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atnd this itijy cty well a.,::omto for tw (rowth tlt!prp;ssit ;ymn wVith thut il

ith ilot hip ' ippf ippl p l pI'tt'Itl Sptp , Itlphel of :pp'tpvf tp rl ill htt i ltet stiit 

Ip t I i ctfr'rlI tipPi lI ,t' I t< p ltIp thI I.1 1)pi I h a it f1tJ1tIV kl la(;k lwtch 

,',,pppI i ) 11 , 1 11 1I ' 1 t ip 1 i [ii
) 

I I I i , It , I ,o ITI 'IIV iv I li t, 

Ii , , -, I II h ' r, . 1 ,,11 ill I If' I t . I I , It - 1 

, , i yI tJt " it ,,It "i I t I, I. I I p II t 

trp'hit : ,Vtv1 II1 , II'. 1l ) if 'tpt0' l t p , 'toY;,), i I i' t.I +'.) itv t IIV 

'ip h t, M.I ptl+A li ipupI oid0 O w y hi i l+fw , i- p,,.I 

Iu.ptPtpilipp;t l t:Iilq v Illo , V"' t,'tipiip ;!wil I, hit.' i ip )y i'0 

P i I I , I r P (I it t f I I i! tt, I Pfl, " ) I J I lt I 1t I i t) Pit tl, I: i t P 

i IV / )P'iiPi doc'Vddi t p \li' y i .t(t i,r t tl hitP tl'i i1 lir 1"P.tii 
I' ++tip iip ptiP P+ttl t i, piAI..+tl , i+vi: liPiplt t}pI pl t p p i'tli rp t- pP it. tr'i't 

ttlSHI I~lo conc t, m l(n+r'tlltlc;!l m, i il crr -,-'H itll-I[t ()I y'ft,( I, li (.! t I t ' 11,1l 

l. t , , 1( i' l fi t' ,, 
pp~ ip~~S t i . c~i'p' ( to i 

pt o I. ((i t ph , ll;vf! p oi 1 tpiI t ' t P P itillt ' iv i titp ' i s-i 
o o, pppitpi t.ltild 70 l')f.PI w[twtrl iatvl ittp ,.( lii',t~m l +>iit,/< . hdtItl~in s I'+ , T i l- phsjl , ppii+ pstpipl idtii 

IV, t lyh)i:I l i hihtI ili ti t'f to hPiltpp i pPty tr ' t0( itO lt ( )r 

[J~tl('l,+ Iit Ir'tl q '1 fl I ;t!'. I- lwm t. ()tT,+rvaltio)ll" il t+u co llw i t!t t vi,,thi 1111o 
h I ity pp Lt' PJJar r, p I 'it t ip ijll,+r ii -'1c:l.tP'~70 : , p ttrtlpp ()t ftip t ;,iiit 

'srfippp';p l Pt iHP:w i ,'t i1 lp'ip) h1 t'tttt(i i lilty 70 to 80', i tt ' i l;it!+it of pI 

L !tP ~tlit j,Ip( t,' p, rdIs)(, -Ietl' i 11t o fletf toy iJ v t 1pc tilooi vt ]i isr't[ 

T;,uhle 3. Fryppsin Inhibitor (ttpyit e;o t0tp tp c 170ttJt flrs matte from sov isc-

Antitrypsin A-tivity " of Soy 
P:rotdCi TIuh/9 Drp Solidhirx 0 3 Flour 

Soy flout ki pleate) 864 100 
Soy isolite 25.5 30 
Soy fiber 12 3 14 

Chickeninalog 6.9 8 
Han ana!og 10.2 12 
Beef analog 6.5 7 

aTIU -- trypsin inhibitor units as determined b\' the method of Kakade et al. (20). 



706 Anti-utritionalFactors 

invariably measred in vitro on the basis of the ability of soybean piepara
tions to inhibit hvine or pJiricine trypsin sinc these sources of trypsin are 
readily availahh ii a htghly state. trypsin isiniulleiilly purified Human 
known toiext,1 il t\V f mml, Z!IatelInlif secie!,, whli.h constitultes the major 
Cofutaofloot. WllII F lil i(itni:cie, which a(;coiliits or about 10 to 20% of 
th , th tal rypi'li ,,rtivitIfy 111fll li eiiiliIti" juic (12,36). W hile th. latter 
IsInactivtei 'eilihtti b huW o'ylwemi the (itililiF form oif trypl)y inlofbitlr, 
sin which i :;, 11N(J 930', the' total tryp)!;in of h 1,11n pancreas)t 8( to Of e 
isirhibite! V( ry feikly. Thi', o irvit(ri, of (:m r-, cwiS cornsiderable doubt 
a; to wht~th(i Oe woyliewhl; l:y[sinh ollihitnri, are of any cutritional signifi
C;iin';, i, f) w; Ii bile d(i cr.cir l. 

Heinagglutinins 

itha', w(1 for nany years thritsoylbans indmost other leg-

Unijus corll: ii}g.li.lios (If have tte unique [,roperty ofor 1ins which 

bhldinrl t:Itiol l/ .:ti; (oltaiinl !,uhtlstaricli (26). F- /( since the time of 
Eh.l1rh, it ile Well-iusvl thdt s(Mic of these eAih!;, soclI as ricin from the 
ca 11tor a111(,x tiy L ttlh kr,)wn even now, however, con1mi1, ly . is 

ceriling th ! t-,H , w li' t )t,: uiglit ;iifuct the nutritive value
substaicrs 


of the ir l Ci iI1i 1 i':l Jiil&; v,lhiih (C'lStitLtlt j rich source of protein in the
 
diet rfiela ; irilm o,1the isol, cidsovb,:ain Iernagglitinin was fed to
 
rats, the tfe i : Amwvlhw jlat ilm(biil ou (25). A , long as the anirrinlt' (hto w 


,.,reamals a ll'wP I t, lhir food, there ,&; a significant depression
 
in frowth. ,H(,,.v-wi. aiol thi growvti ieu:,sion wasaiccompanied by a con
comitarit d if)l,pf ld ,olimnion, it was riot clear whether the failure
 
of the aniprlai; o rj(mw v,- :Coils ielicel.f lowered foond intake or whether 
the lowetr coeullg'rntiuo the -rcltf(eud was Ir, of depressed (lrowth. When the 
fod intake was eualzel, however, 1he soyoearn hernagglutinin had little 
effect on grow th. This negative effet was si-scquernly corroborated when 
it was fulnd that rats fe'd soybean extracts fro,,m which the heniagglutinin had 
been removed selectively by afli'aty chromtogra)hy grew just a, poorly as 
those receiving the original cwide soybean extract (Table 4). It would appear, 
therefore, that thle soybean bImagglJtinin does riot play any major role as a 
determinant of the r,Ltritional quality of scylean protein. 

Goitrogens 

Unheated soybeans have been reported to cause marked enlargement of 
the thyroid gland of the rat arnd chick, an effect which could be counteracted 
by the administration of iodine (as KI) or partially eliminated by heat (2,32). 
A number of ca;ses of goiter have also been reportcd ir,human infants fed 
soybean milk (16,43), a stuation which could likewise be alleviated by iodine 
supplementation. Presumably the heat treatment employed for sterilizing 
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Table 4. 	 Effect of removing soybean hemagglutinin (SBH) on the growth-promoting 

activity of raw soybean extracts (41). 

Hernaglutinating Activity 
3 

Protein Component of Diet Units/g Protein x 10 PER 

324 0.91 

Oi mld soy xtwt omu S3H 29 1.13 

Origi Soy .,xtiacl, lhuted 6 2.25 

Hav soy flor 330 1.01 

HuaetlJ ts lOtl 13 

Original soy 	 xtract 

2.30 

SiOH vd,; I from ID aqueous extract of soybeans by pas.alge through a column of 

; I)1o(?t-odl ijocnirc.ilio A, 

,oni5 ljOyb,: Milk onfant formulas may, in some instances, b, insufficient forJ 

the icompleli! lhi;trLectiorl f the qoitrogenit priociple. Il(lI e fortification has 

ther efol I- lht,,n remo mennded oM 'soybeCanl infant formuls (11). A goitro enic 

prinfciple Ifas Iern isolated f io0 soybearin wy an, hes beeotn characteri.ed as 

a loV [nole,(;lat weigl it jli(g.pntide of tv() or thnee allwinio acids or a glyco

ieptid(: :ontiinilJ one of two l1ii(o acidsda) dill 	 sufad r1'sintiLn (23,24). 

Antivitatoins 

Vj[almnifl 	 l).h I Ol C1LIO Of tUtilicaltl soyl)an nnal, or the tprotein iso
!atedl therefronm, in the lit )f cli(ks wany calst! rickets Unless higher than 

normal levels of vi*t in D, are added to the diet (4). This rachitogenic ef

fect car, also he clinirmated by aUt'_)clavir1 or by supptlementation with cal-

Cilitil arid phosphorus ( 8). It has been soijgjesled that the rachitogcinic prop

erties of soy protein may he de to rhytic ac-,id (18), although the evidence 

on this point is not conclusive. 

Vitamin E. Anti-vitamin E activity has been reported in isolated soy pra

tein (13) a, measured by growth, mortality, exiudative diathesis, and en

cephalomalacia. The identity of this anti-vitamitii factor has not been estab

lished, although it has been suggested that it might be tocopherol ox idase 

(31). 

Vitamin B 12 Not only is the soybean lacking in ,itamin B12' but it has 

also :ieen reported to contain a heat-labile substance that increases the re

quirement for this vitamin (10) and causes an increased excretion of metabo

lites associated with enzymes that require vitamin B12 as a coenzyme (9). 

This increased , equirement for vitamin B1 2 in rats fed raw soy flour has been 

attributed to a decreased availability cf the vitamin produced by the intestin

al flora and to an increased turnover of the absorbed vitamin. 
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Phytate 

Phytic acid is known to interfere with the biological avai ability of vari
ous minerals including zinc, manganese, copper, inolybdIrIitnL, calcium, mag

nesium, and iron. Most of these same effects are nbservedl iii diets containing 
soy protein isolates (33) and can Ie diminated efffbCtively by autoclaving or 
by addirl chuxla inq J' tt. Vht' ,ffv'ct of t-t it rre t 4i--ly ltie t'ttht, fact 
that it f:vors the inlteractioll Of phytiC acid with pIrot1einIJnd thus diminishes 
its ability ti ;irld nilnleiel. Since phytlasu activity has been leported towith 
he present in the intestinal mLcO';'a of ne (I),it may hec that this enzyMe 
could Iegate so11n Of the (lhdti OtiS tit. of phlyttate in the human diet. 

HEAT-STABLE FACTORS 

Saponins 

Althmiijh samOlliHs frVt l iflarits h t adverse effect on animal1no flve 
growth, it would atut,'nr thet inivin'.of soyheans are1e, relatively innocu-
OuS to chicks. tat', n.t (i:t oi cirn hnt at levels three times greater than 

the levels tounl ill ,Ov fluii (0.5) (1?). Saponins ale hydrolyzed by bac
terial enzyntes iii tlliw. int, tiact, bit ncithe saporrins nor theirh)W(-i stintil 
aglycones (Sh .in,i, ) ci: he (k:t ccthd inthe blood of test animals. Itis 
probably salb to sjv t1t11, iii)mimis slhnould he einoved from the list of anti

tutritioni l t a:c ,mi 

Estrog cns 

Substiiii: e<xhiiitii. estroq(en c activity, namely genisteir daidzeiri, 
and coum,,stl atie nuesent in 0, eans, and can it fact inhibit growth 

(20,29,30) ann! intelffie with re)odlctiVw performanice (5) when fed to 
rats at hingh i-,bl h lev s. -Howev:r,illorler to attain such high levels from 
soybeans t noise vtV, the latter would have to be the sole constituent of the 
diet, Itis ntlikly, tlhrforle, that the estrogens present in soybeans would 
constitute a health haiard to man as nart of a normal varied diet. 

Flatulence Factors 

One of the important factors limiting the use of legumes in the human 
diet is tIne i)rOLction of flatulence associated with their consumption, and 

the soybean is no exception inthis regard. The principle offenders appear to 
be low molecula, weight oligosaccharides containing u-galactosidic and 0
fructosidic linkages, namely raffinose and stachyuse (34). Thus, flatus activity 
in humans has been noted mostl / with soybean products from which the car
bohy-Irate has not been remo,ed, such as full-fat and defatted soy flours 
(34,3,). As shown in Table 5, Mhen soy flour is extracted with 80% ethanol 
to produce a concentrate, the flatulence effects are reduced considerably. 

http:inivin'.of


709 Anti-Nutritional Factors 

Table 5. Effect of soy products on flatus in man (34). 

Flatus Volumeb 

Soy Produrct 
a
' 	 ml/hr 

Defatted flotui 71 
Protein conceli rate 36 

Whey solids 300 

Alcohol tirac! 240 
P, oteill Isulitt 13 

a oAll rlodU t;Wi tit stemn at 100 C fur min and fed at a levelSoy 	 with live 40 

;lILiV. loit to 1I ' 1,cfd ttet soy flowt/day. 
Votatr of( -1 I11 eLtJ'tIw(~h so(y Iplodtjct. 

h.!., ,:IiVli Y isll , if.,ile!/ ill tie soy whey solids arid in the alcohol ex-

Ilo ' h litlill lhw lIow tmih.ciular olihosacchaliles. Piotein isolates, and 

(ll V pIn lilod th t cl(mll, Illd fellnuilttil Soy )uiilIlations Sutch aS tempeh 

(3) 	 I V tUII ly d whIl ()I fliti s activity. 

I :at; in:It is yin-rally attt ilIoted t0 th foCt that Mail is inot etndowed 

ith he e-yine(ii (glact)silese) nlecessily tl tydrolyzilg the i-galacto

h'li(tllkail, s (of tffin(e and stachyose so as to yield radily absorbably 

('11). C(nl:e(qeielty, tie intact olijoscchlarides enter the lower intes

II't vll, they et ie b iittrof lotIa ipOloICinII Such gIases ZIS 

1 , ,i:~h tilotltel, aill , to a tsser exte lt, tliethante. It is the l)roduc

tioll of these !laV, ,vilicii Ii spor lie fll nausea, ctfllln)S, dialirhea, abdon

if) 11lu Ihll, 'iiil to tif ,,it .1ii iscom fdi t (lJileril ly associated with the ejec

t:xitl oilf (I jist"-. tt .tl hll! le enlt)iasiled thit thete is considerahe varia

bility il, individl I ' ell' t0 the fdlatoiS-i)tOtiLlCit)il effects Oii l ians. M any 

iltliVI(IIIs are' c{, [itqqet0iy lrlat'tlCtetd by the 1)(t1eStiOnl Of LeaiIs, but the exact 

reason fOl this viilt~jle rtei;tlr.,se is it otllrstood Cotoplutely, although it 

seiMs i, aiiitli toLh dasitie that it is iliadhly related to individual differ

unceI.l it the (Iticrobi'll l)louliation oifthe iOVloi intestines. 

Since the flatis-prloucint factor,, II Soybeans are heat-stable, altempts 

hatve been to idiminate these factors by enzymatic hydrolysis. Althoughne1;nlte 

tretineil of !soybeanswith mold elizyMes virtually eliminated stachyose and 

raffiriose (3,40), thee was no significant reduction illflatus activity in human 

uhjectI (3). A signifittit lelUction in the oligosaccharide content of soy-

I ,ais cai a!so be achiev(d by a combination of soaking, germination, and re

soakimi (22). although in this case it is difficult to assess how much of this 

reduction is due to a leaching out of the oligosaccharides or to autolysis by 

e Citho0,,iOUS enZylmes. 

Ly 	 enoalanine 

Alkaline extraction of soybeans which is used frequently to prepare pro

tein isolates is known to lead to a reduction in the nutritive value of the 
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protein, attl ibutable, at least in part, to the destruction of cystine (7). One of 
the decomposition products of cystine is dehydroeIanine which can interact 
with the (-amine (Iroup of lysine to form lysinalanine. Alkali-treated soybeans 
have been sh(,. l to ploduce kidney lesions in ats, an effect which can be re
produced by ti,, rdministration of free lysinoalanine (44). Inconsistent and 

variable result:., Ihwwver, have been evieted by other workers in this field 

(8,39,42). in it now qwars that tie esionse, to, lvsinoaianine depends on 

the ste'es of test animal employed (eviii rliomn, straiins of the rat differ
ences have ii::ee not:W), th L.,nposition of hw thulsai (litt, annj whether the 
lysiioalaniee is pepltide-lir ked of not. 

Steniheil et al. (38l) hyi shewrr lysitalanii to he wi(ely distributed 

in cooked foods, comrmereijil hted piparatiens, andI food ilnjrs'(ihrits, many 

of which had nlevt:r ht: .n mrhj.to te alkaline treatment. Many Ot thesU fods 

sad levols ef lysirielaiirlle v, :h were consilerzably hiJhe:r than these found 

if comnirLi cial saieh s of soy lrotein isolate. The wide distrihulion of lysino

,l, li W)(IJl (;orliily c(ok~tl fOdS would minI to indicate that this is 

neitllel J refvel or sferiu)sli olier since
t 

hum1lans hwve lonq been exposed to 

proleirs coentainrii lysinoalasite with alp)<teit implunity. Its presence in soy 

protein calf hdrly hie :(lrF,iltits a feriotis t hioher for mall. 

NOTE S 

Irvin E. Lienei. Departmeo t uf d fioi ,i ,trv. Colle!u of Biological Sciences, Uni
versity of Minnesota, St. F,ikl, M mirm.-)! 351 () 
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SOY PROTEIN PRODUCT CHARACTERISTICS 

M. F. Campbell 

Edible soy protein is one of the wol Id's least expensive and highest qual
ity protein sources that is availa)h in large quantities. The worldwide usage 
of soy proteins as food ingrc(lients h as been increasing gradUally during the 
last 50 years. Developments of new technology in recent years have led to 
substantially greater rates of usage. For maximu rn utilization of soy protein 
in human foods, many driffurent soy proton products have been developed. 

Since there are so many soy products with different characteristics and 
f roperties, I ,vou!d like to familiarize you with basics of these products. Soy 
protein prou icts are used in tods for nutritional, functional and ecolornic 
purposes. However, unless the finished food product is delicious, the other 
advantages become very difficult to sell. The selection c' the appiopriate 
soy protein ingredient is critical to meet the consumer's uer.iands. My goal is 
to describe basic food ingredients made from soy protein. 

BASIC SOY PRODUCTS 

The major commercially available soy proteins fall into three categories. 
These are: (1) soy flour (less than 65% protein), (2) soy protein concentrate 
(65 to 89% protein), and (3) soy protein isolate (90% and higher protein). 
The categories and protein percentages are those defined in the FDA's Tenta
tive Final Regulation-Common or Usual Names for Vegetable Protein Prod
ucts (2). A I three categories of products may be texturized by one of several 
methods to yield various forms of textured vegetable protein. 

713 



714 Soy Protein Product Characteristics 

Soy Flour 

Soy flour is the basic form of edible soy protein. Soy flour or grits are 

made by grinding and/or screening of defatted soy flakes Defatted soy flakes 

are prepared by solvent extraction of full fat soy flakes to remove the oil. The 

basic steps for production of defatted flakes have been described adequately 

in the ifteratUre (5). Duin( the drl'olventizinq process, heat is used to inactiv

ate aLitinutritional factors found ii raw soybeans. Various levels of heat treat

nents or toastmq are used to prepare soy flour of grits for specialized ap)plica

tms. The lvel of heat treatment is usua!ly specified hyi NitronLri 5olubility 

Index (NSI) or Protein Dispersibility Index (PD). 

Soy flour ploduCts are available in: (1) various p~articlIC siZes (flours are 

fine, jrits are coarse), (2) solubility (teasured by NSI), and (3) fat levels 

(most mdI, iis (Iefaltd i oucls, but some refatted or lecithinated prod
nc% are availai'le). A typical analysis [or defated soy flour is shown in 

Iable 1. rhe protein ,.ved is 50% o higher while various carbohydrates make 

up 32 !cj 34% of the flour. The ca'' )hydrate composition of soy flour is 

shown in Table II (4). -oy flour is the least expensive soy protein. The cost 

is presenzl/ inthe range ol $14 to .16/lb. 

Sigmficunt amounts of SOY flour are used in bakery products as substi

tutes for non-fat dry milk. Soy flour may be used alone or in combination 

with dairy whey. A limited amount of soy grits are used in various types of 

extended meat patties. 

Table 1. Defatted soy flour (typical analysis). 

Piotain (N x 6.25) 51 
Fat 1 
Fiber 3.2 
Ash 5.8 
Carbohydrates 32-34 
Moisture 5-10 

Table 2. Carbohydrate composition of soy flour. 

Constituent %of Flour 
Pollysaccharide (Insoluble), Total 15-18 

Acidic polysaccharides 8-10 
Arabinogalactan 5 
Cellulosic material 1-2 

Oligosocchoride (Soluble, Total 15 
Sucrose 6-8 
Stachyose 4-5 
Raffinose 1-2 
Verbascose Trace
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Soy Protein Concentrate 

;w-),coCeti. ,,t.miitatitt 70'', i o)t!itt and at titat. by removing the 

sol 
t
Yc '>gms fli !.0t finn,. Till,:thltt bs.c processes fur r(:rmoval of the 

so11.1Ic1 sogart,i IfIlC (,i' ,ti with (1) G0 to 80%', aqueo(us dcohiol, (2) 

wateI iilifiitd adOont %, (3) if the (1,f4,ittd Hakes haveto 1)i.1 ,tl,] w,ill, 

beet hfe;tI-ti'ati'd to tutilly lmittiti the mriitein (3). The yil,. of concen

tr1t1 vil tliest: piinctst;is i, dl)iit 6 t1( /0", id di,fi tttii flik iir flour wt (3). 

As hownl it) J'thli 2,iht c,irliOlytliti, o -ki ,tiulr 1iidivhihd inlto two 

cati gut its. poly<ac:haiths (io{soliihh) 'Illdoltiq'i,aiidiide, (siolhhe). The 

rli;I nmpol 's,:haridlt ft(twi t rily t idi( stifhi: and pr vdei,;; a dietary fiber 

typ ol(amohydhate. -hlvevit, tho olhpsci:haridu iiit;i pu)toritnts .,ptob
; ( }  '


" yo.' , Irli(] A ~l ti',lh C'(illh:11. S1+'',101: ltlffill()s'! %,(r li l for (latuLJ(;M 


huiIliI/s l4). A\ p i;itary itdwi() fi)i mI;ikitil I ',.)vip otciiticoirtti;iti lt its the re

rttovl O ) ujulpt.; toufi CilaSit tltcuhlrtr :, I. ivn' ifi )II[ P tiuliwnt ),il furxtionalty 

coitt)l. lh lypici ;iiialyi, i( p thtii, tut t (-i i 3) slows the,(sy ui;..itriu 

p)iott.iii Ivt) it : ihoit/0' ,tlttUllci'c Iss) 1nd caih s it20.8',.(Jii y lylriiea 

Thi cat ['hlli/;l tis ijt priitail, Iy ti' iit1oluhitl,h, ti.;lthit iwti:,,i. The 

l vi;l of , ,t rld rnllt nte,;; tfin it y'., o li,ctit,,n it soysta lti(u.;e is e pltulu ltIll 

flour. 
tlo: [)w C0It .':ltfI'[? al het [)f+'e(lld j()iI f w c: "', tl"(' ?;( Y plo(tfill : m y pro 

(JIi(i(t iltfliiur ki ii lliu.iturt alv;itt t M huchitnolgy hlaVit lid 

solltt luilku;;Iis iii ti: ituIi hu )it )vd !)I(LICs.Flavor improve

n,:o ihashotti the i ,imy I tt;i!i; of '.tlt, it forts. Soy putatir cotncentrate 

pru tlcis witi, !(-V tavot I eii tt,?;(l; ill widttr products 

a11d,'01u I i ",i to 

1; usd variety of 

thln court-ti ltm tlais illitlit Vil trilitirlital utc,.ssies. [hi futlr;,ltal tJWi'e3ries' 

of tsoy iotemi (wiuli titeh' tinit it n+ i ; ittteit ii';,.kient for proccssed 

tioail Nthiu:ts.ithtii:s tisi; k)t grits in coirs(e grounld neats and[ii; rh 

feirninledit sausages, atid flour li llitt t.tiiUnsit) plOdtcts, such as bologna

type prodiicts. Fuiwtioi)+il cixtiicti itics sluch as moistimre ahsorption and fat 

a 3. 'rypicai aiilysis of soy protein concentrate. 

Protein (as is) CA D 
Pietrtin l sl) 70.5 
Fat 0.3 
Carbohydrates + Iviber 1 20.8 
Moisture 8.0 
Ash 6.0 
pH 6.8 

1Primarity dietarv fiber, majority non-digestible 

plus about 1 .2% s:Dub:? sugar (stachyose, 0.4%; 
raffinose, 0.1%; and sucrose, U.7%). 
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binding make soy protein concentrate an ideal ingredient in alMlst any meat 

application. 

Some of tle major food products inwhich soy piotew con,:entrate can 

be .'ed nclude bakery piroducts, cereal arn convniten;e foods, snack prod-

Octs, baby foods and dry mixes, and patt pioducls. 

At pr sent, conc(entrates sell for abouit S.40/lb. They do hold three fimes 

their wt in water and therefore cost about S.10/lb1 iii hydiate'! form when 
JSed illm~an~y imel aIpldications. 

Soy Isolates 

Soy isolates ae 90% proteil, (Slsb) and are made by removing both the 
soluble and insoluble cl.Ibotydrate fractions froin the s'y flour (3). This is 

a more complicated process than the soy prtotein conceritrate ptocess and is 
much more expensive. It does result in pir,.ten fractionation and protein 
losF;es. The yield of soy protein isolate may vary from 30 to 40""of the start
mnidefitted flake wt (3). In aidition to the 90% lotein, isolates are corn
posed of ash, fiber and cariholydrates. Cororeccial isolates are produced in 
two forms. One is the i.oehecti ic fon (p11 4.5) wiich is non dispersible and 
the second is thu ul(tl:iIzed form (pH 6.7 to 7.3) which is water dispersible
(3). 

Isolate; m. tie most trellensivf soy protein protlrets ($.70 to .90/I1)). In 

the past, isOIit, haye hein used primarily for functironal properties because 

of the low iovol level. With tile devlopnent of low fla, or soy protein con
centrate, mzw;y food processors do riot believe it is nec'cssary to use isolates 
except in a few food applications where the extra funttionality is worth the 
extra cost. V-he develotpi ,,nof functional, low flavor soy floor and soy 
concentrate products Ias eliminated the need for isolates in marny processed 
meat applicat ions. 

The major applii ations for isolates me as replacers for dairy protein in 
dairy type items si.ch as whipped toppings, liquid coffee whiteners and 
frozen dr,,serts. Instant breakfast preparations and powdered protcin sup
plements ae examples of bevera~le llrodLucts that cortair, soy protein isolate. 

Textured Protein Produchb 

Soy floui (50% protein), soy concentrate (70% protein) and soy isolate 
(90% protein) are the three primary soy potein prCClucts. Each of these can 
be texturized by various processes to yield textured soy products. The best 
known example is the texturization of soy flour by thermoplastic extrusion. 
This yields the lowest price textured product. Generally the finished prod
ucts sell tor $.30 to .35/lb. 

Texturization of soy fl'.,,nryields the textured vegetable protein prod
ucts that have received much publicity in recent years, especially when ham
burger piices increase rapidly. Textured soy flcur is viewed by some of us in 
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the indnsty as the first rereraieton product. Textured soy protein concen

trates ma.4:I( by the same theio Fl-ai.stic extrusioi, process are the ,1cond gen

atrol( of practical ecoT,,:Iic ,×tUrf(! protfein pi)l ILCtS. Thu lower flavor 

piofilt, lack of fliilriict, airdirji)ovw L t, xtutn t propertits nrake lextuied soy 

plt.1 0 !C oi2I i ! in t tItjCtiV, i eled Ior 0 i 105 1 n a, iild stry. 
1-, (L[t,di".W,)y1: g tmoct! 1 1 1'(fi vtth w]<:tof to yiwld,!: 1 t. , tr il lw 

I hycdl l t '! l : . t is1 18'', liO tl!'Ill 1 (I th i ice of thett 11s I 

ieil)y of f! v(I I I Oy j)l t ii Cw II ,II'S(:It I t s i aitItI 


B,i m ol I V of "I" , i) i'1ttpr,iil d l i K ton Plomteirtes 

c.ct 11(_i pll, Ir llk if s , ii e v t'lll ttld fi ' 

-tsxl. I ' If ol int l l it 110I LI(1I H lo )L .,I it t IL . 
O r; It 5 1 If' I,,r11, I ;sS ,12 .114.11. 1i1s of i < ew 

C.fI()tS Iw' ii " .I tlw+V- Ifl, cLk ' I I t, xt t,!I i or y i 1I T1IlI lZVOl ir.(! func

i t I :k IIIi t1 II jII *l II I I t I I 1 1 11 ]I e at to 

(tii :IcI . 

TF ,i II>0 H il ,Col , (iu ' ki( Ialtlo L Ipuf!' Ch thisIt s. tthOLV 
1li'; ,!b]<h to1 ',/IlS, t ht t ts flidy iiichollofl]{}? he(n a l e alfl 'i l, fl){l ! I1(?e ,ebeen 

t:1p'lIc II t n i 1ii t7 rit Th pt i,.iO ml'LoDtllt 1TS (iS the cons of isolates 
0,a lhi, a Iv', t1 . 11l piomLoit ,' ti ,,iI:Jris uflniytaJt;thatt this prodis 

I :t c:0mfl It di ih. 

Iit so( I r d! fll 

1l0 il lii 

I o 

i1 

,I,it 

io 

il lot Ii2hytrilt('. 

i osts rtw i 

lhtlOiofic, 

rIC!cd i I 

ll-se products 
.If and trans

Mi'odified Foy Isolates 

I-hu seve'lthl al last class of soy pirlW cts is iondifiiad soy isolates. The 

Stal.y Corarny, thi,.)ljh its Gtunther Products Division, i.the only maru

'cturmr of thc.o l)roducts in the U.S. Fri-Vmies are Lised to modify soy iso-
Iates to develo specific functioinal properti s. GUither proteins are uIsed to 

plovide wlippiotj, aeration .tidfoaming propertieis. Appli,:ations include 

bakery products, co feclionery, fiozeii desserts and bar mixes, 

SELECTION OF SOY PRODUCTS AS FOOD INGREDIENTS 

The proaleri of which soy pioteinI product to use is often confusing. 
Factors to consi(jr include: (1) Produhct aPicotion -does the soy protein 

work or function in the specific food system? (2) Nutrition-does the soy 
protein offer the required nutritional factors to the food system? (3)Cost

does the particuLiar soy protein offer the best overall quality and benefit from 

the cost, (4) Flavor-does the soy protein pioduct have low enough flavor 

profile so that it doesn't detract from the firished product's quality? (5) 
Flatulence-does the soy product contain soluble sugars which cause 
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flatulence? This may not he a proklem at low usage levels, but is a problem at 

the high uisanz levels that are Wm ~tires necessary for optimum economy. (6) 

Convenience is the product avalahl 0 co cot, tasy-to-ise Doesrise form? 

it require Sptecial storag' conditions, suIc1h as rIfligratimn or f'rtzirlfi? 
The tLest i soy pioduct is first to decide the baseappi oach to s(:hcting ,i! 

product, that is, soy flour, corrc't traY 0r %Iat9.[hnn ,cid en particle size 
or textural )fopertles. ihe proton quality of soy [rIOt'in pItodicts as rT A

sured b thb Pwtei Lftic*,ncy Rat*,' Va el product tot.st tS !:Olvi!-lt fromot 
product. fHo)wever, thr isrOWillq evljefl:te 1toshow that it iiumar studies, 

soy proteih is as goCod in) qo1ality as animal ptotelri. Other ,,utritional advan
tages of the soy protein podlct; lh,scrild irtclude the low levl of lip;d 

material and tht. lack of choltstrol. Tho iov level of itat allows the formula
tior of food oIlttS with thel d,siPd lit cOpm'olrtn. In Iddition to the ab

sence of cholesterol recerrt restelch has shown -ithatIdiet colposed of soy 

protein redtoited tlhe plismla chtlestrtlol evl in yoing, healthy, normi-olipi

dtrmic w,)mert (i1h Soy flour and soy piotein cortnn ate (to contribUte die
tary fiber fron) the ino(hllhl carhohyr ate fraction of toie pt(occt So pro
tein conicentration conitairn, 1 to ',3',, leUtral Cletelgcnt f:huel. 

Since 'ov protein crnta ins a itood lalance of ar-ino cc:Is, they aie a nat

ural for use with arrirrtl1 proteins Lysce i; trlet in a larger amfounIt ;n soy
beans than rmany othl. (cetal ;rlairs. 1 is help:s provitle asynorqistic effect of 

blending soybears with ceral to yld a wel-ialaiced ecr;nomical ptotein. 

TiHE FUTURE 

I have ti ied a (iscre NIc it%l,the basic ;oy ea n protein products. How

ever, to male a onl..rence such a this a sucess, we need to rnre plans for 
the future. In th,s regard, I beliave thjere are s(evra I areas where scientists at 
this meeting can hti improve the utilization of edible so, protein. Most of 
the recommendations deal with chancio soybean composition via breeding. 
These goals are difficult to achieve hut they ivould heip increase the con
sumption of soy protein as food These iecomrITendations include: (1) in
creased level of Aulfur-bearing amino acids, (2) reduced soluble sugars--no 
flatus factors, (3) reduced anti-rrutritionai factors, (4) improve flavor and 
color, and (5) lower linolinate content. 

We are making progress in impioving these characteristics of soy proteins 
via new processing techniques, but giant strides could be made if we cculd 
grow soybeans with the desired characaristics. Chaning these characteris
tics by proc(ssing is feasible, but does add significantly to the cost. If beans 
were available with some of these improvements, there would be many more 
opportunities for increased consumption of soybean piotpin as human food 
on aworldwide basis. 
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NOTES 

M. F. Carvjbtull, A. E. ,y Manlufacturing Comrnary, Research and Developmrnt, 
De:attir Illinois 62525. 
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ANALYSIS OF SOY PROTEIN IN MEAT PRODUCTS 

A. C. Eldridge and W.J. Wolf 

Texture-; soybean protein products are finding increased use as meat ex
tenders. They w iC1,(d initially in instittitional foeding programs, and this 
utilization was i,,n additional impetnis in 1971 wrin the USDA Food and 
Nutrition Servicc 1io notted addij on of textmred soy proCIucts to meat dishes 
in the National School Lunch PropJram. 

In Europe, only three coOuntries allow soy pioducts in meats. Ten other 
countries would permit the a(ddition of S,. products if ade(quate procedures 
v.ere availahle for measurinj the various forms of soyhean protein products 
that miqht e used, such as floows (50'0 protein), concentrates (70% protein), 
aerd iscla es (90'. protein). A further complication is that all three of these 
commercially availahle products can also Le obtained in texturized forms 
that, additionally, may be artificially colored and may he fortified with vita
mins and minera!s. 

Research effort on methods for the determination of soy products there
fore increased in the last few years, particularly in Europe. A summary of 
more promising techniques will be preseoted along with their merits and 
weaknesses. New procedures such as the measurement of stable isotopes and 
fluorest.ent techniques will also be discussed. 

MICROSCOPY AND HISTOLOGICAL METHODS 

Until recently, microscopy and histological methods have been mainly 
qualitative rather than quantitative. This is because the techniques often 
detect nonprotein materials such as the carbohydrates accompanying soy 
protein in soy flour. However, when soy flour or flakes are fractionated, the 
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the nonprotein components are partially removed and, as a result, the carbo

content varies with the type of soy product. That i:, a detatted soy
hydrate 

and an isolate may
flour has 29% carbohydrat, a soy concentrate has 16';, 

2% carhohydrate (9). Conseluuntly, itis necessary to know
contain only 
what type of soy product is :nwrun Ind the tehCuli(luets are not applicable 

11"(1.t\,l i,addeJ to the ineiatwhen niore than one 

y, di ,l,;. t h7 L', l::n ','.'un - '-, 1otqho d is nsnec
Pro ailn 

1;in thw :esidue remairlifli;In ' t'on for charactuistic hoiur l ,'; ,ai 


after extracting with potassium hydroxide (3b). More elahor ate nietlO)(lds no'.
 

ient of ro1't only CwIatstains I ,a hinJhthe mdSUenI ltWfexist that ose difterent that 
even (quantitative al)

hydrates but al -t in Spntcificlly, detection and 
.ujjestsall" ofprox oration can at? ltelred soy lour (1SF). Smith (41) 

AW, iodine, tieriudil: acid'iSchiff oryent, andtolidii' 

. t to neat products 
four useful 10i1s 

acridine Or':-'r F!;ot !.(/,1b) an titef TSF ah ed 


me(l TSF with a staodldird devia

by using a toluidini blm iii, tll a 


rey Oitia an exl ien(:tiod person can
1 5' the 45' I.ovil.tion of 
for Ioutine screning of

analy:e 0[lin or LJ) ,'rim0Es per day, a itat tLoe slo v 


marry samples, HIo Jever, with automation, the 11:llysis COUl(l bek -peeded
 

up, hut their staining t-:hnieoe is applicable only to TSF. 
Conccntrates or 

e :arhohydrate present
isolates cannot he d ltr.id lwc, ;oc h. amount 

i,these )Oil'LiCts is vari,1lla: 

(6), usin'l s"el il stains, Jifeve!Ofi a hirologir'al1trBergeon and fDuraild 

to he ragi;nu ant: caipable ot detecting as little a-s 
techniqu,, theiris,rported 

The.y reported satisfactory wcoUltS
1% soybeeiilrrtir'in in miei plOd(uctS. 

conlcentlat's, or
vith fresh, heated, or ,wtrefred rneat col itallrig s,' flouls, 

detect soy flours, con
isolates. Parisi t al. (37) in Italy claint that they cart 


centrates, 
 and isolates if)coinfercial meat tro(licts fry the periodic acid-

Schiff base reaction. 

IMMUNOCHE[MICAL TECH-NIQUES 

the best proceduresTheoretically, imn no logical techniques !;houl( he 

for the determination of nontieat ,;ioteinsin wreat p)odnucts because of the 

high specificity of antibodies and the sfnsitivity of the artigen-antibody re

z series of different antibodies, the researcher should be
action. By havinq 

to a meat-soy blend andable to determine which commodity has been added 

also how much was 6;!,d(:d. authors havc demonstrated the potentialSeveral 

valua of the immnnochenical approacri. The procedures used by irvestigators 

he applied after vary considerably, and the imnunoclh.mical technique can 


or other methods.
electrophoresis in gel media, it) soluhion, 

the major problem to be dealt with is whether antibodies pre-Probably 
a denatured protein.pared from an undenatured protein will react w;th 

Several authors have reported that heat treatments (cooking) are detrimental 

to quantitation of foreign proteins (20,22,25). 
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Wust Geiunm rescjtchtes (5,17,18) reoorled ecntly that after heating 
soy IntrL i:t 120 C for 50 in, matieenicity vvmi lost However, the heated 
pro.,te(ins ny nlt, ii i,/ Itll' ,itIS ch iICar he conju lted ,, ith a carieo pio

iiL urd i7,~&L jnH )OOil , 'Inn i , mri n Thlrest antitodien s iray 
t~kw l he( aqphi ! tO cvt[01 t lt:, ; y li( .,;, '10 V,H OkiPSI'l IttCS. 

Ili 11<." K'k 2 1) iit . Lil ,lti . tmi{ ditieln (Ici,scri hi identifi-
CItk :.. i it: ii wit tol Oy protein aide~d t0 !iwOl Cooked 
Ifif ( t III fl~ r'O o 'd - t ;[:l !")h} , 'Ikedt ;1rto& :cts to, 71 C in el[(h] tc2m pera

tirtu iril'l;y/i ii :]u;WT.;. , ii I iilwdl t ithltl(:tr jhi ) Tr hesis, authorl1h51 
,;,t'"I ,Ii iItJMIil 11I(_:hIIitjLW 'If iHj ) d fftI 1111010dwl.sir f~lni aJ "Iellatured." pro

11q~;l t [ Jildl l P 'I, IWC(IS I~ziW e't!a fUlthlel, theilt Ualtitationl 

1)',~ti( "luwh :, t til ! I . oLJtjh Iy . 

ELECTROPHORESIS 

Althotiji inimIsni cnt;s l vti I l O iwt , ,I f I l electro)horesis for 
thet (deteTmir!ia[i[ [ o)t nurmwll(?i p~routelm il! H!W it J)Ioo(jtl(c[s, oly a1 few of the 

oritle ruriiNIl] 1110010(kd will it, dic i:,w,! Ii )!72, P sois lill Liwirit (38) 

i n Me:tropi. ltJ I)lprotein ban1dLfi Iffl ,tiii IfOr eili ti to so r-di 
-

C! ~ ~ (dt m!et l. h, oj 'it. t L In, w o!t)(:,lislic T r Idlit:,,h~// <H o [l' hu't I 

'1t111!1o; O W, :.r ' of tll : )1,'.! ;111~, :,~ ~ lt ' l t , l } .F!'"'W , t IItall i,t s,Irlltt p ro 

: il,, i l't I f I V. I I , 1 l i-

I hF 'I II 11 11 1 j t it :1i1 O U it 

it t ,+; 1t oi kerse t, l:,~ 1,k ii ! , t) ,f,,, l tl, i tIlt t!',ml -,'< wl , o 

(l0,27,2,;.38). 

t I ; , idjt~li, Iw~l ;,k 1,!:11",t o"\'o) td ,; chdiidcitkrI'..!1C Ltf "') ; f W . 111 11i I J)U L ioa 

tiol ( I',!), ti , " , l:!< "kl~ind 2" 'tInd t~l'Z! titft hyt) III, 'i Illnt acid C(/fl

tpo,;i,,oI<. , N' I,. llm/ i !a fllirlm I1CId, I (): L[ I I)OtliH 111d 110 1 L lmlla.rW Piflhl. 

A ll I)IO(jc tJ~rt", lhkit liOV1)IV ' thf- List; Of t~h~t'UII()l)hoit,1Ic: thdm k'., Uet~wially I1 

the pielSeilc Of tithrvl UltIll SiiiiiiL )111111 ','I'ii Jt t',Itl )I)ie i to he very 
effectivn sy s tt'li' foot dlteiliirIIinil sOy i; i it-so, tionols; they deserve more 

effort an1ll :il l iv' stu lirs. 

NOVEL APPROACHES 

Several new approaaches to the detriinnntion of soy in soy-meat have 
been described recently. Bailey e al. (2-4,31), isolated and characterized a 
unique penta-peptide (Ser-GILu-Gh-Ala-Arg), which they obtained by trypsin 

http:l0,27,2,;.38
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hydroysis of the major soy protern-the 1IS globulin. This method has the 
advantage that the "tag" is Jnique (assuming that other pla)t proteins do not 
yield the same peptide on hydrolysis). Being covalently boud, the tag is not 
lost when concentrates of i'solartis hreparel Iflur
 

Some authors have su,'Jgestted ell.SLrri() the 

am ) h mn SOy 

anllIllt Of CMa1!vuurine in the 
Soy-meat blend to indicate lhe amliount of soy in tt1W nixtLuI, (13), while 
others recon-irlt-oi 1,lasoiurigfl the anount af heat pllreerit by delermining 
creatints (23) ,,3-i i ,,,i hisinirie (2 i,2b). 

Art approawfi that 'nay t e .
jV, onir i)romise to estim ite the amouLt of non
meat protein ill nl:I hut;:1el ' !asad Onl COral)LIter compalisons of the total 
amino acid pattern, iIi Otld hy Lindlltvist et al. (29). These Swedish 
authors ;)i!0ar0td I nli (-t ,t iii 54: milk protein, 36% whey protein,
ard 10', soy pi Ottri After tft,:irmi:oicid analysis of the ild and a step
wise ntultipeuie-W IO PJ 1 yss will) a comtputer, 6ty( coUteitrIrd that their 
liXture contali'! 50"r inilk tttit, 37' whey itottin, and 13 Soy Po

tein. Aiioth,; i[ 1 1t(If i ltSt.l01Inl Netlh!lt the rlhands is also trying this tech-
ti(JLe (36). 

A method tin-rt > hIve nvesti(dtotd (10) depernds ointhe fact that mater
ials in soy flours, t , ai(t]fillelttisolate s fluoresce at 440 rm when (:X
citedrl 360 fil1), Th.I, t hod iitvy tiveltIssolving the sartI- il 6M qualli(dine 
hydrociril- o -i' Mnt'!(1llthe ilUores(;eAc, of tilesolution. HrOwete,
 
thi- protudu,, i,: ,tcork 
oltcokt )onlnlts appal)r ly addrtiDonal
fluores-:ent r~ut LI:f,)wl m In) :oo)king.
 

The (iettuf lt Ill, tio (1 t lhi! 1,111o of ,tahhi! l( tn)ws it rat-soy hlends (16)
has ,lso hee irvesti a(Il lt autlhors usetdI 13C,,12 C trtio. tot differentiate
 
corn-fed animal piotein ((,
1 plant) from soy proteinC plarnt).-he error in3 

this procedLle appeared to he rather large, 
 and additional analyses are re
quired in order that a Iudgement caln le imade on its merits. 

MISCELLANEOUS 

Attempts have been made to deter mine components added to meats by
density gradient centrifugation. D, Hoog CL al.(8) claimed to detect 0.1%
 
nonmeat 
protein in the presence of st-rch and polyphosphate Iry this proce
dure. In act elaborate paper, Montag (34) reported tihe densities of 63 sub
stances used in the meat industry. He noted that defatted soybean flour had 
- band with a density between 1.3 to 1.5 in a htom}form :lenzerne mixture. 
Soybean protein occurs at the interface of a carbon tetrachloide toluene 
mixture that has a specific gravity of 1.42 i) . 

One of the proteins of soy, the 7S protein, has been studied and f,)und to 
contain ca. 4% of mannose that is bound covalently to the prote -. The 
analysis of soy protein for amannose was indeed successful (9), but the error 
in measuring a small amount of this sugar was too large for any quantitative 
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work. Carbohydrate analysis of soy products did not indicate any unusual 
carbohydrates, except pinitol (9). However, measurement of pinitol will 
not be of any vakie, because it is not bound covalently and its concentra
tion decreases during fractionation of soy flour to concentrates and isolates. 

Isoelectric focusing has been tried by the Laboratory of the Government 
Chemist in London (14,30,32). Five percent added soy protein isolate (Pro
mine D) in fresh pork sausage could be determined with a relative accuracy of 
±20%. Below this leyel of .ddition, results were evenless accurate.,The.tech-.. 
nique of isoelectric focusing could not be applied to products that had been 
heated extensively during manufacture. The London researchers also examined 
high-performance liquid chromatography (14,33) as a means of measuring 
soybean protein isolates added to pork sausage. After examining column 
packings and extraction solvents, the authors claimed a relativ. accuracy of 
±15%, but encountered problems of short column life. The analysis was un
successful for cooked products. 

CONCLUSION 

This review reveals the difficulties encountered in attempting to quanti
tate soy protein added to meat products. Analytical chemists have responded 
to this challenging and important problem in various ways. At present, it is 
safe to say that the problem has not been solved satisfactorily. Clearly much 
more research is needed to develop a method or series of methods applicable 
to the variety of soy proteins now available as well -s to the large number of 
processed meat products in the U.S. and Europe that are potential candidates 
for extension and fortification with soy proteins. 

NOTES 

A. C. Eldridge and W. J. Wolf, Northern Regional Research Center, Agricultural
Research, Science and Education Administration, USDA, Peoria, Illinois 61604. 

The mention of firm names or trade products does not imply that they are endorsed 
or recommended by the U.S. Department of Agriculture over other firms or similar 
products not mentioned. 
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ORIEN FAL SOYBEAN FOODS 

D. Fukushima and H. Hashimoto 

Soybean. have bevrn an important source of protein, fat, and flavor for 
Oriental people for thousands of years. A large variety of foods which were 
developed from soybeans can be classified i'lo two grou'ns; fermented and 
non-fermented foods. Recenily, scveral reviews have! been written in English 
on these soybean products (1,3-7). The ,ain fermented soybean foods are 
shoyu (soy sauce), miso (fermented soy paste), sufu (Chinese soybean cheese), 
tempeh (fermented soybean ceke), and natto (fermented whole soybeans). 
The d velopment of fermented foods, which depends on the bse of rather 
sophisticated microbiology, was a remarkaLle achievement in the early his
tory of China. 

The ancestor of shoyu (soy sauce) and miso (fermented soybean paste) is 
"chiang" whicn orignated in Chimn? approximately 2,500 years ago. Chiang 
was introduced in J3pan during the 7th century by Buddhist priests, who 
taught the people To -void eating meat and fish. Therefore, this new season
ing from soybeans gradually took the place of the salted seasoning prepared 
fror, meat or fish which had been previously used. During the following cen
turies, chiang was transformed into the present Japanese shoyu and miso, 
which are now quite difterent from their Chinese counterpart. 

Sufu (Chinese soybean cheese) also originated in China in ancient times. 
"re2mpeh (fermented soybean cake) is u;ed mostly in Indonesia. On the other 
hand. natto is the fermented soybean food originating in Japan in ancient 
times, and it is manufactured and consumed only in Japan. In Japan, about 
439,000 tons of soybeans and defatted soybeans are used per year to make 

0 G0these fermented soybean foods. As shown in Tablc 1, however, 5 8 6 , tons 
are used for the traditional non-fermented soybean foods. 

729 
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Table 1. Consumption of soybeans and defatted soybeans in Japan, 1976 

Defatted 
Whole 

Soybean 
Soybean 

Grits Total 

- ton -

For Foods 

No

Femen ted 
Shoyu (soy sauce) 
Miso (fermented soypaste) 
Natto (fermented whole soybe

n-Fermented 
Tofu and AbLraje 

Kori-tofu 
Others 

ans) 

10,000 
190,500 

69,000 

411,500 
29,000 
16,000 

165,00C 
5,000 

0 

55,000 
0 

71.000 

175,000 
195,500 
69,000 

466,500 
29,000 
91,000 

For Feeds 30,000 1,950,000 1,980,000 

i otal 756,000 2,250,000 3,006,000 

The main non-fermented soybean foods are tofu (soy mild curd), kori

(,fu (dried tofu), yub. icoagulant film of soy milk), kinako (roasted soybean 

powder), and moyashi (soybean sprout). Among thes2 non-fermented soy

bean foods, tofu and its derivatives are the largest. The amount of soybeans 

used for the traditional soy milk curd, tofu, is about 466,500 tons/yr in 

Japan. However, as tofu is perishable and difficult to transport for long dis

tances due to its high moisture content, the scale of tofu production is faitly 

small, in spite of its large demand. There are over 35,000 tofu plants in Japan. 

During the last two decades, the technology and engineering on these tra

ditional foods have made great progress, particularly in th. areas of soy sauce 

and miso in Japan. In this chapter, the rnanufacturihg techniques and their 

recent progress on these products are described. 

FERMENTED SOYBEAN FOODS 

Shoyu (Soy Sauce) 

Shoyu is the Japanese type of soy sauce with a salty taste and sharp 

flavor which is made by fermenting soybeans, wheat, and salt (6,7). Shoyu is 

the only traditional fermented product that has become well-known in the 

cookery of Western countries, and is often referred to as soy sauce. It is used 

widely throughout East Asia and many other ;countries with different desig

nations: chiang-yu in China, tao-yu in Indonesia, tayc in the Philippines, and 

kanjang in Korea. 

There are five kinds of shoyu recognized by the Japanese government at 

present, as shown in Table 2. Koikuchi-shoyu is a representative Japanese 

shoyu which forms 85.4% cf the annual production of shoyu in Japan. It is 
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Table 2. Typical cwmposition of different kinds of shoyu. 
Ct 

Kind Be NaCI 
Total 

Nitrogen 
Formol 

Nitrogen 
Reducing 

Sugar Alcohol pH Color 
Annual 

Production 
0 
0. 

-%(W/V) - - % (V/V) - % 

Koikuchi 22.5 17.6 1.5r 0.88 3.8 2.2 4.7 Deep Brown 85.4 

Usukuchi 22.8 19.2 1.17 0.70 5.5 0.6 4.8 Light Brown 11.7 

Tamari 29.9 19.0 2.55 1 'j5 5.3 0.1 4.8 Dark Brown 2.2 

Saishikomi 26.9 18.6 2.39 1.11 7.5 Trace 4.8 Dark brown 0.3 

Shiro 26.9 19.0 0.50 0.24 20.2 Trace 4.6 Yellow to Tan 0.4 
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,n all-purpose seasoning agent used in the preparation of foods as well as a 
tlble condiment, ann it is characterized by a strong aroma end deep hIown 

color. Usukuchi-shoyu, which forms 11.7' of the to!i production, is char
acter-zed by its lighter brown color and milder Ilavo.. It s used ja inly for 
cooking when one wishes to preserve thre ori -inal flavor and color of the 
foodstuff itsel[. Tamari is tihe Chinese t'f/' shoyU and ioade up of only soy
beans or a miXt ore with a higher pe:rcenta]e of soylbet is than wheat. Tama ri, 
saishikorri, and shiro-shoyn lrw produiced and con,.uied only in certain 

local;, is fci special usrs. 

Shoyn mrranu factoring consIists of tnree major pioces.s: the koji making 
procc--, h; ine men,.,., n., -n,, ,efrr it iguic 1). Traitonall',, whole 
soybeans are used foi koji rnak , ,, howetver, i,, recent years r.fatte:d soybean 
grits or flakes have taken its place 

Tihe conk inn of soybeens . car,0( oCut in ahatch-type cooker. Recently, 
however, a Continoous cooker has iber, (eveloped by which a high pressure 
short-tire cooking of soybeans is carried out. 

) 0 ;, A1 r'"ir' ("I I 
Id.',Cc ub Ii t, ,,0 

J V. I. 

0 

r si 
4 0 j 1 

pi 

Figure 1. Shoyu manufacturing proces. 
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The wheat is roasted in a continuous roaster and then cracked into pieces. 
Next, ual amounts of cooked soybeans and wheat are mixed and then 
i-oc,,at,-d with a pure culture of Asf:ergillus so/ae or Asperli/lus oryzae. 
Traditionally, this mixrme ;r pit into wooden trays. During koji making, the 
mixture in ,ach tray is stirred by hand three times to cool. in ecent years, 
however, automatic ko,' malking processes have been developed to replace 

this traditional way. The sulstrate mixture is put into a large shallow per
forared vat and the temperato re and mcisture contiolled cir aie circulpted 
through the mass to give the proper conditions for rod ciltivation and 
enzyme formation Afler two or three days, the moldy material which is 
called "koji" is harvested. The harvested koji is transferred to deep fermenta
tiOn vessels with about a 25,% salt bmrie. The rsLt'I g mixture is called 
moromi and mloroni inash. 

During tihe hIn felirnentation for six to eight months, emizymes dervied 
from koji hydrolyze most of the pioteins of the materials into peptidles and 
anlino acids. Much Ol the stalch of thle vheat is converted to simple sugars, 
which are ferlmented primarily to lactic acid, alcohol, and carbon dioxide. 
The p--1 drops from an iwiti:Al value of 6.5 to 7.0 down to a p1- of 47 to 4.8. 
The hioh salt concf:.1tratior, aounnd 18%, effectiv,'ly limits growth to a few 
desirable tvp,'s of microorg(anisms. At the first stage of moromri mash, Pedio-
CocCUs h a/ophlus is grown a ul it produces lactic acid which lowers the pH. 
At the s cunid stage, SIcctaronyces rooxii IS grown andt as a result, avigorous 
alcolol ic f1rmentatior occuLs. Recently, the pure CuItred Pecliococcus 

halophilus nd Saccharomyces rouxii are often added to the moromi nash to 
accelerate the lactic ,cid and alcoholic fermentations, respectively. At the last 
stagle of moromi fermentation, Torulopsis are grown, which are a group of 
salt resistant yeasts. These strains produce a mature aromin which is composed 
of phenolic coouInIds that are imitrtant as aroma compounds of soy sauce. 

Usually, mororni is fermented in indoor vessels. Recently, however, 
closed outdoor 1 0oromifermenters have been ,ioloped and are available 
commelcially in Japan. 

The fina' process is r ,fining which includes fHitering and pasteurizing. The 
agemd rnor-ori mamsh is put ;ntc a cloth and tl irLid part of the mash is 
separated from the residue with a hydraulic press until the moisture content 
of the residue hcomes about 25%. The filtrate of an aged mash is heated at 
70 tO 80 C by a plate heater. This heating is recessary to develop the color 
and aroma, and to inactivte most enzymes. Heating of the raw shoyu causes 
the inactivated enzyme proteins to coagulate and form a sediment which 
reaches 5 to 10%.,of the volume of the finished product. The sediment could 
occur mainly through hydrophobic interactions among the denatured protein 
molecules (2). After removing the seliment -y filtration, clear refined shoyu 
is bottled and packaged. Sometimes, sodium benzoate is added to shoyu as a 
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preservative, but the recent tendency is for asceptical bottling without adding 

any synthetic preservatives. More than 50% of the soy sauce on the market in 
Japan does not contain ar,v preservatives. 

There wert two marked developments in shovu t'chnology duling the 

recent two decades. Onire was the inl provemerit of the treating me hod of oy

beans and the otheer was thu w,echani/ation of the processus. Thus, the yield 

of shoyme prMuction on the basis of total nitrogen increased from 65 to al
most g00" I inC; the plu) 25 yr. Further more, the quality of shoyu has been 

very much ilproved 

Miso (Fermented Soy Paste) 

Mi soi fl-SO a f(uroe ted prodluct of soybeans and cereals in th, presenCe 
of salt, which is used widely Ihroughout East Asia. The progenitor of miso is 
referred to as "'hiiang" developed in China torgl before the Christian era, and 
transfoilried i1t( "fjan"j in Korea, 'mriso" and "shoyn'" in Japan, "tao-tjo" 
in lndoresiki and Thaliland, and "tan i'" ir thee Philippines. 

