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FOREWORD 

In recent years there has been a great surge of interest and activity in the 
field of biological nitrogen fixation. Rightly so, since the increased cost of 
energy and the growing demand for nitrogen fertilizer is expected to cause 
dramatic increases in the price of this commodity in the years ahead. As we 
struggle to feed a growing and the need a betterhungry world, for 
understanding and a fuller application of the mechanism of biological
nitrogen fixation is, however, of perhaps even greater importance than is 
apparent from the problems of cost and supply mentioned above. Most of the 
food in the tropical developing countries is produced by subsistence farmers, 
whose resource base is so small, and whose physical access to supply markets 
so limited, that they cannot take full advantage of new technologies that are 
overly dependent oil purchased inputs. Biological nitrogen fixation, used 
appropriately, could reduce the production constraints facing these farmers in 
the many nitrogen-deficient soils of the world. 

The importance of this subject was illustrated by the attendance at this 
meeting: 178 participants from 33 countries. But this was not just another 
international conference on biological nitrogen fixation. As its title indicates 
this was a workshop -- notjust a presentation of formal papers, but a series of 
discussions on what to do with this knowledge, and how to work together in 
its development and application. Indeed, one of the stated objectives of the 
workshop was to develop cooperative links, and in this I believe it has been 
highly successful. Also important was the applied nature of the workshop,
which has been involved with seeking technology for tropical agriculture- a 
task relevant to the many hungry regions of the world. 

All of CIATs programs adhere to the common philosophy of relevance, 
complementarity, and minimum inputs. Relevance. because CIAT is an 
institute dedicated to the generation of technology that will enhance 
agricultural production and productivity. Complementarity, because CIAT 
recognizes that it is only one link in the cooperative network of national 
programs and institutions working in the field of scientific research and 
agricultural development, and that it will play its part effectively only if it 
works in close collaboration with other institutes. Minimum inputs to keep 
the production costs of all new technology within the reach of the small and 
less advantaged farmers. Since these three elements of CIAT's philosophy 
were all central to the biological nitrogen fixation workshop, CIAT was 
deiighted to share with the University of Hawaii NifTAL Project and 
ICRiSA'I the co-sponsorship of the workshop, and to host it. 

I would like to thank the co-sponsors for this very successful cooperative 
effort and to record their gratitude for the cooperation received from ADAB, 



iv 

the Boyce Thompson Institute, Cornell University, the East-West Center, 
ICARDA, INTSOY, IRRI, North Carolina State University, UNESCO, 
University of Puerto Rico, USAID and USDA. I am sure I speak for all the 

cosponsors, cooperators and participants, in expressing the hope that these 
proceedings will stimulate greater cooperation in the application of our 

knowledge of nitrogen fixation to the benefit of farmers and consumers in the 

tropics. 

JOHN L. NICKEL 
Director General 
CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL 
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KEYNOTE ADDRESSES
 



BA F Te(Chnohqygfor Tropical Agriculture 

BIOLOGICAL NITROGEN FIXArION -PROBLEMS AND 
POTENTIAL 

A. App and A. Eaglesham I 

Tfhe ultimate goal of this Workshop on Biological Nitrogen Fixation 
Technology for lropical Agriculture is to increase yields in farmers' fields. We 
are specifically interested in increasing the supply of nitrogen (N) available for 
crop production in the tropics. There are three principle sources involved: 
N fertilizers. orcanic \sastes and green ma inures, and biological N2 fixation 
(BNF). How ellectic Is each of these agents in the I.l)('s (less developed 
countries).? 

Figure I sho\ws the iclatio ship between cereal production and fertilizer 
usage over the pefiod Iromt 1950-1974 and clearly indicates the value of 
fertilizer N lor incrcasi,,g cro) yields (I lardy. 1975). Estimates vary .,s to the 
relative importance of N icrtili/crs in,stiful: ting world cereal yields, but 
perhaps one-third to cric-liall I thlie increase in yields during the past thirty 
years can bc attributed tocthe use of N fertilizers (Fngibous. 1975, Hardy, 
1975: hIerdt & Barkc, 1)75). Roughly 20 million tons of Nfertilizer, a third of 
the world's total consumption, is currently being utilized in the LDC's 
(Stangel, 1979). 

Figure 2 gives a stuiniarv ofi world prices for fertilizer N over the past 
fifteen years. Note the serious increase in prices experienced during the energy 
crisis of 1974-1975. No one knew what the fitture would bring as far as N 
fertiliier prices \\crc concerncd, and there was genuine fear that farmers 
employil.. modern fcchnolyi \ould soton find fertilizer prices too expensive 
relative to tlic risk and potcntial neefits. We now see that prices have receded. 
but no one knok.s hn.\N long this situation will exist. 

It is much morc dill icult to document the importance of nitrogenous wastes 
and green manures l crop production in the I.I)C's. Iliese sources have been 
employed in traditional agriculture for centuries, and curreitly are very 
important in the IPcopc', RepUblic of China. It is estimated that 
approximately two-thid s of the Napplied to rice inthe Pople's Republic of 
China is from orga tic \\astcs. glee II manutires, composts, etc. (IIR RI, 1980). 

' II-vc Ihompson Institute atConell I ;ic ersity, Ithaca. N.Y.., USA. 
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1976- Foreign Agricultural Economics Report No. 115, February 1976, Fig. I, p. 5.
 

1977-1979- FAO Food Outlook, various issues.
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iable I contains some estimates of the amounts and types of waste available 
(or employed)in the IPeople's Republic of China and in the IL.DC's (Stangel, 
1979). The lotal qluanityl ol N contained in these materials apnears to be more 
than three times the quantit\' ot N tcrtili/er used in these regions during 1980. 
However. it would hCa I'mOUs mistake to attClpt to employ these sources of 
N in other regions ot the . ord Without recogni/ing the social, cultural, and 
economic setting in Mich tile\, are now utilized. 

B LIE I : 	 Total annual production of N through organic wastes in developing 
countries (1971-1980) and used in the People's Republic of China 
(,976) (Stangel, 1979). 

Source 	 People's Republic of China Developing worldi 

Quantitv N content Total N Total N (103 t)
(106 t) ( ) (103 t) 

1971 	 1980
 

Human waste 
Night soil (60',; 

available N) 127 0.60 762 12,250 15,260 
Animal waste 

,Cattle manure (70 
available N) 411 0.60 2,460 17,800 22,250 

Pig manure 571 0.50 2,855 
Goat mnimure 65 0.60 390 
Poultry manure 23 1.46 366 

Farm compost 9,540 11,930 
Plant residues 273 0.30 819 
(reeni manure a , 0.40 192 
Mud sill 144 0.25 360 
Uruian compost 480 600 
City garbage 13 0.60 78 
Urban sewage 1,430 1,790 
Oil seedcakes 4 7.00 28 
Others (bonemeal, 

bagasse, etc.) 10 0.40 40 6,620 8,290 

Total 	 1,689 8,320 48.120 60,120 

tral America anid Oceania, t11ut tLtlsAcluc s ('Cen 	 u sociahiSt Asia. 
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We nowv come to tN I,the totpic of immediate concern to this workshop. 

We have seen that both N lert ilizers and organic wastes do make an impact on 

crop yields, and especially o ccreal iclds. But the sittiation wit Ii NF is not 

so cler. [-or example, can %c demonstrate that !NI: is the most limiting 

factor for grain legttic yields in the tropics? will rhizobia inoculants increase 

yields. I)roo~ght. pests, sCil prohlCtus. and topography are lreqlentlv more 

serious problemsn". than N dlicitncy, and may explain why farmers' yields of 

graini levitmi's atc tomhi onic-third to one-half those obtained on 

expeminicntal plots (App cI a/., IMO0). this is not to say that a reasonable 

dCgrCC ol nOdIlatioi and N, lixatioa is not needed in order to rEalize tile best 

yields that ate correntl\ being obtained on farniers' fields. Iorexainple, there 

arc reports ol N lcieli,cr rcsponscs by tropical legumes which are not 

nodulated or arc pol nviodulatcd (App ot al.. 1980). 1his fertili/er response 

can be clitinated itthose grain legumes are properly inoculated with an 

ellccti\c strain o rhi.,'oIbi. 

PCIlh',tJ ,mhi illlcI, l t l ill illOctlalltS' b[,III ,o icl Ofgr lCgtlmes \with 

Or N fertiliers is partially (Ine to a Vield barrier." Soybean yields in the USA 

have increased only 14 to 21( in the past twenty-five years, while cereal grain 

Ntilt', hta\e illiIt.c \itI1\ dtrine this sam e period oltinlelt,IpplI tcl\ SOto 75' 

(StinIIttcId ,II ti.l -,,)IrIpic'tl Icgtni c breeders are inote interested in 

htKCreIci'q\ lcILd;[lI iiI dcO\chlptitg,1 pest tolilaincc, thall illdeveloping 

varictics with incrcased potential l'orRN F (Kawano & Jennings 1980). Hligh 

rate,, of BtNFI are not ;iprimary selection factor. I owever, if the yield barrier 

Can be btokeil, greater inputs of N and other nutrients may he necessary to 

exploit this Ctllanlced yield potential. 

Ihcic ac ptlbIcllti-Ii it iclnpin to assiitn a high priority to BNI research 

in the dC\(chIIIttQ ;ire'a, IIc tiolpicS. RcCarch ott IINI isoften long-tertnand 

C\pciisi\c 11i, lil ,tw,\ psi, hlc to c.a'ilatc the hcnclits ol IiNI oilcrop 

prodiutlitt inii;1a i ic .cai i \ hetir cstilnattlon o tihe impact is usually 

p(ssiIbc ilIc itt\ ,l plit dictl\a.t(il the con/plctc cropping cycle is 

Cxamitid I li t Iic, tICcll to other illeas of research whereali t'.i' Il 

diree l i l IIi .i d i,, ii,1c , tiC, ii the ollltfterm. 

I t t alj c It.'1lii1! ,tic <'- ,fili till producti\itv is even 1ti r1-.difficilt 

siticeC Ii\C stck 1iii,1 k,It e ttili/c the fora.lges. The1 1"I tl I I t.I toIlicicnitlv 
tpc (t tc'acmi It ' litctt icqIliCs mtcoordinated elfort cropcue by 

ph slhl it, il tiinli,., cct..i iiisis.li shstck specialists. II1icrobiologists, 

aild Phitt hITcctc'i I\l iiL\ 'lc comipontentt ol i larger rescarch package 

lot Clro ImpI 'lc'tcl 

It i, li it ctc'irl \\ II thc piitimtl usersI o)I the MIN: technology in the 

I)(-, illbe Nlin ,i,.1.t ("hat or less-adsaiLtagCd farnerthe ",tibstanicci 


L, i p liited it) small fiaf1m,in rCittOtc Ic',lll ,t'l ,olll. capital or otl a \%ill 

utili/c this SitiCCIc cirrtItlv using "traditional- culturalIccLhnIoIcsh,. is 

I)r;I'Cic', iItpits\cd ,, IIti'I IV\ F should lie attracttse and appropriate tom 

Illsa mric liital . n tuti atelv. tINlsstcnits do require inputs I'rp)cpL;itimI 
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optimuml performance: good seed and inoculants, proper soil amendments, 
some water control, available livestock, and management by the farmer is 
oltcn needed. In add ition, crop selection by tile farner may be based on yield 
or yield stability, the economic %alue and desirability of tile product as a 
Ifood fiber source. suitablility to a particular soil. or how well it fits into a crop 
rotation. BNI. is not Cnisined as a primary selection factor and would 
certainly require ollel modifications to his traditional practices. Farmers 
who are currentlI.\ using InI dtiLC technolog, who are Iocated on prod ctiv,. 
soils, at:d w,hl are properly finaInced alld served by an adequtate infrastruc
ture. are another possible user gritlp. I lwever, thley' LSuNally tise N feitili/er. 
The yeari.\ quantity of lc,tili/er employed in tile developing tropical wOrld is 
still increasing. 

What ,, ould happen if \%c should s.,uddenly find that N fertilizers were no 
loigCr a feasilC souIlc of N Intil des elpinig areas of the tropics? A recent 
stud% colllpaledlaills inI tile I ..S. corn belt that used "organiic" methods of 
farming (no f'ertilizer N, pesticides, etc.) with their neighbors who used 
cons entional ptACt Ic Included N lertili/ers ( L.ockeret/. Shearer& Kohl, 
198 I). Selected damt f ,on IIns report are contained in [able 2. With the 
exception of the hay and oat crops, which usually receive litie or no fertilizer, 
all yields '%CsC lesC. \\ hcat sM\sthss [ 25'i.s but the authorsnote that this was 
af ItIloTIr crip (ollll lh atis ntudiedusually recei\cd eompleteud 
fcrlitzation ol Coul\slltitIMll fll ins. I i\cstock nubl ers \\cre higher oil the 
orgarnic larls iln Ildci to itui/C the lage that was produtced is a result of 
inclusion ofl Itletillk"ts il tie' t;,1p tttiolts. Profits were approximtely eql 
since l\\ct c"s Ir of-:autll inputs rtoughly equaled the economic loss 
resuIlttI ronlt ieuceL',d * Ids. I lCtthors oI t his stld\ suggested that neither 
Of the siiatItltl C\N[IlIIt III thIClI study Ial\ bet he best Option. Ill particular, 
tite\ siuggest thatI 1 Lo121it1hModest illmount of lertili/er N b\ the rtganic 
farncls \\uild likcl haix eamsistantial imllipact oil their yields. lit other words, 

TAlB LIF 2: 	 Yiels, livestock numbers, alnd protfitability of orlallic 
farmers relative to conventional fariters. (Lockeretz, 
Shearer & Kohl, 19 1). 

Crop 	 Organic [arnier 

Maize (yield) -10
 
Wheat -25
 

Soybeans 5
 
Ilay 	 " 0 
Oafs " 0 
Livestock Greater nunbers 
Profits Approx. equal 
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the comhined use ol hoth It',I-and moderate IIMIounts of'ertiliers may be the 

opti itimum cho icC I his hakil ccd approach may he worth more consideration 

in the developing at cas (A the tropics. Research on increasing the efficiency of 

utili/ation ol le iCili,cm N Shuld also bC includcd. 

In sunlmai\ it is imic to do the licld rescarch necessary to prove that BNF 

can make a mcastrable tmlImpact oM ct'op production in lhe tropics. Ihis kind ol 

ts dclin! MW users of the improved 1INFresearch will also help ho the logical 


techtiolo.\ tna\ be. I InalI. added it,earch emphasis on the optinium useof'
 

both BNIii a \nN Iliiii/C IllCl' liti systems is suggested.
 

Sevcral IIC\,icsCe.lh p 1 ets ald progratns ott tIN [were initiated during 

(he 1974 ener. ctisis and shortk thereafter. Prior to the energy crisis, very 

few lahoratories ' \ctc doing resea relt i I NI. We have had suITfficient time to 

establish our piograms, atnd it is tow time to demonstrate t t BNF can 

ellecti\el. inCICase \icld s Ii Iarniers' fields. 
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9 BNI' Technoh lifr Tropical Agriculture 

A ROLE FOR LEGUMES IN TROPICAL AGRICULTURE 

M.J.T. Norman' 

Summary 
This paper reviews the economic, nutritive, and biological role 

for both grain and pasture legumes in tropical agriculture. 
P articular attcntion is paid to the importance of legumes in 
multiple cropping systems and to the role of forage legumes in 
C1olpling systems. 

INTRODUCTION 

In this introductory paper Ishall interpret the role of legumes in three ways: 
economic. natritive. and biological. By the econonic role of legumes I mean 
their place in the tropical world's agriculture: the areas where they are grown 
(and we know these with some degree of accuracy only for crop legumes), how 
the area sown to legumes in a particular region varies over time, and the 
degree to which crop legumes enter the world trade. I shall then deal with the 
place of legumes in the diet of both humans and stock, though with an 
emphasis on pasture legumes as a component of ruminant nutrition. Last, by 
the biological role of legumes I mean their place in tropical farming systems. 
With respect to crops this includes temporal and spatial relationships between 
legumnes and nonlegumes in cropping systems and the consequences of their 
inclusion in. or exclusion from. crop patterns. For pastures the biological role 
includes the capacity of legumes to raise the productivity levels of tropical 
grasslands and the constraints to full realization of that capacity. 

THE ECONOMIC ROLE OF LEGUMES 

Grain legumes 

Tables I. 2. and 3 illustrate significant features of the production and trade 
of grain legumes in the developingworld and China. The tables are deficient in 

I )cpt. 1 *\,uonrl . itrd Ihlrticutial Science. Univ. of Sydney. Sydney, 2006 Australia. 



TABLE 1: Harvested areas of crop legumes and cereals in the developing world and China: averages for 1969-71 and 
1977-9 (1000 ha). Source: lAO (1980a) 

Crop Developing countries China 

Africa Latin America Near East Far East 

69-71 77-79 69-71 77-79 69-71 77-79 69-71 77-79 69-71 77-79 

LEGUMES: 
Soybeans 176 224 1568 9252 15 94 1015 1385 13859 14328 
Groundnuts 6206 5068 1127 868 546 1072 8531 8594 2165 2390 
Dry beans1 1813 2045 6419 7265 246 219 8407 9330 3381 4116 
Other grain legumes 2 8878 9295 942 959 1174 1378 16842 17792 8440 9717 

Total 17073 16632 10056 18344 1981 2763 34795 37101 27845 30551 

Change in Total () -2.6 +82.4 -39.5 +6.6 +9.7 

CEREALS: 
Wheat 6213 5532 8555 9547 19999 20863 23617 28746 28336 37001 
Barley 4042 4474 1235 1189 6106 6653 3633 2769 12834 14568 
Rice 3518 4185 6394 7700 1217 1145 76564 81916 34622 37735 
Maize 12349 14111 25852 25844 1824 2079 12933 14432 10521 11707 
Sorghum 10657 11136 3525 4779 3256 3942 18167 16667 8571 8570 
Millets 14401 15105 160 246 1211 1606 20747 19053 13072 14170 

Total 51180 54543 45721 49305 33613 36288 155661 163583 107956 123751 

Change in Total +)+6.6 +7.8 +8.0 +5.1 +14.6 

Largely Phas'olusand l'ipnc (except cowpeas). AV !rain legumes except dry beans: e.g. peas. lentils, chickpeas, pigeon peas, cowpeas. 
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that it is only possible to r.esent data for four crop legume groups from the 
Food and Agriculture ()iganiiation's (FAO) statistics; furthelmore, the FAO 
regional grouping ohscure,: the boundaries between tropical and temperate 
zones. lowever, a rcasonably clear global picture emerges. 

In Table I. changes in Clop area ov: -r the p;,,t eight years for the four crop 
legume groups and [he six major cereals are conLrasted. It is said that in times 
of food shortage. farmers of the ui.:veloping world tend to substitute cereals 
for legumes: if subsistence firllers. in order to secure their food energy base; 
if cash crop farmers. In )rder to take advantage of higher cereal prices. While 
this may0ocCur regionally and over a short-term stress period, Table I does not 
suggest any general shift in the recent past. In the Fa r East and China the rate 
of increase in total crop legume area over eight years is of the same order as 
that of cereals: in the Near Last it is about foar times as great, and in Latin 
America ten times aIs great as in cereals. 'he main focus of crop legume 
expansion in tile Near Last, as defined by FAG, has been in groundnuts in 
tile Sudan. whileIi Latin America it has been in soybeans, particularly in 
Bra/il but also iii Argentina and Paraguay. Only in Africa has a decline in 
crop legume area becn registered; a decline due largely to a fall 'nNigerian
groundritit pgoduction. tror grainelguics,both dry beans and others, rates of 

increase in crop arca hltae been broadly .;inilar to those of cereals in all 
regions. 

Table 2 givcs \xild anrd production data for tile same legume groups, 
regions. and tirmc periods. While I appreciate that even three-year averages 
may be insulicient to iron out seasonal variation for riinfed crops, the table 
shows one or tNo interestilg changes that may be regarded as real. In Africa, 
the yield of grou ildlriots has declined while that of other crops has remained 
static: this transltes thc 2.t0V( fall in total crop legume area to a 7.0% fall in 
production. In the Neai Last alld China the general yield trend has been 
upward: pcrcentage IT.CeasC, ill)rodLuctiotn are, therefore, somewhat greater 
than the increases ilia ra giveln iliIable I. In Latin America, sub:tantial yield 
increases illso\,Clls. and, to a lcsser extent in groundnuts, have reinforced 
tle expansion in area Itothe point where total production of crop legumes has 
increased by o er 15(01 ilieight years. 

L.ooking to tile fiture, it is virtually impossible to predict changes in the 
area sown to crop Icgiuiles relative to other cro.ps. HIowever, it is appropriate 
at this point to update Khan's (1977) view of the yield potential for legumes 
and to look brictly at glohbal trenids in yield. For the developing countries the 
average annual ratc (I change iii yield over the past eight years ( 1969-71 means 
cf. 1977-79 neans) lor sotbeans is f5.191 i, for groundnuts +0.59%, for dry 
beans 0. 141'. fo)r all gril legumes 0.16%, and for cereals + 1.90% (FAG, 
1980a). Since tile major contributor to the substantial increase in soybean 
yield has been the sub-tropical region in I.atin America, there is certainly no 
cause vet for rejoicing ariong tropical crop legume breeders and agronomists. 



TABLE 2: Yield and production of crop legumes in the developing world and China: averages for 1969-71 and 1977-79. 

Crop Developing countries China 

Africa Latin America Near East Far East 

69-71 77-79 69-71 77-79 69-71 77-79 69-71 77-79 69-71 77-79 

YIELD (kg/ha): 
Soybeans 396 411 1278 1561 1124 2074 754 885 822 887 
Groundnuts1 778 765 1225 1350 883 1025 824 875 1216 11!0 
Dry beans 573 573 604 554 1174 1345 313 339 728 894 
Other grain legumes 358 360 672 737 11111 1107 627 610 1015 1033 

PRODUCTION (1000t): 
Soybeans 70 92 2003 14347 17 197 766 1226 11398 12714 
Groundnuts 4827 3870 1381 1169 483 1098 7027 7519 2634 2654 
Dry beans 1039 1172 3876 4023 289 294 2632 3163 2460 3684 
Other grain legumes 3176 3343 633 707 1304 1525 10566 10851 8567 10033 

Total 9112 8477 7893 20246 2093 3114 20991 22759 25059 29085
 

Change in Total ( ) -7.0 +156.5 448.8 +8.4 +16.1 
11n shell.
 

(Source: FAC). 1980a).
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Table 3 is concerned with current exports of crop legumes and their 
products from the developing countries and China. (Since trade volumes 
change so rapidly there seemed to be little point in comparing the 1977-9 
figures with those of another arbitrarily chosen three-year period). The table 
illustrates the dominant position of Latin America as an exporter of soybeans, 
soybean products and grain lcgumes, and the no-longer-dominant position of 
Africa. excluding the Sudan, as an exporter of groundnuts and groundnut 
products. 

TABLIE 3: 	 Exports of crop legumes and crop legume products from the devel
oping world and China: average for 1977-79 (1000t). 

Crop or l)eveloping countries China 
crop product 

Africa Latin Near Far 
America East East 

Groundnuts 1 116.7 71.4 114.1 40.6 22.7 
Groundrliut meal 2997 229.5 103.4 618.3 -
Groundnut oil 170.6 171.8 31.5 9.4 12.0 
Soybeans 1 3360.1 0 34.6 190.9 
Soybean meal 1.4 5684.3 8.3 137.2 8.7 
Soybean oil 1 537.9 1 5.6 3.8 
(rain legumes 208.4 418.0 241.0 223.9 74.7 

1l:Rmnuts hoth ill,helland ielled, expreswil as shelled. 
(SoulLe j:I M . 980h). 

Pasture legumes 

Comparable data on pasture and forage legume production are not 
available. Even whcre countries report "sown pasture" areas, it is rarely 
known whether legumes have been sown. Furthermore, whereas an arable 
crop is definable, there are all levels of pasture improvement from a full 
replacement of the native vegetation by sown species to a hopeful scattering of 
a limited amount of seed with little or no cultivation or fertilizer. However, the 
most important contrast is between the roles of crop and pasture legumes: the 
former are establishcd components of developing country cropping systems 
and have been so lor centuries, whereas the improvement of tropical and 
subtropical lands with sown pasture legumes is still very much a pioneer 
activity. 

Thus, in Australia. where tropical and subtropical pasture improvement 
has proceeded fastest and furthest, the area sown increased from 0.85 million 
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ha in 1945 to 1.2 million ha in 1960, an annual growth rate of 2.5%, and then 
increased to 3.8 million ha by 1975, an annual growth rate of over 8%. 
However, the 1975 area represented only about 4% of the available land with 
more than 800 mm rainfall, and less than 30% of the pastures contained 
legumes (Pulsford. 1980). From 1973 to 1975 beef prices fell by 70%, and 
between 1974 and 1976 phosphatic fertilizer costs increased 2 -fold. These 
catastrophic changes in input-output balance brought pasture improvement 
in Australia virtually to a standstill, a situation from which it is only now 
beginning to recover. 

Mannetje (1978) has been brave enough, not to predict the rate at which 
sown tropical pastureland is likely to increase (a task beyond any scientist or 
economist), but to predict what a given expansion is likely to mean in terms of 
animal production. He estimates that within the tropics with more than 4V 
months of wet season, plus subtropical regions with year-round or summer 
rair, - there are 4.5 billion ha, of which 2317 are grazing lands. The number 
of cattle is 566 million and beef production 7.7 million tons - only about 7 
kg/ha of grazing land. Using data from Stobbs (1976), Mannetje calculates 
that the improvement of 25% of the existing grazing lands of Africa and Latin 
America would increase their combined output of beef from 6.i to 13.6 
million tons. 

At the workshop where Khan (1977) presented his paper on crop legume 
yield, Jones (1977) made a comparable analysis of pasture legume yield 
potential. Jones recalled that Colman (1971) had found the yield of pasture 
legumes to be about half that of nitrogen (N) fertilized grass in various regions 
of tropical Au.itfalia. l.udlow & Wilson (1972) quote transpiration ratios of 
305-340 for N fertifizcd grass and 700 for legumes, and on this basis one might 
expect potential legime yields of7-28 t/ ha, according to location. In actual 
practice yields seldom exceed 10 t,ha. On the other hand, management (the 
defoliation regime) a of yield and one that does notis.major determinant 
apply to crop legumes. .oncs was of the opinion that in the wet tropics and wet 
subtropics inadequate nutrition and poor management, rather than genotype, 
were currently the dominant yield constraints. However, for the wet-and-dry 
tropics and, to a lesser extent, for the drier subtropics, native genetic resources 
are still cssentiall% uncxplored, and yield improvement, even if confined to 
selection within naturally occurring genotypes, is readily feasible. 

NUTRITIVE ROLE 

Grain legumeq 

This section draws heavily on recent excellent reviews by Rachie (1977) and 
Bressani & Elias ( 1980). 

Estimating the daily energy requirement of tropical peoples at about 2100 
calories per capita. a reasonable figure for daily protein need is 60 g. Over the 
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world in general, plants contribute about 70% and animals 30% to protein 
consumption, but in developing tropical countries the average proportion of 
animal protein consumed may be as low as 10%. In the tropics as a whole, 
cereals account for 68% of total plant protein consumption, legume grains 
18.5% and roots, tubers, nuts, fruit, and vegetables 13.5% (legumes as 
,'getables contribute substantially to the last figure). 

There is, however, wide variation among tropical countries, according to 
the spectrum of crops grown, the importance of animals in the rural economy, 
and the contribution of the main categories of crop and animal product to 
human energy and protein intake. [his is evident in Table 4 for India and 
Uganda. 

FABLE 4: 	 Contribution of crop and animal products to human energy and 
protein intake1 . 

Product /,of energy intake 2;of protein intake 

by country by country 

India Uganda India Uganda 

Cereals 68.6 23.2 59.3 22.3 
Legumes, nuts, cilseeds 16.1 15.9 27.1 36.6 
Other plant sources 8.7 54.8 1.0 18.0 
Animal sources 6.6 6.1 12.6 23.1 

1Sunznari/ed 	from Rachic (1977). 

Thus, in India. where root and tuber crops contribute little to diet, cereals 
account for over two-thirds of the energy intake and nearly 60% of the protein 
intake, whereas in Uganda, where large quantities of roots, tubers, and 
plantains are consumed, the contribution of cereals to both energy and 
protein intake is onl, about one-third that in India. Because of the low protein 
content of roots and tubers relative to cereals, the proportion of total protein 
intake from legumes and oilseeds (and from animal products) is st stantially 
higher in Uganda than in India, even though the legume contribution to 
energy intake is about the same. Rachie also presents data from Nigeria, 
where the legume contribution to both energy and protein intake is 
:dIgnificantly lower than for India or Uganda: 73 and 14.1% respectively. 

In discussing briefly the nutritive value of legume seeds for humans and 
stock, limitation. of time and space preclude a consideration of legume 
oilseed meals, inportant as they are in stock-feed mixes. 
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The protein content of grain legumes ranges from 17 to 40%, though for the 

important species the span is smaller - from 21 to 35%. They are all rich in 

iron, fairly high in phosphorus, but deficient in calcium. In general, protein 

content is genetically modifiable, but in Phaseohs and possibly other 

legumes, the percemage of protein is often, but not always, negatively 

correlated with grain yield. Phosphate amelioration can have positive effects 

on protein content, but other agronoinic influences appear to be small 

(Bressani & Elias, 1980). 

The major nutritional limitation in legume seeds is. of course, their 

deficiency of sulfur amino acids; the compensation is a relatively high lysine 

content. Our knowledge of genetic factors determining the make-up of grain 

legume protein is steadily increasing, and it is also now clear that the amino

acid spectrum within a genotype is little affected by environmental factors. 

However, we are just beginning to establish genetic control of protein quality, 
though Boulter (1980) and Bliss (1980) are hopeful of the prospects of 

breeding for higher quality protein. 

Apart from amino-acid deficiencies and all legume foods are improved 

by methionine supplementation legume protein is also relatively 

indigestible; in cooked mattcrial, at least, this seems to be related to tannin 

content. Howevc: one important nutritional advantage, both for humans 

and stock. is the complementarity of legume seeds and cereals, largely an 

effect of balancing out methionine and lysine content. Thus the maximum 

protein efticienc\ ratio of rice hean mixtures (both Phaseolus vulgaris and 

Vigna mungo) is reached when 80% of the total protein comes from rice and 

20% from beans. Similar results have been obtained with maize and 

Phaseolus, soybeans. and cowpeas (Bressani & Elias, 1980). 

Pasture legumes 

There is no need to underline the role of legumes in determining the 

nutritive value of tropical and subtropical grassland. With few exceptions, the 

annual rate of soil N mineraiization in the world's tropical grazing lands, 

which in the absence of widespread and effective native legumes governs the 

protein available to the grating animal, is extremely low. While we must bear 

in mind free-living bacteria (Odu, 1977) and N2-fixing associations between 

bacteria and grasses M)ay. 1977; Nevra & I)6bereiner, 1977), we are still some 

way from making accurate estimates of their contribution to the production 

of N in unimproved gra/ing lands. On the other hand, the direct and in1direct 

contribution of the legume component to sown pasture protein yield is 

documented for a number of cases (llenzell, 1968; Henzell & Vallis, 1977; 

Whitney. 1977: Vallis. 1978) and may be inferred from numerous others. 

Norman (1970) and Evans ( 197(V) have demonstrated, under widely differing 

conditions. direct relationships between animal gain and pasture legume 
content. 
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A discussion of the total role of the legume in the pasture/ soil/ animal 
system is appropriately reserved for the final section of this paper. What 
concerns us here is the legume as a component of ruminant diet. 

M inson (1977) sumnmried published data on the dry matter digestibility of 
tropical pasture legumes: the range is from 36 to 69% and the mean 54%, 
values that are similar to those for the Much wider range of tropical grasses 
that have bccn studied ( Minson & McLeod, 1970). The decline in digestibility
with age that occurs in grasses also occurs in legumes, though the rate of 
decline is generally less. [he relationships established by Minson between 
voluntary inl,,c :and dry matter digestibility did not show clear-cut 
differences between tropical grasses and legumes, but, in mature feed, intake 
of legume is likely to be higher because the digestibility of the legume is likely 
to have fallen less with plant age. 

A summary of published crude protein values for tropital legumes reveals a 
range fromn 5.6,7 for mattre St' ihosctheshwnilisto 35.8% for leafy Leucaena 
lt'rcocephala, \with an overall mean of 17.2% (Skerman, 1977). This may be 
compared with an overall nilan of 7.7% from published data on tropical 
gNsscs (Buttcrworth, 1967). 

The most uselul ncasure of protein digestibility is the quantity of protein
apparently digested per 100 ionits of feed (IDCP). From published data,
Minson (1977) established the following relationship between DCP and crude 
protein percentage (UPT) for tropical legumes, which is compared here with the 
corresponding Cquation lor tropical grasses:
 

legumcs: I)('1 = 0.93 CP - 3.99 (r = 0.96)
 
(rasses : l)( = 0.90 CT - 3.25 (r = 0.98)


The similarity of these 
 cqclat ions implies that the protein in legumes is 
digested with approximately the same efficiency as that in grasses having a 
similar crude protein content. Ilowever, as we have seen, the general level of 
crude protein content is much higher in legumes. Hence the mean quantityof 
digestible crude protein in legum es is 12.0 g per 100 g of feed, whereas the 
comparable valuc for grasses is 3.7 g per 100 g of feed (Butterworth, 1967). In 
crude terms, a "global a erage motihftl" of tropical legume will provide the 
cow with more than three times the digestible crude protein provided by a
"global average mouthutl" o)f tropical grass. 

BIOLOGICAL ROLE 

Legumes in annual cropping systems 

Recent literature. both research papers and reviews, on tropical cropping 
systems and the place of legumes in them is voluminous. Region-orientated 
reviews include Okigbo & (ireenland (1976) and Okigbo (1977a) on Africa;
Pinchinat. Soria & Bazan (1976) and Pinchinat (1977) on Latin America; 
Harwood & Price (1976) and Moomnaw, Park & Shanmugasundaram (1977) 
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on Asia; Okigbo (1977b) on the humid tropics; Dart & Krantz (1977) on the 
Norman (1979) insemi-arid tropics; and Gomez & Zandstra (1977) and 

general. Important reviews devoted to individual crops include Shan

mugasundaram. Kuo & Nalampang (1980) on soybeans, Steele & Mehra 

(1980) on cowpeas, Gibbons (1980) on groundnuts, and Francis, Flor & 

Temple (1976) largely on Phaseolus. 
as shade or cover crops, there are four main situationsExcluding legumes 

to consider; the first two are far more important in global terms than the 

others: 

Seed (grain and oilseed) legumes intercropped with nonlegumes; 

Seed legumes in sequence with nonlegumes; 

Green-manure legumes in sequence with nonlegumes; and 

Forage legumes in sequence with nonlegumes. 

listedIt should be noted that the intercrop situation is first, since in 
norm the exception.developing tropical countries it is the rather than 

Gutierrez, Infante & Pinchinat (1975) reported that in Colombia 90% of the 

Phaseolus is intercropped, largely with maize, while Pinchinat (1977), 

summarizing data from six Latin American countries, recorded that in five of 

the six the proportion of I'haseolus intercropped was over 50%. In West 

Africa perhaps 90% of cowpeas are interplanted with sorghum and pearl 

milet (Okigbo & Greenland, 1976; Steele & Mehra, 1980), and the same 

pattern is common for cowpeas in semi-arid India, though less so in higher 

rainfall regions or tinder irrigation (Steele & Mehra, 1980). In Nigeria and 

Uganda 95% and 56%. respectively, of groundnuts are intercropped (Okigbo 

& Greenland, 1976). Pigeonpea in India is largely sown in combination with 

sorghum, pearl millet or cotton ([)art & Krantz, 1977), and in Southeast Asia 

soybeans are commonly intercropped with maize (Shanmugasundaram et al., 

1980). 
There arc a ntmber of reasons why farmers intercrop, but the important 

one in the context of this paper is that low-growing or climbing legumes may 

be integrated into the architecture of tall, erect cereals - maize, sorghum or 

pearl millet -- without a major reduction in cereal yield and, in many 

circumstances, with an increase in total yield compared with sole cropping 

(Willey. 1979) and a significant increase in protein per ha. The tall-growing 

pigeonpea is an exception: its main role as an intercrop component in wet

and-dry climates is to utilize stored soil water after the rains have ended and 
1977). Examples of theshort-season cereals harvested (Dart & Kranti., 


biological advantages of legume intercropping include the weed-smothering
 

effect of cowpeas in millet, sorghum and maize in West Africa (Steele &
 

Mehra, 1980); reduction in insect attack relative to pure stands in maize/bean
 

polycultures (Altieri et al., 1978); and beneficial residual effects. Residual
 

effects have received little attention, but recently Searle et al. (1981) have
 

shown (admittedly in Sydney and not in the tropics) that N uptake by wheat
 

following maize/soybean and maize/groundnut intercrops without N
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fertilizer was about twice as great as that following maize alone without N, 
and equivalent to that following maize alone with 100 kg/ha N. 

The mention of residual effects naturally leads us on to consider the central 
problem of crop legunes grtownl in sequence with nonlegumes. Experiments 
too numerous to mention have demonstrated that tropical nonlegumes 
(usually cereals) yield better when they follow nodulated annual crop legumes 
than when following nonlegumes (often the same nonlegume crops), but 
surprisingly little is known of the N balance of the sequence, or even of the 
legume component in it. Wetselaar's work at Katherine, Northern Australia 
(1967) remains a model for the latter type of study. lie not only demonstrated 
major differences between annual legume crops in post-crop soil N status, but 
also explained them in terms of plant material removed from, or retained on, 
the field and the consequent changes in total and available N. To give one 
example of contrast: Bunting & Anderson (1960) long ago showed that 0'0
70% of plant N is removed when only the nuts of groundnut crops are 
hlrvested, and that 9017 is removed when the whole crop is taken; on the other 
hand, only 301;i of the ahove-ground N of guar (Cy'amopsis tetragonoloba)is 
removed in the sed, and most of the remainder returns naturally to the soil as 
lealf fall (Wetselaar & Norman, 1960). 

Most of the experiments have compared nonlegume after legume with two 
successive nonlegume crops. The latter, however, is not a true control since 
we rarely know anything of the negative effects of a preceding nonlegume; for 
example the temporary immobilization of N may follow the incorporation of 
low-N crop residue. Furthernore, the role of naturally mineralized soil N 
the annual amount of which may be of the same order as the amoui.t of N 2 
fixed by a short-season crop legume - is rarely taken into account. Finally, 
how often do we know how much of the legume crop's N is derived from 
fixation and how much from soil N uptake? Until we get better answers to 
these questions wc shall not properly understand the true role of legumes in 
tropical cropping systems, either in sequence or as intercrops. 

On th., ianual le'umes as green crops within arablesubject of i manure 
cropping : shall say little. (ireen manures have always loomed larger in the 
agronomist's mind than in the farmers', except in parts of China, and with 
increasing pressure on the tropical world's cultivated land for food 
production. I cannot see them becoming any more significant. Their role in 
increasing soil organic nmatter has in the past been grossly exaggerated: one 
might hazard a guess that in the tropics the physical effect of a ploughed-in 
green manure is not likely to last much longer than the duration of the crop 
itself. The imr.ortani consequence of green manure is the addition of N, and, 
in the vernacular, there must be it better way: for example, greater fixation 
efficiency. better inoculation, or more attention to residue return of crop 
legumes grown for food or cash. 

Finally, the quest ion of forage legumes in cropping systems. There are two 
distinct aspects to this: intensive and extensive. In India, for example (Indian 
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Council of Agricultural Research, 1968; Ruthenberg, 1976), small-scale dairy 
production is combined with annual irrigated cropping, and legume forages 
such as berseem clover ( 7)'ifidium al.'andrinum)are grown in the dry season. 

Where this combination of circumstances -available irrigation water or 
extended rainfall regimes and the demand for high priced ruminant products 

- occurs in the tropics. such patterns will presumably be maintained. !n 

general, howcver. I cannot sec any major expansion of this type of cropping in 

the face of increasing pressure on arable land. 
The second aspect of integrated crop and forage legume systems is quite 

different. At the back of the minds of many agronomists concerned with 

rainfed shifting culti ation or semi-intensive cropping systems has always 
been the possibility of impro ving the restorative value of the fallow break (and 

providing better nutrition for ruminants) by tile deliberate sowing of pasture 
legumes at the end of the croppi!, period. At present it is little more than a 
concept, and to populari/c it,a greater incentive than higher fertility and 
better fed cattle and sheep is perhaps needed - seed production. (I have 
m'yself been aisociatcd with a project in the North Thailand hills, which, as 
one of its components, included an attempt to interest opium-growing shifting 

cultivators in growing grccnleaf desmodium for seed as a fallow break.) As a 

feasible future pattern it deserves far more attention than it is receiving at 
present.
 

Legumes in pasture systems 

In this concluding section I want to draw attention to the two primary 
ecological constraints to pasture legume growth in the tropics; to the range of 

forage utilization systems, and to tile central problem of the pasture legume as 

supplier of N to the soil plant animal complex. 
I believe that the to I ost important ecological limitations, on a global 

scale, are acid soils and long dry seasons. lhe former topic was thoroughly 
explored at a recent seminar (,iichez & Iergas. 19,8), and I need scarcely 
remind yoU that tropical A nerica alone has 850 million ha of acid infertile 
Oxisols and I ltisols ((cutro Internacional de Agricultura Tropical (CIAT), 
1978) with their attcn(lant problemIs of aluminu in toxicity and deficiencies of 
phosphorus, pImtassiu, in. stulphur, calciull, magnesium, zinc, molybdenum, 
boron, and copper. I he rclcva nt research priorities have been summarized by 

Sltiche i 197N): the selection and, later, breeding of tolerantgenotypes,a 
clearer definition of mineral nutrient requirements, etc. 

Australia. tihe nation witi the largest proportion of the semi-arid tropics 

(19,:j) within itsboundaries ()art & Krantt, 1977), has pioneered the 

improvement o native grasslands through the introduction of pasture 
legumes. part iculaikIhNt lo, Pt//s hwuilis (Norman & 13egg, 1973, Gillard & 

Fisher, 1978). Mamroptilitunt aIroptlurtreufm (Jones & Jones, 1978) and, 

lately, other Styo.saumhe. species (ldve et al., 1975; Gillard, Edye & Hall, 
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1980). The challenge of a long dry season can only be met through a continued
search for drought-tolerant (or drought-evading) genotypes that provide
green forage for as IOng a period as possible and maximum nutritive value instandover dry forage, and that have agronomic characteristics that will permit
forage to be accumnulated for dry season use without losing the legume from 
the pasture.
 

Turning now 
to the place Of legumes in forage utilization systems, many
pasture agronomists working in the tropics have in their subconscious an ideal 
pasture coninunity ideo type: a well-managed green denseness of legume and 
grass, neatly fenced. While tropical pastures in well-watered, closely settled
regions with an ad\ anced econony, the output of which ishigh quality beef or
milk, may approximate such an ideotvpe, there are other patterns
generally relevant to the more 

more 
than I billion ha of tropical and subtropical

grazing land climatically capable of supporting pasture legumes (the figure is 
from Mannctjc. 1978). 

The first important difference from what might be termed the
"ryegrass, white clo\er" ideotype isrelated to scale and input; output balance.
We are. over a wide range of' tropical conditions, developing somewhat 
comparable intimate grass legume mixtures, but in comparison with 
temperate pastures the mininiinim managemuent unit, the fenced paddock, is
usually much Iargcr and the prices ohtained for the output, which govern the
level of input. arc lo\cr. Ilence the need for emphasis on cheap seed, ease of
establishiient tinder rough conditions, economy in the utilization of mineral 
nutrients, particularlv pho sphate, and capacity to withstand gross mis
management ite last of thc,,e heing particularly difficult to achieve).

There are oler patterns. Ilc system most neglected by research workers,
but common o\cr rn uch ofSoulth and Southeast Asia. isthat of the sma!l-scale 
crop farmer supporting ruminants (perhaps only a pair of draft animals) in a

heavily populatcd rCgim
i where lie cannot afford to allocate scarce cropland
to groVing forage an6 where free grazing and crop residues are limited in 
quatntitv and ,orquality [lere the need i: for shrub or tree legumes that can begrown in odd corners to provide hand-lopped feed or controlled browse.
Current research in Ihlaxaii (Whitney, 1977) and Australia (see CSIRO
l)ivisior i lfiopical Crops and Pastures, Annual onReports) Leucaena
/curocelhala is relevant, but a great deal more work on its utilization, and on 
tle potential of other species, is required. 

Finally. there are tile special problems associated with very extensive
pastoral systeris in the semi-arid tropics and subtropics, where fencing and 
pasture ilmanagernit can only be minimal and inputs per ha will be extremely
low. Such conditiors are found in developed (Australia) and developing
countries (Fast and Wes Africa). Under these circumstances the adapted
pasture legume could vell be a shrubby, deep-rooted perennial, highly
economical in its use of mineral nutri,nts, and preferably unpalatable during
the wet season growth period. It would not be regarded as a component of a 
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fall-back protein supplement to nativemuch as agrass/legume mixture so 
some degree the genotype

forage. Stylosanthes se'abra approaches to 

required; there may be others within this polymorphic genus or elsewhere. 

The two primary functilns of the legume in grassland are to provide high 

N to the soil/plant/
for ruminant consumption and to add

quality forage 
the first function, which was 

At the most general levelanimal system. 
of the paper, may be subsumed within the 

in the middle sectiondiscussed 
second. It is. therefore. appropriate in the concluding section of this paper to 

the N-supplying power of the legume.concentrate on 
N economy of grass/legume

The state of the art ol understanding the 
and Vallis (1978). 

pastures has been ably reviewed by Henzell & Vallis (1977) 


Henzell (1968) estimated the average N yield of pasture legumes in tropical
 
per yr, with a 

and subtropical Australia to lie between 40 and 210 kg/ha 

maximum of the order of 340 kg/ ha per yr; similar values have been reported
 

derived from fixation in
 
from other countries. The proportion of this 

by Henzell & 
on inherently low-N soil is estimated

grass/legume pa3tures 

high as 80-90%.
Vallis to be as 

legume in an intimate grass/legumeof the herbaceous 

mixture, competing directly with grass for light, water, and mineral nutrients, 
to shrub or tree 

The situation 

clearly sets limits to N production; limits that apply less 

legumes such as L4eucaena. Whitney (1977) reports N yields from this species 

per yr. Whereas in the data compilation by Jones (1977)
of 450 to 550 kg/ ha 

yield from herbaceous legumes is 12.6 t/ha
the highest dry matter 

estimates 23 
(Macroptilium and ('entrosema brazilianum), Whitney (1977) 

l.euaena selections. To generalize, perhaps dangerously,
t/ ha from recent 
the concept of legumes whose photosynthetic surface is well above the grass, 

and whose root system may extend well below that of the grass to absorb 

water and mineral nutrients, is worth very serious attention. 

of the effect of mineral N status on 
Ihe careful analysis by Vallis (1978) 

fixation by legumes within a grass/'legume pasture led him to co,clude that 

significant advances could be made through a symbiosis more tolerant of high 

levels of mineral N, if this is physiologically possible. This would seem to be a 

which to conclude, since if mineral N status is important
suitable point at 
within the highly N-competitive grass/legume pasture, then it must be even 

more impoi tant for crop legumes growing in cultivated soil, where the rate of 

mineralization is likely to be higher. I return to an earlier theme: that we can 

role of legumes within the context of an 
only comprehend the biological 


understanding of soil N transformations.
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PLANT FACTORS AFFECTING SYMBIOTIC NITROGEN 
FIXATION IN LEGUMES 

P.H. Graham' 

Summary 
Host-determined traits influence nodule initiation, development, 

and function, and can he of major importance to the proper 
functioning of the legume Rltizohium symbiosis under field 
conditions. This paper reoiews such traits and considers their 
implications for practically oriented breeding programs aimed at 
enhanced N-2 fixation. 

INTRODUCTION 

While symbiotic nitrogen (Ni) fixation in legumes is the culmination of a 
complex interaction between host, Rhizobium, and environment, it is the host 
which currently appears to play the more important role in controlling the 
symbiosis. Additional host-determined characters continue to be reported 
(see Tables I. 3 & 4), justifying the contention of Holl & La Rue (1975) that 
genetic manipulation of the host legume offers the greatest potential to 
improve upon current levels of N, fixation. 

This review emphasizes those host-controlled aspects of the symbiosis 
which affect nodulation and N, fixation under field conditions. It recognizes, 
but does not dwell on. those traits which are important for nodule function 
but are normally detectable only as loss mutations or in biochemical or 
cytological studies. For convenience, three groups of host-controlled factors 
are considered affecting respectively nodule initiation, development, and 
function. 

NODULE INITIATION 

Table I lists host-controlled traits regulating Rhizobiumn recognition and 
the initiation of infection. There have been several recent reviews in this area 

I Centro Internacionit ic Agriculttmra I ropical (CIA F), A.A. 6713. Cali, Colombia. 
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TABLE 1: Some host-controlled factors affecting nodule initiation in legumes. 

FACTOR LEGUME REFERENCE 

Homoserine in root 
exudate P. sativiin Van Egerat (1972) 

Lectins and recognition T. repens Dazzo (1980) 
No nodulation various various 
Specificity in nodulation T. ambiguum Hely (1957) 

Lupinus sp. Lange (1961) 
G. max Nangju (1980) 

Strain selection G. max Caldwell & Vest (1968) 
Materon & Vincent (1980) 

T. repens Gareth Jones & Hardarson 
(1979) 

Temperature effects P.sativum Lie et al. (1976) 
Toxic seed substances T. subterraneum Thompson (1960) 

C. pubescens Bowen (196 1) 

(Broughton, 1978; Dazzo, 1980); 1will only consider some unusual cases of 
legume/ Rhizohium specificity and strain competition. 

Lupinus and Ornithopusspp. nodulate with strains of R. lupini(Lange & 
Parker, 1961; Dilworth, 1969). By contrast Lange (1961) found Lupinus 
cosentini, L. a/hus and L. pilosus readily nodulated by rhizobia from 
indigenous Australian legumes, whereas L. luteus, L. angustifoliusand 0. 
sativus were rarely nodulated. Similarly Hely (1957) found Trifolium 
ambiguum to be a polyploid series, many accessions of which were not 
nodulated by isolates from other . ambigut~n lines. When T. repens was 
grafted as stock or scion onto 7. ambiguum, nodulation was normal (Hely, 
Bonnier & Manil, 1953). In each of these cases the legume with problems in 
nodulation experienced establishment difficulties in its new environment. 

The situation with Glycim' max is even more complex. On the one hand 
scientists at the International Institute of Tropical Agriculture (IITA) in 
Africa have identified cultivars such as 'Mandarin' and 'Orba' that nodulate 
freely with native (and presumably cowpea-type) rhizobia (Nangju, 1980), 
and they are breeding for host promiscuity with these strains. On the other, in 
the USA the difficulty in establishing inoculant strains in soils having large 
indigenous populations of R. japonicum has prompted the idea that the rj , 
non-nodulating gene be incorporated into cultivars to heighten specificity 
(Devine & Weber, 1977). 

The ability of legumes to select particular Rhizobium strains from the 
rhizosphere population is well documented, but poorly understood. A 
number of examples involve soybean. Thus, Caldwell & Vest (1968) planted 
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the variety 'Peking' in soils where strain 110 constituted as much as 60% of the 
soil population but recovered this strain in only 1%of nodules. Materon & 
Vincent (1980) compared the com iitive ability of strains of R.japonicumn on 
lines of soybean derived from the rj, carrier 'Hardee'. While CB1809 clearly 
outcompeted CC709 and NU 51) onlines not having the rj2 gene, it formed 
only 5-25%of nodules in paired tests with them when the host carried this gene 
(see Table 2). In similar experiments with white clover Gareth Jones & 
Hardarson (1979) identified some clover lines in which almost 100% of 
nodules were formed by the strain 75. Inheritance of this trait was additive and 
without dominance (Hardarson & Gareth Jones, 1979). 

TABLE 2: 	 Relative competitiveness of strains of R. japonicLum as influenced 
by host plant (from Materon &Vincent, 1980). 

Competing strains 

CB 1809 vs CC709 CB 1809 vs NU50 

Relative proportion on root 1.12 0.95 

Competitive index with: 
'Lee' 1.70 1.10 
'Lee' x 'Hardy 36' 3.70 1.70 
'Hardee' (rJ2 ) 0.25 0.08 
'Lee' x 31 (rj 2 ) 0.05 0.07 

NODULE DEVELOPMENT 

Table 3 lists some host-controlled factors affecting nodule development. I 
will mention only nodule type, number, and time to nodule formation. 

Dart (1975) distinguished three basic nodule types: 
Elongate and cylindrical, with apical merismatic activity, as in clover 

and medic; 
Spherical, with several discrete meristematic foci, as occur in soybean 

and bean, and 
Collar nodules, as in lupin, where the nodule extends about the root. 

Nutman (1967) found the tendency to high nodule number per plant in 
subterranean clover dominant over sparse nodulation but probably of 
complex inheritance. Nodule number was positively correlated with lateral 
root number and inversely related to nodule size, making it a somewhat 
unreliable criterion on which to evaluate inoculation success. 
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TABLE 3: Some host-controlled factors affecting nodule development in 
le",,mes. 

FACTOR LEGUME REFERENCE 

Bacteroid development 1. pratense Nutman (1954) 
Bacteroid number/ 

envelope Lupinus, Ornithopus Kidby & Goodchild (1966) 
Nodule form various Dart (1975) 
Nodule number T. subterraneum Nutman (1967) 

P. vulgaris Graham (1973) 
Pattern of nodulation Lupinus sp. Lange & Parker (1961) 
Time of first nodule 7. subterraneum Nutman (1967) 

Stylosanthes sp. Graham & Hubbell (1975) 
Not specified G. max Caldwell (1966), Vest (1970) 

Vest & Caldwell (1972) 

Host-controlled differences in time to first nodule formation have been 

found in a number of legumes including T. subterraneumand Stylosanthes 

spp., and are also commonly strain dependent. Use of cultivar/strain 
combinations that nodulate rapidly might be an additional way to limit 

competition from native soil rhizobia. Thus, Gibson (1968) reported that 50% 

of the native soil rhizobia were slow to nodulate with the sub-clover cultivar 

Woogenellup. In pot trials with soils having up to 104 rhizobia/g, some 

inoculant strains still produced more than 80% of the nodules, but the slower

to-nodulate TAI strain was seriously disadvantaged. 

NODULE FUNCTION 

Table 4 lists some host-mediated traits affecting nodule function. Several of 

these. each controlled by a single recessive gene, are probably the result of loss 

mutations at specific loci. Thus, Viands et aL. (1979) described an ineffective 
trait in Medicago sativa in which nodule development was normal or even 
enhanced. but carbohydrate accumulated in the root, and there was no 

bacteroid development. While similar, often strain-specific, defects are 
relatively common in the literature, I will emphasize in this section 
effectiveness subgroups and those factors which collectively lead to natural 
variation between cultivars in ability to fix N2 . 

Effectiveness subgroups 

Subgroups that vary in their ability to fix N2 with particular Rhizobium 

strains exist in many of the so-called cross-inoculation groups. Burton (1967) 
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TABLE 4: Some host-controlled factors affecting nodule function in legumes. 

FACTOR LEGUME REFERENCE 

Bacteroid function P. sativim Holl (1973) 

Delayed senescence 
Effectiveness subgroups 

Al. sativa 
G. max 
various 

Viands et. al. (1979) 
Abu Shakra et al. (1978) 
Burton (1967) 

Energy partitioning various 
Date & Norris ('979) 
Graham & Halliday (1977) 

Energy requirement for 
fixation 

Form of N exported 
Hydrogenase regulation 
Leghemoglobin synthesis 
Maturity characteristics 
Not specified 

Lupinus, Vigna 
various 
P. sativum 
Lupinus, Ornithopus 
G.max 
7. subterrancum 

Layzell et al. (1980) 
Pate (1980) 
Dixon (1972) 
Dilworth (1969) 
lHardy et al. (1973) 
Gibson (1964) 

T. pratense Nutman (1968) 

found Vigno unguiculataand Arachis hvpogaeato vary in response to a range 
of cowpea group rhizobia. In the same paper he established six effectiveness 
subgroups within the genus Trifolium. The inability of sub-clover lines to fix 
N2 when nodulated with Rhizobiumn from white clover has been a major 
problem in Australia (Vincent, 1954). 

The situation in the genus Stvlosanthes is even more complex. Date & 
Norris (1979) reported that 103 of 318 Stylosanthes accessions were 
ineffectively nodulated by the inoculant strain CB 756. These included 67 of 
142 accessions of' ,. guianensisand 31 of 41 accessions of S. hamata.Nine S. 
guianensis and four'other accessions were consistently ineffective in N2 
fixation when tested with 22 rhizobia from a range of Stylosanthesspp. (see
Table 5). Effective response patterns in Stylosanthes have been related to 
cultivar habitt (Date, Burt & Williams, 1979) and, in S. guianensis,to seed 
isoenzymes (Robinson, )ate & Megarrity, 1976). 

Cultivar and species variation in N2 fixation 

Variation in ability to fix N, occurs both between and within species. At the 
former level. layzell et al. (i979) found cowpeas to expend less energy in 
nodule maintenance and respiration than did lupin, while Sen & Weaver 
(1980) found that the specific nodule activity of Arachis hypogaea nodules 
was greater than that ot cowpea nodules. 

Differences between cultivars of the same species in ability to fix N2 in 
symbiosis with Rhizohium have now been demonstrated in a range of legumes 
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TABLE 5: Response of accessions of Stylosanthes spp. to inoculation with 
Rhizobium isolated from that genus (from Date & Norris, 1979). 

Species of 
Stvlosanthes 

Accessions 
giving ineffective 

Response of accessions 
ineffective with CB756 to 

response with inoculation with 22 other strains 
CB756 

No. accessions Effective with Effective with 
tested various strains no strain 

S. fruticosa 0 0 
S. guianensis 47 8 24 9 

S. hamata 75 7 22 5 

S.hutnilis 5 2 2 

S. scabra 4 0 
S. subsericea 0 0 
S. iv'Sosa 9 1 0 1 

S. spp. 50 4 I 3 

including clover (Gibson & Brockwell, 1968; Mytton, 1975), soybean (Hardy, 

Burns & Holsten, 1973), beans (Graham & Halliday, 1977; Graham, 1981; 

Rennie & Kemp. 1981). Medicago (Gibson, 1962; Seetin & Barnes, 1977) 

cowpea (Zary et al., 1978), Vicia (EI-Sherbeeny, Lawes & Mytton 1977), 

Pisum (Holl & l~a Rue, 1975)and Desmodium (Hutton& Coote, 1972; Imrie, 

1975). While these differences can be compounded by host/strain interactions 

(Mytton, EI-Sherbecny & Lawes, 1977; Minchin, Summerfield & Eaglesham, 

1978) and climate differences (Graham, 1981; Rennie & Kemp, 1981) they 

appear to stem mainly from differences in the supply of carbohydrate. Studies 

undertaken in recent years and using techniques such as leaf and pod removal, 
grafting. supplemental light, shading, and 14CO2 fertilization leave little 

doubt that photosynthate supply to nodules is the primary factor limiting N2 

fixation in legumes (Iawrie & Wheeler, 1973; Lawn & Brun, 1974; Minchin & 

Pate, 1974: Hardy & Flavelka, 1976; Herridge & Pate, 1977; Mahon, 1977). 

A number of host traits interact to regulate carbohydrate supply to nodules. 

Best documented among these is the time varieties take to flower and mature. 

Hardy et al. (1973) demonstrated that early-flowering soybean cultivars 

tended to fix less N, than those of the later-maturity groups, while N2 fixation 

in beans was almost doubled by a photoperiod-induced delay in flowering (J. 

Day & P.H. Graham, unpublished data). Such results presumably reflect a 

delay in the onset of competition for energy and other nutrients between 
developing pods and nodules. Unfortunately, extending the growth cycle of 

cultivars in the tropics, where many grain legumes are already subject to water 

stress at flowering, could be difficult. 
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Source ol tihe photosynthate for nodules is another important factor. 
Waters vi al. (I 980). using P. vulgaris,showed that 85% of the "CO., absorbed 
by the leal at node 4 passed to root and nodules, but that, fed to leaves on 
higher nodes. it tended to remain ill the above-ground parts. Leaves at the 
lower nodes are stubject to shading and tend to decline in efficiency after 
canopy closure (lana ka & Fujita, 1979). l)ifferences also exist between 
legumes in leal area duration, with P).acuti/alius and P. vulgari.s on the low, 
and G. max and ("jalt. ca/an at tile iigh end of the range (('IAT, 198 1 

Adequate partitioning ol'carlohydrate between root and nodules must also 
be critical to notdule I'nction. Accutinulation of carbohydrate in roots is a 
chiracterist ic of scvcral of the inefTective conditions listed in Table 4; the syrn 
3 condition detailed by Iloll & La Rue (1975) is actually capable of N, 
Iixation when supplied succinate as an energy source. Male sterile soybeans 
have been shtoVn to accumulate Lip to five tinies normal ca rbohyd rate levels in 
the root \kithI little benefit to fixation ( \Vilson et aL.. 1978). Among coinmercial 
bcan cultiuars (Graham & Ilalliday (1977) identified some lines that were 
essentiall\ similar in total root system carbohyd rate but differed by 5-100 told 
in the cai o\ldrate recovered from nodules. 

IMPLICATIONS FOR BREEDING 

11oll & I a Rue ( I975t suggested a mintimuni of tell host genes controlling 
nodtuilation and N, tixatimi in legumes. Frot points made in this 
presentatio and :as ilie\ teICmnsClxes suggested, this number is likely to be 
cxtremIclser'. at'l. \ fitll so many genes involved, it is not really 
surprising that v\e comttimmtlc to identity cultivars that are defective in some trait 
limiting iodullatitmn mr N, li\ation. What is important is that plant breeders 
and miermliogutss cmpcratc to control this problem. with no lines 
distribumteld bcfloc [he\ a'c bccu evaluatcd for symbiotic potential. Some 
breeding propranius ale likely to) be more subject to problems than Others: thus. 
\c haxe preliminar\ results Iromu x hiLh it appears that culti'ars selected for 
Iow phosphoru 1') tolerancc achieve plant growth at low P at the expense of 
nlodtile dic\chlllcll. 

()n the positi'\c sdc. it is becoming evidcnt that 'lie host-controlled 
diftrencs ep"I)rt(cd in tiis papCrcan be used to overco inc enrrent problems in 
N, fixatim. Brccding programs underway in several laboratories aim tc; 
produltce cult'\ars that bypass the natural Rhizobium population in soil but 
nodulatc rcadil\ \%fitl highly elfective inoculant strains. Breeding tor 
enhanced N tixatoil als doCs not appear as difticult as originally considered 
(sec also p. 9) \\ith Ihat said. there are still many methodological problems 
to be laced: Io eampile. what nondestructive criteria could be used to 
ealuatC Iixat oI()l: tundlCr what climatic and fertility conditions should fixation 
be icasured: shol c breed for N fixation with a single and highly 
conipetiti\e Isolate o r with a mixture of strains simulating natural 
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populations: and how do we most effectively combine enhanced fixation rates 

with other needed agronomic and disease resistance traits. 
for gene"In pathology circles these days there is much talk of the "gene 

relationship: essentially that, in a plaot/ pathogen interaction, each gene for 

is paralleled by a corresponding gene forvirulcnce in the pathogen 
appears to apply well, in asusccptibility in the host species. This concept 

positive direction, to the legume/ Rhizobium symbiosis. It could mean that 

for many of the problems in N, fixation today, there is both a host and a 

Rhizobitum solution. It is exciting that the host side of things appears to be 

opening up. and Ilook forward to both rapid progress and many challenges in 

the future. 
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SELECTION FOR ENHANCED NITROGEN FIXATION IN 
COMMON BEANS, PHASEOLUS VULGARIS 

J. McFerson, F.A. Bliss, and J.C. Rosasi 

Summary 

A backcross, inbred niethtd of population development in which 
'Puebla 152' Ns the donor parent and 'Jamapa'. 'Porrillo 
Sintttico', 'CA Pijao', 'Ex Rico 23', and 'Sanilac' were the 
recurrent parents, was used to develop a number of nearly 
homo/Nygous lines. similair in most traits to the recurrent parent.
When these nateria lswere e'al uIted for nitrogen(C2112)fixation 
and yield under lield conditions, considerable variation in both 
traits vas ound. with transgressive segregation evident. In 
population 24. most families proved better than the recurrent 
parent. 'Sani lac'. in both and N- (C2H2) fixation.evild 


INTRODUCTION 

Selection for increased potential for nitrogen (N 2) fixation in a legume 
must be approached with the host/ Rhizobitm symbiotic relationship clearly 
in mind. Rhizobial strain improvement must occur with respect to a specified 
set of host-plant genotypes, while host improvement pertains to a set of 
rhizobial strains. Under field conditions this set ofrhizobial strains m~y either 
be initially defined by inoculation with specific strains, or left undefined if 
native soil rhi/obiha are relied upon. Clearly, the potential of the symbiotic 
relationship will be modified further by s'wlh factors as the competitiveness 
and efficiency ol the infective rhizobial stra '"e prevailing environment, 
and the cultural practices peculiar to the cropping system. 

In common bean (1'haseohs vulgaris L.) considerable variability exists 
among genotypes for N-, fixation potential. Several studies under both 
controlled environment and field conditions show large and consistent 

I)ept. ol IhortiCultture, University of Wisconsin, Madison. Wl. 5370)6 USA. 
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differences for nodule number, nodule mass, plant specific activity (measured 
by the acetylene reduction (AR) technique inumol C 2 H4 /plant. unit time), 
specific nodule activity, and accumulated N (Graham & Halliday, 1977; 
Westerman & Kolar, 1978; Graham, 1979). However, these important 
differences are confounded with other plant characteristics that may affect N2 

fixation potential either directly or indirectly. For example, beans with a 
determinate bush growth habit (Type I) ordinarily fix less N than Type 2 
(indeterminate bush) or Type 3 (indeterminate prostrate) lines, while the 
highest fixers are usually in the Type 4 (climbing) category (Graham & Rosas, 
1977). Late-maturing lines also appear to be better fixers than early-maturing 
lines. It should be stressed that commercial bean cultivars have shown poor 
response to inoculation (Graham & Halliday, 1977) and generally exhibit 
levels of piant specific activity considerably lower than other grain legumes 
such as soybean (Glycine max (L.) Merrill) (Hardy et a.l, 1968) and cowpea 
(Vigna unguiculata(L.) Walp.) (Zary et al., 1978). 

Using superior plant materials identified at the Centro lnternac.onal de 
Agricultura Tropical (CIAT) by Graham and colleagues, we have undertaken 
genetic and breeding studies addressing the following questions: 

Are host plant differences for N, fxation in the common bean 
heritable'? 

Can high N2 fixation potential be transferred into Type I and Type 2 
plants'? 

What host factors are associated with high N2 fixation potential? 

MATERIALS AND METHODS 

Six bean cultivars were chosen its parents for the breeding and genetic 
studies: 'Puebla 152', '.iamapa', 'Porrillo Sint~tico', 'ICA Pijao', 'Ex Rico 23', 
and 'Sanilac'. In order to develop populations with a family structure suitable 
for replicated field *trials, we employed a scheme which we call the 
backcross/ inbred method (see Figure 1), a procedure patterned after the one 
described by Wehrhahn and Allard (1965) for investigating the inheritance of 
quantitative traits. 'luebla 152', a high-fixing, high-yielding, Type 3 line, 
served as the donor parent in each of five crosses to the other five lines. These 
five lines were selected as recurrent parents since they are well-adapted, 
commercially acceptable cultivars and represent a range of N2 fixation levels,. 
yield potenti ls, plant types, seed colors and other pertinent traits. 
Development of the backcrossi inbred populations involved backcrossing 
each F1 to the specified recurrent parent to obtain approximately 60 seeds. 
Each of the 60 resulting BCI plants was again backcrossed to the recurrent 
parent to produce 60 unique IiC 2 seeds. Each BC 2 plant was advanced 
tht )ugh three generatiols of selfing using single seed descent to generate a 
population of 60 near-homozygous lines (coefficient of inbreeding, 0.98). At 
this point. su ficient seed of the backcross/ inbred families, each incorporating 
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60 |lackcrossinhred families 

Figure I. "he hackcross inbred method of population development. 

different traits of the donor parent into the genetic background of the 
recurrent parent, was available for replicated field trials. 

Three populations having as recurrent parents the cultivars Jamapa 
(population 20), Porrillo Sintetico (population 21), and Sanilac (population 
24), were planted .tine 3-4, 1980, i,a completely random design with unequal 
replications at the Hancock Experiment Station, Hancock, WI, USA. Soil 
type at the station is a Plainfield sandy loam. Fertilizer 0-0-60 at 150 kg/ha 
was applied preplant. Rows were I in apart with 10 cm between plants. Seed 
was treated immediately prior to sowing with a fungicide (Thiram) and 
insecticide (Diazinon). Inoculum composited from four regionally adapted 
strains was supplied by the Nitragin Co., Milwaukee, WI, USA, and applied 
by hand at planting. A complete stand was assured by overplanting and 
thinning seedlings two weeks after planting. 

When each entry reached the 50% bloom stage, or R3 stage as defined by 
Lebaron (1974), a five-plant sample was used to determine acetylene 
reduction (AR) value, lollowing the general procedure outlined by Graham & 
Rosas (1977). Previous experiments had shown that AR values peak near this 
physiological stage. A 469 ml incubation container was used and ethylene gas 
samples stored in 10i ml vacutainers (Becton-Dickinson, New Jersey, Cat. No. 
47 10) until gas chromatographic analysis. At maturity a ten-plant sample was 
taken to determine yield. 
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RESULTS AND DISCUSSION 

The distributions of mean values for AR value and yield of backcross/in
bred families for the three populations are shown in Figures 2-4. Parental AR 
values were lower than had been found in previous studies, due probably to 
environmental effects. However, rankings and relative differences were 
similar to earlier results. Parental seed yields were higher than previously, but 
again, rankings and relative differences were similar to previous results. In all 
cases we found wide ranges for both AR value and yield, wi :h several families 
surpassing their respective donor and recurrent parents in both high and low 
directions. This is particularly striking in population 24 (see Figure 4), where 
most families were higher than the recurrent parent 'Sanilac' for both AR 
value and yield. Although the correlation between yield and AR value was 
highly significant (r= 0.25), the relatively low magnitude indicated the 
association betweern yield and AR value was not extremely close. This was 

Figures 2-4. 
Mean values for yield nd 
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evident in populations 20 and 21 (Figures 3 & 4), where correlations were low 
and nonsignificant (r= 0.10 and r =0.06, respectively). Recombinant families 
not only differed for AR value and yield, but they also showed comparable 
variability for other traits such as date to flower, 50% bloom, and harvest; 
plant type: seed color and size, and percentage of seed protein. 

This was the expected result of our backcross breeding procedure, where 
the goal was to improve an otherwise acceptable recurrent parent by 
transferring a specific trait from the donor parent. The particular utility of 
the approach is the rapid development of a large number of recombinant 
families similar to the recurrent parent but differing interse for an assortment 
of both LlItalitItivC and q tntitative traits. The magnitude of these differences 
should be related to the contrast between the parents for the specific trait. For 
example. in population 24, where the parents differed widely for AR value; 
yield: date to flower. 50.7( bloom and harvest; and plant type, we recovered 
families exhibiting various combinations of these characters. Thus, we 
identified high-fixing. high-yielding families that had the 'Sanilac' seed type 
but differed tor the other traits mentioned. The level of variation in 
populations 20 and 21 where the parents contrasted less was not as great; yet it 
was sufficient for us to select families that possessed combinations of 
characteristics ol interest in further breeding and physiological studies. 

The solid circles in Figures 2-4 represent families we have selected both for 
field studies in Wisconsin and Colombia and for controlled environment 
studies in Wisconsin. We hope to characterize more fully the performance of 
selected families under different environments; particularly high-fixing, high
yielding. recombinant families. At the same time, investigations focusing on 
some of the physiological differences among families showing different levels 
of AR value should 1eCp LS Identify more precisely the host factors associated 
with high N2 fixation potential. In conclusion, the backcross/ inbred method 
was efcctiv c in transferring quantitative traits into agronomically acceptable 
cultivars and in dceloping populations of recombinant families useful in 
genetic and physiological studies. 
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BIOLOGICAL NITROGEN FIXATION AS A CRITERION FOR 
SOYBEAN BREEDING: PRELIMINARY RESULTS 

M.S. Chowdhury and A.L. Dotol 

Suminmarv 
While breeding of soybean.; in [anzania has been conducted 

since 1955. litle attention nas been paid to the biological nitrogen 
fixation ( NI-)ot selected cultivars. In this preliminary study the 
USA culti ar Hossier %\ascrossed with a local cultivar, Ill ,.,2, and 
1-3 lines ",crc e aluatcd for both N2 fixation and desirable 
agronomic traits. 1-3 lines showed transgressive segregation, with 
some siov ing hotter yield and nodulation parameters than either 
parent. 

INTRODUCTION 

Soybean (G/tciine max) was introduced into Tanzania around 1907 and was 
grown commercially in Bukoba from 1939-1947. A breeding program for 
soybean was initiated at Nachingwea in 1955 (Auckland, 1970) and has 
produced sc\cral high-yielding, yellow-seeded soybean varieties for the low, 
medium. and high altitudes (Mmbaga, 1975). Their agronomic properties 
have also been studied at a number of locations and recommended cultivars 
have bccn released for commercial production. Exotic cultivars from a 
number of sources are still being tested, but some (e.g., 'Bossier') have already 
proved superior to local cultivars 3H/ I and IH 192. The latter cultivarF 'ire 
tall. bushy. and branched and require 70 and 120 days, respectively, to flower 
and mature. "1heyperform well in areas or years with good rainfall, but often 
fail in seasons ol uneven or limited rainfall. While effectively nodulated by 
native roil rhizobia (Chowdhury, 1977), the nodulation and ability to fix 
nitrogen (N,) of these cultivars has not been studied in detail. By contrast, 
'Bossier' is a short-duration cultivar, short in stature and with less branching. 
Its yield iscomparable to that of IH 192, and it can be successfully grown in 

J'SCiit i otllA i Wc tiii c. t I Sirv and Veterinary Science, Univ. of )ar es Salaam. P.O. Blox 
043. Mu rojcn o I lalm a. 
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areas with rainfall of short duration. 'Bossier' and other exotic cultivars like 
'Improved Pelican' are sparsely or are not nodulated by native soil rhizobia, 
and they respond favorably to rhizobial inoculation (Chowdhury, 1977; 
Sachansky. 1977). 

LeguLime improxcnient through selection and breeding for enhanced N2 

fixation has recent ly been recomimended in order to minimize N fertilizer 
usage (I aRuc. 1978). N, fixation has not been a priority in Tanzanian work 
with soybean impro\xement and, to the best of our knowledge, has not been 

considered in other programs of the region, save perhaps for work undertaken 
at the International Institute of lropical Agriculture (ITA). As inoculant 
technology in ' anania particularly in regard to the supply and storage of 

high-qtualit\ inuocilants is limited, we have initiated studies to produce 
agronomically superior. short-duration cultivars able to symbiose effectively 
with linativc soil rhi/<obia. 

MATERIALS AND METHODS 

Soybcan cultialrs III 192 (local) and Biossier (exotic) were used as parents. 
These \arictic:; ecre stagger sown in the field as well as in pots so that the 
flowering of both \arietics could be synchronized for crossing. Crosses were 
made by emasctlation and pollination between 6:00 and 7:00 A.M. as well as 
hetween 6:00 and 7:0) P.M. Reciprocal crosses were attempted. The pollina
ted flowkcrs %%crc covered with small plastic bags to avoid excessive 
dehydrat iOn. 

IwoWOsccds from a successful cross were planted in Leonard jars using N-free 
Thornton's mediinm aud inoculated with 1:10 soil:water suspension. One of 
the plants \%as grown to maturity, when 16 good seeds from 6 pods were 
obtained: the other was examined for nodulation at flowering. The 16 F2 

seeds wcrt planted in 5 1 plastic buckets containing a mixture of 50% river 
sand and 5(i local soil. F, seeds from each plant were collected separately 
and designated lines 1-10. lwelve seeds from each F, line, as well as the 
parents. weore grown in the field with irrigation during the 1980-1981 dry 
season. Nodulaition. N2[ClI 2) fixation, plant height, degree of branching, 
pod number. and sced weight plant were evaluated. 

RESULTS AND DISCUSSION 

Ilie one I- plant examined for nodulation appeared effectively nodulated 
by the natixc soil rhiobia. Ihe other plant completed its life cycle in N-free 
sand culture and formed 6 pods. indicating some ability to symbiose with the 
native rhiobia. I he sixteen F- seeds obtained were all viable, producing 
plants that grew well in 50:50 soil:sand mixture and showed no sign of 
deficiency. Again this indicates some ability to symbiose with the native 
strains, although somc plants grew better than others. 



TABLE 1: Characteristics of promising segregates and their parents. 

Materials Dry nodule 
mass/plant 

(mg) 

N2 -ase activity 
Au mol C2 H4 / 

plant - h 

Days to 
flower 

Plant 
height 
(cm) 

No branches/ 
plant 

No pods/ 
plant 

Seed vt/ 
plant 

Parents 'Bossier' 2 1.90 40 47.2 4.9 48.6 5.15 

If-! 192 67 6.80 68 50.0 6.6 74.6 4.88 

High yielding Line 3 38 10.30 38 58.7 6.5 103.4 6.83 
segregates
with high BNF Line 16 42 10.30 38 57.4 5.4 104.0 11.16 

High yielding Line 1 14 2.60 38 54.3 4.9 80.1 8.35 
segregates with 
low BNF Line 10 15 1.24 38 55.0 5.3 101.3 9.04 

Range of 
16 F families 2-191 1.15-10.30 38-40 30.5-58.7 4.1-6.5 24-104 2.2-11.2 

The figures in the table are the mean values of 3 to 9 plants. 
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Transgressive segregation was observed for all the characteristics studied 

among the 16 lines of 3 plants grown in the field. The ranges in values of the 
plants are shown in Table 1.characters studied for the parents and the F 

Most of the segregates flowered 2 days earlier than their parents except line 9, 

which took 40 days to flower, itsdid 'Bossier'. Lines 4, 6,9, and I I were shorter 

and all of them had lower seed yields than theirin stature than 'Bossier', 
had less nodulation (nodule massparents. Among them, lines 9 and II 

bctwcen 2 and 3 mg, plant) and low nitrogenase activity (2.2 Atmol C2 H4 

while line 6 showed extensive nodulation (191 mgproducedj plant per hI), to high nitrogenase activity (7.32,u molnodule tisstc, plant) and moderate 

3 and 16) showed both high
C2H 4 produced, plant per 1 ). Two lines (Nos. 
yield and good N 2fixation (see Table I). 

Given the promising nature of these results additional crosses between cvs. 

Bossier and IH-92 have been made and are being advanced to the F3 
generation for detailed testing of both agronomic traits and ability to fix N,. 

With the high cost of' fertilizer N to countries such as Tanzania, it is 

imperative that futtire soybean breeding programs consider BNF as a prime 

criterion in the development and selection of new cultivars. 
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GENETIC MANIPULATION OF NODULATION IN
 
GROUNI)N U
 

P.T.C. Namblar, P.J. Dart, S.N. Nigam and R.W. Gibbons' 

Summar, 

There is large variation among cultivars of groundnut in ability 
to nodulate and fix nitrogen (N), and in seasonal and diurnal 
patterns of nitrogenase activity. Total N uptake, or total dry matter 
production. may he a useful index in ranking cultivars for Nj-fixing 
ability. 

Certain cult ivars of Arachis 1y7Io)gaea ssp. hypogaea var. 
h)y7ogaea formed up to 13% of their total nodule number on the 
hypocotyl. and some cultivars even nodulated on the stem above 
the crown of the plant. In contrast, cultivars from A. hvpogaea ssp. 
fastigiata var. fastigiataand var. vulgaris formed few nodules on 
the hypocotyl. Non-nodulating plants have been observed in 13 
crosses. Genetic analysis indicates that two independent recessive 
genes are involved. Some progeny of these crosses also form a few 
big nodules, a trait which seems to be controlled by the host plant. 

INTRODUCTION 

The number of nodules formed by legumes, and their effectiveness, is 
governed by both plant and Rhizobium genes, with large differences in 
nodulation and nitrogen (N-) fixation already reported for cultivars of 
soybean (Vorhccs. 1915), peas (1toll & LaRue, 1976) cowpea (Zary, el al., 
1978) and groundntut (Wynnc, Elkan & Schneeweis, 1980; Nambiar & Dart, 
1980). It may be possible to increase N- fixation in legumes by genetic 
manipulation. This paper summarizes our efforts to establish genotypic 
differences in N-, fixation among groundnut cultivars and understand the 
genetics of non-nodulation in groundnut. 

I CP No. 57. IRIS..\ I I'atanrchcru. I.() . Andrn llradLsh 502 324, India 
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BOTANICAL VARIATION IN ARACHIS HYPOGAEA L. 

The genus Arachis belongs to the tribe Aeschynomeneae (Leguminosae, 
subtribc, Papi!oknoidcac) with 22 described and possibly 40 undescribed 
species (Gregory, Krapovickas & Gregory, !980). There is a great diversity 
within the genus. For example plant type ,vries from upright forms to 
prostrate types with runners, and the growing period required extends from 
short-duration annual to perennial. The cultivated groundnut, A. /n'pogaea, 
is an annual tetraploid (4n = 40). Based on morphology, the species is 
subdivided into subspecies hy'pogaea,which includes var. hypogaea,and var. 
hirsuta, and subspecies f.a. iigiata which includes var. fastigiata and var. 
vulgaris (Krapovickas, 1973). The h'pogaea ssp. includes long-duration, 
alternately branched "Virginia types," mostly with runner and spreading 
bunch growth habits while the fastigiata ssp. includes short-duration, 
seouentially branched types mainly with an upright branch habit, the 
"Spanish" and "Valencia types." 

The cultivated groundnut is grown throughout the tropics and subtropics 
between latitudes 40'N and 40'S, where rainfall during the growing season 
exceeds 500 mam. The crop grows best in well-drained, sandy loams, and 
tolerates air teniperattires between 2W C and 40' C. The crop duration varies 
with the location and season of cultivation - the Spanish and Valencia types 
normally mattire9ff to I10 days after planting. while the Virginia types mature 
130 to 150 days after plantiig. 

VARIATION IN N2 FIXATION AMONG GROUNDNUT CuLTIVARS 

N 2 fixation ingroundntt is closely related to photosynthesis (Nambiar & 
Dart. 1980). I-igilrc I shows seasonal variation it.N, fixation among nine 
groundnut cultivars. In general, the Virginia types ('Florunner', MK 374, 
'Florigiant', M 13, and 'Kadiri 71-1') formed more nodules and fixed more N, 
than tle Valencia ('G(anpaptri'. ,1II 2, and P 59747) and Spanish (Ah 8189) 
types. A sinilar tend %%asobserved in field experiments in North Carolina by 
Wynne el a!. (19,8ff). In ali the cultivars, N, fixation started at around 25-30 
days af r phtntig With sinificant genotypic differences apparent by 30 days,t 
and wil) no interaction bctwc,: :l. pling date and cultivar ranking until after 
50 days. a time that generally corresponds to early pod filling. Cultivar 
differences in pod filling and partitioning also become evident at this growth 
stage (Mc('lond ci al., 19)M). and in turn affect energy supply to the nodules. 
This ma v explain tihe cilitivar x sanipling-time interaction for nitrogenase 

activity per plait that could be observed from the fourth sampling on. In most 
cultivars nodile senlescence started during this stage of plant growth, along 
with a decline In N 2 lixatio I per plant. 

-ifty-t\, selected gerniplasin lines were screened over three seasons (1977
1979) for nlodtlfation and N-, fixation using the acetylene reduction assay 
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(D)art. D)a\ & Harris, 1972). Phnrts were sam pled 20-25 days after flowering. 
[he data was allaly/cel by the Scott-Knot method (Gates & Bilbro, 1978) and 
tile clusters Iornt'cd were grouped as high, mnediuim, or low in 13NF traits (see 
[able 1). 'lhrce. to live-fold differences in nodulation and N- (C2 H2 )2 
reduction wecre ohscrved amioig these groundnut genotypes. A Virginia type, 
NC Ac 2821, ranked high over three tests and a Valencia type, NC Ac 26'A, 
ranked high during two tests, while a Spanish type Ah 3275, was clustered as 
low~ during four tests. Crosses have been made between the cultivars of the 
high and low groups in order to estimate the heritability of N 2 fixation in 
grOunidnutts. Wylie et' al. (1980) reported high heritability for such traits in 30 
1.-4 lines derived from a cross between cv. 922 (Spanish) and cv. NC 6 
(Virginia) inl fields at Raleigh. However they observed that correlations 
between parental and general combining ability effects for N2 fixation were 
nonsignificant for progenies of a diallel cross grown in thle glasshouse, 
indicating that simple evaluation of lines for capacity to fix N, may not 
identify superior parents for use in breeding programs (Isleib el A, 1980). 
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TABLE I: Variation in the nodulation and N2 (C2 112) fixation of groundnut 

cultivars over three seasons of testing. 
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Groundnut shows a marked diurnal periodicity in C2 H2 reduction 
(Nambiar & )art. 1980). A preliminary survey of nitrogenase activity in 14 
groundnut lines sclcc!,'d for differences in foliage production, showed a 
significant interaction between lines and time of measurement of nitrogenase 
activity. 'I is suiggests that, if cultivars with less diurnal variability in N, 
fixation can he lotild. they may have larger overall daily fixation. 

There alrc dilTiculties in relating the nodulation and N, fixation scores of 
groundnitit lines obtained from sampling at a particular stage of the growth 
cycle to their oxcrall seasonal activity. Moreover, such methods are 
dest ructl\c an,.. hence, not useful for examining early generation populations 
in a breeding prograll. An alternate method is to use the total N uptake of the 
crop at harcst as an indication of N2 fixation. Nitrogenase activity through 
the season and total N, uptake by two cultivars grown at ICRISAT are 
shown in Figurc 2 and Ilble 2. Cv. Kadiri 7 I-I a Virginia runner, nodulated 
better and fixe.d more N-, than the dwarf Valencia-type cv. MH 2. The 
differences in N, fixation rates are not reflected in the pod yield, but are 
evident in the total dry nimtter produced, and total N harvested. 

• K (ilil1 71-1 
I00 Nt111-2 

h .•- i ,'\',a 

iginurr 2. Nitrogenase aictivity / 
per plant of [he c\. KaRhir 71-1 
and cv. N Il, 2 during the post-
Irainyl and thle 11)X (I uain.\ 401 SO 
11igttrI1s. ia inity-, o h p: 

TABLE 2: 	 Dry matter production bycs Kadiri71 1nd MI2 duning ost
rainy season. 

Cultivars Pod weight "Fop weight Total dry Harvest N index 
(kg/ha) (kg/ha) matter (kg seed/kg tops) 

(kg/ha-day) 

Kadiri 71-1 2426 4103 43 0.37 
MlI 2 1833 1041 24 0.64 
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HYPOCOTYL AND STEM NODULATION 

Host genotype and /?hizo iwn strain have been shown to influence the 
distribution of nodules in legumes (Caldwell, 1966). In groundnut, cultivars 
belonging to the botanical variety hypogaea form more nodules in the 
hypocotyl region than do those from var. fastigiata and var. vtulgaris.
Nodules on the hypocotyl of var. hpogaeaaccounted for 13.4% of the total 
number of nodules per plant while in the other botanical groups they only 
accounted for 0.5-1.0 . These hypocotyl nodules form 40-60 days after 
planting and only develop when the soil around the hypocotyl ismoist. Some 
cultivars such as cv. Ni K 374 (var. hypogaea) also nodulate on the stem. 
During the pod filling stage the nodules on the hypocotyl and stem remained 
pink while many nodules on the roots turned green, indicating senescence. 
Selecting for these traits in breeding material might increase N2 fixation 
during the pod filling and maturation stages. 

GENETICS OF NODIJLATION 

Host plants unable to form nodules have been observed in soybeans and 
peas (Williams & Lynch, 1954; [loll & LaRue, 1976). Recently Gorbert & 
Burton (1979) reported non-nodulating lines of Arachis h.pogaea in the 
progenies of a cross 487A-1-1-2 x PI 262090. Non-nodulating groundnut 
lines have also bcen reported from Georgia (1R.O. Hammons, personal
communication). I)uring the 1978 rainy season, F2 progenies from three 
crosses in the rust screening nursery at ICRISAT segregated for non
nodulation. All the pareuts of the crosses nodulated normally. Later, during
the rainy season 1979. non-nodulating lines were found in 10 additional 
crosses (see lable 3). 

Genetic analysis for nodulation vs. non-nodulation showed that a pair of 
independent, recessive genes control non-nodulation (Nigam et al., 1980). It 
is interesting to note that one of the parents in most of the crosses is a rust
resistant Valencia cultivar either cv. PI 259747, cv. NC Ac 17090, or cv. EC 
76446 (292). Any of these parents crossed With cUltivars NC 17, Shantung Ku 
No. 203. or NC Ac 2731. alvays segregated for non-nodulation, but cv. P1 
.'59747 crossed with cv. NC Ac 17090 or cv. EC 76446 (292) did not produce 
non-nodtllatinj plants in the F2 generation, nor did cv. NC Ac 2731 when 
crossed with c\. Slanttng Ku No. 203. I'his indicates that one set of genes for 
non-nodulation is present in cvs. 111 259747, NC Ac 17090, and EC 76447 
(292) and anothcr set in cvs. NC 17, Santung Ku No. 203 and NC Ac 2731. 

Some nodulating segregants formed only a few nodules, which were much 
larger than those formed by eitlier parents or the normally nodulating F2
plants. 'his character is not stable genetically. For example, a plant with three 
big nodules in the I'. generation segregated in the F, generation into normal 
nodulating. non-nodulating and "big nodule" types. Rhizo/ium isolates from 
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TABLE 3: Crosses producing progeny that fail to nodulate. 

I. Shantung Ku No. 203 x NC Ac 17142 
2. NC Ac 2731 x NC Ac 17090 
3. NC Ac 2731 x EC 76446 (292) 
4. NC Ac 2768 x NC Ac 17090 
5. NC 17 x NC Ac 17090 
6. Shantung Ku No. 203 x NC Ac 17090 
7. Shantung Ku No. 203 x EC 76446 (292) 
8. Shantung Ku No. 203 x PI 259747 
9. NC 17 x EC 76446 (292) 
10. NC-Fla-14 x NC Ac 17090 
11. RS-114 x NC Ac 17090 
12. NC 17 x PI 259747 
13. NC Ac 2731 x PI 259747 

the big nodule type formed normal nodules on the parent plants under sterile 
conditions. Moreover. big nodule segregants were observed in F, populations 
grown in controlled conditions and inoculated with a single strain that forms 
normal nodules on the parents. These observations indicate that the big 
nodule trait is essentially a plant character. 

We are using the non-nodulating groundnut lines in experiments to 
measure N fixation by groundnut, with the N uptake by the non-nodulated 
plants providing an estimate of the mineral N uptake by the nodulated plants. 
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SCREEN!NG FOR NODULATION CHARACTERISTICS IN 
CHICKPEA AND SUBSEQUENT GENERATION OF SEEDS 

O.P.Rupela and P.J. Dart' 

Sutmnnary, 
Chickpea ((icr arictimitm) is a self-pollinating species, the 

cultivars of s,hich differ widely in nodule number, weight, and 
nitrogenase acti, ity. Studies at ICRISAF have shown a close 
correlation bctssccn these 'ixatlito parameters in 61 -day-old plants, 
and have permitted dlevelopment of a nodulation score highly 
correlated \\ilh bot h nodule weight and number. This scoring 
system permits mor rapid germplasm evaluation, and should be 
adjustable to an absolute rating for field-grown plants. 

Field-grow\n plats can be assayed as intact plants for 
nitrogcnase act isity. the nodules removed and weighed, and the 
plant repoltcd \,itb )0l1 stir\ folr plants examined 48 days afterival 

planting. l his permits seed production from plants ol which the 
genetic potential lot nitrogen fixation has already been established, 

and the tuso1such plants Ir hybridization in breeding programs. 
Chickpeas can also bc propagated vegetatively by nducing root 
dcelopnicnt from 5.otinded branches. 

INTRODUCTION 

Differences in numbers, size and distribution of nodules among cultivars 
was first observed for soybeans by Voorhees (1915). Since then many reports 
have appeared on varietal differences in nodulation for various legumes 
Johnson & Means. 1960; Nutman, 1961; Gibson, 1962; D6bereiner& Arruda, 
1967). More recently the interaction between Rhizobium strains and cultivars 
has been examined in detail (Nutman, 1969; Mytton, EI-Sherbeeny & Lawes, 
1977; Minchin vt al.. 1978; Mytton, 1978). 

Chickpea is a sell-pollinating, herbaceous plant that is normally bushy and 
semispreading. It has been well described botanically (van der Maesen, 1972). 

I ('P No. 42. I'RISA I . 'atan hcrutP.O., Andra Pradesh 502 .124, India. 
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In India two types of chickpea are commonly recognized: desi (small, brown 
seeds that are wrinkled, with a beak at the end) and Kabuli (relatively larger, 
white. smooth seeds). It is a subtropical crop that is grown mainly on residual 
moisture in the post-rainy season in India. The Rhizobium isolated from 
chickpea is very specific but will sometimes nodulate Sesbaniabispinosaand 
S. seslt/n (Gaur & Sen, 1979). 

SCREENING FOR NODULATION 

At ICR ISA. nodulation parameters were found to correlate strongly with 
grain yield under field conditions ( Fable I) and to vary widely among 251 
germplasm lines examined in the field (see Fable 2). We have made crosses 
between high- and low-nodulating lines to examine the heritability of the 
parameters, prior to embarking on a breeding program to increase nitrogen 
(N2 ) fixation b\ chickpea. lnfortunately, observations on nodule number 
and \%eight are extremely laborious, and difficult to apply to large-scale 
germplasm holdings such as those at ICRISAT. Because of this we have 
developed a \ stial scoring system, more suitable for evaluating numerous 
lines. This has pio\cd at least It times faster than actual measurement and 
correlates strongl\ \sith nodulation parameters (see "Fable 3). 

TABLE I : 	 Correlations between N2 -fixing parameters for 61-day-old chickpea 
plants and final yield. 1 

Nodule N2-ase Grain 
weight activity/ yield 

plant 

Nodule number 788*** .778*** .761*** 
Nodule weight .763*** .813*** 
N2 -ase activity/plant .668** 

n 20, based on icans for 5 cultivars growvn on a Vcrtsol with 4 reps and a 25-plant 
sample at 61 days and 12.6 in/plot net final harvest area. 

*Significant at I,', **Significant at 0.1 ', . 

SALVAGING FIELD-GROWN PLANTS 

To make observations on nodule number and weight it is usually necessary 
to harvest destructively. Nondestructive acetylene reduction assays can be 
LIsed only on a limited scale. For breeding purposes it is important that seed be 
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TABLE 2: Range of symbiotic parameters and yield of chickpea cultivars.1 

YieldParameter Harvest 
(clays after planting) 1976-77 1977-78 

Nodule no/ 25-30 4-48 2-18 
plant 45-50 10-75 1-20 

70-75 1-20 4-28 

Nodule dry wt 25-30 0.3-55 1-13 
(mg/plant) 45-50 2-105 1-34 

70-75 1-195 3-82 

ND 2Top wt 25-30 0.2-1.7 
(g/plant) 45-50 0.7-6.2 1.1-9.2 

70-75 1.8-39.2 10.5-36.5 

llwo-lLtndred and fifty-otic cultivars were grown in the post-rainy season (1976-77) at 

I(RISAT, withLut inoculation and replication. Nodulation was observed 25-30, 45-50, 
anl 70-75 days after planting. Thirty plants per cultivar were scored at each harvest date. 
In tie 1977-78 post-rainy season the same cultivars were again planted at ICRISAT. Seeds 
were inoculated throughout with R hizohim strain (C-I 1I92. Observations are means for 

30 plants from 3 replicates. 
ND)- No data. 

TABLE 3: Correlation between N2 fixation parameters and visual scoring.1 

Nodule Top N2 -ase Specific N2 -ase Visual 
weight weight activity/plant activity of scoring 

nodules 

Nodule number .69*** .64*** .65*** .34** .79*** 
Nodule weight .63*** .84*** .39** .85*** 
Top weight .48*** .28* .63** 
N 2-asc activity/ 

plant .73*** .0"** 

Six en cultivars and a check (cultivar K-850, twice) in three replications were assayed for 
nilrogenase activity by acetylene reduction at 126 days after planting at Ilissar. Two bottles 
containing two plants cach were assayed per replication. Atter assay, individual plants were 
scored visually and nodule number and nodu(ile Wejiht then measured. 

"Significant at 5 . : *Signilicant at I " : ***Significait at 0.1 ,',. 
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produced Iron selected plants already scored for nodulation. The technique 
we have developed for this isdetailed below. Uprooted field-grown plants are 
brought trom the Iield under wet gunny (hessian) sacks and are kept as cool as 
possible until scored. Alter scoring they are transplanted into pots containing 
sand:vermicldite:grit (1:2:2), covered with polythene bags (see Figure 1); then 
kept in the glasshouse at temperatures of approximately 250 C and with 70% 
relative humidity (R II). ()ie can observe, record, and transplant one plant 
every two minutes. After four to five days the polythene bags can be removed, 
but pots must always be kept moist. The success rate for establishing field
grown plants 45-50 days old in pots is about 90%. Plants can subsequently be 
transferred back into the field with almost 100% success. 

Glasshouse-grown plants can generally be scored and repotted more easily 
than those from the field. In one experiment 270 of 291 plants repotted after 
nodule scoring sur\ ived. In another trial with 20 cultivars, 97% of 200 plants 
potted strvi\ed. When ambient conditions are favorable (ambient 
temperature less than 30 C. and with high RH) scored plants can even be 
returned directly to tile field. 

,A
 

Figu re 1. 	 Pottcd chickpea plants covered with polythene bags (left). Aflter four to 
fike d(ays the co\vcrs are removed (right) when the plants establish. 

RAPID MULTIPLICATION OF MATERIALS 

We dc cloped a method for taking cuttings of chickpea in order to obtain 
more seeds ol a given genetic stock within a short period. Rooting is induced 



61 

by wounding a hranch by njaking a transverse cut halfway through at the 
fourth or lilth internodc. Ihe branch is allowed to grow on in tile glasshouse
at about 25-28 and ablout 701(+RII. After ahou t seven days, 20-50% of the 
vtOUMids form rootlets oi tle wolaid surface closest to the growing point of 
the branch. Mi le the others swell at the wounds. Wounded branches, with or 
without roots. are detached Iroan the plant helow the wound and potted in 
sand plus \ Crm iculite. Roo)t growth is hastened if the original wound isdipped
in loot hormoC powMder (,Seralex II No. 2. May and Baker, India) while 
Potting up the branch. I'ots cottaining these branches should be kept shaded 
in the lassho selor about a week. Almost all branches that have aerial roots, 
and more than 7(0'i (1 the branches with swelling at the wound, form roots 
and gro\ Into planats. Removal o ' reproductive structures alter transplanting
stinulates plant gam th. When the cuttings are growing vegetatively they can 
also he tair splamtcd to tile fieid for faster seed production with almost 100% 
NaICCess. 
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INFLUENCE OF PLANT GENOTYPE ON SOME
 
PARAMETERS OF NITROGEN FIXATION IN
 
PHASEOLUS VULGA RIS 

F.F Duque, L.T.G. Salles, J.C. Pereira, and J. D6bereiner, 

Sumiar t 
lhe inflJience ol plant genot ype on s mbiotic nitrogen (N2 ) 

Iixatiol in cnlli ar" cl I% ,'hs 1-tiaris was evaluated in a red 
yelo., pod/olic soil. low in mineral N. Maxnumn N2 ( 2112 ) 
fixation was totmnd 44 das alter planting and correlated well with 
nodlle scighlt and p-rcemage of pink nodules. Nitrate rcductase 
activity \\as least at the 44-day harvest and, in general, showed a 
pattern opposite to that ol N2 li\ation. Iean harvest index and N
use eflicicnc\ (kg grain prodteCCd kg N in tops) were positively 
correlated \.ith ield. 

INTRODUCTION 

Biological nitrogen (N:,) fixation in soybean can provide the N necessary 
for high yields. In Brazil, as in most countries, soybeans are grown without N 
fertilization, an economy estimated at US$800 million/year (D6bereiner & 
Duque. 1980). Bv contrast, dry beans have proved weak in N2 fixation and are 
generally supplied with fertilizer N. Integrated plant physiology,
microbiology. and soil science teams are now working in Brazil to enhance 
levels of N- fixation in I'liaseolus vulgaris. In this paper we summarize 
results from experiments on plant genotype effects on nodulation and N2 
fixation in this species. 

MATERIALS AND METHODS 

The field experiments were conducted at the experimental farm, Km 47, 
Rio de .lanciro. ot a red yellow podzolic soil low in mineral N. Dry beans 

lrograma I isacao, tIfillgi)ctdi Nitrogenio. EMlIIRAIPA-JFRIR.,J CNP Kn 47 23461).
Ncetopedicaj Rio deJcitH~' l.lIl111.
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were planted both in the rainy (October) and dry (March) seasons. Sixteen 

bean genotypes xscre planted ill a randomized complete block design having4 

e ic ol 5 hines, 4 Ii long, with 0.5 il distance between rows,replicates. Ilots 

anrid 30 seeds per ro\. I ertili/atio included 1.5 t of dolomitic limestone, 160 

kg P2 s. 160 kg K,() and 40 'g I'1F-hrl5 (trace element mixture) per 

hectare. At the second planting, fertili/ation was complemented with 80 kg 

Pi() s and 40 kg K2G( ha applied in the seed row. Fhe seeds were inoculated 

with a mixIiiC of I'hree stialils of1 Rhizohium 1lhaseoli, and lime pelleted. 
fixation and nitrate reductase activityMethods tor the assay of N~ (C(.-,) 

were similar to tho"L used by' IPranlco. Pereira & Neyra (1979). Nodule dry 

weight as dci ertivined it lowering: yield, and N in the grain and 

abotegrollnl pa is NCre determined at maturity. Harvest index (ratio of 

wseight ot seed li'r\Csted to weight of tops) and N-use efficiency (ratio of 

weight of grain harvestCd tt weight of N in tops) parameters were calculated 

from this dala. 

REIK I.TS AN) )IS(SSION 

I alld . 'hm ihII sCasoilil variation In the percentage of pink,Ilgirlc 
N, f'7112) of' eigh. P. vulgaris cultivars 

iolh)wing wet scason plantings. The one cultivar of Type I growth habit 

('(ionarIO ICCrOC' ") I In tided Ill tits study showed very poor N2 (C'I2 -12) 

li\ll on a" conitmii cd b\ apparent N delicIcicy nilhe field. [his cultivar 

hicalhv nodulles aind ( fixation 

S 
ill 

41 
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4 9 III H .mallI 'ca


tio 1 it rate at"iIIIiIalII 111)), il I 

field gru\ml de\ he'mnlhlt, 6' 

nitrogenase activity (in ,.* 
iflll;lcl t t l t I , +t n l 1."t Io \k t+ .. 

R-II I\ NI2 1 . s 1 1 3 1 ihodules). - -- : \ l It\ iii tic-,,h I, 24 444i 4.4"515, 5 14,2. ))4 .4.4 ",1 5, 

ILa\ C , llt i I , tel " t.III,1itl4 ,iinn,r 

showed a relatively high proportion of red nodules, but nodule weight was 
particularly low (see l able I). [he low N 2 (C 2i) fixation of cv. 13H4936 
might he a consequence of heavy infection with rust (Uromvcesphaseoli). In 
the other cultivars the proportion of pink nodules peaked one week before 
maximumn N , (', II ) Iixation was obtained. 'his occurred in 4ll cultivars at 
44 days. ()ne wek later rapid dectomposition of nodules began, and 
nitrogenase act ivity stopped almost completely. [his sudden loss of nodules 
has been reported bet Ic and also occurred in irrigated fields, so it cannot be 
due to waler stress. We consider this a major cause of the low N, fixation 
totnd in ield phautings f* /haselus vulgaris. 

As Franco ct al. ()1979) observed, nitrate reductase act' ity was lowest 
during peak N2 (W(il22 fiation but increased again following the decline in 
ixation (see Figuie 2). I ie results obtained :,,the dry season planting (data 

not included]) also showed parallel development during the growth cycle of 
nodule \veiglit. percentage of pink nodules, and nitrogenase activity. 
flowe\ er. all three parameters declined much more rapidly, due, probably, to 
water stress. 

[lable I shot s nodule dry weight, yield, harvest index, and N-use efficiency 
parameters for all 10 cultivars of' Phaseolus vulgaris. Each parameter shows 
marked \ariation between Cultivars, with the poor correlation between nodule 
dry weight and yield stirprising. By contrast there was a highly significant 
correlation between harvest index or N-use efficiency and yield, with cultivars 
of Type II growt h habit ( 10103 (ICA, Colombia). FF 1282 -('3-CM-M, 
'Small Black lei, n' and 'Rico 23') prominent. I'hese correlations were 
confirmed in the experiment planted . !ring the dry season (data not shown), 
where the correlation coefficients of grain yields with harvest indices were 
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TABLE 1: 	 Harvest index and yield of 16 dry bean cultivars grown during the 

rainy season. 

Cultivar Growth Nodule Yield Harvest N-use 
(kg/ha) index 3 efficiency 4 

habit' wt 2 

10103 (ICA-Col.) If 48.2 1083 601 24 

FF 1282-CB-CM-M 11 70.2 857 552 24 

Small Black Bean If 57.5 827 311 19 
Rico 23 II 65.4 798 469 19 
Porri~lo Sint~tico 111 31.4 788 485 20 
Goiana Precoce 1 3.4 556 404 21 
FF-46-3-M-M-M !II 51.6 535 389 15 

FF-72-M-M-M II 104.6 497 320 13 
FFSST-CB-CM-M !1 49.0 497 355 15 
Iguaci 1I 42.6 492 226 10 

Venezuela 350 Ii 58.4 492 302 14 
FF2-6-3-C-M 11I 28.4 451 346 14 
FF-104-CB-CM-M I! 45.4 405 279 11 
ICA l'ijao I11 76.6 398 252 11 

Rio Tihaji 11 41.3 361 253 10 
B11 4936 III 45.2 221 129 5 

I(;r tthhabit deflited as Type I determinate: Types I antd IlII indeterminatc; with short 
and long gouide, respectively ((ItAT, 1977).

2mg/plant. )etermined on 5 plants incach ot'4 replicates at Ilowering. 
= 4kg grain-/kg dry wI of abovgr md material. r (yield x harvest index) 0.88. 1 > 0.01. 

kg grain/kg tot:d N incrop. r (yihld x N-use efficiency) = 0.91. , > (.01. 

r = 0.80 and 0.89 (p > 0.01) for top dry weights and plant N, respectively. The 
best genotypes were again of Fype 1Igrowth habit, although they were not the 

same cult ixa vs I.ortillo .qintt~tic&. 'ICA Pijao', and FFSST-CB3-CM-M). The 

results cmphasi/c that while absolute levels of carbohydrate accumulation 
and N-,l limition are important, it is the efficiency with which plants 

utili/c acctittlated ca rhohvdratc and N that determines grain yield. Breeding 
programs that cmplitsi/e this aspect of plant growth an. N 2 fixation are 

currentl tundet \ a. 
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HOST-PLANT FACTORS AFFECTING NITIROGEN
 
FIXATION OF THE PEANUT
 

J.C. Wynne, S.T. Ball, G.H. Elkan, T.G. Isleib, and T.J. Schneeweis' 

Summary 
Eight peanut (Ara,'his h.pogaea L.) cultikars were evaluated for 

growth analysis trails to determine the host factors that most affect 
nitrogen (N 2) fixation. The cultivars differed significantly for fruit 
yield, nodulation. and N2 (C'211 .) fixation and in most of the 
growth traits analw'ed. 