Th,rw nm, "chiarrg" "chiang"uiry kinds of ill China. Actually, the term 
inchldns a vely wide raninle of foods. Most of chiang in China is prepared at 
homei, just as th Wetm.,Ill people orake their own jjns and pickles. On the 

other hand, irriso irr J isanis ro0,' maufac(tured couMercially in a modern
ized factory on a lar je scare. 

Ther' arte roay viities of rmiso ill Japan as there are chiang iii China 

based of) the raltio of subst fKtes, salt concentration, and the length of fer
menlation ar(d aling. In appear:nce, most of the miso in Japan is a paste 
reseiblingJ neant butter ill consistency and smoothness irr texture. Its color 

varies from a cr :amy ,,ullowish white to a very dark brown. Generally speak
ing, thne m;taker th: color the stronger the flavor. The product is typically 
salty and has a distinctive pleasant aroma 

Miso can he classified into three major types on the basis of the raw 
materials as shown in Tahle 3. Rice miso is made from rice, soybeans and 
salt; bare, miso is made from barley, soybeans, and salt; and soybean rniso 
is made frorr soybeans and salt. Tlese types alt further classified bv taste 
into three .1rorprs: sweet raisr, semi-sweet rmiso, and salty raiso, Each group 
is further divided by color into white-yellow rniso and red-brown miso groups. 
Among these rriso, rice raise is the most popular one, which forms 81% of 
total miso consumption. 

In riso manufacturing, methods differ fiom variety to variety, but basi
cally the process is the same. The production process of rice miso which is 
the most popular is outlined in Figure 2. There are two basic differences 
between miso and shoyu manufacturing, though both are very much alike. 
One is in koji making. The koji of shoyu is made by using all the (aw mater
ials, that is, the mixture of soybeans and wheat, whereas the koji of miso is 
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Table 3. Chemical compositions uf major types of miso. 

Material 

Classification 

Ta-te Colo-

Aging 

Time Protein 

Chemical Composition 

Fat Carbohydrate Ash Moisture 

Annual 

Production 

r 

Rice miso 

Barley miso 

Soybean miso 

Sweet 

Semi-sweet 

Salty 

Semi-sweet 

Salty 

Salty 

Yellowish white 
Reddish brovvn, 

Bright iight ,eilow 

9eddish bro,n 

Bright light yellow 

Reddish brown 

Yellowish to 
reddish brown 

Reddish brown 

Dark reddish 

brown 

5-20 days 
5-20 days 

5-20 days 

3- 6 months 

2- 6 months 

3-12 months 

1- 3 months 

3-12 months 

5-20 months 

11.1 
12.7 

13.0 

11.2 

1.3.5 

13.5 

11.1 

12.8 

19.4 

4.0 
5. 1 

5.4 

4.4 

5.9 

5.9 

4.1 

5.2 

9.4 

35.9 
31.7 

29.1 

27.9 

19.6 

19.1 

29.8 

21.1 

13.2 

7.0 
7.5 

3.5 

14.5 

14.0 

14.5 

13.0 

15.1 

13.0 

42.0 
43.0 

44.0 

42.0 

47.0 

47.0 

42.0 

46.0 

45.0 

467,000 

53,000 

46,000 

81 

11 

8 

N4 
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OILISHEDRICO F'JHLSOYBE-AN 

Soa ed Soaked 

Cooked Cooked 

Incubated
 

I 
L ~ Mixedf

j[ucTIc ACID BACTERIAJ 

Fermented
 

Aged*1~
 
Mashed
 

f1flI 
Figure 2. R",-e miso manufacturing process. 

made by using cnly carbohydrate material, that is, rice or barley. The soy
beans are Lsd ii mic makin] without the inoculation of koji mold, except 
on soybear, miso. The other difference is that miso is a solid paste and, there
fore, the makirg process has no need for filtration process which has a very 
large influence on te cost in shoyu making. The fungus and yeast used in 
miso manufacturino are very similar and sometimes the same as in shoyu 
manufacturing. 

Recently, 3 revolution has occurred in the manufacture of miso, which 
has taken the form of automated equipment and continuous processing. 
Particularly, the use of a rotary fermenter is effective in the preparation of 

rice or barley koji. Cooked and mold inoculated rice is put into the large 
trommel of this roicry fermenter in which air is circulated at a controlled 
temperature and humidity. The trommel is rotated several times to prevent 
agglomeration of the rice during the fermentation. After the completion of 
the fermentation, the resulting koji is mixed with salt, cooked whole soy
beans, pure cultured yeasts and lactic acid bacteria, and water, and then kept 
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for an apmropriate period for the second fermentation. The resulting aged 
mixture i-mashed and packed Es miso 

Sufu (Chrese Soybean Cheese) 

Sofu is a Soft cheese tyl): orodtoct whiCh is made from soy milk curd by 

the Iclio., of micluU, ymos. Solt vhich ori ginated ;,i(China the fifth cen:,I-, 

turv has been consuimed w idely as a rtlish by Chinese neophi. However, subi 

is not conSUmed in Japan. 

ThV SfLI rrrk O)roCJIrs Consists major os;s which out-J of thrue PrM are 
lined in Fijure 3. Ttk step, 1process, is substanfilsT the soy milk crd makirr 

tially the saime process as the tofu mak ng process. How'v,:i, the water con

tent of tofu is reduced t3 I.ss than 70% when makingj W lo.The normal water 

contentL of tofu Isabrout 90U. 

SoaCked , cround l. Cookud 

Fi 1 tered 

Y IL 

0''OA 

5~(C ,Jc SALT) 
4 

Pressed 

0 

U) 1 
Q Cut & Ileateu 
U
0 

Fermrented
 

0 

-tLDED CURD CUOE 

r W 1Bri.ned 4 

00 Ad 

Figure 3. Sufu manufacturing process. 
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The second process of sufu making is the molding process. After the 
hard-made tofu is cut into 3 crn cubes, the Cul'eS are heated for viasteuliza
tion a-nd for loweting the water content of tle cube sutface, and tlhen the 
mold isinoculated onto it. Itt g,]d the mold for sufuohtaini tjOluality sufuI, 
fermentation nust have a white or ytiol.,vi_ white iIyc(liiLM to warrant an 
attractive apleirario. -h,:texture of ftycelfdl mat Should also e dense and 
thick so that a firm film will be fotned ovI:t tIn surfact of the feirmented 
tLfu cubes to pr,.vut' any distortion inits sh.ljit. 

T irhenols heloncimg to the ge Us of Mticor or Actioorumcor are used 
tsuallv, mat the rcolds helonging to the genus of Rh/zopus are also sometimes 

(is,:-. lr oe,:,ptst Actionueor e/eoj,,s, Micor hi,alais. Mucor silvatics, 
Mi ICOc! tr,) ti,Voct .o ,;fhtilissiiitS, attJ Rhizoptys chi ensis arrosed for the 
fermentati-1,1 I ll tlolt ditfer. uponuIt of ftrtnentation lepending the 
varieties of rtoul. Ii lIts abotl / dlys at 12 C in RhL'opus chinensis, 3 days 

at 20 C inl Mteor0 ii( 2 lays at 25 C in mucor!ti'e';'s ,tiof silVt'.its, alln,] 
praioi. 

Thi last st-?p inllialiot stiftj is to toi i I a ttt . The freshly molded 
cubes art ol~aed w ,dt t s typte , of ,r ining oltilioiis d,rnding ort the flavor 
desired. TIe: ujstjal hiinu solutions dt f( titlert rioC111,f0 with salt, soy 
sItlce moromi mash, ftelrtntttl soy let it?, or a 56, salt :olution containing 
rice wint umoturtt;tt tO aotit 10.', ,thlO alcoltttl. Th titme of aging ranges 
fr)m 1 ttt 12 ItotithS dlel)eutlinI( Ltl)O the valiety Of the hrittirg solution. 
After aging, the protdtct is lhottlttI witlt hrine, steriliziit, and marketed as 
sol. Btcattse stIftis a creattm chtse t\lpe )o(tcit ti has a mild flavor, 
Western It)ople would find it stlitatle -isacheese-tyvpe dish. 

Tempeh (Fermented Soybean Cake) 

1_t t tpel is oil of the most important fermented soybean foods originat
ing in lrtdolesia ard is constlmed widely in Indonesia, Malaysia and the Phil

i,)ines. LUIlike most of the other fermented soybean foods, which are usually 
usre as flavor ,agen s or relishes, tempeh serves as a main dish in these coun. 
trcs. Tempel is not prided ard consumed in Japan. Tempeh isa cake-like 
product mlade by/ ftrncnting soybeans with Phizopus. A typical process for 
making ternpeh is outlined in Fi(ure 4A. 

Thl. soybeans are soaked in wal.er, dehulled ard boiled for 1 hr with 
excess water. Tl-e cooked sovbans are spread ut for suriace dying and then 
mixed with a previous batch of tempeh. The inoculated soybeans are wrapped 
with banana leaves and fermented at room, temperature for 1 day. During the 
fermentation, the soybeans are covered with white rnycellium of molo and 
bound together by the rmycellium as a cake. The cake of tempeh is sliced and 
fried, or if preierre-!, dipped in brine or spices before frying. It car also be 
baked or added to soup. By itself, tempeh has a bland flavor. Recently, in a 
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Figure 4. (A) Tempeh reanuforcturing procioss, and (B) natto eimnufacturimj process. 

larger scale ferrm-ntaitior, of tumpulr, the puru CLu!rtitFS of molds such as 

R/rizopo". olirgos""oos. Rhizouos uryz.o, Rhizopus arrhizus, and Rhizopus 

stolonif,' hase ortnti les !r,n witi0. 

Natto (Fermenterd Whole Soybeans) 

Nitto isa traditional ferniented soybean food ori inating in the North

eastern parts of Japan abont 1,000 yr ago. There are two major types of 

natto. Oie is itohiki-natto jnid the ot ,?ris hsna-na-tt. Hama-natto is a food 

fermented by Asperiq///s r-cs andrther risemblhrssoybean miso in taste. 

The plodUtron scale of hima-natto is ver,; seall, as it isproduced unly in 

ccrtain locailities. On the otetr hari;, itohiki-natto is verv popular and pro

dUced in large amounts, parlcularly around Tokyo and the Eastern parts of 

Japan. The:rcfore, the word natto usually meajns itohiki-natto. 

Natto is a unique soybean product fermented by Baci/ius natto. In this 

product, the shape of cooked whole soybean particles remains intact, and the 

surface of the particles is covered with a very viscous substance which con

sists of glutamic acid polymers produced by B&cillus i)rtto. The manufactur

ing process is outlined in Figure 4B. 

The manufacturing proct.ss of natto is very simple and the time of fer

mentation is short. A small quantity of the inoculated cooked whole soy

beans is put into a small plastic tray with cover and packed. The resulting 

packed tray is kept at 40 C for the fermrnration by Bacillus natto. After 14 

to 18 hr the packed tray is cooled to 2 to 7 C and then shipped to the market. 

http:proct.ss
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Natto is a very cheap and nltritlOuS priOte01m food and its annual produc

tion is ahout 124,000 tons. Natto is taty and does not have much odor, bo 

its VisCQuS fl II is distinctive. Nalt, is s;,nvod v, ith ';hOyu and mustard. 

Besides these Itrfidtiorial feflirientd rI .imernted soybeanfoods, nej 

product ap)eared on wia.icd in Jp)ro. It , wthe iecutly 'a)y milk drink ier

mented by lactic acid heictt:r in. This ioridct ind othets are now being re

se 'rched for -!,-, ,,It 

NON FERMENTED SOYBEAN FOOD 

rofu (Soy Milk Curd) 

Tofu it,. .th, ,i , i 'ri ti soyteani food which has been con

surncd for i,;, ni (litO,,tal11 ,4e ow comtrirs. Due to a high content of 

proteiM and fit { .,-. i l i',f:,! , :iade a Sobstantial contribution to nutri
tio nl,'is j, ti,, ,: i r : 

Ti uale Vi . a,t }.(kcd iii watel overnight, grotindJ 

with d n K i I :iiouni/s of water arnd hr., at, iii I i ii.1' Jed 100 C 
for stv eratl i ii .. , ,iiite >ilot:K of water. The fiwal ratio of water 

to the qr-,,c y1f,'ier, jhojot 10 to 1,A Soy milk of 5 to 6% 
s" lidl o, ohi di hi , ttl 110ul T h i sul ltte mOILLitOll iS added to the11111V 
m ilk it ai, (ul I')2 2i, . () t ltti at 70 to 80 C. Alter the! resultant 

com(juiota 1 I :IrI, Ii , ,, ki :; fptr 1l mill, ilti (;orl mi xtal is poured into a 

co.I,i clh)t , iii 1 v ( ii) ho', , i"' 01;: whey,Mid( '.ini remove excess 

1-h,'iI h I . ,,., ouit II IF llh: ' ,r hu'. nd ,Iplcec: il w ater. It is 

Thiei1 cul it)~ith J!,0' o l ii1 3-00 1( LOU0 i ifl Soldi v.iie fI sir 

Th i ,. ttt)tL rioiit'l t, m)t ()idi ia',h tofu. Theohovi i is calltd or 

i)i )ct' SS -)f I(llfll l'7 [t I. ou*1I cins iri Fitilurt' 5A . ill thn proc iss as show n 

Ill Fm re"u A, ,LAh.o ill emuoii-iln -r.o) of SoY milk is hi.jhir, ,;Jy airound 10%, 

the soy 11ll. Is coilrt,d d11'1 010 WithOut separJtin() iny whey. There

fore, a diffmriitI lie of tof;, c lf:d kiriui Josr- tofu is nade, his rodlCt is 

rather ;muoth Sout.r 0i -,unMy tofu, and it holds soluble whey comin111d than 

ponernts such as solhible p, otein, st(la-r a:rd vitamin 131,in Itself. 

Table 4. Chemical comrosition of traditional non-termanted soybean fooua. 

Soluble 
Moisture Protein Fit Carbohydrate Fiber Ash 

Tofu 88.8 G.0 3.5 1.9 0 0.6 
Aburage 44.0 18,(3 31.4 4.5 0.1 1.4 
Kori-TV1Lu 10.4 53.4 26.4 7.0 0.2 2.6 
Y .Juha 8.7 52.3 24.1 11.9 0 3.0 
Kinako, 5.0 o8.4 19.2 29.5 2.9 5.0 
Soybean sprout 93.8 3.0 0 1 2.2 0.6 0.3 
Soybean 12.0 34.3 17.5 26.7 4.5 5.0 
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Figuro 5. 	 (A) Ordinary-tofu manufacturing process, and (B) kori-tofu manufactur

ing proce(,ss. 

As shown in 1ahle 4, toft contains 882 moisture, 6% protein, and 3.5% 

oil It is perishable, fragile, and di ficult to traislomt for long d'stances. 
Retently, a new and improved product, packaged toiu, has appeared. 

Packaged tofI is made lhy aplyiwg th,: process of leingoshi-tofu manufactur
ing in which all soy milk components are retained. After being cooied, soy 
milk of ahigher solid concentration (about 10",) than ordin;ary tofu is poured 
into a plastic (poly-styrene cr polypropylene) film container with calcium 
sulhate or lucGnodelta-lactone. The contair,er which is sealed tightly, is 

heated in a water bath at 90 t'- 95 C for about 50 min and then cooled. The 

milk coaluiates gradually a- a whole without separating the whey. Packaged 
tofu Is easy to transport and somewhat more preservable than ordinary and 
kinugoshi-tofu. 

There are several traditional tofu derivatives such as aburage (deep-fried 

tofu) and yakitofu (baked tofu). Recently, packaged tofu and fried tofu 

have been manufactured on a large scale due to easy transportation and good 
preservation qualities. 
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Kori-Tofu (Dried Tofu) and Yuba (Coagulant Film of Soy Milk) 

Tofu holds a great deal of wter in a thick gelatinous texture, and it i, 
very hard to make a dried product without iny damage to the constituents. 

However, we csa Sfe how elegantiy this difficult problem is solved in the 
traditional kori-tofu making process. The kori tofu making process is out
lined in Figure 5B. 

Fofo is frozen rapidly to -10 C within a 3 hr period and it is kept at 
-1 to -2 C for 2 to 3 weeks f, aging. Aging gives the tofu a sponge-like 
quality after thawing. Tii charicterist;c texture is brought about by the 
molecular interaction in the locally condensated protein solution among 
the ice crystals. The bonds responsible for the polymerization of soy milk 
protein causing the characteristic texture might be hydrophobic bonds and 
S-S bonds. 

After being dehydrated by pressing, tofu is dried by forced hot air 
and exposed to amnonia gas to make kori-tofu large and soft when soaked in 
hot water at the time of cooking. As shown in TA)le 4, the protein content of 
kori-tofu is 5 3),, or morn. end the oil content is 25% or more. These values 
are nIuch higher than thor.. of the ocigina! soybeans. As kori-tofu is preserv
able and easy ti transio;t, I.T production scale is much iarger than that of 
tofu. iTie consumpLtio, o soybeans ior kori-tofu is about 30,000 tors/yr 
in Japan. 

Thewi o,,e mc-e trditianel non-fermented soyb-an food, yuba, which 
is produced by heating soy milk at a temperature just belo.w, The. boiling point 
in a flat nan: the resulting coagulant film is scooped up s rccessively by a fine 
stick and diid. Formation of the film may be also explained by the occur
rence of polymerization through hydrophobic interaction and S-S bonding 
among soy milk orote;n monomers or oligoners. Yuba is maufactured on a 
small scale in certain loca'ities of Japan. KUri-tafu and yuba ai.e served after 
cooking with seasonings or other ingredients. 

Kinako (Roasted Soybean Powder) and Moyashi (Soybean Sprout) 

Kinako is the powder of roasted soybeans. The flavor and digestability 
of soybeans are improved by roasting and powdering. Chemical composition 
of Yinako is simila [o that of soybeans (Table 4). This simple food, kinako, is 
eaten by adding sugar and then sprinkling on rice cake or cooked rice by the 
Japanese people. 

Moyashi is the sprout of soybeans. It is made by soaking the soybeans in 
water and then the moistened soybea.nr are moved to adak room with a tem
perature of 22 to 23 C. The beans begin to sprout within 24 hr. After 1week 
the srpouts are harvested. They are approximately 10 cm long. For moyashi 
manufacturing, some other beans such as green beans Ore Used as well as soy
beans. Moyashi is rich in vitamin C and is one of the most popular vegetables 
in the Oriental countries. 

http:soybea.nr
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CONCLUSION 

The ferm ented and no or it urd soybean foods described in this chap

ser 3re mostly traditional foods In O, Wertad countries, Traditional foods are 

closely related tc th, re, food cuIltures and therefore sonie of their 

flavors might be unacceptable for the people who are -lot involved in those 

food crltures. Tiese "radition~ii cods are the products which have been de

Vlo0,,J rillICrh thoukSandS Of 'ars Mndhave survivd the long experiences 

of 1t, 9 ople in Oriental coUti, ies. I is possible tIcse, flavors would be ac

f)! roost n1,h e .n shourn l it M(ight 11, hard t' 1CCcejt on thetirst 

t 1 :,ilr, t i rUN sarruc Itn t , (shoyo) in the U.S. had first been 

C(Wtsc;clii..), % lr w O riltO ',,ople in tw, U S. Today, however, the fei

0'Wt d Iytr,:ts1r I i(llyinto tI pIopulation as< ; a whole, indi

l ditorl favorr I a c IU rl ea Can also be cccepted by most 

o; I ii i r rwi bwin ntiOled A-.ith reqarri most-i)h w . li might u 	 to 

L)' t! , n" !;krylI ,, I To , I it t, , II. II,' ! :,teior. Consih'rnng the inpor

t'Io lI ood ,..idi of soywflrear , it ,1l it lie dl red sigrificanco to take a fturther 

(1 tr th' Irt! OIi a! cod, 1)'y trniim1 scierrtif c: nethods and developing 

, 1, 	 Id.r'chony rr or 1'r toW al to \1 olrd pop) laticni. 

NOTES 

8Thji Fukosirr drid Hc-.utika H oto, Kikkooan Foods, Inc., P. 0. Box 69, 
WtV)e h,WVscorrsio 53184. 
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FOODS FROM WHOLE SOYBEANS 

A. I. Nelson, L. S. Wei, and M. P. Steinberg 

This chapter discusses research on home and village use of soybeans. 

Some of the information concerning this subject was published as an INTSOY 
bulletin (6). The objectives of this research were to develop whole soybean 

preparation concepts that would result in highly acceptable products, en
cornp.. short prepara'tion times and IeqLUire modest amounts of energy (fuel) 
during preparation. This study wos directed towards developing concepts 
suitable for hcme and vi!lage use in developing countries. However, use of 
these concepts in highl'y dfveli)el countr ies is just as appropriate and could 
be can ied out with greater easc due to such kitohen devices as blenders, 
motorized grinders, a reatct assortment of cooking utensils and more effec
tive cooking facilities. 

Whole soybeans have bhaen usa;d for human food in the Orient since 

recorded history. However, in other parts of the world, very few whole soy
beans are used for food. Almost the entire world soybean crop is used for oil 
extraction and high protein meal production. The oil is used for human food 
while about 97% of the oil-free meal is sold as a protein supplement for 
animal feed. The remaining 3% is used mainly for preparing textured vege
table protein, soy concentrates, and isolates for human food usa. Thus, sound 
concepts for using whole soybeans for human food appear to offer much 
promise for solving world protein and calorie needs. 

The diet of many millions of people in various parts of the world is 
deficient in protein and calories. At this time one of the best answers to this 
shortage is whole soybeans. This statement seems to imply that if whole 
soybeans are available and, if added to the diet, the problem of protein mal
nutrition would be solved immediately. Incorporation of a new crop into the 
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diet of a local people is rarely easy. However, introduction of anew cereal or 
vegetable crop is relatively simple as compared to soybeans. There are several 
reasons for this situation. In many parts of the world, over a period of many 
years, soybeans have been tried and reJected by local people. One very im
portant reason for this reaction was that many of the foods that were pre
pared had "beany" or "painty" flavors and odors which were considered un
acceptable in most parts of the world. Another serious drawback to the use 
of soybeans was the lung cooking time reguired to achieve acceptable tender
ness (4,10). Cooking time foi whole soybeans might be as long as 3 hr and 
this discouraged housewives. Still another and increasingly important factor 
is the fuel required for such long cooking p11riodF Thus, whole soybean use at 
the home and village level has been beset Lby prob!ems which were usually not 
associated with many other new plnt tood introductions. 

The previous statement has considered some Of the problems encoun
tered when efforts are ma(de to incorporate whole soybeans into ihe human 
diet. Answe~s to the problems may be offered readily but practical solutions 
are i! hest formiclabI:. The mater io to i)epresented in this chapter offers an 
answel to one inh'.ortant q'si'es .iC)tabiityof the finished foods. Thetovn 
p,oducts describe(; herie have been sanIl)!e(d by !. ; peple frorr all 
parts of the wold. Acc,pla:ice has !)e, I ighly positive with some individuals 
suggesting that certain local ingreo icet:., including spices and flavors, should 
be added to sone products to o).ain a wider acceptance in their country. 
Thus, it is believed that essentially ali product concepts can br used, follow
ing certain local recipc additions or dleletiolis, in a manner which will make 
the foods highly attractive. 

Th;s chapter is lirnited to the rlevelopldit of sound concepts for pre
paring highly ac.eptable soyfoods for Ironic or village use. However, it would 
be iemiss not to mention liLfinal obstacles that must be overcome if soy
beans are to be accepted and used on a regular and continuing basis. 

In developing countries a highly palatable soybean food can be prepared 
and served for a gathering of local peoole. Although this food may be re
ceived with enthusiasm, it is dIoubtful that any of the families in attendance 
will start a regular incorporation of soybeans in their diet. Accep.ance of 
soybeans as a staple food item will only occur after a long and continued pro
gram which is presented regularly to the fanilies. This may be accomplished 
by outreach extension programs which might he sponsored by the govern
ment or international agencies such as CARE or UNICEF. These programs 
must continue for at least several years to firmly establish the wcrth and 
develop a use pattern of soybean foods for home and village. 

In developed courtries extension workers using publications, radio 
statements, television demonstrations as well as on-the-spot preparation 3t 
clubs and fairs should be effective. Again the program must continue for a 
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,ubstantial period of time it the soybean is to achieve status as a staple food 

itent. Since only 3% of solvent extracted soybean meal is used for human 
Iood, use of whole soybeans for human foods circumvents the expense of 

oI1 and meal separation and offers a new and valuatle food source. 

The economics of di ect use of whole soybeans for human foods is most 

favorable. Animal prote.in is iciea,ing in cost rapidly and is far too expensive 

for many peoples of the werld. Convesion of vegetabic protein to animal 

protein i , highly i.e ficientt; for example, ill case of tile highly efficient broil

or ci;ckens, 5 !b of veetab'e protein is cOngrflured -,,-)Iteduce 1 Ii of einimal 

protein. Needless to say, the cost of vegetlble protte rais but a very small frac

tion of the total cost of animal piowe n. 

It is interesting to note that the sovteai plant will grow and produce 

a satisfactory (rop overA a wide range of ti e earth's culZvi, atbl land. This 

extends frolt , roptlial climate to the no th aild soul-01 temperature zones. In 
itny sMall C'-ll it s it Ite, not be possible to prodoce enough soybeans to 

operate a solvert ,-tirction plant ecocro: ically. However, even in small 

countries, so/bean's cal be l)W cJrlJcd in adequate atnou:rts for use in home, 

village or small cornrnerc'al olerations. 

Nutritional Value 

The nutritio,,al value of soybeans haIs, over the years, been discussed 

thor oClJhly by many authors (3,5,6). Mature, dry soybeans contain about 

40% protein which is very high when compared to most other foods. Cows' 
milk COntt-Its about 3.5'." while the common red bean is 22% protein. This 

high protein, content is "haractcrized by a good balance of amino acids. In 

fact, thu ailtim) acid balamt, o soybeats is bettt hian that of any other con

mon verjetaisle sou c, of p j arid aptctnches the FAG dietary standards 

for proteim (3). CerUals, as or wlrat, ate sourcessuch lice 0oo of the sulfur

bearing amino acids and ,-an be blended with soybeans to give a combined 
protein that meets the FAO standard. rThe protein quality of a soybean
cereal food combination is substantially better than that of products pre

pared sole!y ircrn eithet soybeans or cereals and should be a.s good as cows' 

milk cascin. It is forur at that the acceptability of soy-cereal combinations 

are generally very good. 
Mature, dry soytbhans conrtai a :" t 20% oil which is very high as corn

pared to that ci nost cerials &A' vegctables. Soybean oil ;s on. about 85% 
saturated and is cloiestarol-free vhwclt makes it hlcltly desirable in the human 

diet. In many deveioping countries, calorie content of tile diet is too low, 
which results int iotein being used for calories instead of tissue building. 

Oil provides over twice the calcries of carbonydrates" and proteins, which 

enhances dietary use of soybeans. Other nutritionai aspects of the soybean 

should not be disregarded. The soybean is a good source of minerals and 
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viftmins, with the exception of vitamin C. Carbohydrate in soybeans, al
though nct all utilizable by the human system, auids to the total caloric 
conti ibution. 

A CONCEPT FOR PREPARATION OF WHOLE SOYBEANS FOR
 
HUMAN FOOD USE
 

As liSCou irtviOL!sly, 11weOf r lunrari fools)WVI ill" ;oybeals prese 
acceptability prohlkl ws tftho pro,. ct, mi i paity in flavor 711d tOLgl1iifebJFLli 
and chewy ill t ×tru. Tht flavol poi~l(le iscaied by action of airloff-flavor 
)oldUcinr pr.,, trllniniI .yhlm,w that iskiown as lipoxygeriase. 

This enzym t Lust ik ii', tivJ 'IlIt thu I'lopeitirle to le Lent the off-flavors 

ron dev.lopiml(71. In itl i, soyhKili contain a 1mbelr of anti
nILtritionIl fictii Ii iuiIitiiplit ( , reduce the proteinvVhii.i:, i,, iastically 
iLIi tit o11WvahI 0lm I tinlnl'!Wd IoL(l.thi1 


Inactivation of the Lpoxyynase System 

In .. IhI<fh'.A)ild, (ry sinyluan, th . of the lipoxygenase enzyme and 

the sih.riit,' an kliitnir sIie,jlely il ;ise(,ell so that off-odo q and off
iJav( Ii amie tli't prioe.kit ir' solind d;y beans. Breakingl or damaging of the cell 

expo: inl-mn Kittiwo:: n th lI SLubstrite sites, islntl(I as lth: tissue ie

mails dry dintnzriyimn- nn;:s ntl function. However, ridition of watel to 
broken or diriagir tiLsa results ill inSLItnt ol-odor and offI-flaVor (I0viloI)
men (6). 

So'ild, dry, Lhtn: soyan.s ca he soaked in about a 5:1 rwater: soybean 

ratio and thu tearIs will double in weight in about 6 hr. -lydrated sounid 
beans (10 not ma'Iny (" paintyJL'vitiOp odors ald fl'vols lucause the enzyme 
and SLJsll!tiatimilmi separattd. Hoert,,'r, hydrated beans are very siisceptible 
to damage which wl allow the enzyme and substrate to interact in the 
presence ofiwater. Therefore, tlhhydrate(, beans mUst he handld( very care
fully to prevent tissue darnage. 

Tile lipoxygtenase enzV-lre can he :nactivated readily by cooking in watel 

as is practced inblanching vegetables for freezing or canning. Soaked whole 
soybeans cal be dropped directly into hoiling water which inactivates the 
enzyme in several minutes. Dry whole soybeans or dethUlled cotyledons can 

also be 6ropped directly into boiling water for simul taneous hydration and 
enzyme inactivation. Hecvever, hydrition and blanching time for dry soy
beans will be much longe. 

II it i'des;irable to pi(1UCc a soy food with reduced fiber content, the 
soybeans can l)e dehulled. If dlehulling is practiced it is accomplished most 
effectivwly on the dry whole soybeans. However, even the best dehulling 

equipnent will cause some damage to th, cotyledon tIssue. Thus, the de
hulled cotyledons must not be soaked prior to blanching. The dry cotyledons 
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should he dropped dilectly into boiling water to achieve hydration and in

slant Hllnchilrir ot exposed. cell lis.Aue. Cotyledons are readily h/drated and 

i)l ircIhl'( cVlh this tOcliMI(tie. 

.Js of Sodium Biucarbonatt' 3lanch 

0 1t, ()f till d!i,.Vl)lickt, icril'ofl i'iti Iil irsing wlh(lh! siyhln i/is for h lrllan 
iood ib tilt' lhwtq Cootkill[! tirllit, Ill) 1w 3 Ill IW',ded it9 Mtldln dC'eI)tdhlC' l.CXt~re. 

-lh s, 'hint (" kil q t 61n0, War1 rhit l oft "icitqly; !)Inl(I soalkintil and cooking 

rlteS (i;'til Ittfst' l nt;t;. lTt'lld;li.ai till (, SOy1Leani tisSLle Caln he 
flol/l, $ tr 'iltloiti I)ini (Inakiniti ,whw t 7 ()I r ikl bic ilr it! soda) 

ilo 11w c.-oti.lkli) (: hki~ll(Jiill( w:_W l ( , ).So~ditllm hic,irholilte; is atdded to 

t W! Ilflq v.it.l ill ! llt tif 0 .0 5 tio i . Coinl( i'it Irtbll of hicalbonate 
t t i i 1 itl tlj)oi~) thO i tIn i)'ittliwht hein lIlaichcid; til]!, whole Ih (,iti ails 
11'tllid t, j h~oh cw;()l l~~tl li'111 tcw~vht kj ll pilecest i1 low c(micen~tri/tion. The 

ti I d 	 i'; rdtlci)(I ao)uttill ),:ll t I . ilr 1 tLS t Iriy 50, 
<ot+ ilh 1(,.\'l;+'l1;vc! 'q i h l~I lc iJ1,t '. h iIdd;'d lit till' C00 ,111il~f led~ili1 . 

] I ' W	* tit l ilt t 0 ml l u lrthi'lwlt il cooking water 
l~l+;+\'!: t llov ()' lsf of[ 

1W 	 () ll SOIitiii tile 
,ii.,ii~t~l' iIvl w ookc mi oi!<,,t~ll it;. e l, P, ica;;lrbonl-

Ct, tt:h;,lki tt) t>Wct:j~i le\, i i t,'l tiw',. -tiitu : itel¥,this . lo rd t eiol-.

Inil,:tiviltion at Jfnti-Nu~tlitiloini tiltd 

,liti m il ttit l lJ l l lt h ll ! r h t, 1 l-. ' ,; liih l itol, 111,n1agglu tillhil, 

;hy,, ' wid~ l x ; cv<c!i I,, olhlie mll ol 1,Wtt¢l", H N_,O'Ttl.{ ()f 01t~ i1 IIJlla t:nce inl 

' 
iuliii l1 iti<n, u h lit it il l (luiltfs, hit tinudi] soyb)a!llsit litt 5 hil) lr t have 

lin l tuii' t ttlm)iiuijgll/ (9). \'iiy little riitiith ltrlitis tie i!ffects of protein

lii ililuitor> toi il im iin ,lititior. At ptist t it is (qener lly ;lccel;,ted th t 

ilwctiv,itio ll t e eilntis v"lilih tt' itcliLrtLi t01 allllnral nltrition will ilrso he 

n4itA1le f0r hu'[)IrIoM1tit ii0n. 1rypsin hldhitr cain he destroyed in soybeans 

hy lteultlitt atdttreaItnli'nt and it is known that this factor is the most heat 

I it;art,t of all Ihe ilti-millitiofwl cO lnponints. Several intereslting facts are 

kno n.,il (titldirltrylisin inhihitoi inactivation. This M ti-nItitritionai factor is 

ilirninated in lvdlrted soyllIialn tissues aIc iapidly thln in dry tissues. 

AnllalI mtitiu siCih J!, sodiurtl bicalbonate hianch, is a factor in a more 

I d)il dist Ctio . 

TiyIin nhibito retti s lonqele cooking or blanchillg to inactivate 

tha oeos the limoxynlenase ellzyill syst'enl. It is guite fortunate tllt both 

af these factors arle elitninted when beans are cooked long enough to dte

velop suitable telderness or texttir il the beans. This would utsually be about 

20 to 30 min for whole soybeans. 

Effects of Quality and Variety of Soybeans for Direct Food Use 

Dry whole soybeans must be free from foreign material such as pods, 

stems, and stones. Crushed beans and splits should be removed to as great an 
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extent as possiblh. Howevc:, it is extrenmely importanit to use mold-free s.,,
beLns. Molny beans affect flavot and ,:olea drasticall and may contain dan

gerous toxins. Ths, Oybeans for dittect food use should he fiee from a1l 

types of defects antI Oin 'n(' h1 wr ::)ior., sitnlhl , golden vellow ill Field 

varieties (rowvtn foi oilextraction art suitable tor pieparation of :oybean food 

pn oducts. Veg1etAhh varieies of soybeans have not been foundi to be superior 

to gyeneral field vazllit'n . 

Use of the Concept 

The conc(_.pt for nteparation of acceptable soy foods is followed easily 
aid results i a IHand, cooked soybean comIponent that is suitable for in
corlporatiorl illtonat y foods. Specific exarnles such as soy milk and soy 
breakfast and pattv foods will be deseri)ed in detail. It is suggested that these 

concepts be geinerlIly followed o.lsiti flavois and ingredients that are ac

cepted by the, local pople. 

HOME PREPARATION OF SOYMILK 

IntrodUction 

Since [tme inmnenorial the contribution of cows' Milk to humar nutri
tion has been of incalcnlale valnu, However, it is now cle-aIly docuLented 
that some pl'ople ale in qncratnt to cows, milk. A substantial percentage of the 

world's popolation has hypolactsia (low level of lactase in the intestinal 
mucosa) which ruSilts in lactose , tolerance. Lactose intolerance ranges from 
about 1 of the people in EuroLpe to as high as 1]0% i Africa, Asia, Latin 

ArTMica nd tileMiddle East (8). The cauSe for lactose intoerance is due to 
low consumnltion of cows' milk after weaning of the child. 

Symptoms of lactose intol ance usually follow a few hUtrs after inges

tion of milk or milk-containing products These include abdominal nain, 
diarrhea, lfloating, cramps, abnormalities in the stool, and flatulence. In ex

treme cast s, deficiency of j3-galactosidase is also present and results in a 

metabolic disorder callerd galactosemia which results in hngh glalactose blood 

levels which can he falal. 

Although lactose irthe some re aliergic to thetajor problem, )eoplere 

protein in cows' milk (12). Thus, soymilk is sorely needed for those people 

who are intolerant Lo cows' milk. 
There is a very real need for soymilk that can he prepared in the home 

using simple equipment and techniques. Quite obviously such a product 
should be bland in flavor and free from beany or painty off-flavors. The de

vclopment of the concept for preparation of such a soymilk follows. 

Experimental 

In the initial studias, Wayne, Bragg, Clark 63, Corsoy and Bonus varie
ties were used. However, for the main work the Bonus variety was selected 
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and 100 g of raw mateial we: e used for each sampkl. Tie soymilks wrcev
 

prepawd by several different extraction methods. However, with ill methods
 

the faw was cooked o in the flist operatioll to plevent off/11.1telial llinchei 


H!avor clevelopment, u)thilm bicaitehrtate was inorpot ted into both blan/ch

ing and extiactIon otr. \ft4,r solh iiiti 1 ili d tlXpeliIM.tS foLl nmthods
 

wrt!l:Ii:;fdh l as tOtt~ntielly uihlt.
 

11etho1 1. 0110 hInd;,:i j!rIrS e,f chrifi'd dry whrhvtI:;eyhe s were
 
tdrf olppe iii ) 500 mil() bollirlgl witi llilim!- 1 0.05 ', >1.Itl) hica honate
 
a l[olhttih'd , tli e
fol 5 niti11. ['ilslil;treh were!r '-.* . -i w partially hlanched
 

nan vwet,or(u iiinl ilt (11w lite lof loilmrr 55,i,1 c1 rit lmlirig 0.01, sodioumt
 

hii(,tli)tllt~ ,lil tilt, rrh '.VA iM inn,rhnitin al 5 Mill.
hl, ( , COt l t LIiI'd FhIr
 
b)Jlanched I)CdlIS Wv'[W (p]i l)Ii fill~t ,J J[Ll/ if) wi'JC Il ilt' t 't.il,i h}J lfich wvatei 

waJS iII i tn'P ;[d11kl ! Ji ,J: un~I hmd tpy H t h lin .Ithli fklfII I I %J I (h :;jwn((I 1 l11 , 

The slt y ws i nOtlciok l1w;i20 millill(! ii tu 

Al t/toj ). S irll,I,;",'l t. idI 'x t t i tll "'.!illyve.'os ii tcl l imine

diaitely aftel lelldtiiq. -Iih(ill,)te t t ,ok,I (sillI extr)act \V i,cti ileeld) for 

20 mil. 

iorlho . (J)rr hrilim wlrti Ji wil! ciiLoricki- lrrSely hrokenit 1,iirlri-i I 

vh(l siV)y'f(r dils %tr ill 0 i, illIlhi' r;Cj)iratnil pii e ilft,ki 'riheud ill 
Metlhod 1. 

M7it/irol 4. RaA', (,ywl eh r-; V.r-. '. (11oLuiwith Ji tand giliuo r 
into a C(rtfie flour firt mr i IdO rIesh ScIet . On huIlt-- Lhiiiifr 1. nIillr M 

drool gillarIS fh1111 s nto fillt Iillrlnj wat, ntainingOf soy V , rklIj 500 cor 

0.05"o So(JiLlriIikurlrrett!. 111ohi ryllV >Slrrrrirlui this time5..J hkr5 mnll. At 

500 il loiriling watel corit,lniirig 0-.U1", -,,nliir t;icellrll~t;t were1 stirred into 

thetslurry and the etir! IiXtur, w,iS diirnirlfd f.r aidiotlli 15 mill. The 

slurry was thin ificr eul. 

Six folds of chuesecloth were used for filtering all slurries. After all the 

slurry had fiitererd freely, the comters of the filtei cloth weie brought to

gether and the residue was pressed iy twisting the cloth as much as possible. 

This procerdure! forcird considerable liquid th uih the filter cloth. The 

filtrate or milk pro(hu ced !myeach mtthod was fort ilatad using 0.2 g salt, 
4 g sugar (sucrose) and 17.6 p1 artificial cream flavoi (Fritzsche, N.Y.) fol 

every 100 ml of soymilk. 

The volurmue, proteirn, solids content, viscosity arid p1H of all soyrnilks 
were determined before addition of salt, sugar and flavor ins. The volume 

was measured with a graduated glass cylinder. The pH-I was determined with 

a Beckman Research pH Meter. Nitrogen content of all thn samples was 

analyzed by the Micro-Kjeldahil AOAC method (2) and the protein was 
calculated as N x 6.25. Solids were determined by dr\ying, first in an air oven 

and then in a vucuum oven, for a total of 48 hr. Total and free fat contents 
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of all the samples were determined by chloroforn-inethanol extraction and 

hexane extiaction, respectiwelv. Ash was determined hy Method 14.007 

A.O.A.C. (2) a)nd ca!cium by the wet ashin] method (G. Stone, personal 

comMUnication. 

Results and Dir'Cussioll 

'IhI-( , liV no acce; tal1ili)y of soynlilk is related to factors such as 

i.1,Jl illyt1uw, ".' letnss f heans, !js of so liniu bicaibOnnate an( iocorpora
tionl W b1,11ch t.1. xirlnp ,livdbei whtlu, raw beans were blanch!d 

for 5, 7, 10 atm 2LI ti till soynilk was (ILite difit!Wint In overall ac

ceptabilt. So ll-lk n tom 5 ri o al-hed e'lnls 1ad :1Ital solids 

of 6.6" whip-t tti)nt' C! fr'"l Z I ni hl:ttch cwrtri tr 6.2. tital solids. 

,cti ,oytil:,s COilt llned 2.9 )po t:iii hit uevilopedl ;I highly objection

l:, riff odub Ind (ifflavor lh c in sct ciitpiass. Th: 10 miii 

i)lhxch I'iitl l p t! el' fi s 1ro li l off!kt llsanti tlf-odors.: ir I l f This 

soyiilk t/ ,M it6.1". ttal c ld . !it so rnyrilk Inioducedii n~tilt~i 

InOi11 2G luOtto ii i h 'ti , iCtaiiilit Oit', 1.37. protei-l am; 4.76" total 

%ol:Iil. I'w 1SviY 'h'Ii lltr1,tt 20 miil ,it xh:td ti op(imunm lenqtli of 

hilla tflit I tr ili \vah (clatliy st e a es!d furchi nq i-n , 10 ii rp iol Jirl :l all 

thIer 	 Stdies.
 
-The tiV (f :, J t t tjl 1I,1(l u< H> I f() orn
ot<r e 51)1ricl
ol*!t 	 li e tc~t 


total piotetir ext[iAclt 'isoion; atstoital aitnch Pr,: s-s Itinitm to 10 miil. 

The 10 Minblltruebh jwIt cetd in two .0t-a i: at riu11 Steps. The:; first 

blanch wat, w,)", di-,oid. Thu lifn ctclx was to cleIn lieans thoroughly 

and to discatrdl hilher .,jy , intld some )iirnents that were heliedt. The water 

fromn thw secoitl h:iih ',vas ilteoll)traterl into the final prl LIdtlC; it)e(:auise 

was iUli tojwith sotditium hicitrbonate, it inparted a slight alklinity to the 

iilk. 

li Muthod i,the slory was cooked am then filtered, while in Method 2 

the slurry was filetered hefore finl cooking. However, the final Itroiducts from 

both methods were smooth in texture, bland ill flavor and generally high in 

acceptability. InMethod 3, cacked or broken soybeans, including hulls, were 

u. dIas the raw material. The dry, raw whole beans were either hand-cracked 

with a hammer or in a loosely -spaced Buhr mill. General acceptability was 

rated as inferior tn products from Methods 1 and 2. Method 4 started with a 

raw soybean flour passing a 20 mesh scieen. The drawback with this method 

was a vei'i objectionable cooked-cereal flavor in the final product. 

Table 1 presents tne proximate analyses of soymilk prepared by the four 

methods. It is interesting that the milk prepared with soy flour (Method 4) 

contained the hi(ihest protein (3.3%) and total solids (7.32%). No doubt this 

was the result of a high percentage of suspended material and no protein was 

lost during blanching. In descending order, the total solids and protein were 

7.25 and 2.82%, respectively, for soymilk prepared from whole beans when 
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Table 1. Composition of soymilk prepared from different forms of soybeans. 

Method 1 Method 2 
Whole Bean Whole Bean 

Slurry Filtrate Method 3 Method 4 
Cornponeini Cooked Cooked CrackWd Soy Flour 

WVatur 94.36 92.15 95.12 92.68 
Total solids 5.64 7.25 4.88 7.32 
Protin 2.59 2.82 2.04 3.33 

TrotalfIt 0.92 1.62 1.21 1,51 

lit 0.67 0.68 0.96 1.14 
Cihiiio 0.14 0.16 0.11 0.15
 

A 0,68 0.73 0.61 0.66
 
C(rhohydntt 1.31 1.92 0.91 1.67
 
(t) hIlt o(re.) :l 

tfw slurry aisfI tered before cookingI (Method 2) and 5.64 and 2.59% in milk 

wirrvr tir ulmry was cookAI fnt 20 rin and then filtered (Method 1). Soy
milk plrepul(I h (1rl(iktul rtotlrls (Metlh( 3) c(ttainte(l 2.04" protein 

111 4.' total ni;itls. 

It i.,i te ,i;timi l hri , it illtat, ;rr., ', , tlh I;oym ilk (M ethod 2) 

hal a ;nrfn;t~rtiaily llrhi f'It rcimrtit , 1.62",., is roc)ur.re to 0.92% for the 
ShLrrry (:0oK(I p)r (Ijtir:t i rut ) WIhell Ir s' '.wrties Ctollectted fcr finaln wil' 

yield of "'Urylilk, "i W ,dsr ' o(r Ir(,Iiroiin yiolrk Tfhh' 2, tino diffirtrnce he

twi)en the v() .'J ',n: ThL)s is.(!vi(!, Ofwis slightly r(rnlC't:f, It IA that filterj ilIot 
tIn shirry i)i:or ti) fial cornkih sinbstaintially irWrirastn, tit- (IXtaction of 

i i I tmatr "IIs 
Tihe dial,, tr; nfl in Tailr: 2 rrpiresent six rruirli;riorrs. It 'SIhoul( Ie 

roteI tia wit ,i111!tur tIlthoIs the startini rwlathonshi, of water was ten 

titriets the Wei(h! tof thef raw rIaterial ursedl. IHUorder t:omlrnpaw the real pro
tein yields the final s()ymilk was correctle to a 600-mil viohl. The data are 

presented( in Ta)e 2. Ott a cormecte(l findi yield hasis, the soymilk prepared 
front flour (Method 4) cn'tained 3.24' .it)ritein, wholh bean soymilks (Meth
onus 1 anti 2) each Contained 2.742> Irnien whilh soymil1k fim cracked beans 

(MIethori 31 contained 2.04% proteir. Thus, there was no a(vantaje inprotein 
recovery for either Methfod 1 or 2 Metthod 2 was re[)Lit definitely superior 

larding lit)i(l extiactron. 
A parrei of se~ve mtrrrbels of the FoodI Science Laboratory (rganolep

tically evaluated tho products for color, flavor, off-flavor, chalkir,ess, bitter
ness, moLth-drying and viscosity using a nine point hedonic scale. A score 

of 9 indicates the product to be excellent, 5 acceptable and 1 entirely 
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Table 2. 	 Yield, total solids and protein contents of soymilk prepared by four 
methods. 

ProteinTotal 

Solids Liquid Corrected 
Method Yield in Soyrnilk Sample to 600 ml 

1 	 Soymilk from whole 635 5.64 2.59 2.74 
beans (slurry cooked) 

2 	 SoyMilk from whole 585 7.25 2.82 2.74 
beans (slurry filteed 
and fls'avr cooked) 

3 	 Sovinilk from crjrked 00 4.88 2.04 2.04 
1boans 

4 	 Soymilk from soy floor 590 7.32 3.33 3.24 

uriacceptAbIe. The resLlts art shown) it)Table 3. A statistical analysis of 

variari e sivewe( thit only color and vicosity gave si,]nificant differences 

(5, level of con lifessce( within treatments; full-lat flour (lave superior color 

,':nd ctaciekd beans reisilted in interior viscosity. All other orI-Molertic char

zictotitics slowit some valiation in scores; lev,evet, the,;; differences were 

flit :iiInificanit It :s inteiestirlt as)(I impcrtreit tham al! (lta ooellic scores 

for all talltsiW; 'sr1i pto(luct characteristit'. were Well alhove the ,1cc-pt

able level of 5.0; lii, lowest mean score was 6.2. 

Soy mil.k, iT!l 3, pwptaied from wlsole bearis was riled SCu( rr to 

milks madel ftor ciicke !lehrs Of full-fat soy flour in all or charMlrrsolop)tic 
acteristics e~xce~t 'lhor. -irh ratirngs for many of the characte istets such as 

litttwrseus, chl kiness arld fnouth-(ying averages) about 8.0 f r the whole 

beiipta1i5 ld .Tl-, ratii(Is are very high for soy milks and stijilest that the 

soy Milk recAlre usiq whole beans was .uperio: to other metho(Js. 

Con clusions 

Cooking or h,.estii; is the most important step in p ,'jaration of soyrnilK. 

Rdw soybeans must kr,partially hydrated arrd co(4l: before grinding into a 

slurry to prevent lipoxyjerase activity which results in beany anid painty 

flvors. Aralyses of sam i.es prepares) by the focr methods were free from 

trypsin inlhiiitor. Use of sodiurrs bic'lrhornate irs both blanching ansi grinding 

waters rsuIts ir ;ihigher exti action of protein in soy orilk. 

Soymilk Iprepare l trem cracked beans resulte in the lowest protein ex

traction ani viscosity when compared to other methods. Soymilk from soy 

flour was characterimzer by a cooe-cereal flavo which resulted in lowest 

acceptability. Soynmilk from whole soybeans contained a high percentage of 
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rable 3. 	 Organoleptic evaluation of soymilk prepared from three different forms of 
soybean and formulated with three percent sugar. 

Mean Organoleptic Scores For 

Off Mcuth 
Treatment Color Flavur flavor Chclkiness Bitterness drying Viscosity 

Wruhle hrn 1;2 /.4 7 1 7.8 8.3 8.0 7.2 

Crkcoedl-J , S 6 .21) (3.9 0.7 77 8.0 76 6.6 

FrrH-i' suy 7 1 7.0 6.4 7 5 8,0 7G 7.0 

lpiortin rrd ,vjs highl!' a:'el)tbhl as rerai(is all ofrjanol'ptic chaiacteristics. 
Tht rI r , Iladil i aftite fi Ir ing contains ihiut 50 of the origirial pro
tuirr ir/iLit li; S o,higihly nltritrtjrs wridsid nwtrt rial ,inid iS quiteirh!Hrl 


uitahhlflrti rI ,,lire-; .eviari fo( , plattrs arid ny other high 
ri ! . :1fl!lI! i ). 

Ii'i: 0 rir ne J)itiOllSltl ( 

TIi ri~lu,,.'il; ,1.:'.rrrIrriitIMr sinirl1nh ,nCe6iired: (a) Cirei mu1St be 

,.i~cr:,I. ri rp 1 (ii[,'t r speicl illcontio',ling cooking times,:jsrr In! i ari ly 
) c . 1W Dly clean airn sort vholi soyhoxirrs, droprrrlnrhllit~ii)lh 

100 of on :3 ctip whoh risw ryliearis) directly Irno 500 nl (2 cups) 
!i liot c 0141 lliq0.05 r triC:r1 ii 1.8 1 snIotmers.,IIrrr i jokJi (rid 1 a.ll.i 

Iol ) fwi. (c(') Cr thi hiri1101 water am1d (Iitp wi 1wly hitlriwil beans 

"It) 1,(00 :) (1 cull:) boiilrrr; wilrr :owriairinq 0.014, s icrronate.hdiir 

(d) Sirmerir thw tmeis for inn rdditionri 5 irn !(i-d rillld :n thw bhinch water 

Isilr(I . liriutl fir I Inillot hirji spced. (A h-iniri ruin in which will produce 
a firml rourtlr M Ittr il crr he ised in p1,oir: h ult~ruidl(e) Stir the slurry 
and ilter tirnnlr 'i tl frlirely woveln, oisot :iteesvclotli. Squereze out as 
rrnri, extract a' ,i.;i (I) Conk the filtrat! altsimrner for 20 mhm. (g) 

F ivoi with 0.2 (, Sflt, 1 n jlr, nrd 17.8 t.rI irtificial cir;Ilnt flavor/100 ml 
milk. (Other flivors soch ais vamilla, chocoiate, coffee, Coconut, etc., Cal ) 

rise!iIin IIcx-e of 'reur flvor.) Equivalnt lhousehold Iasur(s for flavoring 
1 enir of snryrrii 21' tsp. 5mphl, 1/8 tsp. salt, mi I (Ih)pof cream flavor. 
,h)Dissolve till irFgi(.erits, w.or hot into bottie and cool. Store in re"rigera
tnt ind rs e as fresh milk, arid (i0 Follow directions carefully. Boiling times 
lonuier than wcorrrcilrt: will f.i!(hc, the arnoiunt of protein in final product. 

SOYBEAN 	BREAKFAST AND PATTY FOODS 

Introduction 

The prolems relating to lipoxyterrase enzyi,,c activity and anti-nutri. 
tional factors in raw soyheans apply to all fo ad products prepared from 
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whole soybeans. Thus. the general concepts already discussed apply here and 

must be followed carefully to assure final products of high qIuality. The soy 

foods described in this section nued no presoaking of the raw soyhbeans, te

quire short l)rflrr tion and cooking times and have vey IAlWd texthre ind 

flavor. 

Raw Bean Treatments 

One of the iilijim 1:oidertiols in the development of these. foods was 

a sholt alatiol ti ni.tkilg tiT which would result if) a highly accplJtpre[ a 

alhIe tex,,tureo. Thh, jitiaert eriiCuragler initial studieCs oithirtakimg or clush

inq of wnhol' iy , '!r il)1o to cooking. Initial studiePs shlrw.d cearly that 

this t0ch fft-Ctivt inl edui rr;lCn' time to a liven1ititie+.CiJ,Vtry cooking hean 

ten;derirtss (i texte FOi the infitial studies; the' lY hi)ken withNcans wer, 

a hanitiil tnto boc)t20 piecctis. La.tr' studics shlow:d that I )(: lh'ais could be 
hrokni satisfact rly iin liiul-O)tulatd or io,'1-driv ilir-tvpe/1)milS. 

- ht 4 d/ai c:iltival of soybean'. avIstsed throughout these stiidfi(es. 

vlowevl, !tti r tialtJn) :1iiia 1V, tin e field ori :+;ifilicald goto 1 fIIly in 

ve(jetablih v lute s'.nll Ic suivtillh. Th, !is mISLSt lie (rly Chline aind 

hanl-s , fI n.: 1oro;ii ial, it . i t, iate nih .o iother ditf.ct 

Hydration 

ci w..ie' clIusheri aid whole soy-Pf i'iioi;'[, i tl s v. et ir ied uwrqoJ 

bedrns, V'ithi Wici .:tilotit srliw; honate and Vryingi the lellrths of cook001 

in-1time Th, rlwanms ei; ilrdplrpe directly into hoilint water and simmered 

fusr as long as 120 mill. When1t cGokinili tilles gleat.!l tha 30 min!were used, 

100 fill of cooklitl irledliur wrt!e aidled for eaclh additional 30 :min to replace 

the evapor atti Coon inrig f. itll. 

F~Re:lts (Fitglure I) showed that two irliport rlt factors wee ifnvolved in 

water ahsij)tioru these wer Il(ngth ifcookin(i time aird whether Ieans were 

whnole. r crtsled Soyiltnis ahsoi h more coking titium with Iont.r 

cooking tines i01 to 11)bo1: 60 rwin. From 60 to 120 trim, some samples) 

showed .lhilhtly higher water ahsorltioni. rIrishod beans always absorbed 

MWore 'ookiiig than whelih 11 Increased water absorporedlin beans (Fiure 

tion bny )e~ans lie to three ,irsi, iltact hultcrushed lay (tue factor.,, the is 

a barrier to moisture penetration into whohe teans (11). Sec'ond, crushed 

beans have a very nituch greatt;r surface ari:an.i urlitweight that is avail

able for water absorption. Third, breaking ci crushing enhances the water 

permeability iito the leam1 reats during cooking and increases the rate of 

heat penetration into the bean tissue. Increased hydration and heat pene

tration should lead to more rapid inactivation of enlymes and inhibito;s. 

These points were generally verified in earlier studies (1). 
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Figure 1. 	 Soybean absorption of cooking r-nedium after various trestments. 0= 

Whole, tap water; NI - ,tv'h(;1, .05%l sodiuml bicarbonatw; A = Whole, .5% 

sodium bicarbonate; i- Grul ea, 1 11) w,,'ilef. Crusht'd, .05% sodium 

bicarbonate; and ,=CPruJsnd, .5.:sodiumn iclrlona!". 

Tenderi-ation 

A .,tidy vvai c,,rsfwt! ou~t to showv wht, thr c!U-hecl buans were more 

t- nr ejt thaii ,.Vhltl beans .:littt~t cookrlmj. Te~xt[jr(, ca teriderness was measured 
l,!fi of cookingusinl)( A lr 010-l.la ;ress (5). FicluJre 2 h, s the effects 

time, cofiww,itio>n (it c:tolkir; med(iun anld wholeness Of heans onl tender

nes . le~tUl(! VJItLI,, OUeCIasCed with increv.e in cookinq] time, with crushing 

Of befirs and1(with addition of eithe-r 0.5 or 0.05"' sodliuni ticar!,onate to the 

cocking( meWdium. As; c:×ptcted, the use of 0.5 ' so,'iun, hicarbonatc was more 

•: tri al-. 0.05"'), sodiumn bicathonate or tap water for t(.nder;zation. 