In a regression analysis, leala; .: duration accounted for 70-75% 
of the variability in ,itilulation .ind N2 (C212) fixation. Simple 
measurements of leal dry xvcig',t ac'ounted for almost 75% of the 
variability in both nodultion and N 2 (C-2H2) fixed. These 
relationships again demlnst rate the importance of the 
photosynthetic assimilatory apparatus to fixation in peanuts. 

Leaf dry weight is relatively simple to measure and should be 
amenable to selection in a breding program. 

INTRODUCTION 

The host plant plays amajor role in symbiotic nitrogen (N2) fixation. Host 
geres involved in nodule ini!iation, development, and function have been 
reviewed already in this volume (sec p. 27), other genetic studies with peanut
(Arachis hypogaea L.) are detailed on p. 49. Much research is now in 
progress to manipulate the leguminous host plant genetically to improve the 
efficiency of the plant, Rhizobium symbiosis. 

Evidence is accumulating that the quantitative variation in nodulation and 
N 2 fixation is sufficient in most leguminous crops to attempt to ircrease N 2 
fixation through breeding and selection (Seetin & Barnes, 1977; Zary et al., 
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1978: Isleib ei al., 1980; Nambiar & Dart, 1980; Sinclair, Lugg & Spaeth, 1980; 
Wynne. Elkan & Schinceweis, 1980). 

Howe'er. in efforts to increase Ni fixation, it is not necessary to restrict 

selection to genetic facl, s that affect nodulation, increase nitrogenase 
activity or generate lai .,,r amounts of accumulated N. Much recent work 
suggests tia the supply of carbohydrates to the nodules may be a major 
limiting factor in N2 fixation. Certain cultivars mi-, be superior to others in 
their allocation o1 assinilatory resources to the various p!ant parts (Ham, 
ILawn & Brun. 1970: Ilardy & Itavelka, 1976; Pate, 1977). In order to 
determine vhich plant factors are responsible for the variation observed in 
nf lllaticln and N, fixation, and to identify other traits that are useful for N2 

Iixat,.i, selection programs. we must study the functional economy of whole 
plants ind the interactions of their organs during growth. 

Ih peanut is prom1iscuously nodulated by rhizobia of the cowpea cross
inoculation group and. under mal 'field conditions, can fix most of the N2 

required Icr growth and high yield (Reid & Cox, 1973). In fields new to 
peanuts substantial rcsponses to inoculation can be obtained (Barksdale, 
1977: Naimniar & I)rt. 1980). 

Signil icant \ arlat In nndulation and nitrogenase activity has been found 
among peanut cult ivars. (ugga r. I935a, 1935b; 1935c; Burton, 1975; 
Nambiar & I)art. 1980. \\,nne t al., 1980). Generally peanut cultivars of the 
"Virginia t\ pC" (sp. hI.oigafc var. hlipuogaea)are better nodulated, fix more 
N-. ;and yield more than either the "Valencia type" (ssp. fastigiata var. 
. ,,ituta)or the "Spanish type" (spp. fasiigiata var. vulgaris), although 
Variation atlmiong culti. rs of each type for each trait has been demonstrated 
(N~tinbia r & I)tit. 198(0: \Vynne et al., 1980). 

I lie objecti\ c of this paper is to describe host-plant factors that account for 
differences in nodul.atior, and N 2 fixation observed for peanut cultivars grown 
in soils containing native rhizobia. 

MATERIALS AND METHODS 

.ight peanut cultivirs representing the three major botanical varieties were 
gro\n at the Peantt Helt Research Station, Lewiston, NC, USA (see Table 1). 
lhe test was planted in a split plot design in a randomized complete block with 

five replications. ulti\ars ,vere assigned to whole plots and sampling dates to 
subplots. Sampling was initiated two weeks after emergence with samples 
taken at two-week intervals throughout the growing season. Three-plant 
samples were taken from each plot until midseas-n when the sample size was 
reduced to two plants per plot. 

After dr ng. Individual plants were separated into component parts and 
weighed. 'I ie leal arca of tile harvested plants was estimated from the dry 
weighi of 10 leaf disks of known area por plant. These data were used to 
gcner:,.te 12 growth analysis traits for each cult,var as described by Kvet, 

http:gcner:,.te
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TABLE 1: Peanut cultivars evaluated for N2 fixation and growth. 

Cultivar Botanical classification Maturity 

Tennessee Red ssp. fastigiata var. fastigiata Very early 
Spanhoma ssp. fastigiata var. vulgaris Very early 
Florunner ssp. hypogaea var. h.pogaea Medium 
P1 262090 ssp. hypogaea var. hypogaea Late 
Florigiant ssp. hypogaea vir. hypogaea Mediun, 
NC 4 ssp. hypogaea var. hypogaea Medium 
NC 6 ssp. hypogaea var. hypogaea Medium 
Early Bunzh ssp. hypogaea var. 'iypogaea Early 

Ondok & larvis (1971) (see Table 2). Nodule number, nodule dry weight per 
plant, and N2 fixation (as measured by an acetylene reduction methodology 
similar to that of Hardy, Burns & Holsten (1973)) were determined for each 
cultivar. 

Multiple regression techniques for best model selection were used to 
determine the relationship of the 12 growth analysis traits to nodulation and 
N2 (C 2H2 ) fixation. Similar techniques were used to determine the 
relationship of nodulation and N2 (C2-Hi) fixation to fruit yield. 

RESULTS 

The cultivars were significantly different in mean weight of leaf, stem, 
petiole. peg. and fruit (see Table 3). The Virginia type cultivars generally had 
greater weights than the Valencia or Spanish type cultivars for all plant parts 
except fruit. 

When the mean weight data from each sampling date and the leaf area data 
were used to analyze growth traits, cultivars were found to be significantly 
different for all traits except for relative growth rate, net assimilation rate and 
unit shoot rate (see Table 4). The Virginia-type cultivars generally had greater 
means than cultivars of the fastigiata subspecies .Or all traits except leaf 
weight ratio and specific leaf area. 'Florigiant' had the greatest absolute 
growth rate. crop growth rate, leaf area index, leaf area ratio and specific leaf 
area. This indicates that 'lorigiant' had the fastest growth rate because it had 
the largest assimilatory apparatus. NC 6 had the highest b~omass duration 
and leaf area duration, indicating an ability to maintain photosynthetic 
capacity longer. 

N2 fixation 

The eight -ultivars were significantly different for nodulation and N2 
(C2 H2) fixation (see Table 5). The Virginia-type cultivars had higher means 
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TABLE 2: Synopsis of growth analysis symbols and formulas. 

Derived quantity Instant value Mean value 

Absolute growth rate dW W2 -Wt 

dT G1 2 T2- -T, 

Biomass duration None (Wt +W 2 ) (T 2 -T)
Z 1-2 - =- 2 

Crop growth rate I dW I - Wt
C1-2 

W2
P dT 	 P T2 - T, 

Leaf area duration None (LA1 + LA 2 ) (T 2 -T) 
(LA basis) D 1-2 = 2 

Leaf area duration None -- (L1 +L 2 ) (T 2 -T1 ) 
(LA basis) D1-2 = 2 

Leaf area index 	 LA - LA2 - LAI 
_) 	 A2 p 

Leaf area ratio 	 LA - (LA,/Wi) +(LA 2 /W2) 

W F1 2 2- = 

Leaf weight ratio LW (Lwj/W 2 ) +(Lw2/W2) 

W LWR 1-7 = 2 

Relative growth rate 1 dW logeW2 - logeW 1 

W dT 12 = T2 - T 

Specific leaf area L A (LA/Lwl) +(LA2/LW) 

LW SLA 1-2 = 2 

Net assimilation rate I dW 
-- --~ ~ W2 - Wt ~ ~2 

logeLA 
c-

- logeLA 
loge A,________ 

LA dT -E12 T2 -T 1 LA2 - LA1 

Unit shoot rate 1 dW W2 - Wt logeSw2 - logeSw1 

Sw dT T2 -T 1 S "W 

1)LA = total leaf area: L, = leaf dry wt.; = ground area; SW = ghoot dry wt.; 
= T = time, V total dry wt. 
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TABLE 3: Cultivar means for growth components averaged over sampling 
dates. 1 

Cultivar Lea f Stem Petiole Peg Fruit 
weight weight weight weight weigt.t 

(g/plant) 

Tennessee Red 20.8 d 24.8 c 4.6 d 4.0 e 33.2 c 
Spanhoma 22.7 cd 25.9 c 5.4 c 4.7 de 34.6 c 
Florunner 27.4 b 30.4 ab 5.2 cd 5.9 bc 33.9 c 
P1 262090 24.1 c 33.2 a 5.2 cd 2.6 f 14.6 d 
Florigiant 30.6 a 34.8 a 6.2 b 6.9 a 44.9 b 
NC4 29.0 ab 30.9 ab 8.1 a 6.1 abc 3C.6 -
NC 6 30.1 ab 36.1 a 5.8 be 6.8 ab 43.9 b 
Earl, Bunch 27.5 b 25.1 c 6.1 b 5.3 cd 52.4 a 

IMeans within columns followed by the same letter are not sgnifieantly different (P = 0.05). 

for nodulation and N2 (C2 H2-) fixation than the twofastigiata subspecies 
cultivars. The latter cultivars were similar to the Virginia-type cultivars during 
the early part of the growing season but showed substantially lower 
nodulation and N ( 2112) fixation during early pod fill. The highest yielding 
cultivars, NC 6 and Florigiant, showed the greatest nodulation and N 2 
(C2 H2 ) fixation. 

Relationship of host factors to N2 fixation 

When the 12 growth analysis traits were used as independent variables and 
regressed on the dependent variable, N2 (C 2 H2) fixation, leaf area duration 
accounted for more t--1 70,"0 of the variation in N2 (C 2H,) fixation, after 
adjustment for repltiate and cultivar effects. The only other trait that 
accounted for a significant amount of variability in N2 (C 2 H2 ) fixation was 
leaf area index. Over 90% of the variability in N2 (C2 H2 ) fixation for the 
cultivar Florigiant. which had the highest N, fixation values, was accounted 
for by leaf area duration. 

Leaf area duration expresses how long a plant maintains its active 
assimilatory surface. Obviously, peanut plants that have the capacity to 
maintain active phiotosynthesis are best able to fix N,. The results are not 
surprising, since several pear. it experiments have indicated a close 
relationship between N2 fixation a.id photosynthesis (Hardy & Havelka, 
1976; Dart. 1978: Wvnne et al., 1980). 



TABI.E 4: Cultivar means for growth analysis traits. 1 

Cultivar Absolute Biomass Crop Leaf area Leaf Specific 
growth duration growth weight ratio leaf area 

rate rate Duration 
(LA) 

Duration 
(LAI) 

Index 
(10- 3 ) 

Ratio 
(10 - 4 ) 

(10 1) (10 3) 

Tennessee Red 2.11 b 1008 d 1.41 b .33 d .22 d 3.8 b 3.81 de 3.77 e 1.03 bc 

Spanhoma 2.49 ab 1083 cd 1.63 ab .37 cd .25 c 5.3 ab 3.96 cd 3.90 cd 1.02 bc 

Florunner 2.75 ab 1208 b 1.83 ab .45 b .30 b 6.4 ab 4.22 a 4.05 a 1.05 ab 

P1262090 1.93 b 1045 d 1.28 b .38 c .25 c 5.2 ab 4.05 bc 4.01 abc 1.02 c 

Florigiant 3.41 a 1311 b 2.27 a .47 b .31 b 9.1 a 4.22 ab 3.91 bcd 1.08 a 

NC 4 2.88 ab 1204 bc 1.92 ab .44 b .29 b 7.0 ab 4.16 ab 4.10 a 1.02 c 

NC 6 3.28 a 1423 a 2.20 ab .51 a .34 a 7.8 ab 4.14 abc 3.86 de 1.08 a 

Early Bunch 2.56 ab 1253 b 1.70 ab .38 c .25 c 5.2 ab 3.70 e 4.03 ab 0.94 d 

Means within columns followed by the same letter are not significantly different (P = 0.05). 
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TABLE 5: 	 Cultivar means over sampling dates for nodulation and N2 fixa
tion.1
 

Cultivar Nodule N2 
fixation 

Number Weight 
(g/plant) (u tool C2 11f4 / p la nt .11) 

Tennessee Red 662 bc .80 de 15.4 be 
Spanhoma 440 c .64 e 	 13.1 c 
Florunner 855 ab 1.33 bc 22.2 a 
P1 262090 718 ab .96 cde 16.1 be 
Florigiant 959 a 1.75 a 	 23.5 a 
NC 4 	 934 a 1.47 ab 21.4 a 
NC o 	 926 a 1.47 ab 23.1 a 
Early Bunch 9?8 a 1.13 bcd 19.1 ab 

1Means within couinns f,,ilowed by the same letter are not different (P = 0.05). 

Differences ir leaf area duration accounted for almost 70% of the 
variability in noculation. Variability in crop growth rate also accounted fora 
significant amount of' v:triability in nodulation, but the multiple regression 
model that contained hoth crop growth rate and 1:afarea duration accounted 
for only 25, more variability than was accounted for when only leaf area 
duration alone was considered. An examination of regressions for individual 
cultivars indicated that leaf weight ratio accounted fora significant portion of 
the variation for nodtlation. Leaf weight ratio is the ratio ofleafdry weight to 
total plant dry weight and snould also describe the size of the assimilatory 
apparatus. 

Since leaf' arca duration and leaf weight ratio were found to account for 
much of the variability for both nodulation and N, (C2H 2 ) fixation, the 
relationship of leaf weight per se to the N2 fixation parameters was 
determined using multiple regression. Leaf weight accounted for almost 75% 
of t0h variation in both nodulation and N,(C 2 H2 ) fixation. 

Relationship of N2 fixation to fruit yield 

In grain legumes such as peanuts, increases in N, fixation do not necessarily 
lead to increases in fruit yield. In this study about 28% of the variation in yield 
can be accounted for by differences in nodulation. About 22% of the 
difference in yield can be accounted for by N2 (C 2 H,) fixed. The model 
containing both traits only accounted for 29% of the variation in yield since 



74 

the two traits are correlated. Since increases in dry matter must be partitioned 
into the fruit. N2 fixation is making an important contribution to yield. 

Peanut plants with high N2 fixation have greater leaf weights ald leaf area 
duration. These traits cn be easily measured and should be amendable 
through selection proces,;cs in breeding programs. 
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ENERGY COST OF BIOLOGICAL NITROGEN FIXATION 

M.C.P. Neves' 

Swnnwtrv 

Biological nitrogen (N,) fixation in both free-living and 
symhiotic organism, is an energv-requiring process dependent 
upon a suppl, of carbon and energy. In this paper the energy' costs 
for N, fixation and nodile respiration in symbiotic systems are 
conpiirc. %ith thsc ol Irce-living N2-fixing systems, with the 
theor-,cal energ\ rcquireren t for N, fixation, and with the cost of 
utili/,aion ot combincd N. 

INTRODUCTION 

Nitrogcn (N- ) fixation is an expensive process in terms of energy 
requirement. whether car ried out by the petrochemical industry or by living 
organisms. Chemical fixation of N, uses expensive nonrenewable fossil 
energy: in the ISA, for example, ammonia production consumes about 2% of 
the nation's natural gas output (Hlarre, Livingston & Shields, 1974), and 
additional energy is used in fertilizer transport. Biological N, fixation uses 
solar energy collccted through photosynthesis and produces reduced N2 at the 
site where it is needed, in the soill. In the cise of rhizosphere and symbiotic N2 
fixing micro-organisms, carbon substrates are provided directly by the host 
plant. Some frce-li ing N2 fixers depend on soil organic matter, whereas 
others produce their own carbohydrates, and so are fully autotroplhic for both 
C and N. 

Because biological N, fixation requires so much energy, it is often limited 
by a shortage of photosynthatc. As attempts to enhance the photosynthetic 
capacity of plants have met little success, concern has mounted about the 
energy efficiency of biological N2 fixation, and about how it might be 
enhanced. 

Uninersidade I-cdcml Rural thoRio de Janeiro, Ki 47, Seropedica, 23460, Rio de Janeiro, 
ttra/iI. 
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This paper compares the energy costs for N2 fixation and nodule 

respiration in symbiotic systems with those of free-living, N2-fixing 

organisms. \with the theoretical energy requirement for N2 fixation, and with 

the cost of utilization of combined N. 

ENERGETICS OF BIOLOGICAL N2 FIXATION 

Thermodynamic considerations 

Using glucose as a soLrce of reducing power Bergersen (I,/lla) estimated a 
+ 

net energy rcquircnmelt for N2 fixation of 276 KJi tool NH 4 produced under 

thernmodynamicall:, stable conditions. For cell-free systems Bergersen (197 ia) 

reported the con-.ption of 355 K.I/ mol N H4+ produced, a figure probably 

very close to the ,' ,.ivo cost of fixation. As oxidation of glucose yields 2.813 

1K.I, tiol. and coniv.dcring perfect energy transfer, the maximum efficiency 

with which N- can be reduced in a biological system is 0.26 moles glucose/mol 

N.YI- + produced or 0.67 g C g fixed N. Using other calculations, Gutschick 

(1978; 1980) estimated a thermodynamic energy cost of 0.22 moles of 

glucose niol NI14+ produced or 0.58 g C!g fixcd N. 

ATP requirements for in vitro N2 fixation 

Nitrogcnase preparations use much more energy than the predicted 

thermodynamic cost. IUnder optimal conditions four to five moles of ATP '-re 

required for each pair of electrons transferred by nitrogenase during N, 

fixation (Steitel. 1977). All nitrogenase ,-reparations also reduce protons to 

11 , (Dixon. 1976). and if no other reducible substrate is present, all electrons 

are transferred to protrons and the system wastes energy (Winter & Burris, 

1968; Schubert & L',ans, 1970). 1,t evolution complicates the estimation of 

the direct energy needs for N, fixation (Schubert & Ryle, 1980) as the exact 

relationship bct\%ccn proton and N, reduction by nitrogenase may vary. 

Somc theoretical analyses of nitrogenase activity suggest that H, production 

with N ias substrate at physiological levels may account for 25% of the total 

electrons transterrcd (Steifel, 1977). Measurements on intact root nodules 

indicate that in legumes 25-34% of the electron flux may be allocated to 

protons (Evans et al., 1980). 
The exact nature of the reductant used in N, fixation is not firmly 

established: it arics hetwen different organisms and depends on growth 

conditions ( Rasthornc et al.. 1980). Assuming NADH as the reductant and 

a. ratio of I tl2:2 Nl1.1 as proposed by Dixon (1978), then the equation for N, 
fixation 	can be expressed ts:
 

-
N, + n ATP + 4 NAI)II + 6 H + 2Nf -14 + + It, + 4 NAD + n ADP + n Pi 

wlere in equals 16-20. The drainage of reductants from oxidative 

phosphorylation results in less ATP production. Each reductant could yield 
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from I to 3 A"I 1. bu lhe ratio of A I produced per 2e-transferred (P/2e-) is 
variable. e en for agiven organisn ( La Rue, 1977). Thus, an assessment of the 
AlIP re iremClIts will depend on acc:"-te data for the PI2 e- ratio of the 
various systcuts. It a tightly coufpt,.'d pathway with a P,2 e- ratio of 3 is 
assumed. t hell the uliniI)ni theoretical cost of, N fixation in reaction (I) is 28 

Energy can le partially recovered by 11,recapture coupled with oxidative 
phosphor, latlon .ielding 2-3 A H' tool of II-, ()ixon. 1978), and this 
decreases the A I consiulpt ion of reaction I to 25 ATP.However, if H 
production accontts for 341 of the total electron flux (1.6 H,:2 NH[14+) and 
lhrc is no I cC.cing systerl, the cost increases to 31.7 ATP tool N, fixed. 
tnder optiInIiiI condilions \ alles o '35 to 40 AP1' equivalents/tol N-, fixed 

wer' ohla lned \\itlI A h'tiolla nutaits blocked in ammonia assimilation and 
derlprcssed kr litrm'oeliase biosynthesis (Andersen, Shanmugan & Valen
tine. 1978). 

Assuning that oxidat io proceeds via the Embdcn-Meyerhof pathway 
follo\ed h\ Ithe t icilrbixlic acid cycle, complete oxidation of glucose would 
yield 38 AI I niol glticse I I' 2e--3). Ihus, the glucose needs for N, fixation 
can be estimated aisragiigi 'iron(1.7(1 to 0.86 loles of glucose: inol N, fixed 
(or 1.79 to 221 ( g Iix ed N). 

In iIt tl Iini sstenis ' Iix\ation is not an isolated process but is 
coupled millic actims of ianmoniia aissimiition. If asparagine is the major 
organic Init ri gnclns Coripoild formed. another 6-7 ATlP inol N, fixed will 
hc expended (laand. I-arnden & Rohertson. 1980). However, for the 
inaijorit\ (I tfropical hCgcnrcs. the urcides allantoin and allantoic acid are the 
majol riiroLcli"iit, ctip)Otlilds cxporteI flroirn nodules (Sprent, 1980; (ioi & 

N I )s. ) I lcspietc lie conplex paIthvIway by which they are synthesized 
I riplett. Bc\ ins & Randall. 1980) only 1-,extra A I'll mol of ureide are 

rcqui rcd( \i1cII c(/a/.. Ilus.198 1 . if'we consider ammonia z isimilation as 
an inhrcent pail ill N, lix ation, the theoretical cost will he 0.71 moles of 
glucose mll N fixed (or 1.82 g C g N) ifamnmonia isassimilated as ureides, 
or 1.05 moles of glucose mol N. fixed (or 2.70 g C,'g N) for assimilation as 
aspara ginc. 

Fstinlntes ii the rceuCtical Cost are likely to change as metabolism related
 
wilh N, i Ii Heco 110nre fully understoo, in each N -fixing system.
n ie 

ENERGY (OST OF BIOLOGICAL N. FIXATION IN FREE-lIVING 
ORGANISMS 

ICrec-liig N2-liing riicro-or-Lrainisns occur in virtually all metabolic 
catepories (ficrrcn. 19.")). I lie great majority, however, are heterotrophic 
aind either aluc or laciltatli\e or obligathiry anaerobes. 

liierlg ciist Iir liphic. Iree-living N, fixers can he easily obtained inIh terCItCrI 
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of fixed N. The energy cost will depend, not only on the metabolic pathways 

involved and the energy produced from available substrates, but also on the 

growth conditions, type and amount of substrate present, etc. 

Oxidatixe phosphorylation provides aerobes with a much greater energy 

yield than can he achiCved by anaerobes. Htill (1978) listed the reported costs 

of N-, fixation hy free-living bacteria. Carbon consumption by aerobic 

bacteria xxas as high as 190 g C g N. while anaerobes and facultative 

anaerobes constuned up to 300 g C g N. While the concentrations of carbon 

and oxygen to \5 hich t lie organisms are exposed influence the efficiency with 

which carbon is utilized for N, fixation, only minor contribution to the N 

balance of agricultural systems can be expected from organisms with such 

high carbon requiirements. 
Carbon usage by aerobic bacteria is markedly influenced by 02 

contentration around the cells. tJp to 80-90% of the utilized sub'strate may be 

respired in order to ioro()tect the nitrogenase system, with th'e carbon cost 

considerably decreased by lowering 0 concentration (Mulder & 

lBrotonegoro. 1974). Conversely. carbon usage by facultative anaerobes 

decreases \%hen cultures arc supplied with 02 (at low concentrations) because 

ATP prod ctiou is sx iliched fromi fermentation to the more efficient oxidatixe 
phosphorylatiol palthway (Ilill, 1978). 

Hlydrogen cxoltitiol a id rccaptlire is another factor influencing substrate 

utiliation in Iicc-lIx ng N, fixers (l1ill, 1978). Although Azotobacter has 

been shown to evolve It , (Simith. Ilill & Yates, 9 this ga! is not normally 

detected.1 :,Iarlltmt also has anl active uptaKe hydrogenase system 

(Volpon. l)c- l Ili & l)iihereiner. 1981). 

Effici':ncics calculated frolm pure cultures in laboratory conditions may 

not nccessarillI nii rr(r the performance of the organisms under field 

conditions.0C )"l oolc & Knowles (1973) estimated efficiency in soil populations 
and obscrved that is \%as higher in anaerobic than in aerobic soil and reached 
maximnn \aliics of 28.2 and 35.8 g C g N for mannitol and glucose, 
respectixcl'. S4 ils have limited supplies of carbon and energy (Jensen, 1965), 

cspecilly tudct trop ical conmditions where soil organic matter content tends 
to be IoxN (N\c S& (ireenland. 1960). Ilhis 'an limit N, fixation by 
heterotroplhs. 

Dramt!ic incieast", in rates of acetylene reduction occur following soil 
amendment wit', carbon compounds (Knowles, 1977). Heterotrophic N,
fixinglorg;,: ,m s are Ireqetlyt I ii nd in the rh i/osphere wiere root exudates 
provide ,icm with a renessahle supply of carbon compounds ()6bereiner, 
197,). b it compe tition witi nofixing rhi/osphcre organisms will probably 
also him: their sharc oi this source of' carbon (Vincent. 1974). 

I.ow% rhon cmlccntratio'us arc likely to increase the efficiency of N, 
fixation. In fact. e licicncv of .. : ,.Pirilhmmlillif'rtum increases from 20 to 8.2 
g (, g fi:Cd N as ctilturcs ll'-proici the stationary phase \Volpon et al., 1981; 
see Ia ble I ). \x hereas that of .. hrusil'tm-negoes from 24.2 to 4. I g Cg Nfixed 

http:conditions.0C
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TABLE 1: Carbon consumption in N2 fixation of various free-living bacteria. 

Organisms Growth g CC/g N1 Carbon References
 
conditions source
 

Azotobacter hatch 18 sucrose Parker, 
vtinclandii 1954 

Azotobacter N2 limited 
chroococcum chemostat 12 mannitol Dalton & 

Postgate, 1969 

Azospirillunt batch 21 malate Okon et al., 
lipofcrum 1977 

Azospirilion batch 20-8.2 glucose Volpon et al., 
lipofenli 1981 

4zospirillum batch 24.24.1 lactate Stephan et al., 
brasi'ense 1981 

Cor'nehacter.tian batch 19-6.5 sucrose Berndt et al., 
atttotrofict 1976 

lC'ateulttd as pramo of carboi equivalent to the energy st.ite of l glucose carthon atm by 
tile equation: Kcal/tnot substrate g C'glucose

gC( -- t sb ra xX 
G substre C trt Kcal/niol glucoseSust ra[l'lte 

following depletion of suhstrates (Stephan, Pedrosa & l36berciner, 1981). 
The list of free-living N 2fixers has been enlarged considerably in the recent 

years. mainly in terms of autotrophic organisms: cyanobacteria (Stewart, 
Rowell & Rai. 1980). photosynthetic (Gallon. 198(0), and chemosynthetic 
bacteria (Dalton. 1980). The physiology of a!! but the cvanobacteria is largely 
unknown. and Ihe efficiency with which they utilize the energy they capture to 
fix N- has not as vet been measured. 

TIlE ENERGY COST OF N2 FIXATION IN SYMBIOTIC SYSTEMS 

The encrg cost of N, fixation in the legume/ Rhizohium symbiosis has 
been extensively studied. Now that N, fixation by pure cultures of Rhizobium 
has been demonstrated, it ,viII be interesting to compare Rhizobium efficiency 
in N2 fixation in pure culture with that achieved by the nodule system. Major 
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changes in metabolism, including changes in the electron transport systems, 
occur when Rhizu/ium cells attain the form of bacteroids (Appleby, 1969). 
Further, conditions inside the nodule are different from those of pure 
cultures, as carbon flux from plant cells to bacteroids may be tinder hormonal 
control (Minchin ei al., 1981) with the microenvironment inside the nodule 
close to that required for the optimum functioning of the nitrogenase 
(Vincent. 1980). 

hi' vivo cn'rjg costs of N-, fixation may be obtained by relating nodule 
respiration to nitrogen assimilation by the plant. Since the earliest attempt 
made by Bond (1941), several values for the respiratory cost of N, fixation 
have been reported (see lable 2). [he complexity of estimating the respiration 
of intact nodtiles, without confounding this with the respiration of subtending 
roots has led to the use of a wide range of techniques. Minchin et al (1981) 
have made a comp;ehcnsive review of these but have concluded that it is 
impossible even to speculate which are more correct, especially when some 
reported \alues for the respiratory cost of N- fixation are smaller than those 
calculated for ideal im vitro systems. Furthermore, methods of plant culture 
and husbandry in t!hcsc studies have varied considerably and the importance 
of this to ard nodule efficiency cannot be overlooked. 

Comparisons between plant species are, therefore difficult to make, with 
reported efficiencies ranging from 1.1-7.6 g C consumedig N- fixed. The 
valuc of 19.4 g C colsunmed g N, fixed for soybean, as repom ted by Bergersen 
(1971b) and derived from short-term measurements of O-N - fixation and 
('02 evolution of detached nodules, refers to instantaneous efficiency and 
could he cxpected to be highly variable. Since the C/N relationship can 
change considerably with plant age (Minchin, Summerfield & Neves, 1980; 
Neves, Minchin & Summerfield, 1981) and also show a diurnal fluctuation 
(lterridgc. 1977) estimates are best made from studies throughout plant 
ortogeny (lierridge & Pate, 1977: Pate & Herridge, 1978; Ryle, Powell & 
(ordon. 1979a: Neves et al.. 1981). 

Vigna utigtictulah has been the best studied tropical legume. Its efficiency, 
itsmeasured by two different techniques, is outstandingly high (even higher 
than the theoretical maximnum). II,wevcr, when plants are grown under 
adverse en\ ironmential conditions favoring wastage of carbon in respiration 
(Minchin ct al.. 1980). the cost of N, fixation may show a two- to three-fold 
increase ;in(] ma affect the carbon economy of the whole plant. The presence 
of an active uptake hydrogenase in V. unguiculata bacteroids (Schubert & 
F.vans. 1976) may contribute to the high efficiency, but the importance of the 
carboxylation process in the nodules can not be excluded as an explanation of 
the low CO2 output. Phosphoenol pyruvate (PEP) carboxylase has been 
found in nodules of many legumes, including V. unguiculata (Layzell et al., 
1979). The importance of tihe system is,as yet, uncertain as the rates of 
activities rc,,rted vary from 0.02 to 4.63 mg C'g fresh weight per h, a 233
fold v:iation (Minchin et al., 1981). 
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TABLE 2: Respiratory cost of N2 fixaticn by legume and actinorhizal nodules. 

Species g C respired/ References 
g fixed N 

Tropical and sub-tropical legumes 

Vigna unguiculata 1.1 	 Herridge & Pate, 1977; Neves 
et al., 1981 

1.5 Layzell et al., 1979 
3-4 Ryle et al., 1979a 
3.4 Minchin et al., 1980 

Desmodium sp. 4.5 	 Tjepkema & Winship, 1980 

Phaseolusvulgaris 6.1 	 Mahon, 1979 
5.1 Tjepkema & Winship, 1980 

Glycine max 7.6 	 Bond, 1941 
19.4 	 Bergersen, 1971 b 
3-4 -leytler & Hardy, 1979 
2.1 Tjepkema, 1971 
6.7 Mahon, 1979 
3-5 Schubert & Ryle, 1980 

Temperate legumLs 

Aelilotus sp. 	 7.2 Tjepkema & Winship, 1980 

Lupinusalbus 1.7 	 Pate & lIerridge, 1978 
3.6 Layzell etal., 1979 

Vicia faba 6.7 	 Mahon, 1979 
4.4 Tjepkema & Winship, 1980 

tisunt sativium 	 1.5 Minchin & Pate, 1973 
6.9 Mahon, 1977 
1.9 llouwaard, 1980 

Trifolium pratense 5.4 	 Tjepkema & Winship, 1980 

Non-legumes 

Alnls rtgosa 	 4.4-4.9 Tjepkema & Winship, 1980 

Ceanothus americanus 4.9-1 1.2 	 Tjepkema & Winship, 1980 

Comptoniaperegrina 3.9 	 Tjepkema & Winship, 1980 

Eleagnus umbellata 3.6 	 Tjepkema & Winship, 1980 

Myricagale 4.5-9.8 	 Tjepkema & Winship, 1980 
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Presence of an active PEP carboxylase complicates the estimation of the 
respiratory cost of N2 fixation and the comparisons between species, 
cultivars. treatments, or even plant age, as it is not possible to determine 
whether differences are due to production of CO,, recapture, or both. 

Energy requirements for N2 fixation of actinorhizal nodules have been 
estimated recently by Ijcpkena & Winship (1980) and were found to be 
similar to those of legume nodules (see Table 2). However, comparisons 
involving other symbiotic or associative systems have yet to be performed. 

C and N balance studies 

As stated earlier, the process of N2 fixation in legume nodules is coupled 
with ammonia assimilation and transport. Thus, besides energy and 
reductants. nodule requirements also include carbon for nodule growth and 
transport of fixed N, which is, however, recycled back to the shoot. Whole 
plant carbon and N balances giv. a more complete view of the carbon 
expenditure of the nodulated legume, but to date these have only been 
reported for three legume species (see review by Minchin et al., 1981). 

Nodules have a daily intake of 11.6 - 95.3 mg C from the host plant (see 
Table 3) which represents 13 to 281b of the net daily gain of the plant shoot. 
Most of the carhon available to nodules is expended in respiration and in 
export of fixed N to the plant shoot. 

N can be exported mainly as ureides (C:N ratio of 1) or amides(C:N ratio 
of 2 and 2.5 for asparagine and glatamine, respectively). Ureides, thus, 
represent a saving of about 50()+ in terms of carbon for plants such as V. 
ungui'ulata (elcrridgc et al., 1978; Minchin et al., 1980) Phaseohsvulgaris 
(Cookson. tHughcs & (oombs, 1980) and Glycine max (Kushizaki, Ishizuka 
& Akamatsa. 1964) when compared with those using amides, e.g., Pisum 
.ativum1 (Minchin & IPate, 1973) and Lupinus (Pate & Herridge, 1978). 
Although this high percentage of economy may represent a minor carbon 
saving for plants of low N requirements (Sinclair & de Wit, 1975) it could be a 
vital saving for a plant such as V.uguiculata,that has a high N requirement 
and pumps N upwards at a rate of 22.6 ng N/plant per day (Neves et al., 
1981). 

In some systems the (), lost in ,espiration can account for 50% or more of 
the nodule carbon income. [his is most common under adverse temperature 
conditions where too much carbon is used in respiration (Halliday, 1975; 
Lay/ell ,t al.. 1979: Niinchin et al., 1980). 

Carbon inmestment in nodule dry matter is the smallest component of 
nodule carbon budget varying 'rom 9- 22%, of the total carbon imported from 
shoot (see 1Table 3). lowever, the better comparison is of carbon investment 
in nodule dry matter with N, fixed (C dry matter:fixed N ratio). For the plant 
species shown in l able 3 a range of 0.38 to 1.20 can be calculated. The Lupinus 
varieties studied rcpi esent the extreme values for efficiency (a ratio of 0.38) 



TABLE 3: Partitioning of translocated carbon in nodules during the period of increasing N2 fixation. 

System 	 Total N2 fixed 
(mg/plant.day) 

P. sativuni 
cv. Meteor 1 	 3.0 

L. albus 
cv. unnamed 2 	 10.6 
cv. Ultra (strain Wu425)3 	 2.8 

V. unguiculata 
cv. Caloona 4 	 8.4 
cv. Caloona (strain CB756), 	 3.7 
cv. TVu 1503 (strain CB 1024)' 22.6 
cv. K2809 (strain CB756) 5 	 20.0 

'Minchin &Pate (1973) 	 2 Pate & Herridge (1978)3 Layzell etal., (1979) 4 Herridge & Pate (19-7)
5Neves (1978)

6Figures in parentheses are %of net daily C gain/plant. 

To:al C imported 
(mg/plant.day) 

12.4(28)6 

46.7(13) 
18.4 

25.0(13) 
11.6 
72.5(17) 
95.3(20) 

. daily C intake to nodules 

Respiration N export Dry matter 

36 48 16
 

40 52 9
 
55 27 	 18
 

36 43 21
 
49 29 22
 
35 45 20
 
63 21 16
 

or 
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and inefficiency (a ratio of 1.20), which probably reflects not on-iy the cuitivar 
and strain interactions but also the different plant culture and husbandry used 
in the experimnmts. All other plant species have similar ratios, averaging 0.67. 

ENERGY COST OF B:OLOGICAL N2 FIXATION VERSUS 
ASSIMILATION OF MINERAL N BY LEGUMES 

The high energy cost of N2 fixation leading to a diversion of photosynthates 
that otherwise could be used for plant growth has motivated various 
comparative studies between the energy needs for N, fixation and nitrate 
assimilation (Schubert & Ryle, 1980). Thermodynamic considerations 
suggest similar energetic requirements for b'th systems (Bcrgersen, 1971a). 
Furthermore. the ATIP Consumption as estimated by F.R. Minchin (personal 
communication) is also similar. For plants supplied nitrate, 12 ATP 
equivalents are needed for nitrate reduction to ammonia (P/2 e- of 3) and I 
ATP for nitrate uptake by the roots (Penning de Vries, 1975). Assuming 
ammonia assimilation mainly into asparagine, a major organic nitrogenous 
compound 'in most non-nodulated legumes (Pate, 1973), the minimal cost can 
be calculated as 31 ATP, equivalent to a requirement of 0.84 moles 
glucose, mol asparagine produced (or 2.16 g Cig N), similar to the 
aforementioned carbon requirement for N fixation., 

Whole-plant studies provide conflicting results. At high N levels (200 ppm 
NO 1 -N) plants of 1". unguiculataand G. maxassimilate nitrates mainly in the 
leaves (Ryle. Powell & Giordon, 1979h; Minchin et al., 1980). Under such a 
nutritional regime. the ratio of carbon respired by belowground organs per 
unit of N assimilated is smaller for non-nodulated plants than for their 
nodulatcd counterparts (Ryle et l., 1979b; Minchin etal., 1980; Neves et al., 
1981). This is because nodule activity increases the specific respiration of 
nodulatedplants(Bond, 1941; 1yle, Powell & Gordon, 1978; 1979b; Minchin 
etal., 1980; Neves eta!., 1981). Furthermore, as no compensatory differences 
in photosynthes and shoot respiration have been observed (Ryle etal., 1978; 
1979b) it has been suggested that nitrate assimilation in the shoot benefits 
from an excess of A' 1 and reductants produced during photosynthesis and 
proceeds "cost free" for the plants. Energy will, however, be required for 
synthesis and maintenance of the enzymes that have a high turnover rate 
(Woolhouse. 1967) and for nitrate uptake by the roots. 

At lower N levels nitrate assimilation proceeds mainly in the roots 
(Oghoghoric & Pate, 1971; Atkins, Pate & Layzell, 1979; Pate, Layzell & 
Atkins. 1979) requiring energy and reductants derived from respiration. 
Under such conditions, conflictiig results have been obtained. Whereas 
relative growth rate studies show sil:.!iar energy requirements for N, fixation 
and nitrate assimilation of Trifolium subterraneum (Gibson, 1966), V. 
unguiculata, or G. max (Broughton, 1979, cited by Minchin et al., 1981), gas 
exchange measurements suggest substantially greater energy rcu uirements for 
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N2 fixation by 7..'u'lerran'um(Silsburv, 1977). Even more surprising, root 
respiration rates of nitrate fed Pisum sativi'n are 8% greater than those of 
nodulated plants ( Ninchin & Pate, 1973) while for Lupinus the rates are 25% 
less (Pate ct al.. 1979). As a result, the respiratory cost for P. sativun; of 
nitra e-a!, milation root is higher (6.2 g ( g "I)than for plants dependent on 
fixed N (5.8 g (* v N). whereas for Lupinus nitrate-ted roots have a smaller 
ratio (8.1 g C g N) than nodulated ones (10.2 g Cig N).
 

As plants tssiliillating nitrates have a reduced cost 
for nodule production 
and root respiratit n. mre carbon will become available for growth. This, 
hoxe \er Seeims mole to henefit the vegetative than the repi oductive growth of 
l". utagu/icla ia(Minchin et al., 1980(J, Neves el aW., 198 I ). 

lhe accelerated lea) senescence of N-fed plants and their reduced nitrate 
assimilation during carly reproductive development (Neves, 1978) further 
red ces the cilati\c sulpl'rioritv of nitrate-fed plants in terms of seed yield.

In contr.at xith N, fixation and nitrate reduction, ammonia assimilation 
does not ha\c t1w cost of reduction, but the carbon economy of plants under 
this n litt ojia I regime has not yet been determired. Additionally, many 
agrictltural plint, are noft adapted to use N in this form. 

CONCI,IJSIONS 

I 1lC eaerg\ cost of the \a rious N2-fixing systems depends on the efficiency 
\\ith Mhieh enerex is transferred from the energy-yielding reactions to N-,
fixation. I'itler ct nditions of limited carbon supply and optimum oxygen 
concentratin Ior nitrliceniase lunction, some free-living bacteria such as 

.. liri/]/tm. xx.lie ia pproaching stationarv phase of growth, may attain 
,atlics of cal h111 Lisae Ilor N , fixation that are not greatly different from those 
reported lr legiie nod iles where nongrowing Rhizo/uiunm cells experience 
phsitologicall ald emiil ironiental conditions that flavor an efficient N-, 
fixation. Y, A;.le:1 ,iri/hIM silp. are very frequently found associated with 
L'asses. \o hrc Ithe\i ilcct tlie inner parts of the roots (Diibereiner & De-Polli, 
98)) tle reported ellicicies are very encouraging with regard to the 

p'otentiall of ,,lich a ssocialtionls. 

F\ idenec a suggests a similar cost for Nn-fixation in actinorhizal and 
legiuie iodtilc,. but lie correct assessment of in vivo 2nergy costs of each N,
lixing sxstcnl o\ I(fLepnCd ol improved techniques for accurate measurement 
otlhe earbh tltx isac in N, fixation, since measurements can be affecteddri'Ic 
b\ ttlici ceors - ildlig! p,1thwavs such as H , oxidation. Furthermore, data 
based (111the amtMolint f respiratory C()2 output in N2-fixing organs may
uindecstimac cost it iin ictive PlF lP-carboxylase system is present. 

." . i Indicated by present knowledge, may havea higherenergylixatin. 
reqt irecnt than itili/'itonof combined N in the form of nitrates, but this 
Se.m11s 11 (ependIaIrgely on tile site of nitrate assimilation, although the 
ilportilncnc of xionivental factors cancn\if not be overlooked. 

http:contr.at
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Under conditions prevailing in the field, efficiently nodulated legumes 

utilize both N, and combined N for growth and probably benefit from 

adv,,ntages of bhoth processes, as seed yields Linder these conditions are very 

seldom incrcased b\ large applications of N fertilizer (Summerfield et al, 

1977). 1hc cncrgy cost o1' such systems has not yet been determined. 
If yields arc not re(duced by the high energy demand of N fixation, then the 

use of solar cncrgev instead Of fossil fue! for supplying plants with reduced N 

becomes a maijor sa\ ing. For the 1980 soybean crop of Brazil alone this was 

estimated at 800 million dollars or 80 dollars/ ha (D6bereiner & Duque, 1980). 
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THE MECHANISM OF RECOGNITION BETWEEN LEGUME 
ROOTS AND RHIZOBIA: SOME IMPLICATIONS FOR 
BIOLOGICAL NITRO(iEN FIXATION IN THE TROPICS 

F.B. Dozzo' 

Sutnnar) 

This paper reviews the experimental basis for the lectin
recognition hpothct,, ard considers wax's in which the' 
host, Rhizol'im 1idt actiol inight be manipulated to enhance the 
hcncfits ot 'Anihiotic nitrocn fiation in the tropics. 

INTRODUCTION 

The discrimination that host legUmne and rhizobia display during nodule 
initiation sttggests that cellular recognition is important to the development of 
this s\mhiosis. An understanding of the mechanisms involved might indicate 
ways in ";hich host plant and Ihizo/iun could be genetically manipulated to 
increase the range of agricultural crops that enter efficient nitrogen (N-,) 
fixing symbioses. In addition, it might explain anomalous infections and 
ttnnsttal spccificitics atmong tropical legumes, and lead to solutions for 
problems as dixctsc as interstrain competition for nodule sites and the 
inhibitor citfects of combined N on root nodulation. 

In this papcr. I review the experimental evidence for the recognition 
concept. considcr possible models describing the underlying mechanism(s), 
and examine thc icts of specific soil stresses on process.tie the recognition 

THE LECTIN-RECOGNITION HYPOTHESIS 

[he lect in-recognition hypothesis suggests that recognition at infection 
sites im o1 cs the binding of specific legume lectins to carbohydrates found on 
the surface of the appropriate rhizobial symbiont. 

Ip t l .\t cVibiuth Ip at 'ublic Iealth. Michigan State University. Fast lansing, Ml 
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An important lest of tile lectin-recognition hypothesis is to determine 
whether the legume has a lectin that binds to specific receptors present (inthe 
surface ol.thc riiiohlal synhiont, CXnsiderable evidence ofthis process and 
the tactors controlling it has now been assembled. Initial work using seed 
lectins from so\ hcau and clo\er ias demonstrated specificity in tilebinding of 
these stibslauces, it)strains of ltii.,,hium. ihis correlatcs well with theability 
of strains to uodulatc particular hosts (lHohlool & S'chmidt, 1974; Wolpert & 
Alhersheim 1976: Ithianues\,ari t al. 1977: l)az.o ei a/., 1978). lowever, 
SOmIlC ilolImllois ICctiti-hiudinm, interactions have been found and are 
res iewed h%I )a/i, N9 N(i: h c: d ). ()ne suggestion to explain these is thit tile 
leglulle illcl,.,tion m/ay contati several dfferent letins, soe of 'hich may 
be ol loot ha ills t'ccognie unusuLal saccharides on the l?/h'ohiumn that areaal 

not present oil tlirthloc" tes. 

[he pi eL.ne(di IctiIis at the infection site on the legulme root has also been 
demllonst raitcd Itidi cct c%idence for the presence of lectins on bean roots was 
first p[ o idlcd h. I lahinhIm & Kent (1973). later, we detnonstrated receptor 
sites oii thc tips of c eler root hairs that specifically hound FIlC-labeled 
cilpsui l .I''halride l)a;,/,lo & Brill, I977) encapsulated cells of R.tri1hliil'i , 


1)a/, & 'iIg.and antibody to seed-trifoliin A, a white
i1 11 19-9.ee I). 
; h.citbee l)Icmn ct al.. IUndifferentiated epidermal cells did noti 1978). 

hind the haeCi ilp,0 "sacClharide. and quantitatise immnocytoltltorimetr v 
usine antlt ll .\IIIIA aIlitibdv showed that trifoliin A accunutlated ingreatest 
quantit\ on .\otiu sedlings where tie epidermis differentiates into root hair 
(1)aniu,'a!.. 11)T. I licspecificity of these receptor sites was demonstrated 
hy the ah,,it\ f.1inlah,:led capsular polysaccharide from R. irifi/ii, but not 

[igure I. : 
,\tachlientl t //1,obm /Ii1/fl1 

040t3 ti a closeri iaui-Ieii i it)i iie 

"Ca,, C¢ ec ilI( Ill i .:];7
llll/iliv p- tr , 


(iroilliI )iu & ,\ t hill 
1979)./. Ila R ' /I, I 2; 

CIi ' S\i u(t lu t "s ll'IL,I'1 , t' 
1h)r .N i l@ lt . 
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from R. meliloti. to block tie binding of the labeled polysaccharide (Dazzo & 
Brill. 1977). I1his experiment has been reproduced with R. meliloti/alfalfa
(Dazzo & Brill. 1977), IR. japonicum, soybean (Hughes el al., 1979; . Hughes
& G. If. Flkan, unpublished data), and R. lgwnminosarum/ pea (Kato et 
al., 1980). In each case, the specific binding of the rhizobial polysaccharides 
to 'he host occurred In the region of young root hairs. That the sugar hiaptens 
lor the corresponding host lectin specifically inhibited the binding of the 
labeled rhi/ohial polysacclharide is evidence that the root lectins were involved 
in this recognition process. 

I.ect ins may hL attiatcd oin the root in a number of ways. Bowles et al. 
(1979) ha\c pit0p sed th;at soine r.ot lectins may become intercalated in 
nmciihrancs and require detcrgiints for their solubilization. Other root lectins 
can he soltihii,ed 1y hullers containing su!'ar haptens, suggesting theft they 
are anchored to glycosylated receptors. Fhe . cmoval oftrifoliin A from intact 
seedling roots with 2-deoxyglucose (Dazzo & Brill, 1977; Dazzo et al., 1978) 
suggests that snmle of this lectin falls within the latter citegory. The hapten
eluted root lecti %%;Isantigenicallv cross-reactive with the seed lectin (Dazzo 
vt al., 1978). Similar hapten-lacilitated clution of pea root lectin has been 
lotid (\llan der Schaal & Ki ne, 1981; W. Karnberger, personal commnunica
tiorl). Pea root lectins have- the same sugar-binding specificity and are 
serologically very similar to seed lectins (Karriberger, 1979b; personal
communication). Some of the pea lectin integrated seems to be through the 
plant cell wall. which clarifies the difficulties in isolating significant amounts 
of pea root lectins by the hapten elution method (van der Schaal & Kijne, 
1981). 

One of the possible consequences of lectin polysaccharide interaction
 
would be that the bacterial cell could attach and then firmly adhere to the
 
target host cell. ()r r model for selective alhesion of Ihizohiun to root hairs
 
of its host in\ol es a lectin-iediated cross-bridging of similar saccharide
 
receptors ( it hc bacterium and the root hair cell wall ([)azzo & Hubbell,
 
1975b: see Figure 2). BY nediating the adhesion of specific cells, the lectin
 
could also function as a "'cell recognition nolecule," influencing which cells
 
associate ill sltticicirt proui[urity to the root hairs that subsequent recognition
 
steps caln occulr. 

Light and elcctron microscope studies (Dazzo & Hubbell, 1975b; Chen & 
Phillips. 1976: )a//ot al., 1976; l)a/zo & Brill, 1979; Dazzo 19 80a; b; d),
have re ca led at Ieast t\o stages in the process of microsynibiont attachment. 
)uring the initial atachrrent phase, docking of the bacteria is initiated by 

contact (l the l briillar capso le with elect ron-dense. glo hular aggregates lying 
on the oter peiiphery of the root hair wall (l)azzo & Hubbell, 1975b).
Quantitatic tnic[ scopic st tidies dtiring this period have shown a correlation 
het~keen the ahilit \ of rhii/obial cells to attach in high numbers to the root 
hairs of thelie st and the ability of these bacteria to infect the host (Dazzo et 
al.. 1976: I)a,/o. 1980a; Stacey et al., 1980; Kato et al., 1981). Such 
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Root hair vall 
_1 It.trifolii 

Clover lectin 

Figure 2. /

Model of celluilar recogtnitionl Root hair
 
during attachiment of RhizoNitin cytoplasm 1)11
 
,riolii to clover root Ihirs ,,, .o...
 
F.B. Da/uo & I). Hubbell (1975) 

,lPl.AWicrob'iol. 30. 1017. and (ross-reactive antigen 

courtesy ofthe Atnericai Society 

for M icrobiology). 

attachment is specifically inhibited by the sugar that is an effective hapten of 

the root lectin ( I)anzo et al., 1976; Kato et a., 1980; Stacey et al., 1980). After 

several hours of incubation, rhizobial adhesions are less localized on the root 

surface and fibtillar material associated with the bacteria adhering to root 

hairs is more easily resolved in scanning electon micrographs (Dart, 1971; 

Dai.o. 1980b: c: d). 

According to the cross-bridging hypothesis, the ability of a Rhizobiunm 

strain to adhere to root hairs oti the host should be influenced by conditions 

that effect the accumulation of lectins on the root surface or saccharide 

receptors on the bacterium. Evidence in support of this includes: 
Antigenically altered mutant strains of R. tri/blii (Dazzo & Hubbell, 

1975a) have significantly fewer or nondetectable trifoliin A 
receptors (I)azzo & lubbell, 1975b) and are attached to clover 
root hairs only at low background levels (Dazzo et al., 1976); 

L.evels of trifoliin A and the attachment of R. trifolii to root hairs 
decline as the concentrations of either NO 3 - or NH 4 + in the 

rooting medium increase (l)azzo & Brill, 1978); 

Under certain growth conditions, the transient appearance of trifoliin A 
receptors on R. trt/vlii coincides with their ability to attach in 

greatest quantity to clover roots; and 
Intergcneric hlhrils of .1zohacier that express R. tr ,,,iigenes for 

triloliin A* receptors (Bishop et al., 1977) acquire specific 
binding to clover root hair tips (l)azzo & Brill, 1979). 

It now also appears that more than one polysaccharide on the Rhizobiurn 

cell surface may act as lectin receptor. These include capsular 

polysaccharides: (l)az.o & Brill, 1979); lipopolysaccharide (Wolpert & 

Albersheim. 1976: l)auzo et al., 1981); and a glycan (Planque & Kijne, 1977). 

Both host-specific lectin-LPS interactions (R. nmeliloti/ alfalfa) and 
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exopolysaccharide-lectin interactions (R. japonicion/soybean) have been 
found (Kamberger. 1979a). Pea and clover lectins will bind to both the LPS 
and capsular polysacclharides of their s'mbiont rhi.,obia only at certain 
culture ages ( Kamberger. 197 9 aw II rabak vt al., 1981). Kamberger (1979b) has 
proposed that root hair attachcint is mediated by lectins cross-bridging the 
capsular pk1sacchlaridcs as a preliminary recognition event, followed by a 
more critical ecognition event involving the host-specific binding of the lectin 
to the iunderlvinig bacterial .PSwhich then triggers successful infection. 

IMPLICATIONS OF TIE LE(:'TIN-RECOGNITION HYPOTIIESIS IN 
BNF TECHNOLOGY DEVELOPMENT 

A numbi ot cn'.C tM n[IItal and soil factors, many of.which operate at least 
Il part thtrough cltccts om legtme Ichj/ji. uin recognition mechanisms, can 
aflect inoduile de\ClopitIent and limit N2 fixation. 

A major cause ,or concern is that lectin binding sites on rhizobia are both 
strain depeneNod in nature, with most lectin-binding cells andidMtransient 
the greatest InIuber ol sites per cell in the early-and mid-log phases of growth 

3hu\ ane', ari Ut a/.. 1977). ( )t lie strains react best at early stationary phase. 
('hemical alld iIololllllhgic;ll chainges in tile surface polysaccharides and 
Iipopol\saicech;1lidcs lhir\e been reported as the cell age ( )azzo et al., 1979; 
I)aio et al.. 198k IImhabk et al., 1981). ihe underlying mechanism that 
contrl s rithesecicatl chi;ngcs is not known, butit number of soil conditions 
including N;ttc:logging, xv'gen depiction, mineral imbalanc, and 
teinpciattirc coiuld hia\L implications for the expression of lectin receptor 
molecules. ()tlicr' aspects of tie legume lhizoitm symbiosis in which 
ho., sit inirctg~irtnon is itmptirtant include combined N, soil acidity, soil 
telplielattl c and cmipetition or nodulation sites. 

Combined N 

It has been knt \mn ftr many vea rs that combined N can limit the 
ie',eloplCI arid tlie sCCess of the /?hizo/!iwpr legume symbiosis (Fred et al., 
1932). While a niiber of possible mechanisms have been suggested, root hair 
infection is known to be inhibited by critical concentrations of NOor N l.,. 
\Vc ha e lcMrstiatCd iII white clover (I )a//o & Brill. 1978; see Figure 3) that 
tire inimli1ouhgic;Illh detectable levels of trifoliin A and tile level of binding of 
R. tribiiito root hairs are both affected by increasing concentrations of NO 
in tie culture medium. Interestingly, low levels of nitrate 0 mM NO 0) 
enhanced tie lc\ls 1 \ aid rhi/ohial attachment. while higher levels(dit Ilohiir 
ot hit ratc rcticed them. 

We hia\c hegltii to ,etarch Ior ll explanation of this effect of nitrate on 
recognition. I igaind-bind ing studies with radiolabeled I'NOI-generated in a 
cyclotron) have shown that NO -effects on trifoliin A and rhizobial 
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accumulation or, clover roots are not due to the direct interaction of receptors 
with this anion (l)au.o e al., 198 1). Rather it seemn:, that the availability of 
combined N will dictate how well the legume can recognize its symbiont 
Rhizohium. Recent stttdies with clover (Dazzo et al., 1981) and peas (Diaz el 
al., 1981) have shown that the supply of NO.3 influences root cell wall 
composition. a finding consistent with the observation that accessability of 
trifoliin A receptors on plirified root cell walls is reduced appreciably when 
clover seedlings are grown in 15 in M nitrate. Further experiments should be 
done to determin,: whether the increasedaccumulation of root lectin and 
concommitant rhi/ohial colonization of the root surface at a critical low level 
of NO-( I m M) account for the stimulation of root hair infection (Dart, 1977) 
and nodulation (Wilson & Wagner, 1935; Raggio & Raggio, 1962) commonly 
observed. Studies aimed at answering this question may lead to better control 
of nodulation under ield conditions. 

Soil acidity 

The infection of legume root hairs by Rhizobium includes early acid
sensitive steps with infection significantly reduced below pH 5 (Munns, 
1968). a level of If+ that is common in acid soils of the tropics. This 
observation led its to examine the stability at low pH of the cross-reactive 
antigen on R.tri/nii that binds trifoliin A. The acid instability of this antigen 
correspondecd closely with observed effects on root hair infection (Dazzo & 
Hubbell. 1975b. see Figure 4). It is theoi'etically possible that genetic 
manipulations could result in modifications of acid-labile groups, giving them 
protection from soil acidity withcat modification of lectin binding properties. 
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Soil temperature 

Gcne+S implo0rtant to symbiotic specificity and nodulation, including the 
gtencs respon1siblC t I he 2-dcoxygilcose inhibitable attachment of R. tr/blii 
to clovcr root hairs. are encoded on large transmissable plasmids (Johnson et 
al., 1978: /ttrkoA ski & ILorkiewic, 1978; van der Schaal & Kijne, 1979; 
/urkoxski. 198(0). ( irowt h OfIII izobiwm at high temperatures (35°C) either 
eliminates tlese importan t plasmids or induces large deletions in them and 
can result in modI:lcd Ilodulation perl'ornalcc (Zurkowski & Lorkiewicz, 
1978). lIts, the ligh telperatures of tropical soils may exert serious 
constraints on tie poqplation f Itodtlation plasmids and, therefore, on tile 
long-term perlitclce ol cffectiveness in R/izohiutn. Perhaps genetic 
mnitptlation lcmIdiIg to increased telnperature stability of the DNA 
polvmirnc, rseesponsible for plaslnid replication may improve the perfor
manre ofl rhi,oit in hot soils of1 the tropics. 

Competition for nodulation sites 

It isat tact i c to holulpthcsi/e that the ability of strains to outcompete others 
in a mixed poiuilatitm is related to their ability to interact efficiently with the 
lectin at tle itt they' encounter the host root. Circumstantial evidence 
stpplring the ih'lpothcsis has been I'ound: 

Inocuttunm pIrpteld 1rtn1. tri/idii or R. japonicm at a culture age 
\hun the majority o(f the cells bind the cowresponding clover 
andf vhean lectins will induce more root hair infections and 
Inlodulcs. respectively, than an equivalent inoculum dose from a 
cnIlture age when lew cells bind the lectin (Napoli, 1976; l-rabak 
I , I 9,8I ). 

The one strain of' R. japonicnUr (31 lb 123) found to accumulate the 
lectin-binding capsule during the early stationary phase 
( llhttaneswari vt al., 1977) belongs to the serogroup found 
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most frequently in nodules of soybeans from many soils of the 
central USA (1)amirgi vi al., 1967; lam et al., 1971). 

The delay in appearance of the capsule ,;urrounding cells of R. irilblii 

+IAI (I)udioan. 1968; Itunphrey, & Vincent, 1969) may 
Colibute to its com1npetitiveness in soil (1)udman, 1968). 

Rhiiohia coated with appropriate host lectin, a substance tile 

a\aila hilitv of which could limit the nodulation process, 
induted more root hair infections and nodulated earlier than 
eqli\alent. untreated rhizobia (13. Solhei m, personal con
nliunicaitio: I".B. I)aUzo. unpublished data). 

Under certain conditions, and using strains of' that onlyR. atr!/'lii were 

moderately conmpetitive, we have shown that treatment of the rhizobia with 
lectin preparations can enhance their competitive ability. This raises the 
question of \,.hether it is feasible to improve inoculant technology by 
providing a Icctin-coated inoculant. Interestingly, this modification of the 

inoculant did not furltlr improve the competitiveness of strains that were 
alIready highly competitive. \lthough the results were not uniformly 
reproducible instabilitv of the lectin in the inoculant?), they do suggest that 

an LIldersta ridil (t tile cellular recognition process could have important 

implications for strain selection and post-inoculation competition between 
inoculant strains and native rhizobia in soil. 

CONCILUSION 

I)espite the extensive support presented here in favor of the lectin

recognition h.pot hesis, tie proof is not conclusive. We assume the attitude 
that adhcsion tf tihe inflective rhi/obia is only one in a sequence of steps 

leading to nodule initiation. Whatever tile final details prove to be, itmust be 
clear from the at o\e presentation that the process of cellular recognition in 

tle leguiie Rhic,/,inum ,vnhiosis has major implications for 1NF in the 
tropi :s.
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105 BNF Technology for Tropical Agriculture 

MODERN CONCEPTS IN LEGUME INOCULATION 

J.C. Burton' 

Summary 
Inoculant technology has advanced considerably over the last 

century. Problems in host-range specificity have been .ddresyed, 
and save for a limited number of tropical legumes, largf.ly resolved. 
Rhizobia can be cultured to populations guaranteei.g adequate 
numbers even in unsterile peat. While peat continues to be the 
favored inoculant carrier. various coal and compost formulations 
show promise for regions where the peat supply is inadequate. 
Processing or sterilization of the carrier is also being increasingly 
adopted. Thus. provided quality control is adequate, there is every 
reason to expect success in tile routine inoculation of new lands or 
crops. 

A number of new problems are emerging and will require 
intensive investigation. espccially in the tropics. These include the 
failure of inoculant rhiohia to compete with native soil rhizobia in 
traditional areas ol production for crops such as soybeans and 
beans, the need for an inoculant technology suited to the needs of 
the small farmer, and problems experienced as population pressure 
forces agriculture development into previously underexploited 
regions. 

INTRODUCTION 

When compared to the thousands ofyears that leguminous crops have been 
valued and cultured for their nutritional and soil-building properties, our 
knowledge of the microsymbiont Rhizobium is recent. 

Since it is reasonable to assume that prior to this century dissemination of 
the nodule bacteria was slow and often inadequate, it is reassuring to think 
that legumes achieved the niche they hold in agriculture without inoculation. 
Nonetheless, the challenge to successful legume agronomy today, with new 
crop species being emnphasized and existing crops being expanded into new 

Nitragin Co.. ,Mihautkec. WI 53209. UISA. I 
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countries or onto more marginal lands, is perhaps greater than at any time in 
history. Some of these challenges are already being met through advances in 
inoculation technology. 

Development of the inoculant industry in the USA, as in other countries, 
was largely motivated by the desire to introduce leguminous species to new 
areas with immediate success. Early attempts to culture these legumes were 
often failures, since even the transfer of large volumes of soil to new fields did 
not provide the rhizobial numbers needed for adequate nod',lation. An 
inoculant technology was necessary that recognized host-plant specificity and 
effectiveness groupings, introduced suitab carriers, solved distribution 
problems, established regulatory controls, etc. Technological development 
has also permitted 1000-fold increases in the expected quality of inoculants 
(Date & Roughley, 1977). Introduced legume species that have profited from 
the improvements in inoculant technology include soybean (Glycine max(L.) 
Merr.), introduced from China,and alfalfa (Medicago sativa L.), introduced 
from Persia. Currently almost 80% of US-produced inoculants are for these 
two species (see Table I). 

This review will look at modern strain selection and inoculant production 
technology and will try to identify those areas where additional research is 
needed to meet the challenges of tropical legume cropping systems. 

HOST SPECIFICITY AND RHIIZOBIUM STRAIN SELECTION 

One of the first steps in legume inoculant manufacture is to obtain effective 
nitrogen (N- ) fixing, strains of rhizobia for the legumes to be inoculated. In 
Australia, New Zealand, Brazil, and possibly other countries, the Rhizobium 
strains to be used are specified and provided by government or regulatory 
agencies. In the United States and Mexico individual manufacturers must 
screen their own strains or procure them from other sources. 

The importance of matching host-genotypes and Rhizobium strains has 
long been recognized. [)ate (1976) summarized the attributes needed in an 
inoculant strain as: 

Ability to fcrm N, -fixing nodules on the host for which it is 
recommended, under a range of field conditions; 

Competitiveness in nodule formation; and 
Survival and multiplication in soil. 

Brockwell et al. (1968) proposed, as well: 
Prompt effective nodulation over a range of root temperatures; 
Good growth in culture: 
Good growth and survival in peat; and 
Survival on the seed. 

Many of these traits are discussed in detail elsewhere in these proceedings. 
Since it is not economically feasible nor desirable to provide a different 

inoculant strain for each of the numerous legumes grown in the USA, wide
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TABLE 1: Legume inoculant production for 1980. 

Legume crop for Broth Peat Area Percent 
which produced culture inoculant inoculated of 

(x 10 1) (kg) (x 10 ha) total 
Lathirus, I'isum 

and Vicia spp. 67 466201 5.0 

Vicia .aa 
 13 39 93 0.1 

W(Icine max 950 2,851 7,847 72.8 
P'owder fox n.etL (730) (2,190) (7,604) (56.0)
Granular (220) (661) (243) (16.8) 

Vigna and Lespedeza 7 9122 0.5 

.1rachis hlogaea 
(;rauilai 114 342 128 8.6 

M('dicago sativa 114 342 4,904 8.6 

Trilrulinspp. 47 2,040131 3.6 

Miscellaneous 0.8 

Total 3,928 15,569 100.0 

spectrum strains arc and strain balanceprelcrrcd, selection must effective 
response with the prclcrrcd host against strain response with other legumes it 
can nodtilate. 'Ihus. o i tihe one hand such phylogenetically diverse genera as 
(Coronilla.()ohrvhi. I. 'Lat'xaand lIetalostetnmu can each symbiose 
effectively with tile samc strain of' Rhizohiun; on the other hand, Trilblium 
spp. show ,mlarked specifcity in symbiosis with 13 different inoculants needed 
for this genus alone ( lhrtol. 1967; 1979). 

More examples ot CCCtivencss groups arcgiven on page 30. Many of the 
major tropical leguiics Show diversity in response to Rhizuhium strains. 
These interact ions hac not vet been adequately studied but can be complex 
()atc & Norris. 1979). 

CULTURING RHIZOBIA IN MASS 

Media and tCthods for culturing rhizobia are detailed by Burton (1967; 
1979). Roughley (1970) and l)ate & Roughley (1977). See also p. 127. 
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Rhizobia are not fastidious in their growth and nutrient requirements. They 
can be cultured in shake culture, glass bottles equil,ped for aeration with 
sterile air, or in Ierlnenttlrs of various designs. Carbon steel or stainless steel 
drums can be moditied to serve as fermentors, providing they allow 
autoclaving and aeration \%[ill sterile air. Suitable openings must be provided 
for adding the inolnl ,InnIad sampling at various times. Sucrose, mannitol, 
glycerol. and arabinose are the most common source of carbon, though slow
growing rhiiohia do not mctabolize sucrose. Yeast products are generally 
used to provide organic nitrogen and growth factors for those strains that 
need them. [he rhi/obia should reach a population of I0' Oin 48-71 hours and 
should be mixed \ ith the carrier material while in the logarithmic growth 
phase to attain maximum growth. 

It is argued that When multiple strain inocula are to be made, each strain 

should be grown separately to avoid one strain dominating others (Date & 
Roughley, 1977). When ",arious strains are to be grown together it is certainly 
advisable to select compatible strains with similar growth rates, but whether 
separate termentors arc needed for each strain remains to be determined. 
Certainly. the use of scparate lermentors could have economic implications as 
fermentor costs are disproportionate to fermentor capacity. 

CARRIER MEDIA FOR RHIZOBIA 

Peat 

Peat has been the moIst commonly used base for commercial inoculants, 
and is generally considered the most dependable (Fred, Baldwin & McCoy, 
1932; Burton. 1979). Nlan\. but not all peats (Graham, Morales & Cavallo, 
1974) satisfy the rCqtrClnts for a good Rhizot/iup carrier. Carriers must 
be: 

IIighl., ab,,olp i\c ald casv to process; 
Nontoxic to rhiohia/
 
iasv to stcl II/c.
 

Available Iocall , a
',dd
 
lnexpensic. 

Peats used in ilnking legunie inoculants are diverse in nature and may vary 
widely even in tile same deposit (I)ate & RoughlCy, 1977). Composition of the 
peat used most cxttcesicly in the Inited States is given in Table 2. Fine peat, 
with 70-95of passing throttgh a 200-niesh screen isconsidered most suitable for 
seed inoculants as fine particles tend to adhere to small seeds better than 
coarse ones. I'lic particles arc also essential when inoculants are to be applied 
in aqueoUs suspcislio directly to the soil (R.R. (ault & .1. Brockwell, 
personal commtnication). Ilarge particles settle out quickly from a 
sLuspensiol and can cause plugging of the spray nozzles. 



TABLE 2: Analysis of Demilco Sedge Peat.1 

Sieve Analysis Chemical Analysis Ash Analysis 

Particle Size Powder inoculant Granular inoculant 

850-12,00,um** Organic matter 86.60 Potassium 1.12 
(16-20 mesh) 0.0 0-10 

600-850,um Total nitrogen 1.62 Phosphorus 0.33 

(20-30 mesh) 0.0 30-40 Crude ash 13.20 Calcium 5.21 

300-600,um 
(30-50 mesh) 1.0 50-60 Exchangeable K 62 ppm Magnesium 1.14 

150-300Aim Nitrogen as NH 4 +and NO 3 - 94 ppm Iron 2.10 
(50-100 mesh) 5.10 4.0 

60-150,um Available P 12 ppm Silicon 28.00 
(100-200 mesh) 5-! 0 Trace 

pH 4.5-5.0 Aluminium 6.32 
-6 0/um
(through 200 mesh) 80-90 Trace Moisture 7.8 Sodium 0.52 

2Demilco. a subsidiary of Nitragin Co., Inc.. Milwaukee. \VI. USA. 
Micrometers - Mesh - ASTM (Amer. Soc. Testing Methods). 
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With granular inoculants, coarse particles ( 16 to 40 mesh) are essential for 

flowability and uniform distribution with the mechanical applicators 

available for granular products (sec [able 2). Care must be taken with strains 

used for granular prcparations. Unpublished results from my laboratory have 

shown that peanut strains \ary greatly in ability to grow in the granular 
inoculant carrier. 

Sterilization of peat carriers 

It is general ly agreed that as an inoculant base, sterile peat is superior to 

nonsterile peat. and that hcat-treated or autoclaved peat is better than air

dried peat. Systcms of steriliting peat have not been studied sufficiently to 

justify firi conclusions o- generaliZiations. Further work in this area is 

indicated. 
A common practice in prepairation of inoculants with slow-growing 

rhizobia in Australia is to irradiate peat prepackaged in polyethylene bags 

with five megarads of gamma rays. Ihe broth culture isthen injected into the 
carrier using a sterile hpodermic syringe (l)ate & Roughley, 1977). 

Sterilization of tihe peat by gamma irradiation apparently makes the carrier 
more suitable for gto\\th of the rhizobia than autoclaving at 1210C for four 

hours and shell file of the Mocudatt is increased. However, this method of 

producing incl,1ant, iS\ 'crvlabor intensive and it is not readily adapted to 

large-sc lc producti on of inocltntits. In many tropical countries access to a 
radioactive source may be inited, and the cost of packed and irradiated peat 
may be high. Whether the extended shelf life justifies the extra cost will have 
to be determined. 

Other inoculant carriers 

Many countries, particularly those in tropical regions, do not have a local 
supply of peat. I lie peat a,,ailablc in some countries can also be unsatisfactory 
(.1. Halliday. personal commutnication). A number of alternate carriers have 
been proposed. and appear to show promise. Strijdom & Deschodt (1976) 
found a cotl bcntonite Iicerne coinbination (C IlL) almost as good as peat. 
However. thcyv pointed outlt that Rhizuohitn strains differ in their ability to 
grow in different carriers and that two cowpea strains grew very poorly in the 
('1I, base. It is. of conrse. essential to know characteristics of strains before 
attempting to make an inoctilant with them. 

A mai/c cob comp 'st was prepilared by in'xing maize cobs with 2.5% ground 
limestone. 0.8"' single superphosphate and I. 1%ammonium nitrate, adding 
moisture and allowing to ferment for 30 weeks (Corby, 1976). The mixture 
was kept under plaistic. turned at various intervals, and remoistened. 
Following fermentation, the compost was air dried 'iammner milled, sifted, 
placed in containers, and sterilited. Survival of the rhizobia was very good. 
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Coals and lignite have recently attracted interest as carriers for rhizobia. 
Only one of three coals used as ain incculant base by Halliday & Graham 
(1978) proved satisilactor\, and it W.s iot recommended for use in inoculants 
because the particles tCided to aggregate into hard liumps during storage and 
were 'ery difficuht to %etciat the litrle of seed inoculation. Paczkowski & 
Berryhill (1979) rpitcd good restilts froii six of eight coals tested with 
Rhioti,mi lh.Wi. IIIo\acer. a hitumininois coal from Illinois and a Texas 
lignite, with Ia pll of 5.0 and 4.7. rcspectively. were IIusatisfactory. 

Various other niltCiils - higaisse, cocoLt coir dust, coconut shell flour, 
sugarcane filter iiud. Nciiicilitc, charcoal, silt and other substances - have 
been studied. %\\itlh resalts (Farag al.. 1976; Philpotts, 1976;foraiblc et 
I)oriniergues. Ie)im & I)i\ irs. 1979). IIus, while lack ot a suitable carrier 
rmedriI is cornnmiorl\ cited is , constraint to inoculant production in tropical 
countries. it is prloblem \ hich appears readily resolvable. 

I'ROBIEMS INEMER( PC INOCII.ANT USE 

F'rom the preceding comments it should be clear that the technology 
already exists flr tile production of high-quality iinoculants. Despite this, 
irioculant St rainiIi;I\ pr)Idiice only 2'(' ofthe nodules on soybeans in the USA 
Iflai. I imi i & Bitin. 1976,). w0 , iII 1ra/il less than I( ; of farmers elect to 
inoculate planitings ol /'. endgari. I ,ratio. 1974). Clearlv there are gaps in our 

knowledg,. arid \ c iii icnsider what is wrong with our technology and how 
iioctrlants or itioctilaton mietlhods anight be improved. 

Strain competition for roduile sites 

After grO\, ig a legirime. ani ordinary soil may contain up to 10201 
rhi,obia ha in tle tlop If) cin (ulnlrirr l, 1975). I'hese rhizobia may persist for 
rMaiv years spanning rictal oafi imoculait strain changes. (Elkins et al., 
19761. I hey Ina,\ I cbscoqrct,'mpete with inoculant rhizobia for 
nodUlitioll site.. , MAIn sIncc seed iiocirlitior at recommetnclded rates supplies 
otrly 10" rhi/ohba hIa l ilrticiiated \Olitc clver or 10, rhizobia ha for 
so 'bciii. the\ \%ill (flicte picdim inatc in nodilcs (llain el al.. 1976). 

Soltion (it ihi, piblcm will not be easy. Selectioni of more aggressive 
rhiiohit tht iC betteribl.;Ii c0li,e tile soils and rhiiosphere, and of 
\arieties thit ale ,,el'ctL\e t.l tine inoculat strain, will undoubtedly prove 
illipolrtllit. 

Ihe irriportaricc (I1 selecting Competitive strains in tile establishment of 
stjbclh) ci( Ir/(Ihum mb/irrm,'llm) M a California soil heavily infested with 
native. irllcletic /. [lu/(I// \ as t r"!mwi by Jones. Bu rton. & Vaughn (1978). 
Strains of rhiihia \%crc lirst screened arid selected for competitiveness 
against mtiat chci e Ir hlobi belore being used as inoculants for seed 
planting. I his ploccdnire rlride it possible to establish good stands of 
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sub-clover in the California rangelands. Moreover, the effective rhizobia 
persisted in the soils laden with the ineffective rhizobia for several years. 

Improved inoculant methodologies will also play a part in overcoming 
competition. since the nnber ol inoculant cells added to the soil is obviously 
critical. On first glance it would appear to be difficult to raise the number of 
rhi/obia, g already in peat. One should bear in mind however the 1000-fold 
range in number of viable rhizobia/g of peat among inoculants examined by 
I-ilthold. Thurlo" & Skipper (198)) in the USA, and the often poor-quality 
inoculants axailablc in the tropical countries. This is not a technology 
problem per ,w.but rather one of quality control. On the other hand, greater 
quantities of inoculant can be added to the soil as granular or liquid 
preparation and placed in the olptimullm position for rapid colonization of the 
developing rootlets. Much greater attention needs to be paid to inoculant 
form, especially in the tropics where higher soil temperature, low pH, and Mn 
or Al excess could allect the survival and competitiveness of inoculant strains. 

Inoculant technology for small farm situations 

In many countries in the tropics grain legume production is undertaken 
mainly by small farmers xtho use multiple cropping systems and minimal 
technical inputs. Ilantiing is by hand and at low population densities. Current 
inoculation technologies are not appropriate. Pre-inoculated seeds obtained 
through extension or credit sources would be ideal. but have a poor 
reputation cxcti in temperate climates (Brockwell & Roughley, 1967). 

CONCLUSION 

During the first two-thirds of this century, research on legume inoculants 
was primarily concerned with methods of culturing rhizobia, determining 
suitable carrier media, and the selection of strains for leguminous species 
being introduced into xirgin soil under relatively favorable conditions. 
Production technology is now adeL.uate for such conditions. Fhe need in the 
area of production technology is to transfer present technology to workers in 
the tropics and to de\clop control systems that would ensure the quality of 
inocUlants.

The resolution of other inoculation problems in the tropics will be more 
difficult. 'Iropical legunies are frequently promiscuous ..ad commonly 
nodulated by rhi,obia x hich do not enhance growth, I.arge numbers of highly 
infective strains. xxitlh excellent potential for N, fixation, will be needed to 
bring about ellecti\c nodulation. uirrthermore, Rhizohitwt strains will need 
to be s,:lectcd fot their tolerance oif high soil temperatures, and for their 
ability to multipl\ anld persist in acid soils hostile to nodule bacteria. Systems 
for the distribution of inoculalnts to farmers in remote areas are also 
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problematical. Nonetheless, these objectives are redlistic and should be 
achieved 
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THE STORAGE. QUALITY CONTROL, AND USE OF LEGUME 
SEED INOCULANT'S 

R.J. Roughley' 

SumarIr 
The survisal o rhi/obia in peat-based inoculants during storage 

and distribution depends on both the strain used and its immediate 
en ironment. I he t\ pC o carrier used and its freedom from toxic 
factors. the nulber of non-lhi:ohitin micro-organisms present 
when inoculated. tileltoi.tie ptCltial of' tihe illoClint. the 
regulation of the Conposltito ol t0IH pha.SC-, temperature of;is ilnd 

storage are allitmportant factols ifthat environment.
 

Ihe quallit o1 inoculiMits dlepeids, both on the number of' 
rhi/ohia the colntil Mnd the abIItI1 su1chUrhi/obia to fix nitrogen 
with the intended llot,Quit,lt control, therefore. should not only 
nolnittor the number1.1 cel, the illOCulalt but also controlofN ablc inl 
the strains ased. Ilie,titld applied to inoculants in a particular 
cotntry should be considccd inl the light of tileagronomic 
demands made on the cultuic the lirsher the sowing conditions 
and the slialler the sWed the irlatcl the nitllibel of rhi,obia that will 
be required pir tlt (I Itoctltlli. 

lhe Method ofI iltto1htlitQ rlio/biha into tilesoil is also 

important. [or grain legumes, slurry inotculation with the 
inoculum stuck Itohie Sced \ ithi dilute ue-:+'l cellulose or gLm 
arabic isthe mols'-t Ilotcser. if the seed is treated0u'11111t1 licihl. 
w\ith agrocheuicil,, it hi.',,dittocula or liquid injection should be 
used. Ihe is ipc lrge simngs. (iranularlttel nit oplihcale to 


inocumtliut can he tlued Ito,malll luohldiltg&S. Rhi/obia on seed to be 
aerially sos% i ae best pml hN pelleting with eitheragriculturalotectet 
lile or lock plosphilte.
 

INTRODUCTION 

The initiaI ntn her of rh i,oia inan inoculant and how the rhizobia survive 
during storage and distributiot is influenced both by the procedures used in 

IlolrticultuiaIl R cw ich S;tiaton. (osford. 2250. NS\V.Australia. 
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inoculant preparation (see p. 127) and by the conditions that pertain after 
manufacture. The storage temperature of the inoculant, its relative humidity, 
and gas interchange capability are all critical to Rhizobium survival 
in the inoculant, but current recmmendations have been based on only a few 
Studies (lR IoglC & \ i'CCnt, 1967; Roughley, 1968), with differences in 
strain response noss rccogni/ed. (iven these problems and the natural 
variation to \%Iiich strains ofl Iiio/biumn are prone (Ilerridge & Roughley, 
1975). it is essentiil that the q oality of' inoculants be monitored; not only 
during the desclopment phase of' an inoculant industry, but continually 
thereafter. Rough lc\ ( t)T0) has doct:: intcd some of the problems which can 
develop in an established industry. 

Ihis rc ie\. colsilcrs Iact,:s affecting growth and survival of Rhizohiun 
during tile storage and dist rihut ion of inoculants and the control procedures 
guaranteeing high-quality products for the farmer. It briefly discusses 
conlno n lcthods of inoctiuiation a1li their relative a-ntagcs and disadvan
tages. 

FACTORS AFFECTING GROWTH AND SURVIVAL OF RHIZOBIA 
DURING STORAGE AND DISTRIBUTION 

Temperature of storage and sterility of the carrier 

The effect of storage temperature on growth and survival of rhizobia is 
influenced by both the purity o the culture and the amount of moisture lost 
during storage. With culttires prepared in sterilized peat, inc!,bation at 26°C 
immediatciy aftle icnoctiltion promotes rapid growth of rhizobia and, if tihe 
moisture content is maintained, has little or no effect on survival up to six 
months. In experiments ol long-term storage of unsterilized peat cultures, the 
weekly log death rate of cloerrrhizobia increased romn 0.04 at 50C to 0.094 at 
250 C (l otIghlc.. 196: lI)atc & Roughlcy, 1977). In contrast, preliminary 
resul!r obtained h\ the Australian IlnocnL ants Research and Control Service 
(AIRCS) suggest that strains such as ('11 82 (for line stein stylo), CB 627 (for 
le.snioditim and C H 1124 (for Laiba; J)pur)ure's) survived better when 
stored at 26' ( than at 4 ( (see lable I. 

Survival of Ihuz boutm it ,oil is known to be adversely affected by high 
temperatures, part Ciclarly hlien tile soil is moist (Boweni & Kennedy, 1959). 
Despite this the "t1ud\ of Rcizo iwpi survival in moist peat cultures subject to 
high temperatures tting storage and distribution had been neglected until 
Wilson & ; iang 1980) coinmpared the survisvaI of unknown strains of the 
cowpea miscellanN stored at tcmperat urcs betwen 25"(' and 55 ' and at 50% 
relative humuidits (RIlI. Numbers were constant over a 21-week period at 
25'C and 35 C hut dcclintet significantly at 45 'C and 550 C. Also of concern 
was a suggested decline in infectivity Of the survivors at 35°C and above. 
Although inlclivit.\ \as regained following subculture. it may be that 
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TABLE 1: 	 The effect of temperature of storage on survival of rhizobia in peat 
inoculants after 12 months.* 

Strain Host 	 Storage temperature 

4'C 26'C 

Inoculants 
tested 

Mean log 
no. cells/g 

Inoculants 
tested 

Mean log 
no. cells/g 

CB 1809 
CB1015 
CB756 
CB627 
CB 1923 
CB1024 
CB82 

GI 'cine max 
Vigna mungo 
Vigna unguiculata 
Desmodium 
C'ntrosema 
Lablab purpureus 
Stylosanthes (fine 

stein stylu) 

27 
22 
1I 
7 

10 

4 

9.56 
8.98 
8.93 
6.27 
6.91 
7.32 

5.94 

27 
10 

6 
2 
2 
4 

1 

9.22 
9.13 
9.08 
9.22 
8.92 
9.35 

9.52 

*Data kindly slpplicd by G.Bullard. 

numbers of rhiiobia stir\ iaing storage in the tropics are not always indicative 
of the usefulness ol the inoculant. 'his aspect warrants further investigation. 

Effects of aeration 

Since an early report that rlizobia grew better on both solid and liquid 
media when pro\ ided Ircc access to air, there have been conflicting reports on 
the gaseous cxchanjg requlirements of lRhizohiuwn for growth and survival in 
peat culture. Canadian and European workers observed rapid death of 
rhi/obia in scalcd containers, but with access to air the numbers of cells 
remained high until the carrier hecaine desiccated (1-edlin & Newton, 1948; 
van Schre\cn. ()tscn & I.indcnberg, 1954). In contrast, other workers found 
that rhi/obia \ cie able io multiply 10- to 100-fold and then survive 
satislactorilv in cit her scre\w-capped jars or sealed cans (Newbould, 1951; 
Spencer & Newton. 1953: (inning & Iordan, 1954). Some of this confusion 
was possibly caused bx the fact that the demand for gas ;xchange in peat 
cultures. though dcl mite, is not high. Most reports compared only
"unrestrictcd exchange" with scaled containers. Where the latter were not 
sealed under vaicuuLtm, the proportion of air trapped to carrier material could 
have affected survival of the rhizobia. 
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In a study ol packaging materials, Roughley (1968) examined the growth 
and survival of clo er. medic, and cowpea-type rhizobia in sterilized peat, in 

cotton wool-stoppered tubes, sealed calns, and plastic filn packets with 

various gas-cxchange propertics. lhe survival of rhiiobia in the sealed cans 

and a lhin inated nylir-polvt hnc I'ein of very low gas exchange was 

completely unsatistactor\. Ilowever. growth and survival in a low-density 
and a meditnm-dcnsit\ polvthenc flin and in a polyalide film with only 6% of 

the gas exchange capability of tlhe low-dcnsity polythene film was comparable 

to that in plugged tubes. 

Effects of moisture content and sodium chloride 

The moisturc content ol the inoculant has a marked effect on numbers of 

rhizobia: not outh is tie in itliil moisttre leve! critical, but there is a marked 

relationship hetMecn the death rate of rhizobia and the rate of water loss 

during storage. Such loss cain occnr liso from some containers when cultures 

are stored under retrigeration. I trther, since the interaction of Rhizohiut 

and contamina nt inicro-organisnis varies with moisture content, the effect of 

moisture content on rhiobial strvis al in unsterile ieat isoften different from 

that obtained in sterile peat. 
Becatuse peats and peat oil uIixtutires vary widely in their ability to absorb 

moisture. tle cxprcssionlof moist tirC as either a percentage of the wet or dry 

weight ot calrricr is mlisleading. I his ability of different carriers to absorb 

different anmounts o ioisture may explain the different optima reported for 

growt h and so r\ isal of Rhio/'iutm. IutturC comparisons should be made on 

the basis ol mnoistie potential. I sing this method of expression, the moisture 

contents in Badcn och peat cotld he expressed as pF-values of 4.88, 4.15, 3.42, 
and 2.69, cqtlivalent to 311. 41. 51), and 60' ,moisture on a wet weight of peat, 
respective!-. 

Ill ste, ill/cd peat. strmins t lcrate higher levels of moisture, with growth and 

survival optimal ii tile pl rangc 3.42-2.69 (50-60'1 moisture). 
In determining the ctlcct oflmoisture content on the survival of rhizobia, it 

is important to sCpItetc the Iiret ellct of inoisture troi indirect effects on 

the conccntratliol ot ,oluble Salts (Steinborn & Roughley, 1974). Two 

inoculants ssi the Same concentration of chloride (dry %',eight)but with 
moistunrc cotntents , WOunld. assuming all the chloride weref 55' anl 45' 
dissolved. diltel ht tact or ofI 1.5 in tile concentration of chloride in solution.i 
This is not gcnetiall.' taken into consideration when determining optimum 
moisture contet,s ()i'.hen conpamring difterent carrier materials. 

.Sources of peat. otlicrisc suitable as carriers of rhi/obia, may be 

contaminateud %itli so-ltii iii chloridC. either by the saltwater origins of the 

swamp. or ttirough prox Ii It%totlie sea and spray contamination. The level of 
sodiun chloridc m peat beds may filntuate both between and within years, 
depending on the raintall. ILcaching with water of low salt content can reduce 

http:3.42-2.69
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the sodium chloridc l\cl to satisfactorv limits. ihe tolerance of strains of 
rhi/ohia to salt aic \\idclv.. Strains for lucerne (R.melilotn survive well at 
levels up to 0.89'1 chlorilc (cxprcssed on a dry weight of peat basis), whereas 
for cl,cr (R. Irilo,/i) thc ttppcr limit is0. 17' with cultures of 50% moisture 
on a dry \%eight hasis ,Stcimbor & Roughlev, 1974). 

QUALITY CONTROL+OF INOCULANTS 

Ilie aima of a qlI;tlitv colltrol progrlll should be to anticipate and, 
therefore. to a iproduction, anld storage and so to ensureid prtblcr> diiturig 
the sale of high qualit, culturcs. [his requires an understanding of the many 
factors which a1Ic't qualit , of itnoculants and of how and when they are likely 
to operate. 

[x'.pcricncc in Atstia ha stggcsts that prodtOction and quality control 
Shliotld bc con~dct ) , c paIatc bodies and that, for greater consumer 
prtetCction. (.11alit ct trol Irota strai selection through to preparation and 
distribtllion is p)tctihlc to ;ISYStem thu't tests only the final product obtained 
fro1 rctail outlCt,. I he qualiIty cotrtOl group sLhould be an official body with 
powers sutlicilt to CItoIL'C it', staLdards On all producers. In this way a 
ulliforll prtf .telt. aSCSsed b.\ tadailrd procedtires by a central, or at least 
Celtll'v direclcd. ehtirol .r OLi) lrovides nIxitnltn consumer protection 
alld mote diIC iaSSIsanC to u11t11uf'.aCt Urci s by early detection of such 
problems a, los of cfi clu',Clss.survival in orft (t)Ir peat culture, failure to 
grot illbrotll CititItc. 

Stgndards for inoculants 

I liCqualItv of Icgu1Crlnculatnts dCpNids oil both lthe number of rhizobia 
they coita in arid tlie clfeet,c enss of tiese rhiobia in fixing nitrogen with the 
intended host. Staidaids h) which inoculants are judged are ultimately 
detcrmiuicd b t eld pcttrnI;tIc,: inl different situations, and because these 
diler x idelx it \tiould he 1ttrealistic itset a rigid standard toapply fora wide 
ra tig o f en itgtcit i,.\\ her lctcgutles are to be established in Rhizobitom-
IrCC Soil V iti good ttd1tttis,. I)) raihiobia per seed provides a satisfactory 
itnoctitiiii Icxci. \\ hcrc aIt,,uittlibers of itieffective rhiobia occur and/or 
cOrltlitiotls for /101R/,l-4tlao ,. ixtl arc poor. n1Uminbers in excess of 10' perseed 
tllly bc tiCilt dl ft cia f & \ iticctt f1968) showed that lime-pelleting clover 
seed inapro, et the rClttl, c pCrltortIilcC of iIoculantS f[ora given numiiber of 
rhi/obia pecr Seed Ifit illtdc it pos;sible to establish rhiiobia in soil that 
cttained ltuifrc uittIhtcs t ritOhit aRd that would otherwise have required 
cxtrcmcliuct , itttiliatoll. Within the bounds of inoculuin technology, 
thcrfClore, it INthe agltrorlornic demtarids mtadc otn cultures that determine the 
statlfartfs h\ sshic tlhcxtrcned to be judged. 
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The minimum number of rhizohia in peat cultures required in Australia has 
increased 1000-fold since 1957; thi,)se now accepted by the AIRCS are 1000 x 
I(Y' rhizobiai g at manufacture and 100 x I0',/g at expiry, with less than 0.1% 
contamination. Ihesc changes, which illustrate the dynamic nature of 
standards in practice. resulted largely from changes in technology that 
enabled mnalacturers to consistently produce inoculants containing more 
rhizobia. 

Standards should also take into consideration the legumes for which the 
inoculants are to he used. [or example, used at the recommended rate, 
approved Australian inoculats would provide 33,000 rhizobia "er seed of 
Desinoditnm. 16 x I1t' lor cowpea and 2 x 106 rhizobia for soybean. There is no 
agronomic hasis for this difference which is due solely to differences irn seed 
size. Therefore. if soybcans can he consistently well-nodulated by an 
inocuant providing on\I'Ir' rhizobia g of culture (2,000 rhizobia /seed) but 
produced locally %%ith adapted strains, this could be considered a suitable 
inoculant. It would. of course, bc inadequate for smaller-seeded legumes such 
as I)esmnditma. 

Testing inoculants 

The development of a routine system of quality control for Australian 
inoculants has been described many times (Date, 1969; 1970; Date & 
Roughlcv. 1977: lhompson. 1980). I'his system is based on testing 
representati\e samples froni all batches of inoculant and must be concluded 
before such inoculants are released for sale. [he tests vary in number and type 
according to whcther sterile or nonsterile peat has been used and depending 
on the competence and experience of the manufacturers. Where sterilized 
carriers are the onl form of culture prepared, detailed quantitative tests on 
the broth used to inoculate the carrier are not normally necessary, since the 
final number of rlhi/ohia in the peat is independent of the number added in the 
broth (Rouglilc\. 198). 

Howver. x hen manufacturers are inexperienced, or the carrier non sterile, 
it is essential that the broth cultures used to prepare each batch of inoculant 
are also tested. I esting at this stage reduced nodulation failures in the early 
days of commercial iruoculant production in Australia. 

Tests (iwi broth cultures 

Before mixing k ith t he peat. the identity of the Rhizobiton strain in the 
broth culture should be , crified h agglutination against a specific antiserum. 
Freedom from contamination should also be demonstrated by the absence of 
growth on glucose-peptone agar streaked with inoculant culturewhile gram
stain preparations should show no gram-positive cells. Results of these tests 
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are availab!e v,it hin 24 hours and are tile basis ol which the producer is 
permitted to impregnate the peat. 

Broth cultures mu,st also be e aluated for invasiveness and effectiveness by 
inoculating plants groN irig on medium in and where nonsterileN-Iice lh,,.s, 
carriers are to he used, the number otI viable rhi/obia should be counted using 
the plate count method. 

T'sts on /'at cultures 

After maturation ol the inoculant. and before distribution, plate countson 
sterile peats should lie made to determine the number of rhizobia present and 
to enstre that containation is low. Where unsterile peats are used, plant
infection tests should also be done. ()nly after completion of these tests should 
the inocuhant he relcased Ior use and an expiry date assigned. Itis impossible 
to set general expi r datcs Since the tiseftil life of the culture will depend on the 
packaging and cairier materials, storage conditions, and methods of 
distribution an(d sale. II o%\cCr ALustralian experience has shown that 
inocunaits to r all 1cmlie)rate ican most, btit not all, tropical legumes, after 
storage lor i c llis Illowed by six months storage either underm at 4 ( 
refrigeration or ()n open shlc ,,are still satisfactory as inoculants. Thus, 
manuacturers i a\ st()rC icy\kl mnaintifactured Cultures under refrigerated 
conditions Ior tip to ,.\t tnti hs bCfOre allocating the normal six-month expiry 
date. ( N'nltirCs, tis ,,,av.pirticutrly tlse prepared in sterilized peat,ltorel 
may be resubmitted 1or testinc with I four weeks of expiry date, and if they 
meet the origin;) -t;twdi mdIha.\e adequate moisture (equivalent to pF 
3.78) may be aiprc' d Ior iturther six months. 

An importanti pair ott lie cont rtl schicne isthe random iesting ofinoculants 
ptrchased Iromn ictail mitntlets. Such tests provide information on the effect of 
storage conditr on". cal' %nilmatitin oil variation in the performance of 
particular strains, and a check on the labeling of packets by manufacturers. 

USE OF LE(;UME INOCULANTS 

Predicting the need to inoculate 

I-orecasting tie iced t imt1trtducc rhizobia into a soil is one of the most 
important practical considerations faced by the agricultural adviser. Some 
guidelines are a ', lahlc. btit the exceptions are sufficiently common to lead to 
'incertairntl. 

()ct'tirrenceoftiaturallr occurrizng rhizohia 

Brockwell & Robinsn (1970) and Roughley& Walker (1973) attempted to 
relate tile occurrence o rhiiobia in soil to climate, vegetation, topography, 
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previous history (including cropping data), fertilizer applications, vegetation 
before sowing. soil t\pe. and pFl. None of these characteristics except 
vegetation had inNl consistent relationship, except as they affected the 
occurrence of leguininous plants. Consistent relationships did occrt between 
the presence o t alcgutnc host and the number and type of rhi,'obia inl soil, but 
even so. it was impossiblc to consistently predict the need to inoculate. 

Host-plant requirenents 

Sonic knolcdgc of the origit of a legume, its growth requilemnents, its 
distribution. and its proniiscuity in ftrming nodules with a range of rhizobia 
is also useful as a titlde. Specificity between host and Rhizobium is well 
known, for cxa mplc Lolnoi. sp., irifli 'mutt, and soybeans 
(Glvrit, na.) rctLiIc Sl cific inoculants, whereas legumes such as siratro 
(,Macrlti/itm: atr ,jpurj)trvui)are pm nisctIous and nodulate with a wide 
range of rhi,oba. I licc is. tlicrclore, a greater ;ikelihood that highly specific 
hosts will rctui c inoculatt o. especially whetn grown in an area for the first 
time. than hosts that a c compatible with a wider range of strains. 

I /h',ctihot'ness of Pativ, strains 

Apart fronm pr ictili.g t IIccd to itoculate based on the numbers of the 
indigenouts sodil rhi/oia. there is tile qLuestion of the effectiveness of 
naturali/ed strains. I here haxc been few etensive survey's to assess the 
effectiveness of naturalized rhi/obia, one in southeastern Australia indicated 
a general Icxcl of eflfcti eness of ?. tri//iiof approximately 50(' that of the 
inoCt]InInu strain I AI (ltclcr-cn, 197)). Failure to establish a more effective 
strain in such sit 11,tiiuim xxoiild ltt necessarily lead to crop failture. but would 
result in redticcd product lon. 

I)ate (1976) icct)nicnuled a siiiplc, three-treatment experiment to assess 
the n1ithers and cllcLci ixess of nattrali/ed rhizobia in new situations. The 
three trctilents ,\crc 

An iiriiocuthud control to check for tile presence or absence of 
natili/ed rhi,obia and their effectiveness; 

An inoctilatcd trcatment using it strain of Ix'hiza/'ium known or 
rcpotetCd to be clecCtive with the host; and 

'IheCS1me ilatCd trCatmClt plus nitrogen (N). 

Results fromn site .- Iha allow assessment of the need to introduce rhizobia, 
determine the iiitabilitt (d the applied strain, and show whether native, 
ineffective stains lcciii so. ho%\ well the introduced strain competesandift 
with them. ( mpali o of the gro\%thtof inoculated plants with those supplied 
combined N gixts a mcasture of strain eflectiveness and indicates whether 
factors other than N ma he limiting growth. 
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Methods of inoculating legume seeds 

In -cu larits haN e generally been applied directly to the seed. However, the 
presence in some legumes of seed coat factors toxic to Rhizo/iium 
(Th,. npsor1. 1960: Biwcn. 1901; Nlasterson, 1962) and the increasing use of 
toxic agrocheni icals ha e heightened interest in indirect inoculation methods. 

)irect )pl/icautitiI/ /cidiurespieat 

Legume i|noculants prepared ili organic carriers promote better surviva! of 
rhizobia, both in storage and when inoculated onto seed, than do agar or 
broth cultures (Date, 197t0). Further, the method used to inoculate seed also 
affects survival of the rhizobia, and adhesives and coating materials mayalso 
improve survival (Herridge & Roughley, 1974). 

Dr, iftocvitaiicfl I lis tmethod. involving only application of the powdcred 
inlocttluttn to tle sced. Is the simllest method of inoculation but is inefficient, 
as the potdcr adliees poorl" and the survival of the rhizobia that do adhere is 
suboptimal. I Ihisl et hod is still Used for inoculating very large quantities of 
grain legumes in teas %%licirc high numbers of rhizobiai seed are not essential, 
bilt it canlnot he II III melCnlded']. 

.V'II/'rr'I ilt I/]an tiI: I lie ioctlailt, prepared Is a suspension in water, is 
applied to the seed. \Icli nust theti be allowed to dry before sowing. 
Adhesion to the seed coat rtav be ihin proved 1y suspending the inoculant in 
I tY,' sucrose. but thi s ma, clcouragce seed and seedling pathogens. Eithergum 
arabic ( 10'i soltution) (ci tiethyl cellulose (IP'i) adhesives may be used to 
improve adhesion and sulr\ ival o rhizobia on seed. It is essential to ensure 
that no prescS at i\Cs hasc bheeri added to the adhesive. This method is 
particulatly suitahlelIo Inoculating grain legutmes when sowing small areas. 

A.''dll/1iti'g: I hiis tiet lucd mittro,'es the survival of'sone rhizobia on seed. 
It involves the ts c of 1t11111 arabic (41' i w v) or methyl cellulose (I .5%1,'wiv of' 

a(lies eso4000 c.p.) as 10 the 11ti1tl1. with the inoculated seeds rolled in, 
and coated b. intl., gt o%\ i calcium carbonate or rock phosphate. There is 
sorie coritro\ ers\ as t o \%btther tropical legumes should be pelieted with lime 
(Norris. 1967). and lock phoslphate is riore generally recom mended for this 
group of leguies. Secd pelleting is particularly suitable for sntall-seeded 
leguelles to be so\(5 Illn Soils 0, ll5.5-6.0, or when seed is sown in contact with 
acid lertili/ers. It has prc d the incst suitable method of inoculation for seed 
to be aeriall\ sokn. 

11thdre'ct iltoctllaltiol 

I lie introductin ofl rhiohia into soil separately from the seed is best when 
seed treated \\ith pesticides ltarniful to rhizohia is to be us-d, when sowing 

11fvo+k+ ++\', +'-I~ " ll++' -, 'P+ If 'a-p(Nll 0}l'1: 1 ! I or%'t', t ,--- -k l* ' _ :_,+, 
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legumes where. because of seed size, the large volume of seed makes other 

methods of inoculation impractical. I'wo general techniques have been 

investigated; one inolvcs spraying liquid inocula directly into the soil, the 

second applies soild in cula in one of several forms. 

Liquid iticula: I lise may he prepared by susper ';ng peat cultures in 

water in a tank mounted on the seed drill. ['he liquid may then be sprayed 

either into the roxs or beneath tie seed. Ihis method was used successfully in 

Israel for inocilrating grotrid tits (Sc hiff1ian & Alper, 1968). A suitable spray 

system was described it) detail by Hrockwell et al.(1979). It comprises a tank 
of sufficient si/c to apply 112 liters ha. a pump ,iiid a prLssure regulator by

pass set to approximately 1.40 kpa in order to deliver one-third of the total 
flow of liquid to lie Sp ray.lets and retturn the rest to the tank for agitation. The 

manifold should he made of noncorrosive material and the spray jets of 

copper tubing of 1.5-2 ini internal diameter located behind the seed boot and 
2.5-5 cr11 above tie hottoi of the furrow. 

Solid itiocua: li ese inay*v consist of' compressed peat impregnated with 

rhizobia. grantles of calciii splphate semihydrate and carboxymethyl
cellulose sprayed \itIi a iixttre of Rhizooiunm broth, skim milk powder and 

sucrose ( Fraser. 196). or a solid inert core such as sand or "Alkathene" beads 

inoculated and linie-coated as for seed (Corbin, Brockwell & Gault, 1977). 
Solid intocuila coinsistig of coarse particles of peat impregnated with 

rhizobia are asailable commercially in the USA (Burton, 1975). These 

granules are so\ n in the drill row at a rate to provide 10' rhizobia! 2.25 cm. 
The rate can be increased \where necessary and the granules sown deeper to 

avoid high so)il terilperattires. 

CONCLUSIONS 

It is likely that there will he an increased need to apply higher numbers of 
rhi/obia to tile seed Or directly to the soil as less favorable sites are sown with 
legumes or established areas arc to he resown using improved strains. Either 
the number of rhi/ohia ii peat cultures must be increased or their survival 
foliowing inoculation nitust he improved. (eneral experience has shown that 
with tile exception of a fe\ st rains that reach populations of 101I1/ g in peat, 
most rarely cxceed 5 x 10". It is. therefore, likely that the chances of increasing 
numbers lies in irim prosCd methods oft u.;inrg i noclarints. Ftrther work on 
agents to protect rli/0o ba doring drying and to protect them from toxic 
factors in tile seed coat. as xkcll as work on improved adhesives, offers perhaps 
the best approach to met tile challenges of the future. 
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CULTURING RHIZOBIUM IN LARGE-SCALE FERMENTORS 

A.P. Balattil 

Summnari' 
This paper considers the different types of fermentors, with and 

without agitation, that can be used in laboratories, pilot plants, and 
inilarge-scale fermentations. Using a balanced medium and cithera 
mechanically stirred or airlift type fermentor, it ispossible to obtain 
cellular concentrations of about 1.5 x 1011 cells/ ml of R. japonicunm 
in 48 h. 

INTRODUCTION 

Although the legume inoculant inoustry started in the early 1900's, it isonly
relatively recently that attention has been given to the production of high
count broth cultures of Rhizobium with which to inoculate carriers or for 
direct field use. This paper considers some aspects of the technology by which 
Rhizohium are propagated. 

LABORATORY SCALE FERMENTORS 

To obtain a Rhizohium culture of a high concentration, the fermentation 
method in submerged process is used. It is convenient to start the first step in a 
rotary shaker. This operation is normally done in Erlenmeyer flasks using 1/5 
part of the volume of the liquid medium in relation to the volume of the flask. 
It iscommon to transfer an agar slant culture from a tube to an Erlenmeyer
flask of 500 ml with 100 ml of medium. The Erlenmeyer flasks are placed in a 
rotary shaker at a constant temperature (26-30'C). 

Figure I shows two different types of fermentors, used in laboratories and 
in small-scale industrial production. Both of them are suitable for the 
development of Rhizobium. One works with mechanical agitation. It has an 

(crm de Intestigacit'n y I)esarrollo de Ferrncntaciones Industriales, 47 y 115, L. Plata, 
Argentia. 
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1l). Airlift - type lcrmnttor. 

air entry, baffles, and a turbine-type impeller. The principal objective of the 
baffle is to produce turbulence and so to increase the interfacial area of the 
bubbles in the liquid. This is important in meeting the oxygen requirements of 
the growing organism; it is also helpful in the heat transfer process. The other 
fermentor shown in Figure I is of the airlift type, without mechanical 
agitation. In this case agitation is achieved by circulation of the liquid medium 
following air injection. This type of fermentor is very easy to build (Mazza, 
Lopreto & Balatti, 1976), as it essentially consists of two concentric pyrex 
glasS tubes stoppered at each end with synthetic rubber stoppers. The drawing 
shows air intake and sampling ports set into the base, and tubes in the top for 
adding medium, inoculum, and antifoam, as well as for air escape. Botti 
fermentors can be sterilized empty, by passing through fluent steam for 60 
min; alternatively they can be autoclaved with the medium at 121'C for 20 
min. Counts of tip to 1.5 x l01 cells/ml can be obtained with this type of 
fermentor using a sucrose, yeast extract medium containing KNO3. Figure 2 
shows the growth curve for a strain of R. rneliloti in a mechanically agitated 
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Figure 2. Growth cuirves of' Ihizothiwn inefiloti in a mecchanically stirred fermentor. 
Operation condition: 250 rpmi and 0.5 \'olair vol. miediumn per minute. 
Mediuml (base): sucrose, 10 g 1: MjgS0()4.7 120. 0.6 g,/I;NaCI, 0. 1 g/I;L 
yeast ext ract. 3.0 g ];I 3 , (10V ) 0. 1nil; p H=7.2.MnS0 )4,( 10' i ) (). I I'll: FeC1I

fermentor when an agitation rate of 250 rpm, an air flow of 0.5 air volumes/ 
medium volume per minute, and 3 1 of mnedium in a 5 1fermentor, were used. 
The figure shows clearly that addition of' KNO I to the medium both favors 
high cell counts and controls pit. 