CrUSht~d .,./bej.J1, s c'oked in tap) water were iess tender than whole beans 

cooked il, 0.5%) SO(Jiufl bicarbonate. Thus, the effect of the Use Of soc16ium 

thicarbonril., il- a povvwerful factor in tendf.rization during cooking (Figuire 2). 

H4owever, ',he: combination of crushing will sodiumn bica~rbonate cooking n-e

diurm ;i''y,, far the most effective method for rapid tissue ,endleiization. 

Trvlosin Inhibitor Inactivation 

IwWOreplicationls LJS;)g four samp~les wvere made to determine the cook

ing time required for trypsin inhibitor inactivationl. -1-0n Minutes cooking 

tirne ,.Iiminated all trypsin inhibitor irn the first replication and 94% inhibitor 

http:010-l.la
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Figure 2. 	 Tenderness of beans determined after various cooking treatments. 0 = 

Whole, tap water; 12 Whole, .05% sodium bicarbonate: A = Whole, .5% 
= 

sodium bicarbonate; 9 = Crushed, tap water; ' Crushed, .05% sodium 
' bicarbonate; and - Crushed, .55o sodium bicarbonate. 

in the second. However, when the samples were cooked for an additional 

15 min or for a total time of 25 rin all treatments showed 100% elimination 

of trypsin inhibitor. 

Soybean Foods 

The preliminary studies showed clearly that crushed or broken whole 

soybeans, includina hulls, could be cooked in a low concentration of sodium 

bicarbonate solution to achieve optimal tenderness in no more than 30 min. 

This encouraged development of a concept using crushed soybeans and re

quiring snort cooking times for substantial fuel savings. Two food types were 

considered, a weaning or breakfast food and a fried patty that could serve 

as a meat substitute. Combinations of soy :cereals or vegetables on approxi
mately a 1 :1 solids ratio wore selected arbitrarily for concept development. 

Since the 0.05%,) sodium bicarbonate solution was adequate for tenderizing 

tissue, this concertration was used in all development work. 
Many experiments, not included here, were required to develop the 

final formulations as well as other procedures. After thorough experimenta

tion and statistical analyses of the data, it was determined that a 10-min 

initial cook of crushed beans using a solution containing 0.05% sodium bi

carbonate followed by 15 min additional cooking with other ingredients 
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yielded the hiliheit organoleptic scores for appearance, flavor and texture. 

Thus a tetil cOi kiII time Of 25 Mr was used for weaning ard breakfast 
f oods. 

Irnitial c(,ut,kfI; n oc,0durifs for patty type soy toods were similar to that 

uIsid for v. mMaur;illir,, Ir]t piodiacts. Gr fiitcif the cookiedl mixture is 

critically imi, ,itau.t rnd tht, uSL1! f(eud cho 0p 1r!(I rinder ii not recommend

t'(. T1 .P1 I -i .. r0o n , L Hirdo" r fI,1 1 hr I (I r' s, Mota an 
CIA Ltd., Co!inii. With this gri er. he i:,dh,-erIit h.tween twot 

re1-111d sctr Itd pI)t; whIch 'an Iidctr rirndti i'rsi~lsrahle terlsiOn to if1

creasr the urrilrl IIfl actiIn. FIn; ,ty of hamdIIri ler is jv,ilabie in most de
vrlnnliii~l! ctitiiltr,ird! e ally ini f it healthrr g ni',. avalilable U.S. food stores. 

WEANING OR AREAI( FAST FOODS 

Soy-Whole Wheat 

Dion J 11; i, c10i0d ya dirc:tly Iwo 750 ml boiling 0.05" 

sodium lnaikl t;,: ii- 1 . Silrlrrc 10 Mu addcol!'n I r-tlitll ft)r ai1il tsp. salt, 

2 thug;. 'a,, I( h il whef', wh!at fl)or aLd 25 (1 brown sugar. 
r

ContioI ir;rn if,' til Isn )ii\tIfti for anotr ie I 5 1 ,itI Corlt i al stirring. 

Adjius,,IsI I I l I dr lrnrdi trtsriri e I priMrI. Iilh IIetw, Irp (l11 the slurry, 

I lIeat tfi fit tu t t,) tIe !,i1mmer IrI( . Irhe final heating(;itoii no poir It -rid Sr Vt 

will ,el irldt,, undesiiahl, c tiriirr;tioii by IIri(: irolt}ii(IIsi s that may occur 

rIi n 0h11It i i l tiI). 

SoN -Iorn 

crushe'd ,yflarI nfiictly 750 boiling 0.05% 

sodium hica!r bouati c(i ki;u ninedirim. S iraier for 10 min and add . tsp. 

salt, 2 ttlrs) rolsses, 100 ifCo immcal itf ,.5 wIe sLugalr. Continoe sim-

Ocrirng thin fiXisture for 1o1ther 15 ruin with continual stirring. Pass the 

cooked iateri l throtil] a fhand ginder adju teil for high tension. Heat the 

gJrorLn (f pi,(Jir to0 tihe ';irrrrvreriirr poit arid serve, 

DOp 100I '-ryI C s irnto ml 

Soy-Sweet Potato 

Drop 100 (1 fry, crIushed soybeans directly into 750 ml boiling 0.05 % 

sodiuorn bicarboniatt cooking medium. Simmer for 10 min and add 300 g 

raw, peeled, ird firnely diced sweet potatoes. Continue simmering this mix

ture for anothr 15 min with occasional stirring. Pass the cooked material 

through a barl grinder adjusted for high tension. 1Heait the ground product 

to the sim mering point and serve. 
These formolations were evaluated by a nir member taste panel which 

represented a broad contrast in food preferences. Individual organoleptic 

ratings ranged from good to excellent with a very good average. Since comple

tion of these studies, at least 300 visitors from mary countries have sampled 

these products and their reactions and comments have been highly favorable. 
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FRIED PATTY MEAT SUBSTITUTE 

Soy-Potato 

Drop 100 q dry, crushed soybeans directly into 800 ml boiling 0.05% 

sodium bicarbonate cooking medium. Simmer for 10 rain and add 450 g 

diced (3/8 in. or less) raw white potatoes and 1/, tsp. salt Continue simmer

ing this mixture for another 15 min. with occasional stirring. During this 

cooking, remove cover from pan as needed to allow most of tile cooking 

medium to evaporate. A djust ftie hand grinder for high tension between 
plates ard (q-ind the thick slurry. Add chopped green peppers and onions 

to taste. Fiorn patties 1ir91m the mixture and fry until brown (about 15 to 

20 min), Serve the finishedl patties while hot. 

Soy-Rice 

Drop 100 g dry, crushed soybeans directly into 1,000 ml boiling 0.05% 

sodium hicarbonate cooking medium. Simmer for 10 rin and add 100 g dry 

white long grain rice and ', tsp. of salt. Continue simmering this mixture for 

another 15 min. with continual stirring. Duing this cooking, remove the 

cover from the pan as needed to allow most of tile cocking medium to 

evaporate. Adjust the hand grinder for high tension between plates and 

grind the thick slurry. A(id chopped green peppers and onions to taste. 

Form patties from the mixture and try until blmwn (about 15 to 20 min). 

Serve the finishrd patties vhile hot. 

Soy-potato and soy-rice )roduLcts were prepared for organoleptic evalua

tion. For comparison, patties were also preparcd from potatoes or rice alone; 
soybeans were not included in these patties but the prescrihed amnulnt of 

salt, chopped green pepper and onion was added. The four samples, as shown 
in Table 4, were evaluate~d by a nine-member taste panel. Organoleptic ratings 

were made or a scale of 1 to 9. The average organoleptic scores are presented 

in Table 4. A statistical analyses of vaianee showed that the only signficant 

difference was in appearance. Soy-rice was si.inificantly superior at the 5% 

confience level to the rice patty. All other treatments and organoleptic 

characteristics were not significantly different fronm one another. However, 

the soy-potato and soy-rice products had an overall average score of 7.0 while 

potato and rice latties averaged 6.7. Flavor and texture scores were about 
the same for products with and without soy. 

Conclusions 

Concepts for highly acceptable soybean with cereal or vegetable requir
ing short preparation and cooking times were developed. The recipes pre

sented here were generally rated as very good but should not be considered 

as final formulations. These recipes should be altered to suit local tastes as 
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Table 4. Organoleptic avaluation of [tied patty meat substitute. 

Potato Rice 

Characteristic With Soy Without With Soy Without 

- Mean Scores --

Aopeararice 7.2 6.5 7.8 6.6 

Texture 6.6 6.7 6.7 6.0 

Flavor 6.7 6.3 7.0 7.0 

well as use of local raw mateiials. These cnncepts may be applied to the de
velopnlent of )any new prodIcts sLich as soups or porridges or adapted to 
local icipes. The amount of final cooking v!lume will vary Jepending on 
intensity of boilit g and whether the cooking pot is covered. Slllht adjust
nlents may t) necessary in total c0okinl solution used and intensity of cook
in flane. 

NOTES 

A. I. Nelson, L. S. Wei, and M. P. Steinberg, Department of Food Science, Univer
sity of Illinois, Urbana, Illinois 61801. 
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SOYBEANS IN WORLD TRADE 

R. E. Bell 

Soybeans are one of the fastest growing itern-, in world trade. The volume 

of world trade in soybeans and soybean products amounted to 35.6 million 

metric tons in 1977-1978. This was 66%o higher than 5 yr earlier. The value 

of world trade in soybeans and soybean products was worth more than $8.5 

)illi lOn last Yea. 
Pros)ects are for a further expansion in world trade in soybeans and soy

bean prodlucts this year, as well as in the foreseeable future. World trade in 

soybeans antd soyibea lrodlucts is being encouraged by an absence of import 

barrie s in key impolting countries, particularly in Japan and the European 

Conm ui dty (eq., thei European Common Market). 

As a result of their rapid growth in world trade, world consumption of 

soybeans increased 45% during the past 5 yr. World consumption was a 

record 77 million metric tons in 1977-1978, with 85% of the soybeans being 

crushed for oil and meal. Only in East Asia is there a large food consumption 
of soybeans as whole bean,. 

The growth in world consumption of soybeans in recent years is the 

result of a rapid growth in world demand for high-protein feed, particularly 
in North America, Europe, the Soviet Union and East Asia, and an expansion 

in world demand for edible vegetable oil, especially in developing countries. 

The regions of largest growth in soybean consumption in recent years have 
been North America and Western Europe, although consumption has been 

also growing at a rapid rate in the Soviet Union and Eastern Europe. 

The recent growth in world trade in soybeans and soybean products 
would not have been possible without a sharp expansion in soybean produc

tion in Brazil. Brazilian soybean production increased 13-fold during the past 

763 
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decade, and nearly 80'%" of the increase went into export as beans, meal and 
oil, with most of the exports going to Western and Easttr n Europe. 

The U.S. also expanded its soybean produiction (10uring the past decade, 
but not to the same extent as Brazil. Soybean production in the U.S. was 
more than 50 million metric tons (50 nit) it1 1978, and U.S. exports of reans, 
meal and oil will total a record 28 million tons in 1978-1979. 

As a Iresolt of the ra)id( growth in world ta(lc ill soybeans and soybean 

plioducts, p~rices received by farmers for sOybearlIs 111oe than doubled during 
the past 5 yr. Taking inflation in to account, the increase was about 45% in 
real terms. This increase compares very favorably with pirices received in real 

terms for corn and wheat during the same petriod. 
The higher liices for soylbears in recenrt yealr have encoLraIleld an expan

sion in world soybean :rcreaqe, especially in the U.S., Brazil and Aigentina. 

World soybean acleage irmreased nealy 25 Million acCes (luring the past 
5 yr. 

The growing wo IrI (ldenlarl(f.lfsoybaMns n(Irin( the past 5 yr has been 
met primarily by the expansion in soybea are ae. If the cornrsmption 
trends of the past 5 yr are to contirue, it will Ie necessry to achieve a 
break-throrgh in average yields per acre for soybeans. 

If recent trerIds in crop acreaqes continuo, soyearrs wil! Son replace 

corn as the leading U.S. crop in terins of harvested acleage. Soybeans have al
ready replaced both coin and wheat as the toll cash clrop i the U.S. 

Govenmenrt policies alnd the spread of soybean produ(LiiOil technology 
have b'ien impor ;arit coitrlrotors to the recent increases in world productior, 
trade and conrslrm;nptior of soybeans. Agricultural policy in the U.S. has 

encoulraged soybean production, ,rs have goverillent policies in orazil. 
There has never beer any governmrlerit restrictions oil U.S. soybean pro

duction. Produr:tiorI has been gulL )rices andirhld by market new technologies. 
This is in contrast to the situations for wheat, feed grains and cotton, which 
at times have been partially restricted in their productiorr by government 
policies. 

Government policies have actively encouraged soybean production in 

Brazil. The Brazilian Government has also protected Brazil's soybean crush
ing industry through a combination of tax incentives, export subsidies and 
export controls oil raw soybeans. 

In Western Europe, government policies have encouraged greater con
sumption of soybeans, particularly in the European Community (EC). The 
EC's policy of restricting imports of corn and other grains through its system 
of variable import levies has spurred soybean consumptioni in EC countries. 

This trend has been further encouraged by heavy imports of cassava from 
Southeast Asig for use in mixed feeds for livestock. Cassava contains no pro
tein and thereiore requires larger quantities of protein meals to balance live
stock rations when it is used in place of grains. 
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Government policies aimed at raising living standards by increasing meat 

corSlumption in the Soviet Union and Eastern Europe have also spurred soy

bean consumption in rtecent years. International policies limiting offshore 

fishing have 2nCoLulal(eJd rore livestock 1)1oduetioi ill Japan ad consequently 

increased the demand fot soybean meal for livestock teeding. 

F,o ticcaldes 1(;go tht Eurolparn Community or lertook a conunitient 

dul ilg a worlld-widte initerrinitioal tradLe iregotiat io not to impose any import 

charge of) soybeans iliported into EC Countries. This concession is the most 

im[portalt one ever rj iiitel r11aJ1iCultUlal l)ro(luct in ilnternational trade 

negotiations a'.d is ir lalge part iesornsible for the large girowth in soybean 

coIlsiul)tion il W ester111 -Ul)e ill rece'nt yeals. 

Japan will Ilake .r silmilhr concession oil soybeans in the international 

tIIade n tIlatieis soon to he ntrCCltl in Geneva. This will mean that the 

wold's two <,1nnest iilpi Ioris of soybieans will Ie commiitted by international 

treatie's to th dty-free entry of soyliwais. Jaral needs to follow the coln

eitilet oil s,viiinrl s with sioilar le; Oil so.hylan )odtst as Etirope has 

A ve'V sigiifir(aiit devrlormerwi iri the world srryhain market iin 1978

1979 wv th' -inleofern1o tf the Soviet Uimo as a net importer of edible fats 

and oils tfo the lIintItII,. ir lirstol y Cuirent estinwates inhlicate the Soviet 

Union will he a rlet iillportel of ,odible ilts and oil, hy 70,000 lit in 1978

1979. As reently as 9 yi a(, the Soiact Union was a etit extorw. of edible 

fats aid oili ir\, t)50,000 t. The shift of tIe Soviet Union from a net export

er to a 1!rt irlprtel duling this petr (d is equlivalent to 3.5 nt or 125 million 

b of soyhearrs. Thee is no irdicatioi that Ill trends in the Soviet Union of 

the last 5 yr will reverse ill the foeseeah;e f'trrle. In fact, ihe trend towald it 

larger net imirlter is likely to accelerate rather than diminish. 

The rapid increase in soyhetllr lirnMhoctiOn in Brazil of the past decade 

appears to have. stan;hated during the past 2 yr. Diought sharply reduced the 

crops of 1978 and 1979. Funture gains in Brailiran soybeans will be more dif

ficult thi-, those of the early 1970's. Earlier gains were the result of replacing 

other crops ard pasture with soybeans. Over 80( of the growth in soybean 

acreage in tire tlihroe largest soybean pecltincirig sat's of Rio Grande do Sul, 

Parana and Sao Paujlo carire fr ir the rertiaceri)reit of c th.;r crops with soybeans. 

Most Of the future growth in Brazil's soybean acreate will need to occur 

in the COotral West states of Mato Grosso, Goias, and Minas Gerais. The ex

pansion in these areas will likely be much slower than was the case in tradi

iona! soybean prodacing stats. Most ohserveits of the Brazilian farming 

scene believe Brazilian soybeai produclttior ray reach 15 nit by 1982. How 

much farther production can to beyn id this level will depend ol how expan

sion proceeds in the Central West. TIre speed and degree of this expansion will 

depend in large part on the willingness of the Brazilian government to sub

sidize the expzaision. 
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Argentina has also iricr[easd its soybean pro)tiuctiofI in recent years, jut
 
its production is still relativiEly smrll comllaied to that i,thii U.S. ald Brazil.
 
This ytar'q liiivest inArtirutin will likely tI aroitiri 13 tit. A Iar~ purtioin
 
of the Arotrtine crop is exlpirtejl, hwevr, 1 Oili s't' Iw Ailqitrtirie
 
crop is to to w,iipolr t lilt Tt vw,rl tr lj In oyl ,1r1,1.
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sj h eili, iI I t / A i(dr t ,. jr 'ile j l ii(; millionr Icre 's iid ;III avel ji
 

yijcl of 29 i',.i:rl: wjid p,r(Ljci ii j toj off 52"5 n.it. A jioj of 55 filtciriil
 
III' fl)~ L ((Jt%.ithl ,Mkl'jle ' ,Vt'Il~lt! ()tIl Ililod f,) t~ it lid 1il1 'VICidl littleh withfl-rl 
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As w &, tw :;i!Lit [ri izil will lry to)crilh 'Ind ship as 

'+
ne'xt Silit,.rrliti. Alilt 70 , jd [3ruil'Of miil crush will like!y occur h,.

twejon April mdi!Suetulrt'r ii tl~i,; oIr. Tis 1orearin the U.S. will have the 
world market rainily tri itIelf iliool tin pliod frinm Oi:theler 1979 thlough 

" Match 1980. Fhis sul h oive U.S. lijsjlin , strongi piices for tlnir 1979 
crop if world jtirfildal ftlosurylrni holslsil ),inl th,i is little reason, if 
any1,to helieve it will rot. 

It is possihe that til U.S. calryover if soylai inext Atu(ust 31 will be 
oiy 100 to 125 million lIii (2.7 to 3.4 rot). Althou(ih this would d.ouble the 
U.S. stocks of 60 orillino tMuon lrarnd on AuLust 31, 1973, it is also important 
to rememn r that wor d constimption of U.S. soybears is nrow 65% higher 
than it was at thin time soyheanlit ices [re7ame so volatile irn the early 'tlmrLr 
of 1973. FI tiO lo(er run, it is inmperative that a breakthrough be achieved 
in soybean yields petr ace if Ipiice! is not to Occur periodically.volatil;:' 

NOTES 

Richard E. Bell, Executive Vice President, Ricenland Foods, Stuttgart, AK 72160. 



SOYBEAN PROTEINS IN HUMAN NUTRITION 

W. J. Wolf 

Soybeans are c:laissi id as oiil'eiids b(iCdatis they wer',+ first processed for 
oil and, toiLy, p)lOi+e'ssrl is still c:enttHidl inoiitld the hexane extraction 

plocess, wvhich yields h(th oil tim ire)il. Atholtni the mal v,,. at first con. 

>itelhr aIhyprir'litct, it'. wefll Iilci' arIlnilrlo aci Cmpositi)ni ,id its high 

rti iiitlitl vJihtktrllut (, t thn ,v.I)rl,tluuitri Im! h !l i' (llrlth tt ,S 

o m itorI i ll I r iil tw; tj . ,i rr1iil ir ai ti ed , A t i resen'iit, w e are at 
'flT'ilittu ll, ill', ~ I(po(vVin l tlSF f! soy5tit'Iwg linli o)t 111,Ihl tIll'', hmll 

orti(tit ; it fhmk. -i I., MCI, 'dotlt tiyc of )v i iit ii exitiliers; for tr.Ji
,


hl l<l ;Irlm -'i ite r~~tll llt < i(at (i(,jlo)f ir/ltt!w~ I qlwlr~ l inl th,;ir riti itive 

vlt ,!flt ht~l o.lr f wlo ( i, u ! 1,itii l ) l i lItIllial) th>r 0 1f f-llll~/ til nt1.tri-

Is d t IflIhfly COrTI[osition 

an tleCOriti i lit( ,itFit ,(jy I (l0iti its irk to tiII Io il dOwI 

Iri ) f soy Il()tteinK , J ' Ill I t() rvit-v !oyt iuII 

i .l, 

SOYBEAN COMPOSITION 

Fronm a c(iii;)m,itinrual viwvloiiit, Wtsiryltean coold logically be called 
a pirotein seed i ttl h d. rhi a1verage iitxintite composition is:tci hll ,1iinilm 

40% lpio.tin, 21 N oil, 3&1, iiiboliydrate, mitd 5: lish (10). B(ecils, the soy

ieaii cointjilis twice aisilliti(h is oil, thri is Igon forIott'in justification 

enilphasiziiii liteil Irther than oil.Se',J comntisition also deternines the 
lriatetii Fldii(Cr thati 0stilts w 1hen are processed liy hexane extracit soybeans 
tion (8). Pioducts from the hexane extractiirl of I busilel (60 Ib) of soybeans 
are Tied (43.3 1i), oil (11 l), hulls (4.2 Ihi, and shrinkage (1.5 I)). The yield 
of defatled meztl with a protein content of about 50% is alnost four times 
that of the oil, thereby giving additional eml.ibsi[is to the importance of the 
hrotir. 

767 
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CONTRIBUTION TO U.S. DIET 

Although only ) simill <micutil of i-,y m pllweml 1'.,il 'PY COMlltllld 

directly in fto (Ji ylt l,i oi h d Vi,t [iotii, it' i twsi Id ainly fmr 
conlversion/ to} wl imild fi)i teiw~, iiiii '()I d, li T ] ht i,"-c(i this lol)uill lfttmtlve 

is Se~enlmlll)ic i" l h' t.vlhicll tlhe".upfflyo~f";oyteanls that waie l, ,,I ',lloviii 

dvJail;able ill 0 1 U.S. irl19 /. lIiI l l u t)Lt ,WJtfoV ,"rI iLrIHIlt(d to 1.819 
hiliiol! hut'ho!l', ilih c:l.,nt'lil..d)J) ill~ml l twilictow',of lftewi. ]hk hev 19.8 

'n)i ; h, :orj iWu.uI llhl ti]i,, ' 'iJ i i11 exuiws d is 249 of v ill.l), 
j)itoteini(:,J)iltII,iy iiv ll IhtW d(li{ dlitaly idlow ,:llce ofIlll')WlI:(CM l 

plotil1"d~ly tol ;.7/0 kqlill/ ",b(i if (lfl). In!lt ddily'1)01 Cia)itd I)IO ll ill 

thliU.S. hlrtI ,.,iIAn ., i' I)Zni it t I 100l (17). C(miis luwiltly, soybeiu s 
ill 1!1)/- ljflyil tirnltl r0l1dil,,d:11, i)brtiH ,f ,, 4.5 , th,, We:01111 d dietl y 

, ,'1iiin Imnviih L ' Aijl ftor.11(.(7 o nr :uuI 1Hn t (it inOtiiil i, ii 

:,tlhi i mld~p il'911ltyh ,,d 

VT~iI,: : ',Fi .';hllut 9}ib m illiii ilhIl, , of u t ()vr inituth ll of tile slit.lily, 
('Wi , , ';, 'ih i il id 1:)ii () ofjult itii lsii ioliy tmiIlloe thill 

tiwic; il tuhininy .,p (lit 1 ;iy. W ,fil!Y,,, ;UlIV was UX'l 
 40 utfti 
lil le d,Jild 0w l jm iii M , :cullipir ht i ltUil it for 'atndandthe. tliid 

I yI iv' 'I. 

" Table 1. U.S. soytan .upply for 1977 . 

Proteion 

Soybeans, Million Available Protein, 
Million bLJ Metric Tons 9/Capita/Day 

Production 1,716 18.7 235 
Carryover 103 1.1 14 

Total 1,819 19.8 249 

aFats and Oils Situation (3). 

.Table 2. Disposition of soybeans in U.S. in1 9 77 a 

Million bu % of Supply g Protein/Capita/Day 

Processinq 935 51.4 128 
Export 700 38.5 96 
Seed 59 3.2 8 
Carryover 125 6.9 17 

Total 1,819 100.0 249 

aFats and Oils Situation (3). 
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Direct Food Uses 

F ,)iii:t 1mt Iil s"., Ii S)Y plotetmi , ti.foittd ilkes ,ll. con veitet in1to 

jm olrntr (if h it> wdiluti . liti th dir ihfl 19 Y Ito 191/. 'mot ~ic t rimhlutes 

(o hltt ( rIrit> iC sMIhtilt, l ( litrltri.(>r Itt , it() (:oid ruiS l t tht stIf r: u 
,

C'r l lll te lldI +t l i,] ,., V'v/Idl ,, th l, Ic' ttn l il 'i ll'.. lti l,/ c lfoi~t+qwt+ti 

IlttiltiJ I) t c i trl mIisItrsirIr tlii rr ritly the it"Holm, rttitpit, Ile r ,vti et i Fill 

Il Ithi nlbi,)!0 ThIci lit, uiit st, toii rrki 1i 19 // is I ,ipliv'deitto .(1 

of) itllti.elit 'iIl x, 'r irllpjwdI'- ) tilt, 'Iviiti)1 n r ilyi 249 q of !,rY

heirit il)1 tilt (" iih )V lbI h,. itl err i) uc)trirly , JilI ill tireOlft 

U .S. 1)(r i>i itt i!i I'u itri- . i I 1 , ito t,Ml t til buit, , m iti ijiil att 

'ii()itlu1 l itt tild 
+ 

ttt(lltl i~texNimH5!1)rtI l irlf t("t j,, iii i~ ti lll'riri i-l L ui.l1 0Ill ' )(1e'tt 1t ll r)iiru 1i'irrlnil t! ,i< ,t,tiitllI,, in)it.lllw!++d /\Im Itll 

IuI ,( : tl tl it I 'u I i i I Ii t tIr i, t I uit .t i i , ., A itI III i,i ) iI ,u I I lIhI , 


i i 1i.h,,..i li i, I' 1 1t(1, p 'l i ' I , r Ir tuti r, i ,l rti ) y kiti t.
,,l , I, 1i 

iii . 1 yil , ! I,I t ii , '', r1rI' ,ijtiiI I tli ,t:1 rir ' I c m ittIs,it l 1), l 1 uiiHytt 


illli _i. - , n lt / Iui( tinIItutu , b i1 ' )t i tilt, 'Illty liit
.it1 t',li 
lc!ill it l 1 1, 1kl~e l(d l ill , Illq I(1 1 )t l1 

FZo Ut sh rl1r'iri'rrt 

t t ,ll'. ii , t/' ti ' 9itIi'Il totII', II t I I,Ii ri il I Vtu)t o IllentL , 

3. nu lii rn 11,11i w 1'. t tietalyTaulI II01'1vrrn,-' ,.'ritni ljrtuiitin1/1 lll un) -ulrnfiburi I' ly 1I.r-riiiiiiIrtll lt troll -di-ur'irtiiitWIo ( it 

IIIi(lI,>ll'l' it I" I,td tol 1 At,n,.1111i I)tItill IItII, i I.( 1ttnlu t 

tht'~ ~~~~~~~~+l ' IllltIHd , Il~<. IJiI l, 1 I,( w\ ', Il ,'' ".t)ll l)I nwt lt IlIll I~ t'i III' 

Flourt II 11;1 Ill 1 t)0 1 1111 . i !+i 3/5' 1,010it'll mts l lItlty 

l'li ill,i~ t 1 
! 

o i '.(1p d ll,l t' l y I I t Iw iily I ~i' 'ry. l II( rt'llli i t,Jl [ i > qII.,h[., l I cvl~l 

<
1', ttlti v,ih ,;t1 t) i!/ ,,! l 1ll I | III', lIl~ ~ i ! ! , ()f th r' hit'i !,w, h l',ill I)lIj 

h1-in iv iil h Ill iP lt .!Ild~ i' (t'lli to) 8 /", (d t illt , II1 ,11lY h m d p wu"oll 

,Table 3. Pmrdctilon U!SlllTAflilr ixtibh! .%.,y)7imnl pr llil liroducts, 1967 Wo1977i.hotcrt ra'te~ +itt,,l+ll, 40-50 70~ll'tt',lit~n,l 17-30

Anfkuill Pfoliclloltll,
i101lln th)
 

Prodtuct 1967 1972 1977 

Flours and grits 110)5-110 325-500 1,000 

COncv~in tril ;$ 17-30 40-50 70 

Isolates 22-35 35-0 75 
Teitureid tlours 3540 140 
rit;,itritij cOtcitttjtiei; 5 

trolWof 125). 
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Table 4. U.S. soybean meal usage in 1977". 

Ue Million Metric Tolls y Protein/Capita/Day 

66 42.3 37Poultry 
2.8 17.9 1bBroilers 

Hens and pullets 2.7 17.3 15 

Turkeys 1.1 7.1 6 

Swine 5.2 33.3 29 

Dairy cattle 1.6 10.3 9 

Beef cattle 1.6 10.3 9 

Other 	 0.6 3.8 3 

87Total 	 15.6 100.0 

'Feed Situation (4). 

bOn a 44',, ,rweir basis 

supply poor per son. As )inted itzLtear ier,the amounts of soy flour and grits 

that are diverted to food uses cortain only 3 q of )motein!:Capita/day, thuls 
,


the ratio tffeed to direct loo{] usts is29:1. Clearly, feeding of soybmean meaml 

to p)ultry irl l IStt.the lofloinlt use of this protein resource at 

present. 

NUTRITIONAL QUALITY OF SOYBEAN PROTEINS 

l itJi ill lll )Oyh llprotein 

per day k still r (r'eiINllIu thlrlrp CoH-
As just r VisI, isl (:rr[ rlr,tr ofti,)o 

IS t)f )lrepl}mtiorr a1e 

sUrIllr)(ihil(rer th rlv h r. mIOl'Irl', r) I LJscl, d';fsnr IOU+ lr M)\ 1i eat 

extenerlmr ii1( Ioltyl dri'oll), I0 i 1 i-sIttntril l)erIri0 11 rrs5 tii as irl 

schOl ind I' iu ;I ,. i r'Srilt f Irre s 11e ofI) r .r-,iq'rilsicaice 

tl t n althese pw;ter i Ij l, thr 1' COMrcAIeurireer lrli !)()L!LI 	 n tri io 

V,,hirir l ) rIutritionalpro)erties. One. ions reir'eill'0sktA d i (0What a r the 

lualities Of rYIm. in 1)r 1t'ir,!',( loil)rlrtaej to ttAIlIura) aiir1 l proteins suds 

as ietl, aeo Pk)l dlt asmilk, l rrhlrCh ear isirleser lirg of high quality? arcd 

(b)Does processing ereeno or r activ3te artintr itornal factors known to be 

present inlraw soyheari 

Animal Assays 

The traditiinal i )roa, to evaluaiion of quality of soybean proteins has 

been to feed thein to exl)erin) talanimals. The rat has been the most widely 

used animal, and the Protein Eft. rncy Ratio or PER test is commonly em

ployed for such purposes. The PEt ,alue is the wt gain divided by the wt of 

protein consumed under standardized conditions; results of such tests show 

consistently that soybean pirotitin ranks lower than casein. Some PER values 

from several protein sources are casein, 100; rapeseed, 93; beef (defatted), 82; 
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soybean, 74 to 82; oat flour, 66; rice, 57; wheat flour, 28; peas, 23; and 
wheat gluten, 6 (14). 

Although the PER test is an official method of the Association of Offi

cial Analytical Chemists (2) and is used for regulatory purposes, it alid other 
rat assay procedures have come under criticism because they yield informa

tion that may not be directly applicable to humans (6,21). Hopkins and 

Steinke (7), for example, recently reviewed the various rat assays employed 
for evaluating protein quality and called attention to several factors that 

- affect test results. A majorcritici i tha'tte stimated aiino acid require .'
 

ments of man and rats are not the same (Table 5). They also point out that 

the amino acid requirements for man are not well known. Amino acid re
* quirements for man have been estimated by two expert groups, the Food and 
* 	 Agriculture Organization of the United Nations (FAO/WHO) (1) and the 

Food and Nutrition Board IFNB) of the National Academy of Sciences (24). 
The important differences between the requirements for man and the rat are 
in lysine, methionine, and arginine. Man does not require adietary source of 
arginine, but the growing rat does. As far as soybean protein is concerned, it 
is the methionine plus cystine level that is limiting in meeting the essential 
amino acid requirements of the rat. 

The higher requirement of certain amino acids by the rat as compared to 

humans is attributed to: (a) its faster growth rate; (b) more hair, which 

.Table 5. Amino acid requirements of man and tn rat 

Man 	 Rat 

FAO/WHOb FNBc NRC-NASd 
AminoAcid % " _% % 

Lysine 5.5 5.1 7.5 
Threonine 4.0 3.5 4.2 
Methionine + cystine 3.5 2.6 5.0 
Tryptophan 1.0 1.1 1.2 
Valine 5.0 4.8 5.0 
Leucine 7.0 7.0 6.2 
Isoleucine 4.0 42 4.6 
Phenylalanine + tyrosine 6.0 7.3 6.7 
Histidinee -- 1.7 2.5 
Arginine .... 5.0 
Total essential A.A, 36.0 37.3 47.9 
Total nonessent;al A.A. 64.0 62.7 52.1 

Total 	 100.0 100.0 100.0 

aExpressed as percent of dietary protein.
 
bFood and Agriculture Organization/World Health Organization (1).
 
CFood and Nutrition Board, National Academy of Sciences (24).
 
dNational Research Council-National Academy of Sciences (15).
 
eEssential only for infants.
 



772 Soybean Proteins in Human Nutrition 

increases the requ irement for Ul Ifur amio ac irds; and (c) loss recycling of 
amino acids (7). Nntritionists ae now itcorjnizini that the rat may not he an 
appropriate model for meiasuring Irotteir tUalily M humatnIS aind are lointirig 

out that MOre raid andi less eX)pensive teclriues such as in vitro tests are 
needed fby the fooRd irndrStly arid r(guttlatory aglencies (7). 

Human Assays 

The ultiaiti answer to )rotein ruirlity in humrinans must come from 
sttitliths s L' exper eXperoiVe rllddiffitultitirtirilh. I lrsve vtr merits aLe 

beJcuSe of u)l;tlCl i10e thical prohlems of varkirg with human subjects. 

Nonetheless, severala I )tts are a,ctively ierforfinir lirotein (ILality measure

ments with infants, yuriln chi(lreir, ind ditlltS. SOO (ifthese studies ale r

viewed hele. 

Stridrs with Infrts. InvestigatioIs of soylrean I)protei ri quality in in
falt; areif ronsideillhle inllortarice, because a IuriLber of infants are aller
liC to cow's rMilk dilni miutll herfolt'he I)lacl on rOrilatt1-ZS ill which soybean 

ploteiil isolites naliy he the sole source of tJetary plintin ip to 6 iroriths of 

age. Foroiir and coworkers (5) hrIve colducted Mn1elOUS studies wit"I in

fants in whict they compraed soy protein isolate fortified with methionine 

to cow's milk. Nitrogen iralarrce studies indicate thatinethionine-fortified soy 
protein isolite, is etij: to cow's milk pr(itein in tiiimoting retention of nitro
yern. ResLlts of uri st0udy le shown in Fi(ture 1 wheie nitrogen retention is 

plotted- a(aillst nitrocir irit'iko for soy isolate ariadcuw's milk. There was no 
stitistir'!illy siIngificxnit ditfe erree IretWei the two llotein sources. 

Forril.r awl '.ler rave CoirilRtrl (rOWth studies iITants(5) ;Ilsri oil 
with ire hi orii-lrtiftied soy ir)ttirni.-late. cow's milk, aidliihrrrarr milk, 
Table 6 SLJiririrariZteS a Crrhiires selts frorir t1100 stuities. They found no 
statistically siinificant differences in liowth fbetween the three SOUrCeS of 
dietary pirotein. In still another study, soy protein isolate was fed with andf 
without Slrplerireitatiol with Lrvrethionine. Food intake and growth 

shiowed no siqnificant differeices, hut SelUr COncelitrations Of urea were 
lower in infants receivingll the rretlionirle-supplerierte( diets. The latter 

slgJests that I)rOthPiriquality was irirroved fby riethionine addition, although 

nicropern letention rnnastirerirenrts failed to show any benefits from methio

rile. 

Studfies with (rowing Children. 1ortn iard associates (22) have con
ducted tensts with two i)rotein isoLites ini children 19 to 44 months old. Nh'rk 

was used as tire refertence proteinr. Tie isolates were well tolerated and thir 
digestibilities were cornipaahle to th,t of milk. Nitrogen baance studies indi

cated that the isolates alavenittogen retentions sirillar to those obtained with 
milk. It shoulId he eripliasized that these results were cbtawied without 

methionine surplementation. Furthermore, they are ccntary to what one 



773 Soybean Proteins in Human Nutrition 

350300 L
250 	 -,,. 

150 -	 -

450
 

150 	 100 	 .0 .9 

500 

250 300 350 400 450 500 550 600
 

Nitlen Intake (mg/kg/day) 

Figure 1. 	 Hetention of nitrogen as a function of nitrogen intake by normal infants 
8 through 120 days of ago receiving diets supplying 8 to 11% of energy 
from protlu Each clot corresponds to a 3-day metabolic balance study 
with ro. is regression forfal )rvifted by soy protein isolate. Solid curve 

balance studws with cow's milk and dashed lines are 95% confidence levels. 
From Fom1on ind Zeigler (5). 

would expect with 'i I 2-!",,,y',, ,twih as the PER test, which stiOw that soy 
protein ranks lowei ,,l I) Ll rC, hie major protein fraction in milk. 

Studies with /i0A'1. SVlotl invS!ilato)rs have evaluated nutritional 

properties of soylari,,, il'; ill adult humans. For exanple, Kies and Fox 

( 11) conducted nitroqlb olimCarce studies and found that the subjects were in 

negative balance a an intake of 4 (1of beef ritrogen/day. With the same i, 

take of nitrogen irom texItured soy flour, the subjects became more negative 
in nitrngen balance. Supplementation with metihionine improved nitiogen re

tention and indicated that methionine was limiting at the low protein intake. 

However, at a more adequate intake of 8 q of nitrogen from textured flour or 

50 q of protein/day, nitrogin balance was positive and the same as with beef. 

Zezuka and Calloway (26) determined the minimum amount of soy pro

tein isolate with and without rmethionine supplementation needed to meet 

the amino acid requirements of adult men. Their results (Fig. 2) indicated 

that 3 g of soy protein nitrogen gave a negative balance; but when soy protein 

isolate was supplemented with methionine to bring the total sulfur amino 

acids to 900 mg/day as recommended by FAG/WHO (1), the subjects were in 



Table 6. Mean wt gains for normal human female infants between 8 and 112 days of agea. 

Wt Gain 

Number of Age 8 to 42 Days Age 42 to 112 Days Age8 to 112 Days 
Protein Source Subjects g/Day g/100 kcal g/Day g/100 kcal glDay g/100 kcal 

Soybean + methionine 13 30±6 +7.1 ±-1.2 231-4 4.3±0.4 25-4 5.1 0.5 

Cow's milk 10 30±7 7.1 ±1.0 22±5 4.2+0.8 24-±4 5.1 ± 0.7 

Human milk 116 34±9 -- 22 16 2615 -

aFomon and Ziegler (5). Soy protein isolate provided 6.5% of calories whereas in cow's milk-based formu* .rotein supplied 6.0% of calories. 

S. 

S. 
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Figure 2. Nitrogen retention n yoInq nt rIt'iving %oy Iprotem isolate with and 

without r,;tilnue In compafl;tn with egg white protein. Nitrogen in

take is lIXpes,;ed as (/dy,. Iii the supplhmented diuts, methionine was 

added to rmie the totdl 'ulfuir anu acid content o! the diet to 900 rnq/ 

day. From Zezulka and Calloway (26). 

intikt! ( htUu [ near

ly into [ularn ; ict,! nlo llcleally thie ilntO 

balanice. An (.5 to)y j)1()i!l ilfolti,; hIroithl bje(Cts 
i()ia suppluittlilliti [)[it sth)ji;tS 

positive balance. At itakes of G.O l f soy pl tein nillotjll or lhIglrer, the 

Mren Write in i)m:;iriwtlaruce withoIlt niittlineye 5tlJ)lu'telttili altihough 
methioninie addition still (1ave a ltsitive Oletf .A leve' of 6.0 Itof soy protein 

nitroqgen was equivohiil to 4.5 0 of ei] swhite nitrogen (Figl. 2). The results 

indicate that niethionine is limiting( at low levels, hUt at daily protein intakes 

of 38 g and higha, the sullr amino acid Ire:quirements wete met. 

Scrimshaw and Y'oung (21) have compared egg protein and s'y protein 

isolates using nitrogen llance te:h)igues (Fiii. 3). The nitrogen balance 

Curve" for (g!llies above the carve for soy isolate, andi the valhes for the two 

protoins at zero nitr(;en balance of body nitrogen equtilihIrium indicate that 

soy isolates me,8W0 as effective as cgg pnotein in maintaining nitrogen 

halance. 
Scri'ii,,v ,nd Young (21) also exan.ined t;ie effect of methionine sup

pleme;itation or, nitrogen balance when isolates were fed at a level of 0.51 g 

protein/kg/day (Fig. 4). At this low level of isolate intake, stupplementation 

with 1.1% mnethionine gave a positive response that was equal to that obtained 
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Figure 3. 	 Nitrogen retention in young nmen receiving graded intakes of egg or soy 
protein isolate. From Scr imstiaw and Young 121). 
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Figure 4. 	 Nitrogen retention in young men receiving soy protein isolate plus varying 
levJls of L-methionine. Supplementation is expressed as the percent of 
total protein intake (0.51 g protein/kg/day). From Scrimshaw and Young 
(21).
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with egg protein. However, addition of 1.6.% roethionine resLlted iO a lower 
nitrogte halaoe thar wih ero s ilienation. On tile other hand, when 

the level of soy isolate was icreased to 0.8 g)/kg/lay to mneet the dietary 

allowance for total Ilotein, aId(litional methionine tad to siglnilicallt effect. 

On the basis of these idil other studies, Scri itshaw ilrid Young (21) corIcilIdir 

that Linrlel torual UiS( ill ad(lults, ittetfuiorine SlipplenwntatiOrt Of I)otrly 

processed soy Itr0ttl I rIot!cts I, tliuHIt'Ct'SSI Y al I( uhdesirlbc.)ohalhty 

RFYPSIN INHIBITORS 

Aillong til vaioiis faclois itt towV soyhells that Iffect uiritioil, lih, 

trylisit iriliilitlts av, icivil tho its it tenition. orhilI imary (fect is 

on the ttllcliCl, il latis they Caie tle trItIt, 10 enlar(e ad they also CaIiSi1 

poor (Jrowth. l-howov , ltsw effects Ciiit he l ailily ovelcrtitte iy lloiSt teat 

trtnwtlnt (Fg. 5I.-l h ,' stealnill r If) rtin illoactiva es ahoit 80.), of the 

trylsint itlil ) a0tIivity ai l hI iet oteio itfIl ictt y ratio Iemi: es ia;, axittrln . 

Erntlleag ntet of the ilcfle s is aholished iftci evell shoItl tines of Stearl

ilro, only ihtoit 50.". iimactiv.t ionl (oi the irihifuitol activity is nece!ssary to elimi

hiate this (ffeet (19). 

BCause tyt)sint inifilitOrs ,ffect th iartereias ill anirtials, flora is Colcerill 

about th!il tossilfle effe~cts wlren they ile iletelt hy htulnalls. Moist teat 

reatitelit will i educe nob ihitol activit ' of flour!; ard grit to liow levels (Fig. 5), 

hut not all edihle soy ote Ilodiucts are ocessed it this ianrer. Analyses 

--. •2.2 
E 8080 (PERIl 

. 

0-
60 

-1.8= CC 

" 

ca V 
C 

. 40 \ 
00 

1.4 " 

.= 20, 

- -1.0 

I I I I _ 

0 2 4 6 10 20 
Minutes at 100 0 C. 

Figure 5. Effect of steaming time an trypsin inhibitor activity and protein effic
iency ratio (PER). From Rackis (18). 
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of commercial products reveal that varying inhibitor levels remain in tham 
(Table 7). Toasted and textured flows have inhibitor activities about 10% of 

those found in raw SOY flour. Coricentrates and isolates may also be this low 

in activity, alhliminu sone riange as high as 20 to 30% of the value for a raw 

floUl.
 

Ed ile soY proteil lrOduct, ar arely consumed dircctly, but rather they 

are used as ing(redients ill fooik that ieceive additional heat treatment either 

during procossinLl m in cooking iefore COiAiirtlitioni. ConseILquerntly, addit ion

al inactivation of tiytrsin inhibitors May occur as;ioted in cooked meat pirod

ucts (12), with the ieuilt that only low levels of inhibitor are likely to be 

ingested. Nonetheless, gLuestioIS reiliain of possible efects of long-term ill

gestion of residual tiypsin inhibitor activity in soy pro(hcts. A recent co
operative study '20) between the Northern and Western Regional Research 

Centers involved feeding colmm(ercial flour, concentrate, and isolate to rats 

for 285 days (approxirnately one-half of the normal life-span). Detailed ex

aiTinationi of t I)arcleas ievealed inoahornal effects. Additional studies 

corresponding to the complete life-span of the rat are planned to clarity 

tiils important (Iuestion. 

SUMMARY
 

If the U.S. polnulatin :r consumed soybeans arid soybean proteins di
rectly in foods, the annual crop would Sulpply more than four times our 

protein needs without any other source of protein in the diet. In actual 

practice, however, we use soybean proteins directly in foods to provide 
less than 5% of our rmenu irements. We process abo..t one-half of the crop into 

oil and meal anh expoi t the rest. The meal obtained by processing enters out 

food chain primarily as animal feed for conversion to meat, milk, arid eggs. 

Recent studies with hurnans indicate that still greater diversion of soybean 

protein into direct food use in the future would present no major problems, 

particularly with adults, insofar as metlionine limitations are concerned. 

Table 7. Trypsin inhibitor activities of sov protein products. 

Trypsin Inhibitor Activity 

Pioduct rng/9 Sample % of Paw Soy Flour 

R.3w soy tlfur0 
56 100 

Toasted soy floura 5 9 
Protein concentratea 6 11 
Protein isolatesa 5-10 9-18 
Protein fiberb 7 13 

aKakade at al.(9). 
bLiener (13'. 
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Howevei, questiuns are being i aised ALou', potential p)hysiolo( ical reO.0t0o ss 

of humrars to th esiulual trlr).;in inhihitor activity in presently ivallahle pro

tein products. PrelimiiYti. 1h))j teru stmudies with rats have revealed 11o proh

lemS, huLt mo1le es0,ac is iti,,eeii(; to detei mine whethlr low levels of trypsin 

inhi)itOt ai1ClO(if y 'Y if) 1t1ldilCorSe(ltiHCe its. 

NOTES 

W. J. VWolf, Nnrrherri Rellimnal liesoirch Centir, Aytictltual lesearch, SEA, 
USDA, Peoria, Illinois 61604. 

The mention of firm naii es or trade lrrodu.ts dIes rot rniply that they are en

dorsed or recowmenjed by the USDA liver other fiirns or similar Iproducts not men

t ioned. 
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PRICING SOYBEANS ON THE BASIS OF CHEMICAL CONSTITUENTS 

N. J. Updaw and T. E. Nichols, Jr. 

The value of each bushel of soybeans to a processor is determined by tile 

qiuantities of oil and neal to h1 extracted and their respective wholesale 

prices. It has been doc'Lumeted that the quantities of oil and rieal obtained 

througu the criushincg pro:ess, a,, well as the protein content of the meal, ae 

associated with the oilcontent and protein content of the soybeans to be 

processed (2). Until iecently it has not been possible for market participants 

to measure ( ad oil content at time o sale; however, thel)rtein C0ntetl 
developimeot of rear-lifl ared( reflectance instruments will Iel'nit sovbean 

buyels to obail simoltalreous estimates of the oil content, protein content 

and moisture content of the beans available to the roarket. 

The plrl)ose of this chapter is to report the hiqh lights of a study which 

attem)te(J to document the economic effects of tile addition of such meal

surements to the gtradin standaids for soybeans sold in tfie U.S. The results 
pertain to an environinent in which each bushel of soy beans receives aprice 

that reflects the market value of its oil and protein content. Profit margins 

for crushers and handlers are assumed to remain constant in this analysis, 
so that attention is centered on the response of soybean producers and the 

consumers of oil andlmeal. The results indicate which groups in our economy 
may be:nefit Iomn the addition of chemical measurement and which groups 

may be hurt, in addition to the practical difficulties inherent in the inclusion 
of thase instrument readings to the grading procedure5 for soybeans. 

BACKGROUND 

Since the end of World War IIthe production of soybeans in the US. has 
increased to such an extent that only corn and wheat now exceed soybeans in 

781 
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total annual tlarvtst,!l xi.J(pI l (8). 1li llcrltimi' in soylL an p:rodu~iction and 

the relatively hiL ll Lwi',,teiillll (Lt'Swhich hI;',"lprivailel il recent yCars have 

rISLlt(.d II rivi!lll! tL idln -l', IlL t I' grt!titer thaii wll t i lly Other crop 

except :uruIAll of thil! !i'h-,Il iL'h yL-ir ,iw sold in dloI eltic aiid 

towi) n r)1rk,1tv,II iff,I i L I ;t,, )LL, tlh m ay k! , i'ata I t7t(lite The 

l llTlr l' lIM.1 I n.l'!. rllI)Lt iiiL;.I, cIIt 'I I( ! 5!', ..) III Ist(o 

( lhtlill LIL:Il' I mll 'II l'J /1 l 1'lli IHlL 

ltr q hr d11~h,, 1, l, "+,d ;; ,; h!iL[,,"~ ; (;]i~ (l C)f ¢' )Il andiC 

n I I ri Li i (rIit ' j r I' , I I ) L'. I 'iL I t, hL I 0:' lli l itri i tit, iLL!ir j, i I > I (:( 

IIC se';IIyS 010h C ll'tit LI'V/.Ill)( -- II i lu L' 1 () f11tllltll iil ItI' w ill p ll 

L ~l'r LILp:-LuiLLInIL'mtiillat! !!t 
M leu()fthi, o Il ,lw I ,dl('httm )- l, l lh . hlw, w il (X(1tA t1w pilrchase 
cldL ( y ') 1liIII)tth iIL. II tiLL' 'f'IiII l Ti(ia t 

liitic l[ ' , h1, II) III I icJ'I" , I I l , IL! l I Ilml! .'AI jiCllt Lti il 1 ll, l it L rl , I 

plroct!, ' h l ll ,1( . x i Iy1 .8 If)!, r l1: LI, I , I I If:! iA .i)l) iL×, )i lmd 47,3 

lw,1V 6W ) )ILI ,mll', (2), ,lf f-weiylh l fromI IIchII tl)l fyi . h'tiI , for V iif: cIlh t 
incr:u ], (! mi thl +l . , )(W ire i~ so!,(,]nl tiedto,t( , ( )Iti,ml+)(+r', he 1;xp( 

thillirl !, 1llllll ( M,Al I, "',, ,1,0rli, , It;, ov('i w} ( nr t Il r, ! iI1the.Ipricet 

of Sohty IlL IIlIIL li II liLI t' (Il) Wilq to pi il) M llAd itil i 
47,3 l Mi)tILl , ill ilf IOll htlt(ly, ret u t -iLllrti! itLiL l I t iIldo lhtew 

iretalChil v1y l I l I ll" ( V)! I L, l y I(Ji! LitW Ilot i l aY id tly ally 
be ywilli kI: Iti~ 0IIII3I LII forIiLII o tl ti 111 Iiit" qhealieou ilihe('hanlf] (0 IllmtoC11',11,h. )ilt ll" il trhf,v,Jltf tl, m ))l(:t', l (;()illi)Ctitio 

,allfiOfg proc '"(wt!,( foriil Ih~ will to.mtainltainl J l mIill'), If) (thi41! tlld~ 

positive c li-0,Ir lI i hel tr, 11 ti( ;ll! I Lillr ,)Oylw ldsrik thoeva lue of the 

hrg(hs:t', hio Ill ir ,I ( t1).silIe d lil l 

I li; ii (hlt, a S Cl uSfyor j i, 11 othirL LIL Jlfltli IlMl ilt!i WitheoJlcio 

rodity. Th. 'h ll l:ailme l f it , oil,fpr tei, fih.;r, lirt(Illoistlt hull, foreign 

mattei) ten d t i stdl Il 0 hU.hel. All Other hifL S e!uLIal, piurchasersl Vary fmii 

prefer to iuly i(+;tiwanlsl whicl h tOl ;atiwV iy lige lottions of oilan prutein 

since thd ef( ifnponent , haIve tLlil ve ec1jllnic vaU whI h1i )tlred When(:eo 
the beans awe crushedi!{. Sellers, o}n thtu Other hand(, would like to ieceidve the 

highest pos IlI thl rts ey plroduct Lt regardtibh i Lr Lp')frd which th vitho 

for th ir nd USU. GIVll these Conflicting lltierests ar idthe practical diffi

wulties is t the Sa e Of lirge ualitiliusLOf all lfiCUltural co mm ity, 

market participants hayv established grading ;tarrfrards, sampyIfrling( resprocedu 

and measrer.r't it(aniq.t to every irk-rtt tpansaction. his hass apply ;t w 
involved thk. de:fin+ition of a standari s~o/he:an (MsNO. I yellowv) according 

to weight, moisture t:orttentt, !thelprooortiun) of ea~Ch bULJhel comprising beans 

that arte damnage,;d, disuavJ.d or diiscolored, arid th(.: pro portion Of each bushelC 

which is composed of Tl-h:f(eliqn v!I!K1ril, IMrMosC Of thL! griadirng systern is 

to provide. systematic q]uidelines toMor- unfit(o-rmfor classifyrg lprOdUCts HA, 

categories of qluality and to deterine:! tire differcti)ce inlprice by which each 
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bushel may be sold in an effort to es+.-lish a fair return for each trader's 
effort. Its use has improved the markinig system by reducing the amount of 
time and effort expended in the detern-ination of quality and by providing 
objective measurement of soybean value and price for producers, grain mer
chants and processors. 

The grading system presently used provides information primarily on 
physical characteristics and grade tolerances for soybeans. However, it fails 
to provide- needed Information-on levels of oil and protein: Processors attach 
considerable importance to physical characteristic information but they also 
need additional information concerning the oil and protein content to assure 
themselves of a profitable crush. During those years of high oil prices and low 
meal prices, such a- the Early 1950's, the greater part of the value of each 
bushel of soybeans was attributed to the oil which could be extracted. Nat
urally, processors were most interested in the oil content of the soybeans 
that they were crushing since the quality of oil extracted is directly related 
to the oil content of the inputs. More recently, worldwide increases in the 
demand for protein has raised the meal value of each bushel of soybeans 
to a level exceeding the oil value; hence, processors have exhorted producers 
to take steps to increase the protein content of their beans. The data in 
Table 1 provide an illustration of the changes in oil value and meal value of 
a typical bushel of soybeans in recent years. These data demonstrate how the 
economic interests of soybean buyers can change in response to developments 
in the markets for oil and meal. As a rough approximation, the oil value of 
a bushel of soybeans will dominate the meal value whenever the relative 
price ratio of the products (Pm/Po) falls below 0.228. Given the present 
supply-demand relationships of protein and oil, it appears likely that the 
meal value of each bushel will be of greater interest to processors than the 
oil value for some years to come. It is conceivable, however, that emphasis 
will return to oil content some time in the future. 

Chemical analyses can provide processors an estimate of the constituents 
of the soybeans they have been purchasing. The standard laboratory methods 
for estimating protein and oil levels in soybeans are by Kjeldahl and Soxhlet 
pet ether extraction, respectively. Results from these tests are very reliable; 
however, the cost associated with running the samples together with the 
2 to 3 day delay in getting the results make the use of these tests impractical 
in the procurement of soybeans. Because of these problems, processors have 
in the past followed the practice of analyzing only afew representative sam
pies early in the season. Geographic areas identified as producing low quality 
beans were avoided whenever possible. If low quantity beans were purchased, 
,they were usually held in segregated storage for blending with high quality 
beans purchased from other areas to yield a protein level needed in processing. 

In recent years the cone rns of processors for more precise information 
on the constituent values have led several American firms to develop machines 
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Table 1. 	 Relative oil value and meal value ei one bushel of soybeans yielding 10.8 lb 

of oil and 47.3 lb of meal. 

Average Oil Average Meal Total 

Year Price of Oil a Value Nrice of Me..Ih Vet4o Vilue Pm/Po 

¢/Ih /h.1 $/¢ 'ho ,h 

1950 13.7 ,1H 1 0 1.19 3.37 .292 
1955 11 G 125 2 .6 1 2"3 2.48 .224 
1960 0.IQ .95 1 0 1.42 2.37 .341 
1965 11.2 1.21 4.1 1.94 3.15 366 
1970 12.0 30 4 0 1 89 3.19 333 
1975 254 2 1 74 3.50 6 24 .291 

'/,ve ;: wh!!,i'J lw(, of A)yiw'rin oil, ,idwvNlw i KIMd,, Airicuitural Siatistics, U.S. 

etp)lirtrrrrn! of Aq(twuJtJ
I)A ;traoot vvhohw; fh l,pm ;t of)i 4,' ';o~yh);Jol HWJI;), NViId"C't PIIr M ilk, A )IICLJIII rII StolllSt'CS, 

U S 1.)t ),ir I it-l11 I If A (i Ir i l j r i 

which are c;ilwdhle of p rfvidliol SJ~IrilItnOOIS rlieotlf r11s Of Oil, protein and 

ImOiStLre conrtent of siytarls. By msinl nearilnfr;ire (NIR) instrtnents, it is 

now possible Ito aialy/e each load of soyleans is they art purchasedI. With 

the ,il of thttls rrllichlr ' it1 5II possilfl tio rIrIrll lli)r)I te oil andiprotein 
into t11C 11t Hos Ie'ltr ( (Ild ~iot; lll0Ct-dLII(.. FtlIh lior vith tilerOf1 i lI, M id 

MPe of a l)rPoitlil-discMirlt scfwd(tohle 1 I lssihI (li adtiouMt sc)ybarr l)riceS 

by vdlue diffio Wrci;Ii il d l pirotein levels sinilar to that being lused for 

inIStLIr, for'!iJln l qtoality factols.ma tte ,l ,d olh 

I Fedrora (;Iai Iow;;wction S(evicte (FGIS) is cotiently testing Ihise 

new ileasLernllrnt tf(devic(S fo reliability and is considhlir(I the nerits of add

jug roil anld p toiin mieasuientsto existIIg gridt standards. l; the machines 

are prover to t)4 nIdii)le and the charoles inI standards arewadoptedl, soybeans 

could b( l)riced accordirol to 1 valu of thC clenrical con)stituerrts rather 

than 1ry present factors. 