Figure 3 shows tile results of a similar fermentation using a strain of R. 
,jalmonicum. Note that, in this case, glycerol has been used as the carbon 
source, because- R. fap,'miW'um cannot metabolize sucrose 

INDUSTRIAL FERMENTATION 

While many, inoculant producers employ small fermentors of 10-20 1 
capacity, industrial fernientors with capacities up to 30,000 Ican be used to 
grow Rhizohium. Frhe seqluece by which a stock culture is built up in volume 
until it can he used as inoculum for a prod uction-stage fermentor is shown in 
Figure 4. At each stage tile inoculum must comprise 5-6% of the volume to be 
in()cluhlted otherwise there will he a prolonged lag phase with greater 
opporttimity for contamination. 
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A typical production tank with its most important auxiliaries is shown in 
Figure 5. 

Stainless steel is the usual material for fermentation vessels. The 
fermentation tanks are conventionally designed with a height:diameter ratio 
in the range of 2-3: I, and with an operating volume of about 75% of the total 
capacity to allow some room for foam to build up. Mechanically agitated 
tanks have four baffles; coil and jackets are used for heating and temperature 
controls. The up-to-date fermentors have an external coil around the tank 
wall. This sytem helps to achieve a better heat transfer. The agitation is 
provided by some type of turbine impeller mounted either singly or in 
multiples on a central shaft. The shaft enters the fermentor through astuffing 
box or rotating seal. The air enters through a sterilized filter, air pipe, and 
sparger at a pressure of about 1.5 atm. The sparger most commonly used is the 
one that consists of a circular ring with holes drilled at intervals. A high 
velocity nozzle can also be used. The control devices most commonly used are: 
air pressure flow recorder controller, temperature recorder and antifoam 
addition-controller. Water isneeded to cool the tank and a supply of sterile air 
to meet the organism's need for oxygen. Cellulose filters are usually used to 
provide sterile air. 



131 

Ste:Ile air alkaliair acidol 
SII IItea 
 • antil m
allli 


Ilill. ill pre'palratll l b;lgell
 

ilrrg.,n , m alklsource acid 

. 
mine1t.ral
salt% 

-,. . . 

cU (illt' development
 

, i rotary shaker
 

culture ~ K 

,V
 

stock ii
 

culture i ia Ii itr
 
in ;I .' Lict'illsmall 

cetilll sspe sio 

Figure 4. Culturing Rhizohiun in a large f'ermientor. Flow diagram of' fermentation 
process. 

pCCLILIC iiiiIiiti liil 

l li~,I~I]c rlnlslilal hl e 

l t i 11Crlll~l lt'! ll
 

tiller 4 
air 

recorp, ller 

Fg r. 5. I" i I Ic 

lr -ir Cl 

h 1h
+IIIo I,1 i 11 

tike stlll ai 
* J rh'ctiillllIt 


J' c irtermohiri , 

it hhn supplyt 

,.t 'Iiii ,.4 vghJaL';ir 

sparger 

Figure 5. ... - ,,.., , 
l'pical large-s'cale tmechanical

lystirred f'erulle nto r, LI IIr~
 



132 

In the scale up from pilot equipment to industrial production it is common 
to use similar rates of power consumption per unit volume of liauid. The 
power of agitation used in most fermentors is from 1-3 watt/liter (Balatti, 
Morisi & (Gualandi, 1968). This guarantees a good mixing of the culture and 
adequate hioniass production. 
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SOIL CONSTRAINTS TO LEGUME PRODUCTION 

D.N. Munns' and A.A. Franco' 

Stninary
 

Lack ol infornation and response criteria make it impossible for 
us to assess accurately the extent to which soil constraints might 
limit legume productivity. Ihe following are estimates: Erosion 
hazard on 751( of tropical ',in(, excepting only the deer, level 
cohesike alluvial and Oxi, ,lsoils. )roughtiness on 451,; especially 
shallow and sandy s, is. ()xisols with lew pores of intermediate 
size, Alfi.+ols a;JldJltisols with impeding subsoil. Excessive 
compactability or cohesiveness on 25-301 -; mainly Vertisols and 
Weakly structured Alfisols. Salinity and alkalinity on 71j: mainly 
coastal and semiarid inland areas. Acidity and or Mo deficiency on 
35%+'i; iltisols. some Alfisols; with high limemainly humid ()xisols, 
reqtuirement on It of the 351j. Phosphate deficiency on 80%; 
exceptions mainly alluvial and basaltic. Other deficiencies on 5
IV'I; mainly S.,K,Zn in high rainfall areas and Zn elsewhere; likely 
to increase with time. 

Erodibility. droughtiness. compaction cohesiveness and severe 
salt, being ecorinomically difficult conditions to alter, are usually
"capability limiters- to which land use, crop type and management 
practices must be adjusted. liycontrast, acidity and nutrient 
deficiencies cal tten be corrected economically. Costs for P and 
lime are greatest where tle soil is high in reactive colloids (acid 
Andosols and claycy Oxisols. for example). Fertilizer costs also 
depend oin transport availability and proximity. Inputs could be 
made iore efficicnt by improving root growth and mycorrhizal 
development, by better soil management, and by selection of 
legurie and lRhizohiumr for tolerance to low P,acidity, and salinity. 
It is especially desirable to raise the salt and acid tolerance and 
reduce the 1)and S requirement of the legume to levels comparable 
with other crops ii the systeol. 

lept. Land. Ai anid \\ at1cResou .rces(I.AWK ). I Iniversity t (alilornia. )avis. (A 95616, 
USA. 
I:lli sca.ltt'l.ilel ticP'ciliisaI Agrl+opecuatria - SNt.('S - I'IIN. 23460. Scropedica. Rio (ie 
.J1tIlit).IBlaill.
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INTRODUCTION 

The following sets of soil properties are likely to constrain production of 
legumes: 

Droughtiness, due to shallowness, impedances, pore characteristics; 
Excessive strength, cohesiveness, and ease of compaction; 
Excessive erodibility, 
Salinity, alkalinity, sodicity; 
Acidity and related properties; and 
Nutrient deficiencies. 

I he constraints are aot peculiar to legumes or to the tropics. They operate 
on crops worldwide and undcrlie most schemes for assessing or rating land 
capability or fertility USIA, 1971, Sopher & McCracken, 1973; Buol et al., 
1975: lal et al., 1975). 

In general, the physical properties and severe salinity are unlikely to be 
altered easily or economically. Ihey appear, therefore, in capability 
classilications as "capability limiters." [heir main influence is to restrict the 
options fto! land ise a] crop choice, and to limit tile benefits derived from 
improvenlnts in technology. By contrast, acidity and nutrient deficiencies 
can often he economically reme, ied. They define inputs that arc a recognized 
part of hiological nitrogen (N.,) fixation technology and, therefore, receive 
most emphasis in this paper.

I lie severity of a constraint depends on what one is trying to do and tile 
resources availablc I[or t lie purposes of this paper we propose two reasonable 
short-term goals in legume development. 

NIoderateCx tenusion of grain and pasture legumes onto land with the 
least severe physical capability limitations (certainly excluding 
most of tie 50' Of tropical land that is above 3000 in, steeper 
tliin 10' (, and or drier than 250 mm annual rainfall); and 

Improvement of yield to levels that are now easily achieved on 
experimental fields. "Soil constraints" then, include all those 
properties that need to be modified in order for these goals to be 
achieved. 

Assessing tile extent aiid severity of soil constraints is difficult. What is 
needed are comprehensive field trials and supporting research at a large 
nunn her of sites that accurately represent the diversity of tropical conditions. 
Without this inf oriiation, we Must resort to available response data and 
general knowledge about soits, and attempt to develop vaguely quantitative 
estimates, only some of which can be checked against soil surveys, local 
fertili/er recomnendations, and published papers. ( [here is probably a 
weaIlthI of inll lhIishcd information in files of ex perimen Lstat ions, extension 
olliccs and the like. Some priority could be given to a project intended to 
extract this information. assess it, compile it, and publish it.) 

As our first approximation, Iible I relates the likelihood of major 
problems to tile soil orders of the US)A Soil Faxonomy. l'hese orders can be 
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translated into the categories used in other soil classifications (SAnchez, 1976; 
Isbell, 1978). Figure I suggests the distribution of the soil orders in the tropics. 

TrABLE I: Limitations of tropical soils for agriculture. 

Problems and their likelihood of ocurrence t 
Soil 

ord er tota l . ...... ..... ... .. ... .. . . . ......
 
area Water Strength Erosion Salt Acid Nutrient
 

Aridisols 18 * * 00 * P,Zn 
Vertisols 3 * 0 * 0 * P,Zn 
Molli-.Enti-

Inceptisols 
Fine 8 0 0 * * 0 0 
Sandy 8 * 0 ** 0 * *PK,S,Zn 
Ando (ash) 4 * 0 0 * P** 

Al fisols 18 ** ** 0 ** ** P,S,Zn,K 
Ultisols 12 * 0 0 * * P,S,Mo,K,Zn 
Oxisols 20 ** 0 * 0 * * P,S,Mo,K,Zu 

Ir~ni i(, little likelihood, to " very high likClil)ood. 

PHYSI(AL, CONSTRAINTS 

Shallowness, low water retention, impeding horizons 

(irowt h redcetion by drought is more likely and more severe if soil profile 
characteristics lifii the storage of water accessible to the plant. "hese 
characteristics arc particular!y important where rainfall is low and unreliable. 

S.haI lown0css is ti mdouobtCdlv iniportant, though there are few good data 
Lal. 1979). liv itsell it is likely to be a severe problem in soils less than 70 cm 

deep: or about 5(( o1 the tropical lowlands and much more of the uplands. 
]'otrC hiedis,,tribution that is unfavorable to water retention at potentials in 

the avaihble ranmce can make even deep soils droughty. Ihese soils include 
sandy and rocky Intisols that occupy some 10(; of the tropical lowlands, 
ma in in and Southwest Africa (Ahn. 1970;.West Moorman & Greenland, 
1980). and some t)xisols (Sharnia & Lielhara, 1968). Sa nchez & Cochrane 
(1980) rate nearly all ()xisols of tropical America in this category. Even 
halving their estimate would still leave I(' of the tropics occupied by 
drotlghty Oxisols. 

Subsurlace clay. hardpan, plinthite, and gravel impedc root extension, 
water movement. and gas movement. Ihey can aggravate temporary 
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Figure 1. Probable distribution of soil orders. Adapted from US Department of Agriculture, Soil 

Survey Division, and P.A. Sanchez, 1976. 
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waterlogging and erosion due to runoff as well as aggravate the effects of 
drought. Improvenent by deep plowing or ripping is possible but usually not 
economically feasible (Nicou & Charreau, 1980). Soils with serious 
subsurface impedances are mainly Alfisols and Ultisols on land surfaces of 
low or moderate relief. [hey probably amount to about 25%' of the tropical 
land surface I l.al, 1979) and include few of the soils that are droughty for other 
reasons. 

Excessive strength, cohesiveness, compaction 

In the topsoil these properties can impair emergence and root development 
to the point of precluding production of root and tuber crops. They can make 
machine cultivation difficult and manual cultivation impracticable, and they 
can lead to increased runoff, erosion, and drought stress. 

Vertisols in particular, though usually level, fertile, deep, water-retentive, 
-
and potentially highlv productive, are difficult to till and irrigate. 13rola

based furrows and other management practices for easier water rmanagemInt 
havre been worked out (Kampen & Blurford, 1980). Vertisols occupy about 4% 
of the tropical land area, mainly in Australia, East Africa, and India. 

Surlace crusting and compaction can be alleviated by minimizing traffic 
and tilliagc, and by imIching and residue incorporation (ILal, 1979; Nicou & 
Charreau, 19,W). Neverthel,ss, or because of the need for these practices,
crusting and compaction tendencies are significant constraints in most soils 
and serious constraints under mechanization and on the 20,i or so of soils 
with particularly weak surface structure. 

Erodibility 

Lrodibility depends on soil and site properties. It limits use and 
management options mainly by requiring that ground cover be maintained at 
critical times. Acceptable soil loss rates consistent with sustained productivity 
can be as high as 5 t ha per year in deep soils with medium texture, high
fertility, and subsoils favorable for growth; but amnost no loss isacceptable in 
shallow soils w%-ith strong or gravelly subsoil (Wischmcier & Smith, 1978).
Erosion due to wind is greatest in soils with silty or fine-sandy, weakly 
structured topsoil that is exposed during dry windy periods. Erosion by rain, 
which is,in general. greater than wind erosion, ispredictamle in principle from 
tile
equation: 

Annual soil loss= R. K .. I.C'. P. 

where the terms are scaled factors for erosiveness of the rainfall (R),
erodibility o!tile soil ( K). angle and length of slope (Sand L), effectiveness of 
Lo\, r and management (C), and effectiveness of control practices (P). 
Tropical soils are not inherently more or less erodible than others: values of K 
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lor samplings of soils Inro both Hawaii and the temperate continental USA 
ranged bet weel (.I id 0.5. and tile ()xisols and lJItisols were within the 
normal lange: I\\isc',incier & "Smith, 1978). 

Ne erthIles,, CI os Iio)n might be tihe single most extensive andand erdihiliIt 
scrioIs sOil LOtr aIitt to crop protluction in the tropics. Highly erosive 
laimlall patterns are comuIlltol, especially where long dry spells and intense 
stoillis altclmltc. lPopulationm pressure and povertv also combine to force 
ciiliisaioii 1 steep ol selililid land with inadequate protection from rain or 
\Lilld. Sc'.lcrc .losion has already damaged much 1ertile land of' the tropics 
(Alm. 1970): Kampen, & Blurl, i. 1980: Moorman & (ireenland, 1980; 
SjilmIChC/ & odin r'hlmlle.It9 gill. 

I wo itlops (t soils oil Mich erosion lia/ard is mininal both occur on land 
surlaces otl 14)%%it imoderate reliel. Ihev are deep Oxisols with favorable 
su+bsoilS. aMid \cIisolS ill Ia- isols of alluvial origin. Ihese soils occuny, 
iespccli.cl\. ihoit 15' and 10' of tile tropical land surface. On the 

cmiaui ig 75' ( crodihility is a serious constra[int. 
liOtliblii\ Is mhoic imiiporltatit for amial grain legumes than for perennials, 

co'cl Ctoys. pils(trc. Iorage. and timber legumies. Indeed one of' the best 
rcasols lt cult'.alting tle latter groups is the need I'or erosion control. 
Allomg graill letm ese._roslon might sometimes bea factor in favor of using 
spimli' hug i[. t'sathelr tlmai inhercntly moore productive. upright determinate 
t\ pe, 

SAIiNITt AND) ALKALIINITIY 

Sailiuit\ Is comlimion in coastal. arid ant irrigated soils. Ihcre are also some 
\er\ alkalint soils Ot olv motlerate salinity. Alkalinity appears to he tile more 
Sc\, cr.. tough less IIrequ int. stress for legumes (NMunns. 1977). Salt effects on 
leg iiics hlm~t icci'.ttl little sttdy: alkalinitv effects even less. 

Salt t lcralmcc \ill[s betweiil legtinmes. 'istill .slivilm. I'Ilwl'eoh/s spp., 
(hcr aritu'mntm. aitd certaill Ibtoifitml spp. are highly sensitive. M:ltdicago 
,atioo. I u1,zo mum.I'tl ut/wal ant I tla.ilha are itlderatelv sensitive (like maize, 
xMhcat ict i tllcehmd1'Jlt .lan spp. are slightly sensitive (like harley and 
rveemiass) ( Rihtmid,. 954: 1)..1 .ILauter, and V. A. Marcarian.unpublished 
data.t . I his, ,t,,,ti it tv categories retlect 51' growth reduction at electrical 
eoiltitt ' ities, t b, 1t 4. X ittt 12 mho cm. respectively (25'C'. saturated 
sm1 paste, ItI lire typical, as salt tile11. dta tew, legumes are tolerant as 

aIIlori sCItml I .lil, howe'v er. clilmillS f(r ItOlClrce aIong legume 
species that al et pms"mit little lisetd lor agriculture (National Academy of 
Sciences. 1979l. I )umtlmdmce o)i N , lixatiot seems to lower tile salt tolerance 
of leguicmes imr pOOrly ttlenrstood rcasons that involve more than just 
inte1terelice''- \,th N , ixatioii Ilamiter (I (l.. 1981 . 

liectitse rhmi)hla tolerate itich higher salt concentrations than do 
agricttlulal plants. sClection lor tolerance would he uscful only to eliminate 

http:iespccli.cl
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the odd sensitive strain (Grahan & Parker, 1964; Lauter vi al., 1981) On the 
other hand, selection in the host to reduce salinity constraints appears 
promising. at least for sonie species (V.A. Marcarian, personal comrnunica
tior). 

Coastal lands that are saline, but otherwise capable of agricultural 
development. Occupy about 30 million ha in southern Asia ( Ponnamperuma 
& landyopaldlhya. 1980), and there may be comparable areas in tropical 
Africa ;nrd Amcrica,. Ilhe expense of reclaiming these soils inight be justified 
for highly productive crops such as rice. 

l-stiuiates of the extent of inland saline areas vary. lhu: , for India, 
cstimates range between 7 million ha (Ka inpen & Iurford, 1980) and 20 
million ha (Plrionainperuna & Bandyopadhya. 1980). [lie difference may 
depend on what level of salinity is considered significant. If so. the larger 
cstiiiia te (eqnal to 7 of tlie land area) seems prefera ble for the more sensitive 
legumes. Similar areas might exist in tropical Africa. Again, intensification 
would Idepend On irrigation. ard legurmes would he minor members of a 
system with other crops. Improving their salt tolerance to match that of' the 
mIlin crops wkould have obvious advantages. 

S()l11, A CI 1)ITY 

L.ow soil pli is often associated with aluminun toxicity, manganese 
toxicity and calcium deficiency. All four disorders are corrected by liming. 
I hey Interfere with leguire growth and N * fixation in several ways: stopping 

growth of the rhi/obia and nodule initiation, impairing nodule function, and 
slowing growth of the plant. 

Ilhe presene of1alunlimntm and low pil itselfcan inhibit growth of rhizobia. 
Most slow-growing strains are imore tolerant than most fast growers, but not 
all slh\ growers are equallv tolerant. A screening procedure, in which growth 
is evamluated in medium containing 50 mniolar Al at pH 4.5, has been used to 
identily strains o4 cowpea rhii,obia tolerant of acid soil stresses (Keyser & 
NI uniis, 19 7 9a ). and has shown good agrecient with glasshiouw: ,csis of strain 
perlormnarce in acid soils (Kevser vt al.. 1979). Manganese toxicity and 
calcium deliciency seei unlikely to he important inhibitors of growth of 
rhiiohia in soils (Kevser & Munns. I979h). 

lniprocment of soil tolerance also requires attention toacid the plant. 
Icii %ith adequ.ate rhihiobial numbers on the root. nodule initiation is 
inhibitcd by acid soil factors. I his his been shown for low pil ;and Ca in 
teniperale species (reviewed by Munns, 1977); for Al in St.Shvlsantwes spp. 
(iaralho a' al.. 198 1); and for Nin and low ptl in Phaseolus vuulgaris (see 
IFigure 2; I)i'6berciner. 1966). 

I lie plant's own sensitivity may cause symbiotic failure more often than 
older lit,'t-ature would suggest. I hus. in (IS soybean and Al-sensitive cowpea 
culti,,ar,,. Al toxicity has been found to stop legumrne growth in acid soil 
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without inducing nodulation failure or N starvation (Munns, et al., 1981; 
D.N. NI tn1S, unpublished data). Variation in acid-soil tolerance has been 
shown in a few legume species (Foy et al., 1967; Spain et al., 1975; Munns, 
1977). Pllint selection would appear to be a useful way to lower the lime 
reuuirement for leguimes. 

Soil acidity results from prolonged leaching with input of biologically 
generated acids. The most acid soils coincide with high rainfall, low relief, old 
stable land surflaces, and free drainage (though hardpan development may 
have eliminated th - latter). lhe acids responsible are mainly carbonic, sulfuric 
and nitric acids, the latter originating via oxidation from N - fixation. The 
acidification that results indirectly from N input depends little on whether the 
N was fixed biologically or industrially. It is maximal if N is put in as 
annmuni or N, rather than nitrate, if nitrate is leached, and if large 
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amounts of plant nutrient cations are removed in the harvest (Nyatsanga & 
Pierre, 1973; lielyar, 1976). 

The relative importance of H, Al, Ca, and Mn varies from soil to soil. 
Manganese toxicity is most common in acid soils, where temporary or local 
anoxia results from wetness, high organic matter, or impeding layers; but it 
can also occur in well-drained Oxisols (Vidor & Freire, 1972). Calcium 
deficiency seems to be most important as a factor aggravating acidity and Al 
or Min toxicities. Occasionally it may be the dominant factor by itself, as in 
moderately acid Oisols with low Al (plH above 5), and in acid Histosols 
where Al is immobilized in hun,ic chelates (Evans & Kamprath, 1970; 
Pearson, 1975). In most acid soils, Al toxicity isdominant. Exchangeable and 
solution Al correlate closely with plf (Adams & Lund, 1966; Kamprath, 1970;
1978) so that Al toxicity can be expected in sensitive species as pH falls toward 
5.0 (and solution Al approaches 20AiM) and in tolerant species as pH falls 
toward 4.5 (60,uM Al) (Adams, 1978; lielyar, 1978; Munns, 1978). 

Soils acid enough to need hime include Ultisols, many Oxisoh (especially
the acric and ultic subgroups), ma nv Alfisols, and some Entisols, Inceptisols, 
'Ind I listosols. /Ippropriate recommendations for most tropical situations are 
to lime to p11 5.5 or 6.0, or to reduce exchangeable Al to below 10% of the 
exchange capacity (Adams, 1971; Kamprath, 1978). Few field trials show 
benefits from liming to higher pit, and adverse effects are common 
(Kamprath, 1971). [his should not preclude testing a full range of rates in 
research (Muns & [ox, 1977). 

Qu;,Ntities of lime required range between 500 and 5000 kg! ha depending 
on tle crop and on the soil's initial pl-I and buffering ca;,acity. Buffering
increases with tile amount of exchangeable Al aad the variable charge on 
humus, amorphous, and oxide colloids. [he most expensive soiis to lime are,
therefore, very :cid Andosols, clayey Oxisols, and soils high in humus. Cost of 
lin-ing also depends heavily on transport costs. Some large acid-soil areas 
have well-distributed deposits of limestor , but other areas are less fortunate. 
lnvcstment in lime can iast several years, but sometimes (for unknown 
reasons) the residual effect dissipates in a year or two (Pearson, 1975).

Soils ikely to need lime for crops of moderate sensitivity represent about 
35%,, of" the tropical land area. lis estimate agrees with the reported 
freLqULCn. of Hil.' responses in ficd trials with tPhaseohus (Franco, 1977), and 
with the lower frcqucncy reported in trials with more tolerant species, e.g., 
St-II.anthe. and Arachi. (Bruce & Bruce, 1972). Soils with high lime 
requirements, above4 tons; ha, may account for 10% of the tropical land area. 
Ihese figures may underestimate the importance of acidity: it is a major
feature of the extensive, potentially productive Oxisols and Ultisols that 
remain to be developed. 

In large areas of Oxisols and Ultisols, subsoils that are low in Ca and high in 
Al restrict root ;rowth and aggravate drought stress. A cheap technology for 
modifying subsoil acidity is needed. Incorporating lime as deep as is 
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economically leasible and walling two to five years for leaching has been 

rcconunendcd (IHohldin, 1979). Ihe titie yinahe shortened by adding a sulfate 

source (g) pstiil, aittoitiiit sullhtC), presutmably to increase Ca mobilization 

and Al ininobili/alloi (< itchey cI al., 1980). 

(IFN ('NI;TRII,:NI I)I INIS 

Phosphorus 

II legniies, 1) is moic commonly deficient than any other nutrient. Severe 

ihiitonol()N,Ii.\aiioit is most likely a consequence of red uction of plant 

gt v,th. but there are. imore subtle, incomplCtCly understood efects on the 

s,,nibiois I(,Iunns. 1977: l(ohsoi,. 1978). Nodulation inhibits root extension, 

a possibl. msol Imr the 501) increase in tCtili/er 1) rCquiremelt observed in 

so,,hcai. dependcnt tolN li.\atio ((assilan. \Vhitnev & lox. 1981). 

NodlCs, cotalin atsMiUuci aN.5I, Patnd 0rm a small but possibly significant 

I1 sink inI clLitio to ile test ot the plant (lP.1. (raham. personal 

COtnIIIhliicaIlt I. I'it)splate nutitrition od IJRhzohoium has been neglected, but 

iccclll I idng, s.lmt,(.% that some rhli/obia can tntililc st,icd P and, more 

iI1lttiilll\. glto\, at nortmal rates vith P held as low as 10-NM in solution 

tIedla .qtlllibteICd \,,1h ph11sphated ir ot oxideI('assman. N\unns & Beck. 

I981 3). should not bc P limited in any soilI (,,CCltirc Stuch ,-.tatlsis 

capable ol grtmyg itplant. ()the rhiiobia lack these capabilities (see Figure 
that I deficiency4). 111tohsCl,,allttl that iIigY.,t C.plain scattered reports 

NI tirans. 1977). Screening to eliminate I-incfficientmItrlctce, v it nodnlat lott 


strains and provisimon of high P in inoculants seem justified.
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hlhosphate is a minor constituent of soils (below 0. 1), and it is kept at low 
concentration in solution (between II)-5 and 10- M) because almost all soils 
have ,Strongly I -sorpt Ve sitrlaces on oxides, armorphouIs aluminosilicateS, 
kaolinite, or calcite. I he exceptional naturally 1'-sufflicient soils are tile most 
lertile tlistosols. Niollisols, and Inceptisols and nearly all ire intensely 
cultivated. 

1) , 
-nbilltyBecause of the low of transport to roots lim its Uptake (Nve & 

Foster. 1958). 1hus. che rapid extension of line, densely distributcd roots, and 
the abundance oif root hairs and mycorrhia, lay he critical for adeq nate P 
nutrition (Crush. 1974: 1t5sse, 1977, Andrew & Jones, 1978). Plant selection 

Ifor P eflficiency if the root system might be worthwhile; bit in legumes factual 
evidenec Ior varietal dilierences in 1) requirement is limited to Sftlosalthe 
tJoncs, 1974). Betwcien-species variation is documented (Russell, 1978). In 
particular. i/o hi '..aihumilis and ('ntrosmnra /w c.\'\ns have lower 
intelrnal critical ) concentratiInus thanii species of' Aacropjfilim, I)c'Alioc/jUfli, 
('.vlle, and ,le'di'cag (/Aidrew & Ro bins, 1969). Exploiting such a low 
Internal valie (0.10(() could iean P deficiency in grating livestock, which 
rcq uire 0.171 W(ittle & Shaw. 1979: Shaw & Andrew, 1979). unless phosphate 
%kercled suppleinentally. N'vycorrhial inoculation has given positive response
in (lie field (,Schenck & IHinson, 1973: Mosse, 1977: Yost & Fox, 1979) but it is 
still Cilrl' to0 decide how freq uently inycorrhizal incUlai lon would be 
beneficial, especially for annuals. Additional possibilities for improving 
elliciency ill 1) use include better ininagemient of organic matter, water, and 
physical prloperties to enhance 1) mobility arid root growth. [fherv is littleevidence oil the lleceietieSs if these IllelSUres. Linling can both aggravate ) 

deficiency aind alleviate it, or appear to do so (Kamprath. 1971: \dins, 1978). 



144 

Measures to improve efficiency of 11utilization are unlikely to eliminate the 

need to apply 11. Phosphorus req uireilent is commonly 200 to 500 kg P/ha 

initially, ollowed by maintenance rates of 10 to 100 kgi ha per year. Residual 

effects in most soils are high. especially if crop offtake and erosion loss are 

properl.,accounted (IBrains. 1973; Fox, 1978). ILeaching is rarely significant. 

I roin the above, it is clear that phosphate deficiency can be exnected 

x herefr N limitation is alleviated. Ficld and greenhouse trials indeed 

indicate I espolnses in X0-90' of such cases (Fassbender, 1967; Bruce & 

where the test plants are P efficientBucC. 1972; I-ranco. 1977) even 

(Sivt/ swlt't's, (rl xttt1'ma). large initial requnirements are mainly in soils 

with large contents ol ai norpLous or poorly crysta lized (large surface) oxides 

in their upper hori/onls I [ox & Kang, 1977; Moorman & Greenland, 1980). 

I hesc soils include some. but certainly not 'ill. Oxisols and Andosols; perhaps 

10( of hutilid tropical soils. 

(osts ol P lertili/cr are va riahle and uncertain. Without acid treatment, 

acid soils, and cheaper than conventionalpiohsph;tc ck cain he elective ii 

lctili/crs. Rock fphosp.latCs ol inferior qunality are being successfully utilized 

altel silicate Iusion ill Ira/il (W .A.(i. B-raun. personal communication). The 

lger que.stio)n ill imost coluntries is the availability of commercial quality 

rock. hC5lethci tor Lill-C ,r indirect application. If the inore generous 

reserves ac correct we have several centuries' supplyestiilates ol tie ol's I'C 

MAXI)C. I9)7h). hut these reserves :ire concentrated in a few countries. 

lsesc,,,h.clcdepend 2cc on ilf1po,ts could make critical issues of P supply and 
1'-ns elI,ciciencv. 

Micronutrients 

Seilcc/ ( 1976) and I opes (1980) have reviewed the general micronutrient 

status of1tropical soils and Andrew 11976), NMlunns (1977)and Franco (1978) 

the specific situation of plants growing on N.,. In general, three main cases 

llla be I'ccogni/el: 

Alkaline soils 'here Ic, in and I3 may be deficient; 

t;illintCd acid soils where Mo is most limiting; and 

Ilimed soils where deficiencies of Zn. Mn. B. and Cu may appear. 

NiM S the [lost widely reported inicronutrient deficiency in N,olybdef!niu 

dependent lcguLIllS on acid soiS:,. I.inme can alleviate the deficiency. L.arge 

dillclrtces in plant rcsnonc have been observed. In bean, lack of response to 

No application ait low pll cannot be attrtibuted to impairmen of Mo uptake 

I ranMIco & NIlnuns. 1981 ). large diflerences in Mo accumulation in seed arise 

fiom varietal and soil difhferences an suggest Itie possibility of using high-Mo 

seed for deficient areas (see Fable 2). For annual legumes applications of Mo 

with seed mav also he successful. 

Zinc dcl iciency is general in the ()xisols and UIltisols of the central plateau 

ol Bra/il and the ()xisols of (olombia and central Africa. especially when they 



145 

TABLE 2: 	 Concentration of Mo in seeds of several fie,d grown bean cultivars 
in Goiania, Go, Brazil and in Davis, CA, USA. 

Cultivar 	 Grown in: Mo concentration (Aug) 

Per g seed Per seed 

Venezuela 350 Goiania 0.091 0.024 
Davis 2.030 0.385 

Rico 23 Goiania 0.177 0.040 
Davis 2.206 0.453 

Carioca Goiania 0.099 0.023 
Davis 1.864 0.402 

Chief Davis 6.568 1.064 
Light R. Kidney Davis 1.860 1.180 
Sultan Pink Davis 2.460 0.700 
L.S.D. (11= 0.05)1 

Valid onl lor 	 tle cuiltivars grown in both locations. 

are limed and put under intense cultivation. Zinc deficiency has also been 
recognized as a major limiting factor in calcareous and saline alkaline soils of 
India, Pakistan and the Philippines. 

Responses to B, Mn, and Cu are less frequent. However, soil analyses show 
ialarge nuMlibers of cases where levels are below or near critical, and responses 
have heen observed in greenhouse experiments (Franca & Carvalho, 1970; 
1)e-Pollli et al., 1975: Lopes, 1980). 

The use o1' fritted trace elements (FiFE) containing one or several nutrients 
seems to be promisingfor humid and hot conditions (Franco, 1978). The long
term effects of I- IL containing all micronutrients are exemplified by a four
year field trial with pastures containing siratro, centrosema and stylo (De-
IPolli et al.. 1979). Siratro almost disappeared from the pasture without FTE, 
but alter lour years it still comprised 25% of the herbage when FTE were 
applied. 

Sulfur 

Stlfur deficiency in legumes reduces protein content and protein quality 
(Andrew, 1978; Robson, 1978). Reduction of yield and indirectly of N2 
fixition has been mostly attributed to inhibition of protein synthesis, effects 
oi nodulation being mainly indirect (Robson. 1978). We know of no studies 
on S ntLurition of Rthizobin. 
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R quil'rCInt anid crop reIoval o fS resernh le those of P,and both nutrients 

occur miostly as ox\'anions. but there is a long list of dissimilarities (Barrow, 
1978. lox. 1978). I hits: 

most rocks than 1;Stllur is evel lower in 

Inputs of S from water andl air are inpoitallt 

IHUMUS is the Most imp1l1ortant S reserve in most soils; 

Signilicant loss is causcd hy hurning and leaching: and 
Rettentioin by adsorption is significant for sulfate only in some heavily 

\sCthcCd soil.s,. arid Cee then. riarel makes S inavailahle. 

Silltir dcl icicuicy assocites %ith riilall high enough to cause strong 

leaiching hil iot i tllicicnlt to lead to tile Cvelopnelint of high capacity to 

retain sillate. ()lic factors Conducive to S decfieicv include remoteness 

Iroilntiitlrsirial aMid oCenilic inputs to the atillosplhere. high crop yield and 

iar\St. amid (tlieplaccilclt of superplhosplhate arid amioniurn sulfate by 

hiologicil N.\at o ) bit low S (larrow,oXillir Icrili/crs with high N and 
197N; Iox. 19J7N). 

I hres coniideriliils and field trill datil IBruce & Bruce, 1972; Fox & 

Kanig. 19771 lltdcMCi . is incipienit in nich of the hunid andthat dcLicicncv 

hinbliurrid iOipicS; rCil ilaippCa;r is incre'ased harvest or protein luality 

cusile.' iciiio\ils to C.\cctl tilt odest iinpllts Iroil ltllospheIC.'ric ind humuII!.lS 

.,ofices. 
() 11 Inllacrlotitriec'l eliciccsS,.-should lorilall 'he tie cheapest to 

corlect. Initial aipplicaiions riced riot he large. and maintenance rates are 

siilillto oi less than those Ior P (1) to 50 kg ha per year, depending on 
is atlunldalnt and Well 

distlrihlicd. 
ield. IC.Icthiig aiid slNihilit of the fertili/er). ( i)pstilr 

P'ot.ssiit dl icietlcv does iiot sceint to directly affect N concentration in the 

leguiniio ,s plaint IAldrcw. 1970). hit it cart seriously inhibit N, fixation by 

redulcilng giostli. liis ,ilso i iupoltarit in the persistence tofleIglmes ilnmixed 
,s;ards \ihltligrasss that aie coupetitise for K uptake flirvan. t' al.,1971; 

,ci.ssuier & (lrk.. 19771. I lic are fc\w response data for K in legumes in the 

lopics. -oll si datlilaC arn he illislcaldigz lor ;oils with verlniculite, illite, or 

priliir inlur'rils Itaht slowly release K orI selcti\clv adsorb it IMiessncr & 

( luike. 1977: Kciniilcu. 191). Ilowevcr. illtisols and ()xisols lack such K 

soriices, atld sil tests or e\chigcalc K seem to indicac K availability 
realsoiribls ssel. 

1\I i)reset. K tIOCs trot seeri Io he a iiioi limiting factor Ior legumie 

plodiictioUn illItli lopics (Anlldrew. 197: Sinchc/. 1976: Iranco, 1977), bill 

otlollv declops \ith 

iclds oseIr I Andrew. 1979; Ker itler, 1910). 
its dclicicie mli intensive cropping arid with ih."crased 

[ii haSlas& . 

Ii is ob\ is I ronrilltre iaterial presented here that soil hlic'ltrs will he an 

ilipotit coll taiili to lcgullic yield :uld dev,:hlprnenlt iii the tcopics. and will 

http:humuII!.lS
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have trenIendous direct and indirect intluence on N-fixation research. Many 
research areas still require attention, perhaps the principal one being the
 
development of cultivars with improved acid soil tolerance and lowered P
 
req nireletis.
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EFFECTS OF INOCULATION, NITROGEN FERTILIZER, 
SALINITY, AND WATER STRESS ON SYMBIOTIC N2 
FIXATION BY VICIA FABA AND PHASEOLUS VULGARIS 

A.S. Abdel-Ghaffar, H.A. El-Attar, M.H. EI-Halfawi, and 
A.A. Abdel Salam i 

Sumnmary 
This study reports the effects of inoculation, salinity, water stress 

and nitrogen (N) fertilization on .N fixation by faba beans and 
beans. Inoculation cf faba beans increased nodulation and 
nitrogenase activity, while addition of N fertilizer (180 kg N/ha) 
suppressed nodulation and N-,fixation but increased yields. Saline 
conditions also depressed nodulation and N, fixation and 
decreased crop yield in the absence of fertilizer N. Water stress 
inhibited nitrogenase activity in faba beans, but had no marked 
effect on nodulation. 

Inoculation of P. vulgaris markedly enhanced nodulation and 
N- fixation, plant dry weight, N cc,ntent and final yield. The 
granular inoculun had a better effect than eiLer the powder form 
or liquid culture. Application of N fertilizer (100 kg N/ha)reduced 
nodulation and depressed nitrogenase activity but resulted in yields 
less than those obtained through inoculation. Salinity and water 
stress inhibited nodulation, depressed nitrogenase activity, and 
decreased the yield of bean plants. Maximum N-2 fixation and yield 
were obtained when plants were irrigated every 7-12 days. 

INTRODUCTION 

Environmental factors such as soil moisture stress (McKee, 1961; El Nadi, 
Brouwer & Locher, 1969; Hamdi, 1971; Sprent, 1971; 1976), salinity 
(lbrahim, Kamel & Khader, 1970; Wilson, 1970), and availability of 
combined N (McEwen, 1970; Candlish & Clark, 1975; Gibson, 1976; Hamdi, 

)ept. ol Soil and Water Science, Faculty of Agriculture, Univ. of Alexandria, Alexandria, 
Egypt. 
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1976; l)ean & Clark, 1977; Richards & Soper, 1979) can affect tle nodulation 

and nitrogen (N,) lixation of grain legumes. 

Nodul Lion of Phavohus vu/garis under igyptian field conditions is scarce 

but taba beans ( 'icia ihba) are usually well nodulated even(Ilandi, 1970), 
without intoculation. I lie yield of both crops can be affected by salinity and by 

ilrequent irrigation that causes water stress. Fhe experiments reported in this 

paper test (he effcots of inoculation, salir.ity, and water stress, in the presence 

and aI.,encc Of added N fertilizer, onisymbiotic N, fixation by Viciafiha and 

IPIaseolUs r'riaris. 

MATI'IRIAIS ANI) METIOI)S 

I-icld and pot experinients were conducted at the Farm of Alexandria 

University, Alexandl ria and Sakha Ixperimental Station, Kafr El-Sheikh, 

using I'h'ta.lda I'haseolus vugaris '(iza 3'. In pot experiments'(ia 3' and 

seeds were planted in eartlifi'warc pots containing 7 kg soil and were given 

watcr as needed. In field experiments, plot dimensiorns were 7 x 6 m; each plot 

c,)ntaincd It) ro's, 0 cii apart and only plants froim tile center rows were 

used forl subscqtnerlr anllyses. All plots received superphosphate applied at 

locally icoinMeiICded ra tes. and wcre replicated at least five times. 

In all Cxlperirrcnts inoctulants were added to the soil or seed a' planting. 

L.taCl and imported (Nitragin Co.. NMilwaukec. WI USA) inoculants were 

used. Plants were sampled for nodnlatiorn and N, (CII )fixation at several 

stages in tile growthi cycle. C 11,assays followed tile method of l)art, Day & 

I larris (19721 aiild used a Varian model 1400 gas chroinatograph with 

hydrogcn IHlme ini/at ion detector. Specific treatments evaluated three 

facto(rs. 

.uahni r [Ilct ol salinity was 	studied (only in pot experiments. In one 

with NaCl and CaCl (1:1 by vt) beforeexperiment. the soil was sa linicd 

IOttilrg. Il a secodll experiment. the plants were irrigated with water salinized 

with the salnisalt mixture Ihe electrical conductivity (FC)of' the salinity 

l0C ls tcstcd was 2. 5,7.5. and 10I mnhos cm. 

s ot 	 ivated I'aba beans were evaluatedIt a, trAs: I'.tlectwater stress on cuIlt 

by cormparing ptants irrigated when 25, ior 75( of the available soil moisture 

hud bccn deplcted. Inthe experiment with beans, plants were irrigated every 7, 

12, 17, or 22 days durilng the growing season. 

A\ /liertttzain : IFicld as well as pot experiments were carried out with and 

%iitthul N lertilier. In lie pot experiments, N fertili/er was added before 

seeding. while in the field experiments. N was applied before the first 

I he form and dose used are indicated in the results.irrigatiion alter sowing. 
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RESULTS AND DISCUSSION 

Vicia fhha 

Table I shows the response of faba beans to inoculation and N fertili
zation. As indicated earlier, nodulation was abundant, even in uninoculated 
plots. Even 	 so, inoculation in the absence of combined N enhanced N, 
(C2112 ) fixation and improved dry matter production and yield. As to be 
expected, N fertilization reduced nodule number pe! plant and N2 (C 2 1H1) 
fixation. Maximum dry matter production was achieved in N fertilized plots, 
but grain yields in inoculated and +N treatments were not significantly 
different. 

TABLE 1: 	 Effect of inoculation and N fertilizer' on nodulation, acetylene 
reduction and yield of a faba bean pot experiment (planted Nov. 6, 
1979). 

Uninoculated Inoculated 

N o Ni No N, 

Nodules/plant 2 	 126 10 382 132 
1mol C2 ll 4 /g dry nod. per h 19 82 113 97 
umol C2 114 /plant per I 	 0.81 7.14 12.79 4.61 
Yield of dry matter (g/plant 3 ) 11.21 12.85 14.12 16.37 
Seed yield (g/plant) 	 3.53 4.15 4.63 4.45 

N 180 kg N/ha as animonium nitrate. 

Age of plants: 	 70 d'., 
3 

Age of plants: 	 120 days 

'Ihe cliect of soil salinity on nodulation and N, fixation in Viciafaba is 
shown in lable 2. In this experiment faba beans proved very susceptible to 
salinization with yields reduced almost 1314, by the use of irrigation water with 
an C of only 2 m mhos/cm. While the nodulation and N (C, H ) fixation of 
inoculated. but not N fertilized, plants of 1.faha were also highly sensitive to 
salt. plants that had also been N fertilized showed enhanced nodulation and 
total N2 (C,11,) fixing activity at the 5 mmbo/cm level of salinization. 

Ihough reducing the frequency of irrigation reduced the N, (CH 
fixation of la ba bean from 19 to only 6/umol C2 114 produed/plant per hour, 
this difference was not reflected in yields. Nodule number was also little 
affected t)y irrigation frequency. 
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TABLE 2: Effect of salinity and N fertilizer I on nodulation, acetylene reduc

tion and yield and N content of a faba bean pot experiment 
(planted Nov. 6, 1979). 

EC of irrigation water, mmhos,'cin 

0 2 5 7.5 10 

IC of soil extract at harvest 

1.5 8.8 15.5 21.0 26.0 

Nodules/plant 2 No 382 97 79 17 4 
102 51132 274 321 

11nol C2 114 /g dry No 113 171 120 6 3 

nodules per l N1 97 184 193 96 37 
1111ol C2 114/ No 12.8 7.2 7.6 0.4 0.9 

plant per h N, 4.6 21.3 28.5 17.6 2.6 

Yield 3: Dry matter No 14.12 12.72 11.56 8.03 3.05 
(g/plant) N1 16.37 14.18 11.14 7.77 3.99 
Seeds No 4.63 4.02 3.35 1.85 0.25 
(g/plant) N1 4.45 4.21 3.62 1.67 0.33 

N 1 

Nj: 180 kg N/ha as ailnl niuln nitrate. 

2 
Age: 70 days. 

3 
Age: 120 days. 

IPhaseohus vulgaris 

I he response of Ihaseolus vtulgaris to inoculation is shown in Table 3). In 

this case uninoculated control plants bore no nodules and gave very low dry 

matter production. While the rates of N, (C I) fixation cited are low in 

comparison with nodule number and dry weight, there was a very clear dry 

niatter increase with inoculation, granular inoculation being most effective. 

Saline conditions depressed the nodulation, N- fixation, and yield of bean 

pllts (see l able 4), with N yield reduced more than 50% when the soil salinity 

was inclCrascd fromii two to five mmihos/cin. 

Iliects ol irrigation interval on parameters of nodulation, N2 (C 2H 2) 

fixalion and yield in P. vulgaris are shown in [able 5. 

(Icnerally. nodulation and nitrogenase activity, as well as seed yields of 

beans decreased as the time intervals between irrigations increased. Although 

N fertili/er increased seed yield in this experiment, it depressed nodulation 
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TABLE 3: 	 Effect of type of inoculum on nodulation and acetylene reduction 
by beans (P. vulgaris) in a field experiment (planted April 18, 1980, 
sampled after 48 days). 

1 
Inoculum type

Liquid Powder Granular Control 

Nodules/plant 72 49 146 0 
Nodule dry wt (mg/plant) 61 43 106 

AImol C2 li 4 /g dry nod per h 6.2 18.1 20.6 
,umol C2 - 4 /plant per h 0.37 0.61 1.94 -
Dry matter (g/plant) 2 25.47 34.59 37.16 6.67. -

The liquid culture was supplied by the Microbiology Research Dept., Agricultural Research 
('enter, Cairo, Egypt; the powder and grantlar inoculants by the Nitragin Company, 
Milwaukee, WI, USA. 

2 
Age of plants: 	 82 days. 

TABLE 4. 	 Effect of salinity and N fertilizer t on nodulation, acetylene reduc
tion, yield and N content of beans (P. vulgaris) in a pot experiment 
(planted May 10, 1970). 

Soil salinity, 	mmhos/cm 

2.0 5.0 7.5 10.0 

Nodules/plant 2 	
25 15 6 3No 

N1 21 15 3 3 
.,umol C2 H4 /g dry wt nod per I No 16.9 - 14.9 7.7 

N1 15.8 5.2 1.6 
,Umol C2 l14/plant per h No 350 350 63 40 

N1 290 60 4 2
 
Yield: Dry matter (g/plant) 3 No 3.02 1.26 0.74 0.48
 

N1 3.09 1.11 0.64 0.52 
N (mg/plant) No 57.70 24.70 13.80 6.50 

N1 64.90 21.50 11.20 8.20 

NI: 100 kg N/ha as amonioniumi stlphate. 
2 

Using plants 30 days old. 
3
At 60 days. 



158 

5: .ff'ects of water stress and N 'ertilizer1 on nodulation, acttylene'FABLE 
reduction and yield of' beans ('. vulgaris) in field experiments 

(planted May 4 and harvested August 5, 1980). Plants sampled at 

the age of 60 days. 

Period between irrigation (days) 2 

7 12 17 22 

Nodules/plant No 	 70 107 31 14 
62 50 13 14N1 
10 35 2 1N2 

uMO CI'24/g dry wt No 	 41 37 10 0.611
nodule per I N1 17 40 2 0.6 

1 2 1 0.3N2 

umol (' 114/plant per Ih N o 2334 5635 368 41 

400 5480 12 4
N1 
218 475 3 4N2 

Seed yield (g/plat) No 6.39 6.58 6.15 5.62 
9.42 8.84 6.99 5.19N1 

N, 9.16 9.00 8.44 7.95 

N1: 70 kg N/ha. N2; 140 kg N/hlu. 
2 
Nutnher 'irrraliluns 9, 0.4 aind 3, resnectively. 

and N, (.iI, fixation in all irrigation treatments. Maximum nitrogenase 

acti Itv was attained whell [e)an plants were irrigated every 12 days while 

highest vield %%as ohtained with irrigation every 7 days. Sprent (1976) stated 

that %%ater,trss as well as wvaterlogging reduced nod tle o in ber and size and 

dellressed N, fixation in I'. v'ldgaris. 

In thlese c.\pcriIni ts P).vldgaris clearly benefited from inoculation, with 

dtr, Illiltter productiol in iloctllted treatments often as good as. and 
L./'la wassollietlles superior to. plots receiving coinhined N. By contrast 

CX.tclisi\clv iOdlIMCd by nativc soil rhi/ohia. Ihe indications are that many 

ott lics wer eeletllcctive. ItN, fixation in these two species is to he maximized, 

caretlul tteIntIonv ill also need to he paid to irrigation procedttres and 

salil/,ation effects. aieas of research too little studied until tI ;time. 

R I ! N (EES 

I,h. I ,k (lit K.V M'aiit Sc'i.( ,ii t]lI Ik. 19 75)('ant..J. 55. 89-9 3. 
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INFLUENCE OF MOLYBDENUM ON NITROGEN FIXATION 
BY WHITE CLOVER IN THE BOGOTA SAVANNA 

A. Lozano de Yunda and N. Mora de Gonzdlez' 

.Sumnnar v' 
In a glasshouse experiment with white clover, two soils from the 

Bogota savanna responded dif. rently to the application of 
niolybdenuin (Mo). With soil from the libaitatfi series, application 
of 250 g ha of amnnonitmn Inolybdate to the soil "ncreased the yield 
and nitrogen content of white clover by 231 i. and raised nitrogenase 
activity 32, .but the changes were not statistically significa:t. By 
contrast. soil from the [echo series responded strongly to Mo 
application with 750 g hiainoniumn niolybdate applied giving the 
hest results. 

INTRODUCTION 

Production of dairy cattle on the Bogota savanna (altitude 2600 m above 
sea level, average temperature 43 C, and average annual rainfall, 941 mm) has 
in recent years, moved toward legume-based pastures, with white clover 
(Trifoliutn repens L.) and Pennisetum clandestinunl emphasized. (Carrera, 
Pichott & Alexander, 1968). Good responses to inoculation have been 
obtained, especially when basal applications of phosphorus (P), potassium 
(K). a;d boron (B) were applied ((ionzalez & De Rozo, 1979; Lozano de 
Yunda. 198 1.[he objectives of the present study were: 

Iodetermine the response to molybdenum (Mo) of white clover grown 
in these soils;
 

lo compare methods of application of Mo; and
 
To determine the interaction of lime and Mo.
 

)epto. ticQuimca. timiversidad Naciom l,tico(lombia, Ciudad Universitaria, Ilogoti, 
(Colomiahl1. 
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MATERIALS AND METHODS 

The libaitatui and I,!cho soil series were chosen for this study. Salient 
properties of each are shown in Fahle 1.[he Iibaitati soil was tested both 
unanlended and limed to pli- 6.0 by the addition of 2 tons/ ha of calciurn 
carbonate. [he soil received applications of 200-301) kg P2Osiha as 
Ca(11"21O4)3; 50 kg K,)ha as K2SO4: and 1-2 kg 13/ha as HI B(). 

The experiments were undertaken in the glasshouse using plastic pots 
containing I kg soil. Fifteen seeds: pot were planted, then inoculated with a 
liqIu id culture (I 5 x It) 7 cells till) of' Rhizohium trifdii strain CIAlF 65. 

.-or tie IibaitatAi study three methods Ifor theapplication of Mo were used, 
and within each, lour different rates of application adopted. lreatments were: 

Amrmonium molyhdate at 0,250,500 and 750 g ha applied to the soil 
at planting; 

A1mmon6un irolybdate applied in the inoctilant at rates equivalent to 
1
0,1.5, 2.5 and 3.5 Ing :and 

Sodiuminnolybdate applied to the foliage as solutions of 0. 0. I, 0. 15 
and 0.20(' Mo at 7, 9, and II weeks after planting. 

For the I echo studv. foliar fertiliiatioi with Mo was not attempted; the 
other treatments rei.ained ilie same. 

Plants were ha rvested 90 davs after planting and dry matter D I). nitrogen 
(N) content, and parameters of N, fixation determined from 5 plants pot. 
Nitrogenase activity was determined oil roots and noduiles using the acetylene 
reduction technique and a Ilewlett Packard gas chromatograph with a 
hydrogen flame ioni.'ation detector. 

TABI E I : Physico-chemical properties of 'i..;itat6i and Techo soils. 

Property Soil series 

Tibaitatdi Techo 

pli(1:1 in water) 5.5 5.9 
N ( ) 0.47 0.13 
Organic matter ( j) 7.9 1.5 
Texture Loam Clay loan 
Available Mo (ppm) 1 0.54 0.66 

1tsing aimonium oxalate extractant at Ill3.3. 



TABLE 2: Effect of molybdenum application on growth and N2 fixation by white clover in Tibaitatd soil. 

Molybdenum treatment 

Control 
Soil applied, 250 g/ha 
Soil applied, 500 g/ha 
Soil applied, 750 g/ha 
Inoculant applied 1.5 mg/1 
Inoculant applied 2.5 mg/i 
Inoculant applied 3.5 mg/I 
Foliar applied, 0.1 soln. 
Foliar applied, 0.15 Q soln. 
Foliar applied, 0.20 soln. 