In order for oil and protein to e included as factors in a grading system, 

there must he widespread acceptabrility that such dt(Atrmination improves 

pricing an(I marketin efficiency. From an economic v iewpoirnt, the bene

fits accruing to all segmen ts of the marketing system roust offset the CoStS 

generated by changing( present marketin g methods if efficiency is t(; he in

creased. Incorporatir of oil and protein as factors in grade d,!termnation 

arid comporent pricing will have an impact on producers, handlers, processors 

and consumers. Economic theory provides a framework in which empirical 

estimates may be made of the value of component pricing to each group and 

of the changes in market conditions that are likely to come about in response 

to component pricing. Each group wili be analyzed separately and the results 

summarized to provide some conclusions concerning the desirability of the 

compone;t pricing of soybeans for society as a whole. 
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EFFECTS OF COMPONENT PRICING ON SOYBEAN PROCESSORS 
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Eqtiatlhtion (I) ;nImyl ltiho set)yhedi jsrIoc.i11 saIIit, 1 Ie(llif theo oybean 
mealpl(dttilc'df Ilt lldily hy i! r xatleho theto il (l'lullilnod tilt mitHf111d 
soy el s 0 mt, lo t , In l,the r ilcotll t t.hen thllltN belas t I litvel to of1 
s{oyhloinllvvhlich ,ill(citlof, t e ht (!11<lhelilh(' (,)iIt Ill' k1\11w t(Am~l.(Iithllltit"A to 

Sincestimt llll l which il i ill: Ili Ieln l .sedis adilfh' actel d is i 
the nrodt6:t.l2 h/ith r l.Theirtm 111o c flll fllSf il n! oll.,ti, 2.7ll i the lhb O 
t s rw sltrsente tl ' (lsinc rol Thee , th: Imill ile (intrlloh Ing clilets.lation.
 
>llipi, wVhilwl exi;l L11h1lw{I()ilclitenllt mdl(tilt,, (itiititle'.of1 lecotveilldh! oil and
 

iiw!dI iwli li tomii, Th yv tl,two b~eell 0)ie.0 tdinltilefolinl Of 1 NIll 01' (!tlli~2): 

01 - 0.62 1 60.72 X (I 

Y, 59.3.4 - 69.00 Ki (1 

wheie 0 i - numbel~.r 11) soy oil Obtained frotm a bush~el containling X.ioil 

content; X, - oil c:ontentl expressed a;iadecimal; andl~ ' .::Illsoyhean meal 
Obtained flora huShel containi-iol X, oil content. These relationshlips apply 

to soyb~eanls with 13.0" lmoisltite (Ollell. It is asStlInU~ tha:t tile rlVelaflge 

weillht of ih-soiyhlmin thdatmet.iohe.cruished(is 60 Ih/hu. 
Equtilons (1) andil(11) iiliy be he~lpful to the Oilsee:d tlrocossoi as lie' 

cittemlpts to} folflil his daily iproductioi; l~qirll~~eleIts, If, for exanlihle he , 


plans to) tocess No. I soyheamin that have anl aveiagje oilCtlent Of 18.0W,, 

tile e!stinI,1td (11,ntitie6s Of SOY oil arnd meal to be exulacted would h~e 10.31 

Ib/hui and 46,92 IIJ/hu, resp~ectivel-y. The remaining 2.77 1I)of tile 60 11)hu of 

beans represents tile millinm loss incurred in the crushing: process. 

http:nrodt6:t.l2
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Of course, knowledge of the quantities of oil and meal to be extracted 

from a bushel of soybeans is not sufficient to allow the processor to estimate 

the crushing margin he might earn; lie muSt be capable of estimating the pro

tein content of the meal to be ploduced, as w!I. This is due to the fact that 

processors are penalized whenever the soybean Meal they produce does not 

contain the stated protein content. The protein con tent of meal is deter

the oil content and the protein content of tile soybeans that aremined by 
crushed, according to the following equation: 

Z - 0.1343 1-0.6712 X. + 1.3203 X. (I1l) 

where Z.. - proteili content of soy[betan neal produced by soybeans that 

have X. oil content and X protein coonIt;l' and X. - protein content of soy

beans to he crrshld, explessed as a decimal. If the protein content equals 

or exceeds the stardard (44, protein meal), the pirocessor can coMpu te the 

troni evety hatch of beans, provided thatcrushing margin that will he ear red 

he can re the oil COnItent and ploteill content of the soybeans to benIleaSL 


crushed. 
Since the grading procedure How in use i,)or1es oil and protein content, 

it is ver, possible that dilfe 'nt soy hear rs Will be JplOrChased at the same price 

hut will yield quantities "f oil anid meal which will vary ill value. Grading 

diiscoiuits iprovide soybean Irrodlcers with air incentive to alter the moisture 

of the beans they bring to market but do verycontent and the foreign matter 

little to induce farrmers to cnari;) oil content, protein corntent, or roll and 

and protein content may vary iii a randorirfiber. Theiefore, oil content 
fashion or May be corelaterd with the IoCation ii which the soybeans are 

produced. Whiichever isthe case, these fluctuations in oil and protein content 

becorire reflected in the crushingiq margins earned by processors who are 

unaware of the chenical constituents of their beans Table 2 illustrates this 

point. The market values dpictd are those that prevailed during one day in 

the summer of 1974 in a North Carolina market. All of these observations 

were made on the same day in a single market. Crushing margins range from 

- $.05/bu for beans coming from Piedmont counties to + $.26/bu for beans 

produced in the Coastal Plains area. The relative prices or soybean oil and 

meal which prevailed at this particular time $.25/lb and $140/ton, respec

tively) made those beans containing relatively high oil content most valuable 

to the buyer. 
While the ability to estimate crushing margins is very valuable to the 

it is uncertain that this feature alone would be sufficient in atprocessors, 
tracting their support for oil and protein neasuremerts. it is necessary to 

acdemonstrate that a system of soybean discounts and premiums that are 

ceptable to all market participants may be devised and implemented at a 

reasonable cost, so that the reduction in crushing margins associated with 
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Table 2. 	 Market price of U.S. No. 1 soybeans and value of chemical constituents in 
North Carolina, July 1974. 

County in Which Oil Protein Price of Value of Crushing 
Soybears Were Grown Content Content Beans Components' Margin 

- . - -- / .$/bu - $/bu -

Duplin 18.0 38.0 7.68 7.87 .19 
Pitt 19.0 37.0 7.68 7.93 .25 
Harnett 19.0 37.0 7.68 7.93 .25 
Granville 21,0 14.0 7.68 7.94 .26 
Alamance 19.0 34.0 7.68 7.64 .04 
Randolph 17.0 37.0 7.68 7.63 -. 05 

abased on oil piices at $.25/11- and 44% soybean meal at $14d/ton. 

component pricing is at least as valuable 1o the processing industry as the 
additional cost of screeninsg soybeans. 

COMPONENT DISCOUNTS AND PREMIUMS AS THEY MIGHT 
BE APPLIED IN THE MARKET 

If the grading of soybeans is to include oil and protein content measure
ments, it is necessary that maIket participants accept the measurements pro
vided by infrared inalyzets ind that ther be enie set of premiums and dis
counts available so that both buyer and seller will be able to agree upon a 
price. The 	 question of the reliability of machine readings is under investiga
tion at this time. A )aper published by Rinne et al. (7) indicates that machine 
neasrements of oil con tent arid protein content in the laboratory compare 
(l1uite favorably with those of cornventional laboratory tests when the ma
chines art; maintained in a cintrolled environment. While further study of 
the machines operating i(nder field conditions may be needed before con
clusions concerning their accuracy can be reached, we will proceed under 
the assumption that machine readings of oil and protein components are 
accurate on average with insignificant deviations. In this case, it becomes 
possible to anticipate acceptance of component pricing by all market par
ticiparits, provided that a set of discounts is established which is not likely 
to distribute wealth from one 3roup of market participants (sel:ers) to an
other (buyers). This implies that soybean producers who sell soybeans that 
contain chemical constituents which provide above-average crushing mar
gins would receive a prernium price, and those selling sybeans which yield 
below-average crushing imargins would receive a discounted price. It is in
conceivable that producers would accept a discount scheme which not only 
stablized crushing margins but also raised them on average. To keep rates of 
return on investment constant for all groups in the marketing chain, dis
counts and premiums must maintain processor crushing margins at their 
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customary levels. Such a discount scheme has been developed by Bullock, 

It is included in this chapter to illustrate the stepsNichols and Updaw (2). 


that must be taken to construct a table of discounts and preimiums.
 

To begin, it is necessary to tefine the "standard" soybean accer-Aing 

to oil and protein content. In this example we have assumed that the sl, nd

ard bean is capabe of being processed into 49%j piotein meal since this is 

an important produLct for processors who servu the poultry industry. We 

have chosen 18.0% as the oil stanlard and( then used equation (Ill) to Ie

term ine the protein content required to make 49% neal; this happens to be 

35.86%. There-lo1r, th10 staldlird soybean is delined as one which would now 

be graded as US No. 1 aind i composed of 18.0% oil and 35.86% protein. 

Since oil content ald plrotein content [)oth vary from bushel to bushel, 

it isconceivable that aiy l)ushIel mi(h t deseriv a discount or premium for 

for the other. Therebodl constituent,;, or a discount for one and a premium 

fore, discount should he appliod for each comp~onen t separately. Since the 

oil value of any bushel equals the quantity of extractable oil times the whole

sale price of oil, oil content discounts (preowiurns) shou ld be ascessed accord

ing to the following relationship: 

D" -P 60.72 (X, - .18) (IV) 

= 
where Do oil discount or l)rerninnr assessed to soybeans containing oil 

content Xi, in cents per bLushel; and Po - wholesale price of crude soy oil, in 

cents per lb. Equation (IV) rellcts tne difference in value of recoverable oil 

extracted from the "standard" bushel and any bushel brought to market. If 

measured oil content exceeds the standard, the discount for oil will be nega

tive, whichl means the soybeans will receive a premium for oi!. Conversely, 

the standard, the oil discount will beif measured oil content falls short of 

positive. In either case, the oil discount will fluctuate with the prevailing 

wholesale pirice of crude soy oil. 

Discounts and premiums for soybean protein content somewhatare 

more complicated than thse for oil content because two factors must be 

taken into account: (a) quantity of meal obtained from each bushel is de

terrmined by its oil content, and (b) the protein content of the meal pro

duced ;s determined by protein content and oil content of the soybeans 

processed. Since processors are penalized whenever the meal sold by them 

does not meet stated protein content, soybean protein discounts that are 

based solely on the quantity of meal expected to be produced will over

estimate the protein value of soybeans that have relatively low prctein con

tent. Discount penalties for protein-deficient meal usually require a 1% 

reduction in price for each 1% below standard in the protein content of soy

bean meal. Thus, the meal value of every bushel of soybeans may be approxi

mated by the following equation: 
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P4 4 

Mij - -L ( ,J.34-69.0 Xi ) (-0.13 + 0.67 Xi + 1.3203 X.) V) 

or 

M P4 4 (-7.71148.73 X. 4 78.33 X - 46.23 X2 --91.08 XX.)
ij .44 4 1i 1 

where M.. = meal value of 1 hu of beans containing oil content X. and protein 

content X. in cents/h; and P44 price of 44% protein meal, wholesale, in 

cents/lb . 6 11the ha i. of this lelationship and the componr)enit standards, the 

protein discount (piemiuni) for any BIushel of ioyieallS hecomes: 

D - 48.73 (K .18) 1 78.33 (X. - .3586) - 46.23 - .0324) 

X X- 064)5)N- 91.08 

Coroponent discouots (p)reoniums) for eacl IhlJSeh of soyIeanIs will eqtial the 
si11 Of the oil arid Protein dicootLt' (pIlliumis). 

Equ.iations (IV) aod (Vii nay ippear ;o inlosiil(i that miarkmt partici

)ants would hsitate to tis0 tlwn. Flowvevei, they nay he converted rather 

easily to tables such as that giveo iii Tal e 3. Gowtrs hringiog soybeans to 
mar<et with only 15$; oil and 8$, proteini would receive discounts for both 

oil cio rmeil tolalinrj S1.21/lu (oppel left coiier). However, growers prodtic
inr :alls colltailillo anl ,iveratl 25", oil and 38% p!rotein rnieIht receive a pre
niun of S1.21/hoo1 the1101!etiLuCl (Ilower riltht corner). Market )articipants 

could corlnult a iath;le 'f tst:olilts that woLIld ,f))ly at Varying r)ices oIf oil 
anI 44''0 t)teiht neal 1ot loieti itmi coti)')lto lt discounts alld l)rel1411.. AsIeit) 

loltl as mleasil eil! devices !olovi(l' tolrably acculatlt Iealditls of oil cOn
telt alld f)rotein) Colitelit, there: :,hoi ll he no techni(cal (tifficulties which 
would plVellt the conot)oetlt 1il1( of soyheant: from being I)Lit into prac
tice. 

EXPECTED COSTS AND RETURNS TO PROCESSORS FROM THE 
COMPONENT PRICING OF SOYBEANS 

If component plicing is perceived by processors to be a profitable propo
sition, it will over time become an accepted practice. The long-run effects on 
the indsutry should be nil since, any competitive advaitages earned by those 

firms who adopt the new technology early dissipate once other firms accept 
the new marketing )rocedure. Crushing margins may rlecrease slightly if 
processors are unable to pass along the additional measurement cost to con
sumers of oil and meal. This is co.,sis:,-t with a long-run egquilibrium in the 
industry, however, as long as component pricing reduces the risk of doing 
business. 

The expected cost assu. ited with conponent pricing would vary from 
firm to firm. In a recent study conducted by the USDA, Niernberger (6) 

http:7.71148.73


790 Chemical Constituent Soybean Pricing 

Table 3. 	 Per bushel discounts and premiums for alternative levels of oil and protein 

content when the price of soybuar, oi: it $.25/16 and the price of 44% roy
a


bean meal 	 is $140/ton.

Oil Ccnteit (%)
Protein Type of 

Content Discount 15 17 )9 21 23 25 

% 	 = ib
 

28 Oil 45.54 . 15.18 115.18 45.54 4'5.90 +106.26 

Meal 83.25 -78.46 - 76.26i - 74.65 - 73.63 - 73.20 

Total - 126.79 - 93.64 -61.08 -29.11 4 2.27 + 33.06 

30 	 Oil - 45.54 -15.18 115,18 445.54 +75.90 +106.26 

Meal 6067 - 58.46 56.84 55.81 455.37 - 55.52 

Total -106.21 73.64 -41.66 - 10.27 -120.53 4-50.74 

32 	 Oil 45.54 15.1 H 115.18 145.54 f75.90 +106.26 

Meal 40.09 •38.46 37.42 - 36.97 -.-3.7.11 -___37.83 

Total - 85.63 -53.64 22.24 4 8.57 138./9 -1 613.43 

34 	 Oil 45.54 - 15.18 415.18 145.54 t75.90 4106.26 

Meal 19.51 . 18.46 -18G0 -18.13 -18.85 - 20.15 

Total 65.05 33.64 - 2.82 427.41 157.05 + 86.11 

3( 	 Oil -45.54 .15.18 115.18 f45.54 '75.90 1106.26 

Meal - 1.07 . 154 1.42 - 0.71 . 0.58 - 2.47 

Total 44.47 - 13.64 '16.60 -46.25 475.32 4103.79 

38 	 Oil 45.54 15.i8 115.18 145.54 475.90 4106.26 
Meal 4 21.65 -2 1.54 12084 119.56 117.69 4 15.21 

Total - 23.89 f 6.36 i36.02 +65.10 f93.58 +121.47 

aRelative to the standard soyb,,an contai-)ing 18% oil artd 35.86% protein. 

found that there were economies of scale to the implementation of infrared 

analyzers, which cost about $20,000 each, that would give larger processors 

a competitive edge over small firms. For the average oilseed crusher, the cost 

of measuring oil and protein content was estimated at approximately 0.5 

cents/bu cruslhed per year. To this cost mus:.be added the value of the addi

tional time spcnt determining diiscounts and prerniurns once measurenlefiet 

have been taken. This appatontly nominal sum can become quite substantijl 

when calculatcd for the entire annual crush; nevertheless, it is conceivable 

that processors would be willing to incur this expense if they can be assured 

more stahle year-to-year profits. 

EXPECTED EFFECTS ON SOYBEAN PRODUCERS 

While there 	may not be any long-run effects on processors or grain mer

chants fronm the introduction of component pricing, there are reasons to 
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ex)e:t chanltes ill tl 	 aCtilvilies of soybearn pirOcLItCers and the wholesa;e 

c'lls ilos (d 5oyhltlll oil Ild n alI. Ifth, exilenc. of con tiltent measure 
Illenq com) ellnS;Iliorl lu t o a);lta h its ;1f1(1 (ll l h' inc:'llfive'i, fol )l ( tit el.: 

(:iLol)lllilllitiolll of llwil doyhelI., tl111,will No,chrill'l, ill tilllei:tivw. Soil)
p~lies of midl to p~loc'ess*illq 1-h1fq; willsoy oil ille',1lholw' fll!t mill, offht he 

iill llfl it if so~yhem ptlic' I .. h1i1v"fluo Ietl'llgIIovWlr'q hcglrl gh Jo;l hlirlt 


il( tit, ll s :1th d 
p)IOdutlC.! Ill other wtoll,, if ipfo(s{t'Y'W ill( (;'llecl ill their colpqlillis that 

tilt!so~ylheims iplod(tlcl?(todahy, ;it( )letiH, CofllI', .nt pric. 

,a l(: ritils I flhct l l t 7 , l lati ll lid? tif Ifm two sv-ht rive, 

di:iwn i I lheol 


to 1 Ill 	 iInl w ill I 1 lotllil ly till? o lI.m(if, will) ( oilI ll)sthat 
po()sctfSSillml, V (4 doHle prote n ll i)H oll. [ll1r;w illriI1ll,; inc(:entives; {r; pro

CIplll)(:tior the conmic( Til l; to r:iliiloh tlmil I w hiill jIt el l t 0l 
ilh(! ;IVelllj!),.oyheili IS, lI l!! h! l I dol~ilioll, tlh(oso (Ilo(Wr:'s, who po(ssess 

advajlit fl ut;wIdll li( ul11 1Cii) ;will liVen
 

ss ioelllil o ';mSld toyIi pltiol tiu W111! ,)iplo?marls w havei
 

tociie ollitll vii I ,,o(? hi!t ) r(hflil he 

(ifhoC 

ltiil -Thesc j chall aS re 

Iuttd Jiil?(il ill , lic l ()r taill ird e ilstaSe i 

ml aw in tle toill[J(ti,,. tAi'l li s;vtw'llt ll cteill 

il l''ll 	 il l( 

tll'Ilie:i of :il,llhlotlluoIl ll? Clli, whlalc:mpal)atd to poim wsich wul
 

wi!;(Ich a lli(
haIve plevl l h i Ihe i () hey r Sll,olfirh. alyt 
I tIll!d fromlil Cad t li alo Stili, "t till!to.hvwille i; harte l, ,othe 

11-,i(:tmn', of (u:e : ill !w amf e,×lwc!tet! ill :r."arketsv~ iovithimt effhicts;titl-

hol ()il ;)[Il meaul will I;t, lptcst!nll(d afl";). of-The ( Xlflll! the!se! 'ffec(:s will 

(h llllifll the molIilit (of )I, tH~l Im e l,llr merl l ;il(:(! lthe~y ter es;ir -; tllt till!' 

IhIrI c{( I IIc i ( I m m l 0W I ()dAha(lC IIiV0 IIetI)( !~ )I rm II, of II ) I,) l I . It )r h c ii(pla-
Ihilit,/ oftdhwolim)l 1111'(Awmical chara(chei'.lic ,fsolway~ns while Ilainlairn

ill o)vlm;dl lof)itahilily, lhil tll!Iprwqw:l f,11 corllpotuivlt Ilay hecplic:inll 

flood(. If plor l ceu(: aill ( to ;altr iod(:onlotl~; pr'.)fittlahh and prothein contentlll 

a!hy, Ihell it wouldI he lfwt IlZJ;ll I lhot l ;I li,; would m lik.idy 	 p~rotl.ii 


be ;ilri(ctive to them. 

REGIONA! ACREAGE 	 RESPONSE TO COMPONENT PRICING
 
OF: SOYPEANS
 

The es'tablis'hmen ;omlporiei tpricing~ woold s;hiftt the: economic pe;nal

ties assoc:iate;d willh Vililtiolls in oil cwl:t( It mrid p~rotein content from proc

cessor s to p~ro( lucel s. Soy heilnIlIrod();i oId t)Q;.01I~etMm Ithan ito.l I(risky 

is presmtly hbtcimse expec;(tatiom/t (:on(errinml 0hw,price to h~em(cc(ivrd by elach 

!Arower wo~ul(d have to hc:adapte~d to irlleh tiaditiir~,j che~mical characte:r

isIics. 

It has bf.,eln alhl( hy so)me: ,oyhb,:m ic ess.,;ors that tfv.re e.xists a p~re-

rli(:t.-Ibh Io , !n; (:omlo:itiorn of soybe;ans and the;re~latio)nshipl r till! (hum i(:al 

io,!qion of till! C~ournry inlwhich they are; (trown.Specifically, it is Ibel;vved that 

as one- proce(,ds fron, the; Canadian border to the Gulf of Mexic:o, the oil 

http:p~rotl.ii


792 Chemical Constituent Soybean Pricing 

content of soybeans increases and the protein content aecreases. If this is 
true, the addition of oil and protein measurements to the grading of soybeans 
is expected to shift acreage from the Corn Belt and Great Lakes regions to the 
South and the Mississippi Delta states. II an attempt to assess the regional 
variation of chemical composition of soyI, eans, the authors have obtained 
data collected by agronomists who ('onduct extperinments at research station 

sites located throughout th, soybean-producing states. Oil content and pro

tein content of several varieties (on a dry-matter lasis) have been recorded 

and puh!hshed by the USDA (9). Locatioiis hlve hCen gjrouped into regions 

as indicated in Table 4. An analysis of vairance of oil content all(Jprotein 

content by regions has beenl conduictetd, and the rcsulted summarized in 

Table 5. 

By setting tileCorn Btiias the standald egioni and comparing all other 

regions to ;t,the (euilts indicate that (llring the early 1960's there was no 

signiticant difference in thi average protmin conitent of soybeans, no matter 

where they were grown. Soybeans grown in the Delta region had a signifi

cantly higher oil c(Jitetil than that of the Corn Belt, and those produced in 

the Lakes region hal an average oil content that was significantly lower than 

that of the Corm Belt. If time chemical composition of soybeaIs lrow at 

research station sites i!hihlily correlated with all soybeans grown ill the sur

rounding re(lion, thce soylans gIrown in the Delta regio0l during the early 

1960's should have een tlm,niost profitable to liecrushed, those grown in 

the Lakes region tt, least Irofitalile, and those grown elsewhere Would fall 

somewhere in bet'Veemi 

An analysis of soybean similes tiken in the early 1970's |)reduced 

slightly different tihs (Tahh, 6). Findings indicated that there were no 

significant diftermnces in average oil content between the Coin Belt and 1li 

other reqiu,"is, hut lhere were significant protein diffrences. The averaije 

protein content of ';nybeans grown in the South anid Atlantic regions was 

significantly higher than the protein content of those grown in the Corn 

Belt and the aveage protein content of beans grown in the Lakes region 

was si(gnificantly lower than that ot the Corn Belt. If these samples were 

representative of the area, oiie cooitld conclude that soybeans grown in the 

South and Atlantic regions should have been more profitable for processors 

than those grown in the Corn Belt; those glrown in the Lakes region should 

have been less profitable than soylbeans produced in the Corni Belt; and 

those grown ill Ill other relions should have been equally profitable, on 

average, as those (rpwn in the Corn Belt. 

This analysis provides littlesupport for ithe contention that southern 

soybeans tend to possess above-average oil content and Northern soybeans 

possess above-average protein content. If the relationshi)s which exis, at Itn
s--irch station sites hold true in the fields of soybean producers, component 

pricing would enhance the price of soybeans in the Delta, South and Atlantic 
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Regional groupinq of major soybean producing teies. 
a 

Table 4. 

Region States Cotta ined Within Region 

South Ihumda, Gt()ilio, AIjhim, tenirri:,wi, Oklahoma, Texas 
Plains Nor ih [D , uii, So iuth[likola, K iaiis,Ntb~raska 

Atlanitic M rylin1, V iryinia, r4ilth C rohna, Sotith Ciroliia 
Like~s N111111e )tla,W isc(nllll, M 10hi(jonr 

( mHI 110 1 O)hioJ, I11lhalr', I1h11ois.,lovvd, M !+,,Otli 

W+r th New,'Jisey, Kenw~tc y, I)(!lawari! 

"Deret dt ho Fhiick iiO Si;Iuitiirk (1) 

Table 5. 	 Average oil cOlntuiti, piotein contert, ard 95% coilence intervals for soy

lh station sites by re(gios, 1962-65.bIeans lrown at wwismh 

Aver.jqo Co nfidence Averagel Confidence 

Years Region Oil Content Interwls, Oil Protein Content Intervals, Protein 

1962 69 (ii Ielt )1 13 20),(;321.613 40.) 39.40 .4078 

19 (2 6 A11i, 21 .20 24// 21 G3 39.79 39.09 - 40.49 

19G12-(9 1):t 22.14 21 (ji;2.1.(;2' 35).09 38.21 39.9") 

192 15 Sotlh 21 .23 20.!9 21.91 ;10.6()1 38.82 -41 30 

1962 . , Nirlh 20.141 2) 11 22.11 41.19 40.23 -42.15 

198214 Irk,-,, 19,W) 19.0!9 25 40.17 39.03 -41.31 

19G2,1 Pn, 11 11 20.11 22,11 38.57 37.0 - 39.64 

) ; r;l hv1 ()I iet l.l[) hti rfi:h.rtlvl l l,;ni 
hl),m hc,, )ml!heit.lt!:,;l~ln l o lvef 111,11 

1abh; 6. 	 Avir ej oil content, protomi Conttent, arid 95% confidelnce intervals for soy
hboanm Irown it re aircl station siles by iigi-ns, 1972-76. 

Averagri Cinlieonce Average Confidence 

Years Flimlion CdiCoot-nt Intervals, Oil Protein Coittent Intervals, Protein 

1972-/6 Cirr H,It 2l143 21.22 21 64 40.G9 40.44 -40.94 
1972-76 Alnitoc 21 57 21.29 21.119 41.32 41.00 -41.63" 

1972-76 DItIt;a 22 2 21 . ,)2..91) 40.41 39.93 - 40.89 

1972-76 tutlh 21.91 21.bl3 22.24 41.49 41.17 -41.81 
a 

1972-76 North 22.13 21 50 22.76 41,74 40.91 -42.57 
1972-1f Lakiwt 21.70 20.95 22.45 38.97 38.03 . 39.91 

1972-76 'lains 21.36 21.00 21./2 40.67 40.27 -41.07 

"D rilts sijificanitly hiliir than Coin Belt. 

Il)1 itws s;igjnificantly Iow-,r than Corn Belt. 
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regions vis-a-vis the rest of toe country ecaust, the total amount of valuable 

product obtainable from thest! beans exc, ers that of the others. It must h1e 

the case that soy,,an', (Iw-r, irr tih Delta. Southr aid Atlanrtic reilions posses. 

lower levels Of ill aij lib('r lhan thosi glown iII the Inn tlr. 

In additionl to r:gioral ar:rrail irsposie, soyb.r; prodiucers may w 

ab!e to alter, within Itlits, tire, c:enrical ro,-iIlosition of their bears thi, qr, 

changes i ajronomic practice s. For tire )i;rtposes )f this study, such re

spofss+ will he tirertl erd ill two ale tjrit ie: (a) r:hanrgs in elr;ilizer applica

,iolls arild (hi chaigi, i tire vaIHty Of seN d ilat l. Corti ,ini, eftorts by 

aynornlists make ;any difmitivL,, st;teiiwiil., ter('oLS ill nlature; hovmvievr, there 

is considerahle evietie:e that hitmntr have th,.:c:,.rlrii ty to irrcrease protein 

content alt ixtenr,: Oif aI m(i(w'n;,i i oil I',Ot;t Wh~he it is heyond the 

scope (f thll, :i,pter It. review thti ,rititt litl: ,:ture, a review of tiW study 

iublished by lie N.C. Aji cill,r I lytesi,)n Se vice (5) itl outlife the 

p)ossihiiltir.,. Ili 01 . nr,,y, ihtnnrinirmi tirat tune ampplications hal the 

rjffrer t(i ihrnaiM aohter :'ntrnlt, rrr:reasirnj yil and ieclreasingl roil con

tenlt FIr tlnrnrnw, it vws r(1'cul,(J tihit vIr tios wir:ih possssem above

avn a',l, ()il (:Oritllt lad lhielw ile rotin rolitrlnt; the converse was true, 

as well. Tire variety eff ct, are 1,hownli I-iire 1. Ott the face, of it, producers 

Carl he to tie c:arahililtv ; a, tr'" tprirriurs or discountsexlrct'rI havr o 

as s SU Oo t re basiS rrf o il ar; ' , r ri i s r *,.rri rrl'.. 

IA 1. 0
 

'I!t 1 t'I1,[11 

Figure 1. Varietal deviations from &.erage oil avid protein content of soybeans, esti
mated from poolod data at 33 locations in N.C. (5). 
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While ptodllct is Illay tll(- ability to Jltel Ili(! pluteill content and 

oil colit"fil of lillowill fill- 'Ilildicatioll of flillo(liell, fertili/el and 

hille, it v, Iml d'.'ll III;II tll(!Y "volild fillol it plolit'llfle to do "o. One of the 

coodivlow, (It l1w "llidy cll, d 'djove w'jt th'it .1difilioli'll 'Ipplic"Itiolls of 

IlItIo(JI'll 'illd pol'),A) Ii)()VI. :vltilll h-o'k Ificif."I"i-d protrill hut riot yield and 

tll(. V,1111(.. f)f iho III(.wv"'d "A"I" WY, th'ill lit(, cost o; Ilw f(trIiIi/(,l 

,Ipplil!d, If orw " h) A-0,Y) lhl 111.iic!if, l ( f prodHC(9" lo COmpollent plicillo-1, 

It 1 , lIPCOY"Ify lo (it] PCollOllml: Illo(II-I wtilch will Identify The most 

In ( if I tfh ll iI t l 1 1,11 IV''-, m ill lj IV ,jl:ill )1. if) [)I I I I j( 1 41 JjI Y 'j I if C ( Ijj 

I)( )I It! I I I If I( I 1111, 11 1 1 w cf. ,,,I I y I t) )I IVI I I o in s, f V;O I, )I v, o f y w id , o f I (:of Itim I t 

;I! to I Ili I I, I I I cm 1' 1 ') 1)'' 1 icl I- Ili ( )d t!c I I o : I o f I ll I !l Id 1) 1 ()tl!i r 1 to x . ;;"Is 

,I I I I, I r I l 1 1 VI - '' I f 1) 1 It 11,1'1 " if ., p ,jI:I loll lilt, V.Jill. ( f l1w p lo d tick to l1v o b 

i'lilliA Imm thl-ti 1,0111"I 11,m lhf I)( m% Owy Illay tio 

h ) I I, It f it, )',1' 11 w I 1 111,111;" 1, It ll!t It (I(,(: I,, I I n I, A I it y i I; )o I I f.X I )I 'd Y If -Id . 

hI IbArmlillf. 11W 41'(fW()lIIII:vlA)I1It\j lilw-

I'J, I I) (:()I III), 111-111 1,( Ic I I lt I, IA)"Ij IV,; I I( III% I )I IV! . tql' Y I F If 1, oI I cow I'[ II, and 

prW"ll) c()IIll.;Il for 20 1,1111.tif- %vo-ii- dr;jwr) hom jtiifotm !)'oy1wm Tosts 

fj"f.l Ow jwllo(i 190 lo 19/6 (10) W(I'lP (:(.'IIv(!fII!d to 11)of 

ml: 1cf., 111(1 11) '?f plitt, III/f, lt, "o IWO ;III ;III'lly-.1" of vml wc,! c.)[jld dl tcct 

VAIldtil-H IIIIII)II-10r! to diff .wnctl-' III /. m oi 

11f)II, tirld Vvil".11 Valcl;d difft-wnu(-, vvere rolijlf d, lht w m j no 

"111111ficlot (111ii-wilct it) pf f ;Icil. (m1pul ()I ()If lild plon-lit for ifly Vmi-ty
.1 7). Hit! ,cjlt#r 

V)Itll l1w "I'liliht(I vmwly, Aiwo , /I (Lih1l, 

of milplit VIrlilmll to diffvwm l:,, c1moll(I vwlelles I" 01orin if) 

F;,IIIII. ). 1111'. llldlcall ,, 111,1t cw1vi-ollowil ',o 'Iw jn if(: for) 

"IlrIll'if III I.r(Atlclmll lo illow (,oy;)(.;,il prodticl-i" to charlip" 

VI rlty - Ow '110 pl.-IlliuIll" for oil ;111(1pmll.-Irl would 

ch'Imp, il". yl.-ki, III V IrIIAI-, TII;jt aboveavvrafjl in elifler oil 

(:ofIt(,;IT (it '111,fillich too lorf comparf)(I to tllo'.( of III(' 

dv.,! JIP, V.WfOy (, Iw)(filCil, dlly 10rI(j[I 'I Pffl.ch ilmollo ,oylwim ploducl!f"Ill 

th ;r cholcl 'A _jiI'Aw,;. 11 iMCill(I I" I') t:11-Alve, 'Iddl. 

lioncil ii1-,f.,iji(:h lj,/ '1111"t b(' fl!wcled lovviad ill(.' ql!lll.tation of valie

lit!" VVIII(Al ll jv,. III(JIi, I 71,dkk ;Irld ;I wider Fimp' of f.'II ;!11(1 pfolf itl coillefil" 

thilil pf- f'lltly If tllwf tillicliw, iv(!t;irjl: ltvck of oil and 

protem cofitiom, to provid(. hill1wr yiodd" tlI;jII tho"f! that df'! abovi. av( Imje 

in eillwi prod(wrv. will likOy flild 11 illors., plofittlhh. to pkint 

COrIVIIIII11011ill , ;1lot1w, -Vl ll if tIIF,.y hea;- '.1111%laoll;1I diwollill". 

Additionil I,, &,o to dfAf.r;nifw w1wilwt prodlicers 

would filld 11 ;mfit;iblit to (Aixi(je is.,ttili/er pt jcncw, in ru-,j)ooA to com 

pcm.llt of oybf al, . With th( ( Xcepliorl of lilt.- povlbility of ofyle 

chao(p,% in w(potial iicw jry!, lhf evideiice to (]ill(! 11,that oil and ptotein 

inf amreml,-nv, vioidd riot Induct- farmet to alt( r III(,, averay(. chernical 

http:Vvil".11
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Table 7. Output of oil arid protemu pr ,cre by variety (10). 

Variety Oil/Acru Protein/Acre 

-Ih) -+ 

Amsoy 71 530 940 
Beeson 493 969 
Bonus 483 1040 

Clark 63 423 859 
Corsoy 515 950 
Dare 435 894 
Essex 449 1009 
Hark 465 906 
lod(J(Jon 533 880 
lutiotln 314 858 

Kew 458 937 
L66-1359 528 986 
L,!(!68 404 939 
M65.l.r9 508 869 
Mick 455 939 
Piriket 71 357 838 
|;Jn~orn 403 821 
SL 11 4.',2 972 
Willa'ns 529 1040 

Figure 2. Pounds of oil and protein per acre produced from different soybean 
varieties. 

http:M65.l.r9
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coiistito',is of t 4 io(ylbieJll" that they flow )iothi(1(. If this cOniClusiol S 

corre(:t, copriii)(ri:it Imcmlt vill (:ofei no h)rliqhri herilefits upon either 
pi (ohdu;cri (or the! ct}o ri:([J)fo ilm1id( protefin. It I' I,rot aItall c:lear tha~t a.nye 1 

ihajr (t off p 1 II rIll(;I(irm1,, ii I rIIImmket, for soy hiars, scyhbeiii oI or 

rflid w ill i , ,Ill.my iill4 it , pcli11 lt1144:1t cliilo llit. 4ljills,l ii , lJi i 'll
t~Hitlll ol/ll of[ :orIIl)[ 'ovWtpri(:oq Jen"tal~liw' [irllil(' ildic:ale thtl colmplO

IIl.ertp~ri(ciriqlmidi.1 pl,, 10,rlc:(odliii()rv. vvoiddl( cwrm i!~ a nletsoc ial cos:tt of $8.1 

thtei U.S. if ii:w p Ir :i:c fl ',i:iil ():4,,, wvirileI r: eiriwtii y y (:orISiMVI'rS it 

wouhl Ill: I-Xji:ti,dIto t,l - iceil: iof oil inl prot:il hy4 ahiit .03 cmis/I). 

SUMMARY 

i aS)ec{tsli: iurpl : ot l l,, 'ijrtir 44 4h Iiit hiqtlilitl the i:ii:om i(c 
oft III, Ilm{iwl,mlf llof ll (r IhtllfIo ;)Ir.tlflll(orile!ritl~ l I IW I [lllt [ Ito the 

fo ii ,i t J .S. oI il indic'atIri'.ifl , ,oYbl i I 1'!.U Ji11 ll, t y 

iha i t l o t iiriollfIil cii Iray tir(I i at this tir;p .irwill', i :ri 01 ticul e 

~tii,!;li/ x l iii'l,', ,a 111 o r tlli ri oiii fI I ]tI'll(1I . ll l './heallt 1)1 li1 I' fi 
h :ed,:rf',,:o ,I., l lfn%,,'vmloti, 1, 1 IXfllxhh lt iI ll '/..id , iid ulilusoally 

Del it, e() Ill )I t i: iull i!, I yal1llil ',o/hi ali I'lo i lforw ill poss ess 

OwI (;lh1 to Liirtl tn al11r,:r : iiiliir fare ihu -il ti:;l -Je1 ill tll t 

rilwIII lo,,',, itlilllpL: l (1itI() d11; 1 t Ir ",. or I t oo(J r, ' ()yft olilntf Jll4 f()t.r 

( o Nfi Iit iiil/tif ,, tll, it1,c1 h at ir f ,iC )yJtwlll f1 ll Illfe; l will face the 

'iyljer i:hi . l 1.11IJ ti'r Fiuior ,, tw oo!d , th,: ,V( iijhl hive. )revaile d ill 

toiiiii!V, id't!liri Oiil!O, hiicti :IyiciltHoit t wltcera odtccp litysforll. ief it I'141it Withu.i at;neechtmieilll 
(,o(Tj)!0Hm rll Ht I:Yh / :Tl(',t fm ilr -t J)I flicinparit" it isJ d iffictl ', t(,. w ifVi.loHli 

ll ofmarkeif to of 

hovi'Tho l l: o, l ri Hn 'lr ll rt ,w ill (o[:C tf.J,ion f j)tdfH 1ji )!to l 


(Or,!;A{(Jlitiotil c:omlicitlr, I",ttw po",ihilit'/that till fflia.;Iriflq dle

VIcl!"t: hilt '.- olllll h)'! f~ lI l( 'ood;11 ',oybeat ll htuyloo( s;tation'l, w.oofld p)lovi(de 

llllflhii lfl: wIf|l Jlr of( f:ot ~ritr conlf,nt. Uih.w,s p.r(odtice.1 ,)r.If jtilt protf Hm 


(rairi mot, Jeauil;m which they tre iicr edla inrflri. analy/ers give 

oi. nd irieal . lonj i r1)0twt. oft dliffril canviror -A'. st irlorjr) dii mot I.ht 
ITII"f;I ;jI (.ofl(!l t loll", It I,, I f i ,- l y that m arketl parlliip; (is v., ildt press for 

Iti f Ir tj,,(:; bad I if r If Iati){n i r', th ar I rio iI f or I] aif ( ill.I ay Im )(. 

;i:s~hof th,!,,i: Irohlows[, may rrw for rst!.rll it bf:(: fi.-,Jhhf: p.rod 
,


iind( c;of( i,,o fl{r,to) ficJlm additionail !c{orio iic we~lfarm froi)l Ir i ,i iodu(:tion 

rof (;ompoJ~fift For Ito occ(ur, it -,arvl that III(. maf ac 

I-rs, o I a ; !r % v:I,l d,I, v ic, W, thilt ill I aG(J![)I lahhI! !'!, :111 m :;t Of tile 

,oyh f:arn co' fllsllx. tr Hr o it is ri,(cessa ry/ for soybchran tbr!if: rs to 

dJ.v 'lop} Valrflf!",: Wh{ ,vi ill pferrrml prodoc:,:f,, to alte:r the :he:rnical co:mp~o

sition of ,soytJ.-arit. which the.y p~ro ( ;(.- Iin respo~risf., to) ;harmlinij pri-l.", for 
, 

p.r i'lrHq l1w, i, fw!;c'f f~ltur

oil and irwal, A%;long as produ~cer,, do riotl prosiiess th(, technological capability 
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to alter the levels of protein and oil within soybeans profitably, the measure
ment of these chemical constituents call be of little value to society; its costs 
will exceed its herrefits. 

That fr irnfact rndy )aradoxically give reason for hope. Pressure to de
velop new Varieties that have higiher yields and a wider range of oil and pro
tein contents is surfacing amonl plant )retders. Additional research is under
way to develop varieties which would prerlit protducers to [tuSpond directly 
t) rldtKU1 ii ceo r(lives Illtrw I)roiuctiorl ot more oil or more protein per acre. 
With the ability bv i)roducer s to viry outp)ut in res)onse to relative price 
Challes withofut a reduction in profit ;mid tildevelopmrent of Ietter devices 
to measure tln.e chernical conslitmnts, it is conceivable that component 
Irricin will he ,ihbtel by farirs and jrroc:('sos. Prceiptafility of a cor. 
I)onet iriC1irl wilh I Ire)lliUllr-dircourit systeil beaed o0 oil/protein content, 
however, will vaty (r,'atly glly , lprocessors.an lodi:efm, aund hanler11s al 

Pmon:eu s wuild flave the! greatest wrc,!tWive for widtespread adoption 
of ti1 prac( ! once relirahlh t:.!teniinatioin of oil anc]1 imstiuments for qluii(:k 

pr(Jtemirfi awim- h.vt-larll',s woul bt lIess entlros;astic about charltirtg 

the -ie!tt Urlless hllmoanl; widened suiffcientlyp)ra(;tic(:s Ihdlin Wiere to 
cover Iie s;t of ,e,,til aIIl hanlling. 

Farlmr irceltaie wouhl drepenil laimlly (mnthe (plirty of beans pro 

duceul and the rit ,h dule l ilie(l. (Gromers prlucing highpremriurr-;l !c)i 


lrdtein-l ow oil cans would rilo)telly favor adoltionro (rr
I;oniporent 
pr icing whe roteii liriw, itie liill rlative to, cl. Oin lhe otliar hand, farn

ers producing hiuli oil low tioteir lherii; wJoull nr1 faVol ay chanigje in the 

present oicing(l system. 

While there! would be !jainn, ilosers (heperlin u)(n the quality of 

piroducts run ket:, wis-pread aollition of corpoent pticing in soybens 
could result in a net benefit to s(ority. Hrwiver, this lie(s not a)iear to lbe 
the Sitiuati(oni at 'lie present tirrue. Hefrt',lltt(his:fs indicate that component 

pricing of s ybei,, wili cret,jt rit,ocial cost of $8.1 million/yr. If the 
ctitirel (:ost ,;x, passed ii1tro corsmrIler%, it would Ie exlpct,.d to raise the 

price of )iaid neal by .03 celts/lh, rsp.;ctively. Onily through profitable 
charI(jes ill (,i/pr:teI t)rirhlCtion at the furor level can the CoMporicit 

pricii of ,oyl nivi', welfare inlIe exlpcted to improve s(j:ial the future. 

NOTES 

N, A. lJirw, tJ':iartn-rnt ,ifA CilturIl E:,nomi(s, Oklahoma Srate;University, 
Stllw,:rt, OK 74024; and r.L mmis, Jr., tknrar mourn of Economics and Business, 
N.C. S[i: Unirvrsrty, tahih, NC 2/650. 
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PROTECTIONISM IN TRADE - EXPANSION IN OILSEEDS 

S. J. Hauck 

It is a pleasure to be here in the South, addressing a conference whose 
scope is worldwide. The trading world has been made even wider recently 
by new relations between tIh U.S. and the People's Relubl ic of China. One 
terrible fear I have about getting involved With a counntry that has one billion 

people is that President Carter will get carried away and say, "y'all cone!" 

Occasionally, though, what happens in Congress is not all unbelievable 
nonsense, and the B.S. begins to staind for Believable Substance. One issue 
which is firmly in that categJory, and which now faces our Government 
squarely in the face, is the l)rospective nt;w international trade agreement that 
has ermerged from the many years of neglotiatior's in Geneva, under the Gen
eral Agreement or, Tariffs and Trade. 

It is not my purpose today to discuss in any detail the specific impact 
of this aoreement on U.S. soybean trade. Our exl)Opts to Jaoan ond some 

other countries will be benefited, but not by as Much as we felt was right. 

Nor is it my l)LJrl)ose to emphasize the inportance of congressional approval 
of this agreenient, althouglh it is important, since its rejection by tha United 

States would styrnie global implementation of its reciprocally reduced trade 

barriers and the more disciplined trading procedures it creates. 
What I would like to say about this latest round of trade negotiations 

is that they signify a remarkable and shared determination among the eco
nomic leaders of the world to maintain the momentum behind wider free 

trade in principle. This principle is as old as the Industrial Revolution itself, 
but free trade is not only important in theory. Indeed, it was the British 

prime minister Disraeli who said, in 1843, "free trade is not a principle, it 
is an expedient." 

801 
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In fact, the most significant expansion of free trade has com in times of 

prosperity when the dlemand for goods eXCeedS the supply, and the opportu

nity for prof it is corpromisedI by limits On trading Volmine - thus the cry for 

reduci ig those limits. But Disraeli was only partially right. When prosperity 

at home has appeared threatencld by cheaper competition abroad, domestic 

pressures for proltction of nalive inihistis lrr. sharpened. Howe:ver expedi. 

ent on an international scale, free trade then seems a liability to workers with-

IIIilaloos, es")eCidlly wOenll OiOwe nations are experiencing inflation. 

Such a juncture in the international economy occurred in the thirties, 

when fri(ghtened (lovernments raised tradle barrier after trade barrier. Our 

knowledge of the history of that time (Jemonstrates the Ion(-term fully of 
seeking short-term protection. At such Iinres, it's not unwise to cling to free 

tra(le as a principle whose wisdom is more real than apparent. 

That's the tas< of the Congress today, and it's no in .an task. It ever 

has )e(n easy. 1Ii 1824, the English histn)ian, L.ord Macaulay said, "Free 

tra(le, one of the gleatest blessings which a jovernment can confer on a peo

pIe, i. in almost eve'ry country til)Ol)Ular." 

Among those of us in the a~lricultnral community, however, free trade 

has been popular lralitionally, and esl)ecial lv sO armong thos( of uIs intimate

ly involved in plonlotiii( the economic strength of U.S. soybeanis arld soybean 

pro('icts. Anerican ';oyl)ean irrocessors, anid the association which represents 

then, have consistently believed that the most efficient economic environ

ment for expan(lingl oilseed maikets is tira(e unfettered by tariffs, non-tarrif 

barriers, ), overnniet exlort subsidies that un(errine free r-uripetition. 

W,:'ve Iiaintairied tf h.lief Ircause of our funlamental -umifik:ence, in thethal 

fittire growth if derraird for our itlrustry's liro(hicts 
Yet the (ellall(i soybeans and snyhweii i'. in large part afol lcts is 

function of worldwide piroslielity, which in turn is hleporiuenit on a stable 

system of tra(le arid riionetary exchanle. If that system stalls to be im

proved fry the agrterirent elerigirl fror the Tokyo Round of the rulti

lateral trade n(gotiaticns, those of )iFwho wish to preserve ani extend the 
position of J.5. roilseei trale should pay close mttlemrtion to how the agree

ment is aliriveil or anierided by the Cong]ress. 

Forlunatuly, the lPresimlent's Special Trade Representativu, Robert Strauss, 

has special influence or' Capitol Hill, and the new tra(le aIreement will have 

stout aivocates. Those of us who SUluport ithe agreement can join their ranks, 

but as a grou ip we should bre mnabash,(f alnu)tt locrusing on uir special interest. 

That seeris to Ie the scrarmble in Washn(iton these days, ani those who stay 
out will no doubt let leit out. 

The National Soybean Processors Association has been enga(e(J histori

cally in the (Jecisionmaki-g process in Washington, notably in the case of 

issues in international trade. While the top policy makers are generally 
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attentive to 1he overall framework of expanding trade, they expect us to re

mind them of how the specific issues and cases that affect our crop and our 

industry can h0 fairl'y resolved within that framework. 

I'd like to outline. ;ix cases of action by the! Nation's soybean processors 

in the past few years, which illustrate how an industry committed to expand

ing trade c ,n take practical steps to irilovoe its pirospects. 

bl 'L. iVUIl-J 01 ..- .= I r l.l1ll .. 

In 1976, NSPA ohserver, that international bank loans, for which the U.S. 

provides capital, to palin oil prdil(l:in l c.)uotries were effectively subsidizing 

45% of all world aio oil proulcti on, which had increased by 87% in the pre

vious 6 yr. Palm oi! ,xports rose by 185% in that period displacing soybean 

oil. Palm oil was ch'llehnliinq the ahility (ifdomestic edihle oil industries to re

sp(ond with accotlliolations of price aid surppiy in the free marLet, and it was 

forcing thre fractionr to carry tireincreased cost of producing oilseeds.proleinl 

Ti riqsor!;i- of our iridusty was to urote the U.S. Govenirnent to with

draw its supolrt for inlmnational financiil arrarfrtn'erits which were sub

Si(Ii/iO(J palm Oil litu(lIction. After :i(qtiirirrq vocal allies in the Conress, this 

)oiit of vi(ew lt mately prevaile. and iii 1977, Piesident Carter instructed 

U.S. d(el(,atIa to World lia,,k comnittees to reftrain from votin for more 

pall oilloans. 

The /)riticille at stake fir tir,de, was artiher: was r which violated hy 

ficially loweritil thelcost handicap on piroducir., ore particular oil-hearing 

crop. Free stems the of the inglenuity behindtrade frormi iiit. ii pr(,odlict, 

its plromlotioln md itsinrlher:lt l aactlrisli(:s,of cost and quality. [ot if a 

(jover;irr t, or inirrtiiral fank, qiveS i product air effective discount, 

which r:olilloiril tnJdict', flon't receive, lhe colilhititii s5 neithelr equal 

nor free. 

CASE NUMBER TWO: NON-FAT DRY MiLI( 

li 1076, tnr: ELhrtilofretl Coiuniity (hlecidell to try arn (lft rid of a mil

lion-tori surlus of ni-fat its suhsitlred dairy farrmerb hrddry itilk, which 

produced. Th, nitloiu(ini requir Euripean irnl)orters of protein,it ci rose was toi 

rmainly U.S. soyhiean i.al, to pay hletrosits ilit, unle'; and until they bought 

arte(JUal arHoitit of skiri milk powder, which co(uld als;o Ihecompounlded in 

anirial fees., Tir; result wars the! loss of at least 200,000 tons annually of 

U.S. 	soyr)ean irreal exports to Europe. 
The response of NSPA was to secure; lie coopewation of the American 

Soybean Association and file a formal Confllairrt under the Trade Act of 

1974, derrtonstratinth fratthe Europe;an import deposits were a violation of 

the /ero-rluty bir,lings on soybeans ant meal that were long a part of an 
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existing GATT agreement. The U.S. Government took our case before the 
GATT, and a GATT panel essentially vindicated the principle of our position. 

CASE NUMBER THREE:
 
BRAZILIAN EXPORT SUBSIDIES ON SOYBEAN OIL AND MEAL
 

In the last six mcnth period before I1heeffects of last year's dro-.ght in 
Brazil, Brazilian exports of soybean meal inrr: m,! 6 ,1 1 . ... ,, . 
ports rose 16'.... same OctoberIn that 1977 to March 1978 )eriod, Brazilian 
soybean oil exports rose 1//,, while U.S. oil exports increiased 31%. These 
figures represlit a trend beguni' several yeals ajo. Indeed, the share of the 
world ieal export inarket represented by noli Amer ican soybean Ical equiv
alent trade increased from 4% in1958 to 25% in1978. 

As the dinensior of this treed bcarre sharply evident in 1976, NSPA 
concluded lht the ea (,n ,s tO ie ond in the export suLsidies granted 
by the Braziliaf, ]()Vr eni () lheir dorriestic crtrshers, enabling them to 
undersell both U S. all otLOlan processors in the big European meal roar

tuxe+'sinC011 

tradiig had the effect of subsidizing pirocessors' exports of oil and meal.
 

NSPA logan dlisctisionn; with the U.S. Governiert which led to 


ket. internal Brazilian on , Mercladise circulation arid futures 

a bi
lateral agreerllel between the U.S. and Brazil under which the export sub
sidies on oil have been pIased out. But not so the subsidies on meal as vet. 
Last year, NSPA foirred a special Bazilian Trade Policy Committee to de
velo) Comp)reh,,nsive (o1Currentation of the evidence of the anti-competiiive 
impiact of Brazilian export subsidies, and to press the OSTR, IJSDA and the 
Department of the TreasUrV and other U.S. agencies to seek their elimination. 

American -,)yhean processors don't shrink from ne:tin overseas corn
petition with the hest products wei hive to offer. But just as we emphatical
ly opposed the U.S. Goverrnment's e'l)anlo on soybeans in1973, we've pro
tested foreigin (jovernments' intervention in the worll system of oilseed 
supply. Free trade is rint only comiproniisd when a n'itin's consumers de
mand a foreign prodhuct and the nation's govern, '7t slaps a tariff on it to 
limit consumption; that is a forn of deand-intertererce. But when govern
ments contrive lower prices by subsidizing exports, that's a form of supply
interference, and it's (qLuIlly a compromise of free trade. Just remember that 
free trade is infringjed by !lovernmnts to the advantage of industries in their 
countries. To defend free trade, the industry whose competit ive position is 
damaged has to appeal through its government to restore free competition by 
new agreements governing the trading corminity. 

CASE NUMBER FOUR: THE AUSTRIAN OILSEED TAX 

In the spring of 1978, NSPA learned that the Austrian Government was 
considering imposing a regulatory tax on imported oilseed products, and we 
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mlal:le S.utnT repre.;ntations to U.S. officials to prute..t the Austrian idea. A 

letter it Secretary lqIc'lilnd ahout lif issue noted: "II the (teural Igoal of 

freer adci is t) I y to cllrent tladle Muste!iz(:d qtltally, sjpecfic barreins 

IoIlie lihiatedi." ] i ,:C [ )ii l tllenI .'Old(d O l0)1)ositiol, ,:)ld after 

tie AnLIStii' (atiiviuri0it (1e'TI d to sih i,/ethe! prop srl tax, Secretary 

Ieiolaliil oviol: hlick io J 'e",s iy ' 111;hityiii qov lnnii'it "apile'iated tile 

lli rt -d OtT lii/dtIi,ii."ad Vict, ,Ile: i olrlilli i ;l1) .1 it , i, y l, tllT 

CASE NUMBER FIVE: LOWER JAPANESE IM2ORT BARRIERS 

T is;y'il t1 ,-5. h1JiIOt(iii I isi trjlt.Iil:ttth iron: iiJ pa c ipats an 

Li<ji: :.l ttor t'olw)t' h in l i(,yh lie u ,i'tof the iO w GATTni.0 a) y ii ii, t 

a lT(T ,MVieulI 'i11d 1.'i ) t IA,ilh 'ati 0n1 t iitt ild ]td hi ' .i I iih,1, rif i ; 
1c , ll~ i c , c t.. ) l i ll , : ,l, l'l lt<l i Te I.u sJiinfioan t/ ) ( lilt, 


tel!,>l~~~ll1 41'iiiiq,
t ~ ti (! ll coi.l, , ;,ll(1%-';lilts oITi 11"'J \ l d Ii.!m;ir Iec 

pi'!,ilt-d! 111,i 11 w , H~il iw* tlrld'l 1, i :I lto ' tci~r I "elJ r() d ut ty,, h~in( itl(I (,'I)So y " 

CASE NUMRIFt SIX: COMmIJNICATION WITH EUROPE 

af vi i ii -lihit in),tjijnifie ,nI 11;,,v I l the:t o export-
Y,)V IMttill IIr !
Illi : i'{!)ll (0l t1W{ ' ::<<IH il l lll illle Itt l Y c{Ir';.C learly , 

)(ilki+t If 'il' t lh alh ml.I w"li1'' I j i w x s I,;u''.V1 1! 1lh- ,, VI I heehIof 

sit'l i IAJ 'i t ( '. J tljt i ' I' choic tL!t lo work 
th 0l(J.ijJ! tJ.1, 6 Ilt ,r! t?(it ,liitt)tS -talkers.l l 0%"iIIItHW it, o . andltpolic\/ 

IT le i . lral in liim iTli ht 11ol eld i ur: li H (o el i i t InTe yi sTo adil 
lpl opfg) ? - i fi,ii, has; s()t,[e iln thcJ 1:i'ilt+'' )V'iX/ltl '1l1(1 it hwe l ill : 

Y!:,V tcolicll i,, I-;{)\v y Ot nol'q'1') Of 
" 1

[. i-h'ii ihl:!t !,t ioo(}of if ,'in UJ.S. 

il Brazilian soyl,
it !) l(lilI sItiit i i!::th11i1W ii .(i"SLIJi WA i/ui bean 

TorY' I,i5hiylcIAi a 0i:tW1f)(I <Ii. T:l tit E i opulaii Tiarket. SOi e weie heard 

Ill,' t\ SovTWIal) ieachin 

(T wh:thei tiw lvi 0 D fi lii., this 5rtlokt, NSPA formed 

last yt al a Scvweal roh<al [i.'poit Devulopnuiit Committee. Its Tlimbert, 

'<,Itiucin top i(ectiiiv(.'s 

r.say thit a i[oblm existed i i iii. h of Ineal -lirope. 

"if s,vc;a Soybean processi ' eI upauits, Irlade two 

riten1sIve trips toi Eitiot)i In 1978, ilt: first 'to tilo mheal hiTtlorleis, con

suitor. WOnai assec tht (IT:citdIio instii:ct lpoit facilities andtrade ;ixions, and 

proce(tl<:3 for iTnlcih!:hi anid sanupih/ meal. The Com1imte iA!so made a 

detaile.d s'uleTiinn of j.S. Gu7lt Co:st iieal iJxpotinl] faciilities.The result 

included amidinents to NSPA Mtal Trading Riles, arn.ie hevelopmrent of 

new Meal Expol T!adinit Rules, to isiure new barge shipnent, meal blending
and sample t)rOc Ite that w i ren-ev' an -ause Ilo concern about the 

qurality of ;oybcan m0cl which reachcs o'ir foreitn CLStolers. 

NSPA l-i a!so en,;aged in a continuing series of niet<tings with govern

uit and ;ndustry representatives to expia:' it. se changes, a-d to disseminate 
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accuratu, 10101ointon ahotit tjim ,omitjlxitilLS of extloit trade in soyhvar i eal. 
wNe hosted al soyhiooi meal S irlecir ini Anisteridamn lst fill, !or !..DA aj 
attaiches aot Ah)'A F I II IIe jIII e-l ItIC'1? 11ItVti0iS, 111(1~dlitri'1AChI S(I~TrL(i ill 
'Ndthiiit(Itiirl ewiil 113th lilowl i for US)A officials arid wpIA2ireitotatives 
Sla1te-sile. 11) ithiil ii, WV, litv, "titionied 'I liieei~l NSPA coi1isiiltdalt If) FLurope 
to i'wiit a i I i l i i' v, ilh our 121sfii i d olhfI'i U .. we cl05l1lilt! pfI ii 

'.2 ,i.. i". fr-lto v ) i,( i ;i : lkj Jv (Jy floit: Ilis 

lilA/l pfituiti Fiatf e thii icrha 0111 ii;i, 11M1SUUHtiiiidt e0fot ov th eadst 

and/ to olbviat i iou ii) lIt: iiiLt, iihiiiitr svlnicl uvoirlt 
I)- -z less 

likely tii h, ruuI,) tiltri thoe2 jort telof t 

1iu-f NS t 1w~1'Iitl proiject2
1 5 l dcVIotrtuilt corihitisw The Sil spirit 

lyiuifwdu 15' tOM ,iiiliiiii IIiV(Iuit.2iiii2 kviII, iii ("oveiruiiint if- Ii estirlo 

fortiir trlrit'd , Of ('0iiiijltn :irerodii mid hi tIkit ra r o UJ.S. pir lLctS. 
ThatL spit is 1 11b t2l i liliiH 0 i, IW4O Jii 5y dt!ir) of rr:00, oihici I ft co 
010M" 10Ii ar1iVi tht! VOiLhiiAi ciffit: that rhW fitHiCe rhtrnito for ou-r rcd-
LICS ts IS to 2iiii IiVi1-rr ii(2i itd 'CoiiiC 5t Jbility, thef ftUre41 o tile 
Iworld oilseuI rurlil-rk1 iipei sou~ilio. -1hi 'tivi foi oil arid wieal which is it 
th. hwai ofil tht roo kut cani ily iw frwdi hiojj a li adingu systrmr frc ,of 
ill loror s o.)f orolt otuoliil! Im lotcioi thi iff, ard also lit, reverseSIII2 of 
iiotectioii oi ;uhsiidit Thu sLylwuo 1res in idustry iritenid1 10 coitifllUi 

its action on1 llilI ofb hat trplep(. htCar:St it's also exj.:r'Iie'-. 

NOTES 

Sheldon J. Hatick, National Soyliai Processors Association, 1800 M Street, N.W., 
Washington, 0. C.200236. 



DEMAND FOR SOYBEANS AND SOYBEAN MEAL
 

IN THE EUROPEAN COMMON MARKET
 

H. C. Knipscheer 

Traditionally thu ,V ';t limol iuiri rakut has beem an important outlet 

for U.S. snylhuans iind soyhuar pro(u(:ts. Since the entrance of the U.K., 

Drrojrk a I10ar(l ifoo thu Eoiipu'a, t(:onornic Cuommuity (E.E.C.) in 

1973, th , [.EC. l'rtt iar.st for U.S. soytrirams. This expanh mri,,itl 


si)n of thu InOlilktil jllid Ih, p)o!eOiwl for I(IrwAII inluciatl thf:inportance of 

th(:F.L.C. to H.S. 1;oybum'jl opotlcfhu:l r Vuell 1s to rioni-U.S. soybean nrowers. 

-ffut. (of shifts il 2lE. p)olicy lawv nov htuconie increasiinu important. 
1hi5 'hirltui Ml Ill' of thtu E.F.C. (giHitolral policies onfCsjt ffuA:t Lb 

the Ifurlind for Koyhud l aid s1(1 onln()y,. -he i paict of cha,'pjes in E.E.C. 
pOlcies on thu! ,maro for 'soVlu s aidn ',oyl)ua I I> !If? (lManti ied with 

the help ol aruc(c"iomllic mfo( it- tirt acuoratlty descr,, ! the oetiand rela

tionchios. The study i corfineo to the demand fo, soylheuo meal in whatever 

form it may apjpcar on the market, eithuzr as soyhuan menal or still in the form 

of soybeans. Thus, the demalnd for soybcao a rd soybean meal is intended to 

mean the deman(l for "aijiegat ed" md.,al, eanwhich is the quantity of soy 

meal consumed plus the quantity of soybean consumed in meal iyJuivalents. 

The same econometric model can he used to make predictions about 

future demand for soybean meal, in whatever form, assumiop1 a number of 

expectcd changes in the values of the cdetci minants of the model. 

IMPORTANCE OF I iE E.E.C. SOYBEAN MEAL IMPORTS 

The exports of soybeans and soybean products are one of the main com

ponents of the U.S. agricultural exports. The impo-tance of the E.E.C. mar

ket for U.S. soybeaos can be measured in terms of soybean equivalents (1 bu 
=
soybeans 47.5 lb of soybean meal). Since the analysis of the demand for 

807 
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soybeans is Confinedto the soybean meal omlorhint, the soybean complex is 
reduced to its owal cornttnt, an( soybeansarlS e (lilviti ted into siwboari meal 
e(luivalents. Fig(ItreI shows the flow ofi !Soyllii pri hldtIit )n ft om U.S. (row
ers to the diffcfotot raliket!, io 19J/I. 

TlIMs, e'X;i lmal i'(l ilih h)]', the soylbeanrI;sl d ll joul, 50i of 

crop 1t liol l(1po
iely honjod itsw;y to Ile rtroi lket. 

Ti ill(;"t ile;ogmph11101kNtIfor U.S. sjf1iC'oltulial tijoducts, and 
soybeans io is y o aretilltill'1,fmillild lb: ( )ltlie;uie thiat Iresently 
uniitl i ItheFI. .C.Ill the 19/3 >1H74 wioll, ilitre thiari o(3',of the total 
soyb)(on 1 mi] 17. total siiylw. llirts, weie shiilltiid toc (1 ts, of t 

lthe c()otl iKs
(of tIf ( >1ml Ma; ,(t. This implies that ill terms of soybean 
egtlivliets, (1, 'l,1?1' (d ill soyl)mar , (irowii by U.S. farmer- is import
el, if "'no waylo 001'thi li w I .[.C. thIDesplite extiliordioary high price 
level in liiw: ehlldu yct 19/3, thI 11)72 1914 seasom !iers to he Iepresenta
tiv,,
foIr tli, i',ltivi qopliitity of U S. L C. t(h10 io other years (Table 1). 

TIh mliiit (if dt 11.S. p'idi ct !dtd1( the E.E.C. mayi lio(lJitsi xi 

also he exljresi illuJoll'i vl (1,. (Durs:ir the fisctal Yi 1976, the value of 
1
the,;e exl)orts ()tw Cme ,mi Me k, ;moll()Lteito 010 lv two hillion dCllals 

($1,944.5 milliii) 't!t.IInifilicarit cmt ihitiol to U.S. farrm ilciorle. 

E.E.C. Soybean Imports and E.E.C. Livestock Farmers 

t~oyh: to 

and soyb,!an ll;lI. Impn10it; if )oyliiiri il hay, hecoriw nugligibhe. Domestic 

pro(luctior if ,(ylitair ,witlii thit -.E.C. is also very Iiiihist. 
For hivIotol, f,loii.ts in Ltheorits of tlhe Commoo Mil-ket, soybean 

imports have heot ileeasioul!ly eillOirt atsa liotlteir source 'or animal 
feeds. These imrlo,ts .. for ir 1965, 45% in 1969, ard 58% in 

Inil s) i the I-T.C. occur ooly ill tIre form of soybeans 

ccoiiitltel 38'1 
1972, of t;1 total CLule 'ro1t(irirlconcntratts. Broken down into the two 
mai] plotlii- ciriorilwts., it-tthiioinle and lysine, soybeans supplied about 
28% of 1he ;tethionite 1,i1525i, 33', ill169, and 45%.. in 1972, and even 
more imp)ortantly, ab,,ut 46% of lysine in 1965 50% in 1969, and 64% in 
1972 of the lysine ose'd if anm : feeds in the E.1E.C. (9). Note that these 

percentages reflect the conli,osition of pritein cormetrates used in animal 
feeds. The bulk of th, total proteinl supply for West European livestock still 
comes, (if cou:se, from pastures and meadows. Itn1972 Itastures and meadows 
supplied 60% of the total pro ein supply for livestock feeding. 

Figure 1. Flow of soybean production in soybean meal equivalents, 1973. 

Domestic Crushing 52%,,,Domestic Market 36% 52%" Exports (MelI) 16% 

U.S. Production 100%-.- Direct Exports 35% 

\ Other 13% 

http:f,loii.ts


Table 1. Relative importance of U.S. exports of soybean meal to the nine countries that are nnw members of the E.E.C.a Sources: 
Amer;can Soybean Association, 1975; U.S. Fatsand Oils Statistics, 1970-75; U.S.D.A., Statistical BulletinNo. 560; and FATUS, 

U.S.D.A., 1978. 

1971 1972 1973 1974 1975 1976
 

U.S. - E.E.C. exports of soybeans (1000 bu) 139,853 193,435 222,161 235,280 211,157 264,419 C) 
U.S. - E.E.C exports of soybeans in meal equivalents (1000 MT) 4092.6 4169.3 4789.3 5071,8 4551.8 5699.9 
U.S. - E.E.C. exports of soybean meal (1000 MT) 3263 2686 4866 3-454 23z4 319? 
U.S. E.E.C. exports total in maal equivalents i 1000 MT) 7355.5 6855 E 350 8525 7385.8 306.9 

U.S.- world expo4qrts of soy'beans (1000 bu) 423,967 4-0,,2352 5 774 - 59,15912,2 0 562,359 
U.S.- world e Kports of soybean meal (1000 ,MT) 4504 3990 Z, 5251 4170 5360 
U.S.- world exports total in mea! equivalents 11000 MT) 13643.2 12488) 15E" 5 1.2402 2 14067.8 17504.0 

U.S. sobu,an pro action (million b,) 1176.0 1271- 5 .7. 1214.8 1547.4 1287.6 
U.S. production ir, meal equivalents (1000 MT) 15350 17390 33352 26187 33356 27756 
E.E.C. imports as of U.S. production 29 25 29 33 22 32 

aThe entry of U.K., Ireland and Denamrk was effective in 1973. In this table their imports were included for all 6 yr. 
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The dependence of West European livesteck farners on U.S. soybean 
meal became iarticularly visible in 1973 wh,n the U.S. (jovi.rrinietl imposed 
an embargo on siiybeen expotts. Siio!i th,t year the Common Market has 
given much attention to the slup!jli-; of proth:i concentrates. The protein 
crisis which hit [urloieari huslaiilihV so liall ill 1972 1973 is plleiaps merely 
a warrning signal if a sitoatniri, whicli, dliei Ieteaml, rrin;ht force the Corn
muInity to reoriinlate its Ilisih)(Iry il te near future oi even the whole of 
its agriculturc. Vachcl lt. (!) ,nto, ihkIyoi ,,h w iVrh:te fOilthe 
Commission of the [. .C. ill the yeal illilndi tely followinlI the crisis. 

NEED FOR A' E.E.C. MODEL 

Sevelal :eoll)11 ii: aiialysl t s, eoc rtiiuted iiorh:l. iiitirid:ri to describe 
theWd(maIld fol oyhkeanic dniil t.heir toodocIts (4,5,G,7,10,I1). However, most 
of tiise alnalysq flilv: treziteil tie dinarid for siiyhearis aiil s(iy)ieairi products 
lay the E.E.C. as a 1,iopotimnial lpii t of tin ifl(lioriate wuld (ernaril oi U.S. 
soybeanl explts. ()r. liay iu'stiwfi the co etriis iif ichil a ll ppioach 
since th: asI fiili, :I in qfJtllate world iilm el for only a part of the world 
d ;eperidsoi iPer:,t i,iil nei saAJ ply cioilitio,, fir soyuians and soy
bean )rod(li.t, tiif CI thi: policy of thethri(ihtl world. 0wy nriiitaural 
E.E.C. a,at, t i imd aii i monroriii '/i hl (d cI nditi oris iil . Cor Market 
11iAt ire t norn H i( ift lhi t f iur tile noni i ni i the rest orfthe world, 
alr(I thil i.fii, r t i lye:l' ddiqsifed 'i cific flly tii ev;luate these "on-

Iditions. It 11r,1l"ihc y i ich !, "t,' ic l F .[.C. factors" in any irodl 
of the rarn ,t! flii 1 ,, , r u (d.) Ithjr ii;jti lct ;. 

TiJH [J.a- . it *r tii r I' oVi(1 tWo i s ri" pr ia:hes for the demanid of soy
bee, ,lm oyhri 1 ir iets: ih thre,. nra kit itlpriiiei and the two market 
approach. The: thre, rii.. I it ajpproach was (devilo)jwi hy Houck and Mann (4). 
Their mil car rues lhri inipo tat eiar acteuistics: (a) soybean neal all( soy 

oil are joirit puodur:ts of the cioo,hiir indtstry; (b) there uxist three distinct 
markets for soyhuan il, meal arld beans, and (c) there is rrore than one mar
ket for each i)rodLIct, s:h as doiutestic lJ export markets. This is their rasic 
analytical framework. 

This model is still v:ry poplaar in the U.S. Essentially the same model 
was used by Matthews, Womack and Hoffman to gunerate forecasts for the 
U.S. soybean economy (8). Matthews repeated the forecasts again in 1973. 

The two rnarket approach was developed by Vandenborre. A first most 
important observation Vandenborre made was that for soyl'eans in the U.S. 
as well as for soybeans at the export market there was no final derrand for 
soybeans (10). Thus there are only two export markets: one for oil, shipped 
under whatever forn (oil or beans) and one for meal under whatever form 
(oil or beans). Thus Europe imports soybeans to the extent that oil and meal 
cover each other. One should be aware that this approach is basically 
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tifflwit f()rll tilt till((!i rket model of Houck and Mann. It is precisely for 

tl1i', ,'t'ti lh~lt itt this sludy tll! diland for soyhearns i!; [lot analyL'd sepa

ft *i tL t tf) itli iit ttjtrr ' Ofhi)tnt'iI l tilt'it , tl Olple 

If~tt0(1 tO ffl if. w j, I l imt t jt + t for s(y(f tttaitt: tft i, t t l, i ot krel; 

f t le,)III ti, l .Oj 	 t iut s A 1 !r.l1 , ,llcfllcy ,i - l l 1'i 111O 

I T, i It it I i '1 i ll t 1t, I i ii 1 t tll (I tIl!I,I l tl t tif tIil( Ititi i iI I II, "tI 

it' Itil 1i h/ r , II- I l I,-1 >, i tI I ', 

Vitt I i till It I ' tt1 : / li it;t, ,: ' , fII rI t o ' t II [tt lcili,ile il 

x t, l 111 \ '' I,%tt, i11 l it i S et i T hetk );i 1' < 'Y. . .', ' liVitrii i ,, R: 

((ill,! v('r'y h(.';l 'w 1 l {I( II (k+l Ulnderd l e(1 ir~ 11wr~t r~ilm~i tilt', (!I mlllri,HIP,! thIII 

pl, '111ttla (hI '01;-It litit I[It ict(I)surl titiitey,, I itti.:titet, yItI us 
IIit lt , (h ,;mlld' tIfo r i(jy ihi il 

E.E C. POLICY 

Irlitruc to ArIl 1' I Ihu ll, ( If -. -C 1)(liif's ()l the ('Uillal( for Soy-


BadO i tittcee olty ome socts of the
tiotis for 	 aitil ll 	 pok, 

o lprl(clisuitliwlr Poc (C P) h l!d e lutiond: (t) ohjctiv S of 
;ilirf W illttil l JI~ y (hJ) -i (t'.: ,l i( Iti f m dJi r(:ll ltri Ipiodut s, (C) sturplus 

' 	 il k(l t) fm ilyH :l ,,I !( l[Ili I! ) l t ! '. f l wl 

Ob)jectivo,;s of tilt AglriCUlturdil Policy 

1111'',' ' Jtil' )iI i .' ,'i, hKl i. 5/i~irlti, tit ' \ (i 'ii 11 1, i '.lt t t'(l i l 11{l iii
ll ll tim l y T reaty 

hy, B. 'jim iUtiI, lltwds, 

"Ilit" F i ,"lil m~iic: (],rrllim m itv %, , m de h till! of 

Iltl!,, ,l; [ m~l fri~ ; l, Ltilxin fih(. N ihti andt 

",'djlf:fl ,.li,' I* tJw c(,iltm . ,ff tc lti.i o) ! il i ,:ly 1, 1958 , ,I;III)o Ito~ co m orlll 

7 

m i{' 

IITi l II d iw t Id I ,t , o)vt I 

'lt<tt, % Jrltlt I;i ,,jdiolIT, [ i,,nmn irk <indl Jh :tiwt jo)in- l O w, ( rlmm u tl iv o)n 

J'Imthlr 7 1, M{73 

1 - h ' t 1 +ihJtl[ v r ,)f tlt,.c'(Jmim.,ii lit(Iiiiiiii i tl p dh(t:, o~f l i, E .E .C . 

y Il Ill thI tl 1 :,: 1 / ,'t , i t If)i : Irt:,,,e ,;jr t, It i ii ! ~,II I t' y h ) I(o en su l I? 

'I L t %t ; Jl~i - f II,lI iI , JrI I {it c I ~If jI (I; , . r I I / I; 

n itt I k ,t-t 'u (IiW (:I,:,] !? l l ii I lt II h rt i (I .<)f Ito I 

1 lh , l( t t I , l ,,: < s )I t IIe 

111 ilt ) , J;! (i l!b st ,t~l l, ", , l fi f,-, irnl I,. it wt'tv ~ i ill ts T !uS,r, 	 !w h! s. 

o 	hp~!cTIO. tilit! f t 'hlf~,I), t :,! i l !/.! l wl 1It - i ti oll sJr!.')m .! o f the 

f , ~ II ,!r(!> i,J [: f't.h 'il i 1 1 1, 1l 1'):II ! , I I C ':',""I I rII t ( IIrl'iISt it I , f Ta 1Iletl 

; tII (:fl,<;, il) 1 1. ,.;i7 Ic) f II~.! itlld Ol , t, ) [Ilii ij()l[1t ' lev ie s tillo f , ill-d( iti oil 

;))o rt ''l (l/ d~,, l~1t '( l" .l(!£ (Sti({ 111 1 iJl I i 1( l I l), ,t d o(J )rll..,win and(. 

,,-dO ildt II r , 	 t ' ( i , .ill(f l t l' !', t l tl~ +! 

Price Structurf; Of AyjrICUl1urdl P-;,lUtucS 

Basic price- reg(ulationls for cereals, pork, p~oultry and some other groups 

of p~roducts wvere adopted in 1962 and applied uniformly after July 1, 1967. 
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For grain, the target Irrice (the pitodlicers' li ce of a coenliodity) is set in tle 
community's largest (leficity area, Duishur,\W:. t Germany. Regionail target 
prices are set in relaticrn toi the Duishu (I prices minus the costs of translportot 
tion. The inttrvention rice (the fltlJaranteed pi ice for (rmmfinity crops) is 
tied to the tir]gl price, stioally set at 90 to 95''( of the target Iprices. The na
tiolril interveritiori aifolih tities ar. ;orm iiitted to a(ccept during the errtire rar
ketmg seaisoni qojitn harves(ld in the ,morr.rity and offered It their, pro
vided it riwret tite o ilirir I al i tie,.s d!sCilihUd irit the E.E.C. reCIulations. The 
seller i, !oail thei pric:t' applyirig to) owj' of tile three nearest intovention cen 
ters, pl1; the vale1 lid t'I I%,t.) lwh' price is "free Store, Lr disc-harged," 
i.e., the seller liys t!e curti la e t stoatte. A o1,ftiid for storage ck'sts is paid 
only after the iltr vntiori jqouo h~l:; irctld the stlIer's offer. 

Threshold pr ices lt? the rniirihiuii imprlort tic, ' thIhorder, derived!it 
by sUbtract, ig fr(oii to! orniriti tt rfgjt if ;-; tit, rltl fjirtation, handling 
and other coint. ifi(riitr l hotovet-ii or t if , rly al rliilrftirrg center. The 
threshold Iiri;:( er< if hair i lt o tt theil I tierior irtarket against tlie 
rrirrally very no Ich)it .'.orli l rilirklts (Tajble 2). Thi Ivy Liiiouiits to the 
differenceer t ir thI thr,. h, i wl i worldi 


Rritterldamrl). Th' I,' is tio ,! t I "1iiilw; scale tlariff vwilh fully 


- iand, t i iolatrrkrt i:e (c.i.f. 

Itfen!! .illy 
iJiicr' fhri taifti r; TI , comiiiliri w i;'vs., (1,ily te Ivy for all kinds of 

ir ain ,. '' , t h i r hiiII(ji'(l. 

I( if t tl I ;i , - l t\,ni> Marketi orr. wro'C(itrnon differ 
' qi eat I', nfI1 tIi f t itil tc .t+a I I of' h first modi ficationsI I maist 

to lie flljd.,iii l - ii, l 1'lif rodeI s- thelt ole to be the inclusion
 
of one oi mrw lfic ' ,;( , , '' u , i ill ' cs to detelllike tIe effect of
 
chalges of tar)ift ire'l '., t v III: [--.C. a)ithoilwis. Ini this regard, Houck et 
al. (4) ireiltion the silr,tttliillt dI gore arid soiyhear meal, which become 
feasibhl at aw)ipto)rtrirr et rie treiiroiips. Anothe r goal of the E.E.C. price 
policy is to dhevelopi v'oikable -olanion, hihetSS'eti the various kinds of 
grains. Th.e ariiirristration ulholids Ow runit prices (the target and interven
tion prices) f(,! .ach cereal partly with the aitr to keelp supply egual to de
mand, hut also .;ith the aitt to base the nininini prices (intervention prices) 

onl the nulrito 'flueh of each feed grain. This is the basic idea that under
lies the so-called "silo-cathedral system'" (Figure 2). 

This sytem Interds to facilitate the incorporation and the consumption 
of wheat and other cerea ls in tOe comMunity in order to achieve a t rore 
rational LSa0l)0 of community cereals, and to permit the development of a 
natural price scale on the market reflecting the (nutritional) value of the 
grains. 

E.E.C. Surpluses 

The surpluses of milk (butter and skimmed-milk powder) are one of the 
most persistent headaches for the commission in Brussels. Few expect these 
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Table 2. 	 E.E.C. prices of certain agricultural products in % of world market prices. 

1975- 1n71 197 3 1972 1971- 1970 1969- 1968 1967-

Product 1976 1975 1b-'4 1973 1972 1971 1970 1969 1V68 

Soft wheat 124 107 70 103 205 189 214 195 185 

Barley 117 107 91" 137 13% 146 203 i97 160 

Corn 128 105 8 13 170 141 159 178 160 

White sU'lar 109 41 66 12, 1 20,' 28 32f, 43 

Olsee(W 127 80 /I 131 147 131 155 203 200 
. ,  " 

Olive Oil 113 96 1 ?05 1521 165 167 '73 166 

320 3416 3 ,.tt249 1 / 1 481 613 50, 397 
Skiin l ilk 266 139 156 145 112 380 

1,-f 158 162 110 i11 133 140 147 169 17

111. 10 131 1 - 131 134 137 135 147 

Etlq'Ih 131 164 111 159 162 201 151 137 132 

'Soyheji)i miosoyhearLi iiwylimp(orts ar,- duty free. 

iCaflendat ;ear hliurte (first (if split 5eto ). 

Figure 2. 	 E.E.C. grain prices 1977-1973 (silo-cathedral system). Source: Commission 

of the European Communities. 

Max'mum: tarlet pr ice 

Minimum: intervention price 

158.08 
155.12 J.a. 

1A4.97 u.a. 

WHEAT RYE BARLEY CORN 

128.96 i. 

120.06 	 120.06 
118.03 u.a. 
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stirpluses to decrease in the near future. -rh, -w.e( , s f-suffiici(:cy for 

skimmed-milk powder during 1973.1975 lh, lb t ri fwtw:er 12? :Ind 158%. 

The deite' of slf-sLulficienCy is th,! usable lrt it iil (o u;Abhle production 

from iIIdirJ!pu inLJs base matetial) lpiess tl is a1 i t,!iltaI]t , the domestic 

Uses. 

Ortire,,(of sdf ;IffiJ~ncy D-orniestic produt:tion , IO0 

Domnestic uste, 

The skirrnmeimlilk piiv.'dii i, UsedrIItIIly as a SOrHc( of Crude protein 
for feedstuft, esj.cio lly bot yotuil eiI )ioch is "calve's milk" anti alsoti eeil 
for sows. Pri'stnitly, tticC nemn.r,i'ori -rt il thf. rirb(ctio of intervention 

stocks by ,:iiflittiot<l Ai ltit y itti li1 !1s,: (if skirnreil-imilk powder in 
"'calve's ii> " ih- f,,o ;tstff ii itl:ty is aIlv.,1rf t, ,rlttirI te subsidy only 

when/ tIh, , it i t m''.ilki ii '. I I(1 lie preHaration of 
"'calve. ,, riijly .I ac -.i .i ti11! Lilft of m ilk 

pr li t- '11 ; J (1 , i "I" ,ttlff n idusli 31 showsf-L". mI I. the 

quantiti, S , I i i . r : . in j if,,., w ell asi irni!I. t- tc iseil i ats 
tlie tot'1 I E . riC ll-1, I t r w crtj( ;lf 'i tio i ,. 

AIb'ri r- 't-.1 f ttr):.tII;*'. ()t tlh r im , (-In-ilk pot (fti (19/4, 75o; 

19/5, Gl, t ,r iwsn Ihi tIrI (A ii; in ii i inu it i i]i tt-uiirenents and 

t o I rlii,: tit;i,, i iitimo fiit (,A rf,d iTitit ,t the demand for 

soybean rit-!, ', , iit ()f0 wrltes in s imnrnf n-rsilk powtder slocks, becomes 

rath t Sttll. 

Oilseed Sector 

Alonj v ili, uimal, oil-,d prcJtcts are, the main sources for commer

cial animal 	 ftif uotoJin. rho nmsl iriiportrot oilseeds are cottonseed, ground
nut seed, palinl r it-, C()tJIi, liStil' , raJrtt?.,(I, s . tie sunflower seed,seedJ, 

and, abovelV leJ-ans Tit-rii, i'ii isifi meal oil theall, fr<)rrii;in:,. of soybean 

oilseed meal and cake ITIia fet riilt ( !-'ii l ift t3 3 This is dun: partly 
to the hi h crn t of Iyisfr i,ir i ii r (f!iwiiwr ii Srl l ii1 -al, the so-called 

Table 3. 	 Milk produc s for animal feeds, compared with the use of soybean meal. 
Source; Eurostat, "Feed Balance Sheets; Resources," 1976. 

Product 1970-1971 1971-1972 1972 1973 1973-1974 

-- 1 MT crude protm units-A1I0 

Soybean meal 3,513 3,c312 3,949 4,195 
Milk products ltotail) 1,086 1,164 1,152 1,150 
Skimmed-milk powvder 291 332 382 382 

The crude protein unit, which gives the crude protein sontent (proteins, amino acids, 

non-protein nitrogen) of a feedstuff is determined b\ multiplying the total amount of 
nitrogen measured bv the Kjeldahl method by 6.26. 
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Figure 3. Devel)Oment of F.E.C.9 consumption of protein concentrates in protein 

1 - Othe 2 - rapeseed Meal. 3 - Cottonseed Cdke, 4 - Groundnt Cake 

I~~7~' .. *1i' : 

Fishirical
 

r- Soybean Meal 

lt
c 

i ' ,] , i ,;, ifbii u ',/ .r p'. I(: 7V'' /.i 74~ 

"hi( i. f , lo fii .;:i (IJil II :)fihlo- o f I ,i ,l il ltf . Fhr tiir (i-fcir pro

wn 11( , i ({W o de l(ir , ' i t po t ally I'il Im TItt fool th i fi."! irlo i r 
{

q};Itrfc :i;Hw'L d" 01o': "m J L![ , Wt. JjI 11 ,rt, m Lh ( {~ rS 'n' other 

CITIMI'o 11(:1' 1:, 

t)h,,,r fool ,{[ (I J thuilA im ii:.ii~lm (tt~ if )l il cl ',))o b~"llt" ' IM 0)Q l~~ is 

Ilativufy li fIi nth if (f rJ.i ({ 'JXi l ; lie l of till: 4,t rliIi rl. oil iie li 

ui;,'lih, ni.iiti r w m k rl ait i; Ito(lr h s of dii:S, rnt Lb t!n riil t under 
df(J': !Im ml{'tl]f o([(): " I'!Ho,,bil J ' Pro)tuirl o:jbl~vi {;ff .wtil,? the sim ple 

irsi it , 
of r,1Ittislyirnq ..' qudi stlifs ,, :1 voifl ilil it. proteinQ the 

Cu)l ofit, 

,:-of t ( ,f tIerI iisteeIS, f t'-: irriI f t) h , ire irt!,! oif- i !,ktifI iciency is 

In III,, :. of oilseed(s, the import d(peoloeic is ev,.r, mow than 90%. 
Si-,,, ireis Available for tiht cultivation of rapes(ed, sunflower sicr.l and other 
oilsds,,., ir,! limited, th:re seems little chance of an increase to this degree of 

self-souff Citiicy 

Meat Sector 

The s . ont l;simption per capita in the E.F.C. has bten steadily rising 
over the last ',o decades. TAhie 5 ilusluates the natterns in meat consump

tion over th last thref years. 1 he total meat figures comprise meat from 
cattle, pigs, sheep arid oats, erquiner, pultry, other meat and edible offal. A 
number of ooservttions c,:n he made: ( the importance of pork, (b) the 
stagnancy of beef consumption, and (c) toe difference in consumption pat
terns in the different membur countries. 
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Table 4. Protein content of protein concentrates accordingi to different sources. 

Literature Source 

Protein Source Beyer (1) Houck (7) Hoffmeyer (3) 

- mn.-/ or cake ... % crude protin by wt -

Soybean 45 4250 45 
Cotton seed 39 36A3 40 
Groundnut 49 45-56 50 
Sunflower sc-d 40 37-38 42 
Linseed 34 32-39 35 
Copra 21 22 21 
Palm-kerrel 19 23 20 
Rapeseed 33 33 
Sesame seed 40 
Flshmreal 65 60-73 65 
Animal meal 50-65 
SkImed-milk prwvder 33 

ECONOMETRIC MODEL 

Based on economic piinciph s, the analysis of the effects of the CAP, 
and experience in the past, the follow inj model was developed: 

ODSM - f(PSM/PFCC, ECPL. APFU, APS and T), 

Where the Is ltal to, quantity sn'!bcan meal demandedconsecutiye symbol fI 
(ODSM), price of so y',!fo n -al (PSM), E.E.C. p rice of cereals (PECC(, 
E.E.C. profitability index. i the livestock si!ctor (ECPL), animal protein 
feed Unit, (APFI.), av'6 lahility of protein subhtitites (APS) and a time 
trend (T). The rost inpoitont characteristics of this model are: (a) the use 
of E.E.C. prices for cfreals a, v'ell L-Isfo, tlIQ calcUlation of the profitability 
index, (h) theC u'se of animal protein feed units instead of livestock numbers, 
and (c) the inclusion of slimmd-milk powder production in the availability 
of p3rotein sobstitot ion. Animal Protein Feed Units are livestock production 
quantities multiplied by the amount of crude protein that is required for 
this ptoduction based on the nutritional requirements as formulatex; by 
nutrition experts. This protein intake can he derived directly from produc
tion figures (milk, meat arid eggs), without going into complicated livestock 
number computations. The (;ioup of protein substitutes is limited to tne com
mercial protein products such as fishmeal, oilseed products other than soy 
bean meal, animal meal and skimmed-milk powder. Under animal mea! we 

comprise meat-meal, blood meal, offals, feathermeal and other animal meal. 
With the help of Table 4 it was possible to compare the produceu quantities 
with their rebative protein content. 



Table 5. Consumption of livestock products in the E.E C. (g/captId. Source: Eurostat, Supply Balince Sheets, 1976. 

Products Year(s) E.E.C. W. Germany F ance Italy Netherlands BeHux U.K. Ireland Denmark 

Eggs 196(370
1912 

--
14 

15 
17 

12 
13 

10 
12 

12 
1 

14 
13 

15 
16 

15 
13 

12 
11 

19 7 ,1973 1414 1 717 1313 1211 1111 1 :1? 1515 12 
13 

11
11 

1975 14 17 13 11 11 "1 12 13 11 

Beef and vel 1966-70 

i972 
1973 
1974 
1975 

--

25 
24 
25 
25 

24 

23 
23 
23 
23 

30 

29 
28 
30 
30 

23 
25 
28 
25 
23 

22 
20 
21 
22 
22 

26 

27 
28 
31 
31 

21 
23 
21 
24 
25 

S 
20 
19 
22 
29 

20" 

16 
15 
15 
16 

Pork 1966-70 - 43 30 11 29 32 28 30 
1972 32 49 33 15 32 36 28 31 34 
1973 
1975 

32 
32 

49 
51 

33 
34 

16 
18 

31 
35 

38 
39 

27 
23 

32 
27 

35 
39 

Sheep and 
goat niuml 

1966-70 
1972 

--

3 
0 
0 

3 
3 

1 
1 

0 
0 

1 
I 

-
10 

11 
11 

1 
0 

1973 
1974 

3 
3 

0 
0 

4 
3 

1 
1 

0 
0 

1 
1 

S 
8 

11 
11 

0 
0 

1975 3 1 4 1 0 1 8 11 0 
Poultry meal 1966-70 -- 8 14 10 5 8 9 9 4 

1972 
1973 
1974 
1975 

11 
12 
12 
12 

9 
9 
9 
9 

15 
14 
14 
14 

12 
15 
15 
16 

6 
7 
7 
7 

10 
10 
9 

10 

12 
12 
12 
11 

10 
13 
11 
11 

5 
7 
7 
9 

Total meat 1966-70 - 80 93 50 62 77 -- -. -
1972 30 87 94 61 67 84 78 87 63 
1973 
1974 
1975 

79 
81 
82 

86 
89 
90 

95 
97 
99 

66 
65 
65 

66 
71 
72 

88 
92 
90 

72 
74 
73 

87 
92 
101 

63 
64 
70 O 
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Table 6. Annual soybean meal consumption/country. 

1962-1976. 

Source: FEDIOL, Statistical Report, 1963-1977; F.A.O. Annual Trade Statistics, 

Year Germany France Italy Nethiorlands Bellux U.K. Ireland Denmark 

-- 1000 MT's -

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

561 

927 

234 
1290 

1271 

1971 

1870 

1704 

1996 

2035 

2193 

2258 

2120 

2328 

2774 

2960 

217 

414 

419 

538 

569 

713 

726 

776 

834 

1192 

1313 

1416 

1528 

1941 

1820 

2115 

161 

266 

263 

311 

467 

547 

638 

688 

710 

931 

1004 

1122 

1163 

1521 

1492 

1?12 

194 

297 

174 

334 

383 

403 

488 

533 

579 

1031 

1098 

1090 

930 

1391 

1322 

1436 

110 

170 

139 

180 

201 

241 

278 

283 

337 

463 

465 

540 

558 

700 

706 

774 

287 

514 

434 

425 

474 

441 

363 

331 

199 

492 

524 

569 

748 

878 

766 

985 

19 

23 

28 

28 

52 

49 

49 

66 

63 

q2 

97 

93 

30 
127 

122 

159 

320 

368 

365 

425 

439 

482 

331 

382 

467 

544 

607 

614 
663 

685 

754 

z" 

Total 29212 17531 12996 10683 6205 8680 1147 8091 



Soybean Demarnd /n the Common Market 819 

The model was tested by pooling t ie time-series data of the E.E.C. mern
ber countries. Belgium and Luxenbourg were counted as one economic unit.
 
The data. fo& Ireland were incomplete so this country was deleted from the
 
analysis. Table 6 shows'that this deletion was of minor consequence for the
 
E.E.C. total figures'since the soybean meal dernand for Ireland has been very
 
small. Tabl- 6 also shows the differences in total soybean meal consumption
 
per country, due mainly to country size, In order to overcome this problem
 

__ot!differences in country_ size, the consumption ofsoypbean mal pe"ranimal :.,, 
T protein feed unit (QDSM/APFU) was taken as dependent variable tithe model. 

This. econometri c mode', was tested by the application of three differ
ent stochastic models, each based on a 'different set of assumptions: the
 
Ordinary Least Squares Model (OLS), the Error Components Model (ECM),
 
and the Classical Factor Analysis Regression Model (CFAR). .The economet
ric model performed well in each of these stochastic formsalithough some
 
differences aopeared (Table 7).
 

The estimates of the Error Component Model were preferred to the
 
other estimates. Not only are the assumptions underlying the mcdel pre
fei-red to those of the OLS model, but estimates seem also more likely to
 
be true in view of the addi'Jonal estimated values by the Classical Factor
 
Analysis Regression Model. --


Effects of E.E.C. Policies on the Demand for Soybean Meal 

With the-help of the estimated model a number of effects of changes in
 
the CommonAgricultural Policy can be explored. The estimated changes in
 
E.E.D. soybear., lemand are shown in Table 8. 

Table 7. Estimates of regression coefficients from tests bythree stochastic models. 

Explanatory Estimated Value of the Regression Coefficients
 
Variables ECM OLS CFAR
 

PSM/PECC (price) -0.1226 -0.0833 -0.1449
 
T (time) U.0313 0.0294 0.0509
 
ECPL (profit) 0.0146 0.0014 0.0104
 

4
AOS (substitutes) -2.9118 -10-4 . 2.19 50 . 10 -4 -11.7 .10-
R2
 . .68 .85 .82
 
Table 8. Effects of changes in the CAP on the yearly demand for soybean meal
 

(1961-1976). 

Soybean Demand Changes 
CAP Changes Relative Change Absolute Change 

S-%- --000 MT

-10% cereal prices -2.7 -162
 
+10% meat prices +1.05 + 63
 
H0% skimmed milk powder production -0.8 - 48
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In respect to the estimated elasticities three observations can be made. 

(a) The value of the price elasticity is considerably lower than any estimation 

to date. Although Vandenliorie (10,11) abttairad an elasticity ot - .20 in his 
fi'st study, he ari'.ed at 0.40 in a later one. Houck arnd Mann (4) ebtained an 

elasticity of 0.33. Al these cst rnatas hovwefver are cormputed for the U.S. 
manlket. r'owrovur, in) h af threse stmies tir vritcr (ruotes other studies 
that have :t r ir!1I ihhr Stiorr te. HOuck. Pya'- a!d SubotniK (7) ippliecl 
a s'!rkis of I iril s to tri E.E C-, -over~a The: oeriod 1951-1967 and ob
ra.ie(f i f I sticil "arfyiig fr I.rm C,67 to -1.64. ii-, th.- ino.i recent study, 
Houck indI (5,G) ,rvtIop d a '.S. 5>) model that usee; EuropeanRyan h 
livestock Onhtn.-,. This mo.;I povi c; ap i ce tirte demand forf elasticity fo 

U .S. soylh incl ,] , ' 1 'f - 0.34 (O,,.'n cac.'.ilations). 
Th e :la s,. , Ixl at ons for he h value of the oice elasticity 

that 	 is nl awlI ! iin this study. First, tie presence of a profit variable, not 
n11 Ihr rLis inl y of alirc, m il , 111,3 nave d,.iced the, ,Stirnated effects of 

piic-e chinir ,:. >Oir It St COMlll , it carn he ,x,)lained by the price and in-

Come SIA)itilwtr Iii :cV of h E.E.C. Because Of the CAP it is likely :hat 

West Ehropieai COI)OLtIl1lid fe,,d rnaatw:tures amd livestock farmers ate less 
sillnSiti E So ur neal loices than therm iollraiue, Or other parts crf the 

wol Id.
 

()) -,IrII riicrt', o! thre demn d fr soybuain meal wvith lresp2 ct to ie 
price of rivt:rtocklt.,utJ is alas rrerr iowv Again, it ,esembles the effects of 
the CAP ', tC it , ifiiariity vxiatio is to ;efrairl withirn the limits of 
"fair" iccn"e aId "f"' onsriuers prices. (c) Altiouqh it is often argued 
the! the 	 E.E.C. skimer!d innilk-poswder production has a considerahle neja
tie effect on tir demandtr for soybea meal, this , Sative effect .seems rather 
small an tmr.sib!y ienqlilble if one realizes fiat this decrease in miea) demand 

is ot!S1 t turtiy !)'/ air lnci jSe in sos,bean meal utilization required for the 

ploiucion of ths suiplLis. 
In addition to the above eslimated effect, of tie E.E.C. policy, possible 

chan- s in E.E.C. ronetary policy can he simulated. Presently, there is no 
uniform pier' livel vith i tlh E.E.C. because of the freqiuent changes in cur
rency exchange rates. For anricu'tural products the price level is highest in 

West Gernimnry, and owest ii the U.K . It is the ain of E E.C. policy makers 
to arrive at on cnmmonri price level. However, the question is which price 

lesel will prevail. TI, Ofetvanrethis question in respect to the demand forof 
soybean meil is aiiialyzerl by itypotlrcszing two different levels of common 

E.E.C. prices: the Wc-st Gcrrrnon and the U.K. pr;ce leve!s. The analysis shows 
that the difftrerece in so/bean meal demand batween these tvo price leveis 
Nvould amount to al)ut 2.C% of the total soybean meal consumption. In view 
of the annual increases in soybean meal consumption, the difference in de

mand at the two extreme price levels is small. 
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This leads to the conclusion that diffetrences in regional price levels can 
be ng leclt irncase of mi(hile and long term predictions, This conclusion 
facilitatel- !,' ,I of the model for prediction purposes as it appears safe to 
ins. rt atjgr:.j. L EGC (e drecty ito Pie model. 

Prediction of Soybean Meal Demand in 1980 and 1985 

L;CV Of sIltlmation 
n,'ly on te" or it,,, matd rWe(ission i:b'fficients, but also on the 

Ti' .WICCL, thi of s,)yheati meal demand depends not 
()ahiliy 


h1'Ypoid .1:ez d v* hL,> of t.i ',, 1 ):U. 111 of t('
A LO rr,1h , e v~OIts eCx

pianator vardlaL2s tllic part of the study Ibare heavily on the recent work of 
Bode. et al. (2). Poddi. It al. coml)lete) a st of price ,p, ll& in prep
a'ation flo an extt sivu tdly upw t tie dei'mand and sul)ly o[ ag'irltural 
prodcnts in the E.E.C. for 1985-1986. 

The implementation of hese prices w O dt hmainc( model, combilied with 
a rirmiririr Of !ieaSO lbfte asdStll1f)tionls ahout the quantity Val iahies. leads us to 
hl;'I-ve that the total snyhean meal consumption ill 11h countries of the 
E.E.C. between 1975 and 1980 will increase by alhor 2 1.51. Soyhean nmeal 
consourmption in 1,175 (aver:Ije 1974-1976) was ahoLu 10 million MT (Ireland 
incldded). In 1980, a totil co,.nsumption of 12.2 million MT is expected. 

For 1985 the p edicted increase in soybean meal Cornsumlption is 41.2%. 
Expressed in an absolute figIure, this amonts to a 14.1 million MT demand 
for soylh,ati riel in 1985. Both figris mean an averaie yearly growth of 
ahout 4'1 per ,,,, (river a tt:hiyar period. This is a lower rate of growth than 
occurre(d mei the last te n al(t/or five vears. Since doncstic soybean prodoc
tior, ir th, E.E.C. is unlil:I V duriog this per iod, the implications for the U.S. 
expo ts of ":t;qrtulqatud" sy)ryheani meal are favorahle. The E.E.C. market te
mans a ,; im, markct fo I.S. snyirean and soyhean meal exporters for many 
vyets to Coll),. 

Fri L.E.C. Foityi makers, the prcjctioun proves an increasing depen
deina Onrftoreinn ()rotei sources. This 0 ,'perriIency nay encourage protec
tionist measures ah)nt which form, size and effects predictions are very diffi
ciilt, if not impjosSi'lh, to make. However, the low price elasticity indicates 
that ewvi a ratlhr high levy on the imports of oilsee'd meals may have only a 
sinaIeffect on the total E.L.C. demand for soybean meal. 

NOTES 

I tendrik C. Knipschreer, Agricultural Economist, Interrnational Inctitute of Tropical 
AgricultLir?, thadan, Nigeria. 

This sZLrdy was ccrnpleted at the University of Illinois, Urbana, IL 61801. 
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IMPROVING GRADES AND STANDARDS FOR SOYBEANS 

L. D. Hill 

PURPOSES OF STANDARDS 

Gr des , nd standards for (grain i vv'- three intrposes inl a market economy: 

(a) to classify AlI grain Into a ffv. hoiioojteneius categories to facilitate trade, 

(b) to pernit marke, Irarr'ictins on the iasis (;f description, and (c) to en

able buyers 'o idunte' relat~v vt,- i t vrfluw -fld uises. The first two pur

poses ae wat by ln any t it, ::iptivt- ttor :,-, lonJ as the buyers 

stzird~us theirand selhers eccktpt the t t w hliwasifhi tIiansactions. The third 

ptiI)sL) c in remet tht ti i char aetel isttis de:telmiring] Tade canhe T1 it ( (; live 

be telate', o) the (lu irtity alld (alf',f el(d irMLoICtS derivCd frl the 

griains. 
The ideal pjrni St.Jedard Wotldl enlek an endtJuser to estimate product 

yield from thu description of the qirin chacteistils provided by the stan. 

dard. Differ'nces in eNd use './lulm (nUild thentbe converted into price dif

ferentia ls attachtd to each tirade factor. U der coinlpetitive market prices 

these prelililis ol tdi:eounlts would hbe refltclfed to each handler in the mar

ket, to cauh )rducer of grain and even to suppliers of seed. At each point 

in the market chauntel price difieie.rntials nrevide the incentive for making 

chaigrs in breeding, production, harwVUstugJ, storing, and marketing prac

tices, that won Id improve grain quality consistent with cost. 

The prt-itnt system of jrades and standards for soybeans meets the first 

two purposes of qrading but is less than ideal with respect to the third, 

-laving developed from practices o' grain merchandisers rather than from 

research on end use characteristics. , Although soybeans were introduced into 

the United States arounl 1912 and U.S. production had increased to over 

4.4 million bushels (17,000 nctric tons) by 1935, official soybean standards 

323 



824 ImprovinQ Grades and Standards 

were not established until 1940, when an arnendment t, the U.S. Grain S:.n
dards Act of 1917 i)rodpd for the inspection and grading of e.oy)ejns, re
quiring official iiijectir' on all soybeaen movin, it taitlte and export 
trade. Th, ojrarie factors efd wcie simili to those already i10Ll'e for other 
grains. t;e.r,,joh , Imiste!, totdio I,;t tiarll eI]((l K r,,els, Ied(a I jed kernels 
arid foreign emjt,,,,IFactr hiets for ;)1its arid color were irIncled as addi
tional iriPo't icors of (ruality reyori the re(ltlrerrients foi corn and 
wheat. 

S-iANDAIIDS AND DISCOUNTS 

Gracle stanurilds do rlot deterrriner pirice r value. 1hey only provide a 
rrmethod for clescrrihim. ht-k[tiutLeh',utefistiCs of each lot of (rain. The mark ,t 
then ascrjwqvalue h)tut ,ijrad,: f,,ctun II the form of discounts or lrrcn1iLirilS. 
The,,r tie differertt ui re rt,hmliiterd t, ihnqr adti factors ior is the market 
r rire-i toi lfffUre tiit! piCt.' ()I i1ll ()1iJ! tat(! S. For exarmple, rreritirrs 
for jirtte.irl r 'h i Ih v ie, ii~ i isiirror niarui years tlri i(Il;rI.)t(;I 
riot a ficto i t) i iit, i rt l n ithil of irrit jati I ;hi t for(rl:,,l , let.".. soy
beans is f e i Ir) ;, coLifltr v 'wtir irJyr;mi rim fHli-is. Plice 
differentiils fur 'i us, (iu e olti is rt lu'e ovrsilpijly i,, diMarld, ewrcost of 
changlrinj th( laide, mrd orn e! rrnn,,i vili- eril s't. Corisequently, in a 
marlet systeulr1 fift', , 'ljirst t, el!fe Mirnj ul tt r,, flUality (dscouLts may 
lluctuate Over imit ,l/i t.', rr ldr l)e 

CURRENT DISCOUNTS 

A survey of a s..ar .(drrkrlh llmm,,u, and processors showstelvijtors 

typical discounts or tlihr vu,il; gpra(- f,,(
t /( IlLstiatesil die degree of
 
variability ariong hIiviiiciw fwun r ce
re discourts are established generally
 
for each fiactrr ni pplited .vrit.y a saurI
Jnle of grairn fails to meet the 
(iLjality of ih rist pie ijrade. Thissu,: is No. 1 for soybears but No. 2 
for Corn). E r ,itrrr Irrarrarjr iirtire survey was asked to ilirtify the 
I t.ri ii e , , .err ni satirg for tire rl/0iALelt content above 13" in soy
beans rit ch, ,i 1i:, 977. -hTe resporses wre grouped ito four adjustrment 
procedures 1 iii' i). Use of a sinirk forrmula or factor was reported by
46 of the re-im.- -nts. This method rei;Uces thie (iarntity of grain pur
chased by the weight of wlater n'iiv tire 13"., l.,. Shrink tables are avail
able showrrin an texa:t wright a()jutrintr,t ,rarry elevators prefer to use 
a shrink factor that 1riijd)rliies tit' cacCLilatioi. 

A second alternative: is to ieduce the hase price ry a fixed armiount for 
enach percent airove 13. This rirthod is seldoni Listd (only 4'., in thi. survey) 
because changes in baae -rice require compernsating changes in discount 
rates. The third nrethod avoids this complexity by setting the price discount 
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Table 1. Percent of Illinois grain firms reporting use of different types of moisture 

discounts, 1978. 

Type of Moisture Discourt Percentage of Firms Reporting 

Shr in forniCi' C)r fLj,:tor 43 

[J,5.- orrtfi pi fci-rit of h'C 26 
Discuiril of CCt) ;.-r fi)sheil wr point 4 

PC~i lin irIf t !,hor[rikdild HIScO tLI 23 

efpIlualto a p,frcnt of t as i riEl-. Ircreases in base price automatically increase 

the disount. Thu diifouit -,'stem, reported by 30'L of the respondents, is 

estbilIisht!( ILs tIllI'y to () U r,:ti t to r (lifferences[o uiiight due to excess 

vw ,!telr iri to irlcorpfrtit, (<.tA i (fIfYln ot locil lei lt arld s iipply condi
tions. ! , ilt1) 2 dilcno isrtited thai thi Iiitl o is quivalernt to the shrink 

factot. S 'Vt,rr tS 123'J LF,,d :. 1 :Coi I bi ti on o Sltlirl., plus a price disl ttantill 

(l This p ttti C iit f C t , I i I it it, , allow ing marketto ucs,: 

forc, to ilfkji'llci thi. . o9Cof di f', Ii ;io i it t h Ils. 

Th', vi; ioi 'li),stirfl dlSCe)L fit .i (ltJi iY att"i1,its to etiuit the value 

of diff tent a1 1les -,iilfIC ,,ati' fffh (:ofis ot iiqradiini dryin o 
11 to costs). 

Fluctuatiotis iti ihws' ilis(:,uotS ovrtj iime suwd st tbhat uppl'' and lemantd of 

I,, t i [l lIjtivst ti d ul lIflLI;fC't iiscourt.lsf() tlth 

Illt fCP ' (A W ' il I !- tl' (tlICOjtutt hoi vety stalntij') 0w lkcnl ardized. 

Al1 .) jh G , th ff tt i 1,01 ci)!uiiin ' r li(;outit tfu foreigni hl' i 

rllfzittial , ,illlr , ' p pulttpil a I(IL Atl iio IC th: )jitChisr, ,veight by the 

w -itiIt of I tt 11i't il i!Uov! '1, , id.ritilef ld' tlh tian "dockage." 

This ilipli:il so ',lut. tit tltih fir"!l 1"' of IPIC11ill rlt lal has the sante 

ViIUC 6as 0 1if.)oI SO OI. i F '.1 )v' ] bI t 'iflt ViJlLW. 

The oJuil, f pijts l V lio!tiItt itt the disfa:to . ItO'Vided !i lmt(i (slitlg 

Coitit i)li.Citmi S. Tht? (Irad, stinilardr s allo, onliy 10 ,.splits for No. 1 soy

beans. However, 67' of ti gn;il firmi$ rtlJ)ortit Io diScoLintS wiee i,ed for 
the factor of splits. Thc t ertining 33', ,phed discounts only iK ,plits ex

ceeded 20% of the total sample, tht- factor limit for No. 2 soybeans, not 

No. I.Test wr'ight also indicates variability in tlte disCourts reported. Nearly 

onte-fourth of the respondents rel'orte'd usinj no discouints for test weight. 

Where discounts were used, they varied fron) . cent,'u/lb below 54 lb to 

2 cents/bu/: i below 54 Ibtable 2). 

VALUE-BASED DISCOUNTS 

It is evident even fron this limited sur m-,; of glrading and discCuAr-ng pro

cedures that the industry does riot consider all tirade factors to be eiually im

portant in measuring quality and value. Sonie iactors are ignored -requently 

in establishing value, others are given widely different discounts by L ifferent 
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Table 2. 	 Per,ent of Illinois grain firms reporting use of different test wieght dis
counts. 

Type of Test Weight Discount 	 Percent of Firms Reporting 

No discount 24
 
, centbu/Ib ,.-lnv 54 lb 47
 
1 cent'bulb belov., 54 Ib 12
 
2 centsbu'll) belovv 54 lb 5
 
Griduated scale for dJtfi'runl 12
 

values below 54 11) 

firms, whih )th- !s lwc; wually moisture) are discounted on a relatively con
sistent a!d joifurm as.. Thts, variations nay raise (ueStions but they pro
vide no fIctuaI)l tr) On lb[lb!ri,'ti ll ) DetvF-en grades discounts and 
valoe. Alt hftulh PInI [forr te i 5 seed.le n- tih relationship between 
gladt factO) n l 1 LIfql,.,lk , I - uil i itddsco-ints, a proce(Jure

< 
"J11i i~for caICLIl;.:[l'W 1, t:,,,,] ' r l', <[:t r ;Ija h, -'Ic:to' (if fo reion 

maitutial F 	 1 

F .I i" 	 -, , I p 
low yi,, if prot- 11 a t ol but It ha, V;:110 'il prUc'essor. If the foreign 
onateria! 0 0)01)1 . t )S I ;;ld a Va1:;- ("A., 50" of tll,- Vlli, of whole 
bet-a1s), ti" vaILt- ot oyhnans corntiinj any it eot of IM canlIe calculated 

from th formula: 

NtLv!i OBf ,I <CrM.t c s of %oytleaoswith a 

whef-: VF3 vale, of scyli'ai' eonlaiin; a given percenl of foreign mater-
i,-.P!3 _ ric ), llef] , P , n of f rat rial, 0 quantity ofpr;c(' iprior t -,gion 

beans including t,)rin i n iut ial, "0 V/B percentp- of whole Ieans in Op (i.e. 
1 % FM) andt %'KFM p rcont of foteitin naterial 1i 013 

For purposef; )f ilu ltr ion, set th,. Imi ice of beans at S61hu, the price 
of FM at S3,'b.i a l FM t '<f. fir foi lrtlj then h-comes: 

V -S6.00 	 (.95) + S3.00 (.05) 

V .750 015 

V $5 85 v,'1u, .if ,ea!ns with 5".' FM 

The calculated vahjue of tho lh in, (VB )) bct:oarpred with the discounted 

price hased on the acct.pted (aC;.Tice of th,< tradt of sUbtractino the weight of 
FM atove I' II se1llinq one !)u of in, with 5":, FM, the producer would be 
r dI; On til' l)asis of 1 .04 .96 hu ,if f :;p S. At the assum d prica oif $6/bu 
the discount--idl ciivould be S5.76 in contrast t. iS S5 .85. The price 
paid for soyoans colning FM above ',, will oe less th.io its value as a re
sult of treatring FM as dockage above 1 - The difference bet voenn calclated 
value and the dr;fccoit v, pri.ewill be greater given higher prices for soybeans, 
hither percentage FM and higher value ot FN relative to whole beans. Only 
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at FM levels near or below 1V does thldockage system o" present standards 

return Iuro than th, COll,pUti' value formula Since the stirdaiods allow 1% 

FM at no oiscolru t, it i5 to 1() r pi;toratO Ip toi the aivani,. of th, .eleto 

1' of FM i aiy lot of iwlii sol.
 