Without lime With lime 

Yield N n mol C2 1- 4 /  Yield N n mol C 2 H4 / 
(mg/pl) (mg/pl) plant - 1i (mg/pl) (mg/pl) plant - 1 

324 i 1.1 214 422 15.1 100 
400 13.7 283 391 13.6 234 
287 9.7 82 145 5.9 54 
270 9.5 160 254 10.3 94 
311 10.2 115 187 6.8 62 
148 6.1 60 271 9.6 40 
335 11.0 78 358 12.0 46 
292 10.3 179 274 7.7 17 
300 10.2 70 372 14.6 36 
247 9.4 35 244 9.1 57 
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RESULTS 	AND DISCUSSION 

Application 	of vlo to the [ibaitatA soil at the rate of 250 g ammonium 
molybdate/ ha enhanced the yield and N content of tissues 23%, and increased 
N, (ClI,) 	 fixation by 32%. However, neither of these increases proved 
statistically significant (see Fable 2). Higher levels of application had negative 
effects on yield and N- fixation, and the -.)ther methods for the application of 
Mo were without effect. Lime, in the treatment without Mo, produced a 
nonsignificant yield increase of 30%V, and increased the N content of tissues 
36%, but nitrogenasc activity declined. 

[he applicaion of Mo to [echo soil resulted in a significant itcrease in 
yield and in the N content of tissues (see Table 3). Highest yields werc obtained 
with the add'tion of 750 g/ ha of ainmonium molybdate to the soil. Similar 
yields were obtained by applying 2.5 mug/ I of ammonium molybdate in the 
inoculant. 

TABLE 3: 	 Effect of molybdenum application on growth and N2 fixation by 
white clover in Techo soil. 

Molybdenum Yield N n mol C2 H 4/ 
treatment (mg/pl) (ng/pl) plant, hr 

Soil applied, 
250 g/ha 202 b' 6.1 c 122 a 

';oil applied, 
500 g/ha 262 ab 9.6 b 120 a 

Soil applied, 
750 g/ha 341 a 13.8 a 211 a 

Inoc. applied, 
'.5mg/I 307 a 9.2 ab 92 a 

Inoc. applied, 
2.5 mg/i 322 a 11.0 a 	 153 a 

Inoc. applied, 
3.5 mg/I 268 a 8.1 b 	 74 a 

The variance i:alyses for each method of application were made independt'tly. For each 
method of application means followed by the same letter are not significantly different. 
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NITROGEN AND PHOSPHORUS REQUIREMENTS FOR THE 
GROWTH AND NODULAI[ION OF CA JANUS CA JAN IN 
PANAMANIAN SOILS 

B.C. Hernindez', J.M. Mendez-Layl and D.D. Focht 2 

Summnar ; 
Chemiical analysis and missing element trials with Sorghum 

vulgare I.. showed that three Panananian soils, representative of 
three great soil groups. were deficient in both nitrogen (N) and 
phosphorus 11P). When agreenhouse trial was undertaken to test the 
response oi ('a/anlut ca/an It) rhitobial inoculation. N and P 
lertili/ation in these soils, no response was obtained in either the 
Rio Hatt. or Los Santos soils. [here was a definite response to P 
and a slight respomse to inoculation in the P1acora soil, which had 
tie,- poorest lertilty Ic el. N applications depressed nodulation. The 
lack of response of Cajanus ca/an to P in the Rio Hato soil was 
attributed to the high incidence (55, () of VA tnycorrhizal infection. 
Inoculation ol ( jan s cajal with both Rhizohiumn and Glomus 
tray be important in low-fertility soils. 

INTRODUCTON 

Inoculation trials with tropical legumes can give extremely variable results, 
in part because many of the legutnes used are symbiotically promiscuous and 
so will nodulate with nati' e soil rhizobia (Norris, 1972a; 1972b), but also 
because elements other than nitrogen (N) can limit plant growth. Phosphorus 
(P) is Irequently a problem in tropical soils, especially latosols. and has been 
reported to be more limiting than N for tropical legumes (Loneragan, 1972). 
Solubie P) is highly variable in tropical soils; moreover, the soluble P 
concentration for maximum yield varies between crops (Fox, 1973). S 
deficiency isalso recognized as a problem in some tropical soils (Bolle-Jones, 
1964). No general rule can be made regarding micronutrient deficiencies. 

Lscuelh tit: liologia andiIsceela tic Agronomia. Univcrsidiid de l'anaimi. Republic of 
a'analma , Jespccis ely.

e)eptof Soil and Environlm ntal Sciences, Univ. of C'alifornia. Riverside. CA 9 2,1, USA.
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The present study was undertaken to establish the limiting nutrients in 

Panamanian soils that could affect the response of Cajanus cajan to 

Rhizobiwni inoculation. 

MATERIALS AND METHODS 

I he three soils studied represent great soil groups important in Pananma. 

Their physical and chemical properties arc detailed in Table 1.All soils were 

initially screened for response to N, P. S,Ca, Mg, B, Zn, Fe, K, Cu, Mn, and 
Mo in replicated missing-element trials with Sorghum vtulgare L. Control pots 

received no fertilization, while the complete plots received all 12 elements. 

After 3( days, plants were topped, dried and weighed. The same three soils 

were used to assess the effects of N and 1)addition on response to inoculation 

in pigeonpea (Waianusca/an). In this study, elements other than N and P, 

shown to be deficient in the missing-element trial, were added at a single 

prescribed rate as appropriate to the different soils. Since the Rio Hato soil 

resr, nded only to N and P. it received no supplemental fertilizer. Given the 

differences in 1) fixation for the three soils, each received different levels of P: 

Rio H-ato: 0,50, 100 and 230 ppm P. 
Los Santos: 0. 35, 70 and 140 ppm P. 
lPacora. 0, 100, 200 and 300 ppm P. 

Ihirty ppm N was used in the +N treatments; the inoculant for Cajanuscajan 

was provided by ,I.C. Burton. 
After 50 days plants were topped, the roots washed free of soil, the nodules 

excised; then plants and nodules were dried and weighed. 
Mycorrhiial infection of pigeonpeas in the Rio Hato soil was also 

determined. tFifty root sections/ plant were stained with trypan blue and 
examined microscopically for infectivity as recommended by Daft & 
Nicholson (1969). 

RESUILTS AND i)ISCUJSSION 

Yield responses of .'.-rgtum vugare in the missing-element trial are shown 
in lable 2. All three soils responded strikingly to nutrient additions, with N 

and P'responses found in all three soils. Even with complete fertilization, the 

t'acora soil gave only moderate yields. [here was a direct correlation between 
0.64, r2=0.99)organic matter content of the soils and their control (y =0.49 x 

and complete (y= 1.14 x + 1.20, r2 =0.97) yields. 
Surprisingly there was no response to either inoculation or P in the Los 

Santos and Rio 1-lato soils. This may have been due to the presence of both 
native rhizobia effective for Cajanusand endotrophic mycorrhi7a. In the Rio 

Ilato soil the percent infection-.ith endotrophic mycorrhiza ranged from 62% 
at 50 ppm P to 46% with 200 ppm 1). 



TABLE I: Characteristics of soils. Pacora (Oxisol), Los Santos (Mollisol), Rfo Hato (Oxisol). 

Soil Depth Texture pH P K Ca Mg Al O.M Mn Fe Zn Cu 
S-Si- C 
(Zl ) (ppm) (meq/100 g) ( %) (ppm) 

Pacora 6" 36-14-50 5.5 Tr 45 0.5 0.05 5.3 1.45 2.0 9.0 - Tr 

Los Santos 6" 32-16-52 7.15 13.6 1000 12.0 5.75 0.11 5.46 92.0 18.0 - 2.0 

Rio Hato 6" 62-16-22 6.5 12 85 35.0 0.74 0.2 2.46 41.0 29.0 - Tr 
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TABLE 2: Yield r sponse (mg dry weight/pot) of Sorghumtvulgare L. 

Soil Complete Control lighest 2 Missing-clement response 3 

response 
level 

Los Santos 7.31 a 1 2.40 c 5.75 Zn, 13, Mo, Fe, N, Mn, Cu, S, P 

Rio llato 4.54 1 0.72 d 1.83 N, P 

Pacora 2.31 c 0.06 e 0.74 Ca, S, Mg, N, P 

Imleas si aring the sa e letter are iiot significantly diltercit at I' < 0.05.
 
2H1ighest yield that was signil-iwatly diffterit (P <-.0.05) than the complete treatnmcnL
 
31.isted in respelctive order from lt'It to righit as yield r llos,,,,as greater.
 

On tl l.acora soil 'here was a strong response in dry matter production 

and noduite dry weight to P application, a substantial response to applied N, 

but little rcsponse to inoculation (see Figures I and 2). We assume that native 
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Figure 2. 
Nodule ma.ss of pigeonpea in 0 
response to 1)additions to the 0 1o 200 300 

Palcora soil. I' cd 1-iI )I'n) 

soil rhizobia were competing for nodule sites with the added rhizobia, and by 
this competition limiting the capacity for N, fixation of the host. Certainly, 
plants receiving N fertilizer performed better than those that were only 
inoculated. 
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IHE LEGUME/ ?HIZOBIUM ASSOCIATION AS AFFECTED 
BY HIGH ROOT JEMPEIRATURE 

F. Mun~var' and A.G. Wollum JJ2 

Selection of R/Iizohiu,, strains and plant genotypes was studied 
as a 1ealls to alleviate the effects ol high temperature stress on the 
Rhi-oio/,nu leguime svnhiosis. 'urt culture studies. in which 42 
strains japununi grown inliquid nedil aillttitol //i:hj/ii wc 19 
dillerent tempelattnres (27.4 to 54.1 U). indicatd that strains of 
this species dillte intheir tolerance otincreasing temperature. I'he 
elect ofl ligh rootl tcilperature onllthe nodnlation. nitrogen (Ni) 
ixatiOIl nd dI unllcrn lfp+ttlCtitll an phlnts inocllatcd 

\%itli dillcrent strains t1om the pure ctllttre sttdy was examined in 
the greenlhouse. Iclpermtirc etlects on the symbiotic response 
\%ere d.LCiitll Oln tile rhi/ohial Stralin id were related to the 
response ot tile strtins to temperature in pure culture. Screening of 
rhi/ohiail stl.tills could, thcrCOLC. help to identify strains that are 
tolerntllof high t lclilperatill tld. tlus, hotterahieto shlbiose with 
h.'gtjncs irlemltrtpilt I illcrences in high temperaturecatlconditionis. 
tolerance crc alsol tind ;nong soybean cultivars and 1na be "111 
,iltm-mie means tio iecoille high soil tellperattire stress. 

INTRODUcTION 

'lencrattilre is one of the major environmental factors influencing the 
legtumeI t association 1971). Both low and highRhizo/imn (Gibson, 
temperatures are detrimental to the symbiotic system and to the sylnbionts 
grown independently (Gibson, 1977; Parker, [rinick & Chatel, 1977). In 
tropical areas, high temperatures will constitute a limitation under many 
circuiMsttnccs, whereas low temperatures may be limiting only at very high 
elevations. Although high temperatures affect the response of both the roots 

i'toguilllci de siclos. hillluito ( oiohllhinllo .\gopectlario iW A) A.A. 151123. IHogotui. 

Dept of Soil Science. Nlit C'arolina State Utniv.. Raleigh. NC 27650, USA. 
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and tile shoots, it has been suggested that root temperatures are more critical 

for the symbiosis than shoot temperatures (Gibson, 1976; Possingham, Moye 

& Anderson, 1964). For these reasons this paper e'mphasizes the effects of 

high root temperature. 
Both tropical and temperate soils may reach temperatures detrimental to 

rhizobial survival (Bowen & Kennedy, 1959) and the legume; Rhizohium 

symbiosis ((ibson, 1977). Among the processes affected by high soil 

temperature are: 

I he survival in soil of essentially all the Rhizohiwn species (Marshall, 

1964; Parker et al., 1977; Vincent. 1977); 

Root hair formation in Pisun .sativtvin( :rings, 1976), Ihaseohusspp. 

(Lic. 1974), and Tr(Wlitim spp. (Kumarasinghe & Nutman, 

1979); 

Binding of the Rhizohiwn to root cells of isum saaivilm (Frings, 

1976); 

1he lormat ion of inflection threads in Lotus corniculatus(Rao, 1977a), 

Trilicam subterraneum (Pankhurst & Gibson, 1973) and 

Iism sativu/n (Frings, 1976); 

Nodule initiation and growth in G/'vcine max (l)art et al., 1975; 

M untvar & Wollum. 1981 ). Sty osanthes and Lotus spp. (Rao, 

1977a). I'isum sativilin (Roponen. Valle & Ettala, 1970), 

I'haseols v/garis (Roponen et al., 1970; Small et al., 1968), 

and Tribliliunm subterranetum (Pank hurst & Gibson. 1973); 

leghem oglobin content in rifliutn su terrant'm (Gibson. 1976), 

1 ig'a sinensis (Gibson, 1974) and Pistm sativum (tFrings, 

1976); and 

Nitroynase activity in (lih'c'in Magee & Burris, 1954;ma .(Aprison. 
Dart et a/. 1976: Mutnvar & Wollu.r 1981). Cier arietinum 

( I )art 'tal., 1970). Pisumn sativ'tnm ( L.ie. et al., 1976). Phaseohs 

vulgaris( Pankh urst & Sprent, 1976: Graham. 1979, Lotus spp. 

amd .St v.vanthe. spp. (Rao, 1977b), and MvAdicago sativa 

(Barta. 1978). 

As atCOilISetLltelCe of the eflects ot high root temperature on one or mo-e of 

the processes mentioned above, lower nitrogen (N) contents and b:omass 

production of the host plant have been found for a number of srecies, 

including lksmotliitt spp.. (ilycine nighiii,Macroptiliutm troptrpu'reutm, 

and Sitlosanthes hlnilis ((ibson. 1974). when grown at high root 

til pe rat ure. 
While the processes tuentione have different critical temperatures 

((iibsom. 1977). tile fact that all are affected by high root temperature suggests 

that the whole system is very susceptible and that ways must be found to 

alleviate tile ellects of high root tell perat tire. Among promising alternatives 

are lhe identilication of Rhiz:o itn strains and legume genotypes tolerant to 

high soil temperature ((ibson, 1971). 
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This paper presents soIIIe studies conducted with the objective of selecting 
Rhizo/ium .J)ljnicum strains and GlYcine max genotypes tolerant of high 
root tempera t uire. 

MATERIALS AND METHODS 

Pure culture studies 

Ihe tolerance of 42 strains of R. .aponicum to high temperature was 
evaluated in pu-e culture. Ihe strains were isolated from nodu!es of so oean 
plants grown in diflerent locations ofthe United States, Brazil, Malaysia, and 
Japan (NI Li 6var, 1981 ). L.iq uid cult ures of rhizobia grown on H E PES-M ES
glucotate II Nl(i) broth ( pchurch & ElIkan, 1977) were incubated for 96 
hotiis at 1) different temper, tures ranging from 27.4 to 54. 1C. The 
tern perati re treatments were imposed using a "Poly- [em p" apparatus, with 
bacterial growtl ,monitored by ineasurinug the optica! deosity (01)) of the 

0t) At the werecultures at un111. the end of incubation period Cultures 
trallslcired to an incubator maintained at 28'C, and their ability to grow after 
remio\ il olfile temperature treatments was determined. A thacterial culture 
s'.as considered to have survived tile temperature treatment when its OD 
increased at am lime during a six-day period following the removal from the 
l'olv- I Ct1ip apparatts. I lic naximunt survival temperature (MST) of astrain 

tileas waslhi highest icmperature at which survival following heat treatment 
rccordcd. A detailed description of these procedures ispresented by Mundvar 
(1981).. 

Strain evaluation based oin the response of inoculated plants to high root 
temperat ure 

Io cstablish whethcr there was a relationship between the temperature 
rcsponse ocl strains in pure culture and their performance as symbionts, 13 
st aim s Iroill tile pire culture siId' were inocilated onto six-day-old soybean 
plants (cv. I.eC) grown in polyvinyl chloride pots containing vermn iculite and 
supplied N-free nutrient solution ( "lc(lire & Israel. 1979). Root temperature 
treatments crc iiiimposed y submerging inoculated pots in thermostatically 
controlled sater ba ths providing constant root temperature of 282; , 33', and 
38 - 0.5' (. (Uamititive observations of nitrogenmse activity (C 2l -, reduction), 
nodulation, biomnass and plant Ncontent were Iade at harvest time (34 days). 
I )Lir cxpe riillIC iiis ver e COndcteCl, iii which four strains were corpa red at a 
time. I roccdtircs are detailed elsewhere ( Munvar & Wollum , 1981). 

("_d'ivar evaluation 

Iwo experiments were conducted to study the influence of plant genotype 
o.1 Symbiotic response to high root temperature. [he cultivars used (Gasoy
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17, Bragg, Hutton, and Ranson) were inoculated either with strain USDA 
110 or 587. Plant culture conditions were as described in the previous section. 
Three root temperature treatments were factorially combined with the 
cultivar and strain treatments. 

RESULTS AND DISCUSSION 

Pure culture studies 

Strains differed markedly in response to temperature in pure culture, with 
four general responses identified among the different strain/ temperature 
combinations studied. For each strain there was a temperature range, within 
which OD increased continuously during the incubation period (Response A 
in Table I). The upper limit of this temperature range for each strain was 
designated the maximunm permissive temperature (M PT). Within the same 
range a specific temperature value gave the highest 01) for each strain at the 
end of the incubation period. Ihat value was considered as the optimum 
temperature (01) for growth of the particular organism. 

The other three growth responses shown in Table I are: 
An initial increase in the 01) of the cultures at certain temperatures 

followed bv a decrease in 01) with time: 
A cnMtinuous decrease in the OD throughout the course of the 

inc uhati on: 
No noticeable change in culture OD at high temperature. 

[he results presented in [able I show a diversity in strain growth response 
to temperature. Ihus, for the 42 strains tested, the ) F ranged from 27.4 to 
35.2 C, the N P F fron 29.8 to 38.0- C, and MST from 33.7 to 48.7 0 C. Strains 
587, 1Al. 102, NC 1005. [Al, 184, and NC 1033 appeared to be most tolerant 
of high tempcrittures, while the more susceptible straiin; included NC 1016, 
USDA 123, and 572. 

Relation between the response of strains to temperature in pure culture and 
as symbionts 

Ihe response of inoculated soybean plants to high root temperature varied 
with the R. jalpnician strain used as inoculant as indicated by a significant 
temperature x strain interaction (probability <0.05) for fresh weight of 
nodules per plant, and the total N content of the plants (see Table 2). That 
interaction was also significant for the specific nitrogenase activity (CH2 
reduction) of attached nodules and the dry weight of the plants (data not 
included). 

Strains 587 and I[AL 184 had higher O1, M PI. and MST. as determined in 
the pure culture studies, than strains USI)A 110and USDA 122(seeTable 1). 
Concomitantly, plants inoculated with the former two strains had higher 



TABLE 1: Response of Rhizobihn japonicum strains to high temperatures. 

Strain Temperature (0C) 
27.4 50.5 

to to 
29.8 31.1 32.5 33.7 35.2 36.7 38.0 39.1 40.5 42.3 43.7 45.5 47.2 48.7 54.1 

587 A A A A A* A A B/72 B/48 BA/48 B/48 B/48 B/48 B/48 B/48
TAL 102 A ', A A* A A AA B/48 B/24 B/24 B/24 B/24 B/24 B/24 C 
NC 1033 A A A A* A A BA/96 B/48 B/48 B/24 B/24 B/24 C C C 
NC 1005 A A A A A* A BA/96 B/48 B/48 C C C C C C 
NC 1029 A A* A A A A B/72 B/48 BA/48 B/24 B/24 B/24 B/24 C C 
USDA 110 A* A A k A A B/72 B/48 BL/24 B/24 B/24 C C C C 
TAL 184 A A A A* A A B/48 B/48 B/48 B/72 B/48 D D DA D 
TAL 183 A A* A A A A BA/24 B/24 B/48 B/24 B/24 C C C C 
USDA 122 A* A A A AA B/48 B/48 B/48 B/24 B/24 B/24 B/24 C C C 
NC 1016 A* A A A A B/24 BL/24 B/24 B/24 C C C C C C 
572 A* A A A B/96 B/72 B/24 B/24 C C C C C C C 
527 A* A A A B/96 BA/48 B/48 C C C C C C C C 
USDA 123 A* A A BA/48 B/24 B/24 B/24 B/24 C C C C C C C 
NC 1031 A B*/96 B/96 B/96 B/96 B/24 B/72 B/72 B/72 BA/24 B/48 B/48 B/48 D D 

1Letters indicate the responses as fcios: A = Continuous increase ir optical density during the 96 hours of incubation: B = Initial increase 
in optical density followed by a decrease (tie numbcr after the sl . indicates the time in hours when the decrease in optical density was first 
observed): C = continuous decrease in optical density: D = no detectable change in optical density withi time. * indicates the optimum 
temperature, and A indicates th, m.'aximum survival temperature. The highest tempeiature at which response A was observed for each strain. 
is tie naxinun pertnissive temperature. 
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TA BLE 2 	 E ffect of root temperaluire and Rhizohium strain on tilefresh weight 

of nodules and the total N content of soybean plants (adapted froni 

Muntvar & Wollum, 1 81 ). 

Strain NolUil'weight N content 

(mg/planl ( ig'pla nt) 

TempCrature (0 ()Temperal ore I0 C) 

28 33 38 28 33 38 

587 456.0 550.2 32.8 41.4 32.7 6.1 

IJSI)A 110 392.1 384.0 0.9 39.2 19.3 5.4 

USDA 122 44t).6 327.5 0.0 40.6 i 2.1 5.2 

TAL 184 394.4 728.8 39.8 37.6 49.4 5.1 

LSD .05: 	 , 145.3 S, X8.2, 1 x S, 1)0.0 T[.9.3: S, ns: T x S, 17.9 

t[.e'ilstL-1iltt.'Att *tll'it' At [110 H.K1A I0s.')t [pw1 ihilit tu) ct t ts'l[L' I.Itiit' 

iri t t rI 11,, tl 'lI1sjr Ievc .Ni,'i lr)(S), : % S 111C,ll,.. 1'.%s. li,: li t it 1hL0i.417 

I)itts ittsit0thitd the t tilt, a root 

teCtIIJCltrtir t 0 t 28 C'. 
nodtiLch e tg:lt', tlhittl v,tl kitter t'm, rtt at 

3. ( iSIte Ot the ,irttilar nodulC ,.,ieht otlitld 
.\ltti l i the N mIctutilt ltIlNt( did It diffr wOith sttaits itthe 28 (' toot 
tMitll-,crit t. tighCI N, o Clltt, CtC tt11d tor the plantts itloculated ,itlh587 

itllid I A ,3 ( t pl t Inocilated I.S! 11( nd-I; it thi it 	 itlt )A and 

itlo.ctliltetl ,1t1t:11r1u-toerant InodlCs 

a it1I0t tet.'tt.'ilttr Oft38 ( i.ertat at that temlierturc was 
122. l'il"tt wkith the 	 strains b1id 

attdtlatjhit 

,1il iost III , tCI the plltt \ r, ti ctl:tted s.,th itcat-,usceptiblc strains. 

Ih- lretllt[' iII I il c 2 lo ig \,itlt tho e ol o trur additionalpritc it.t't 

c,,%i tllltitctt i lu lt L!a total i 13 ,traitts (dtll a t ,hursi iil. stlegest a close 

aSNOii MIIti ht't\' [lte Ictitlic ol the strtlll . to high teutpl cratltre in pure 

c.ultur itil d tile r pti..,,O ol 1tito ttc'l pli ts Ito high root t.t11perlttirc. 

(t iltiti. l itilll,,.s, th-CJ:,,C itsedt t) Ltaittitati\cI\ the\ ser CStitate 

rclattittl tthlp rtV.I.ccI ttIIpc ,ittile Itrotilcs (tt the sttins illpuir culture and 

It.t r.1\ iiiiOtIC rttt) ttieCc lt lltereCn,. t root tttli ra1,itucs. No statisticlly 

stlilltlttit co wer fct\,C~cll ()I. NIP I, Mittd NIS I and anyrllilliotils Itotind 

plant arlllblc : l sc\cl. Iclaltitotll toundtt2", . ollitc:iit positi\c cm .Crc 

,cc I ble11c 

Result,, oII the co telatti tl ,tal\iS ittldicatc that tile abilit, of inoculated 

o\ ,ll plait It ) 1totilam] stistii nodule dc\,loptcttt, to fi\iand 

aicciitil:+ttc N. tid to) odetltc r\ mtter at high root temperature (33 C) is 

elated to tile abilit itll the R/tizo wtm strain a pplicd to gro w in pure eulttre lt 

it13 ( I,. 
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TABLE 3. 	 Correlation coefficients between variables measured in the pure 
culture studies (OT, MPT, and MST) ofRhizobium iaponicunm strains 
and variables measured for plants inoculated with the same strains 
and grown at a root temperature of 330 C. A otal of 45 observations 
is included. (Adapted from Mun~var & Wollum, 1981). 

Variables from the inoculated Variables from the pure culture 
plants studies 

OT MPT MST 

Nodule number/plant 0.333 0.436 nsl 
Fresh wt of nodules/plant 0.554 0.368 0.678 
Nitrogenase activity/plant 0.581 0.612 0.541 
Nitrogenase activity/g of nodules 0.450 0.546 ns 
N content of tops and roots 0.608 0.552 0.738 
Dry wt of tops and roots 0.544 0.446 0.553 

ins; lioignifica lat l the 5 7 level. All other co)rrelations were statistically significant 
(1' (.15). 

high temperatures. Inerefore, pure culture evaluation can be used as a 
preliminary screening procedure to identify strains that are tolerant of high 
temperature as potential symbionts for soybean. 

Cultivar differences 

Cultivars Bragg and (iasoy-17 responded somewhat differently to the root 
tempCr'ture treatments (see Fable 4). When strain USDA 110 was used as 
inoctUlant, the changes in nodule weight and plant N content were inversely 
pi oportional to root temperature for both cultivars. Nodule weight and plant 
N content also decreased with increasing temperature for cv. Bragg inoculated 
with strain 587. 1lowever higher nodule weights were obtained at 330 C than 
at 28 ('for cv. ( lasov- 17 in association with strain 587. For that association, 
to significant difference was observed in the N content of plants grown at a 
root temperature of 33 'C compared to those grown at 280C. 

A significant tenperature x cultivar interaction (probability<0.05) was 
found for the parameters included in Fable 4 as well as for the number of 
nodules and the dry weight of the plants (data not shown). In the second 
experiment in which cvs. Hutton and Ransom were compared, the 
temperature x cultivar inttcrtmin was significant for the number and weight 
of nodules, but not for the N content or the dry weight of the plants (data not 
shI,,own). 

http:probability<0.05


TABLE 4: 	 Effect of root temperature on the fresh weight of nodules and the 
N content of 'Bragg' and 'Gasoy-1?' soybean plants inoculated 
with the R. japonictn strains USDA 110 or 587. 

Temperature Strain USDA 110 	 Strain 587 

(0 C) 'Bragg' 'Gasoy-l 7' 'Bragg' 'Gasoy-1 7' 

Nodule fresh weight (mg/plant) 

28 701.5 566.7 781.2 728.3 
33 593.8 554.3 600.6 790.7 
37 0.0 0.0 0.0 3.4 

N content (mg/plant) 

28 62.4 41.4 47.5 41.9 
33 22.5 22.7 28.2 43.7 
37 7.2 8.0 6.6 8.4 

These results suggest that soybean genotypes could differ in their high root 

temperature tolerance and that selection of soybean cultivars with char
acteristics of tolerance to high root temperature in symbiotic association with 
R. japonicum could be a means to reduce high soil temperature stress. 
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MICROBIAL CONSTRAINTS TO LEGUME SYMBIOSIS 

C. Vidorl 

Summarr' 
Symbiotic nitrogen (N 2) fixation in the legume/Rhizobium 

association can be reduced markedly by antagonistic microbial 
interactions in the soil and rhizosphere. Besides their efficiency in 
N,2 fixation, Rhio/ium strains used in inoculants must be able to 
colpete actively with native Rhizobitm strains for nodule sites. 
Microbial intcractions that limit nodulation, N-, fixation, and 
Rhizohiuln survival are discussed in this paper. 

INTRODUCTION 

Ihe s;ymbiotic association between Rhizobium and legume can provide 
most ofthc nitrogen (N) required for the growth and productivity of the host 
plant. lio,'ver, for this to be true, the legume host must be efficiently 
nodulated by ;ts homologous Rhizohium. In some soils large populations of 
rhiohia that arL effective with the legume to be planted are already present,
and no inoculation is needed. More commonly, however, the natural 
poulation of Rhizo ';imin the soil will be small or the strains that are present
will be ineffective. Inoculation will then be necessary and must aim at the 
long-term establishment in the soil of an efficient strain of Rhizobium under 
conditions that permit it to form a high percentage of the nodules produced on 
the homologous host. Inoculant strains, therefore, must not only be ofproven
ability to fix N, with the appropriate host, but also must be capable of 
survival as saprophytes in soil and be able to compete with other rhizobia in 
the soil for nodulation sites. l-his paper examines some aspects of the survival 
and strain competition problems. 

tepl., (ic Solo. I R(iS and II'.(iRU. Secrctaria de Agricultura, Porto Alegre, Brazil. 
tholsitlaN '41.t (' 
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SURVIVAL OF RHIZOBIA IN SOIL 

Survival and establishment of an inoculant strain in soil is influenced by 

host, strain and soil factors. Nonbiotic soil factors are considered separately 

(see p. 133). There are situations where introduced strains easily colonize the 

soil, and conversely, where they do not even establish in the rhizosphere of the 

host. While numerous examples can be given, the factors involved in strain 

survival in soil remain unclear. 
The survival of strains of R. phaseoli in Brazilian soils of different pH is 

reported elsewhere in this volume (see Vidor, Lovato & Miller, p. 201 ). While 

the effect of pH wits evident, especially in the Erechim soil, Rhizobiurn 

survival in all soils was excellent until 63 days after incubation. 
Bohlool & Schmidt (1973) studied the persistence of the R. japonicum 

110 in clarion silt loam. At an initial population of 2.2. x 103strain USI)A 
cells/ g this organism produced 85% of the nodules. However, on incubation 

of the soil for 10 and 30 days the percentage of nodules due to strain 110 

dropped to 55% and 45%, respectively. l'his decline was related to the inability 

of the strain to survive in soil. 

ANTAGONISTIC INTERACTIONS 

Antagonistic interactions exerted by the soil microbial population against 

Rhizobiun have much to do with the degree of persistence achieved by 

different strains of Rhizohium. Figure I shows the population change over 
time of effective strains of R. japonicum introduced into a soil with an 

indigenous population of this Rhizohiumn species (Vidor & Miller, 1980). All 

strains multiplied and survived well in sterile soil. However, in nonsterile soil 

all strains decreased in number during the seven-week incubation period. The 

most rapid death rate was observed with strain USDA 123 which declined 

1000-fold during the first five days. [here was a direct relationship between 

the population decline of this strain and the simultaneous population increase 

of a lytic organism, probably a bacteriophage (see Figure 2). Numbers of the 

isolate 10/ 74 (serogroup 123). originally isolated from a Miamian soil, were 

unaffected by the presence of 'his organism, nor did the number of plaques 

increase significantly. 
Serogroup 123 is the dominant serogroup in field plots of the Miamian soil, 

occurring in 50-70% of soybean nodules. Bacteriophage specific for this 

serogroup are, thus, more likely to be present in this soil because of previous 

contacts. Isolate 10/74 is likely to survive because of changes in cell surface 

configuration or lysogeny, changes that are of ecological significance for it. 

Similarly Chatel & 'arker ( 1973a) report that a number of the problems of 

pasture establishment in Australia can be explained by antagonistic 

interactions between Rhizohiun and other soil micro-organisms. Specifical

ly, they showed the second-year clover mortality problem in Western 

Australia to be due to such an interaction (Chatel & Parker, 1973b). 
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Figure I. Survival o! R. //'ntcum strains (110, 123, 532c. and 586) in sterilized 
( - ) and nonsterilized (- ) Miamian silt loam as determined by
quantitative fluorescent antibody techniques (Vidor & Miller, 1980). 

According to Chowdhury (1977) the antagonistic interactions exerted by
the microbial population against rhizobia in soil include competition, 
amensalism, predation, parasitism, and lysis.

Competition for nutrients in the soil needs to be considered under two 
situations. [he first is in the soil rhizosphere, where Rhizohiun populations
of 101) cells per g dry soil, or higher, are reached (Nutman, 1965), and the 
second is in the soil away from the root zone. In the first case, Rhizobium may
have an advantage for nutrient uptake in comparison to specific groups of 
nicro-o ganisms because of the stimulus exerted by root excretions and the 
attraction of the Rhizohiwum to the host legume root (Munns, 1968; Currier & 
Strobei, 1976; 1977). Conversely, in the soil away from the root influence, the 
competition for nutrients is directly related to the saprophytic competence 
exhibited by the Rhizohiwn population. Low Rhizobium cell densities, 
usually less than 103 cells/g dry soil, may be an indication of its disadvantage
in coropeting for nutrients with the microbial population, which isfrequently 
above 10 cells/ g dry soil. 
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Figure 2. 	 Survival of added cells of R..japonicum strain 123 and isolate 10/74 in 
Miamian silt loam compared to the number of plaques formed by an 
unknown parasite. Number of cells of serogroup 123 and parasite in an 
unamended control soil are included for comparative purpose (Vidor & 
Miller. 1980). 

The ability to persist in the soil for extended periods under starving 
conditions would be a useful attribute fora Rhizobium strain. Survival under 

such conditions may be due to higher amounts of reserve polymers such as 

poly- 3-hydroxybutyrate or production of extraceilular polysaccharides 
(Wong & Evans, 1971; Chen & Alexander, 1972; Patel & Gerson, 1974; 
Vincent, 1974). 

Bacteria, actinomycetes and fungi can all exercise amensalism with respect 

to Rhizobium. Among the bacteria Pseudomonasand Bacillus spp. have been 

reported as the principal antagonistic organisms against Rhizobiun (van 
Schreven, 1964; Damirgi & Johnson, 1966; Patel, 1974). According to van 
Schreven (1964) antagonistic actinomycetes can reduce nodulation of the 

legume host. Members of Aspergillus and Penicillium have been 
demonstrated as the principal inhibitors among an appreciable number of 
harmful genera of fungi (Chowdhury, 1977). 

The importance of streptomycin resistance to the establishment of rhizobia 
for soybean and Stvlosanthes in "cerrado" soils in Brazil is detailed on page 
195. Use of antibiotic-resistant rhizobia in inoculants, together with soil 
amendments that encourage the growth of Streptomyvces in soil. might be one 
means to establish an inoculant strain in soils with high indigenous 
populations of Rhizohium. A similar approach with fungicide-resistant 
rhizobia applied to treated seeds has already been used experimentally. 
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Bacteriocinogeny is the ability of a bacterium to produce bacteriocins, 
proteir.accous compounds with antibacterial action (Schwinghamer, 1971).
Schwinghamer (1975) also demonstrated that two different bacteriocins were 
produced by strains of/R. tr/i'fii: one of low molecular weight and the other a 
phage-likc compound. Since bacteriocins exhibit strain specificity,
bacteriocin-producin, strains can limit the growth of other rhizobia in n ixed 
culture or in multi-strain inoculants. According to Schwinghamer (1975),
about 5(,.( of' tile R. tri/fdii strains from the Canberra culture- collection 
(Australia), or isolated from clover nodules, were bacteriocinogenic. 

Ihe holozoic group of protozoa teed directly on bacteria. Alexander ( 1961)
reported that when pure cultures of bacteria and protozoa were inoculated 
into sterile soil, bacterial growth was initially rapid, but that the protozoa then 
began to multiply with a corresponding drastic decrease in the number of 
bacteria. I Ic estimated that one species of Sarcodinca required about 4 x 104 
bacteria per cell division. l)anso, Keya & Alexander (1975) stated that the 
/tlizvhNIMI p)Oplation decline is a matter of energy relationships in which the 
equilibrium is reached when the energy required by the protozoa to find 
suitable prey equals ot exceeds tile energy obtained from the feeding process.
F.igure 3 shows the fluctuation in the population of' R. melilti when 
inctibated during a period of 42 days in sterile and nonsterile Valois silt loam 
(I)anso v/ al..1975). [he atthors demonstrated that predation by protozoa
tssucd an important role in tie hizohiwn population decline (see Figure 
4). Ihcy inocuha ted saminples of nonsterile linma silt loam with Rhizobiutm 
strain K)4S (citective on cowpea and resistant to streptomycin) and 
estimated the protozoa and thizohiijwn population using appropriate 
selective media. 

Since the initial report on tile occurrence of the bacterial predator
Bchl/i'i/io hac'teriu'orusby Stolp & Starr (1963) a wide range of bacterial 
and lh vit'rio interactions have been reported (F-illivan & Casida, 1968). 
Parker & (irove (1970) demonstrated the ability of B. hacieriovorus to 
parasiti/c R.melihti and R. trfolii in soils of Western Australia. Keya & 

ligure 3. " 
Survivall ot Ihiz-ozlltm mel l/i-ti 
in sterile I -v- ) and nonIl
stcrilc ( . ). "ah ,,issiltloIln. 
I)atiac-.cssed iaslgt iIi f1)er 7n 

tl thi/,(Oia g dr. stil ( )anso 'l 0 14 28 42 
1/,1975). i &id1\0 
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Figure 4. 
Increase in numnber of protozoa 
( -o- ) in Linia silt loam 
inoculated with streptomycin- 4 
resistant mutalnt Rhizohiwn 
K04S ( -- ) effective on 
cowpea. l)ata expressed as log IL 
number, g dry soil (ianso er al, 0 I11 20 30 
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Alexander (1975) studied the influence of different factors on the growth of 
Bdellovibrio and /*hizobiun. They showed, for example, that Bdellovibrio is 
adsorbed more strongly to clay minerals than is Rhizobium, reducing the 
extent of parasitism in the presence of montmorillonite, kaolinite, and 
vermiculite. 

Bacteriophage are a potentially important biotic factor affecting rhizobial 
multiplication in the rhizosphere. According to Bruch & Allen (1955), the 
occurrence of rhizobiophage was first demonstrated by Laird in 1932. Since 
then, several reports have shown that bacteriophage limit the Rhizobiun 
population in soils. Further, strain specificity (Golebiowska, Sawicka & 
Sypnieska, 1971; Atkins& Hayes, 1972; Barnet, 1972; Kowalski etal., 1974; 
Patel, 1975) could cause population shifts. 

COMPETITION FOR NODULE SITES 

Competition for nodule sites can be both host (see p. 27) and Rhizobium 
mediated. The mechanism that enables some strains to occur in nodules with 
greater frequency than they are found in the surrounding rhizosphere and soil, 
though extensively studied, is still not understood. Johnson and Means (1964) 
observed that only 13 of 299 R. japonicum strains were more competitive for 
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nodule sites than the chlorosis-inducing strain 76. Fable I shows remarkable 
differences in competitiveness for nodule sites among R.jlaponicum strains 
when used as a mixture on soybean cultivars. Strain 29 W was dominant, 
occurring in 86-I Otb of the nodules when strain 587 was not mixed in the 
inoctuluin (Vidor. Brose & Pereira. 1979). When strain 587, considered highly
competitive for nodule sites, was mixed in the inoculant, the percentage of 
nodules due to 29 W tell. [he other strains even though highly efficient in 
N, Lation were not able to compete actively for nodule sites (Peres & 
Vidor, 1980a). 1his is not to say that highly efficient strains tend to be 
noncompetitive. A study by Franco & Vincent (1976) showed clearly that the 
efficiency of strains was not correlated with ability to compete for nodule 
sites. 

TABLE 1: 	 Competitiveness for nodule sites among RIaponicum on soybean 
cultivars grown on sand N-free nutrient solution (Vidor, Brose & 
Pereira, 1979; Peres & Vidor, I980a). 

Cultivars 	 Percentage of nodules due to: 

513Re 527 532c 566 586 587 29 W 

Pdrola 0 0 2 0 0 NS 98
 
Missoes 0 0 
 5 0 2 NS 93
 
Bragg 0 2 4 
 0 2 NS 92
 
Parani 0 3 11 
 0 0 NS 86
 
lardee 0 0 0 
 0 0 NS 100 
Planalto 0 0 0 0 0 NS 100 
Santa Rosa 2 0 0 0 0 NS 98 
Prata 0 0 0 0 0 NS 100 
Pampeira 5 3 2 0 2 NS 88 
Bragg NS 12 7 NS 0 15 69 
Santa Rosa NS 16 8 NS 4 21 49 
UFV-I NS 18 3 NS 2 42 45 
IAC-2 NS 0 0 NS 0 29 71 

NS olot s+tudtied, 

While studies on the competitive ability of inoculant strains are obviously 
important and must be considered an essential step in strain selection, we 
must also consider the effect of environmental factors on the survival and 
comlpetitiveness of strains, as a function of time. I able 2 demonstrates the 
dillerent abilities of R. Japonicuimstrains to compete for nodule sites when 
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TABLE 2: 	 Competition for nodule sites among R. japonicum strains used as a 
mixture on 12 soybean cultivars grown under field conditions 
(Freire et al.,1976). 

Cultivars 	 Percentage of nodules due to: 

527 532c 566 587 

1975 !976 1975 1976 1975 1976 1975 1976
 

Bragg 37 6 33 5 0 2 30 83 

Bossier 15 17 12 5 0 3 73 62 

Davis 55 I 1 10 6 0 1 35 76 

Hardee 37 0 9 0 0 2 54 94 

IAS-l 12 13 15 10 0 0 73 40 

IAS-4 34 1 45 6 0 3 21 81 
IAS-5 38 9 12 7 0 9 50 68 
Pdrola 39 5 26 3 3 3 66 88 
Pampeira 29 15 5 2 0 0 66 83 
Planalto 25 0 30 0 0 3 45 95 
Prata 13 15 38 3 0 1 49 78 
Santa Rosa 27 11 25 3 0 0 47 76 

used as mixture on 12 soybean cultivars (Freire ei al., 1976). In the first year, 
all strains save strain 566 occurred with more or less similar frequency in 

nodules. Strain 587 was dominant in the second year, occurring in more than 
70% of the nodules of most soybean cultivars. Since this strain is tolerant of 

high temperature (A.G. Wollum, personal communication) and high 

aluminum and manganese concentrations (R.H. Miller, personal com

munication), the better performance of strain 587 in the second year could 
well be due 	to itsability to survive adverse soil conditions.
 

l)ifferent concentration ratios of strains can effect their distribution in 

nodules of the legume host, especially when they are highly competitive and 

used as a mixture (Peres & Vidor, 1980b). However, when a highly 
competitive strain is mixed with a noncompetitive one, the former one can still 

dominate, even at very low ratios (Robinson, 1969; Skrdleta & Karimova, 
1969). 'able 3 shows the effect of concentration ratios between strains 587 and 
29 W on the frequency of serogroup distribution in a soil with a low 

population of I?.japOniCtn( P(eres & Vidor. 1980b). [here was no dominance 
for nodule sites when both strains were mixed at ratio 1:1. However, at ratio 

I0: 1,the strain present in greater number occupied 89% of the nodules, while 
at ratios of 100:1 or higher, there was a complete dominance ofthe strain that 

was present in greater number. 
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TABLE 3: 	 Occurrence of R. japonictm strains 587 and 29 W in nodules of 
soybeans grown in a R. iaponicuim-free soil inoculated with different 
concentration ratios (Peres & Vidor, I980b). 

Inoculuni Number of 	 Strain 
level crushed 587 29 W No reaction

nodules (,) () (/ ) 

Control 63 17 51 32 

A3 B3 123 45 52 3
 
A3 B4 341 16 79 5
 
A3 B5 389 2 98 0
 
A3 B6 391 0 100 5
 
A4 B3 201 78 17 5
 
A5B 3 60 57 37 6
 
A6B3 	 321 93 6 1 

Le ter .\ and 	 Ii reprOL-c1t, rcspcctively, strains 587 a nd 29 W. NuImbers 3 to 6 represent the 
l0 i fC per gr t minllhe1c'r Ot ljS t iiii' tliill. 

I le neCJ to increase iloculIation rates to favor the introduced strains has 
been repoIted by inany investigators (.Johnson, Means & Weber, 1965; 
IHolland. 1970; Kapusta & Rouwenhorst, 1973; I-laindi et al., 1974). In soils 
containing an indigenous population of I?../aponictwn (above 103 cells/g dry 
soil) it is unlikely that in1oculation at rates recommended by inoculant 
ImaulLaCturers (7.3 x It) cells, seed for R?.laponicutm) increase nodulecan 
lornation (Weaver & Frederick, I1074a). In further research the same authors 
(1974h) observed that to obtain 50, ( of the nodules from the introduced 
strain, al inoculuIn rate at least 100)-old greater than the soil population (per 
g dir soil) is needed. According to them, most manufactIi rtlts cannot supply 
an inoculant to ncet this ritluirement. 

I lie examples sited ahove emphasie R.japlonicum. Similar work has also 
been done using R?. trfitlii in Australia, v,,ith essentially identical results 
(Ireland & Vincent, 1968; Marques Pinto. Yao & Vincent, 1974; Gibson et al., 
1976). 

CONCLIUDING REMARKS 

Even though a great many papers deal with antatzonistic interactions 
among tile microbial population and rhizohia, it is not known what really 
happens in the natural and complex system that is the soil. One of the great 
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limitations in most studies to date is that they were undertaken using culture 

media or sterile soils. 

Since strains introduced by inoculation into soils with low natural rhizobial 

populations usually establish without problems, it must be assumed that 

antagonistic mechanisms do not often limit the survival or establishment of 

introduced strains. Predation by protozoa and parasitism by Bthllovihrioand 

bacteriophage are more likely to be constraints in soils cropped to the same 

legume for many years. Even in these soils it is likely that antagonistic factors 

will be of secondary importance behind interstrain competition for nodule 

sites. 

I inproved competitiveness by inocu',nt strains must be achieved. Research 

examining the use of higher inoculation rates, better inoculation methods, 

and the use of soil amendments that favor introduced competitive strains 

must be -implemented. 
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SUSCEPTIBILITY OF RHIZOBIUM STRAINS TO 
ANTII IOTICS: A POSSIBLE REASON FOR LEGUME 
INOCUI.ATION FAIIURE IN CERRADO SOILS 

M.R.M.M.L. Scotti,l N.M.H. Sa,' M.A.T. Vargas,2 and J. Ddbereiner3 

Sum marr 
Soybean nod dation problems in the 'razilian "cerrados" (a type 

ofedaphic savai,na) were solved by the introduction of strains, 29W 
and 587, each rcsistant to 8(0-I6OAigi ml of streptomycin. A survey 
in representative areas of'this region showed that 36% of 218 R. 
japonicum strains isolated were resistant to high levels of 
streptomycin (80,ug ilor more). Among 149 strains of Rhizobium 
sp. isolited Iroin Si' hosanthes spp. collected in cultivated cerrado 
soils, 43(' were resistant to 40/tg nil of streptomycin, while only 
1( of 08 .Sli'losantilesisolates fron undisturbed cerrado savannas 
supported this level. It is sug'gested that the ecological changes 
caused by cultivation ot the virgin savanna resulted in survival 
advantages for strcpomycin-resistant Rhizobium strains. 

INTRODUCTION 

One hundred and eighty million ha of the Central Highland of Brazil are 
"cerrados," an edaphic type ot' savanna (Goodland, 1971). Now that 
economically viable fertilization practices have been developed, this area is 
being opened to intensive agriculture. Soybeans are among the legumes suited 
to the region, with some I million ha planted in 1980. Inoculation problems 
seemed initially to restrict this crop, but two new Rhizobium strains (29 W 
and 587) were found that nodulated soybeans effectively when applied at five 
times the rate commercially recommended (Vargas & Suhet, 1980a; 1980b; 
Peres, Vargas & Suhet, 1981). 

I)cpm. )I%icr)hi()hj)gy, I niv. Icde ralde Minas (Gerais.30 000, Ilclo Ihrizoionic, M.G., Brazil. 
(Cir de P',,qtaisa ,\gro'pccutria dos ('errados, I M IRAIPA.CP 70 0023, 73.300, Brasilia, 

I r.I'.,eIi. 
hortgraina de Iicat) IBiologica do Nitro)geno. Kinl 47, 23460) Seropedica, R.,J., Bra/il. 
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Since Rhizobhim establishment problems in some virgin soils have been 
attributed to the predominance of antagonistic micro-organisms, especially 
actinomycetes (Damirgi & Johnson, 1966; Patel, 1974), with so3 bean 
nodulation in sterile soil inhibited by the inoculation of antagonistic 
actinomycetes (Damirgi & Johnson, 1966), and since in virgin cerrado soils 
75-94% of the total microtlora were found to be Streptomvces spp. (Coelho & 
Drozdowicz, 1979), it seemed possible that resistance to certain antibiotics 
could be needed for legume root infection and nodule formation in cerrado 
soils. [he present paper demonstrates that spontaneous streptomycin
resistant Rhizobiwm strains dominate in newly cleared cerrado soils. 

MATERIALS AND METHODS 

Soybean nodules were collected at II sites in the vicinity of Brasilia, 
ltuiu'aba, Araxii, Uberaba, and Uberlandia, representative areas of cerrado 
savanna. Soils were red yellow or dark red Oxisols with very low base 
e:change capacity, that had been cleared, limed and fertilized three to five 
years before and had been planted with soybeans for at least three years. 
Ilnoculants were used during the first years but not in the year of sampling 
(1979). The soybean cultivars sampled were Sta. Rosa, UFV-I, Parand, IAC
2, IAC-5 apd Bossier. At each site 20 plants were collected and two nodules 
per plant stored in vials with CaC,. Rhizohium were isolated from the dry 
nodules using the isolation procedure of Vincent (1970). 

Strlosanthesnodules were sampled within two major areas native cerrado 
near Brasilia, where many spontaneous Stvlosanthes plants can be found, and 
near Sete l.agoas and Uberaba where Stiosanthes spp. are cultivated after 
cash crops that are limed and fertilized. In neither area had these forage 
legumes been inoculated. i'he isolation of Rhizohiun strains from 
Stvlosanthes was carried out from fresh nodules, within 2-24 after harvest. 

Iwo hundred and eighteen Rhizohitwn strains were isolated from soybeans 
and 149 from three Styosanthes spp. (S. guianensis, S. grand(folia and S. 
hracteata). All isolates were plant-tested in sterilized Leonard jar assemblies 
or sterile test tubes (Norris, 1964) using either the soybean cultivar IAC-2 or 
the Sivlosanth's sp. from which the strains had been isolated. For 
comparison nine strains of R..jal nician and eight strains for Stvlosanthes 
spp., ea':h used in commercial inoculants, were included in the study. 

Level )I'resistance to streptomycin was determined using agar pour plates 
of yeast mmamitol medium (|iagle, levy & Fleishmn, n. 1952) with a pH of 6.8
6.9. Increasing concentrations of streptolycin sulphate were sterilized by 
filtration and added to the agar after cooling to 45 0 C. The inoculant was 
standardized to an optical density of 100-120 Klett units. Six strains were 
streaked in star-like design on each plate, using four replicate plates for each 
streptomycin level. Growth of Rhizobiwn was observed after three to four 
days at 29-'C in both the control (streptomycin-free medium) and the test 
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plates. Single colony growth after seven days was considered negative. The 
level of streptomycin-resistance achieved by a strain was considered to be the 
highest level of antibiotic at which growth comparaole to that of the controls 
was achieved in at least three of tile four replicate plates. 

R ESULTS 

:-ighty-six percent of the R. jalpofictn strains isolated from cerrado soils 
were resistant to more than 8OAigl ml of streptomycin sulphate (see Table I). 
This suggests that streptomycin resistance is needed for survival and legume 
nodulatic", in cerrado soils and explains why strains 29 W and 587, each 
naturally resistant to relatively high levels ofstreptomycin, have performed so 
well in the c!'rrados (Peres et al., 1981. 

In [able 2 tile teptomycin resistance of other Rhizobium strains used in 
commercial inoctlArits can be compared with that of strain 29 W and 587. The 
corn mercial strains that failed to nodulate soybeans in the cerrado soils 
showed a streptoniVcin-resistance level of only 5-20,ugi ml. 

Ihe data in Iables I and 2 also indicate that Stvlosanthes isolates, in 
geneal, are nore sensitive to streptomycin than are soybean strains, with 
most commercial strains tolerating only 2 to 5 Aig/ ml of streptomycin 
sulphate. Ihe isolates from native cerrado showed a near normal distribution 
inl resistance to streptoiNycin, in which the majority of strains were resistant to 
only 5-20,ug ml of streptomycin. [he isolates from cultivated cerrado areas 
.howcd an extended peak for resistance with 34 of 81 strains resistant to at 
least 40,Aug all streptomycin. Six very highly resistant strains occurred in 
nati e ccrrado. and one occurred among the commercial strains, indicating 
the need for further study. Strain firla, which was the only one among the 
conmercial strains which tolerated 600,Aig ml streptomycin, was isolated 
Irorm a hydrom orphic soil lormerly planted to rice in Rio de .Janeiro State. 
I his strain was tested in a field inoculation experiment in cerrado soil 
(A.M.. .[scuder, personal communication) and was found to cause profuse 
nodulation and to increase dry weight of Stylosanthes guianensis by a 
signiflicant amount. 

i)IS(ISSION 

I he great proportion of spontaneous high level ( > 80,t.g ml) strepwomycin
resistant Rhizohium strains found in the nodules of soybeans grown on 

cerrado soils, and the competitive advantage these strains have against 
C0111t0I1n inoculant strains, seems remarkable. Spontaneous streptomycin
resistant strains are usually few ((iar th-.Tones & 1lardarson, 1979) and 
iesistane levels of 5-10,Aig, ml are considered normal (Schwinghamer, 1967). 
A group Of R.jaumnicum isolates obtained inl Iowa State (USA) contained 
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TABLE 1: 	 Levels of resistance to streptomycin among isolates of Rhizobium from Glycine max and Stylosanthes spp. found 
in cerrado soil. 