LIMITATIONS OF CURRENT STANDARDS 

l ii; I h''l ! y chani s ill limits forl[dtivt'i',' thb (iniide soybean 

stamilarnlr onur t)4,. .hy h pfioInvr a [)xsis for1) .' satisf rtorv aIs trade and 
meet thu fI It.'> tbjtlivo' f starildards. Recenitly, however, questions have 

noen ralise(I fn()nc, I i it it sitarruailsrd to retlect vItl( in process-Ilrni ! y o7 

ing. Ther is hitti .:,u ric- th,;INo. I ,)yhan; will yield nroie oil or soybean 

iu than No. 2 o)rNo 3. Nt i o d CrrerIaIiunf hetween1 the (qualit'/tIiht'e 

o)fo)il or r i o i th, ;Jinrk J! (iad of the beains being ilOcesseil.i 

1i, 1-,;1(); 1f (1 t oun it s l iar; iaIready some major!I ( o(iJeste 


i tl~ I s, i,(n"S,lii iurrtnt stanlnd, huniv live deficiencies
H ,),'"Y() as 

aI in, u! :,1 (!, ilOe II!, ilictitet wirlil olkt t: (i) the mostth11 on)p 

11111i)WitFi t , 11;1 : ; III TIiii S thO' l( )iio IiS (pfottlln inln nil) are ex

C0_J. i fl Il d [lui ,r not ill th: faictors riov,' or the stanidards( n rrom 

nave ec iiillrIL illt hai "ho)l rS, for rliaeilI inclides any 

natciiill pli I hrmh i ich scti r, arid I; t(nnially subtracted asWiit", 

dockilL fc i iii , ;'Tit h I I Uflhiso(il over. t1htIn h it C;OntaIS mostly 

oiec oft ls , , ( na\ in ,i [in liMI or its OilPac'h factor in llre, iTIMI 
i o l i Is l:, rihraa'l iti lin, of IW,.IiO , ,fdifflurirt r1trality love;S tOn i (I ; 

'ilt 1 '1 11 alljllot'i ieamisir ttiiir, ,)It in ri;terial, and damaged 

- i , 1ri ' hifrnr liCtiStw(er n dti thiift of heati tsii () tlamage are 

tioo ;, i . uifta t LsiMI thler CLiriiiit saill .t ,5( 
1

-.Yllh 

Exclusion of F(o.rinitic Factors 

The.(: * r -f (ii aid Irroteir, -onitrnt from the stybean standards 

is illJIa;rt ill i Iilt :f I Ic I f e(lriteJtiit fOt rapIi lanad accurate measure

fnoe.t. As ttiiin,i ' :)in,1! is fttlrher i0iin d, these fieconre candidates for 
inclision in ftiroi, , '1n. Meanwhuile, some ptocessors in the domestic 

nrarket£ finiti it ilvu, t; ) tI,i) idunltfy areas where they can pur! itrodtiction 

chise beans witei ;iigh i ,. !nd pi content. Imlporters are,,irl in gcneral iess 

able t0 Ir',.,tfSUCh solo:wiT 

Irrelevant Factors 

Very feni oif the flrcto's in soybean graide'; ar, based on research datai 

justifying t;wir reievance in determining value or quality. The presumption 

has been that the original fa,ctors will be retained tintl proven useless. Re

moval of anV factor will therefore require extensive re earch for justifica

tion. Thc storability and product yield of splits is nut well docImented in 
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current research publications. Heat damage at levels below .5% is also of ques
tionable valLve as a measure of end product yield o quality. Prelirninary ie
search relating test weight to oil anI protein cont,.nt shows no significant re
lationships. 

The grain inspection (lepartnment of Champaign, Illinois, prov:ded 104 
soybean samles wim.h were selected at random from deliveries to processors 
during the mo th fJ January 1979. An additional 10 samples were sc'-cted 
from the Univer::ity of illinois to incorporate extreme values of oil proan 
tein. These 114 samnpl)es were graded arnd all grade factors recorded. The 
Northern Reqional Research Laboratory of the U.S. Department of Agri
cuhurt,, Peo,ia, I iinois, determined oil and protein content of each sarmple 
using an infrared rIlectence type analyzer. The sample was ground as Ie
ceived for analysis rather than Soring out the whole beans, in order to main
tain those characteristics of ti e smnplie causinq test weiglit diff rences. Thc 

results (i thic 'naiysis are su!Imninrized in Table 3.None of the differences 
are statistically si(rnificarit. Protein shos a dcl'in as test weight increases 
from 55.f to 5/ 5 Il)b'b1 hut th( high,;st protein corrtenL is foLfid at 58.0 
Ib/bu. )iI content aopears icrease viih twst sseight between 55 Ib/bLj andto a, 

but again, 
Tha corelation hetweerr grade factors and oil amd proteir was very low 

as shown in ITable -1. Imdiuirhial grade factors clearly have very little explana
tory Ipower with respect to the two chemical In operties of greatest interest 
to he processor. Additional research is needed to provide rapid reli:hble and 
inexpensive iethods for detrmnini value in endi use or to relate chemical 
pronertifis to readily measured physical properties. 

57.5 lIb/h, the treio reverses at !1B.0 lb/ho 

Definition of FVIl 

Forigin mtrial 1i soybeans richiles any material passinlg through an 
8/64-inch screen. Dirt, weed seeds, and other grains are not diffcreritiated 
from broken sieces of soy)eans. Corrseguently, the percent of FM does not 
provide accurate information on the value of a lot of soybeans containing 
FM.Treating .M as dockage underestimates the value of soybean screenings 
in soybeans. Where FM is primarily piects of soybeans the grade system 
should encounrage payment consistent vith value. 

Table 3. tela;ionship betwen test weight and protein and oil content of soybeans, 
Illinois, 1979. 

Test Weight {Ib/bu) 

55 55.5 56.0 56.5 57.0 57.5 58.0 58.5 
Average proiein ('J 41.97 41.56 41.22 41.28 41.10 41.00 42.6 41.75 

Average oil 1%) 19.56 19.67 20.05 20.02 20.13 23.28 19.65 19.75 

Number of samples 7 8 20 31 29 15 2 2 

http:cont,.nt


Improving Grades and Standards 829 

Table 4. Correlation between sotrbean grade factors and oil and protein percent. 

Protein Oil 

Test weight .077 .016 
Moisture .112 -.096 
To',al dam'lag-; .022 -.095 
Forcing material -.055 ..109 
Splits .055 -.102 

Multiple regression (R2 )  .06 .05 

Incentive for Blending 

Numerical grades encourage blending. Blending and commingling of sub
lots is an .s .,rt ial operation in a large volume grain industry. However, a 
grading and pricing systun that provides a piernium for incorporating a small 

percentage of screenings, splits, other rains, and damaged kernels is not 

serving tlt, on1g-rdn hest interrsts of the entirc qrain industry, fioml producers 

through consumers, rflst exipcrt heans are so,(d on a contract cail ing for 
grade No. 2. This means tiat the bez.ns iay contain 3% damaged ke, nels and 

2'., FM. The expnrter ilelivt ing ain this contract will not be a good business

ian if he does net do Pis 1)ast Io find enough mohly h,:n to blend with this 

cargo t- make the, 3",.. This prv ides a goodr mnarket for a farmer with a bin 

full of MOldy ;raie, u t dues it trin iad nrain into good grain just be

cauise it riruet No. 2 st;nd srd,. 

Statistical Rqu ireme nts 

Statistical principles were ignored largely in the development of the 

grain standar(ids. Heat damagje of 2 or .3% cannot be differentiated statis

tically using the requi red sLiniple -,f 250 g. Fhis difference is equivalent to one 

h,:an showin.l heat damage. Random chance and sampling variability are 

greatot that) the vau,, fo drscriiinating between grades No. 1 and 2 on the 

factor of heat (darnage. 

Arbitrary Limits 

A final illustration of the arbitrariness of the grade limils can be found in 

the limits for test weight. It would appear that soybean standards adopted in 

1940 were developed out of exper'ence with the standards for corn. They 

generally include the same factors, and hay' similar values 'or damaged ker

nels. The values for test weight, however, are identical. Despite the difference 

in end uses of processing, test weight limits are 56, 54, 52 and 49 lb/bu for 

the first four grades of corn and soyLeans. This becomes even more surprising 

when related to the lega: weights per bushel. Corn has a I-gal weight of 56 Ib/ 

bu as a basis for price, and, logically, it also has 56/Ilb/bu as the test weight 
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standard for No. 1 corn. Soybeans, with a 60 ib legal weigh:, have a 56 lb test 
weight linit for No. 1 grade. C ,'i 'nd sov he us h .ediffe, ent !eg3l weights 
b~ut identicls test v tehFs as indic . ,,fen 'ity, 

These and o IIinitatiti's To il if LI S it a id stafilf II(ds fcr 
soybeans derno is,*rateW,; need for a thor , rih , I r ) o it standards 
in light ,f ,n tir.. ,!1.c t ,P' '' - h 'Iftir s paper. 
A lack )t ' :r o ro tui ticelor ) , riOf 'i, irfifC ', '' I ilar, 

men d,it. .)s for ch ii CUI)i h(I( LI .i ,r i the I see chLS IIIrt n Jl : t I I! 


results are avalIaii .) 'i Oi1,.trr t th th, r ,aSl
,viSiuri .'/li asp thu, efficlen-
Cy of thp Iirke r, l )I(duC( vI In eI I x.ce uf -the costs. 

THE BASIS FOR UNIFORM INTERNATIONAL STANDARDS 

rI,/:-i i ) (jii ,e i inf) ll, / Cej tie , )fthe ,orld nriustbe ac-
COntllaci hi,ii I ,-.i..q ri of 'Inlol, SoioIiStwJtrcd niketing system. Ii 
IoTuSt L Ti t >' ies a:, en)d stLneardS will be needed to 
f:cilill,ti idt I),,I:'ii Ti),: stehctitrl should m eet .he three 
n iul).I'S * I , ' 4jaiiph of his paper. In gjeneral, the current:tottO ' t ';, 

LI S. (p Jriis tari' should lot he adopted In these new mar
k,:tso nih l fll[I onductfi r ietu :ciornic analysis of the alternatives. 
As 11 !li,)iXi lits 2 iarkets, as or sellers1 i Wi; ,thu either buyers 
Of s If,, I-' d jrit,-rw lisifor increases. /4 diversity ofl fe) hr tr:dte 

coout', itI.: ,, , , :, :if adds, L M iil il i.,tions to the cost of 

ruaiketiii A 'i', 1 o' I 1at' ir .,iud ld imprave corn-
I rILJWltic1 .,[! : h),PIii' Jr,,,. 1o . tw e transfer ofh-rxii- fhclit t 

)hyI'IOfn fI'ei'()( ' '' !-C-1 lId rit [lIt:t1tii
I in tr 

If Ilj I rdi at IOf i tIe oIieitlirilgth () .!{ ,I I l stind ted in 

P.)alu.iral )of i, , .iCC itot? e scavh ri tr:i[!eiS nr th i, l,[l)hl !1s i 
theln ittnifyiii i i ii t On 'ioO tll viii l iiJ hr possible. Tlhe ,Clatinnship 

ht'.nC ) :Iup I'ti hi i ii is and erul CI yi,'iri fiannrI CoLSiStent, and 
irle-pe rdent ()fc'oltrv of orioiir and11Ls(. It e.1 l, e.Mails for research to 

find those 2- n pt''' measuralle qualitius thait ire riiable indicators of end 
Lve propnlties. Ar uitfru alonal research conference is an ideal forum in 
which to iIta' I tie d iscussiorn of international oybearn standards. 
this tonic 'illis on the agenda (,fthe Thi rd International Soybean Research 

Confere ri. 

NOTES 

Lowell D. Hill, De'artmert of Agricurltural Economics, University of Illinois, 
Urbana, illinois 61801. 



ROLE OF SOY PROTEIN PRODUCTS IN ' ATIONAL DEVELOPMENT 

F. H. Schwarz and J. K. AlIwood 

If there is a ole for soy piot> r, ~oducts inthe process of national de
velopment %'.,ehould Li! ble to ,.scrU, i ndi ts ramifications and state 

l'onq w-Ith th,:r11,Iieaat1.1sSpecific ex ,i).P+.s to public policy. Many econom
ic advart0,2s, both m i,-f, I n ! r , , ccru.d from these products in 

dveopi no. ytars. 
I o(L,. 1 (f say pr ir)n a develop.t0 o: u i products in 

0> rI( ... co-rii , comn points:-nt!t' my nts a:.three a 

C;Ot ',)(:;" tA I ' 'ih,'t l ant aspects of atonal develop
me)L Iprirn'> :11i.nos! of :In- J(rlcalttrz l .ctorl, and the rule of 

thesu productr n n mr f:1 ( ' 

AN OVERVLW OF SOY PROTEIN PRODUCTS 

Soy ploteil aro(uts_. to ' nutni ,n,, ,iOnal and functional food 
ingredients used prificipai y :y; ,oo,, i,;ocr ssrr;industry. In today's com
mercial terms they ar2 !ot fround per s2 as corLsuner products. The tech
nolog;cal dveiopment of the sa, protein industry has far passed the day 
when these products were considered only in terms of hijO lrotein low cost 
'oods. There ,re a variety of different kinds of soy proutin plrodjcts from th

;)urp fcfined protein powders termed isolated soy oroteins down to edible 
'rpfde soybean meal known as soy flour and grits. Each have their own specif
ic use and thel, own economic and .echnical sdvantages. It is our expErience 
that isolated so,/ proteins are the most versatile soy protein ingredient. Func
tional and organoleptic deficiencies of less pure forms of soy proteins limit 
their application n ood systems. Because of the major differences which 
exist between forms of soy protein products, comments which follow will try 
o.dist;nguish w,en needed between soy proteins. 
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Soy protein products can provide a significant economic advantage in 
food processing as they are less expensive per poun' of protein content, than 
animal proteins such as meat, nillk, ad eggjs. Animal irteins originate from 

:-the biological conversion of vegetable )ro,,, Tihe production of animal pro
teins is, themefore, h:ss efficierit than the direct use of a vegetable proten as a 
food ingredierit. In fact, we have found in he fast several years, in several de
ve!oping countries that even compared tc cattle grown on grass isolated soy 
ptoteins can of fe; a lower cost source of protein. 

In additien to being economical, soy proteins are nutritious for human 
consumption. Receet ii,.estigations by the Massachus.etts Institute of Tech
nology, the Iistitute for Nutrition in Central America and Panama and 
Fokushir., Univer~ity in Japan have compared Lhb nutritional quality of iso
lated soy protein witii nia -, iu., egg- and fish for h nan consumption. This 
sutject is tea :ed1 vely professo,i lv in a hook published by the Academic 
Press (6). Withu t furdher detaiil here the point I would like to make is that 
isolated soy nroteirus, for exa,'nle, v'hen used in meat, fish end milk products 
need Oct alter the protein quality of the original product. 

There Me 1Lmercsusies 'or soy pirooiei products, The first category is 
the use to Supplement animal potein sutip;es at a lower cost per unit of 
protein. For example isolated soy proteins cal he used in combinaticns with 
meat, fish, or milk to produce processed pmoductt. Typical products would 
includt s61,usanes an(dCanlfled mcazs. An isolated soy proeirm solution can be 
rnjee.tri into hains. otlhr whoie nleat cuts, poult'y and fish to increase thbir 

l i ing quality. same soy proteins 
w';th r'flt; Lnd 'I fat source can he used h) extend the supply of milk to pro
duce dairy-lik, products, Because of the relatively large carbohydrate frac
tionl or edible soybean fic"-ts and grits, their ap)lication in this area is limited. 

In the past, d 10o)Ila,, ew t o;ny proteins was the manufa't,-re of meat
like products -IlhIut :lr mneat content. Commercializatio', of this rcncept 
has been ,low tLtie te consumer resistance. In contrast to this, the Important 
business today -1nd for the future involves the combination of soy proteir 

quantit ,vh ,na rcmi their These isolated 

products withi animal protein resulting in acceptable pi.)tein forms. One 
hundred kilograms of beef being used ill sausage production can be combined 
with 25 kg of isolated soy protein and kvaier to L equivalent to 125 kg of 
meat. Thus, vith the existing supply of meat an increase of 25% can be 
realized. In thf, production of hams yield increases of 20 to 30% can be real
ized. Fish call be injected with isolated soy protein solutions to ir-clease 
yields by 15 to 20%. 

Two points must be emphasized. First, soy protein products are being 
used to supplement the existing, albeit growing, supply of meat, milk, and 
fish. Second, the nutritional and organoleptic characteristics of the final 
food product need riot be affected by the addition of isolated soy proteins. 
By organoreptic characteristics I mean taste, color, odor and texture. Thus, 
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the final food prohIct does not require significant changes in consumer 
preferences. This was not an easy task. I,.has, in fact, been a ;real challenge. 
Hcwever, techlology developed cve the? last three to Inn' years hat- now 
made it poSriklh I-Urther tchirnoloircl imrlioveremnts ar being actively 
pursued. 

The second catejory oi as.,f i say prote.in )roducts that Iwould like to 
,
(jifq'wCtiS th f{"tific tioa I 'e.h fiasie In.,ints in e,.rLiis, hiead and cook

is. There are other rnewerii prodU(ts in this categriry of fOitificatiori such as 
drink mixes sandwich spreads, aind other coninroly acce.pted foods. Be. 
caose protein sorces are more. expensive thin carhohydrate sourrces, forti

fied lproduLcts ol a r Lirit hrasis q ner ally cost tore tham their non-fortified 
cint',lrpts. But I l'y ate less e×pelsive th'ir ),ovidi,,g animal protein 

prodfn(s to stl)[n)ent tle I oten(( dtficit'rrcils in the basic carhohydrate 
soarces. Thre use thrse Il thr ( this chapterpr iaul of ;)rrrdrCts context of 
ale . :,,stitutional ft'rlindj pro!]llri SUch ,ischools, Irospitals, anid to the 

labor forces ol lII(t plantation operatioN.Most l ihPS0 institutions are 

COitgern'tIrw-;ith Lhdgjtal',/ C01istait1 en1d t0C rI:;!' rf >oy I)rOt~ill Iioducts 

offers a tcr)O rliiical inri) o (NI (!aily rrotein ie ltilmetlt.'ole illinilrip tire 
tI-re too, soy iio telir ploIrric [ ant, riil To Stlllil l lt tire existing food 

SLil)lly t, fririr (h:l hil'-i p:e p, (Lhrets \\'itihl d it rlihg ia t food alt the 
final rr rdlct's or bno trtic c1m, l ,sti,;s.rr rr 

-0 rurlir'a tilLr rptrSCrii)trifo.rOy pro0til l rrlr'tS ',Pc Can say that 
tlev ' eeommical ,'hirh 'wen [sel Oirel'/' rca he used,e food irlitrdie'ts 

to Sul)Irliirt etax istiril food sLpl)lies Il '1e pI o(liirn of I1ial food prod
uet; withort char uiinltheir riti iortl aInd orgarnhapltic qualities. Proper 

use involve hoth choosing the correct fum of soy pirotein for the intended 
aprhcation and thein mariaginJl its Use at hwels sn as riot to radically alter 
the characteristics of tialrtirrial foods. 

RELEVANT ASPECTS OF NATIOr-L DEVELOPMENT 

Let LS turn to our second poi,,', that of national development. I would 
like to limit my remarks to the ciara!cteristics of development found in 
those countries, ill the Rostovian sense, that have moved out of the tradi
tional starve and have not as yet achieved the stage of flIllindustrialization. 
The problems facingl national development, especially those that relate to 
the food and agric.I lt(1ral sector, are iIleImerous. The first that always cones 
to mind is that of rising p0)0ulatior . In these countries p)ulation isincreas

in at more thair 2( per anllnur (7). 

Second, the people of these countries are experiencing rising but still 
inadequate incomes. Withinl the developing world this increase is reported 
to run from 0.4 to 2.8% annually in real terms (3). While food supplies are 
available fior either domestic or foreign sources itis a lack of purchasing 
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power that most significantly affacts adequate food intake. One of the many 
conclusions of the World Food Conference was, "It is obvious ... that art 
adequate income in cDsh or kind tends to ensure the availability of an ade
(Iuate amount of food fol the family and therefore reasonable energy and 
protein intakes" (3). 

Third, it shold be emIhiasized that fun,1 preferl'ces are a very tradi
tional pait o)f Himv i't(ltire. Thiq dnl s !not 11hit fr-. do notmean prie rericus 
change. What it does mean is that they can he expected to change through 
rather predictahle traditional patterns. Economists refer to this chrige when 
it accompanies rising inclome, as the income elaisticity of demarn; TI:. higher 
the elasticity, the hi iher the 1;referellce heitno( exhibited. In developing coun
tries this elasticity has been shown to be 0.22 for all food calories versus 
0.56 for animatl proteins. This coriti .sts with an elast.ity of 0.23 for aninal 
proteins itl irlistrializeld nations (4). Thus it shrow.s cl'arly the pleftreim-ce 
tow'atdis r1oe feltt o(iducts ir)Th,' Iselopittv!world. 

FoLrth, th'' Crir)litrir J1x' r i g J (ijrrowing rate of urbanization. 
A recent Wo ild 13Il. report drlriarn,'( s this oiit. They project that, "By 
the year 2000, it h 2; c1lie; i tie world will have populations of 20 
million or MOW r01 ehly odmixtiiali,'-d tiatiors. Today's largast urbanno Ir 
are,i N,'w Yoik, har, only tG milliort persons'' (5). This is critical because 
the 'lmh r )oor n1i al rlo r ll rialr ittr ion thal rilal pon1, arid tile in
conie efe(:t or food i;.rntiimrrrorrrs r1r';t rloticetlte irlot (irball dwellcrs 
(3).
 

As ,v(, look rt these ch,mit,istrcs, risin;g pol)ulations, increasin -j hut 
inadegrtate icorileS, tralditiornrl tot chlnginIl food piefeences and increas
ing irianiiation, w e mist fortjs on teir inplications. First, rising popula
tions with irtcreasriril l inia ltt inconmes will demand more food at the 
most economical cost. St-cond, the patternr of traditional but changing food 
preference inidicates that ties'! eople will create new demands for the 
specific foods they prefer and will he slow to accept just any ood because it 
is nutriticonal and has econiomic hurefi s. If one traces the £,xperience of such 
consumer irodUcts as the high protein low cost foods and their commercial 
position in the world today. we find ti at food prefereices have significantly 
limited their Universal consumption. 

Third, increasing trbanization forces basic structulal changes in the 
agricultural sector. As more people move off the farm reliance on subsist
ance agriculture decreases. With the complexity of marketing and distribution 
charnels for food products to urban populations more processed foods will 
be necessar,,. Processing may irivrtlve such basic developments as increasing 
the capacity of abbitonrs, milk processing plants, and the canning of foods. 
Storage facilities and the preservation and packaging of food will need to be 
improved. Food process;ng industries will need to be developed to meet these 
specific needs of a more urban population. 
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These three hasic implications are teconomic demands. They are: the need 

for more foodt ai more economicai costs, the teed for preferred food prod

ucts such as meat, fish and i ilk ar.d the need for more processed foods. 

Havirig considered the demiand sioe, 1e' us now consider the supply side. 

There are limit tlons to hnocoasing food SupFSietl to meet these changing 

denands at economica prices. Those !mitations inClude lan, capital, energy 
management technology, edca :i1and foreign exchange. The problems 

facing public policy-lakers inclu. tie ,or-uitiesfor the best use of limited 
resources, tow tW jtroess of a(ricu ItjrlCal development can best be encour
aged at(l whether the r;Itof deveI(leprieit will be sufficient to meet the needs 

of the pe epilh. 
The rije ohIh(,f developing [od I i)tOditiir is ;norrnlous. III ihe last 

dfheeade the rate of incrlse :1)iood iiodction diIh rlveloping world has 
nearly matched that of ulstriizeo rtiun. However, crta per capita basis, 

food Iodiuction ill tile (Ih;opr)(J! worlh hia:; rellain;:d nearly constant (2). 
I do not wish to 1,.,o is eSuri)tt; .0 to ;-;i-,e ally tcorir eridations re
garding 1p,10if1ci ts 1!WJeericulrrl cheelo)rrnt. only,tiooIpnl ron carl 

assitmluricIat each .,uLfftl y .,Jill ido) ItS ii Oust t( leet its own goal. 
IA'ft i w'A'Ol lik to lies nt here is a :;irltle option to supplement 

the supply, etol I'e)! oct ,..' r I rate of idve!opn/elt, of Iolre food, 
m~u>rde t', ,foods, t)refi:ried id processed foods, with the re

2 


ti-' fo.;, 
sources avoilahiC. Hc-viti dlsirihed tte, situatio I would like to recommend 
t.;'l irajur roles ]ri !wy pirot:irlio the colnext of this development. 

First, th ru Is', o; so,)Yy p teins, more specifi2ally isolated soy pro
triins, as four+ i. gIfrhItNts o I: ;useid in combination with meat, fish, and 

milk. TIc c,r I' uster iS ilIlrt nts iii plocessitd meat prultCts such as 
sausages alrd caunud( itats, They cal he used to aLgment cLutS Of meat and 
fish. They can hi0 use I tl,sfpl)hemcnt the sul)y)lof milk and the manufacture 

of dairy-like priodutsci. 
Regardless, of tire Suly)l of tieat, fish, ann( mdk and regardless of the 

itcrease ill their supply, soy teriocin p!-oducts have a major role. If national 
deniand for thi;se traditional foods is riot being tit soy protein isolates 
can he used to hielp meet this demand. If the national demand is being met 
they can be tserd to increase food product production for export. If the 
cost of tiese triditional food products is not within tIe purchasing power 
of the ntire poptiation, soy protein isoletes can be used to reduce the cost 
of these foods. With-rit ri tertating the points niade above, I believe that with 
the examples givL it can h(eseern that the suri,py of more food, more eco
nonlical foods, the prefetred foods, such as meat products, and more proc

essed foods can all r ipt r r 1py the of soy proteinthi1rough use 
prodLicts. 

The second iticruu role that I can recorninid for soy tirotein is their use 
to fa, tify existing foods in ;rstitutional feeding programs. In this situation 
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the problem is one of neeting the daily nutritional re(luirements with accept
able foods at the lowest possible cost. Soy protri products can be used as 
food ingredier ts in a ,ariety of sutch foods and oirvide increased p-otein 
supplies at economical than anil U 3,0odLcts, Throughmore costs ttin 
the coloeration .)[ the ianagemerit of thisi prelrirs with the local food 
processin b industry and the Si)r ,ier s of soy protein pro(iucis many of the 
desired food OrodlicIs, with the liMl! :r pr oteil conlltot: can nde avail1e 

able. 
Itisvinrl
usci).er soy rrttin poducts, the relevant Zsp:,:ts of latioral 

development rd tht rolt of soy pro.ei i)rOr(lts !11,ional fdevelopmefnt 
and having rlmtid t[wo S)tr.il ic iS: rvlmircatras rct;ja i'crj this (Oic. three 
que,..stions rmhlm o. Sholl ea'il loltry deiveliop its okn proter i!milstry? 
If not, \%hat is the effect or forrilmr -e chanji(? Atid last, wshat ptiii policy 
shoalJd hieadupted with rt.(j!r(l to soy i)ilotons? 

In rel to tilt first (jlusti.l, shoulIl earch coLlltry deveo)p its )Vn1 soy 
'rOtCin inIt: ty, I woUld siac,, no. The proluitOnl of soy trroteir ¢f-odLUcts 

C1a 1)k, aCCiorrllishtd roost Jcumi0rmically the clo.;r it is to tl'e supply of rawv 

roaterial--soyh-ais. Thii efIhuitt pIroJuLtlo l oylifls *S limniter by cli
oratic conditions "ilk] : well ti p1iCl 11dIs 0(i" ss'.iteoi 1 srt .:lr-tmopical 
rlvlrrnrnt'nts, III wich no'I)s' if the devoepi 1 v,( ci are i( acite(,lis it is to 

the tornperat climates of s101 COUIitlifeS iS tht' U.S. oriid Brail. To develop 
SUCh an inldUstry w'ould :!iHll inlVe(V' the uSe' Of linniteI rteSo :s,Vwhic-h 
would othewiS, he LJSed to inor)irVC the rate of d' velupio1Iet of the lujricll

tUral sector aid of the fond pf oietssij in ltdUstry. 
Soy proteilr pfrodlcts ale avaiille. -hl( technlr(,hy of their use ir; food 

products ca he lrrovidld fry ,xistiil soy JrtUir suppliers. The programs to 
increase their use iii ach national food sapqly, as indicated above, can be 
irnplen"Ited. 

Given this resunose, let us nUw tem to the (ILlrStion ,f th LSs,, of foreign 
exciharnge. Rather tan dedicating areas to soybean production this lind call 
he used to produce more tadi tional crops. In this form of agriculture the 
experierre, technology cool i frastructure exist and the rate of development 
can be moie rapid. Such crops can )e used to substitute for cJrrcnt imports 
and/or be used for export thrs saving forLign exchange which can be used 
for the importation of soy pro eins. 

As a secoi,d exaniple I wouldc like to refer to a paper in which Bray 
describes the development of an inal igricuIlLUre and the reso ting need for 
feedstuffs (1). 14e deals with the case in which feedstuff production is being 
develcped to its fullest anJ further fUedstuff requirements need to be im
ported. The question then is the decision to import feedstuffs to produce 
meat for food products versus ;irporting soy proteins to be Used as ingred
ients in meat products. Using pork as an example he shows that 9.8 kg of 
feedstuffs are necessary to produce one kilo of boneless pork. In contrast, 
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I 1 lhi I o[) v,, Ithf 800 (1 of viate r can be used 

iII1l'A I din:III . (, on1 W I' mllfU the kXitil)3 fm at SuI) 

200 of Si: :ie(1 1 lIIIi!Icu )I)I ~lll 
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Ih ( j IV i I, -I t f, I))Inn , I If 1" , c I t11 ir), I t.,1 I I I I It 11,1iS j arn

,ltic Sjn fI jsIl l i( r ciI'i I I . Ill"I iF ( l 
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I O lB nl Iilf Bn( If l InIx lOnt' IlllIllllI IIiLi I lullefits 

I I1 I . Cj ln hitij x''t n 1 l nl~i ifl 55lr"I. 

t j!l mim tv I't in> lll l .niln ,O PI t'll "illy LIn~i] ldi~Il5 

illf 11 ) [It) I if icLiwIill f(k- (1 '~ I l 1),'~ t I I YI l 'I ~Ik~ 

huh ~~~ I'-'i~ ~ ~ III ~Ifss ~lI'nll'~nlni'UI ~ ~ 1mx wil rig~n 

-r ii niIl Fx~(V'I I lx n'.,l nl ln , if~: f 1:11,1 1 u lIlst 11(011y 

Ill11, 1hiiii(l ta ~lli sarl theuIVUt N.a a1)0iwwl of o 

Thffi h~dilli processineclooprIon of" (jOullillll J!iS, h~xilt toe fodi t 

in ldt, th aagm f ilIoti%ttitioai' feeoy prorams nodite scuplier 
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of food proteirs te increase the consumption[ of these pVcduCts and thus 

provide benefits to the consule from the advaritares they offer. 

NOTES 

F. H. Schwarz, International im-s, [),',-l,)rei2rit. Protein Division, and J. K. 

AlIwood, Economic RfPseirch L)iir t. stmiiFir mnaConpany, Sr., Lo'is, Missouri 

63188. 
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PRINCIPAL DETERMINANTS OF VARIATIONS IN SOYBEAN PRICES 

R. McFall Lamm, Jr. 

Over the last twelve years soybean prices have varied from a low of 

$2.30/bu in October 1969, to a nioh of Si0.84/'bu in June 1973. Soybean oil 

prices have ranged from 7.3 cents/lb in Octobet 1968 to a high of 43.3 cents/ 

lb in August 1974. Soybean meal ptics peaked at S412.50 inJune 1973, 

following a low of S61.80 ii Jinuary 1969, on a per ton ha-;is for Decatur 441 

protein. Price v riator, o)fthis niairtude a'r -lifcaot Wheri conpilred 

with price variations of inorayi cultUtral products, and comp,licate decision

making and plannino for both coolSOUllelS ald ploducCs of "and".soyl[anIs sty

bean products. 

It significant variations in soyben and soybean plodu(ct prices are 

fully anticipmien, dec* ion-ruaking and plannir-g are riot complicated. For ex

ample, a producer who knows that the price of soybeans e,ill he S6.00/bu at 

harvest can easw/ dele;nrijie wh-sdher to plant soybeans; production costs 

can be estimated prior to planting and expected profit can he determined. In 

actuality, soybean prices are not known prior to harvest and nroducers must 

make plans on the basis ol expected prices. If expectations are not realized, 

soybean production may not yield a normal profit, forcing producers to leave 

the industry or produce other c(imnodities. 

TIis chapter disc,'ssc lire principal determinants of variations in soybean 

prices, focusing on the inteiracticrn betveen the demiand for soybean prodLucts 

and the supply of soybeans as the price-determining mechanism. The discus

sion is both retrospective, in that ihe major causes of price variation in recent 

years are reviewerl, arrd prospective, in that the potential for future price 
variation is examined. 

839 
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RECENT PRICE BEHAVIOR AND INFLATION 

Prior to 1972 noil sfl ilisrsdso~bean product plicus renmaiud 
fairly stable on ,;;!Msi!Jal (Fd itP1).In i972, hoWi- 'et,there was an ex

o;i, sploslon in so',bear ! , e, i)(I ciilly as .: .onsequence of large exports 

of soybean 'nea! ittard f ar Tirt" r, jlts v..', recofd-high soybean prices. 
In 1973, reduct I 0rl ldion ()fcotn)wnoildties 	 -ij a worl-vide basis resulted 
in furtherr nrcreasi s in soyboms flid snyirean 	 fir.-,d(Lcs prices. A diroight and 
other iV IS IrLiJ d 1o Mindiotii rmim ,! prieers aittecorr levers again in 1974, 
roughly lirrihl 1972 inu'i s. 

Aithouljrrl srit irrasly jcknuwedcl, higher 	 nominal soybean and soy

bean pramu,: ()'r,, rI 1-173 w J 19,74 we!e attributable partly to higher in
flatior aittit t t U. i i those years. tth, 	 'ate 1960's inf;atio rates were 

7e.at l h . ' psi theI 19,i,,S:iS I yiar, i.r 0's inflation rates accelerated, 

reachirg i i .,w1W i 1 1974. Ties inreaises itstlted illhigher soybean 

and soylt in i ls Ii '!;,idi tfSetsl1,')L-rtMr i' to ncreases in the 
noley '0.i '! 

[3 i t v< ii rI ur llll prices, itt' l rtlat osn 5I )rlo inal 

." ,.t, irn 'P sN, tisinstr t:,.'',I "(I' 1' ri inal b r so/be 1.5 irolir 
ptic's lot r it' i 1 ;'i - iii' rlSeriiS i' lilirril and real soyhtrillarld 

soybtil t ji , - ) r1 / to 1978. Rlal pi ;e are tei lvedtsing tle 
im plicit ii ifir ,. ii ly,' ,i a dr 1972 rlollars. Quite interirstir 

even aft i stjtilll -'rln :ofaS,i it 	 io s aplpart'nt that thr:le _as a 

suLbSt lil I ii i , ;rrlast pJL ';is 1973 and 1974.; rict 

,


it.i, ilrrpi~ieri increase. In 

Jdit'lrs, sljr 'sq S;, s' 111diii t htsrei is,pri u re'.al dol-ats indicates 

n s s r i herinr 
itit nsr:',-: 

that soyr ! ri) ii ipm o i liurilh im 	 ri'ts-r )aer S in)the lateri' -: ( i this 

1960's. Th. I,, 1.mu: for soybeass, proluct pIi,:s For this reason, it is 

apparent 0 ,tlry i i"'4-,r Oylopl)i [) 11 0r,Oy soyh,,,iit 	 increased faster than 

tile general pi t'r s.'' a rlsi le.level tilILLst 


MARKET STRUCTURE
 

Soyhears and soybltarl pioducts are major inteimatiinal comnioditi-cs 

traded worlh-wide. The U.S. and Brazil are the leading producers and export
ers of soybeatns. The European Economic Community (EEC) and Japan are 
the major soylean irrporters. The U.S., Brazil, and the EEC arr" malor pro
ducers and exportsr of soybean oil; the U.S. and Brazil are the dominant ex
porters of soybean meal. Many countries import soybean o I and meal. 

The markets ti r soyboans and soybean meal are essentially iree markets 
internationally. Accoiding to Lamm (2), however, free trade insoybean oil!is 
restricted by Japan, the EEC, and the U.S., which impose tariffs on soybean 
oil imports. Japan and the EEC impose tariffs on soybean oil esseniia!ly to 
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Table 1. Soybean and soybean product prices, '967 - 1978.1 

Soybean Price Soybean Oil Price Soybean Meal Price 

Year Nominal Real Norninal Real Nominal Real 

- dollars-

1967 2.52 3.32 9.61 12.16 80.0 102.33 

1968 2.49 3.02 8 19 9.89 81.83 99.19 

199 2.12 2.0 9.07 10.45 79 07 91.16 

1970 2.60 2.85 11.95 1307 84.35 92.34 

1971 2.94 3.06 12.60 13.12 E3.67 87.16 

1972 3.30 3.30 10E6 10.56 11,0"9 1109 

197:3 6.50 6.15 1954 18.67 24.1 97 232.03 

1974 6.42 5.52 35.80 30.77 1,18.27 127.85 

075 5.24 4.13 25.39 20 C3 132.5,; 104.25 

1976 5-)8 4.17 18.82 14.04 1 -2 41 128 62 

1977 6.82 4.84 23.78 16 14 202.55 143.60 

1978 6.26 4.04 25,3! 16.37 100 511, 116.51 

t 100So,[eim pi ice is the werage rceLrko.dby ftiinu s, mr, en od pirw- ,t; per lbs for 

crude tank ctirs, fob. Deuat:; anl sob reirno atpore is tl toll for bu:k 44' protein, 

Chi .ag. Dati to, 1978 ark, ;nveirinio ,v So'rce. L ) S, Deptosn of AiriJrlI,.r!. 

ll : lii ia 

Tilt, U.S. t1.t i wrfi o .j l oili ilp i,, It, U .S. dlie htmiii of Soy

iii{tt'Ct ti i u ilil[ )li)Ci.:e:Sir't}inl nllii CCtniiii( PH ,nO( rq.itf.() 5). 

B t !i s mil(.11t O i siln J)l(J(Ain sikolarge' U S. itt . 

1 ,2ii l 1 I ti ', -ut .i iII , 1. .1.i C ti t ; i i t l.o l W.e i s and 

ij,,' th ';,r t ! (3.8h I i t (I II lt al., to i~u ih i,i Iir l k Of. ortt albi
!I,l-;,0 "',,, 1ki I),. ,Iw,c tutf t ,f ttl l~m, ll !, i,i .lipl irity ,.,hic:h ti th[t o c-

H it:.iti liii, i A iii lot. .n f l this lotliw t t ii i qiti ii i l may 
,~iitoi \/,,t rtheU.S . y ir}Cit t it~ ii' 1 i ii I fl~, sail~ ,~>~ly . oth :t 

oIp I t ah - tC, Similarly, 
1'j72 indt 1973 th,- [,tlr~r/ t',.',r ;!ict, fi oyhltPllw unral wads lower 

th4' that oft ' U.Si I i 1,95, 197, c,ans,( 1u6sof10hort-run de

nlwd oil(1l cos (l' d!hI it int0 E I hclao vi roduei t!)! 

ort.prc' Ol : , y t, .!' i, i t ri that ot ii; U.3, ie 

n he Expected to 

F 1,111111-t'\,011111,11'01 Of tilt, ol,l ritt~li'. -rnTdbht 2 inldicates that the 

UJ.S p~rice of "o yi) ,.;r) o,: ll:is i),, rl hl!, to :ctiv k .,r th w thi, Europ:ean ex

p~oIt, prick, Onco' t Iil LE:i- C' ' it v'O, 01ltmllli if ;Id tli,n;poil[ation costs are 

adde d to tl i, U.S Iit ce, mi v I i 11 5, 1972, 19 75, and 1976 does U.S. soy

beanH Oil lifCOnM C0111I)Itl!lvi, witlh soybean oil produced in the EEC. In this 

regard, a ecesslon o tll EEC tiff on soybean oil would likely stimulate 

U.S. soybean oil exports. 



Table 2. Representative international so /bean 

Soyheans 

U.S, U.S. U S. 
Wholesale Export Import 

Year Price Price Price 

1S64 9.2 10.3 11.1 
1965 9.6 10.7 11.6 
1966 10.8 11.8 127 
1967 9.6 10.6 11.4 
1968 92 10.1 112 

1969 8.9 
 9.8 10.7 
1970 9.6 10.7 11.9 
1971 10.8 11.9 13.1 
1972 12.1 13.4 14.4 
1973 23.9 27.4 22.3 
1974 23.6 25.6 27.4 
1975 19.3 20.7 22.3 
1976 20.5 21.9 23.4 
1977 25.1 26.8 28.3 

aProduct defiraitions are the sarnc as those given 

tion Yearbook. 

and soybean -uducts prices, 1964 - 1977. a 

Soyb.,an Oil Soybean Meal 
U.S. Netheriands Europuan U.S. Netherlands 

Whole-iale Export Import Wholesale Export
Price Price Price Price Price 

- dollars/l00 kuj -

20.3 21.5 22.9 3.1 9.7 
2a.7 28.4 27.0 8.4 97 
25.8 26.6 26.2 9.7 10.3 
21.2 23.5 21.6 8.9 10.4 
18.1 17.7 17.8 9.0 10.1 
20.0 18.4 10.8 8.7 10.2 
"C3 24.4 28.9 9.3 10.2 
27.8 29,5 30.4 9.2 11.2 
23.3 27.2 24.0 12.2 12.1 
43.7 40.7 43.9 27.0 21.5 
78.9 71.5 83.2 16.3 20.7 
55.9 72.2 56.3 14.6 18.1 
41.5 46.7 42.8 19.0 20.5 
52.4 56.2 57.4 22.3 28.5 

n Table 1; U.S. export pricc fob gulf ports. Snurce:Fats and O,'s Situation and Produc- ' 

rb 

(5 
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DEMAND FOR SOYBEAN PRODUCTS 

The dfil jij f,,ill! , ., I- : 1 , I di,: , m I-le suipplly of soybeanS inter act 

to detel f nil Ie , i ui ;I w iriC ,, u jrjttlls. [ctiia thlet' al prices 

"i, ': e'. hiJi th an decadeof SO iJll,' ii ' : ti{rd"i t r iv t 1 

l.o, 1i'i 3illr:e ' l 0)tiiS. 1,' (I ill(ii lt iS lIv;, ll tertl, I iS ap)ar

iI I w fir iri.iti,' Iu)Cr;ir ei lastrilt that i l I] ;f ,I .ivt, tuii J- )I)Iy s the 

drcadr e. VWI hthr th.: ,!:,, %iill i cii r qu caroftil analysis of 

the factor>. olrnlt llIllh] (!. ;lri! ,td chrijlIts ill Ifr rI iket" fro soy

i, ,tH tl f 1" , i 1ii ', ilul , lhui I[ 'iiiPl ; iticllri11!)i r t 

t , I i :t i , i I . 11 Iti , t : A I iii (, ' t Irl: I r fI)rI SOt'/ aa 1I 

I f fiI'. ', asi.' Iii. :i, i: t , i : I1 v yrI:t i t I i z!r t an 

%.I i t rSt h)ti 111 fI, t ; rII.ro 1f : fi1i 1 ' l' se in. 

I iF I r rrll cr r .i rl I )W.: 'Cl Ill, k(ility, (hI)r ;tFr 

(Ct)Mtl'lt[I l: ,: (tc ) tih( li t, I l~ ' :i I1 t -,_i It l ! t ',t , m ood i, , (dy) tho 

p I )tII1uIl I v , i I t (1 rt'i i i f rril uri it t i i irt iii ir I .,i !;r 1 rice is 
,

I,;f lo t t il. C h]drllH ,s ;I I] lly' ~ th !' {< kth Il ~ ; !'f JII ) )t llI , , 1 'I lI It/ ! ]1 tIc ,(Illl 

i:+wtlt Isto (-,I ! l~tpt'~rI(:t1" f Itl ~i)(] o n [thl" (iii t i mfl} I A : 1) j, ( }i_. C ach o f 

F il! - i dtn'llfd . soybran 

iprorhcut'. 

tfiurse fac( o s has berm rrlj oilo dr,2to irii i foi 

Hiil't i iu ' -Ivls ov(l d 'irt Fi; iurdtl, iritih rI), I<II.q -ly arld inter

rrunii n'iiy, iriV , i-.Stittl iI Iin ir:al, Iiolllii filr nl',fr'i',if ,ll adrl soybljrn 

rll ,'l I l t r dii -h
7 r 0 i , tst: t [it' fort.ie Iof )isoli I ' inl),It of t it.riirli soy-

o)r;L(ii n diiiIonunit i lifh oil., rr rhistiuFid ili rfilI '3, vhic pl tslt:S;rltslper 

citaIr1 Iliiufliir, itt ll ii t ',ii ila! tfiti)n ituirpti'rr Ivels for selected 

(Iu lo!itII it Ft I I t - ho h lw o(lle eck)nofm i s,o t J. iJt en ([Ir rrrr icm,()rt ,i (]cvel(Wi.t 

nl ,t;Ivtrlrr ri fat i nl'i~o ilr ,, tirel\, IMtel '1O11 n1.11tirit; to 

thin 70 ih, WI .' F ir 1)n.01rW :;Otiii itS, In low-irr,;unmr (eev l.lin( econom ies, 

vflr''t lh ,t )',I !rld ini'u il F flit cc ntirm low Hence, 

nil r i' tlu '\tr , m ore 

l:;ut ,W "ri"bstantially er. as 

r-. B hv F oifnrutl !'t1li(idrhF cotir tit SIhave ilncreased recentr rihi, llie,,l il 

ea'}<r, le,.ttl ii i e a recurtjOohi lia I.. i cit .
 y~s lf r'nu'r rul 

Illihtjli l IIc i::., ,ffect thi flf nM t r Sonyb all I ial ntL0ll0h the deland 

for me' !-.Ifi(hrr urrvilnie - i Graterhr svls i( irrmratulak for i lemiands 
for ire.F ii Iilretri Liuna clds forflnlts tise, in eat )rodtietiton. Since soV

b"?,ui nawdiai rO, t,'it iriri hdert rl f treds prodtice(t commercially, higher 

incoms 3timtlot reat? r : 1,fl'a tii f IM)otean meal. 
From 1963 to 1065 pe capita medt cons:.rnption in the U.S. averaged 

197 l1) (bee.f, poik, and porltry). Slrilvndy more than a Jecade Ilater, over the 

period 1974 to 1975, per capita meat consumption averaged 223 Ib, an in

crease of more than 13". Over the same time period, real national income 
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Table 3. Per capital income, vegetable oils and fat consurnpton for selected countries a 

Oil 
Country Income Soybean Palm Groundut Cottonseed Sunflowerseed Cocirnut Olive Rapeseed Lard Butter 

doilars -- pounds --

Developed 
Countries 

Belgium-
Luxembourg 

France 
West Germany 

Itaiy 
Netherlands 

United Kingdom 
Japan 
Spain 
U.S. 

8053 
7176 
8413 

3473 
7695 

4366 
6065 
3186 
8624 

1i1 
3.7 

13 3 

5.) 
21.4 

3.2 
11.1 
! 1.7 
34.2 

6.0 
2.5 
6.5 

2.0 
9.4 

5.5 
2.9 

.4 
2.8 

3.2 
10.3 

1.1 

2.5 
4.3 

4.6 
4.8 

.0 
1.1 

.0 
.0 

.9 

.0 

.0 

.6 

.9 

.7 
2.5 

2.1 
4.3 

4.4 

.9 
2.8 

3.9 
--
8.9 

.0 

7.5 
3.1 
8.4 

1.7 
11.8 

2.9 
1 7 
--

4.9 

.2 
.9 

1 
24.6 

.2 

.1 
--

23.9 
. 

.9 
1.7 

2.8 

8.0 
1.7 

1.9 
6.2 

.1 
. 

--

. 

--

7.5 
--
-. 

3.7 

20.9 
. 

14.6 

2.8 
9.9 

15.6 
1.2 
.. 

4.7 

Deeloping (b
C " 

Countries 
India 
Pakistan 
Nigeria 

145 
183 
398 

.4 
3.1 

.0 

.1 
4.3 

16.1 

5.8 
.0 

3.3 

.6 
2.9 
2.9 

--

.9 

.1 

.2 

.0 

.0 
.0 

. 
-
. 

.. 

--
. 

1.8 
6.7.2 

" 

Vcnezula 

Brazil 
2776 

1446 
2.9 

16.4 
.0 
.2 

4.0 

1.3 
7.2 

3.8 
--

--
3.4 

.1 
.0 

.2 
--

--

.7 
2.5 

1.1 

1.3 

alncome is in 1976 dollars. Consumption is for 1975 or 1976, depending on data availability. 
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increased approximately 37%, implying a positive relationship belween in
come and meat consumption. Soybean meal consumption increased more 
than 55% over the period, implying apositive relationship btween meat and 
soybean meal consumption. By inference, hiqher income levels have had a 
positive effect on the demand for soybea.-meal. 

Changes in tastes, the second factor affecting demrands for soybean prod
ucts, are 'ifficult to quantify. In the U.S. in recent years Lhe,e has been in
creased concern aho'it the consumption of highly satuirated fats. Although 
there has I)een a decline inconsuniption of highly saturated fats, particuarly 
of butter and lard, and an increase in the consumption of less saturated vege
table oils, particularly of soybean oil, it is not clear whether this is a conse
quence of changes m relative prices or chc-rges in tastes. A similar situation 
exists in southern Europe wh{er historically there has been a preference for 
olive oil over other vegetable oils. !nrecent years, however, more soybean oil 
has been consuned in southern Europeain cour,tries. Again, it is not clear 
whether this increased consumption is a result of changes in tastes or acon
sequence of lower soybeain prices relative to olive oil prices. 

Fairly conclus>ve regarding theevidenceL' ,:;xist role of substitute prices, 
the thi.-d factor whiich -ay ,jffecL dt uenand for soybean products. Table 4 
presents sele:r-i: \,'c ,tano oil fion -eS (- Frome prices ! , . the early 
1960's to the n;d-!970' thli price of soybean oildeclined with respect to 
the prices of cottonseed qeaoi sunflowerseed -il, ando;', p igroundnLut) oil, 
olive oil. Over the same pt iod, the pr'ce of soybean oil increased with re
spect to the price of rapeseed oil, coconut oil, anrd palm oil. Relhtive in
creares in the prices of the former group of oils h,ive resuli ed in increases in 
the demand for soybean oil, while decreases in the prices of the latter group 
have decreased the demand for -oybean oil. 

With respect to soybean mal, the relative prices of most substitutable 
feeds have increased in recent years (Table 5). From the early 1960's to the 
;nid-1970's, the prices of cottonseed meal, groundnut meal, corn, barley, and 
sorghum all increased relative to soybean meal price. This implies a direct 
increase in tne demand for soybean meal as a result. 

Population growth, the fourth factor which increase; the final demand 
for commodities, has also stimulated the demand for soybean oil and soybean 
meal. In 1965, the U.S. population was 194 million. In1975, U.S. population 
was 214 rnillion, an inciease of armost 10%. Population growth in other 
areas of the world has been even more subst-antial, further contributing to 
increased demand for soybean oil and rieal. 

Accelerating rates of inflation, the final factor which can increase the 
demand for commodities, stirnulates demand for commodities as stores of 
value. In periods o[ rapid inflation, the values of currencies decrease in 
proportion to the rate of inflation. To avoid real losses incurred by hilding 



Table I.. 

Year 

Selected veqeable oil prices, 1963 - 1 9 7 6 . a 

Soybean Cottonseed Grour,dnut Sur.flowerseed Rapeseed Coconut Palm Olive 

1963 
1964 
1965 

1366 
1967 

1968 

1969 
1970 

1971 
1972 
1973 

1974 
1975 

1976 

8.9 
9.2 

11.2 

11.7 
9.6 

8.2 

9.1 
11.9 
12.6 
11.4 

19.8 

35.8 
25.4 

18.8 

10.2 
10.3 
11.6 
14.1 
11.7 

13.0 

10.8 
13.4 

15.2 
11.5 
19.5 

38.1 
27.2 

23.3 

12.1 
14.2 
14.7 

13.4 
12.8 

12.2 

15.0 
17.1 
20.3 
19.2 
24.7 

49.8 
/2.3 

33.0 

- ,972cun,17b 

10.5 
11.5 
12.2 

11.8 
9.6 

7.7 

9.6 
1.. 1 
17.0 
14.8 
21.9 

44.7 
33.9 

26./ 

-

9.4 
11.4 
11.9 

11.1 
9.4 

7.3 

9.1 
12.8 

13.2 
10.3 
18.6 

34.8 
25.0 

18.8 

11.7 
12.5 
14.6 

11.2 
12.9 

16.1 

13.3 
15.-

13.6 
9.7 

24.2 

50.2 
18.11 

19.1 

9.9 
10.5 
12.3 

10.8 
8.8 

7.5 

8.5 
11.6 

12.0 
9.8 

17.0 

30.4 
19.5 

18.4 

45.0 
26.5 
30.1 

29.9 
31.2 

31.2 

36.1 
31.7 

32.6 
40.9 
61.8 

92.5 
115.9 

100.4 

i" 

';Source: Monthly Bulletin of Agricultural Economics and Statistics and Fats and Oils Situotion. 

Q
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Table 5. Selected vegetable meal and feed grain pricesa 

Meal Feed Grain 

Year Soybean Cottonseed G rou ndnut Core Barley Sorghum 

17'2 rhe'Lc'ruu - -- 1972 dollars/bu 

1963 17.6 9,+ 7 94.7 1 .67 1 /0 2.77 
196A 100.;0 8 2.9 84.9 1.56 1.67 2.88 
1965 102. I .9 94.3 1.60 1.69 2 7A 
19 66 1 14 99.9 108.3 1.71 1. 76 
1967 1l I.. 97.5 100.8 1.45 1.52 2 .e. 
168I' t) .? 90.9 100.6 1.22 1.41 2.19 
1969 91 2 76.1 89.0 1.34 1.49 2.37 
1970 3 80.8 89.8 1.41 1,40 2.38 
1971 . 75.1 78.4 1.26 1.48 2.31 
1972 1 11.8 19.5 C,.,A 1.17 1.50 2.12 
19721 "'111:'0 161.2 16C.7 2.15 2.42 4.07 
1974 12.9 107.1 120.7 2.72 2.70 4.67 
1975 104.3 94.2 99.5 2.19 2.20 3.80 
1970 12 .6 124.6 118.4 2.00 2.05 3.29 

0c1110u' c ,r1 cltrj1/StatisticS. 

(1OCHIIC'as J StOe Of S lie, coo-iinlWers 11i ldusin.s illstead hold OtIher goods, 
such as C:01uu ,i.liti11s. III this respect, an iC:reaising rI:Ite' of inflation would be 
eXleetee(l to tirtclale the dem",arlli fol Sovieas. 

s s ttest vvkwthtet inflatione nay hacVe slintl,+ttd holdin(tS of)imple otf 

sOyte0eec Ito:i> it) thl: U.S., censiuhie tie two peuiods 1970 thlreu 0 1972, and 
1j7,! tlrutoh 19/7 (19/3 is onilt d.ts]tecarse wtlnllvelment ailtols were ill 

th 1 to h Oleffect hturIrII , . In the e i r lpde , the rate ilrfIatior Ivetraoed 

3.1"',;' t o le tti pcl err, tie inflation ra t aVelaqed 5.5. Septerlpber 1 
stocks (If (ylelarrs ee:rrtage (i U.S. touhsLctiotn, aI; if ttul soyh)ean aver .ed 

11.0'),, 111the' feet i I IC ie) deid 12."'0 ill the latter. Iel nce, the higher infla

tion ate ho1n 1974 thrrcLeh 1977 is positively correlat.d with higher carry
ove stocks of soyheuras. This indicates 'Oat higher inflation rates may have 

'timulatedJ reatur holdings of seyhi)wl stocks over the period considered. 

SOYBEAN SUPPLY 

Five factors determiire the supply of any commodity. These include (a) 

the state of technology, (h) costs of resources used in pIroduction, (c) the 

prices of altenative prodlucts which could be produced, (d) weather, and (e) 

governmer-t activity. Changes ire any of these factors can increase or decrease 

the supty of a commodity dependi:19 upon the directions of change. 
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TechrnololY change oCentis when mole )if a commodity can be produced 
at a later point if time using the .atl gantity of resources required to pro
(ue the commodity at an earlier point in time. F-or uxample, technology 

change would ocCur with til: inttroldactitn of a ,lrw seeNI variety which, when 
ilanted in tile sn quatity as tilt old ,ed rrl ily, would yield m0lore soy
hearrs, al ot"i I! 'l' rltant. epcvIrneT ts in piantinl and halvesting 

e(luilmleilt, tfeti:iols, lwStCli2hi, and lab1)or effiiency WOLIId all he considered 
clngesL il tchrlog1y, Tihiloly untV'ivitelts increase sunfpply, leading to 

lower pliies fora (ive (lerard level. 
Althorjli SOVIWiin trOlL iC1t has Chlr.icatei i.'ed SOiu Ilreell by l: techllo-

IoriiCal IAvICSir )iWCeit years, tOW i1,11,n1e of techinr(logy chargIne in tire soy
eanl huhstr y 11ais lt'.n .,'(dlltiorlay e:thel than rlvoIltiitry. There has 

htorilno nilji ticinlogica lhiilthiuiClh, hIt a cunllectiern of niilor 

ottnes. Tht-,ilitilJ -hi:igr!s ill tecliiuholty hrV inCesed the suIiI)ly of Soy
heals, rllt)fr ,itiillq S(y ht rl pi tic llneolls ill itw(oait yi!,1r5. Chraties in the 
C) i (ilt : tiirCii t l ill ';oyhtill t)l'(h ti6i)r, ill' lt oni: Wlich callt ', stcouirnh 

ill( ', o , " !?cwjsl, ;(lYt0ai s ltl)hy, hriwVl not Il(een siilitifi arliIt in receilt 
V'iarls. ltI h ot tuiuctiin consist of lind wilt, equilntitCsicCtisS Sil, 1Wur1 

eleviiciati ufI, hirll , fu l, soto', fe ilIlIu'Ire, I)esticides, charg(es for stoIrage and 
irrarkntiru (cost,. Althiitlil tihe p ices of sorti, of these items rave increased 
fstel thrili giertl Iiice ilices, thor has freeri ito overwhltli;!ing increase in) 
aly C IMI)lit' , Ill 1it1s r'slnorct, irlelo Ss in tilt costs of inl)LtS Ised intsoy

eali piiutioli h lcio jifh ctid sutpply sittniticantly. The on(e major ex
cuptill to t Je Iarge costs a conthis S,%itit 1 irrCrOase ill fuel ini 1973 as 

st(Iti'iiie (td tihe Arai t'iihio on lit ti oli texports to the United States. 
Ihitraesti dowase ill ,tyh1ar Slilily also Occur as a Coniserbuence of 

chrllrgt's ill thlie p Ictu ()f cloS which COLll Ire produced as arl alternative to 
soyheans. This iilr thid fictir which cal affect the supply of soybeans. 
A!thotL(l wheat, Cottonr, ieniluts, arnd otltl clops call be prou('iced as alterna
tives ti siyheais ill differrtnt elions of the contry, coin is the one major 
Clop whCh can lie sLIStitrted for soybeans in lost regions. Since the price of 
corn has increased relative to the price of soyheans over the last decade, a 
decrease in soyhean suLppily is implied, all other thirgs constant. When the 
ellative price of colrn increases, i)rodLICers rlow more corn and fewer soy

heans. The nainitude of incirease in corn price relative to soybean price has 
been small, however, so there has ially been little negative effect on soybezn 
Prodctiotn as a conseuLuenice of rca tive inrcreases in co n prices. 

Perhaps the most important factor affecting soyhrear supply is weather 
variation (the fourth factor which canl affect comnudity supply). Droughts 
or too Much moistue are the major causes of danage which carl reduce 
supply. High prices of soybeans in 1974 were partly attributable to bad 
weather which drastically reduced yields. Front 1971 to 1973, soybean 
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11/a1reyields were 27.5, 27.8, ind 27.7 in 1974, soybean lields decreased 
to 23.2 hiacre. ios S a Cot0SeqJ it Midwest.110511y .flCarteof dtlOLht !he From 
1975 to 1977, yiihlts were 28.9, 26k.1, ndi30.6 hc:"lcrx.This indiclicts, at 
least pmtialy, thre effect ,vWtIth"I (".Oil tfls c00e lrVt o lsp",/i ttlitction. 

0i1te othl I";ol affrectilril tupi, p (jloet activity. Fsrt'ly is innilt, 

ii1OSt lII: LllII 0lfithtS, i ultivit lk; t l t)rrl of siipr::i, C(0L)l1l j,.I% rll l t Ik 
irOr t arimd hk),r proklrajrt. Sirlct til,- ally 1 0'; uoverrim ill a tivity inlth 

.oyhfmrn IIslHam1t hlreo trllri ll, edx(TIt fl the Inl)ootirlr el ) XpOltOf 
0r111)JrlO Olr so ylW,]rml, 10yl)mrrn oil, JWl Stm btry M '!l ill sLrl of1n *,'h .lr 1973. 
The enrlm rlo We r1iostt Oer(.iOi di 111tt ll pricesmj to iXI) lt t vd dOiieStiC 
t'et it I(l Or:id hihl)s. Act:'lrin t) L:iti1r ( t), the tr),rIm imjC:Ii1[)O(l( SLbStalI-

I)( dLJC IS,blit 'Ot)W;i 2,yLi productsi11 t: mi l iceS oif dlifSoyiltil 

OUTL.OOK 

Ill tiltfutLre, therw are suvalifJevelomnirtts which 1{' have Significant
 
effects onr the soybCan mmI,01,t:t.01 the0 h'ljirorl sidtt,11nCnlvCls will COn

tillut?to ir:lt'dse, prefeu1t'1 f: ;tzihl( anlimal fits are likel., to
Vlt oils over 

hcoille rolore prlOOlliCt' , the peI of SOlo bLIhstlilites fol SOyhlMea plod

lCtS will likely ir eaISC, pi litwJ, o1011 rlriO(l, it; forecastwill e 11l( inflatiom to
 
acceleote--all lteliinol l, 'jret' de jil/ s fo) soy))i;a; pireducts id higher
 

lprices. Hmo)wVtl , rrm 1iv I lkll ti(), of oil i)dlli)s in Mlaliysii ,il lrtlonesia iln 
t t.CIIt k, ,,Irs w I I (,tilI It I! .,,cm i . i i Itwut!kllttsI) i rowe leht vI t)a111)ml lSti) i a tI I 

oil )ricCs i t0W- 1tt0r, ,tditrlm t Lirmn idm [.v/yer (). Lowei pIlm oil 

(,'(ri,he(It1itlilil liald 
Sed Oilditi rnil mirmlo CtiOl i tImif.S. (eiee l~istr for soybear 

prices will fl S0\ 1 1ea11 Oil. itiori, 0eXpartetl snirflOwer-

Hiri dinld 

oil and nwefl awcoidmqi to Doty (1). 

Doithel strl the Slearsidea, it is not itfhr prices of crops which 
could ht JrodiCed as alternaItives to soyb;irfs will increase ol tecritase. Costs 
Of resources tid to ptoduct: soyhe;rt.S 'ie0 riotlikly to chanilr (iastically, 
aliouti, IelU, fertiliA7r, ammdpesticit ptrices may increise, InI addition, there 
is likely to be little qovernrthent inltervention In soyhean markets, except 
duirng crises. These facts indicate that weather vitiationi will continie to be 
the i13o 'JelterlllinOn)tof Ctanrges in SOybWeI su pply, mLuch as it has been in 
the past. 

SUMMARY
 

This chapter has presented a review of tihe principal determinants of vari
ations in soybean prices. Both demand and supply-side factors are important 
in this determination. Over the last decade, increases in soybean demand have 
led to higher soybean prices. Weather ,.iriation on the supply-side has been 
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the major cause of price instability in tl'e short rtin. In the future, itis not 

cle, r what events will con tri)ute most to changes in soybean demand. 

Weather variation will continue to be the majoh determinant of changes in 

soybean SLtp)Aly. 
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SOY OIL UTILIZATION-CIJRRENT SITUATION AND POTENTIAL 

D. R. Erickson and P1.A. Falb 

In this crop v,,ar (if 19/8 19,19 ii)rojcteid that worldwide productioi 
of fats and oils will toilil ii)pj [Aiwiat ' 53 m illlo;, tons. Of this total, .;oy oil 
Is Iproj(cte(i to ac:-oliit fo 1 . niiili,,itoi., i o i ti t 22", ()fle talworld fats 
and.toils p oducti,'i. Of thu 1 ' 2 i o :ito0 .m ,i, ti, U'..U s t-pected to pro
dlice 8.2 million to S <, 7 ot tthe :ct. so ', illpl,((OctioI. Only 

alii al fats iCltl ilt. ) C (dI(which Il ,'.II(i (d m y oil l)roductionl 
(1I.G nililliiri 011 , l -suIlf w!OLliprojected as third in!orui;. a hi 51, >.vi-seile(] 
tro'litct (i)ll il ,i)milh ol tonsL; or ,8.", if totall ioducetion. 

On a c,, , . , ',iiPn in the i)rodUction of paim,I 1 i', aiIIiciliated 

.ei,e~tpd oil ,Ic . [hit wVill 'Ieelatti igge luantities of edible oils 
'I!,t live This will pioduce toiSi IlI i iich ratio of oil. increased Competition 

sol/ oil thew ilssoiiiit Iiajoi iialikits. If we project a lineal trend from 
1979 to 1985, total world fats ad(1 oils lrodLItionl will reach a projected 
64 million tuins froin the 55 million tons in 1979. This will I;robably ontron 

projected demand by a million tons. With the ;tate of oil processing tech
nology, in at least the most developed nations and especially in the U.S., the 
'.Irious vegetable fats and oils and cei ta iinimal fats have become virtUally 
indistingu ishahle in end products sucfh as shortening. It is inevitable that in 
these markets at leas,, increasinog Slistt tiion will cause the price to become a 
more important factor. 

Per capita consumption of total edible Tats and oils increases or decreases 
in alsveWi to incrasing or decreasing income rather than any fluctuations in 

I'rice. Therefore, demand would not grow necessarily with increasing large 
surpluses of oil which would engender decreasing prices overall. It is possible 
then, that faced by increasing competition, soy oil imports into major markets 

851 
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may decline as a share of total wcld ilrpo:ts of ',lWi't oils. Giowvtli of U.S. 
isOy oil impolts mnlay rnot cofil ' , t th', S:ir114lare 6 in r nt yea li lress 

expanded narkets ix:rw 'Irti thw V 1 ' 1111!'),, i IllfP .P ii es ol 


worm have very lIi'w"((HI iI'- urrm!pion
I, if
 

W cVsterio Eiroi,' ei,1"IN ,liAi lri, 1. 1 1w ' i, I,I Iit,il I I ti I I
 

II(r) lir) ti, i ri I Ia tii I ii 11 ''e u r ! >' a, i ( i w -I 

I ii '; : . I tflitIr: ,v t it f:'' . . . . l: e;e : 

1)0O11.S ( L)I( WJ d I I l) ,1 '1 1f.+, ......I I I ' l, I,
h 'tll 111,il f .If +t + ;Illil ,c . 

serves arid 'iit,i r lli r,ti'I,i ', H ' t i>'h i oil (l'1111)ii L)i . 

In flit U S., ;,, t Ii )(,, 'a t9 ',,' -. I i 1Uii , 1 lum tons. 
,
,[ :t, t,l iietu e.hC Ii tiL ril 

fats anid 011.. M0tH1)( ' I). tit1 . 11hit rIu 

This is 523:3 ,pt t lru 1 irili ton of all 

't thi' . 'i , 11 1 ho Ids tL 

leveit \ t mL'; I!t , l tar ui tllMl , it 1hi', t lit ,irru it, pr ited to 

Co i l 11( .11HA ( a 1 i' P (IL , III 19S). 'Ili,, i 'lih i i;' oI ti's 

i y, !Itecially il ' it ' H i i yliioii.lIl s. irral ( uit the 

i ,h ildu ,II,, , 
zI i t;,Jh'liUse (Jtrel it t '1 fat ,.,ith !' 1. 1, 10 v'iiiII ,P ,il e 

10qliidoll i ' nplw!,o to ' Ai ftd h ! iti t t hlt. hw I I-. tillU.S., 
co '.) , t ti mi l i't'ild " W !:l It,-Ill ,'P! ;'u o I!il, -1l1t:,' tr,it - !' W o'dtic lh)(I lhm t 

illillo - 1), 'To to) lW 5) yt,i10 m )t'!(w l! i~l ¢, i v,,riThill . W thlIwVLI tht? 

p ,iI tio i, If-, ,i'I I, a a rrj'it,, I ,!, '. ' t i jVerw hel inf 

loir Cer' t r l IP , lCi' o il iii I,'' I'. J11 iII f tllih' Iret. Jist aisilt

futahle is 11w reel iliit h iv , ty title ;riur't knvoedq1 of so, oit. 
l'h lftihruriut ,iii' . IKl ,' h','i icuul nitrtd vhi:l tloint this out. 

Tw,, fI - < Otip l titidi,Ii a. I i t i n i'(lllilllit i w itl a ien rlal i al

ke, r'sea.ireh ',tud''it [ilk dl'i i u ii ilt iih ' oil rarkel. This indicated a 

low lvel tf ,i- b'II ' tial,i tOl' ai !tint' al the e:irct of a11edible 
oil made? ifl,; ,,lt i)'. I Ili' t M,i V ! Jh eitllslrl el IrarIelInestiornlnaire 

surve y Co)IdU ii'd 11, J huddlilrg Co'1 I tll'l t o,(t i/e. which, to a degree, 
began to quotify lhrw k no ,Ihdr' t '.'vc'l ire i itlito '-, Iowa:id soy oil. The third 
was a natitrlr plrolxihility If1,(-)0 eah1tl .iiill frul hu i,(khouseh olds (bet

ter known to roust of us ;is tint lvliarn of the hoislt?) vrhich was designed to 
give us qu nirrtifialle f'v41lts oni krli,.-hr ge of, il attile towaul, edihle oils 
and soy oil in pliatie r. '\Al rueden thi to set a hds Ill whih w0 could, 

ill fti t ye is, ni siilr eiruh t(- ill ,tiu hlari Irrov''lclge the! Al riearicai o1 

COiISLIr lei. 

The reseach .tuldy %%,,is corridclted ry Biurke Market Research isill a 

complete National Piilrabulity siiple. Female heads of the houJsehold were 
contacted who adIL used i liqIuid cu'rking oil oreihtlirr solid shor tening within 

the tlhree months prior to Ireirg contacted. Respondents wore asked about 
their cooking habits, thlei awa eniCSus of various plant oils, ratings of certain 

oils, importance of certairr oil attributes, oil rurcha , reasons for purchase of 
certain oils, main rises and freguency of use of various oils, recognition of oils 
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in certain products, and demographics. Half of the respondents were asked to 
rate (if aware) and give purchase reasons (if purchased) for soybean, palm and 
corn oils; the other half rated and gave reasons for purchase for soybean, 
palm and sunflowerseed oils. The interviewing was conducted by phone from 
March 27 to April 4, 1978. 

In summary, three major findings and conclusions were reached by ana' :'; "-'tfe-rs~li~lgfs 6-te s~ily Ei lht~thiee %6 f the 'People| asied "Whfa~t

oils can you think of?" did not mention soy oil, indicating a very low aware
ness of soy oil. (b) When soy, corn, palm and sunflowerseed oils were com
pared on a variety of characteristics, soy oil placed third, below corn and sun
flowerseed. We would particularly like you to remember this and compare it 
to the results of the product placement study on which we will report later. 
(c) Soy oil was rated most favorably with respect to the amount of cholesterol 
it contained. This was surprising in that there was no advertising, promotional 
or informational campaign linking soy oil with no cholesterol, while there has 
been such a campaign with corn oil. 
I Only 7% of 1,200 people reported having purchased soy oil in the past 

6 months. This, of course, was not in agreement with market actualities 
where soy oil has nearly 60% of the total edible fats and oils market in the 
U.S. Only 4% stated that soy oil was in the last liquid cooking oil they pur
chased. The fact is that soy oil accounts for 75% of the oil sold as liquid 
cooking/salad oil. Only 5% said soy oil was in the last margarine they pur
chased, although market data shows soy oil as having 80% of the market 
for edible oils in margarine. When people were asked to give reasons for pur
chasing a particular oil, more of them make comments which fell into a 
Health/Nutrition category than any other. In a government consumer survey 
between 1973 and 1975, those food shoppers who selected "making sure that 
my family and I get the nourishment we need" as their primary concern 
about food, jumped from 41% to 50%. 

In considering the unaided recall of various plant oils, the response
"vegetable oil" was considered as a mere repetition of the question by the 
respondent. Therefore, although almost 20% of the respondents claimed un
aided awareness of vegetable oil, this reply was treated as a "don't know" in 
the comparisons of awareness. Unaided awareness values were: corn, 52%; 
peanut, 36%; safflower, 23%; soy, 17%; olive, 15%; cottonseed, 4%; sunflower, 
3%; coconut, 2%, sesameseed, 2%; and palm, 1%. 

As you can see, corn retained its number one position. This is a prime 
example of the effect of a major advertising/education program for a com
modity. The halo effect caused respondents to put corn oil into products it 
is not used in, merely because it has become so well known and advertised as 
an edible fats and oils product. 

The shift of olive oil from fifth to second place in unaided and aided 
recall probably reflects the fact that olive oil was not classified in many 
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respondents' minds as a "p!ant" oil. Total awareness valris wrer corn), 97N; 
olive, 94"%; peanut, 90"(,; safflowei , 73%; soy, 67,, cottons eed, 47",; ,coIut, 
46%; sesameseed, 42,; sunflower .12 ',,uid irtrr, 13,. 

The ainkin(Is of the n ,ormot th. )Iii s fir i> mi., ittriftI, i., presented
 

i able 1. it: lov' t i r.t , irei t i'iwn- wii it hqttlr to bre. Flom
 

a . om -jiiat iw v :vi po t, > I vY wo c i ji o I ritt irlt'lr Jild co!'
 
oils il to ms -f ;I. ,, r , . , ... - l.. I! - . r,'mnrlj
 

tHIit' til ,! t.) lr I, '1! ' ,, 1 I r.tV 1! 0; :. l '. . i it con

sidle t if) t i: I lw "i.W I.' M10 , !Iol t;. 1:, ii: .rr rrrb rl'trr l 


YU'Ci tidr ' WI. til r ;. Jf , 0 ii ri. 1:1 r i )9g oils
 

AhOLIt ir ,hru"I {!, ,) h i . il>J! ! Iugrirr
Y our hL:. h f( I,,Wd'Ji I,1-: ii,,.c I~til i.:-t;:, ! rr ' ot;stv,11rlftJSet,ir
 
III t l ti,tlupr , fit,, I'j,. l '' l'i't 1 1 , t. ll tif i : lJ! il
!''w ,fil 	 IrW otntCo ll

! ,di io , . t I. -1 :j I ", it r,)Irmi ) t r I): o i mo )s of tea
 
u]ttu t~ ; Ibl' ,d I , :N 1
 

+ 
()iI +j Ih rtt I I+< i i , l i l ] + : r~ ~ l ,I i ' [ l tt "o t lI\ ' ,It 111 p l)O t 

ltrlt iirt food, " .r , , , 8ri1r, or~ib~i 282; , 2.k10; tr)rrsi1r1t of 

c:h II ,r.;IrrI I, ..1: Inr i l 1;3Vlti\3)t'l 2 > * 1ht i ,li,,\'A9 li tt, rrri'or s finl 
tLH h I.St', "h''t' '.,Wr 'l t t,'I', Jr'nlr p tichrirl b n oil ('oily 7 tn 1,200) il 

tlrlfhb . ,,f ,r d ;l ( f," 16 ,f 1,200 l 1h,1 it , I.. t ,r ' , I Ii thte : I l iri, 

utio. i r : ; 1'liir o ri Hhi I III,1 i0 . 1 ti t fl ow s 0, tilI 

f ,ttr 	 1 >1 . r m r itbought it t 	 ti ittioIti.,fi r(.10 Ih r l , i , ' 0 w i factor. 

:inn i ii. rr%'1For btlh. siy .i'r l I t il 'i i I41 ) iiltiritert 

cthief lid 	 .lt,. l.tIIoS Irfl) l' t,is ttho rteaisor j li, . Li;t" .
 

I'aS l. Ho , ver , fir o th.I , , I [1tr i i rI, Ir I I f i rICII , W -


Irice ,"ec r 	 v,,I I I f r 1r1 Vrir .1 t ; ( I
n1 11y 1 , 1;1 ' it,' !)) 

A lt tJt lh )3 ' ItC rI' , r I C , Ii' Ii"IrIlr',r'lS a liquiL 

cookiint oil i tit r I ] i ;t ll] Ii itir,tr ti I l tI rt ,rinIiri I ru 

af (i t houi< i .1 

II , 43 I o I)I cc 

whlat orirt th mrir ( t , Ihi ii ittr i e t y iost of 

those who could r[ 1 , 1 ,Il) lovti n lIi .,f .Vo t , 1-''y i ari0 sun
flrw~e:seu~t it ,iluit it 1 1, 1 , J, r i ,,il I'.,I i:, tf the r'llisrjierl iS 

evidt-llt whwi) .1, .1; -;IiIiI'h'iu:i:. I it storIetrI O ilotlII SirliOr solid n

i I -g. AI)ntI 4 hIn .'I I /) thr, rlotknow whati-K,. llilir i rorrin.to. r'tidi 

Kird Gf til th tit trI,iihr rI, ! i tr , I:kt.rhhi irti;(t (4'111 W oIt 

V Klimo ?ll io II trrj) and saidclairied ti	 kr ,1I i . I iIoil Oitti 1",l 

Tzutla 1. The r ik rii s of ruoo, of ilS if fi ,ittri)Ibt's. 

Smok iig! 
Oil Choleslerol G reasness Odor Exponsisonos. Burning Afierrste 

Soy 218 2.22 1 DO 287 2.31 1.82 
Sunflower 2.21 2.39 1.97 2.94 2.38 2.02 
Corn 2.28 2.40 2.62 3.b1 2.58 2.51 

http:rorrin.to
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Table 2. Reasorns for espicnderit purchasu of a liquid cooking oil. 

(106) (385) 
Base--Total Asked tkt~snns Soy Corn 

AllMontimo i ( thmo 14% 27% 

All M ti fm .;1m 12I 11 

ti tl-IthNti ,,twihitt) 41 40 

U'u" (rt:: 31 32 
Pr ctl/EL Ii_- [,t 24 12iLoir(I 


ProduCt Attrihiutit! (:111) 21 25 

Taste/-l-vtiOr (11h ) 18 21 

T xhtr iist l(lt.t) 12 8 

I ,"i l1tv, I/c Ott) 5t ell 

>'r.Mo;t ;IoiJhets had )urhsed maiarine (92%) in the past six months 

ifwlichl 49, inf,- ;ted they didn't know the oil it containled. Of those who 

clmlhi tuo I iliio said oil ) followedtI y ;oy (5 1)) tnl( silJ,' W,1.lt., t corn (37 
flh)'ev;eh i.)(I1 ) 

A (III rilll r. a,+ tlly V.,6 CrOii :(:tsIh,, th ArIl'ii i tal SOy

i 1fl A ti,,,), ill tw i 1978. T hisI i I I i >I tfil.it l" 01t li J t I.II 

t 0 1 ic:, It irt t 'd. o111i1i1 if,itIf ) l .l,i +intdI li . t VIt-ti t y ln
.


i wi -w" .It!W,"d( h ll; 9 1 d'.t' Of'+:i+ t-kh > ,. coill . 11ti J~iflJ o i1,-1Il t lt" S.tl~ 

arid< ri th, a t hat ty I h t'",i IOto, nit t he tof ,wh fl)(c ill I ill 'a t f i 

ti ti ifIlli, .i " am) ,la, oiIl t1il efrl6iti l I city w itsf t ) 


lit, l 'r (i soy' tlhwr l l stlti tlIi s r tl,tSV i ani iuiitllt.'l i . it h i 

ly h- sa ii ey it liii),[t, 'ij? ().l indl , (t' )l 111t,,e 'i and ,werPots iild, 

jril Ijt l I i t'l th( w eftc[I!iil~il j , ,( ll , t )I (IoC ti lo fl \V . ,.+l ch !wtit, vilt 'l 
Tirie e)tort l, iit<;<li' s (.listllhllyrs<Iut it; t diffrences in res!!!ilictet l

7 
l ul s 

, 

c j:, z I ) t r c Th t'll O)i)lojlO ,, )(I tIt ,I(tt'tlljll T jj(,,j < d fI fll,,, £+l ' t 'tth, 


'
 
0 (f ikllt i , l< r ,?vo'+ , ,o w cilloO :11i.ifi )tlil~Il 1() otl- ,m idt v, i~ji )l'I 

III '.; llIW J: W r ht i l I lt, 'lt J ,) y .ovilsStir',.O ,! i jqc lt , Ifrld COIH:]!,'AI W So) 

tii ~¥:,l~lr[Wic:<i!fy il ,,', dl( ov,,er tcor/ tti!;itihw 95', ieve~l ofJtcmliidhernct. 
I),t<l ,wa . hese +'< tvm reslt, et~fl t a onnt.samthe *rah wltl+ ith holue ostie ind'.it 
(I)) Il-, lttfiin ',f < l,! f~,f~ ~ , ;i ~ titm kjl , 1Oy ,il v,r,. no)t DliIniric+.+ntly 

dlilf't!l floinl ,';+,.Ji .) , ITIJtIn (;!TlH t'IlC:h tltlwIil 'fkllc .' c (: ' ' .!llY )y/ O il 

Ltn(dC'.)rl l 'l 011 O w! [i,'.htter thei (,*,+IS. (dI)" t hlit Soy¥ IS.j)l~t' t 15, I of f, 

T ht~it vvetl-t iil( t A!lly s,r ;in eittl/+ls re.spo)ris!t+? (IlII!S~t~lli(i i,(! difl in to 

(fi; fot!pte(ftertenct+ ht )tl soy and1( 

CO)Im orl ht soy ' m '11'0.d(. (f,' 
) 
ihPl(MISl ' 

t.ionIs :tlc n nim I ,,slkes, <iod Ilo , l'r ween. 


ween'V~tf il~ .; l0 /t- VtCltlJt~~fi a, virtual-

Iv the sai111?oil 'IV~tiw ty t)l ,; til>,lttf' J.Illd Thet UsedlHlt1I!TLIfW~,, Mf Oils W e~rt. inl 

the .SaliiltIwily. T-hesel ovw'i<ilit(A$tIlt3WtOtltd setoml toIbe ;a positive Indication 
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that although consumers know almost r,,)viirljg about soy oil, it is as well 
liked as its market share wou!d seem to idi .it(, 

Most IsIo]dertts liquid odiin the week prior to placement withhad used 


the test lpTOduCt. Those who uSed
:;,.d 1orn,oil kllIAV it;those who had used 
soy oil lppire'lI,' dini not. R"''s)mder; inSod the ttst (,ilsmostly for frying, 

-,ti u'1h ,!,' ' it,htis ,rt,isketl it it hift too gieaisy, had Ianodor, 
lIt~f l, .)};!.I liI' , I ;hi1,,ftrt ste. or smoked. It the petSOn inter
e,'io.e'.II t;1o - r1) Iop itsssod onle of ti;et, chariicteriSOi(S, she was isked 
to if~lic:,Hit,( 1;, ,of thtn fttiljhute the oil had (a lot or a little). In bothi 

to :t.-,thtr- i-
IIt-- Ift'ro-,'rs hetwveellI the ils wVith rspect to the lpercent

rt iolf,5i it-,um ani r!)i tL', reo rin,i attii t0I tile(eg]ree
 
tfo :hi !. III ()!t!)t
11h' ; haIl r wotIs, ll oil; w tnIIr( Sail e on all these
 
IttrIh tI~s. It %'%,tlht th it tilt, Illflences wI(ich tdoe i.;i ucetwee" these
 
liw it: , ' HO. ipt'iilth , on cirsmirtes which pelitcli)
l(h h tffeCt most to 
hom- n t1iof Oilw,ikii',. lih n -i-all -atireq t f ajoV liven odI(liked it a lot p)IlIs 

;i 'lowt) t-, tlIfcr ainy.;t- l flot i,)uli olhIei R tinls were as follows:
 
(Sl) I o , ,l I, 1, cot a8
t t[d K! ol (c) ilt'd snofIoweLseCd oil, 84' .
 
Appiom ni, ,!', iIw> pihnttit l t, I r,le0it r;(- tlt; roam favorahl- comt

illetitS 01' <Iwi l o i .i I; ,-hit i 3i [1ie i t 
 ly et celthOll WaS the texture!
 
COllSiStclt-iyo .'dllih' ill I C :,! 10, ),, wi wht-, , 1ihificialntly higher pel
 
ceritl t l I f -('p ' i 
 !, ;" ,ItIl (Ii) wit Itto t his nltirt ;ih tIt soy oil
 

(3(3)",) ;i t 'tit '11(2-I )
tltanl l 

In c ,rall pI ft'l!I o, le dert preferiued soV oil to corn oil 52 to
 
3T,,. This differn-;- v ,,: ,, fisciIly siqniiicarlt ,itthe 95' , level of confi
dunce. Not statidtItili, -tdl iftxiit Ws thin dilference between 
 son and soy
 
of 43 t 3 -. It i-;litw!,tIiiq tl riott tlht a hitlher rrcelitage ( 18?.) had no
 
l)r ftelh lt illIre" tlrlfl eis(ci i l/,,oytest ;i;opposed to 9') who had rro pref
erl;llce Illtilt, itl , (ill 11 test.
 

Taorlu 3 Cormuer winions of viwletale oils nder usk conitions. 

Soy/Corn Test Group Soy/Sun Test Group 
Rntsponrse Soy Corn Soy Su n 

Gave f ivorahlh commetront 91" 88: 940, 89% 

Product atirithurt 64 59 65 60 
Taste/flavor 56 55 58 56
 
Uses 50 53 54 51 
Texture/consistency 36 24 31 36 
Odor 
 21 16 
 24 21
 
Ease/convwnience 
 7 8 9 4 
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Regional differncrt-s are listed in Table 4. Bases varied from city to city 

aIrn sIall.I l) Wily OMt' city on one test was the preferewce difiererce sta

isticilly ;l nificit, wl ihat was in Portland on the soy-corn test. There 

itttii ,iiti(,mlt oils oinwer Ilk 6l,y differences hetween the arly of the 

s;pKifittt i l, vithich esiodetiis were askedI (Table 5). 

SH y .) " 1lill t Iii'ti)I th ' toolitorli veotaht oil; t thal it i,i1 a, signifi

rt ('1 I I Th oneciwt I ' , it l ierritt at i Id. is 1n of it'; rMilin Jiih)1015 arMd 

'tl tl i ild '. t-ihivtll( I i lot o ittt tit t. IIii', y to the jrov.th of soy 

ol in 1lit,- iltii'tiI ;ti,.,t ints ien ther dictiolr of liolulnic x-i tf y Ixartial 

i.,'litB 't t it it - liK -t ini i U.S has het'i ihIt to tl,,oih costsY1w ithe 

it ti, - i soy il Co)lil'tlliI.e to J oille-r oils illtllt ttiteelYlt),irlkl- viil;, 


I h, p ' 'I-m o t :I,, 1:riir:ci l itw ' , efslht wiilll thI t .',sii i t of pc t ia , 

tl ', i.m ' 0tt 
1 bul t, riti h. Iii)(i IIo(iI ) sti iti fl. Irl IIIiiiy .ttl Tries, 

Ih i i, ir ,t-l h, 1111its its iotentiti lecmiet;' if thi, r tability of tlhe nln

li~:t, it mi itaeaie of rehtjilatitiii which lhi ljot illove it to bte hy

,tir tt*i. T i-ilhit of hut r l l tro t-t;sirii dl t i Hs to 111tM t its 0.[terl-VI- i 

Y rift 4. 	 tInflernceti of r1ioti,)ithc loittioi ot t umulierratin<)s of vegetable oils 
ti(tIg tistr conidittors. 

Soy/Cori Plheren:it 	 Soy'/Szn Preference 

Prefer Preel No. Preitr l'ref i No. 
City Bim? Soy Co;t Prt B.,.e Soy Sut Pref. 

/Atlhnt~i (5 1 ,49", 37'" t1 :' (46) 3 T [50', 17% 

Btosto, (50) ,I,1 50 G I-13) 3.5 4 21 
Dalias (5) 12 ,17 31 (.t ) 50i 32 18 
Davenport (32) 58 39 1 (t7) -15 13 13 

Oakland (40) 5-5 35 10 (10) 20 ,15 28 
Portland (51) 61 30 9 153) - 4t 15'15 

Table 5. 	 Consumer ratings of veigetable oils kinder use conditimis. 

Soy/Corn Attribute [ankiqs Soy/Situ Attribute Rankings 

Attribute Soy Corn SOY, Sun 

Leit food qreasv 171, 2"2 13. 17% 
Had art odor 13 15 10 9 
Left odor in home 10 10 8 10 
Had an aftertaste 9 13 8 10 

Smoked 15 13 7 10 
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We are presently reassessing the genetic approach to the problem of the 
Iinolenic acid cur tent. The elimination or reduction of linolenic acid content 
of the crude Oil co1ld eliminate the necessity of irydrogeration and leduce 
the cost of processung soy oil significantly. This could expard greatly the 
potential for use of soy oil on a worldwide basis. 

In many Counties, oil utilii'ation is the key to increased potential market 
for soybeans. Many countries now ame pime markets for protein from soy
bean meal but fol valrious rason:s, cainrot itlii;th oil h cause of cost or 
food regulations. This leaves thi: (1Ccountries with the alternative of processing 
the beans and ,xportinl theloil, or impori ing the soybean meal. Neither of 
these alternatives ae as economically attractive as processing the beans and 
uLtililizirrg both tLe oil an( thimeal. 

The elimir.ation af the lirnohtiri in so' oil, without eX)enaid cont.;nt 
sive processing , voeuil he a larte sttip in olvilrr this ploblem It could also 
broaden the tase Of usc for soy oil in the developeI countries, such Isthe 
U.S., irr which it prresently is userd extensively However, we ;ealize that this 
,ipproach of trirtij to u'iinirrate the linolenic acid content in the raw bean is 
a long-terir ann ratheor irvolve research effort that will take a major commit
mert to accompliish. 

NOTES 
David l.Erickson red Richaird A. Falb, American Soybean Association, P. 0.Box 

27300, St. Louis, Missouri 63141. 



RISK MANAGEMENT IN MARKETING SOYBEANS 

D. E. Kenynn 

Soybean price variability has increased substantially during 1973-78 com
pared to 1960-72 (Table 1). The coefficient of variation of monthly within 
year prices averaged .052 during 1960-72 but averaged .179 during 1973-78, 
more than three times the previous level. Increased price variation is the result 
of changed government pro am(s, reduct ion in stock levels, increase in ex
ports, the devaluation of th, dollar, and variation in world production. In
creased market isks .lonJg wIth increased cedit needs have sAbstant;ally in
creased the financial lisks of most agricultuI product:rs (11). 

Table 1 contains coefficients of variation comtpute2d from ,annual yields 
and deflated annual prices. Price variation is four tinicm th at of ,/ield.Pror to 
1973, the variation inprices was not markedl, nreatur than in yieldz. Thus, 
the increased financial risks since 1972 are largely the result of increas-d price 
vaiiation. The market events since 1972 have greatly increased the producer's 
demand for information on methods of r,)ducing p-rice risk. Producers have 
become keenly aware of the potentially larqe returns from 'ba ttur" market
ing strategies, ,.nd thus have sough th1o1 public and private sources for infor
mation on manaing market risks. 

Producers have sought market information in basically two areas. First, 
they have sought basic supply and demand information in an attempt to more 
accurately forecast future prices. Second, they have sought information on 
forward pricing. Forward pricing is any method used to establi.h a price prior 
to delivery. The two methods analyzed in this study are csh contracting and 
hedging via futures. 

This chapter outlines briefly the theory behind evaluating alternative 
marketing strategies, presents the results of some recent empirical studies, and 

859 
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Table 1 Coefficient of variation for nmonthly soybean piices .ondanniI mean prices 
aod yiuld, 1960-78. 

Standard Coefficient 
U.S. Average Deviation of Variation U.S. Averigo Average Fa,'m 

Farm Soybean of Monthly of Monthly Soybean Price Deflated 
Year Price a 

Prices PI ictas Yield by WPI 

ho - 1967 100-

1960 1.98 0.029 015 2:3.5 2.97 
1961 2.48 0.265 107 25.1 262 
1962 2.32 0042 .018 24.2 2.45 
1963 2.48 0.065 026 24.4 2.62 
1964 2.49 0. 110 .347 22.8 2.63 

1965 2.62 0 19.1 07,4 24.5 2.71
 
1966 2 93 0 21A .098 254 2.94
 
1967 2.62 0. 12 .047 24.5 2 62.
 
1968 2.49 0.086 035 26.7 2.43
 
1969 2.43 0. 116 .0,18 27.4 2.41
 

1970 2.60 0 164 .063 26.7 2.3C 
11,71 2.94 0.108 .037 27.5 2.58 
.972 3.30 0.255 .077 27.8 2.77 
1973 6.50 1.7 i9 .264 27.7 4.83 
1974 6.42 1 046 .163 23.2 4.01 

1975 5.24 0.575 .110 28.8 3.00 
1976 5.58 0.939 .163 26.1 3.05 
1977 6.85 1.4-10 .210 30.6 3.48 
1970 6.03 0.958 .159 28.3 2.94 

Average 26.1 2.74 

Standard deviation 2.1 0.887 
Coefficient of variation 0.080 0.324 

Averaoe of LnsVghtted calendar year moi.thly prices. 

draws implications for future research in this area. The empirical section is 
divided between pre-harvost and p(jst-harvest pricing strategies. The emphasis 
is on comparing tlhe results of forw ard pricing strategies with traditional cash 
market sales. Oily price :isk is conside:ed. The interrelationship between 

price, yield, and financial risk is disci'ssed briefly. 

THEORETICAL FR AMEWORK 

Theory suggests a poducer woUld choose among ma:keting alternatives 
with outcomes expressed in or obabilitis by selecting the alternative that 
maximized utility. His choice depends upon .he expected mean and variance 
of each outcome and his personal attitude toward risk. The procedure for 
evaluating different risky alternatives is presented in Figure I, and is referred 
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B 

U3 

u 2 

UU

C U 

/ 

>lean (E ) 

Figure 1. Illustration o( (E-V) ara;ysis (U I:U " U 32 

to as E-N aialysis. For each alterinative, the expected nean price (E) is com
puted and the Viriancu of price (V) is -stimated based or) historical data. The 
problem is to find the marketing alternative that maximizes the producer's 
utilily. Curve AB depicts those efficient alternatives in that they constitute 
altuernatives having mayiimurir E for given V or mininium V for- given E. Any 
alternative alove AB has an alternative on AB with greater utility. 

The optimal rmoarketing alternative is the point on AB that maximizes 
the producer's utility. -he risk averter attaches greater disUtility to losses 
than to gains wiC the magnlitude of gains and losses are equal in amount and 
likelihood. This isk-ave se behavior is shown with isoutility curves, U1 , U2 , 

and U3 . Point C on the efficient st jives the max mum utility. 
Increasing price risk since 1972 means to maintain expected price, the 

producer must tolerate more variable prices. Or conversely, to keep risk 
constant, the producer must sacrifice expected price levels. These adjust
ments to increasing price variability ref ect higher costs of risk bearing. Thus 
produceis seek market information that update and improve their expecta
tions of future events. This is evidenced by renewed interest in outlook 
information, and expansion of various market information services since 
1972. 

In the empirical section that follows, the mean and variance or standard 
deviation of alternative pricing strategies will be presented. When strategies 
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have similar means, those with a lower variance will be preferred. When strate
gies have both higher means and variances, the preferred strategy would de
pend on the indiclidual producer's risk aversion, 

PRE-HArIVEST PRICING STRATEGIES 

Nichols and Ikerd (6) suggest a Iuocedrire Of forward pricing to establish 
plorits to Idut;e pr i,:t iisk. Little 'ublidir d iusrtci is available analyzing 
such a strategy. Nichols and Ikerd (6) start by deternining an asking price. 
Asking tice k total troduction costs plus a return fol management and 
profit. Mhen tih friturns market or cash contracting offer a price greater than 
the asking pice, the rroI~Lucer shoUld pice his crop. Several variations of this 
marketing snmregly plus 0ree strate(Iy to allow )loducers to resp)ond to new 
market ilfrorriatiri weie imflyzed. 

Since soyfreari plice variltioi incleased dramatically starting with 1973, 
the 197318 pioductiorl seiSoriS Were chosen for analysis. Planting was as
sunned to occur Ml May 1. 1I;wivest occurred dring the month of October. 
The harvest rices aMid basis estirirates are for the Northein Neck Region of 
Virginia. An as:kit ficq was calculated for each year. Time management 
return was calCulteLd at 7",, Of gross sares/acre. Profits were com)uIted at the 
rate of 10 arid 20,, of total rluc'dtL1Cior/ costs/acIe. Yields were assumed con
stant at 26.5 i,/:cie. All III olucio was sold at harvest. 

The following marketing strategies were arralyzed: (a) Sell November 
futures starting orr May I when 0t1r futurestir)liCe rinus basis is greater than 
the asking price. The aslkiir ()Iice iiclUdes 10% Inrofit and the entire expected 
production is sold. (n) SalIC as stiatecly (a) except 20%Iprofit included in asking 
prices. (c) Sell 1/4 of expected I)roductioll in June, 1/4 in July, 1/4 in August 
and 1/4 in September. Sell when the aldjusted futures price or cash contract 
price is above the asking price an/(/ the 5 and 10-day moving averages give a 
sell signal. If no sales are made in June, and a sell siglnal ocCurs in July, sell 
1/2 of the expIected )roduction, and (d) Starting in June, sell when November 
futures mirus basis is greater than asking price and the 5 and 10-day moving 
averages give a sell signal. Buy hack the futures contract when moving aver
ages give a buy signal. Sell aind buy back according to the moving average 
signals ulttil October 1. 

Strategy (c) was included to attempt to avoid hedging when prices were 
trending up. Strategy (d) was analyzed to determine if fat mers could increase 
average price by responding to new market information. The 6 and 10-day 
moving average is only one of many trend following methods. They were 
chosen for two reasons. First, preliminary investigations of several moving 
averages indicated that the 5 and 10-day average performed reasonably well. 
Second, the 5 and 10-day average is relatively simple to calculate and under
stand, an important feature for farmers who allocate little time to marketing 
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and are relatively untrained in marketing skills. A sell signal is given when the 

5-day cuts through the 10-day average from above. A,buy signal is given when 

the 5-day cuts through the 10-day average from below. An analysis of past 

November soybean lutu res prices from January v) October during 1973-78 

indicates the highest price in each year but oe occured in June0 or later. 

Therefore, straegies (c) arId (d) begin on June 1. 

The results 	of these strateglies are )resented in Table 2. Strategies (A) and 

(B) reduce the average price $.4 1and .1i9/u, respectively, without any reduc

tion in price variatia)n when compared to cash sales at harvest. However, 

notice that under strategy (A) thIe plrice leceived always pelmitted a 10% 

profitIbu. Selling the entire crop at harvest resulted in prices substantially 

below the asking price in 1975 and 1977. For iroduces with low equity 

financing, irotetion agai rist prices below cost of I)roduction 1ay be crucial 

t.) long-ruLn 	 sulvival. 

Strategy (C) ifnreases the average a ice by S.15/bu and reduces price 

variation by 75" comhpare(l to cash sales at harvest. The improvement in 

average Irice is a result of spreading the piiciing decision over four months 

and only selling when the movinl(Iaveragtes indicated declining prices. 

Table 2. 	 Prices receivie i under various pre-harvest pricing strategies for soyit,,t 
1973-78. 

Oct. Cash Asking 	 St ra t. 

Year Price' Priceb A B C D 

- $/bu 

3.57 4.17 6.20 4.90197? 5.30 	 4.17 

1974 7.70 4.36 4.35 4.35 6.33 8.01 

1975 4.91 5 .33 5. 6 5 c 6 .03 c 5.69 5.83 

5.45 5.86 6.33 6.35 6.681976 6.12 
5.73 7.07 7.07 5.72 5.661977 4.98 

1978 6.58 5.95 6.04 6.50 6.18 6.00 

5.07 5.52 d1 5 .74 d 6 .0 8 d 6 .18 eAverage 5.93 

Standard 
0.97Deviation 0.99 -- 1.00 1.09 0.27 

Coefficient 
of Variation 0.17 -- 0.18 0.19 0.04 0.16 

aNorthern Neck, Virginia.
 
bProduction cost plus 7% of gross sales for management and 10% of production costs for
 

profit. 
CDurinr, October and November 1974, $8.00/bu prices could have been established for 

part of the 1975 crop.
dif hedging instead of contracting is used, subtract $.03/hu.
 
eHedging costs of $.03/bu/trade have been subtracted. On average, this strategy had
 

5 trades/yr. 
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Strategy (D) gives the highest average price, but has a coefficient of 
variation similar to cash sales at harvest. Comparing strategy (C) and (D), 
only farmers indifferent to risk would prefer strategy (D)over strategy (C). 
In addition, rehativel,/ few farmers have the market knowledge, discipline, or 
time to implement strategy (D). On the average, strategy (D)involved selling 
and buying five futtres 'oniractS between Jtene and Octoher. The results Gf 
strategies (A -C) can he obtained hy contracting as well As hedginq. 

PRE- AND POST-HARVEST PRICING STRATEGIES 

Bolen, Baker, and Hintoit (3) Investigate(d corn anti soybean marketing 
strategies for farmers with specified financial and risk ch aracteristics. A 
model 600 acre tarm in central Illinois with historical tine-series data for 
1965-74 was usedt. Yield risk was not considered. Twelve strategies involving 
cash sales, contl acting, anid hedging prior to and after harvest were evaluated. 
Strategy results are shown in Figure 2. irt details of each strategy can be 
found in Bolen, et al.(3). 

The hoxed strategies are doiinant, i.e., for a given mean price no strategy 
would yield a smaller variauce, ot for a given variance no strategy would 
yield a hi(jher llearn price. In this sense, the boxed strategies are "best." The 
strategies SII1-2, SIV-i, SIV-3, SIV 4, and SV-1 survived the dominance test. 
These strategies are: (SII-2) Price 1/6 of expected production April, May, 
Juie, July, August, atid Septernber. Delivei all at harvest. (SIV-1I) Store at 
harvest; price ait(l delivwer in March. (SIV-3) Store at harvest, sell and deliver 
for cash, 1/3 in Ja;iuary, 1/3 in March, and 1/3 in)May. (SIV-4) Store at har
vest; sell and delver lot cash, 1/4 in March, 1/4 inAptil, 1/4 in May, and 
1/4 inJr:e. (SV-1) Forwaro price 1/4 of th crop ill May for harvest delivery, 
1/4 in July for harvest delivery. Store the wmi~ainder at iarvest and sell 1/4 
for cash in Jarruary arid 1/4 for cash in March. 

Strategy results are generally consistent with theoretical expectations. 
The higher the average price, the 5reater the risk. With the exception of SIV-2, 
all the strategie , with average prici,; above S3.40/bu do not include contract
ing or hedging. The lower variance strategies involving hedging (SIII-I, SIII-2, 
SIII-3) as compared to cash sales at harvest (SI-I) reduce Eire price risk 50% 
by giving up S. 5/hr in average price. Individhial farmers could determine 
which strategy is "best" based on their aversion to risk and credit restraints. 

All strategies in set (B) (Figure 2) involve selling at least part of the crop 
after harvest. All strategies in Set A involve pricing the crop before or at 
harvest, although part of the crop may lie sold after harvest. The two highest 
average price strateglies, SV-3 and SIV-4, involve spreading out cash sales 
from storage over several months from January to June. 

Using the dominant strategies and assuming various levels of risk aversion 
by farmers, Bolen, et al. (3) determined optimal marketing strategies. The 
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Figure 2. Means and variances soybean marketing strategies, 1965-74. 

conservative marketer used a comhiination of strategies including pricing 

durig production via coot ractiig and cash ,ales from storag(i. Hedging was 

not included. The riskier orarketer did riot plicu prior to harvest, stored his 
entire crop and spread cash sathes ovr thIe iiCr~rtls Januiary through June. 

Hedging or coitracthing was riot ulseo. Net rwturliis wcte $90,359 and $93,931 
and standard d1evJation of iuturir were $20 567 and $28,382 for the cons
servative and risky marketer, respectwively. ThLus, the risky marketer gained 
relatively little additional incorne while irCIreasirt risk substantially. 

Commodity futures were riot included ir the optimal strategies. The ad
vantage of futures over contracting is the flexhi! ity to change the pricing 
decision. The inclusion of yield risk or new marketing information during the 
production or marketing season might make hedging more attractive relative 
to contracting and cash market selling. 

Barry and Williams (2) found banks would make larger loans when 1/3 
to 2/3 of the expected production was contracted compared to contracting 
all or none of the expected production during the growing season. Barry and 
Williams conclude " . . . that when credit is valuable, optimal giowth plans 
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will include contracting even for ImlrrnaI: with ithtU. or Io tveisoin to risk 
eVir1 thougI profit IlosSiltlitws [ai)e! on it'il roarkI, icets Miarrore 
favorahe with opern rarket .L, (,>t "" :-' ' .,i -:' JIch ' 110 COBOsel
ing projraim, with itr riciltiri il ii;) d i , an:d tl i 'ir it Is ()it the rmet its of 
contiactirrq as , m KT!i I'IIItI Iif i'}|1( !!,'- It 'I Of Iilt[Iu of thie 
crUdit efft:." 

This si.iti, i t l; jl l ulpwltljil if tin irilrtnttiur Itrategy 
invonjVs hlurl Ig.To ,.or hititid lntiteistaint tiht Cdrh :1w,v rIdS related 
trY fitI,', l: !,,, .f:) tIh t o o: I,: j)) I c1;:-3ll;,t U I UpratatUru
 

e xrIt f,I : ;II iiii i t I -l5IIIoI,, i hiitiII, thI hI I i 11 h Systell)
I idu(t (toluw a 

tO 11 1 o tht Itt ft, r i lto s oo[}lll, uartt
m itfl rkoi ite h i w e t o qO agadinst
 
SIpe 't: la l HLJ! '10) l~,! otlrc r,.i of h"'1q!lrh[I , OhW Jddlii flal Credit
 

Tral iu a\,ailji 'mJ)lw ;<Itlww oll ittt'doce lIt,) l 0,, ii ' in dke thezse! str tegies 

very dcesitib i',.. ili th,--V ri;lt il 0w drfiiCprices. 

HARVEST AND PJST-HA RVEST PRICING STRATEGIES 

dSine 1972, Int hioilg-t pr S till S0ytirdo rl)vev iCirc (ldrinrg sum

rler rIsritlS %%W' I)li IL Iel S hol sirll 'UHttiTlWIs of sOylearls to ,eil. This
 
has led to pii;t)tici t ', in npii:iwir stiatelies fo iar keting soybeanris
 
froll sf ai,. [r ti (4) all ylui severn Illarketirlg stra,.leies tot soyreans
 
over th yea'w !ti/l 16. StoldC cots or .02/tUrorh I)$OT 1irrrllll. web1 

terest was (:hlrid at /r. Conimission charges were S.0084/hU. This cost
 
was CaICllitd IWr hshel tVehr thoulgh soyhrarn flt(Os CxlI Orlly be traded
 
in 1000 ,lfld " 000h lrrits. i-lr vest caf price was the avora.t of the last
 
five days of Geto!hi ard tile first five dlays of November. The cash and
 
ftutures prrees fir ii other desiuinatel sellinr; months were the average
 
prices for tire islt 10 days 
of the month. The seven marketing strategies
 
analyzed were. (a) Sell all 
 production at harvest. (b) Sell 1/3 at harvest, 
1/3 it Feirruary, and 1/:3 in April. (c Store and sell 1/3 in February, 1/3 in 
April, and 1/3 ill May. (d) Sell 1/3 at tIarv,?st, hedge remaining 2/3 at harvest 
and sell 112 in F ehiary, arld 1/2 in April. (e) Hedge entire crop at harvest, 
sell 1/3 in, Fer; nary, 1/3 in April, ind 1/3 in May. (-,) At harvest, if July 
futres 1ric is greater than harvest cash price plus $.50 basis ano storage 
costs unti! May, hedge. If not, sell entire crop at harvest. Lift hedge in Feb
uary, April, or May when .)hasis is equal to or less than $.50. If hedge not 

removed by May, hit in May regardless of basis level, and (g) AsstrMe farmer 
at harvest has perfect krnowledge of cash prices fron harvest through May. 
The last stiategy is used for comparison purposes to indicate the value of 
perfect information. 

The results of these seven marketing strategies are presented in Table 3. 
Strategy (e) increases gross income $6/hcre without increasing risk com
pared to selling cash at harvest. At 30 bu/acre, average price is inc:eased 
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um
Table 3. Nnjbral1l , ldjtslti grossg " ilcfln dcre hy iraketimg strat.'y, 1971-76 4), 

StraNty 1971 1972 1973 19 14 1975 1976 Avm,.e, Oeviation 

$,29. $ 00 /Ssois S 9ml 1ac42 131 11 35.193 $131 49 S30.G4 

777 20 1169 "7 02 162 ; 11, i i2W6 :9 U.242 3.6c 

- 79B3 1.402 I0 42 1,1 /i 1W/ b16 .W 05 V& 94 44.99 

d 71.0 8 3 11 3 131 )9 ! 1 1,3 .1 I2 3I 32.35 

7.1 . 101. 11 1 .1 , . t .;,).;1 : ' 1 0 4 I'.1 i'l 1887 

! 72 9)IM 1 ". ( . :. :;.I, 1, -,9. ;,i ' .1.'/ ic 60.52 

RE 7113 219 1) 1.19 2.10 Il I (i) I .1.1 o 1 9 I 1. 1 ) 59.89 

', e inistltinq 

1 3 inF t,tj, '.I :+ m Ail, id ]1 a 1 .;', lIi ll) .i1 I; li 1if 1hbc;c 

S.20 n. SirI .' .1 VI Iv , Qi .n 1 ,jj :s Ili lJit I 

' 0 .,ihi , I't 9l1yrlllIl' . o%,: ,. l Ih r ,'S,r ! ,jrl k-' 1 tul ' .l 1- ) (0 1, 

i lil ll ic) h il' t .ii j, I 5)11111Cr ;Iltk, , lo c .la110wilot miV u a 

!llt W ,IitS,'t !p lt':,i'iH ,,h,0 t11 I 1Ciitt, 

f i lit thI~e;hI' ,.,t i [Idl ,n It'il ,It 

if; ,:'.1.1 ,l1 i II1, i. I IiI,ilir 1) 1,) kII, 
rt1~.i, y (I) .111 il ,r~Ild tiii i i 9 t1 ilil (9! ) 13 't tai',1s111tlJ i, coLllncerIn

wa) lick un, til l V.ta tll'111 tlw .llr :.ic illi.ll ) 1,1ain. ,ti sybhe ill 

soll..t l lwV l1 lri' tvlI ll' lil hell, l m to thl, iah.[.ti m ll st 

l1r'.!I a r y 1tlhl i llalrlem rto) n iotii. rllr'(~tUt i tl ie I i of(llavt thet aii 1,io 
int~imlixl<}Hf !,I~hlttlad. I ttvc ill ltoknlow whati 

Stra3i 11cr; ly wa r~i, I tha larvi',;t I Iah,, g was' p. tlaeit( 
IilTh,llliu liwt~Id Otl'Ook 

l 

1i~lf lt ll~ ,,<ltch/ jmfl hi) % thiey itdl~itetk)r il kt piri(e'." 

s1t.11n illi99) ) 1 ytillN 

TMnI'S, of (Irll, Mtr, )9 i hi r, f)19 modification of 

I u,tiw1 1 ) ill;)i frii, 13dill l LJSIrn Virgin a 

tresult ' dill 

stotny ( ) .1i1d tille .'T if l tof s iitegy (h). The s(4),. P.SLl!)tioMS oncern-S 
ill[]Sfldlrjt tCt)St 11)(It hlttLrjwt Mrltlkt C:,i-isM M S 10io 1 l e UIsed. Strategy (f) 

t ) hl if $.20 May 

stor~lc;r) Cost to M,ly was qire, Iplicef. 

was thl'jed~t yu{.t.liy htttlcs m il)Lit, hI-,to!Wcal hasis 11inILIS 

ltei!11,11 hatrvte:t liIf h edge wa; laced, it 

waS held1 ultdilMay When~l ti Ltllts vIWtethIill baick ,andthelttll soybeans 

Sol. It a hat e %',)w iiodiciated, entiff' c:lop was .Solhlat the haivests fcot tiwt 
. 


Iplice. stlfaiu qy (h1)a.t$C, lpftothutitn is <!',-wdat h1m vest, andt 1/6 of tihell i;illesI1 

(tLaIMity slored{ is sold in e,i~ monlh fl ill JJlklyt~l th~rotigh JtilM! I !'V7Cash 

market. 

The' restjlt, of analyzing] these eiglht strafeelils ova the yewls 1971-47 are 

shown in Table 4. TOe w~s. we simnilar to Lutgen's (4h. Strampg (h) 
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Table 4. 	 Northern Neck. VirqImia, average annual price and standard deviation for 
selected post-harvest rmarketing strategies. 1971-77. 

a
 
St a t e-y 

Year a b c 8 e f g h 

1971 295 292.' 041 3 2.88 295 3.04 2.99 
1972 3 21 , 81 6 3 3 4o 3.38 3.21 6.46 6.46 
1973 530 5 ,10 5 3.1 5 35 5.45 5.4G 5.46 5.313 
1974 7.70 5.95 5 (08 8 1, 8 63 83.69 8,69 513 
1975 .1.91 -. 4 1 4.43 4 83 4.94 4.97 4.97 '1.60 
1976 6 12 7.30 8.29 5.95 5.95 612 8+29 7.95 
1977 4 98 5 57 6 20 5.05 5.18 5.05 6.20 6.11 

Average 	 5.02 5.19 5.54 508 5.20 5 21 6.16 5.51 

Standa'd
 
Deviation 1.63 1 36 1.(35 1 /5 1.88 1.92 1.94 
 1.56 

aAll pr'ctrs mie net (if Ir ttae cost; and( fi t s market cor] ir ssionrs. 

t t
COllipares favortlily) to iI lly (c) with ilmro)st id ttical averages and stan
dard .levial ns ith ii) t , I rdtriJi Ii iviive ,pteii m(q cash sales ovei the
 
moi ths f,,oll)oi n,; tIrcrlihi otf t , r.,,t V'it. ,.tiIteqy ((:) incitiased aver-

I " i'!q(+ I)[Iw o ti 1 B t c >rIlI;,ljwit() tlfllllt('IS,20),:)Li Lutg I "tti)(ly4)IS. 'mt+ m{ M elt 

(4 .}"(\%tVtHi''tl]l ll<, l [4i +,t,i tl'(-l~'jw;;o 197 1 77 incte is;,dc:om 

s li:th i),u,0l ; Ih t .i. IipIi tr. [ ,Itti(;y(4), the standard ifeviatiotr
 
retrliiled ahout e , coin),!l 8 iii I it hlt v tts.
 