Origin Host species No. of Streptomycin levels (ug/ml) 
of strains 

strain tested 1 2 5 10 20 40 so 150 300 600 

Number of tolerant strainsI 

Brasilia Glycine max 114 - - 1 1 0 18 47 43 1 3 
Ituiutaba 8 - - 0 0 0 0 6 2 0 0 
Araxd 32 - - 1 0 2 4 11 13 0 1 
Uberaba 17 - - 0 1 0 0 6 8 0 2 
Uberlandia 47 - - 0 0 1 1 23 16 2 4 

%of total - - 1 1 1 11 43 38 1 5 

Cultivated cerrado 2 Stylosanthes spp. 81 2 7 17 11 10 15 7 7 1 4
Undisturbed cerrado 	 68 3 8 15 18 13 4 1 2 0 4 

Tolerant to indicated streptomycin level when gown on YMA plates. 
2Strains isolated from cultivated regions that hitd received lime and fertilizers. 

1
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TABLE 2: 	 Levels of resistance to streptomycin among strains of Rhizobium 
used in commercial inoculants for Glycine max and Stylosanthesspp. 

Inoculant for: Strains tested Level of resistance (ug/ml) 

< 20. 40-8o i50-300 600 

Glvcine max 9 7 11 12 

St'losanthesspp. 3 8 6 1 - I
 

1Strain 29W 
2 Strain 587 
3 Strains for Stylovanthcs inoculants were kindly provided by 11.II. Graham (CIAT, Colon
bia), .I. l)D'herciner I[MB RAPA, Brazil) and W.P.L. Sandinann (Ministry of Agriculture, 
Zimbabwe). 

19, resistant strains (l100kug/ ml) while 44% tolerated only 10,ug/ml (Cole & 
Elkan, 1979). Mutation to streptomycin resistance was not observed to 
interfere with symbiotic performance (Josey ei al., 1979; Franco & Vincent, 
1976) but competitive ability against otherstrains was reduced (Gareth-Jones 
& Bromfield, 1978). lhese studies, however, were performed in sterile test
tube cultures and did not take in consideration interactions and competition 
with the soil microllora. 

Changes in the microbial equilibrium caus.d by the drastic modification of 
the ecosystem, when virgin soils are taken into agriculture, should be 
expected. [hc very high proportion of actinomycetes in cerrado soils (Coelho 
& l)rozdowic/.. 1979) indicates changes in favor of this potentially antibiotic
producing group, and a build up in streptomycin concentration seems 
possible. While streptomycin is readily inactivated in soil (Pramer, 1958), it 
can remain active in plant tissue for several weeks (Schwinghamer, 1967). 
Selective and active assimilation of this antibiotic by plant roots and its 
translocation to stems and leaves has also been reported (Crowdy & Pramer, 
1955; Pramer, 1950). [he possibility that streptomycin is produced on the 
root surlace and assimilated by the plant can also not be discounted. 

I he usC of antibiotic-resistant Rhizobium strains in inoculants, in 
conjMction with agricultural practices that have enhanced antibiotic 
production in soil and/ or on the root surface, opens a promising new field of 
research. 
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SURVIVAL OF STREPTOMYCIN-RESISTANT M UTANTS OF 
RitIZOBIUM PHASEOLI IN NONSTERILE SOIL 

C. Vidor,' P.E. Lovato' and R.H. Miller 2 

.Summnar('
 
AItibiotic-resistant miutanhts ol Rhizoluit 
 Mia.eoliwere used to 

1ollo,\ 11utuatitnl s in tile populitioll de -sity inof this organism 
lic dillercnt soils. I here were remarkable diflerences in cell 
SUr iald in soils. In some soils cell inumbersraltcs the dillerent 

declined Iroin 1' cells gal timlc (t o ahout 
 O1cclls gahcr'63days 
inchation. prestlnablli hecausc of low pitand related factors. In 
tlic \hila soil. \6i a niattural i'll higher than the others. celiilunhlers 
declined 1 ILcss, than tx o log tnits during the inc ation period.
I lic implications ol theics rcstilts ior nodnlation and N, fixation in 

acid oil ac disclsset. 

INTRODUCTION 

Mutants resistant to antibiotics and fungicides have emerged as a useful 
tool for ecological studie, t' Rhizo/im in soil (Obaton, 1971, Schwingharner
& l)udman. 1973, 1)anso & Alexander, 1974, Odeyemi & Alexander, 1977),
Iparticularly when introduced rhi/obia bear antigenic similarities to the 
indigcno ns 1op t lilt ion. 

Resistance to streptomycin has bccn the most common marker used in 
genetic and ccological studies off Rhizo/,iumt species (llrockwell, 
SChwitMighatnCr & (iault. 1977). In most cases, effectiveness was maintained by 
the streptonmyci n-r sistant mutants (Schwinghamer & I)udman, 1973).

I l ail lre of otlUidtioll in Pha.'eous vutiaris in southern Brazil has 
triggered rescarch to identify the factors limiting the symbiosis between this 
lcgt lililoUs plant anid its hotnologous Rhizot'ijwm. As a part of this research 
p)OIpLliatiol changes and possible differences in survival of two streptomycin-
rc.lstIa i 1111.1tanlts of R. pha.coli inoculated into soils with diflerent physical 
atid chemical properties wre cx amincd. 

I kel . it,-l I l (I.S mid I1I'.\ (RI . 'ccl'ilaii d. .d\e iccultI a. Porto Aleg'c. Ira,i. 
\pJwwl v 1hfil..() )l iat I uim.c.',l\. ()Il43210. USA.c (uluimhus. 
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MATERIALS AND METHODS 

Bulk soil samples from the surface (0-20 cm) were taken from five different 

localities in Rio (rande do Sul, Brazil. [he samples were kept at field 

moisture, sieved (2 imi), and stored at 4°C. 

Ihe soils were incubated for three weeks with two levels of lime: zero, and 

half the amount requnired to raise the soil p f to 6.0, according to the modified 

SMIP method (Niilniczuk, ludwick & Bohnen, 1969). Selected physical and 

chemical properties of these soils are given in Table I. 

R/hi:)hium )haseo/istrains 484-0 and 487-1, resistant, respectively, to 5000 

were grown on yeast mannitoland 500Alg of streptomnycin per ml of medium 

extract-agar (YNIA) slants for one week, washed off with saline solution, 

dispersed with a Vortex mixer. and tile cell population adjusted to 

approximately 10" cells, ml. 

one ml from each cell suspension were individually added toAliquots of 
.eplicatC test tubes Lontaining 10 g of nonsterile soil. The moisture was 

adjusted with sterile distilled water to 601, of the field capacity for each soil 

and maintained du.ring incubation by periodically weighing each test tube and 

adding sterile distilled water as needed. All tubes were stored in tile laboratory 

at room tenlpel'at re. 

Survival ol the mutant strains was estimated by plate count on tile day of 

3, 5, 7, 14, 21, 42, and 63 days after inoculation using ainoculation and at 
selective medium (Y IMA)containing 500,.g of streptomycin / ml. 

TABLE 1: Selected physical and chemical properties of the experimental soils. 

Soil Order Sand Silt Clay pil C N CEC Al' + 
(, ) ( ('j (,,) ;) (meq/ (mleq/ 

100g) 100g)
 

Born Jesus Ilaplumbrept 14 30 56 4.4 2.79 0.24 20.0 5.2 

Vacaria Ilaploliumox 8 31 61 4.5 2.64 0.20 16.4 4.5 

Elrechim tlaplorthox 2 21 77 3.9 1.52 0.13 13.7 5.4 

Vila Argiudoll 4 60 36 5.6 1.32 0.19 23.0 0.2 

Tupancireta Paleudult 82 8 10 4.4 0.68 0.05 3.7 0.9 

RESULTS AND )ISCUJSSION 

Both mutant strains showed similar survival patterns in soil; bacterial 

populations in all soils declined from IOScells,' gat time zero to 103-106'cells/g 

by day 63. 1,1w rate of the decline varied, however, according to soil type and 

pH1 (see [able 2). 
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TABLE 2: Survival of R. phaseoli strains 484-6 and 487-1, natural streptomy
cin resistant mutants, in nonsterile soils. Data expressed as log 
number of cells per g dry soil. 

Soil p11 Incubation period (days) 

0 3 5 7 14 21 42 63 

Strain 484-6 

Erechim 3.9 7.92 6.22 7.73 7.63 5.004.84 - 3.48 
5.4 8.01 8.45 8.00 7.96 7.64 7.01 5.01 5.83 

Born Jesus 4.4 8.06 7.94 7.44 6.80 6.036.41 4.67 4.12 
5.2 8.01 7.82 7.43 7.68 6.76 6.31 4.67 4.61 

Vacaria 4.5 8.02 7.54 7.02 7.12 5.606.52 5.52 4.15 
5.3 7.96 7.96 7.34 8.03 6.72 6.00 5.70 5.86 

Vila 5.6 7.96 8.45 8.57 8.48 8.33 7.25 6.10 6.24 
6.1 8.07 8.46 8.49 8.44 8.00 7.45 6.60 6.26 

Tupancit -ta 4.4 8.00 7.66 6.94 7.75 5.67 5.70 5.48 4.84 
5.4 8.02 8.55 7.60 7.75 6.83 6.48 6.12 5.78 

Strain 487-I 

Erechim 3.9 7.63 6.80 7.14 6.20 - 3.604.94 3.48 
5.4 7.76 7.63 7.40 7.40 7.31 7.13 5.90 5.94 

Born Jesus 4.4 7.63 6.86 6.88 6.34 6.10 5.32 4.60 3.36 
5.2 7.70 6.99 6.89 7.43 6.41 6.05 5.20 4.45 

Vacaria 4.5 7.70 6.78 6.41 6.36 5.90 5.33 4.45 3.76 
5.3 7.74 7.52 7.53 6.89 7.16 6.91 5.90 5.95 

Vila 5.6 7.63 8.20 8.00 7.50 7.70 7.38 7.04 6.96 
6.1 7.23 8.20 8.08 7.61 7.63 7.51 6.95 6.97 

Tupancireta 4.4 7.50 6.93 6.26 6.57 4.84 5.23 4.11 3.00 
5.4 7.54 8.34 7.88 7.65 7.57 7.33 5.89 5.89 
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In somie Ln limed soils (e.g., tile Erechim soil) cell populations were reduced 

by more than four log units in tile unlimed treatment, with liming definitely 

survival in the Vilabeneficial to Rhizohium survival. By contrast, Rhizohiu 


soil, where the natural p Ifwas higher, was not affected significantly by liming.
 

Ihe poor response to liming in the Born Jesus soil could be due to the high 

organic matter content of this soil; liming may have stimulated the growth of 

antagonistic micro-organisms. Vincent (1974) reported that other soil micro

could share the advantage of raised pl-I in nonsterile soils andorganisms 


hence depre- Rhizo/ium multiplication.
 

lh efltct of 1hw p11 on different species of Rhizobium has been studied 

1974; N'lunns. 1977). Some species are highly sensitive toextensivev (\'iiiccnt, 
tolerant even at p 1-1around 4.0(Graham &pll below 5.0, whereas others are 

Parker, 190-4). According to Nutman (1972), nodule formation is much more 

strain itself. While this insensitive to low pli than the Ihizohiin 
recent reports have suggested a close correlationundoubted lv true, several 

between ability to survive in acid medium and the strain's capacity to nodulate 
Graham, personalits host legume in lacid soils (Munns et al., 1979; P.H. 

coii imt ication). In this Cx pe ri ment inoculant levels were above those 

noriiially used. \Vliilc survival levels undoubtedly reflected this, tile rate of 

decline in soil RIhizohiwlm levels was not great, and even at more conventional 

cells should have been available for the criticalrates of inoculation, enough 


period of root hair infection and nodulation.
 

In soils, acidity cannot be viewed as the exclusive action of the hydrogen ion 

concentratioll, but rather as an "integrated soil acidity," involving acidity, 

caIcium declicieIcv, alunimmm toxicity, and manganese toxicity, as well as 

organic matter content ( N unns, 1977). Soil properties, therefore, may play an 

iinportait role ill ameliorating or intensifying the action of low soil pH. 
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SURVIVAL OF COWPEA RHIZOBIA AS AFFECTED BY SOIL 
TEMPERATURE AND MOISTURE 

Nantakorn Boonkerd' and R.W. Weaver2 ,3 

Sumnary 
Successful inoculation of peanut and cowrea can depend on the 

survival of rhizobia in soils undergoing marked fluctuations in 
temperature and water content. 'o determine the survival of 
rhizobia in sterile and nonsterile soils under various environmental 
conditions, two cowpea and two pear strains were studied. Each 
was incubated under three moisture conditions; air dry, moist 
(-.33 bar) and saturated. The temperatures used were 25 and 350 C 
for nonsterile soil and 40"C for sterile soil. Populations were 
measured periodically for 45 daNs. Strain 201 surviv'd relatively 
well tinder all environmental conditions in nonsterile soil. The 350C 
temperature in conjunction with the air dry or saturated soil was the 
most detrimental to sturvival. At this temperature, the populations 
of strains I -,309 and 3281 declined by as much as 99%.'during the 
45 days of"incubalion. In moist sterilized soil, the populations of all 
strains except (._1756 (replacing 3281 in this experiment) increased 
during the two-week incubation. All strains declined in number 
when incubated in steiile dry soil. However, in contrast to the 
nonsterile soil, the populations (lid not decline under saturated soil 
conditions. 

INTRODUCTION 

Some effects of environmental stress on Rhizobiuni survival have been 
reported. Day et al. (1978) reported that some cowpea rhizobia were able to 
survive on seed at 45'C for three days, whereas other strains survived poorly 
at 42°C and did not survive at 45°C. Wilki:.s (1967) found strains isolated 
from a dry area with high temperatures were better survivors at high 

1)ct. AgricUlture. liatnikhen. Bangkok - 9. Ihaiand, 
D)ept, So l & Crop Sciences. Iexas A& NI tIniversity. College Sr-ion, IX, USA.
 
I heIlnaimcial support ol ISAI, tinderproject AG IA i6110-9-76 isgrateftl yacknowledged.
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temperattres thll strains isolated from cooler areas. Survival of cowpea 

rhitohia on seed (Ilerridge & Roughley, 1974) and in inoculants (Wilson & 
Irang. 1980) %kasbutter at 25-'(' than at 35-'C'or above. Several investigators 

(Marshall. 1964; Chatel & Parker. 1972; Bushby & Marshall, 1976; Philpotts, 
1977) havse ieported that slow-growing rhi/obia are comparatively more 
resistant Io high soil temperatures than R. trif/dii and R. meliloti. Moisture 
lesCl in soil is also important for :SIrsiV:ltl of rhiobia. Plena-Cabriales & 
Ale\miider ( 1979) epo'ted the decline of R..japo.'iicun poptl;Itions in soil to 
be hiplhisic with itrial, rapid decline as the soil dried. and subsequent slow 
decllie ill viahi litv when soil was relatively dry. Osa-Afiana & Alexander 
1979) rep.rtled that R. tribiiand R. iaponicm survived better at I(i soil 

lioist tnc coltelt than at 221 . 35, or 40'. Mahler & Wolhui1 (1980) found 
tc sill'i ial (l R,. lapoli tim to be from one to three orders of magnitude 

.,er undel wa.ter potentials of -I5 bars than when soil was incubated near 
held cap+,Citv, 

StiUrIA ot R. ltil)MICoid strinlS in sterile and nonsterile soils was 
C(M.11pCed h, \ mdOr &NMiller ( 1980) who Iound all strain num bers increased 
about I00-1ld in sterile soil but decreased about 10-fold in nonsterile soil. 
)u obiec, ic \5,s to determn ine changes ii the population of cowpea rhizobia 

as it hinotion of moisture and temperature conditions in both sterile and 
iloisierile soils. 

NIA IH,]tA I.S- AND) MIIOI)S 

Sn sis,,al oh co+ p,:a rhiohia under nonsterile conditions was studied in two 
soils. onie twill I hiliiald and one from lexas. Ihe Ilhai soil used was a sandy 
loam swith pill 5.7. Ihe lexas soil was a sandy clay loan with pYI 6.8. Four 
stialns oll Cf5 pcmrhiiohia were selected: 3281 (0 15). Ai. 309, 201 (Thailand) 
ild I-I ( I Cis A&MI). I IllreC Moisture regimes (dry. - 0.33 bar, and 

)satltrf tcd) .Iud t,(,o tenpeiatures (25 C*and 35-C were used. All treatments 
SCLe replicited tmsice. 

()i ll the I ha i soil was use( lor the sterile soil experiment. In this 
cxperienit lain 32N I (nl15) was replaced by (B756. Ihe moisture regitnes 
,Ncc as htloic. out ;ill inenCtition temperature of 40(' was used. All 
tleitlitelits %kciVreplicaited twice. 

lach strain ot IRhizo/'im was inocutlated into either 10 g samples of soil in 
Mstialt plastic ha s (liolisterilC soil) or small test tubes with plastic caps (sterile 
soil): then their ilioisture content adjusted to the desired level b, the addition 
ol sterilC distilled water or h%drying. lhe samples were incubated for periods 
of 0. 5. 15. and 45 daivs: then enumerated by either the MPN plant-infection 
tech in1iUe s it h sitit ro ( .1lacroptiliumatro/urfureum ([). C.) U rb) (Weaver & 
I-rcdcrick. 1972) or 1y plate o ntlllt. 
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RESULTS 	AND DISCUSSION 

Nonsterile 	 soils 

As no statistically significant differences (0.05 level) in the survival of 
rhizobia in the two soils were obtained, the results were averaged. The 
composite data for each treatment are provided in Fable I. 

TABLE 1: 	 Survival of cowpea rhizobia in nonsterile soil incubated at different 
temperatures and moistures.I 

Strains Moisture Temperature 
status 

25'C 35' C 

Incubation 	time (days) Incubation time (days) 

0 5 	 15 45 0 5 15 45 

(log. no. per gram soil) 

201 	 Dry 4.37 4.11 3.92 3.80 4.37 3.24 3.63 3.53 
Moist 4.37 5.00 4.49 4.39 4.37 4.80 3.93 3.95 
Saturated 4.37 4.38 4.46 3.81 4.37 3.99 3.56 2.89 

T-I 	 Dry 4.23 4.07 3.29 2.69 4.23 3.42 2.43 2.82 
Moist 4.23 4.63 4.49 4.72 4.23 4.54 3.96 3.92 
Saturated 4.23 4.39 3.61 4.06 4.23 3.66 2.46 2.30 

309 	 Dry 4.17 3.75 3.43 3.93 4.17 3.24 3.11 2.57 
Moist 4.17 4.59 4.72 4.34 4.17 4.80 3.73 3.43 
Saturated 4.17 3.42 3.98 3.83 4.17 3.06 2.93 1.43 

3281 	 Dry 4.35 3.71 3.23 3.08 4.35 3.80 2.90 2.64 
Moist 4.35 4.61 4.03 3.96 4.35 3.23 2.57 1.95 
Saturated 4.35 4.14 3.03 3.26 4.35 3.23 2.57 1.95 

Lach ii enkrrepresents aii average of four sa iples.
 

The CV. is 16 7,and the L.S.D. (.05) is 1.25.
 

In moist soil ( - 0.33 bars) the numbers of strain 201 were increased after 
five days of incubation at both 25' C and 350 C. By 15 days of incubation at 
35 'C the population had declined to slightly below the initial numbers, and 
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this level wis maintained for the following 30 days. However, at 250C the 
rhitohial numhers reina ed higher than the initial num bers for the entire 
experimental period. St rain 201 also survived well at 25'C when incubated in 
either dry or saturated soil hilt showed reduced survival at 35'.C under both 
dry and siltirated conditions. Ihis notwithstanding, the population remained 
relativelv large. 

Survival of strain I-I in toislt soil at either temperature was similar to that 
of stralin 201. lhe rhi/obial numbers in dry soil at 25C and in dry and 
satuii rated soil ill 35 C decreased more rapidly for strain 1-1 than for strain 
201. I lie popultll ions of strain IA I. 309 at 25 C were sililar to those of strain 
201 for all moisture conditions, bilt ill 35 'C', the population changes were 
similar to those of straill I-I. Survival of strain 3281 iin moist soil at 25C was 
similar to that ot lhe other strains hut ill dry or saturated soil the population 
declined someMi hat uore. At 35 'C', the population decline was similar to that 
ol tile other strains. 

I lie data show good SiltriVal Of;'ll strains tested il moist soil ( 0.33 bar) at 
25 C. At this teInpat tirile strains 201 and 309 also survived well in dry and 
saturated soil Conditions hilt strains I-I and 3281 were aflected by the stress 
conditiois. 

At 35 t'. surv ival Iol all strains at 0.33 hir was again satisfactory although 
nuIinhers had d.cclined slightly hy day 45. Under moisture stiess, the 
population ot all strains except 21)1 wkas approximately an order of magnitude 
by. er, Strain 201 %kasoriginally isolated from a relatively hot environment. 

Sterile soil 

Sit r~ ',al ol cowpea strains in sterile soil is illustrated in [able 2. The 
l~oPtlatiot of strains 201 and I-I iin moist soil increased from 10' to l0X 
within i e da\s and ykas maintained fOr 45 days, but for strain 309, the 
increilse w lss drailli tic. lii coltrast to other strains, cell nuihers of C'1756 
decreased approx iiatclv I log hy 45 days. 

All stralins su rvivcd eli Il saillrated sterilized soil at 40 ., btit populations 
did not sigliilicailly iticrcise. U nder dry conditions the population of all 
straillsI dccrcisCd at Icist ai Order of magnitude within five days. Strain [-1 

a , tS C',ClC\ allctcd: its poptulition decreased more than two orders of 
iliilnittudc \itliic days and three orders (f mnagnitude within 45 days. 

Ilc re.Sltls of thi, inl\estigatiOii indicate that dry and hot soil conditions 
illect [lic ,rr . ial ol cok\lpcii rhiiohia. tUnder these conditions. tile order of 
sir' i',il kas: 2011 > ([l756 >319 > I-I. I)ay al. ( 1978) observed that !.train 
N(JR9 could SML sccd Iirce days at 45 C. whereas other strainsM)lo 10 
ii1cldiig ( 1757 lailcd to survie. I lie data on slrvival ofco\vpci rhi,,obia in 
this stdLy .ppll~ort lhI rcstilts ot Vidor & Miller ( 1980) aid indicate that 
ibiotic lactors io not limit survival or rhi/obia in moist soil exposed to 
IlIodctile tel ilp r i t-cls. 
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TABLE 2: Survival of cowpea rhizobia in sterile soil incubated under different 
moistures stresses at 40 , C.' 

Strain Moisture Incubation time (days) 
status
 

0 5 15 45 

(log. no. per gram soil) 

201 Dry 7.53 6.53 6.25 6.41 
Moist 7.53 8.15 8.20 8.17 
Saturated 7.53 7.32 7.28 7.92 

T-1 	 Dry 7.53 4.99 5.00 4.30 
Moist 7.53 8.15 8.20 8.17 
Saturated 7.53 7.32 7.28 7.92 

309 	 Dry 7.25 6.32 6.28 5.43 
Moist 7.25 7.30 7.66 7.36 
Saturated 7.25 6.80 6.84 6.84 

CB756 	 Dry 7.61 6.40 5.97 5.93 
Moist 7.61 7.46 7.17 6.32 
Saturated 7.61 7.17 6.662 7.94 

1Average standard deviation ± 0.32. 

Survival of cowpea rhizohia was good in moist soil, whether or not it was 
sterilized before inoculation,. Under satu-Ited conditions the survival of all 
rhizobial strains in nonsterilc soil at 35'C' was poor but survival was good in 
sterile soil at 40, C. Ibis suggests that the death of rhizobia in nonsterile, 
flooded soil may be due to biotic effects as suggested by Osa-Afiana & 
Alexander 11979) who indicated that populations of indigenous protozoa 
increase appreciably in saturated soil, and that the increase coincided with a 
rapid decline in numbers of rhizobia. 
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STUDY OF RHiZOBIUM IN THE LEGUME RHIZOSPHERE 

M.P. Salema, C.A. Parker, D.K. Kidby,' and D.L. Chatel2 

Summarr 
A selective method Ior tie studv of both flast- and slow-growingrhitobia. double-marked with resistance to streptomnycin andchloraniphenicol at relatively low levels, has been developed and

tested.
 
Rhi/osphere counts o 
 narked Rl/i:ohiumn trol/ii WU I ( = TAI) on subterra nean clover ( Ir.fidum sub terraneun (IL.) cv.I)walganup) and R. anpotium: 03 1809 on soybean (GIIrcinle max(L..) Merr.) weore succcssftly made using this medium. In thesestudies. only 11 and 0.4((, respectively, of the marked WU I and(' 1809 cells applied to the seedling were present on the radicle ofthe host plant 24 h alter radicle emergence. Ihe cells that got intothe rli/osphere multiplied laster than those on the seed, indicatingi sito stimmulati,,n Of inoculant rIi/obia in the rhi/osphere of itshomologouts host. It is sttggesled f'rom these results that attentionshould not only he focused on applying large numbers of rhi/obiato tmie seed. hut aso on those rhi/obia that are capable of rapid

coloni/ation of tile rhi/osplhere. 

INTRODUCTION 

Knowledgc of numbers of rhizobia in the rhizosphere of the emerging rootoft a legume is important in understanding the potential of inoculantRhizobijm to initiate nodulation 'nd nitrogen (N, ) fixation rapidly. Variousmethods available for the examination of soil and rhizosphere populationshave been reviewed by Parker, Irinick & Chatel (1977). Direct agar platecount is the most convenient and accurate method of estimation of numbersproviding that the growth of other micro-organismns can be suppressed. Theaims of this study were to develop a selective medium for both fast-and slow

I)cI)t. S01L l .. &'ltPla t Ntritionl. I nix rsitv of Western Australia. Nedlands 6009.mAnitia.ea. \tS\ Cst ,+tzslrAli1l1 I)CIIl A'glicutmer, .JarrahRoadlt. SOtLlh Perthl. Wecstern Australi.. 
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resistance to relatively low levels of 
growing rhitobia, marked with 

i'arhizosphere studies of rhizobia 
antibiotics, and to employ this medium 

double marked with streptomycin and chloramphenicol (McKay, Salema & 

Kidbv. 1979). 

NIErHoi)SMATERIALS AND 

Strains used 
R. trifvlii W U I (=TA I), a commercial clover 

Ilhe parent strains were 
I?..l l;f-ic1t1l CII 1809, a commercial soybean 

strain used in Australia, and 

strain. Nlutants of these strains were obtained as described by Schwinghamer
 

mutants had acquired resistance to 2(X) ig,, ml of
 
& I)udman 1973). \Vhen 

and isolates were
exposed to chloramphenicolwerestreptolmycin. they 

Ihe double-marked strains derived 
selected that were tolerant of 50),ug ml. 

I strr chlr and CB 
I and Cli 1809 are hereafter referred to as WU

Iroin WU on theeffectiveness tests
1o9 strr chlr. respectively. Infectivcness and 


111ants showedhthem to behave similarly to the parent cultures.
 

Selective medium 

I he medium used for the enumeration of the mutants consisted of (ug/ml) 

streptomyci n sulphate, 200. chlorain pi,,nicol, 50; bacitracin. 50; actidione, 

20: pilnaricin. 10. and nystatin. 5 in Yeast Mannitol Agar (YMA) medium. 

NI .Awas of the following composition: mannitol. 2.0 g; glucose, 3.0 g; 
Ih 0.2 g;g; NaCi, 0.1 g; MgSO 4.7H 20. 
:,LicrtsC. 5.0 g; K,1I1P., 0.5 

-xtract Powder (Jifco), 1.0 g;
C1. 0. I g"and Yeast0.05"g; NilCaSO 4.211 .

ml of medium. The pH was adjusted to 
agar (I)ilco certified),20 g per 100)0 

lBiacitracin was used in addition to streptomycin and chloramphenicol
0.8-7.0). 
to suppress other soil bacteria, while actidione, pimaricin and nystatin were 

Ihe bacitracin and the fungicides did not 
used to suppress lungal growth. 

suppprcss tile growth of the marked strains when counted on this medium. The 

colcentr'.tion of actidione could be increased to 100 ig ml for WU I strrchl r 

for Cli 1819 str rchl Iwithout affecting numbers. 
and 500 ag ml 

Rhizosphere counts 
L. cv. Dwalganup) and

clover (Trifolium subterraneumSubterranean 
) were used as host legumescv. Clark 63

soybean (O(vcinti' max(1. ) Merrill 

for \U I strI chlr and (iB181)9 str' chl'. respectively. A 48-hour culture of 

72-hour culture of C1 1809 str chlr were used to 
WU I str' chl' and 

in 2( methyl cellulose (Methocel) to 
were suspendedinoculate seeds. Cells 

et al., 1981). Seeds were left to air 
adhere the rhi/obia onto the seed (Salema 

dry for I hour belorc being planted in coffee cups with 300 g Carnamah gray 

sand moistened to 0(' of its watcr-holding capacity (Piper, 1944). A control 

with unlinculatCd seeds was also included in the experiment. Cups with sub
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clover were stored at 20°C, and those with soybean were stored at 28°C. 
Counts on the seed and emerging radicle were made using the Miles and Misra 
drop count techniqIe (Vincent, 1970). )uplicate samples of 50 sub-clover 
seeds or seedlings and 10 soybean seeds or seedlings wert, vigorously shaken 
fOr 10 mm iutes in YM hroth to wash off tle rh izobia. Necessary serial dilutions 
werc made in 9 iildeioni/ed water. Seed counts for soybean after 48 hours 
could not he made because the germinating seeds had shed their seedcoat. 

R ESU1:LTS 

I he tinno Ial tCd controls gave no growth of rhizobia on the selective 
mediuim, indicating that the nediurn used was successful in controlling 
residCt unmarked rhizobia. 

Changes in the inumbers of WIj I sir' chl' on the seed and rhizosphere are 
shown in Figure la. There was overall decrease in numbers in the first 24h, 
followed by a relatively more rapid decrease in the ensuing 24. At 24h 
germination had just started. From 48h-72h numbers on the seed and radicle 
increased steadily. At 48h after sowing, only 1% of 'he total number of 
rhizohia on the seedling were actually in the rhizospheru; the rest were on the 
seed. The rhizobia on the radicle did, however, multiply more rapidly than 
those on tie seed. 

1 hl4 R. Irihjhi WVI 1 1,t 

seedling 

3
 

-E 

Rail e 

[igire lkm.
 
C.haI)Le ~()lltlnlherltotllli/tohia
 
0n IlL I litalln ,eed. IR.fri/i/ii 

Il l\ h]terioI u0e40 T 0 NO 
c~o\,'] 'cud.Ilour% after sw',ing 
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Changes in the numbers of' C13 1809 strr cliir (see Figure Ib) showed a 
similar trend, except that numbers started increasing on the seedling soon 
after germination. Only 0.04% of the rhizobia counted on the seedling after 48 
were on the emerging soybean radicle. 

7 r
 

- -S eedling 

•5
 

4-

Figure Ib. 
(hCtnagc, inll iiiiibCr",of rhi/obia 
00 L'erllorillitiu sect. R. 
,upwiicum i Is og qsrrchl roll 20 40 60 N0 

10, 1L-illI. I(1ours alter so\%mv 

I)IS( Ii.SSION 

I he mediuln developed for this study required only that the rhizobia be 
marked at relatively low levels of antibiotic resistance. In this way, risks of 
altering inlectiveness or effectiveness (Zelazna-Kowalska, 1971) were 
imi im/cd. Apart toin that, tile medium has the other advantages of a 
sclectivc medium ionc of the ingredients or materials used in the 
CXpelileCilt iad to he sterili/ed, and the experiment was conducted in a 
iionsteril ell%, iro tintelt. 

Radiclc counts showed that only a small percentage of those rhizobia 
counted on tle seedlig were aictuallv on the radicle. although they multiplied 
riapidl there. I his is because tile radicle contacts the inoculant rhizobia on the 
Necd suace only at lthe point off emergencc from tile seed. [his is a 
disad iintagc ol seed inoculation. Solid and liq1 uid inoculants introduced 
directly into tie seedbed (Brockwell. et al.. 1980) place the inoculum in a 
strategic position to contact tile radicle as it grows through the soil containing 
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the inoculum. The more rapid multiplication of rhizobia on the radicle than 
on the seed is another example of the so called "rhizosphere effect" (Bowen & 
Rovira, 1976); the small number of inoculant cells reaching the radicle 
emphasize the need to select inoculant strains capable of rapid multiplication 
in the rhizosphere. 
The fall in nur.bers following germination of sub-clover seeds implies the 

liberation of seed-coat toxins (Hale & Mathers, 1977) when the radicle breaks 
the seed-coat. Soybean, the seed-coat of which is not known to harbor 
diffusable toxins for rhizobia, showed an increase in numbers, especially with 
the formation of the radicle which has a stimulatory effect on rhizobia. 
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IHE 131-YSICAL EFFECT OF DRYING AND REHYDRATING 
RHIZOBIUN ON INOCULAT[ED SEED 

M.P. Salema, C.A. Parker, D.K. Kidby,' and D.L. Chatel 2 

SimilmarY 

Ilectron niicroscopv of Rhizobiun on inoculated seed revealed 
that the drying process did not allect the morphology of cells of R. 
trioli WVU I (=I A I)1. I lowever. when dried cells were rehydrated, 
the cell envClpC rtpturcd. resulting in distorted shapes and cellular 
laterials oo,'ig out Iron the cell. 

Ilhe practical implications of these tindings for the survival of 
R/11-0141111 o11 tle seed aid in soil are discussed. 

INTRODUCTION 

WlhIe it is well established that rhizobia die rapidly on the surface of seeds, 
little is known about the cause of such death. Since all methods for 
determining viability of dried cells involve rehydration it has proved difficult 
to demonstrate whether death occurs during drying, rehydration, or both. In 
this paper we report on the morphology of fresh, dried and rehydrated cells as 
observed by electron microscopy. 

MATERIAIS AND METHODS 

Cells of Ahizohiatn triftilii W L I (= FA 1)were grown on yeast mannitol 
broth (Y M B), ) 1-1H6.8-7.0, for 48 h.Fresh cells, cells dried on glass cover slips, 
attd cells dried oil seed and then rehydrated, were then examined under the 
electron microscope (-Iitachi type HU-118) at 75 KV. 

lreparation of cells was as follows: 
Fresh cells: Cells were negatively stained on carbon coated grids with 0.4% 

uranyl acetate (llaschemeyer & Myer, 1972). 

I)cpt. W '-l , ence ltid 'lant Nutrition. 1!ni. ol Westrn Australia. Ncdlands. WA. 
..\ ,tI I ' th 
we\cm~ ,.\u,,tralliff Ikpt l- South Perth. W.A,0I.griCtulttte, ,larrah Rotad. Australia. 
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Dried ce/y: Io avoid rehydrating the cells it was necessary to use 

shadowing. (Cover slips were inoculated with broth cultures of' Rhizohiun, 

then il' dried. I hey were then coa ted at 90"C' with 100 A' of evaporated 

Carbon ind shldowed at 18 C with platinum inI a Siemens vacuum 
t.vaporator. I he calrbon platintm coal was floated oft the glass ill water, 

picked up on it carbon coated grid and observed under the F.M. 
Iriedi ami reh irtm'd celh: Seed of mirig bean ( l'igna radiata (L.) were 

inocutlated mith I:hiirun. air dried, then stored at 26C' for 24 h. The 
Iliobial reiethen relvdratted Ior 30 rin by placingthesecd in YMB, and the 

seed] ilgilraed gently to ensure restispcinsion. Ihe rchydrated cells were 

negtiltvely tMairied ias alrcadv described. Ilhicy were also shadowed to itile out 
posnsible effects of tie +tiliin on cell morphology. 

RESIIITS AND I)IS(''SSION 

F reshlrcgiticly stai ned i rd alir-dricd and stored cells were morphological

ly siiilar, aid hild tile iorIllill rod shape with tll-ce subpolar flagella visible. 

NcgaliVe staining of rchYdrated cells revealed, in addition to normal cells 

(sCC I-igurc la): 

Collapsed cells %till cytoplasnic nermbralne withdrawn frol the cell 

will (sCeC igure I b), 

Cells \W1i distorted Shipes (see Iligire Ic). and 

el.s wkith celllalr iaterials oo/ing rorn the cell (see Figure Id). 

Shladowcd reivdriied cells gave similar results, indicating that tie 

bsCr\atIoils ii stined cells were not artif;icts of staining. [hc shadowed 

pictures did iot Show wilhdraiwn cytoplalsum, ais shadowing only provides cell 

outllines. 

I Irisstudy h;as shtown that dried l/.izobini cells look morphologically 

sinilr to uIindried ontes. hiul thal oil rel\drilon. major structural changes 

octII tilhat liist res.tllt ill tlne dCilth of 11ra1iV cells. 

latel k1975) olbseIvCd ia fill in the population of R?. l/uini oilsown, 

inicullated lipin seeds after successi\e weting aind drying of' soil. Reccntly, 

IPt-u-CaiibriaIics & ,\Iexlinrdtr ( 1979) reporte( reduction in population siue of 

R. ,'pinnwi : in iia;ill ioall witi each wetting and drying cycle. The results 

obtiincd intIiis iul\ ofei-a exilaationrl flo teile results ol'these workers and 

pcrhlaps lor oither cases of death iii bacterii ;issocilated with rehydration. 

(ail th se etfects he iiiiiinii/ed? (learly one shotld aim to redutrce the 

nuilrler ol cc lc ,ll ellnrg aid drying, by plinting when there has been 

sufficieit rlain t ellnstre eoed geriliilatioil, ilild iot at ithe beginning of' the 

raily seilsll when showels call he spasmodic. 

Bad efl.ctS Cil illlso be IiIdCd if Ireshly inoculated seeds are sown into 

itinlst soil M ile still %C't. in order to iisoid tile initial drying and rehydration 

cycle. Although thi, is lot lfeasible iin rechiri/ied. large-scale Ifarlling where 

opcratlions like soi ng take tip itoseveral days. it should be quite possible in 
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Figtirc I. RIchdrated cells 1 Ihiz ium trifi1ii W I I i) Normal looking; b) 
collapscd c) distortecdcelhilar materials x45000 (negatively stained); 
t) ruptured with owing cellular mattcrial x 45.(00 (negaqtivcly stained). 
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small-scale peasant farming situations, where family labor is available and 
sowing can sometimes be done in one day. 

The use of liquid inocula for direct application to the seedbed (Brockwell, 
(ault & Ilcly, 1979) is another alternative, which apart from minimizing the 
nuniber of wetting and drying cycles, places the inoculum lit a strategic 
position for the emerging radicle to be colonzed by the inoculant rhizobia. 
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THE INTERNATIONAL BEAN INOCULATION TRIAL (IBIT): 
RESULTS FOR THE 1978-1979 TRIAL 

P.H. Graham, C. Apolitano, R. Ferrera-Ccrrato, J. Hallidav, R. Lepiz, 0. 
Menendez, R. Rios, S.M.T. Saito, and S. Viteril 

Su niar t, 
Response to the inoculation of dry beans (Phaseohs vulgaris L.) 

in Latin America has been extremely variable. Because of this a 
collaborative multi-location inoculation trial using ten highly 
efficient strains of Rhizohittm phaseoli was initiated. This paper 
reports results obtained in 1978-1979.

Iwelve I111 Itrials were sown in seven countries. Significant yield 
responses (39-61 ( -increase above control plants without nitrogen) 
were obtained at live sites, wito the strains CIAT 632 and 640 
generally among the most effective. CIA I 57 (syn. CC51 I) was 
disappointing. I-xtensive nodulation of uninoculated control 
plants occurred at several sites highlighting the problem likely to 
occur with native soil rhizobia in traditional bean-growing regions. 
At one site in Piracicaba, lrazil, one inoculant strain produced 
only 3511 of nodules. 

INTRODUCTION 

Inoculation trials for dry beans (Phaseolus vulgaris L.) in Latin America 
have tended to use only a few strains of Rhizobiumphaseoliand to include no 
strains of recognized efficiency. Inoculant quality has also been suspect at 
times. These and other factors have contributed to highly variable field 
inoculation results with this crop, a high proportion of investigators obtaining 
no response to inoculation (Pessanha et al., 1970; Sistachs, 1970; Fontes. 
1972; Nufiez & Valdes, 1976; Cuautle, 1979). To overcome these problems a 
collaborative multi-locational field trial was developed to evaluate the 
response of '. vulgaris to selected and highly efficient strains of R. phaseoli. 
This paper reports results from the fiist year of testing. 

Sc o CIAI1, AA 67-13. Cali, Colombia.
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FORMAT OF THE 1978-1979 IBIT TRIAL 

No attempt was made in this first trial to impose standard conditions. 
Guidelines were provided, but the scientist implementing the trial was free to 
select the site. determine the need for liming and/ or fertilizer application and 
select the variety and the cultural system to be used. Plot size could also be 
modified according to labor availability and expertise. 

For each location the experiment contrasted ten selected strains of R. 
p/huseoli with -N and +N controls in a randomized block design having four 
replications. [he inoculant strains were selected from among 60 isolates 
provided by collaborators, and all had been retested for nodulation and 
nitrogen(N2)fixation at the Centro Internacional de Agricultura Tropical 
(CIAT). Ihe strains used, and their histories, are detailed in Fable 1. 
Inoculants were normallv provided to collaborating scientists as high-quality 
peat cultures, air mailed or hand carried to their destination less than six 
weeks before the intended planting date. 

Again because of labor availability and expertise the data taken at each site 
could be varied. Yield data was required, but most collaborators also gave 
details of nodulation and some N2(C 2H2) fixation data. 

TABLE 1: Strains of Rhizabitt,, phascoli used in the 1978-1979 IBIT trial. 

CIAT No. Original No. Source 

45 3 10 IPEACS, km 47, Campo Grande, Brazil 
57 CC5 11 CSI RO, Canberra, Australia 

255 Z272 Isolated from the t)anli region, londuras 
632 21 Isolated by R. Aguilera, ICTA, Guatemala 
640 Z632 Isolated by P.Graham, La Buitrera, Colombia 
676 3620 Rothamsted Exp. Station, England 
893 M20 Isolated by G.Ocampo, Carmen de Viboral, Colombia 
903 TALl82 NifTAL, Maui, lawaii, USA 
904 487 UIRGS, Porto Alegre, Brazil 
905 127K 17 Nitragin Co., USA, Courtesy of J.C. Burton 

RESULTS FROM THE 1978-1979 IBIT TRIAL 

Sites used in the 1978-1979 1BII series are characterized in Fable 2. As is 
obvious from this table, sites varied appreciably in pH, soil organic matter, 
and available 11and in climaie. ['he varieties used and the planting systems 
adopted were also highly variable. [hus, while bush bean cultivars were used 
in most trials, four trials were planted to climbing beans; in three of these 
beans were grown associated with maize. 



TABLE 2: Sites used in the 1978-1979 IBIT trial. 

Location of trial Soil type 

Chapingo, Mexico' sand 
Chiclayo, Peru clay loam 
Cochabamba, Bolivia clay loam 
Jalisco, Mexico clay loam 
La Selva, Colombia sandy loam 
Maui, Hawaii, USA silty clay 
Piracicaba, Brazil-Site 1 clay loam 
Piracicaba, Brazil-Site 2 clay loam 
San Andres, El Salvador' clay 
Santander de Quilichao, 

Colombia clay loam 

2
trwo experiments on same site. 
Mean growth season temperature (0 C) 

Soil 
pH 

6.6 
7.8 
5.7 
6.0 
5.0 
5.7 
5.8 
6.1 
6.3 

4.9 

Organic 

matter 

1.11 
1.43 

2.0 
22.5 

1.5 
2.4 

7.1 

P 

(ppm) 

27.0 
6.8 
4 
2.9 
2.0 
1.0 
1.0 
5.0 

76.0 

1.8 

Rainfall Mgst 2 

(mm) (0 C) 

irrigated 22.6 
176 18.5 
473 

210 18.6 
211 18.6 
260 24.5 

irrigated 22.0 
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Yield data for the 12 experiments of the 1978-1979 series is included in 
Table 3. As might be expected from the diversity of soils and cropping 
systems, yields are extremely variable. [his notwithstanding, a significant 
response to inoculation was obtained in five trials including two with 
relatively high soil Rhizo/uium populations. Yields of the best of the 

inoculated treatments at the five sites were 39.9-61. 1% greater than those of 
-N control treatments. The yield response to inoculation with the strains 
CIAT 632 and CIAT 640 was consistently superior to that of the other strains. 
In contrast, CIAT 57 (syn. CC5 11) fared poorly. This strain has been widely 
used in inoculants and was considered a standard, but it gave very poor yields 
at the higher-temperature Santander location. In early trials of the 1979-1980 
IBIT, this strain has again performed poorly, raising the possibility that it has 
Undergone some modification of symbiotic properties.

The yield data is also of interest for the number of sites with low soil 
organic matter at which the -N controls yielded at least as well as those 
receiving N fertili/er. In our experience, this is sometimes due to a higher 
incidence of toliar pathogens on the more luxuriant +N plants. Disease
resistant cultivars or heavy pesticide applications are needed. 

As might be expected from the long history of bean cultivation in Latin 
America, there were a number of locations at which competition for nodule 
sites limited the opportunity for response to inoculation. [his isevidc -t in the 
nodulation data provided in l ables 4 and 5. Ihus, uninoculated plants in the 
first Chapingo trial averaged more than 100 nodules/ plant. For this location 
R . Ferrera-Cerrato (personal communication) has concluded that less 
than 2(,('of nodules are likely to come from the inoculant strain. High nodule 
numbers plant were also evident at tile San Andres, Piracicaba 2,Jalisco, and 
Cochabamba sites. For the noncompetitive site at Piracicaba S.M.T. 
Saito (personal comtinlication) has shown that the inoculant strains 
produced 50t-1l0011 of nodules. In the second trial on a bean soil having 
approximately 104 rhizobia gram, the percentage of nodules derived from the 
inoculant varied from 35' j-901 ,with CIA I 904 the least competitive strain. 
I his finding parallels other results at CIA I. 

FUTURE OF Til: IBIT SERIES 

Ilhe 1979-1980 11HI1 series with new strains of R. phaseoli included has 
already been distributed. For the 1981 trial we are proposing to use again the 
better strains from the previous two years of testing, but a number of them will 
be distributed as antibiotic-resistant mutants, the competitive abilities of 
which can be followed in soil. Simultaneously, we propose more intensive 
collection ol additional isolates, with particular attention to those from acid 
soils or regions of high temperature. We do not propose to reissue alread) 
tested strains repeatedly, but will only continue the IBIT trials if additional 
select isolates can be identified. 



TABLE 3: Yield (g/plant) by location for the 1978-1979 IBIT trial. 

Location of trial Yield Yield Yield range in Best strains % yield increase 
-N +N inoculated with best strains 

treatments 

Chapingo, Mexico 1 11.0 9.5 7.7 - 11.1 640 0 n.s. 
Chapingo, Mexico 2 6.7 5.4 5.0 - 7.2 632 7.4 n.s. 
Chiclayo, Perd 48.5 38.8 30.1 -51.6 255 6.3 n.s. 
Cochabamba, Bolivia 8.6 7.6 6.8- 9.1 893, 904 5.5 n.s.
Jalisco, Mexico 15.7 14.9 12.9 - 16.8 632, 640 7.3 n.s.
La Selva, Colombia 11.5 19.3 13.2 - 17.9 632, 640 56.3 * 
Maui, Hawaii, USA 7.2 6.3 7.3 - 11.6 57, 893 61.1 * 
Piracicaba, Brazil 1 30.2 37.4 27.2 -44.8 632, 640, 903 48.3 * 
Piracicaba, Brazil 2 1.3 3.6 1.0- 1.9 903 46.1 * 
San Andres, El Salvador 8.6 7.9 6.8 - 9.1 57 5.5 n.s. 
San Andres, El Salvador 5.1 5.3 4.8 - 7.7 632, 640, 905 39.9 * 
Santander, Colombia 5.3 5.5 4.8- 6.1 632, 640 15.5 n.s. 
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TABLE 4: Nodule number per plant for locations in the 1978-1979 IBIT trial. 

Location of trial -N + N Range among 
inoculated 
treatments 

Chapingo, Mexico 1 102.5 102.7 68.0 -223.7 
Chapingo, Mexico 2 147.2 154.7 64.5 - 173.7 
Chiclayo, Peru 15.4 7.1 12.2 - 32.4 
Cochabamba, Bolivia 26.7 26.2 31.0- 205.2 
Jalisco, Mexico 45.9 32.4 36.1 - 60.9 
La Selva, Colombia data not taken 
Maui, Hawaii, USA 0.1 0 0.1 - 26.2 
Piracicaba, Brazil 1 13.9 3.6 24.6 - 50.7 
Piracicaba, Brazil 2 50.2 12.2 50.5 - 88.1 
San Andres, El Salvador 1 36.1 0.8 28.8 - 54.3 
San Andres, El Salvador 2 22.8 0 33.3 - 40.3 

Santander, Colombia data not taken 

TABLE 5: Nodule fresh weight for locations in the 1978-1979 IBIT trial. 

Location oi Lrial -N + N Range among 
inoculated 
treatments 

Chapingo, Mexico 1 42.5 69.5 27.5 - 143.0 
Chapingo, Mexico 2 131.0 95.5 57.0- 176.5 
Chiclayo, Peru 72.0 12.0 33.0- 171.0 

Cochabamba, Bolivia 7.5 11.0 15.4 - 79.5 
Jalisco, Mexico 190.0 82.0 80.0 - 247.0 
La Selva, Colombia data not taken 
Maui, Hawaii, USA 0 0 0 - 18.6 
Piracicaba, Brazil 1 11.8 2.4 20.6 - 73.4 
Piracicaba, Brazil 2 104.8 10.6 93.4 - 183.8 

San Andres, El Salvador 15.5 7.4 11.0- 30.0 
San Andres, El Salvador 15.0 0 14.0- 26.0 
Santander, Colombia 38.4 2.6 14.8 - 34.4 
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MULTI-LOCATIONAL FIELD RESPONSES OF PHASEOLUS 
VULGARISTO INOCULATION IN EASTERN AFRICA 

'S.O.Keya, V.R. Balasundaram, H. Ssali, and C. Muganel 

Summar i' 
Field experiments undertaken in Kenya, Tanzania, and Uganda 

examined the response of tPhaseolus vulgaris to inoculation. In 
Kenya a survey of 08 bean producing regions showed that most 
soils contained Rhi:ohim plaseoli and that bean plants could~ 
symbiose electively with the native rhizobia. Despite this, yield 
responses to inoculation ranging from 7-47% were obtained in field 
trials. Among inoculation treatments best results were usually 
obtained using the commercial, imported inoculant culture. 

INTRODUCTION 

l'haseolus vulgaris L. is a major grain legume in Eastern Africa where 
production is mainly by small farmers. The yields of beans are relatively low 
with the national average in Kenya only 500 kg/ha. Beans are traditionally 
grown in rotations or mixtures with cereal crops, and little or no inoculation is 
practiced. 

Efforts to increase yields through inoculation in East Africa have not been 
particularly successful (Macartney & Watson, 1966; Stephens, 1967; de 
Souza, 1969 Mughogho, 1979). Nevertheless, some responses to inoculation 
have been obtained in areas where beans have not been grown before 
(Macartney & Watson, 1966; de Souza, 1969). More recently Keya (1976) in 
Kenya and A. Hakizimana (personal communication) in Rwanda have shown 
that yield increases of up to 20% can be obtained through inoculation. 

Beans, however, do respond to the application of nitrogen (N) fertilizers. In 
FAO-organized trials on farmers' fields in Kenya, responses to N fertilizer 
were recorded even for landrace cultivars. The current recommendation in 
Kenya is to apply 20 kg N/ha. 

lniversily ol Nairobi. Nairobi, Kenya. I 
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This paper reports field responses of P. vulgaris to inoculation and N 

fertilization in different countries of the region. 

MATERIALS AND METHODS 

A s-rvey of hean inoculation in some of the major bean growing areas of 
Kenya was undertaken in 1979. Soil collected aseptically from the fields of 
small landholders was inoculated onto bean plants (cv. Candian Wonder) 
grown in sterile vermiculite and watered with nutrient solution. After six 

weeks, plants were harvested and their dry weight determined. 

Field experiments to determine the response of beans to inoculation were 
established in Uganda, lanzania, and Kenya during 1979 and 1980. 
Recommended treatments were: not inoculated, no N; not inoculated +20 kg 
N/ ha; not inoculated + 80 kg N/ ha; inoculated with a commercial inoculant 
from the Nitragin Company, Milwaukee, WI, USA; and inoculated with a 

local strain of ?.phaseuli. A randomized block design with five replicates was 
used in most triais. but at Morogoro, lanzania, a split plot design was used. 
lhe size of each plot was 3 by 4 in and the plants were spaced 40 by 15 cm. 

Each plot had well-raised boundaries in ordei to cut down possible cross 
contamination. Application of fertilizers and other agronomic practices 
tollowed local recommendations. Plants were sampled for nodulation, dry 
weight and N content at the trifoliate leaf stage and at flowering, and seed 
yield (14-161,( moisture) wa., determined at maturity. 

RESULTS AND I)ISCUSSION 

Of the 68 sites examined in Kenya only six appeared devoid of soil 
populations of R. phaseoli. [he majority of these were from the Central 
Province. When soil dilutions from the survey areas were inoculated onto 
potted plants in the glasshouse, gains in dry matter production of from 53
625%.(' were obtained. [or soil from 18 of 25 sites tested in one trial, the increase 
in dry matter production was greater than that of control plants receiving the 
equivalent of 90 kg N ha. 

Soil characteristics for the four sites used in the field inoculation trial are 
shown in lable 1. All sites were rather low in phosphorus, while the Kel. ,n 
sites were higher in N than the other locations. 

[he response to inoculation and N fertilization is shown ;I Table 2. 
Appreciable responses to inoculation were obtained only in the 1979 triai ai 
L'mnbu (yield increase ot 16(. following inoculation and in the I90 trial at 
Kabete (yield increase of 171' following inoculation with the Nitragin 
commercial inoculant). At the Embu site there vas a marked response to N 
fertilization, with yield increased from 2555 to 3482 kg/ ha by the application 
ot 80 kg N, ha. A smaller response was obtained in the 1980 planting at 



rABLE 2: Effect of inocdlation and N fertilization on the yield (kg/ha) of beans in East Africa. 