Stl'Itefy 'at :, tit
(ti '- ll'+,J 111, w it!,Ithillt, prjc jI ilinqg hl v st e,;J 

yeai. T he ri'lot ' dlthoill+ II hci,, ,i w' +t Im(',ir 'Tfategy (t'),,t tl-vi'Iti(n thu ll 

tI i qV ti'p it 


hit h or iklherithin s i ltjy (Ii. Non i tit it tritew,, :xc,pt strategy
 

it woiIld hi loi,1ilt V(l l,;t (a) ii:mI',idk- yt,(1ertiriiti'd )iCP, IS 

l et 

(W) which 	IssIlllws (rn feet ilitoft atiihu , r it i(Ild' M+ gnieat ctje ltf imc'., h 

thll harvest cash fmtices each year. 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

T ) lpthrvest end post-harvest stratli:(Is analy,ed- wice 9enerally con
sistent vith thtorftical >(li:ectations. P rinig strategies with higher average 
)rices were a;Ocdated usually 'ith hitihil van ces of price. Pre-harvest 

pricinq sttategies itivolvinq (:ontractinjo,0!,tldging all of expected produc
tion at plantit(Il inucti i average price S.20 to $.40/nt without much effect 
on price vaiia(e. Howevet, these strateglies (;eunete( profits each year 
during 1973-78, whereas selling for cash at harvest resulted in losses in 
two yeats. The MCsOf 5 and 10 day loving averages in timing the placement 
of the Iedge In Conjunction with an asking price improved average price 
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and reduced price variation substantially. These results, combined with the 
likelihood of more lenient credit policies for producers who forward price, 
make these strategies attractive to producers with lowequity positions. 

The Bolen, et al., study (3) indicated that pricing before harvest during 
1965-74 reduced returns approximately $.10 to $.40/bu, depending upon the 
strategy used. Hedging was not included in any of the optimal strategies, al
though contracting was used oy a representative conservative marketer. 

In terms of post-harvest or storage pricing strategies, spreading cash sales 
over the months January through June gave the highest returns without any 
increase in price variation compared to selling at harvest. A storage hedge 
using July futures and selling in May increased returns $.18/bu, The standard 
deviation of price also increased, but the prices ger,erated'under this strategy 
were always equailto or greater than those obtain by selling at harvest. 

Based on the pre- and post-harvest pricing strategies, the strategy of 
spreading the pricing decision over several months improved returns. Pricing 
1/4 of expected production in June, July, August, and September when a 
price greater than the asking price could be established increased the average 
price and reduced price variation compared to selling all production at har
vest [strategy (c), Table 21. Selling 1/6 of total production from storage each 
month from January through June [strategy (h), Table 41 increased the 
average price without increasing price variation compared to selling all pro
duction at harvest. 

The pre-harvest pricing strategy results presented should be Interpreted 
with caution. None of the reported results include yield risk. McKinnon's (5) 
theoretical model provides the following rules for minimizing variance of in
come: the greater the output variability is relative to price variability, the 
smaller will be the optimal forward sale; and the more highly negatively cor
related are price and output, the smaller will be the optimal forward sale, 
Since price and yield are negatively c€rrelated, risk minimization would lead 
to pricing less than expected production. 

The impact of yield 'iariation on pricing strategies needs to be investi
gated. The McKinnon model does not estimate the tradeoff between average 
price and variance of price for alternative pricing strategies under conditions 
of variable yields. Other important questions are: should a producer forward 
price a larger percentage of his crop at planting if substantial profits can be 
established based on expected yields? What is the relationship between var
ious marketing strategies, yield risk, and cash flow requirements? These are 
questions farmers are asking for which there is little empirical research results 
to base policy recommendations. 

NOTES 

David E. Kenyon, Department of Agricultural Economics, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia 24061. 
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COMPETITIVE POSITION OF NEW OILSEED SUNFLOWERS
 
WITH SOYBEANS
 

H. 0. Doty, Jr. 

Sunflowers are second in importance to soybeans as an oilseed crop in 
the world. World production is about 12 million mt. The USSR is the leading 
sunflower producer with about half of the total. The U.S. is the second larg
est producer with over a tenth of the total, followed closely by Argentina and 
Romailia. 

Twvo kinds of sunflowers are grown in the U.S., the oilseed type and the 
non-o;Ise,,; or confectionery type. The non-oilseed type is used for human 
food and hirdleed and plantings ate relatively stable at about 225 thousand 
zcres. Non-oilseed sunflowers account for about 6% of total U.S. sunflower 
productio , 

Oilseed sunflowers in the U.S. are no longer a curiosity, an experimen-al 
crop, or v fad. They have become an established crop in certain sections of 
the U.S. This season about 15 mills are processing sunflowerseed in the U.S. 
Two-thirds are cottonseed mills in the South processing sunflowers part-time. 
U.S. oilseed sunflower production has increased greatly in recent years 
(Table 1). This trend will no doubt continue as new technical developments 
promise increased productivity. 

Although sunflower is a plant native to the Americas, sustained produc
tion of the oilseed type began in the U.S. only 13 yr ago. Since then, produc
tion icreage expanded very rapidly. In 1978, over 3 million acres were 
planted to oilseed sunflowers. Farmers' 1979 planting intentions for sun
flowers in the 4 major producing states place the expected acreage at over 
5 million acres, an 87% increase. Production of sunflowers is expanding at a 
much faster pace than did soybeans after their U.S. introduction. It wasn't 
until 1938 that soybeans harvested for seed surpassed 3 millicn acres. Last 

871 
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Table 1. 	 U.S. Sunflower seed and oil: Estimated supply and disappeardnce, 1977-78 
and 1978-79 (1). 

Sunf loworseod 

Item 1977-78 1978-79 Change 

-Knrit 	 % -

Beginning stocks, Sept. 1 23 76 
Production 1,322 1,810 37 
Imports 3 4 

Total supply 1,348 1,890 40 

Domestic crush 219 385 76 
Non-oil usage 100 110 10 
Planting seed 4 5 
Exports 949 1,305 37 

Total disappearance 1,272 1,805 42 

Season average price received by farmers 
$229/mt in 1977-78 
$227/mt in 1978-79 

Sunflowerseed Oil 

Production (Oct.-Sept.) 88 155 76 
Domestic disappearance 54 115 113 
I xports 34 40 18 

Total disappearan,-i 88 155 

Price of crude, Minneapolis 
$705/mr in 1978-79 

year, therc was more acreage planted to sunflowers than planted to oilseed 
crops cf flax, safflower, or peanuts, or the small grain crops of rye or rice. 

TECHNICAL DEVELOPMENTS RESPON31BLE FOR
 
SUNFLOWER EXPANSION
 

Sunflowers recently have benefitted from two major technical break
throughs. The first of these was a genetic breakthrough by Russian plant 
breeders which doubled the oil content from 20% to over 40%. This doub
ling of oil content made the crop economically competitive with other U.S. 
crops. U.S. farmers started growing these open-pollinated oilseed sunflower 
varieties in 1966. The second breakthrough was the production of hybrid 
sunflowers made possible by discoveries of French and U.S. scientists. Hy
brids in the U.S. were the first planted on a major scale in 1977 (about 90% 
of the crop). These hybrids increased yields about 25%, making oilseed 
sunflowers an even sounder crop economically. 
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According to sunflower plant breeders, a large reservoir of genetic mater
ial is available with which to further improve sunflowers. Sunflowers are now 

at about the same stage of development as corn in the early 1930's--before 

widespread use of hybrid seed. Improved sunflower hybdd, promise better 
disease and insect resistence which should increase seed production per acre. 

Increased oil content of the seed is also anticipated. Both result in increased 
oil output per acre and would make sLflowers a stronger competitor 

(Table 2). 
Soybeans have not benefit.ted from an increase in,oil content such as 

that which took place in sunflowers. Soybean oil yield per bushei incieased 

from 7.4 lb in 1924 to 11.0 lb in 1953, but most of this increase was due to 
further improved extraction techniques which recovered more of the oil in 
the beans. Soybean oil yield per bushel is about the same today as it was in 
1953. There is no commercial production of hyhrid soybeans and none seems 

likely in the near future. 

CONSEQUENCES OF TECHNICAL DEVELOPMENTS IN SUNFLOWERS 

As a direct result of these technological developments for sunflowers, 

unit costs of producing sunflowers have been greatly reduced and new mar
kets for sunflower oil and meal have been developing rapidly. These develop
ments have put sunflowers in direct competition with other crops, including 
soybeans, for farm acreage. It has also p-Ut sunflowers in competition with 
soybeans for oilseed markets and markets for oilseed products-oil and meal. 

Production Costs and Returns 

Generalizations on production costs and returns of sunflowers are diffi
cult to make because of differences in management practices, land, and 
weathcr. Production costs change quickly and soon become outdated because 
of changes in the various cost components. However, production costs and 

Table 2. Value of four oilcrops/acre for selected countries, 1971-75 averages (2). 

Yield/Acre Value/Acre a 

Crop Country Oil Meal Oil Meal Total 

-lb - - $-

Oil palm W. Malaysia 500 63 8 b 27 6653 ,4 7 5b 
Soybean U.S. 288 1,272 62 100 162 

Sunflower USSR 526 658 138 41 179 

Peanut. U.S. 739 972 225 71 296 

Peanuts Nigeria 202 244 61 18 79 

a Using 1971-75 average prices for Europe.
 
blncludes 3,100 lb palm oil and 375 lb palm kernel oil.
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yield estimates can show differences in custs and expected returns at a 

particular time for sunflowers compared with other crops. 

Recent production costs and returns comparisons btween sunflowers 

and other crops in the many different production areas of the country are 

limited, particularly between sunflowers and soybeans. The following are 

some recent studies on this subkje2ct (4,,1). 

Sunflower competes with flax and small (lrains in the northern produc

tion areas. Estimated 1978 production ctsts and yields in east central North 

Dakota, undur better than average nmnagement, are shown in Table 3. Break

even prices fur sunflow;r were S7.77/cwt, wheat $2.72/bu, barley $1.84/bu, 

ard flax $5.53/b, 14). With these relationships many farmers in this area 

switched to sunflow .rs in 1)78. 

Similar estimated 1978 prodit-tion costs and yields on the High Plains 

of Texas, for better than ;veta(le managernent, are shown in Table 4. Under 

dryland conditions, the breakeven prices were: sunflower $12.00 cwt, cotton 

Table 3. 	 Estimated 1978 production cost and yield for sunflower, wheat, barley, 
and flax floEast Central North Dakota (4). 

Production Itern Sunflower Wheat Barley Flax 

- $/, -

Direct costs 
Seed 5.25 6.60 6.00 6.00 
Fertilizer 6.60 10.80 11.75 2.65 
Herbicide 7.70 3.10 3.10 4.40 
Insecticide 1.25 
Machinery repair 6.65 5.55 5.65 5.40 
Fuel and lubricants 4.20 3.05 3.20 2.90 
Crop insurance 3.00 2.10 2.40 2.60 
Drying 1.65 
Custom hire .80 1.20 1.20 
Interest on opcrating capital 1.40 1.30 1 5 95 

Total direct costs 38.50 33.70 34.65 24.90 

Labor 7.75 6.10 6.40 5.75 

Indirect costs 
Machinery replacement 11.85 10.30 10.45 10.10 
Machinery interest and insurance 6.90 5.05 5.20 4.90 
Land charge 30.00 30.00 30.00 30.00 
Overhead 7.35 7.35 7.35 7.35 

Total indirect costs 56.10 52.70 53.00 52.35 

Total production costs 102.35 92.50 94.05 83.00 

Expected yield 1,318 lb 34 bu 51 bu 15 bu
 

Break-even price 7.77/cwt 2.72/bu 1.84/bu 5.53/bun
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Table 4. Estimated 1978 production cost and yield for sunflower and competing 

4 )a . crops for Texas high plains 

Dryland Irrigated 

Production Item Sunflower Cotton Sorghum Sunflowor Cotton Sorghum 

- $/a--

Direct costs 
Seed 7.50 3.81 1.50 0.00 6.60 5.00 
Fertilizer .. ... 6.00 10.40 27.20 

Herbicide 7.00 5.38 - 7.00 7.00 3.85 
Insecticide 10.00 ... 10.00 -- 5.00 

Crop insurance 5.54 .. 13 20 --

Fuel, lub., and repair 12.04 12.82 11.88 12.69 12.63 13.13 
Irrigation .. .. . 18.36 18.36 35.86 

Harvest expense 10.25 28.15 11.88 18.00 60.50 31.90 
Interst on opr. ca). 1.45 .88 .29 2.03 2.33 2.59 

Total direct costs 48.24 56.58 25.55 83.08 131.02 124.53 

Labor at $4/hr 13.05 21.02 12.88 32.33 32.33 36.98 

Indirect costs 
Machinery 15.67 15.18 15.45 16.05 16.01 15.99 
Irrigation .. .. 20.04 20.04 24.10 
Land 23.00 2. 00 23.00 36 00 36.00 36.00 
Overhead 3.27 4.00 3.22 8.09 8.09 9.25 

Total indirect costs 41.94 42.18 41.67 80.18 80.14 95.34 

Total production costs 103.23 119.78 80.10 195.59 243.49 256.85 

Expected yield (Ib) 860 260 1,780 2,010 575 6,670 

Break-even price 12.00/cwt .41/lbb 4.cO.cwt 9./3/cwt .38/1b1b 3.85/cwt 

aSource: (M. Sartin, personal communication).
 
bValue of cottonseed at $60/t is deducted irort total cost to obtain break-even price of
 

cotton. 

$0.41/Ib, and sorghum $4.50/cwt. Under irrigation, the breakeven prices 
were: sunflower $9.73/cwt, cotton $0.38/Ib, and sorghum $3.85/cwt (4). 

Estimated 1979 costs of production and breakeven prices under South 

Carolina conditions are shown in Table 5. Under the higher yield assumption, 
the breakeven pricas were: soybeans $5.48/bu, corn $1.99/bu, sunflowers 
$9.00/cwt, and cotton $0.67/lb (8). These cost comparisons do not take into 
account how well crops fit together in diversified farming. Equipment par

ticularly plays a major role. Soybeans, sunflowers, and corn offer flexibility 

and in combination reduce overall investrueot requirements. 

Competition for Acreage 

Present sunflower production in the U.S. is concentrated in North 
Dakota, Minresota, South Dakota, and Texas. Also, some commercial 
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Table 5. Estimated 1979 break-even prices for sunflower and competing crops for South Carolina (8). 

Soybeans Corn Sunflowers 
Item 21bu 30 bu 80 bu. 100 bu 1500 lb 1750 lb 

Cotton 

450 Iba 600 lbb 

Variable cost 86.77 110.33 
Fixed cost 19.57 20.18 
Land and overhead 31.94 33.83 
Total costs 138.28 164.34 

8reak-even 4.13/bu 3.68/bu 

Total costs 6.58/bu 5.48/bu 

Estimates of average prices 
for 1979 crop planning 6.25/bu 

aNine insecticide applications.bTwelve insecticide applications. 

CDoes not include value of cottonseed at 6.0/lb. 

135.09 137.16 

25.82 25.82 

35.81 3597 

196.72 198.95 

1.69/bu 1.37/bu 

2.461bu ! .99/bu 

2.25/bu 

110.05 110.50 

18.75 18.75 

33.59 33.59 

162.39 162.84 

.0'7 
/bu .06/;b 

.11/lb .09/ib 

10.5/lb 

245.10 294.57 

51.19 53.99 

47.59 .53.57 

343.83 402.13 

.54/lb .A9/lb 

.76/lb .67/lb 

.64/lb c 
ad 

" 

0b 



877 Competitive Position of Sunflowers 

production is found in most midwestern states, in the southern states of 
South Carolina, Ceorgia, Alabama, and Mississippi, and in the West Coast 
states of California and Orelon. 

In the oain, northern production area plantings were first made onl acre
age which had beenr (evoted to flax. In recent years, sounflower has continued 
to replace f:a. nd has also taken over acreage formerly planted to wheat, 

ballev, and otlier small (glains -T-his trend is expected to continue in this 

rtegion dolling the next flw ye..: s. 

When cottn,'s acreage alotrets were reduced SeVeral years ago, cottonl

seed crushirg nills were! left with excess crushirjo capacity arnd processors 

were !ookinrg for other oilse(eds to crush. Sun flowers ,rown on some of this 
former cotton land p lovide oilse(ds for the mills and give far iers more diver

sity and another cash crop. 

Corifpetitioli between sunflowers and soybeans for acreage will inten

sify as snillowuln Iroductiorn COntiultes to expand. Sunre expansion ill sun

flowe aclr eae is rsipected oil the rirrgoe of Ilresent soybean, cor, and cotton 

growing.( aeas Wh1er2 yields of these crops are relatively low. In areas where 
(fonbhll crol)ping is practicel, sunflowers are comptin(I well with soybeans 
bdecause they have a shorten (ronwirl season aid usually do better under 

drought conditions. 

IfrtInefutute, sinflowers will he exerting nrore p)lessure on1soybeans in 

their competition for aclia(ne becanlsu Oilseed sunflower yields will be in

creasill( faster than soyh:ans both in oil content and lporhiction per acre. 
Farmers will le ohtainirrg highei suinflower yields is they learn how to handle 

the crol). lrii)roved sulllflower Val eties will also give higher yields. 

CornpeIition for Marlets 

Sutllower is in oilseed crop (i own primarily for its oil. Roughly 75% of 
sunflower's value is ohtained from the oil and only 25% from its high protein 

meal. With the anticipated increase in oil content of sunflower, the propor

tionate vllre oming from oil should increase. In contrast, soybean is an oil
seed crop grown prilarily for its high protein meal. IrI recent years, roughly 

60% of the value of soybeans has come fron the high protein meal and 40% 

from the oil. On a per lb basis, the oil is more valuable than the meal. Oil

seed sunflowers yield over 40% oil, whereas soybeans yield about 18%. Sun
flowers may become known in the U.S. as the oil crop and soybeans as the 

protein crop. 

Oilseed. Ilie largjest outlet for oilseed sunflower is th export market. 

The oi;seed sunflower export market is similar to that of soybeans in that 

most sales are of seed rattl(;i than products, and are destined for Western 
Europe. In recent years, between 70 to 80% of the U.S. oilseed sunflower 

crop (oil equivalent) was exported. In 1977-78, exports were three-fourths 
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of U.S. production. Exports of U.S. soybeans and products (oil equivalent) 
in recent years were about 50% of U.S. production. 

Oi!. Sunflower and soybean oils are both edible and complete for use in 
food fat prodicts. Soybean oil presently i;the dominant food fat in the U.S. It 
compi ise about 60% of total fats and oils and about 80% of the vegetable oil 
used in food products. 

Sunflower oil is a premiUm quality oil. It is very stable, has a high smoke 
point, is light in color, bland in flavor, and ronires less refining than soybean 
oil (6). When produced in the north, it also is very high in polyunsaturates 
(Table 6) (3). For these reasons, it sells at a l)rePnium over soybean and cot

tonseed oils. 
A sizable market has developed in recent years for fat products high in 

polyunsaturation (fue to concerns about high blood cholesterol and heart 
attacks (6). Blood cholesterol levels can be reduced by decreasing fat intake 
and substituting polyunsaturated fatty acids for saturated ones. If it were 
firmly established that high blood cholesterol levels cauze heart attacKs, the 
polyunsaturated food fat market could exoand I iloidly. Northern sunflower 
oil is much higher in polyunsaturation than soyben oil. It contains 64% 
linoleic acid compared to 51% for soyben oil (Table 6) (3). 

Sunflower oil is particularly 'Asirahle for use in making high quality 
margarine and cooking and salad oils. In the premium grade fat products' 
market it cnmpetes primarily with corn and safflower oils. Sunflower oil 
is higher in IMnlyunsat urates than corn oil and is much more stable than saf
flower oil. Since sunflower has major advantages over these oils, it could 
take over a large share of the premium market in the next few years. Blends 
of sunflowe, and soybean oil are expected to conpete with soybean and 
other oils for the medium priced fat products' markets. Soybean oil's pri
mary advantage over sunflower oil is its lower price. This gives soybean oil 
an advantage in sonic major fat product markets such as vegetable shorten
ing and lower priced vegetable oil margarine. When sunflower oil has be
come well established in oil products, it will start competing more directly 
with soybean oil. 

Europeans are familiar with sunflower oil and many prefer it over other 
oils. Responding to this demand, we have exported most of our sunflower 
seed production to Europe. There is now a dependable U.S. supply of oil
seed sunflowers for crushing. In 1978, three large American manufacturers 

of oil products began producing sunflower oil-based margarine and cooking 
and salad oils. Both 100% sunflower oil-based products as well as blended 
sunflower and soybean oil products are on the market. Consumers have 
indicated a strong demand for sunflower oil products. Due to the very 
successful introduction of sunflower oil-based products, test markets ace 
being expanded for some products, others are going into national distribution, 
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Table 6. 	 Fat content and major fatty acid composition of selected fats and oils in 

decreasing order of linoleic acid content. After (3)except where noted. 

Unsaturated Fatty Acidsa 
Saturated
 

Fats and Oils Total Fat Fatty Acidsb Oleicc Linoleicd 

Safflower (high linoleic) 100 9 12 73 
Sunflower (high linoleic) 100 10 21 64 

Northein gi wo , USA 
Corn 	 100 13 25 57 
Soybean 	 100 15 23 51 
Cottonseed 	 100 26 18 50 
Sunflower (high oleic) 100 11 3A 49 

Southern grown, USA 
Sesame 100 15 39 40 
Peanut (7) 100 18 47 29 
Chicken fat 100 33 40 1.7 
Lard 100 40 41 10 
Palm 100 48 38 9 

Mtive 100 14 72 8 
Tallow, beef 100 48 36 4 
Palm kernel 100 81 11 2 
Coconut 100 86 6 2 

aTotal is not expected to equal "total fat." 
blncludes fatty acids with chains from 6 throuqh 20 carbon atoms. 
c Mo rousat u ratet. 

dpolyunsaturated. 

and several 	additional manudCturers are planning to introduce sunflower oil

based ploducts in 1979. 

Sunflower ippears to be a "natural" for advertising and promotion. I his 

gives it an advantage over other oils. Sunflowers have grown wild in country 

areas for a !ong time and many consumers admire than as beautiful large yel

low and light or own flowers grown widely in gardens or Zs a delicious edible 

kernel. The colorful blossom on attractive advertising and packaging of sun

flower products has eye appeal and makes it easy to identify the products. 

Industrial oil uses are not a major market for sunflower and soybean oils. 

Both are used in drying oii products. High linoleic acid sunflower oil has good 

drying oil properties and firis use in white and pastel shades of paint because 

of its non-yellowing characteristic. Soybean oil is used in making paints, 

resins, and plastics because it is a low priced serni-drying oil. 

Meal. Competition between sunflowers and soybeans also takes place as 
their meals compete for use in livestock feeds. Sunflower seeds processed 
without dehulling produce a 28% protein meal, and when partially dehulled 
a 44% protein meal is produced. Further removal of hulls is possible by 
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screening the rneal, thus producing a 51% protein meal (5). In comparison, 
soybean meal is available in 44% and 49% protein products. 

Sunflowers have one decideo advantage over many of the oilseeds. They 
contain no growth-inh ibting or toxic elements. Cottonseed, rapeseed, and 
soybeans all contuin toxic coniponents. Heat must be used to deactivate the 
enzymes in scyheans, mnakinog the meal sU itable for feeding. Sunower meal's 
main disadvantage is its rather high Eber content. This can be reduced by re
moving the hulls either before or after processing. SLIuitlower meal produced 
under good processing conditions has a nutritive value equivalent to soybean 
meal (5). However, it contains a different amino acid makeup. Its mineral 
and energy content coripare fivori)iy with other oilseed nreals (5,6). 

Numerous animal fed ig! stoUdies have shown that sunflower meal is an 
excellent, high quality, prot(in intire(liert in livestock feeds. In feeding tests, 
steers fed ;iinflower meal petformed euCjJally well compared to those fed 
soybean m al Researe i found that Ul) to 50% of the protein coicentrate 
in rations for laying :hi':kells could be replaced with sunflower meal. In 
swine ration;, a rate of gain similar to soybean neal was obtained with up 
to 25% of the protein from sunflower meal. If care is taken to assure ade
guate levels of lysine and energy, sunflower meal can b,! fed in any non
ruminant ration as well as in ruminant rations (5,6). 

Meal, a naturllly bulky product, is costly to ship and usually is consumed 
by livestock within a relatively short distance from the crushing plant. Proces
sors have experienced no difficulty in finding markets for sunflower meal. 
This is riot surprising since there is a strong demand for protein in die world. 
Sunflower meal has found sufficient markets in or close to production areas. 
It has replaced flaxseed, cottonseed, and soybean meals in some livestock
 
rations in these areas. So'., ower meal 
 use has been mainly in ruminant
 
rations and this will probably be its main market.
 

Although sunflower lIooris edible and contains no 
toxic elements, it 
will not displace edible soybean flour to any extent at the present time. This 
is because sunflower protein contains a constituent, chlorogenic acid, which 
oxidizes and in so doing causes a progressive color change from white to 
beige, to green, and then to brown (6). This is undesirable in food products 
where color is an importr-irt factor. Removal or deactivation of chlorogenic 
acid in sunflower protein will be necessary before it can compete successfully 
with soybean protein in most edible markets. However, sunflower protein 
flour has some properties which make it more desirable in food supplements 
than soybean protein flour. It has a desirable bland flavor and is low in sugars, 
which produce the flatulence (gases) in the digestive tract. Soybean flour, on 
the other hand, has an objectionable beany flavor, and when eaten produces 
undesirable flatulence (6). 
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SUMMARY
 

Sunflowers and s-V)erires ate competing it- oilseed markets. They com

pete for export sales and their oils compete in domestic markets for use in 

mar(artine and in cooking and salad oils, while their meals compete in live

stock feeds. In the tutorle, sunflower will vie for acreage on the fringe of 

present soyhean and corn growing areas where yields of these crops are rela

tively low. Competi'.ion between sinflowers and soybeans will intensify in. 

the years ahead. 

NOTES 

Harry 0 Dory, Jr., Nil nal Economics Division, Economics, Statistics, and 

Cooperatives Service, U.S. Depir tl nt of Aq i'Vltoir, Wasiingtoin, D.C. 20520. 
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EXPORTING SOYBEANS THROUGH
 
THE MISSISSIPPI RIVER GULF PORT
 

W. M. Gauthier, G. R. tladder, and H. D.Traylor 

Soybean exl oi ts ,l(ouuJ~itt for 209,44 million hectoliters, or over one

third of the 528 million hectoliters of grain exported through nine export 

elevators loc;ated oo th: lower Mississippi River Ietween Baton Rouge arid the 

mouth of t1h Mississippi Riir in 1977 (8,2). The ability to export soybeans 

is (h;lWep(l(ert U111111 ability eXIport all grains; con1sequently, referen,;e tothe to 

grain !Xl)or tcapability is svimrnymous with soyleari ex)or t capability. 

The exporit elevator complex consists of uxl)ort elevator facilities and 

varyirg combinations of larges, rail units, trucks, and ships. Export elevators 

differ from ,,lhother in(export potential doe to differences in facility design 

and storagle capacity. The sie of the mobile fleet available for grain transport 

varies by mode with prevailing economic and climatic conditions. Barges are 

the principal mode of M-)ournd movernent. Rail units are also quite active 

dring the winter montis when the ULpper Mississippi River is irozen. Trucks 

also l)rovidre sorue in-houll d movenrit and serve to tie country elevators 

within a 100 to 150 mile radius into two of the export elevators. For all 

practical purposes, ships are the nodle of outboun( movement. 

At the first World Soybean Research Conference, various transporta

tion ani storale )roblems were identified as major contributors to bottle

necks in the movement of export grains (4,5). The relationships between risk, 

uncertainty, and speculation in soybean marketing outlined at the conference 

offer useful background for formulating hypotheses about bottlenecks that 

;,amper the system', ability to export grain (3). 
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PROBLEM 

The individual export elevato, exists to support a grain merchandising
program that seeks rraxiruulrr 1)rofits. It dues this hy receiving, storing, con
ditionin,, and shipping out grains brought to the elevator hy barges, rail units,
and trucks. Ships piovide for movemerwt of the conditioned grain out of the 
system to make roorr for other rcrumrirU qJrairls. Co11cCI)tually, a coordirnated 
operation ;r w)f,,i the levatos and the mobile modes that maximizes turnover 
at every elevw , in nir niainizes profils for grain inerclrandisers and mini
mi/i:s l)ottlerck, fur the systrm. Profit riaximizaton and bottleneck mini
niliatlV, vevr:lire nut irecussar ily conrfl)inentary goals.

Barge aind rail rOutts are perfor ruing coqflernentary transport and mobile 
storage functions while rirrving giair into Mississippi River Gulf elevators. 
Betweuri arrival and Lirloaldir)(J, these conplemenrtairy functions become com
petitiv inll;for as a loadeud mohile mde awaiting cargo discharge is substitUt
rug for fixed storagq which makes it tuavailabl., for transport. Even if demur
-age charges make the owners of the mobile modes indifferent as to whether 
their eguip)rent is ised for Sloraile or transport, pIrodtcers and other ele
ierits of society hear the social costs of bottlenecks created due to the denial 

of transl)ortatio capability into and/or out of the port.
Conceptually, derurirrage charges act as incentives to encourage the users

of the mode to minimize their List for storaqi ail to releas, them for trans
port. The persisteince of huttlernecks (espite increases in both absolute nurnhers of elevators and increased Storia tu ioveis for ill elevators over time,
however, sugtlests that there iare corioric irrcentives for bottlenecks that out
weit ir lurrrge chna, les as deterrents to hottlerrecks f2).

Tile dyrilrnic Irrteractioris ttat are a;sociated with export grain handling
provide few, if any, cotoris parihusconditions that make it possible to explain
bottlerecks with a given set of variables. The uncertainties created by the 
dyuanmics of world grain export demands and alternative uses for tfie mobile
modes make it difficult identifyto tfie optimum combinations of export

elevator storage handling and
and capacities sizes of mobile fleets needed 
with any degree of statistical reliability. These limitations to conclusive analy
ses intensify the need for an assessment of the grair export capability of the 
Mississippi River Gulf Port system.

The objectives of this chapter are to: (a) describe a simulation model of
the Mississippi River Gulf grain export system; (b) describe a procedure using
model output to project rraximum export grain handling capability for the 
system; and (c) compare projections of grain handling capability for the sys
tern against projections of 1985 grain export requirements. 

THE SIMULATION MODEL
 
The Fortran-based simulation language 
 GASP-IV, was selected as the 

tool for analysis (6). It protrays the Mississippi River Gulf grain export 
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y,tllih'Ill ci(iiV li)i, efe atrs t Ti re(rilqert llastrll filt each set o)f Coli 

tillon . lItefi a w lirria lt, ti a oiroti de ;tetV iti srf h tth tem k vary with tilo 
larl(Joil Jllljlllhe~l ito t(!OWi SiltI~h tiOll.M ultil)h' runs ale per

r id fmti ll! replicatil del l nair Aochasti liticls. These 

ch()wH illltlo 


thel rl, irunilt r flllits. f lti Of 
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PROCEDURE
 

II1it , 528r :iei1l11 hectolt ; ofttrai volre exarorltPd thronh the 

,l a sttrime cxtpoltelevators. Thl perentage distentiai Of both voLione 

actomode of arril aronrithe majoravoiel petors inthe system.The first 

apsalltioit tha thilmaxinum export hatodlin capability of a elevatour 
can he:projectedl oiwel till., internsity oneasureinent Of uitilization at its busiest 

facility. 

A we1.a[ijwe of utilization expresses the fractional inten~sity Of LUset.:rorn 

0 to It!; yields atfactor of i)oterltidl voIlume exp~ansion at an1. inwer ,e' elevator 

gliven atstatic e-nvironment. Till product of the potential volume expansion 

factor and the 1977 base wolurne is the proje~cted export elevator handling 

capability. Tilt capability of the elevator to handle the projected volume 

needs to he verified oy the model, however, as expansions at other eleva

tors inthe systertl could conceivably limit the expansion at any given ele
vator. 
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The second major assumption is that the system's grain export potential 
is equal to the rumof the nine individual export elevators' export potential. 
The export handling potential for the system was measured under most limit
ing and under average limiting criteria at each elevator. The range in grain 
handling capability for the system under those two criteria varies from 
602 to 689 rnlIlion hectoliters. 

COMPARATIVE ANALYSES 

The reasonableness of the model based grain handling capability projec
tions for the system can be evaluated in light of two earlier works. One of 
these works provides estimates of grain export handling capahility required 
for 1985 while the other provides actual peak monthly volumes handled be
tween 1973 and March 1978. Model based estimates serve to synthesize all 
three pieces of work for purposes of assessing !he capability of the Mississippi 
River Gulf Port system to hanciled projected 1985 volumes of grain. The low 
and high estimates of 1985 grain exports for the entire U.S. range from 
1,091 to 1,760 million hectoliters (7). Between 1970 to 1977, approximately 
39% of all U.S. grain exports passed through the Mississippi River Gulf Port 
system (2). Assuming that this percentage remains constant, 1985 grain ex
ports through the Mississippi River Gulf Port system are expected to range
from 426 to 686 million hectoliters. 

A 1978 study reported that the Mississippi River Gulf Port system ex
perienced monthly peak levels of 50.69 million hectoliters three times be
tween 1973 and March 1978 (1). In a footnote, an actual maximum of 
51.11 million hectoliters was inspected in one month for export. If these 
volumes were to be sustained over time, annual export handling capacity 
would range between 608 and 613 million hectoliters. 

Table 1 summarizes grain handling capability required to handle the 
1985 projected volume of grain exports as well as estimated grain handling 
capability available. One elevator los' to a recent explosion was included in 
these estimates. It, however, has been replaced by another elevator so that 
the net number in operation within the system remains constant. These 
estimates suggest that the existing system has the capacity to handle the 
low estimated 1985 volume of 426 million hectoliters, but that the high 
estimated 1985 volume of 686 million hectoliters would tax the system to 
its limits. 

Projections of the range in grain export handling capability available 
from the existing system illustrates one of many types of information avail
able from the model. Individual elevator capability can also be addressed 
with the model. General findings surrounding the projects of grain export 
handling capability for the system suggest the most likely facilities at which 
to target investment dollars for enhancing the grain export capability of the 
system. 
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Table 1. 	 A comparison of grain handling capability and requirement estimates for 
the Mississippi River Gulf Port System (1,7). 

Million Hectoliters Estimates 

Estimates of Grain Handling 	 Low High 

Requirement for 1985 	 426 686 

Capability from peak performance data 	 608 613 

Capability from model 	 602 689 

Assessing the Lower Limit of the Range 

Bar(Ie facilities were limiting at two elevators and ship facilities were 
limiting at the othei seven elevators under the most limiting criteria. When 
imiting, utilization levels tended to be higher on ships than barges. The 

potential expansion factors, however, were below 10%. Two of the nine eleva
tors had no expansion potential. The existing system of elevators would be 
capable of expanding its 1977 volume of 528 million to a minimum of 602 
million hectoliters. 

Assessing the Upper Limit of the Range 

The ship facility is the most limitinq at eight of the nine elevators Linder 

average limiting criteria. The potential expansion factor of increase for the 
elevators ranged from 1.09 to 1.86. Two elevators had an expansion factor of 
less than 20%. Seven elevators had expansion factors greater than 20%. The 
existing system of elevators appears to be capalble of expanding its 1977 vol
ume of 528 million to 689 million hectoliters. 

SUMMARY AND IMPLICATIONS 

The ability to handle increased volumes of grain exists at seven of the 
nine export elevators in the system. Ana!yses based on average limiting cri
teria indicate the potential for increases at all nine elevators. The magnitude 
of the increases at each elevator requires model verification. The lower limit 
of expansion to 602 million represents a 14% increase over the 1977 volume 
of 528 million hectoliters. The upper limit of 689 million hectoliters repre
sents a 30.5% increase over the 1977 volume. Comparisons of high projected 
requirements and capability suggest that the existing system will be taxed to 
its limit. lhe analyses suggest that the ship facility is the most critical at most 
elevators. Present restrictions on ship loading during rain were incorporated 
into the model. The suspension of this rule as well as additional investments 
in facilities could be investigated to note the effect upon grain handling 
capability within the system. 

The projections of grain handling capability for the system based on the 
model appear reasonable in light of earlier work. The explosion in December 
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of 1977 that destroyed onn of the export elevators does not invalidate the 
general conclusions as a new elevator became operational in the latter half of 
1978. Other dynamic impacts resulting from changes in either number(s) and/ 
or capacities of existing elevators will affect the grain handling capability of 
the Mississippi River Gulf Port system. 

NOTES 
Wayne M. Gauthier, Gerald R. Hadder, and Harlon D. Traylor, Department of 

Agricultural Economics and Agribusiness, Louisiana Agricultural Experiment Station, 
Louisiana State University, Baton Rouge, Louisiana 70803. 
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SOYBEAN PROCESSING INDUSTRY - U.S. AND FOREIGN 

J. J. Mogush 

The soybean processing industry has expanded at a rapid rate inthe past 
10 yr. Soybeans today are processed for meal and oil on all of the continents 
of the world with the exception of Antarctica. Total vallie of products pro
duced in 1978 is between 13 and 14 billion dollars. 

Increasing world population and increaIng per capita consumption of 
protein meals and edible oils seem certain to ,-equire furthet expansion of 
oilseed production and processing capacity. Various sources of meals and 
oils have competed for a share of this worldwide mlarket. Different forms of 
business enterprise have sought to hold or increase their participation in this 
growing industry. Political entities have maneuvered to aid, protect, arid ex
panl industry within their territory. Economic realities have played their 
role in plant locations and size. The processing industry has struggled to hold 
down inflationary pressures on costs through improvecd technology and econ
omies of size. 

The objective of this chapter is to identify recent trends in oilseed 
processing which might be helpful in determining the future course of de
velopment of the soybean processing industry in !he U.S. arid the rest of the 
world. 

WORLD OILSEED PRODUCTION 

Strong demand for protein meals and edible vegetable oils has stimulated 
production of oilseeds in all Producing countries of the world. In the past 
decade, growth has been at ,.cmpound annual rate of close to 5% (Table 1). 
Production of every single oilseed has increased in terms of gross tons pro
duced, with the exception cf groundnuts. The largest increase by far has 

889 
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World oilseed production. aTable 1. 

1967-68 1977-78 

Oilseed Tons %of Total Tons % of Total 

-000M. T. -

Soybeans 39,105 43.1 77,510 54.2 
Cottonseed 17,870 19.7 24,730 17.3 
Groundnut 11,605 12.8 11,170 7.8 
Sunflower 9,790 10.8 12,660 8.8 
Rapesed 5,715 6.3 7,970 5.6 
Copra 3,310 3.6 4,800 3.4 
Palm Kernel 785 .9 1,100 .8 
Lirseed 2,545 2.8 3,170 2.2 

TOTAL 90,725 100.0 143,110 100.0 

aSources. 1967-68, "Oil World Seni-Annual," December 1973, ISTA, Mielke & Com
pany; and 1977-78, "Oil World," Sp:jcial Issue 4, November 10, 1978, ISTA, Mielke & 
Company. 

occurred in soybean production. The soybean is the only oilseed which in
cr-ased its share rif the world r..trlket-growing from 43% in 1967 to 54% of 
total world production of oi!sieds in 1977. Thiq represents a gain of 1%/yr in 
market share. Prid ictions of growth for this crop consistently have been on 
the low side. The principal reason for this i'; that the soybean has two high
quality products: soybean meal and soybetin oil. Also, the combination of 
roughly 80% Irotein meal and 20% oil has satisfied the increasing needs of 
the world better than any other oilseed. 

LOCATION OF SOYBEAN PROCESSING FACILITIES 

The geo(jraphic location cf soybean processing plants in the world has 
been influ,-ced by both economic and political factors. In cointries which 
are producers of soybeans, such as the U.S., sites for processing facilities have 
been selected after studying ind weighing three primary considerations. In 
order o f importance these are (a) areas of heavy production of soybeans, 
(b) areas of heavy consum)tion of soybean meal, and (c) sites which com
bine flexibility, efficiency, and comparative cost advantage in transporta
tion. These include sites on major inland waterways, at rnijor rillroad and 
highway intersections, and at seai)orts. 

Secondary considerations have been (a) proximity to edible oil refiner
ies, (b) cost, availability, and quality of labor, and (c) cost and availability of 
energy. In addition, the outlook for further development of each of these 
factois needs to be favorable. Fortunately for most processois, soybean 
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production and sovhbean ineal demand have tended to increase :n areas where 
processing plants have een Colir'ictud. 

TIw irtiristry has )utst ,de Io olicy oIfexpalIding calcacity ahead of demand 

fot pioducts (Tahle 2). Cur ently in the U.S, Allareas are adteguately served 

by i lteln, efftici"it inni:nlsiii tlaits. Srlrh,cii a netw Sile luday is it difficult 

Iroblem. It is cliuarr Iss (: at an existing,irlwi OlIl)liC:h'd to (Xl)aiid cialraCIty 
facility. Muchr of this tylpe Of expan1sIrlr hil:, 0C.CnL:rrtnd. Sime of the market to 

Ie sirve '(sets a init nm lprairl caplcitly, nItlt rio) don)trt veewill see m1ore of this 

type ex pallsiorl. 

Tlre suhsl,tiil iririse ili niotiuct un orf soyhealrrir ill South Arncrica, 

startinll ir 19/2, has cirlet the oirtloo it many U.S. prlocssinll locations. 

lre o(IVerl renIlt of I1ia,/i a(lessively erur:ollleditI I tuildinig of a rlodler, 

efficient srnyht:an pro:issirrit irndu:,riy. It has developed i systemri -Ifexport 

sulbidies adi taxes whiclh favors lt extll ot soyiean newal and soyheall oil 

ovel the ex)lrt of snylbea'is. All eX)ot glurutai system is also usUd to hold 

hack srybleais lor donlstctic piocesin(t Iallier thall allowing thein to he ex

por ted.
 
' 


li I0Ctiriil i)llll iii ll iraiil, Imn :m"';s hlsicatally iri)ntl el 'len salile con

sideratioi atll!.t,. lily co-ity. Howevel Bta/il currently0 tiJiuihm-ilrtj 

cosns iloet'. . ,Hily ilhioit 20, of1its soylean rrrdl pioduction andm 

6U of its!,.yluerri oil , otri'lion. Hie riiiwainlir has to lcve for export 

and, lenct, a rnrll;'i rnr ini,itinrl plants. Thri revy maiketing ofthis is t 

soybeall neal an i I.ri'itwor{ld 111ak''. nut of 13ra.'il . lvesly affected 

U.S, plart llicrr:tiis whir ,irvi-htresiie iriikets. 

Soyheall IIineessill diewts 'Irealso localted in counlities which are not 

)rrlnOc( s Of hlueaa, ae si/,)ale curs1/inw1r5 Of frolh soylI)erIll meals hilt which 

aiud soyr lli oil. Sill:, in these! (:rutintrieS alie selectd uSin() sinrilar considera

tions to those usid in prolmucirrg couinitries. The emihasis is different. Deep 

warler Is(s r:aiuabl: of accuilli )(datir veiy large o(cearilrowil(l vessels with 

iiconiri soybeans have cost advaitales over sallow water ports arid inland 

sites. It is ilrl etonl;c.to haodle ;(tr lrispoit soybleaes than soybean 

meal arrd oil. liaddition, sonic of these countiis maintlin imolrt duties and 

use other trade iestrictions to iilcreas!' te., anfvanta.le of their processing in

(Jstl over the saille indotiy locateud in Irroducini countiries. Naturally, 

this does lidier Ilhe expilsioni o, soiyheai processing in the U.S. 

SIZE AND NUMBER OF SOYBEAN PROCESSING PLANTS 

U.S. soyhI im iroeussors have providod nelreded processing capacity 

ahead of demand for pruxlucts. Whie accomplishing this, they have aban

doncd ietficient, poorly loctild plants, expanded and modernized existing 

plants, and constructedl new, laiinr mills at better locations. 

http:anfvanta.le
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Table 2. Estimated number of soybean plants and processing capacity in the U.S., 
1968-78. 

Annual Processing Capacity Average/Mill 

Ratio 

Year 
Processing 

Millsa Total b Utilizodc Excessd 
Utilized 
to Total 

Processing 
Capacity 

Capacity 
Utilizedc 

-numnber  - ril hI 

1968 134 750 606 144 81 5.6 4.5 
1969 132 800 737 63 92 6.1 5.6 
1970 130 875 760 115 87 6.7 5.8 
1071 123 900 720 180 80 7.3 5.9 
1972 117 925 122 203 78 7.9 6.2 
1973 113 1,000 821 179 82 8.8 7.3 
1974 103 1,050 701 349 67 9.7 6.5 
1975 103 1,100 865 235 79 10.7 8.4 
1976 103 1,200 790 410 66 11.7 7.7 
1977 99 1,250 8,15 405 68 12.6 8.5 
1978' 100 1,265 935 280 78 12.7 9.9 

aEstimates developed fiori :nmsus; data and trade directories. Sources: 1968-77 (1); and 
1978, author's ustlinates. Ihr(ludes cottonseed and other oilseed mills that process sig
nificant quarnitit5 of soyboans. 

bEstimates shovvii here are aplproxirtlinst of CapIacity at the beg inning uf the marketing 
year. 

(;Soybeans acr{" iy crushed.
 
dDiffurence het ,cen total capacity and soybians utilized (crusheld).
 
eForcast.
 

In tie past 10 yr, the number of soybean plants declined from 134 to 
100. Any pilant with daily capacity of less than 6,000 bu/day is not included 
in these numbers. The average plant capacity increased from 5.6 million bu/yr 
to 12.7 million bu/yr. Total U.S. capacity increased from 750 millioi bu/yr 
to 1,265 million bu/yr. Actual bushels processed increased from 606 million 
in 1968 to an estimated 995 million in 1978. 

Ownership of processing plants in the industry has changed somewhat. 
The reasons behind the changes are varied and complex. One thing is certain, 
the business is not profitable all of the time. At some locations it is not 
profitable rnuch of the time. 

Cooperative owned processing plants accounted for an estimate 5% of 
industry capacity in 1946, 21% in 1971, attd an estimated 24% in 1978. Six 
different cooperatives now are tmulti-plant processors with 13 plants under 
their managenent. Eight additional cooperatives are single-plant processors. 
Eleven corporations are tnulti-plant processors. They operate a total of 
65 plants. Twenty-two additional corporations are single-plant processors. 
The total number of firms which processed a significant volume of soybeans 
in the U.S. in 1978 is 47. 
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Efforts to capit li,c on economies of si/e have resulted in larger sized 

plants. In 1964 only 9% of U.S. processinl plants Coul process 1,000 tons of 

soylreans/lay. In 1974 this increasvd(f to 26%, and tlodj, 50%, or one-half of 
the units ca proce;s at helt 1,000 tons of soybeans/day (Table 3). 

Bira,'iI aii otlhi intlri,, of the wol:i have many mont small plants 
than tei U.S. A smoill Ilanit mew can Ili- hfefrii- a one havinii a daily capacity 
of les!; beiithall 1,0Q0 tons of s/lay. Fifty percent of U.S. plants aoe larye, 
1/o Of Wil,1i s ilarl,ar largle, ziJ , of flt!plants illotler (OuntrileS Of 
the wold re lai(le. .oylhwan plants in the worldAlso, 29% of all ro-e,,ior 

: lanIje; that is, they cii crii:ess'one IrIrislail tolls of mone of soyl)eans! 

dly ( Iile 4). 

A hi-iiIi>arl, a lii (iriim:wic i)ylw)i aninkel, aid a market orient.fei f 
i e(:iolioilny il( th1 1minnti il r,''illi', li, tJ.;. leid over othw 	 r(ounttri(!s. 

It is r(!ilw r;lly , ',liii dif t aln;iill,i i imi)li)i .i i;f tl i l, tlheU .S. iniihostny is 

n1On Offi(;i!ill III uitti A ini! ( w, 1ImIIIcwt, ai;f yii:lis,( 'efilch 

rahh 3;. i'. di.trihulioii of (ioyhii liio:;'onq pldnt% inntho U.S. a 

sue 1964 1974 1978 

Tori/D)ay Dist. Acciurn. Dist. AccunIi. Dist. Accum. 

;wilc:or '400 19 59 14 44 2! 25
 

400 799 23 8? 1i1 10 411/ 


00 999 9 91 13 74 9 50 
1000 1199 3 94 5 79 9 59 

1200 15) b 99 16 , 19 78 
S1GOO 1 lO0 ) 100 22 100 

cii.. ,'M 19 4.14, (tf i; , ;ithlii's winmitiO197 .
 

Tc-nlIo 4. 	 Curroot i,'edistribution of soybilan hirmossir,i plants intho U.S., Brazil 
mril other countrini, nifthi -world." 

Size U.S. dr-aill Othnir Cnmntrius All Countries 

Tons/Day Dwn- Accimn. Dist. A:ciun. [)i ,t. jAccim Dist. Accum. 

Swith: or " 400 25 2i, 1,h 6f; 30M 38 44 44 

400 199 1G 41 117 it 2b 63 20 64 
00- 999 9 1,0 4 117 8 71 7 71 

1000 1199 0) 09 4 91 5 71 6 77 

1200. 1599 19 /8 2 93 7 83 9 85 
16)() 2

) 
100 7 100 17 100 15 100 

IAirlhto's istineiih 
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Excluding the East Bloc, USSR and China, a total of 337 plants operated 
in the world this pest vear. Cnw hundred of these plants are located il the 
U.S., 117 in Brazil, and 120 in other countries of the world.The world now 
has a capacity to i)rocess 3 billion, 219 million bu of soybeans/yr. The U.S. 
has 39.3% of that capacity (Table 5). 

TECHNOLOGY
 

Basic processing )rocedlures have not been changed a great deal. Plant 
capacities have been increased by installing new equipment designed to han
dle larger volumes or by idding additional units of the same size as the old. 
Over the years, some improvement ha- been achi(eved in extractors and other 
processing equipment. 

The most pryress has been achiwe(d in the field of energy conservation. 
Additional heat exchir,(ers have been instalicd. Economizers have been in
stalled in boilers to consrv,, waste heat. The number of BTU's required to 
pr,ess a bushel of sybeans hIs been reduced. Some plants have converted 
to coal boil,rs from oil/fIas boilers in an effort to reduce costs and to imple
meInt national policy. 

INTEGRATION 

U.S. soybean processor, are irolv.td in most of the many different 
businesses which 1:,. thfe ;Ioluc0 the, !)roduce. Practically every processor 
is connected corporatcly it',, fteed0W bLusin,ss. Some go beyond this to the 
broiler, ett an] hog produwing businesses. M my hae an edible protein 
business. My frocessor also have integrated vertically into the vegetable 

Tmoble 5. Numbei and si:fi of soyhean processing plants, U.S., Brazil and other 
countries.

a
 

Other 
Tons/Day U.S. Brazil Ccintries World Total b 

Switch or " 400 25 4677 148 
400- 799 16 20 30 66
 
800- 999 9 5 
 10 24
 
1000-1199 9 5 6 
 20
 
1200-1599 19 2 8 29 
> 1600 22 8 20 50 
TOTAL 100 117 120 337
 

Annuail Capacity/ 1265 656 1,98 3219 
Millicn Bu. 

% of World 29.3 20.4 40.3 100
 

aAuthor's estimate.
 

bThe East Bloc, USSR,anc,china are not included.
 

http:irolv.td
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oil iefining business. A few (o so far as to produce and market margarine and 

srrortenina. Econorni'.s in ralpidly escalating costs of liand ling and transporting 

goods have stirnilaxie(d this trend towards inte(pation. 

TRANSPORTATION 

Some weakuiiesses in tihe U.S. tiirs; oltalion system have become ap

n rn l .t i -0 f-t mo c I o f1 tifi,,n h .4m r ir r s;, I ,rn Ic rif mni,imi, riAg 

Iaterial air.! products. Periit,: shorta(leS of hoplper cars, boxcars, and tank

cars rave not becn resolved. trItiatiorr of equil ment in the nation's railroads 

has dhcli;ed. Ili the irst 10 yr, anrlrral rorirber of tril)s/yr for hopperrrs dec

clind from 17.6 to 15.2; fur Ihoxcars from 17.4 to 12.2. The deterioration of 

Lock anm('l)arm, 26 h hen well if this wi itirl, eomrstrLnCretio Ofhvrs rruhlici/e'ri. As 
0 new I(;.;K unr1 drarl two rlesli. idowrriwir lvS rel y(l fie;nril. Extremely 

col(d weather the frst three wirters haiiS ure,..ut(itiad tiarsl)ol tilfl lt)oblrhfls 

arnd costs. rise fhrr:nlols hirve cauised ;,io irresi r tile )lwierecetai(e of truck 

trarslmor tartici of s::ylm-i:an and rrofiets. At tuns, proessinqr plants have riot 

i)eo rble to move urLoogh )iOdoict out (if plaits to lull it erlia(city. Th;s has 

heen a storlimsini] developierit which raises i lestinqi qoetrtiri s its to the 

optirLron si'e of processing plants. Sit diere!gulaion of transportation is 

ruw vievied as a ihrssiiuiiily fo; stierrrrr the natio's trarrsportation 

system. 

GOVEINMENT tIEGULATION 

The cost of omgrlyirq with enuirnstartiy inr:reasirr (rovi'rrnrrent regulations 

has surjed. The two federal ,i:Aujeires -Ieeih hive hd the (Ireitest irnrlar:t on the 

soybean pro(essi,il irivistty imitire past feciade ire the Occupational Safety 

ad Health ArImirn:s irition (OSHA) , id t!re Erivirorimental Protection 

Acrency (EPA), Real enefits have h,,in ,ldined for society fronr some of the 

changes r geireif bry !hese rgienCie:s. Some! adverse ;onisequences (it regulation 

are becoirrin more visible. In t(o rany eajsurs, tihe custv of regulation are 

outweiqhing the benefits. Thi. priodnictivity oif the natuari has been affected. 

A Brookings Iristitution economist has calculated that OSHA and EPA re(u

lations cut 1.4 points/yr from U.S. productivity growth ietweeri 1967 ari(i 

1975. Increased per bshel costs in processing soryhbeans have iee n uniavoid

able. Additional personnel are required to staff new deprartments which study 

new reijulations and implemert jiroce(hiies to assure corrliance. 

FUTURE DIRECTIONS IN THE INDUSTRY 

The soybean Industry has expanded steadilyior the past 40 yr. All 
things must corn,: to an end sometime, ,wrt no one can yet see art end to con

tinued growth in denand for soybean products. Much of the world's 
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population cannot afford eveo a minimum caloric diet. Another large segment 
docs consume the minimum necessary calories, but does not enjoy proper 
nutrition which cal he provi(led hy --ilseed products ind the industries which 
use them to produce consumer foods. World l)opul;ition will continue to grow 
arid a better standard of living will be demanded and achieved. This will 
requi!L increased production of protein meal; and edible oils. Soybean nal 
and soybean oil are excellent pOrlcts. ProduCetrs will he challenged to pro
d.ucc iiloiu .ky lbuol.LsV!Iy YtVli.Pidlit breeues will continue their efforts to 
increase yiel'!s per acie. Pio(icer s will conftinl to upigrade ard improve 
fanning practices. Thioujh a combination of higher vields pier acre ind in
creased dhrnand, soylicams will effectively he able 1o collpete with othe, 
crops for the adiitional acres nueded to nieet total d(,lin(l. 

The U.S. soybean piocesig inuistry is riot lil:ely to expand lpioportion
ately with soybean produictioii. A very low poliulation g(owth wite in this 
c:auntry and ia already hilh tarndaid of livinl Ieave little potential for il
crea.ed domestic deiianil. Proces',ing( CiIIlilcity is iiimre likely to he increased 
in those other cotnitries wii:hi have ecorioniic andl rionr-econric advantages 
as well as a inore Ililpily increasir(l (hoiiestic deiand. Aver itile lilt capacity 
worldwide is likely to ilit,ise sme inOic. Oin the otliir hand, onre cannot be 
irmrpressel with th( l)issililitile, mf further iiicei siil tOw si/e ot the worl l's 
largest soybean plants. 

U.S. soybeaii e!Xl);. ts will glnl ti.US exlorts (if siyliai meal al( 1 soy
beall oil. The tieridl twalids veltical ilitle.tmalloi will continue in the U.S. arid 
other (:olrit its oif the worll. Lick of holi.'nirltal !Xlnarnsioni oppoittnities in 
soybean lirOcessing irr Ili U.S. will fur lhIer this trend. Some ileregulation of 
the transportatin systeim is likely. This shold li i4ellnful to the market 
oriented soylean processing irdhistiy. Overall gloverrieriu regulation of in
dustrv will incr ase. Sirilh-plaint owners will fiudi it ii:ieasing difficult to 
cope. Comletition hltwuli cootrate aun oii(:eiievi. ltlti.lplait owners 
will intensify ;irlwvill h)iiefit both piol( it:e i , nd , l.Vt , 

NOTILS
 
Johln .J. C l
Mo(luil, [)frllni ; Soywlmir ujii[lil-ull, Cir1ll, Inc., Milirninvopolis, 

Minrnsoa 55.402, 
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