Treatments 

Embu Kabete 

Locations 

Morogoro Makerere 

Mean increase 
over control ( ,%) 

1979 1979 1980 1980 1980 

Var. 11 Var. 1 Var. 1 Var. 1 Var. 22 Var. 33 Var. 44 

Uninoculated 2555 3379 2082 496 258 1035 1607 

Uninoculated + 
20 kg N/ha 3109 3518 2425 549 262 964 1465 5.7 

Uninoculated + 
80 kg N/ha 3482 3410 2292 546 394 1098 1607 16.6 

Nitragin 
inoculant - - 2427 531 380 1024 1324 10.4 

Locally prepared 
inoculant 2951 3641 2220 530 340 967 1589 8.9 

1'Canadian Wonder' 2 "Selian Wonder' 3 K 2 0 4 'Banja Z' 
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TABLE 1: Some soil characteristics of the trial sites in East Africa. 

Location Organic N CEC1 Available pH Sand Silt Clay 

Matter (1) P (11!2 ( ) (%) (%) 
(,) (ppm) 1:1) 

Embu 3.7 0.28 20.3 9 6.3 5 12 73 

Kenya 

3 	 16 81Kabete 5.3 0.31 22.8 12 6.1 
Kenya 

Morogoro 1.9 0.11 19.1 3.8 5.3 52 7 41 

Tanzania 

Makerere 4.9 0.14 11.6 4.9 63 i 35 

Uganda
 

l,leq/100g soil. 

Kabete, but no N response was apparent in the Morogoro and Makerere 

experiments. Two NifI'AL and four local isolates were included in the Kabete 

trial. None gave responses significantly different from those of the 

uninoculated control plots. Additional studies with other effective and highly 

competitive strains of R. phaseoli are obviously needed. 
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ALTERNATE INOCULATION METHODOLOGIES FOR BEAN 
FARMERS IN TROPICAL COUNTRIES 

J.B. Sartain,' D.H. Hubbell' and 0. Menendez' 

SmtaniarY' 

Inoculation Studies with dry beans (Phaseoh. vulgaris L.) in El 
Salvador in 1979 compared the response of selected, locally 
important cultivars to inoculation with two different strain 
mixtures applied to the soil, either as granular formulations or as 
pellets. 

Large differences in yield between cultivars were obtained and 
were associated with both site and season. Porrillo 70' produced 
the hi/,hest yield during hoth seasons. InocUlant 'orm, granular or 
pell',i.had little influence on any of the measured parameters. 
InoCUhint source (stra in composition) had atvariable influence on 
yield, nodule nurnher and nodule weight, which was dependent 
upon tihe seoson and location. At Ahuachapan the CIAI strains 
produced a higher yield than those from Nitragin, but at ILurin and 
Qtc/altepeque the reverse was true. Nodule number and nodule 
weight were not strongly correltted with bean yield. 

INTRODUCTION 

In many tropical countries beans (Phaseolus vulgaris L.) are grown on 
small farms, generally less than ten ha in size. These farms operate at, or near 
the subsistence level, and the absence ofcapital generally precludes the use of 
improved technologies (fertilizer, pesticides, etc.). While many factors 
contribute to the generally low yields of this dietary staple, legume 
inoculation might serve as an economical means of increas;ng yields. The 
technology by which effective nitrogen (N2 ) fixing strains of Rhizobium are 
established in the nodules of agronomically important legumes is well 
documented. However, research on the value of this technology for beans 

I Dept of Soil Science. t nix,. of Florida. (ainesville, FIl, 3261 I, USA. 
2 CIiN'A. San Salxador. FI Salvador. 

http:Technolog.'.br
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grown on small farms in the tropics is badly needed. This study was initiated in 
El Salvador with the following objectives: 

lo determine the value of exotic versus indigenous (native) strains of 

Ihizohium f)haseoli for use as bean inoculants, and 

Io compare methods of inoculation for bean production. 

MATERIALS AND METHIOI)S 

licans (I'haseolus vtugaris) were planted at four locations in El ,"alvador 
(Ahuachapan, Armenia, Quezaltepeque, and Furin) during 1979. A split plot 
design consisting of live replications was employed at all planting locations. 
Four bean cultivars (Rojo de Seda, Nahuizalco Rojo. S-184N, and Porrillo 
70) were planted in carly lune and harvested in September of 1979 on the 
experiment station in the State of Ahuchapan. [he same four cultivars were 
planted in farmers' fields in September and harvested in December of 1979 in 
lurin and Quczaltcptquc. except for the omission of 'Porrillo 70' in 
Quealtcpeque because ot the lack of seed. A farmer's field near Armenia was 
also planted to the sa me cutivars but was not harvested due to insect damage. 

Iwo dillercnt strain com binations of R. phaseoli were used as inoculant 
treatments: Nitiagin "1)" (127K59 and 127K81) supplied by the Nitragin 
Company. Milwatkee, WI, and strains CIAI 57 (syn. CC511) and 75, 
supplied by theCentro Internacional de Agricultura Iropical (CIAT),Cali, 
Colom bia. I he strain combinations were used both as granular and pellet 
preparat.mis. A "pinch" of granular inoculant or three pellets of inoculant 
were placed in the seed hole at planting. All plots received 39 kg P'O /ha as 
ordinary superphosphate. [he N-treated plots recievcd 3 kg N/ha as 
aninoniun sullate. Ihe applied nutrients represent the recommended 
lertili,'ation for beans in FI Salvador. Ilhree rows. 75 cm wide, of each cultivar 
were stripped across suhplot treatments. Rows of each plot were 6 in in length 
at Ah uachapan and Armenia and 5 and 4 in. respectively, at Turin and 
Que/altepcqice. 

Nodulc number and weight for five plants at 25 d:,ys after planting and yield 
at harvest per 'ne row plot were collected and analyzed statistically using the 
)uncan's New IMultiple Range Test ()N M RT)at the 5% level of probability 

for meian scparatiol. 

RESUILTS AND I)ISCUSSION 

At Ahuachapan the two black bean cultivars (S-I 84N and Porrillo 70) gave 
good yields and respinded to imposed treatments, while the two red seed 
cultivars ( Rojo de Seda and Nahuizalco Rojo) gave poor yields and showed 
no response even to the application of fertilizer N (see Table I). A highly 
significant cultivar x treatment interaction was observed but the inoculant 
form (granutilar or pellet) did not influence yield significantly. 
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TABLE 1: 	 Effect of treatment on the yield of' different bean cultivars grown 
during the period June through September on the Elxperiment 
Station in the State of Ahuachapan. 

Cultivar 	 Treatment Yield (kg/ha) 

Rojo de Seda 	 CIAT inoculant 643 a'
 
Nitragin inoculant 620 a
 
Control 637 a
 
Fertilized 728 a
 

Naluizalco Rojo 	 CIAT inoculant 578 a
 
Nitragin inoculant 661 a
 
Control 576 a
 
Fertilized 689 a
 

S-184N 	 CIAT inoculant 1560 b
 
Nitragin inoculant 1532 b
 
Control 1538 b
 
Fcrtilized 1719 a
 

Porrillo 70 	 CIAT inoculant 1805 a
 
Nitragin inoculant 1408 c
 
Control 1592 b
 
Fertilized 	 1938 a 

,1Any two means ithin a 'lltiVIr iitltwMcttl 11 the sane letter do not difter at the 5 %Ulevel 
ot' prolabili ty as ittlted by I)NNIIR I. 

'lorrillo 70' p ducCd the highest yield and greatest response lo treatments. 
Plots of 'lorrillo 711' receiving the C'IA I i noculant produced as high a yield as 
the Ictili/cd plots. Nittl'gi irlontadlnt and control plots produced significant-
Iv less ,,'ield. I'let li/d plots ot S-1 .4N producned significantly greater yield 
thal either ot tile Inocuilated or Control plots. 

A highly sign11 triple interaction between variance sourcesiticait. order 
influenced tile ield ot healls tt the I turin location (see Iahle 2). ('ontrary to 
the lune plolting at tie Ahti chapan site, 'Nalitililco Ro.o' prodticed a 
greater yield than --1 4.. 'Porrilo 70' consistently producd a greater yield 
tha the other ctiitivars. ',or bhoth the 'Rojo de Seda' and 'Natialco Rojo' 
clltiisr, loctulaltin .l %ith the Nitragin "I)" inoculauit producCdJiust asgood a 
heaul ',ield it ertiliing with 39 kg N ha. while CIA I inoculant on 
Na liii alleo Rojto 'edtned yields below control levels. Ihe low yields of 

the S-I 4,N ci ltivtr were p)sit ively influenced only by tertili/ation and not by 
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TABLE 2: Effect of form of inoculant, cultivar and treatment on the yields 

of beans grown during the period September through December on 

a small farm near Turin. 

Inoculant form Cultivar 

Granular Rojo de Seda 

Pellet Rojo de Seua 

Rojo de Seda 

Granular Nahuizalco Rojo 

Pellet Nahuizalco Rojo 

Nahuizalco Rojo 

Granular S-184N 

Pellet S-1 84N 

S-.184N 

Granular Porrillo 70 

Pellet Porrillo 70 

Porrillo 70 

lAny two means within a cultivar followed 

of probability as judged by I)NNIRT. 

Treatment Yield (kg/ha) 

CIAT inoculant 592 bc' 
Nitragin inoculant 697 ab 

CIAT inoculant 563 c 
Nitragin inoculant 742 a 

Control 615 bc 
Fertilized 656 abc 

CIAT inoculant 706 b 
Nitragin inoculant 1007 a 

CIAT inoculant 750 b 
Nitragin inoculant 1007 a 

Control 981 a 
Fertilized 928 a 

CIAT inoculant 398 b 
Nitragin inoculint 487 b 

CIAT inoculant 451 b 
Nitragin inoculant 504 b 

Control 481 b 
Fertilized 685 a 

CIAT inoculant 908 b 
Nitragin inoculant 964 ab 

CIAT inoculant 909 b 

Nitragin inoculant 936 b 

Control 873 b 
Fertilized 1066 a 

by the same letter do not differ at the 5 % level 
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inoculation. Ihe granular lorm of the Nitragin inoculant produced as high a 
yield as applied N on 'Porrillo 70', whereas the observed response to the 
pelleted form was not different from the control. 

TABLE 3: 	 Effect of cultivar treatment on the yield of beans grown during the 
period of September through December on a small farm near Que
zaltepeque. 

Cultivar 	 Yield (kg/ha) Treatment Yield (kg/ha) 

Rojo de Seda 522 a' CIAT 529 b1
 

S-184N 513 a Nitragin 671 a
 
Nahuizalco Rojo 496 a Control 366 c
 

Fertilized 313 c
 

.\ny t\Mo mieans within a cultivar or treatment followed by the same letter do not differ at 
the 5 %A'level o"probability as judged by ) NM RT. 

FABLE 4: 	 Effect of location and treatment on the nodule number and weight 
of five plants at 25 days after planting, for beans grown in the 
Ahuachapan, Quezaltepeque, and Turin trials. 

Site Treatment Nodule Nodule 
number weight (g) 

Ahuachapan 	 CIAT strains 168 0.70 
Nitragin strains 166 0.51 
+ N control 70 0.32 
-N control 67 0.32 

Quezaltepeque 	 CIAT strains 161 0.68 
Nitragin strains 170 0.85 
+ N control 115 0.35 
-N control 104 0.48 

Turin 	 CIAT strains 132 0.65 
Nitragin strains 119 0.64 
+N control 84 0.38 
-N control 111 0.52 
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Bean yields were uniformly low, and unaffected by cultivar, at the 
Quezaltepeque site. Fertilization did not enhance yield though a significant 
response to inoculation was achieved with both the Nitragin and CIAT 
inoculants (see lable 3). 

In these experiments fixation parameters varied markedly between sites, 
and in their relation to yield. Ihus at Ahuachapan nodule weight was not 
allected by cultivar or treatment, while nodule number was negatively 
correlated with yield (r =-0.41 ); at lurin, nodule number was unaffected by 
treatment and nodule weight was negatively correlated with yield (r =-0.20); 
and at Quezaltepequce, positive correlations between nodule number (r=0.28) 
and nodule weight (r= 0.40) and yield were observed. [his, together with the 
variable response to tile two sources of inoculant used, and extensive 
nodulation ol the uninoculated controls at each location (see Table 4) 
highlights the need for additional experimentation on thL use of inoculant 
technologies under small-farmer production systems. 
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RESPONSE OF GROUNDNUT (ARACHIS HYPOGAEA)TO 
INOCULATION 

P.T.C. Nambiar, P.J. Dart, B. Srinivasa Rao and H.N. Ravishankarl 

Sunmunar,' 
Ihongh groundnitit is nodulated by a rinuber of rhizobia 

bhelonging to the cowpeai miscellany. the nodulation and nitrogen 
(NI) Iixattion achicC d tinder tarmers' coiditions is often 
iaidequate. Studies at I'R ISA I have attempted to overcome this 
by euarniting a Iarge nulber of inoculalrt strains and various 
lmethods o1 inocutlationi. 

Large \ariability between groiudrUlt rhi/obia in ability to fix N
exists. iltlI nodulepoor correlatios between mass and plant dry 
\weight gairs can occur.lrIocitlrri si/e is important with nodule 
ntmber aind distribution and N lixation enhanced by heavier 
inoculation rtes. lliluid ioculants have provided greater 
increases in)yield lham eilther gra tular or seed slurry inoculation. 
the latter method reducing geriination and stand establishment. 
Se\eral lield trials at It'RISAI. both in the rainy and irrigated, 
post-rainy seasons, la\e given signilicarit responses to inoculation, 
een thoutgh tIhe s oil atlready contains 4 rhiohia Ihe cultivar1t) g. 

Rohut 33-1 witi strain NU"92 has given most consistent results. 

INTRODUCTI1ION 

I1hough groundnut (Arachis htpogaea L.) is nodulated by rhizobia of the 
cowpea miscellany (Fred, Baldwin & McCoy, 1932), and can, under optimum 
conditions, Iix most of the nitrogen (N2 ) needed by the plant (Pettit et al., 
1975; Burton, 1976), ttodulation in farmers' fields in southern India is 
generally poor. In one survey, 52 of 95 fields examined showed inadequate 
nodUlation, with rates of N2 (C2 H 2) fixation less than one-tenth that which 
can be obtained under reasonable field conditions. Poor nodulation and N, 

I I RISA. I'atanchcru P.).. Andra I'randesh 502 324. India. 
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fixation are undoubtedly one reason for low groundnut yields in India, 
currently averaging about 800 kg/ha. 

ICRISAT maintains a collection of Rhizobium for groundnut and has 
experimented extensively with strain evaluation and inoculation method. 
This paper reports some of these studies. 

MATERIALS AND METHODS 

Pot trials using tile methods detailed by Nambiar & Dart (1980) were 
undertaken to determine the nodulation and dry matter production achieved 
following inoculation with 14 selected strains for groundnut. N-free plants 
and plants supplied nitrate were used as controls in this study. 

Similar methods were used to evaluate the number of rhizobia required to 
achieve profuse nodulation and active N , fixation in the groundnut cultivars 
'IMV-2 (bunch), Kadiri 71-1 (runner) and Robut 33-1 (semispreading). Strain 
NC 92 was applied as a broth culture inoculant to the base of eight-day-old 
plants at inoculation rates ranging from 2.2 x 102 to 3.2 x 109 cells/seedling. 
Plants were supplied sterile, N-free nutrient medium during growth and were 
harvested 57 days alter planting, when nodule number, total N/plant and 
shoot dry weight were determined. Plants supplied nitrate were again used as 
controls. 

Inoculation trials with groundnut have been undertaken at ICRISAF since 
1977. Ihese have included a range of cultivars (I'M V2,Kadiri 7I-I, Robut 33
1,Argentine, All 8189. and MH2)and strains (5a/70, 1C6006, ICG 60, NC 92, 
NC 43.3 and NC 7.2) and have used both granular and liquid inoculation. 
Fertilization in these trials has been at recommended local levels. 

Finally, inoculation method has been studied using granular and liquid 
soil-applied inoculation in comparison with conventional slurry inoculation. 
All seeds in this trial were treated with thiram before planting. 

RESULTS AND DISCUSSION 

Response of groundnut to inoculation with selected strains of Rhizobiurn is 
shown in Figures la and lb. Strains varied markedly in nodule development, 
and in ability to promote plant growth. While a good correlation between 
nodule development and plant growth was observed under the -N conditions 
of the experiment. the strains IC6083, lI1P 100 and IHP 2 developed 
appreciable nodule mass without obvious benefit to the plant. 

lables I and 2 show the response of groundnut cultivars to inoculant level. 
From these results it is apparent that groundnut requires a heavy inoculation 
rate ( 10 rhizobia, seed) for adequate nodulation and N , fixation. Nodulatioli 
and lixation were reduced when only I11rhizobia/seed were applied, while no 
primary root nodules and only a few secondary root nodules developed when 
only 102 rhizobia, plant were applied. [he changing pattern of nodulation as 
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Figure I: 	 Shoot production and nodule formation hy groundnut inoculated with 
different Rhi o iun strains. lhree plants per 20 cm x 20 cm pot. 

tle inoculation rate was reduced resembled the response to delayed 
inoculation reported by Dart & Pate (1959). Similar responses to inoculation 
rate are reported by Weaver & Frederick (1972) in soybean. 

[able 3 summarizes the results of' field inoculation trials conducted at 
ICRISA I from 1977-1980. Although response to inoculation was notalways 
obtained, 'Robut 33-1' which is in the final stages of national release in India, 
gave substantial increase in pod yield in four of the eight experiments. Tables 
4 and 5 show the excellent response of'Robut 33-1' to inoculation with strain 
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TABLE 1: 	 Influence of Rhizobium inoculum level on nodulation and N2 

fixation by groundnut cv. Kadiri 71-1. 

Level of Rhizobium Shoot dry wt Nodule dry wt Total N 

applied a: broth (g/plant) (g/plant) (mg/plant) 
(no./seed) 

3.2 	 x 109 3.38 0.13 73.2 

5.5 	 x 107 2.38 0.12 50.3 

1044.8 	 x 1.08 0.03 18.6 

6.1 	 x 102 0.97 0.02 14.3 
Nitrate control 4.34 0 89.8 
SEM + 0.39 0.011 2.1 

L S D (5) 	 1.13 0.031 21.7 

TABLE 2: 	 Effect of Rhizobium inoculum population1 on nodule dry weight 
production and N2 fixation by groundnut. 

Rhizobium Nodule weight N2 fixation 
inoculum (mg/plant) (mg N/plant) 
(cells/seed) 

Robut 33-1 TMV-2 Robut 33-1 TMV-2 

2.7 	 x 102 18 18 25 17 
2.7 	 x 104 36 79 23 31 
2.7 	 x 106 125 101 48 39 
2.7 x 108 119 120 - 48 
LSD 2 (5 %) 90 4.1 

t arvested at 61 	 days after planting.
2For comparison within a particular cultivar. 

NC92. One significant feature of those responses to inoculation is that they 

were obtained in lields containing more than 104 cowpea group rhizobia per 
gran of soil and uninoculated plants were well nodulated and yield levels were 
high. 

Inoculation with a liquid culture applied to the soil below the seed proved 

superior to either granular or conventional slurry inoculation. Not only did 
the liquid inoculant cause fewer problems in the germination ofseedlings (see 
I able 6) its use resulted in significantly enhanced grain yield (see Fable 7). 
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TABLE 3: Summary of inoculation trials conducted at ICRISAT. 

Year/season Soil type Cultivars Strain Pod yield response 

Rainy season 
1977 

IllF, 1 Alfisol TMV-2 
Kadiri 71-1 

5a/70 Nil 

Rainy 
1977 

season LF, Alfisol Kadiri 71-1 
Robut 33-1, 
TMV-2 

5a/70 TMV-2, 25 
Robut 33-1, 
3 2 

Rainy 
1977 

season iHF, Vertisol Kadiri 71-1 
TMV-2 

5a/70 
IC 6006 

Nil 

Rainy 
1978 

season [IF, Alfisol Robut 33-1 
Argentine 
Al-8189 

5a/70 
ICG-60 
IC 6006 
Mixture 

Nil 

Rainy season 
1978 

LF, Alfisol MH-2 
Argentine 
Robut 33-1 

5a/70 
ICG-60 
6S Mixture 

Robut 33-1, 
26 % (NS) 

Post-rainy 
season 1979 

IHF, Alfisol MII-2 
Robut 33-1 
AII-8189 

NC 92 
IC 6009 
Mixture 

Robut 33-1, 
28.5% 

Rainy season 
1979 

I-IF, Alfisol Kadiri 71-1 
Robut 33-1 
Al-8189 

5a/70 
IC 6006 
NC 43.3 
NC 7.2 
NC 92 

Robut 33-1, 
25.7% 

Post-rainy 
season 1980 

HF, Alfisol Robut 33-1 NC 92 Nil 

111F = Iligh Fertility LF = Low Fertility. 
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Response of 	goundnut yield (kg/ha) to Rhizobium inoculation inTABLE 4: 
the 1978-79 post-rainy season, ICRISAT. 

Inoculum strainCultivars 

Uninoculated IC-6009 1 NC 922 Mixture 
(IC 6009 + 

NC 92)1 

MH-2 	 2220 1890 1940 2030
 
28104
3330 45203
3510
Robut 33-1 


2860 2810
Ah-8189 2830 	 2680 


11noculum applied as granule.
21iocttuln applied as liquid. 
3Significant at the 1% leveL4Signiticant at the 5 /o leel. 

Coefficient of variation,15 ,/J; LSD, 291 kg/ha. 

TABLE 5: 	 Effect of Rhizobium inoculation on groundnut yield (t'r, pods/ha) 

in the 1979 rainy season, ICRISAT. 

Rhizobium Cultivar 

strain 
Kadiri 71-1 Robut 33-1 Ali 8189 

5a/70 360 800 420 

IC 6006 480 790 290 

NC 43.3 460 960 480 

NC 7.2 450 950 420 

NC 92 	 570 11601 480
 
470Control 500 	 870 

= SEM + 24 CV 20% 

tSignificant at 5% level. 
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TABLE 6: 	 Effect of method of inoculation on percentage germination of 
groundnut. 

Method of inoculation 	 Germination 

ICRISAT Center Solipur (outside 
ICRISAT station) 

Control, uninoculated 83 77 
Seed slurry inoculated 46 71 
Liquid inocuiant in furrow 98 79 
Granular inoculant 73 57 

L SD(5 ) 9.6 9.1 
Coeficient of variation , 8 	 13 

TABLE 7: 	 Effect of differen methods of inoctlation on groundnut yield 
(kg/ha), 1980 rainy season, ICRISAT. 

Rhizobim strain Method of inoculation 

Grant,.'ir Liquid Seed 

5a/70 1290 1770 240 
N 92 1020 1640 1020 
6006 1000 1630 930 

Mixture 	 1050 1520 1000
 
(5a/70+NC92 +6006) 

SENI + 134 
Uninoculated control 1345 + 77.4 
Coefficient of variation 15% 

CONCLUSION 

Ihe data presented above indicate that it is possible to obtain increase in 
pod yield o groundnut by inoculating with Rhizobitim even in fields where a 
suhsIt aM native popul-tion already exists. It may be possible to achieve 
inoculation respmns,-. in ..-::-iv farmers' fields where nodulation is found to be 
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poor, provided other major constraints which limit yields are overcome. 
Methods of applying inoctilum in liquid or granular form below the seed need 

to be developed for the small farmer. 
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INOCULATION TRIALS ON GIROUNDNUTS (ARACHIS 
liYPOGAE.A) IN SUDAN 

M.A. Hadad,' T.E. Loynacban I and M.M. Musa 2 

Sunimar v 
Held plots established on heavy cracking clays near Wad 

ledani, Sudan. examined the efiect of inoculation method, rate, 
and depth of placement of inoculant on the nodulation and yield of 
two adapted groundttt cnltivar,;, Ashl'ord and Biarberton. 

MVost probable utilllber (NIl'N) counts with siratro as host 
" 
indicated aiproximatcly 2 x 10cowpea-grotp rhiohia g of soil at 

Wad Mledam. I hcse were highly infective on groundntt, but did 
not supply the crop %%ith all the nitiogen (N) it required. Ihus, 
addition of 40 kg N h' ilci by 38',cased the yield of '1kirherton' 
While 120 kg N ha increased yields of '1arberton' hy 52' and of 
.Ashlord 'by 23' .I he added inoculant had little ellect on any trait 
associated with N. Iixation. Ihis might suggest the need for ino
culant strains comletitivC wih the naturally occttrring rhizobia 
that are ilteci e torgrou itinuit. 

A sure'ey of 3ff sites throughout Sudan indicated only one 
location in the santd soils of western Sidan with !ess than 102 
cowpea-typc rhi/tohia g of soil. 

INTRODUCTION 

(iroundnuts (Arachis l'pogaea L.) are both a source of protein for the 
local inhabitants and a major cash crop for the Sudan. Currently more than 
385,000 ha are planted, hut the area sown is increasing, and the crop could 
occupy several million ha in the near future if current rates of expansion are 
maintained. 

Research inthe Sudan on groundnut as a nitrogen (N 2) fixing legume has 
been linited (Musa, 1972; Muktar & Yonsif, 1979). Inoculation of groundnut 
with effective compatible rhizobia may result in yield increases, especially if 

Agrriolmy I)Cpt.. Io\si State t iersly.tv Ames. Iwi a. USA.
 
Aglicilttua l esealch (orpoaton, Wad Niedai, .Sudan.
 

http:iersly.tv
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the indigenous strains are not effective (Ham, 1980). Deeper placement of the 
inoculant may be necessary to protect the riizobia from surface temperatures 
as high as 60'C (Musa, 1972). 

As Sudanese soils are known to be deficient in N (Said, 1973) a series of 

experiments was undertaken to test the response of groundnuts to inoculation 
and N fertilization at Wad Medani, and to survey outlying areas of Sudan to 

determine the incidence, and efficiency in symbiotic N, fixation, of native 
cowpea-type rhizobia in soil. 

MATERIALS AND METHODS 

Field study at Wad Medani 

Initial experiments were undertaken at the Research Center, Agricultural 
Research Corporation, Wad Medani, Sudan. The soils were heavy cracking 
ciays classified as Vertisols. containing free CaCO1 and with a pH close to 8.5. 

The site was previously sown to cotton. 

Two cultivars. Ashford, which is late maturing, semispreading, and 
alternately branched, and Barberton, an early maturing, sequentially 
branched cultiv ,r. were used in a randomied complete block design having 
eight treatments (see [able I). [he inoculant used contained tour groundnut 
Rhizobiwni strains (176A22 and 25137 from the Nitragin Company, 
Milwaukee. Wi: 3G4b4. from the USI)A collection at Beltsville, MI); and 
TAI. 309. obtained from North American Plant Breeders, Princeton, IL). 
'Ihe strains were selected on the basis of greenhouse results at Iowa State 
University (ISI) with the two Sudanese cultivars. I'wo rates ofinoculum (104 

and 108 rhi/obia two seeds) were applied to plots fertilized with P. K, S,and 

all the micronut rients. except Mo, while the 10 treatment was applied both 
with the seed and 8 cm below the seed. Ihe two rates of N (40 and 120 kg 
N ha) were applied as ammonitim sulfate. 

Five plots each 3 x 9.6 in with five ridges 60 cm apart, were sown for each 
treatment, and irrigated within 24 11after application of the inoculant. Two 

samplings were made to monitor growth during the season; the first at the 
flowering stage (six weeks after sowing) and the second during pod filling (10 
weeks after sowing). Both samples were taken from 50 cm of the outer two 
rows. NoduIC number. nodule dry weight, shoot dry weight, and N content 
were determined. Ilarvest of the plots for yield was at 90 days after sowing of 
'Barberton' and 120 days after sowing for 'Ashford'. 

Most probable number (MPN) counts for the Wad Medani location used 
siratro (Macroptilium atrvurrpureuin)as the test plant, and the method 

detailed by Vincent (1970). 
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TABLE 1: Summary of treatments imposed in the field study. 

Treatment Rhizobinm N 1) K S and micronutrients 1 

2 I . 
3 3 1 1 
4 104/2 seeds - 1 1 
5 108/2 seeds - 1 1 
6 103/2 seeds - . .. 
7 108/2 seeds - I 
82 108/2 seeds 2 

-.-

Ilerillizer rates are as follows: 

N1: 40kgNperhaas (Nil4 )2Sot4 N3 : 120 kg N per m as (NIl4 )2 SO4 
per haI1: 40 kg 12(),5 as triple supierphtosphate 

K p 40 kg K 2 0 per h:las nutriate f potash 

S and iic'rontitrienis 

S : 45 kg S per ha ;isclenicntal S 
IB 0.5 kv B per hta,asbt)r:t\ 

IFe: 11.5 kg Fe per ha as chelate (6 r' I:e) 

(Ct: 2 kg (i per hiaas CuSO 4.51120 
Mn. 15 kg Mn per ha as MnS() 4II20 
Zn: (.6 kg Zn peI ha as chIclatC 

2 Ieep placenieit. 

Survey of outlying regions 

Io gin a better understanding ol groundnut rhizobia throughout Sudan, 
samples were collected from the surface 15 cm of soil from outlying regions of 
the tSudaiand taken to Wad Medani for a M lIN determination using siratro 
as tlie test pIant. I lie history of the field at each site was obtained. Also at Wad 
Medani and at several of the outlying areas, quantities of the inoculum 
previously used inthe Wad Medani study were supplied to cooperators who 
established ()hservition trials with a vtrying number of' cultivars with and 
without inocu l:r t ion. Ilhe inoculated cUltivars were grouped together to 
minimi/e conta mination while the same cultivars, without inocutlation, were 
grown in an i adjacent area. filty cti of the phinted rows were dug for 
vamittion of -)d tlation and to determnine an average shoot dry weight of the 

inoculated and control plants. I his study was designed mainly to gain survey 
informiation aid the treatMients were not replicatcd. 
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RESULTS AND DISCUSSION 

Field study at Wad Medani 

Native rhizobia atnI the need/for inoculation 
MPN counts with siratro showed that the Wad Medani site contained 

approximately 2 x 104 rhizobia/g in the top 15 cm at planting. Many of these 
rlizobia were apparently infective with both groundnut varieties tested, as 
there was heavy nodulation of all control plots (see Fable 2). Despite this, 
plants in tile control plots of both cultivars were decidedly chlorotic during 
tile early flowering stage when compared with N-fertilized treatments. rhis 
indicated both the inefficiency of the native rhizobia in supplying the plants 
with sufficient N, and the need for N fertilization or inoculation with effective 
and competitive strains of Rhizohiun. Pod yields at harvest were 4638, 5628, 
and 5725 kg/lha respectively for the control, 40, and 120 kg/ha treatments 
with 'Ashford'; and 2335, 3229, and 3559 kg/ha, respectively, for the same 
treatments with 'Barberton'. By evaluating orthogonal comparisons (treat
ient I vs. treatment 2, etc.), 40 kg N/ha with 'Barberton' produced greater 
yield than the control, and at 120 kg N/ha (treatment 3 vs. treatment 4), yields 
of both 'Ashford' and 'Barberton' were statistically increased over the control. 

Response to inocu4lation 
Little benefit from inoculation was observed in this study (see [able 2), and 

yields following inoculation were not significantly different from control 
plots. Since identification of nodule rhizobia was not attempted in this study, 
the ability of the introduced rhizobia to compete for nodule sites under the 
high-tcnpcrature conditions of this trial cannot be evaluated. Further studies 
with marked or identifiable strains are required. 

Survey of outlying regions 

MPN c unts with siratro as host showed that cowpea-group rhizobia 
abounded in most of the soils tested, irrespective of the time since peanuts 
were last planted (see [able 3). ihe one exception was a sandy soil from El 
Obeid which contained only 3 x 102 rhizobia/g of soil. High numbers were 
even found in virgin soils not previously planted to groundnut. Apparently 
tile native leguminous plants in tile Sudan can serve as an inoculant source. 

Trial plantings were made at Wad Medani, Abu Naama, Rahad, El Obeid, 
and Sennar. Fourteen experimental cultivars were included in the Medani 
study, and six at Rahad. Since the study was not replicated, only general 
observations can be made. All of the cultivars at the five locations were 
nodulated without the addition of' an inoculant (see [able 4). It appears, 
however, that tl're was a slight advantage in overall nodule numbers to 
added inoctulii. I lhe variety MI 11383, at Wad Medani and Rahad, had 
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considerably more nodules with inoculation. This is a variety that is being 
considered for replacement of 'Ashford' as an irrigated variety within the 
country. Overall growth of shoots at all sites appears to have benefited from 
inoculation. 

FABLE 2: The effect of added inoculant on nitrogen-fixing traits. 

Trait 6 weeks after sowing 10 weeks after sowing 

'Ashford' 'Barberton' 'Ash ford' 'l1rberton' 

Lateral-root nodules (no/plant) 
Control (trt 1) 39.2 a2 20.4 abc 55.7 a 16.2 a 
IN (trt 2) 36.7 a I1.0 c 49.6 a 24.4 a 
3N (trt 3) 22.6 a 7.5 c 56.1 a 17.6 a 
108 (trt 6) 41.9 a 16.6 abc 26.2 a 23.7 a 
108 .(trt 8)' 42.0 a 33.0 ab 53.5 a 24.1 a 

Main-root nodules (no/plant) 
Control (trt I) 33.0 ah 24.1 a 45.4 a 17.0 a 
IN (rt 2) 30.8 ab 14.2 a 43.2 a 13.2 a 
3N (trt 3) 17.2 b 12.2 a 67.6 a 15.6 a 
108 (trt 6) 25.4 ab 14.7 a 36.5 a 17.6 a 
10 8 (trt 8)' 45.0 a 25.2 a 52.1 a 24.9 a 

Total nodule dry wt (rug/plant) 
Control (trt 1) 19b II a 395a 227a 
IN (trt 2) 15b 9a 441a 225a 
3N (trt 3) 10 b 6 a 376 a 184 a 
10 (trt 6) 171) 10a 264a
108 320a

(trt 8), 117a 10a 471 a 323a 

Shoot dry wt (g/plant) 
Control (trt 1) 3.6 a 5.3 a 15.1 b 15.1 a 
IN (trt 2) 4.9 ab 4.3 a 26.9 a 17.6 a 
3 N (trt 3) 6.9 a 7.2 a 23.8 ab 21.6 a 
108 (trt 6) 4.4 b 3.6 a 16.0 ah 13.8 a 
108 (in 8)' 4.8 ab 4.6 a 23.5 at 23.7 a 

Innoodltr plated al 8 cmIihehnw the seed. 

2NIam, % jithin[Ile Salutuconlumurn having common letters are not signiflicantly diferent at the 
0.05 level by DMR I. 
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TABLE 3: The number of viable cowpea-group rhizobia found in Sudanese soils. 

Number of Years since last planted Ave. MPN count 
soils tn groundnut with siratro 

(Viable cells/g soil) 

2.3 x l01I1 
6 2 3.6 x 104 

2.9 x 10434 
3.7 x 10443 

2 4.9 x 10 5 

6 

One of the six samples lad 2.4 x 106 rhizobia/g soil; one sandy sample from western Sudan 

had fewer than 3 x 10 rhizobia/g (lowest detection limit of the test), and was not included 

in the average.
2 Never planted to groundint. 

FUTURE RESEARCH 

Many areas for future research are evident from this initial study with some 

additional studies already underway at ISU. Thus: 
Five isolates collected during the survey of outlying regions are being 

evaltuated for efficiency in comparison with other known 
groundnut strains (25B7, 26Z6, 176A22, TAL309, 8A1I, 
3(hi0, 3Gh20). Tests of efficiency and infectivity with both 

'Ashlord' and 'Barherton' will be made; 
Antibiotic-resistant markers are being developed in the above strains 

to determine their competitive ability in the field. Antiserum 
will also he developed for the best selected strains in order to 
evaluate their characteristics against those of the Sudanese 
strains; 

The Sudanese and other strains are being evaluated for resistance to 
high tenperatures and desiccation in a growth chamber study 
at IStJ. Inoculant strains must be able to compete with the 
native strains in the hot, dry soils of Sudan in order to form 
nodules. 

If facilities permit, the field work in Sudan will be extended to 
important production areas other than Wad Medani. With the 
low number of native rhizobia and the potential for groundnut 
expansion in the El Obeid region, this is a logical choice for 
future work. 



255 

TABLE 4: Summary of observation 
Sudan. 

plots in groundnut-producing regions of 

Location Cultivar Nodules/plant 1 Top dry wt 1 

Inoculated Uninoculated Inoculated Uninoculated 

Wad Medani: Ashford 150 (missing) 70.0 13.3 
M11383 244 55 32.5 15.0 
Virginia 59 135 50.0 4.0 
C/5/B-2 30 32 30.0 6.8 
C/5/B-I 77 94 60.0 5.0 
M11372 76 125 53.3 11.7 
C/5.-I 132 71 57.5 7.5 
Wadie No.2 223 44 16.7 25.0 
NA/2/40 108 86 22.0 20.0 
AM-22 196 157 40.0 24.0 
Nigerian 141 176 23.3 33.0 
430AD9(; 80 164 60.0 11.7 
NC-2 81 194 15.0 20.0 
C/5/6 98 99 38.0 14.3 

Average 121 110 40.6 15.1 

Rahad: Ashford 95 71 10.0 28.0 
M11383 136 78 21.3 16.7 
M11372 119 95 15.0 20.0 
Wadie No. 2 99 82 20.8 17.0 
Nigerian 111 83 16.0 28.0 
430A)913 99 106 18.0 16.0 

Average 110 86 16.9 16.0 

Abu Naama: Ashford 85 93 10.3 7.6 
Barberton 75 75 6.2 7.6 

Average 80 84 8.3 7.6 

El Obeid: Barberton 75 71 5.0 4.4 

Sennar: Ashford 35 21 2.0 1.5 
Barberton 34 15 2.1 1.4 

Average 35 18 2.1 1.5 

1Vities are averages 4r 1/2 In if rt , and depending uipio plant density, ranged from four to 
eight plants, 
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FIELD RESPONSES TO RHIZOBIUM INOCULATION IN 
ARACHIS HYPOGAEA, VIGNA SPP. AND DOLICHOSSPP. 
IN INDIA 

S.V. Hegdel 

SunmarI 
Ihis paper keviews recent information on the response of some 

grain legumes to inoculation in India. 

INTRODUCION 

Grain legumes (pulses) are important food crops in India where they are 
used extensively in the preparation of dhal, and are consumed in different 
forms with cereals in the daily diet. Pulses are the most economical source of 
protein in India, and consequently, the per capita daily consumption of these 
grains ishigh. While the production and yield of cereals in India and elsewhere 
has increased appreciably in recent years, pulse yields have changed little. 
Because of this. the Indian Council of Agricultural Research (ICAR) has 
given great emphasis to improving the quality and quantity of pulse 
production, and has set up a network of research centers to work, in 
coordination, on pulse crops. 

Pulses and groundnut together occupy about 30 million ha annually in 
India. Groundnut (Arachis hy'pogaea L.) is one of the principal legume 
oilseed crops in the country. Ihe crop is grown over an area of 7 million ha 
with an annual production of approximately 5 million tons. This represents 
about 4W4, of the total area under oilseeds and provides 60% of the edible oil 
produced in the country. Most of the area under groundnut is planted under 
rainled conditions in the kharif (monsoon) season; only 8% of the acreage is 
grown under irrigation during the rabi (winter) season (George, Shrivastav & 
Djesai, 1978). Groundnuts are grown both as a monoculture ard mixed with 

NI crlhoIlhg O)C)I .. nivcrlsitv o1 Agricultural Scienccs. Iangalore. India. 
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cereals and other pulses. Compared with the maximum yields reported of 
5000 kg/ ha, and the Brazilian average of 1308 kg/ ha, the Indian average from 
1972-1975 was a low 709 kg/ ha. 

Pulse crops occupy about 23.5 million ha annually in India. Mungbean 
['ina radiata (L..) \Vilczek), blackgran ( 1igna mungo (L.) Hepper) and 

horsegran ( Alacrotvuma tiji/loruin (I.an.) erdc. Syn. Dolichos hi/lorus 
I..) are grown on 2.8, 2.4, and 2.0 million ha, respectively. Cowpea ( Vigna 
unguictutla(..) Walp.) and lablab (Lahlah /)trtireuts (L.) Sweet) occupy a 
comparatiely small area bu! have local impot:nce in some states. In the 
State of Kerala more than 40(1 of the total area under pulses is occupied by 
cowpea. 

ield-grown ground nut, miingbean, hlackgram, pigeonpea, horsegram and 
cowpca are generally well nodulated by naturally occurring"cowpea-group" 
rhizobia in Indian soils (I)adarwai ct al., 1977). with the number of rhizobia 
nodulating ground ntt i enCultivated soils of India as determined by plant 
infection technique, ranging Iro; 1 I()2 to 10- g of dry soil, (Sheth, 1979). 
Hlowever. reports of poolr nodulation in the field are not uncommon (Nair, 
Ramaswamy & IPortmal. 1971), especially in the close lo 7 million ha of 
saline alkali soil. where pulse Crops do not nod ulate, though native rhizobia 
are known to he present (ilhardwaj, 1974). Both fast-growing, acid
producing and slow-growing, alkali-producing rhi/obia have been isolated 
from the root nodule of groundmit tSheth, 1979) and horsegram (Sid
daramaialh, 1977) and all the above isolates nodulated siratro ( Macroptilium 
atropurlprcum(I )() Jrh )Sonlc Ihizohitn isolates from the wild species of 
groundnut irtArachi. durantct.is, were also very effective on the cultivated 
species .Af. h.vpogaa (I)adarwal et al., 1974). Ilhus, groundnut is a 
promiscuous legume host nodulating freely with a wide range of Rhizohium 
strains aI)art,1974). 1)6bereincr & Canipelo (1977) suggested that 30% of* 
cowpea-grotip rhi/obia no1dlulate groudiniLt effectively, and the remainder 
ineffectively. 

I lie high yields reportcd in northern Nigeria suggest that groundnut 
nodules can fix appreciable amounts of nitrogen (N), and estimates of as 
much as 2,-t0 kg N ha. or 80'1 of the plant's N uptake, have been reported 
(I)art & Krant,. 1977). In India tile necessity to inoculate groundnut has 
neither been shown conclusively nor investigated thoroughly. [he reports on 
the lield performance of inocuhlit Rhizohiutm strains of groundfnut vary 
widely, from no response ((iaur, Sen & Subba Rao, 1974) to a significant 
increase in yields (.inder Ra,) 1971 ; Haj pai. I.ehri & !Pathak, 1974- Iswaran 
& Sen, 1974; Nagarajla Rao. 1974). 

Shcth (1979) studied the field performance of five selected Rhizohium 
isolates of g oundnLut at three different locations in (iujarat. A yield increase 
was obtained with on' isolate at one focation and was equivalent to the yield 
obtained with applications of 25 or 50 kg N ha to uninoculatcd plots. In other 
studies application of phosphorus (1P) alone or inl combination with 
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inoculation increased oil and protein contents of groundnut hut reduced the 
total soluble carbohydrates. Free fatty acids and pod yields were unaffected 
(Arora, Saini & (Gandhi,1970). ILack of response to nodula tion and low yield 
in grotindnuLit arc probably (ile to competition from strains in soil ineffective 
with this host, and rcquire that inocilant strains be both effective and 
competitive ((lear et al., 1974). Antagonism from other organisms in soil can 
also play a part (.liin & Rewari, 1974: KuLnar Rao, Sen & Shende 1974). 
Jsing inoculation rates 3 x standard and the application in the inoculant of 

nolybdenun and boron at I.0 ppn and 4.0 ppm, respectively, was also 
helptul in o%ercomning nodiilation by ineffective indigenous rhizohia ( Iswaran 
& Sen, 1974). Shth (1979) foind inoculant strains for peanut to occupy 24
041 of nodiles. 

Iicld response of I ina spp. to !ihitOhIMw inocuhltion has been studied 
since 1975 in multi-location;tl trials under the auspices of the All India 
Coordinated IPulse I iprt'cmtit Project. Significant seed yield increases 
floMing IHliZohiuI inoculation inmunghean, hlackgram and cowpea have 
bcen spasmodic (see I ahlcs I a nrd 2), an( unrelated to host variety, inoculant 
strain. year of trial, or locations tested. In other studies inoculation trials with 
I ita spp. hitvc resulted in varied responses ranging fron no response 
(Sheril la/., t) igni licait seed yield increase in co\pea ( lajpai i,t1970 t a al., 
1974; Piaxxar. ShilShalt & (iiulgule. 1977: Bagyaral & fledge, 1978: lhinmle 
( wdi, I ledge & lagyaraj 1979), mungbean (Rainaswamly & Nar, 1965; 
()blisurini. lialiranin & Ntitarajari. 1976), and blackgrain (Sallu, Bclhera, 
1972: I chri. (iangpu r & Mchrotra. 1974). Inoculants prepared with more 
thalione /ihiz)/)ii tstrailn were found to be superior over single strain 
ilrocuilants in soic (()blisauni et al., 1976), hut not all studics (Bagyaraj & 
Iledge. 1978 Ranachandran. Mcnan & Alycr. 1980). 

I)amiiage of root nodtules of pulse crops by soil insects is also a problem in 
imain\' parts ofI Inda. kith tile maggots of Rivellia sp. and other soil insects 

causing \idcsprelcl and heavyv dalage to tile root nodules of cowpea, 
mtLnghcan. blackgram, redgrani, and groundinut. 10-9XVi of nodules may be 
atfected, tle damage being most severe il .July and in late-sown crops. Side 
dressing of aldicarb or disullotain or carbofuran applied at the rate of I kg 
act ic ingrediciti ha giv,:s complete protection from nodule damage by 
insects and resilted in signiflicant yield increases illinsect-infested soils 
(l, \ran. 1975; Rai 'tal., 1976). 

In India pulse crops are largely cultivated under ainted situations in the 
Monsoon seilson. Prolonged nloistilre stress CIll occlr du1le to irregular 
distribution (f ran. Nodule dcvelopment and N, fixation were markedly 
reduced under soil moisture stress (iPra hhashankar, 1979). Soil mulching 
wkith li ragl straw at tile rate of 3 toti ha, three weeks pi:or to sowing,lc or 
reduced nmoistulre stress and markedly improved N, fixation in cowpea (S.V. 
I legde. unpublished ). 



TABLE 1: Incidence of significant seed yield increases due to Rhizobium inoculation in mungbean and blackgram. 

Location Mungbean Blackgram 

1977 1978 1979 1977 1978 1979 

Vi S2 V S V S V S V S V S 

Madurai 1/1 5/5 2/2 2/4 0/2 0/4 1/1 10/11 -3 -- 2/2 2/4 

4/4 

Coimbatore 
Kaveripatnam 
Bangalore 

-
-
0/2 

-

-
0/3 

1/1 
1/1 
0/2 

4/4 
2/4 
0/4 

-
-

0/2 

-
-

0/4 

-
-

1/2 

-
-

3/3 
0/3 

1/1 
1/1 

0/2 

2/5 
2/5 

0/4 

2/2 
-
0/2 

4/4 
-
0/4 

Gulbarga 
Hyderabad 
Badnapur 
Dhoh 

0/2 
-
0/4 
0/2 

0/4 
-
0/5 
0/7 

0/2 
1/2 
2/2 
-

0/2 
4/5 
3/4 
-

-
-

0/2 
2/2 

-
-
0/4 
4/4 

0/2 
0/2 

-
2/2 

0/4 
0/16 

-
7/7 

-
-

1/2 
-

-

-

1/4 
-

-

0/2 
2/2 

-

0/4 
4/4 
2/4 

Durgapura 
Delhi 

1/1 
-

5/8 
- - -

-

0/2 
-

0/4 
- -

. 
-

-

-

-

0/2 
0/2 

0/4 
4/5 

1/2 0/4 

Ludhian2 - - 3/3 4/4 3/3 6/7 - - - - 2/2 3/3 

2/4 5/7 

Kanpur - - 2/2 5/12 
4/4 

- - 2/2 6/6 
5/6 

- - - -

Hissar 0/1 0/9 0/2 0/4 0/2 0/6 0/1 0/8 0/2 0/5 0/1 0/5 

1Varieties tested 2Rhizouium strains tested 3 Trial not conducted 
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TABLE 2: Incidence of significant seed yield increase due to Rhizobium ino
culation in cowpea. 

Year Trial Location
 
number
 

Bangalore Durgapura
 

S2V V S 

-0/6 1975 1 0/1 
1976 I 1/I 1/I1 

2 1/1 2/11 - 
1977 I/l 2/2 1/1 5/9 

2 I/1 6/17 
1/3 1/3 0/3 0/3 -

1978 1 0/1 0/8 1/1 4/13 
2 0/1 0/8 1/2 3/4 0/4 
3 0/1 0/4 - 

1979 1 2/3 4/4 2/4 0/4 0/1 0/9 
2 0/1 0/9 1/1 2/5 0/--

Cowpea varieties tested, 
2Rhi o ihnustrains tested 

3"'rial not conducted 

'he transfer oIf fixed N from grain legumes to associated crops in mixed 
cropping systems. and to successive crops in relay, has been studied 
extensively in India. In legume/cereal mixed-cropping systems, inoculation 
oflcowpea and lablah increased grain, straw, and N yields ofassociated finger 
millet. Yields of finger millet grown with inoculated lablab were on par with 
the yields of finger millet sole cropped and supplied with 5(0 kg N/ha. (Hegde 
& Bagyaraj, 1980). In a grass! legume mixture involving Dharwar Hybrid-2 
grass and lablab, grass yields of 110.94, 91.15, aad 76.5 ton fresh wt/ ha peryr 
were produced in the inoculated, uninoculated and control treatments, 
resr ctively. Or. a fresh weight basis uninoculatcd and inoculated lablab 
transferred 18.75 and 40 kg N/ha per yr. respectively, to the associated grass. 
lhe contribution of inoculated and uninoculated lablab to the N economy of 

the soil were 68.6 and 33.6 kg N/ ha per yr, respectively; thu,, inoculation 
contributed 35.0 kg N/ ha per yr. Pure grass plots showed a def"cit of 106 kg 
N/ ha per yr ( Venkataswamy, 1975). 

Enrichment of soil N following the growth of inoculated legumes has been 
reported foi c,)wpea (Sahu & Behera, 1972) a-d groundnut (Badami, 1930; 
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Mahta & Janoria, 1933). Mungbean grown in rotation with cereal crops also 
benefited the latter (Misra & Misri, 1975). 'he general consensus isthat pulse 
crops are better suited as relay c;'ops than as companion crops with cereals. 

It is clear from these comments that much remains to be done if India is to 
maximize benefits from ymbiotic N , fixation. Priority areas include strain 
evaluation, problems of competition, varietal development and the 
evaluation of legume and Rhizohium tolerance to alkaline soil conditions. 
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RESPONSE OF PIGEONPEA TO RHIZOBIUM INOCULATION 
IN NORTHERN INDIA 

R.P. Pareek' 

Sutnar' 
FPigeonpea (C'ajaums ajan(L..) Millsp.) occupies about I1.34 'j of 

the area devoted to grain legumnies in India. comprising about 15.8("i 
ol the grain legulitc production. Nodulation surveys conducted 
tough the All Indiai Coordinahtcd Pulse improvement Project 
suggest that pigeonpea nodulation in northern India iscommonly 
inladCquate. In inoculation trials c:rried out at I udhiana..lahalpur. 
Saidar Krishinag'ir. \aranasi and Ilissar during 1978-79. signifi
cant responses to inoculation \%erc only obtained at the ludhiana 
and .Iabalpur locations. and for I8 ot the 32 strain cultivar 
comhinations. Cultiniar 121. in particular. responded well to 
inoculation. I rials in three locations showed a strong interaction 
betx cen inoculation and P2() 5 supply. 

INTRODUCTION 
Iligeonpea ((Lja ns caiati (L.) Millsp.) is an important pulse legume of the 

tropics and subtropics, and is particularly important in India, where it 
occupies roughly 11.341,' of the area sown to grain legumes and comprises 
about 15.8' of total grain legume production. The greatest production corr.,s 
from the States of tJtta, Pradesh. Madhya Pradesh, Andhra Pradesh, Bihar, 
and Karnataka. Successful cultivation of the crop depends, in part, on an 
effective symbiosis with Rhizobium (Dart, Isalam & Eaglesham, 1975). This 
presentation summarizes briefly the available information on the response of 
pigeonpea to inoculation and 1Pfertilization in northern India. 

NODUIATION SURVEY 
A small survey of the nodulation status of pigeonpea in northern India was 

carried out in 1978-79 through the All India Coordinated Pulse Improvement 

)cpt. S11l Science. (s.B. 'ant I'r1%ersit\ (it Agriculture & Iectinology. Partnagar. Nainital. 
I P. India. 
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Project (A ICPI P) with more than 300 locations surveyed. In Haryana only 9 

of the 233 sites evaluated over tile two-year period showed reL.sonable 

nodulation (more than 10 nodules! plant). Similarly, in the Varanasi district 

ol Uttar P'radesh, only 8 of 23 locations surveyed showed reasonable 

nodulation, While in Pant nagar plants at all 37 locations were poorly 

nodulated. The survey also showed poor nodulation in Dholi and Gujurat. 

When soil samples I rom the Pantnagar region were potted and pigeonpeas 

raised in the glasshouse under more controlled conditions, plants contained 

only 1-10 nodules, while nodule dry,weight varied from 14-78 mag/plant. 

RESPONSE TO INOCULATION 

Responses to inoculation in UJttar Pradesh have proved variable. Singh, 

Prasad & Choudhary (1976) obtained no response to inoculation on a 

Mlollisol near Pantnagar. hut inoi:0lation gave favorable responses at Kanpur 

(iupta & Prasad. 1979). Hulaadshahar (Pareek. 1979) and Bijnor (R.P. 

IPareek. unpublished data). 

.lable I shows the inoculation responses obtained in AlI PI trials in 

northern India during 197t-79. Compounded over varieties and strains, the 

trials show an ax erage yield increase in ILudhiana of only 12('j in 1978, but a 

highly significant increase Ior all strain x variety coihinations in 1979. In 

sum, I8 ol the 32 strain cultivar comnhi nat ions tested in these and in other 

trials aar ludhiana and .lahalpur have shown a significant response to 

inoculation, with yields increased as much as 6T7i. 

Of tile strains and cultivars tested in these and other trials, strain F4 with 

,:,tivar 121 has given most promising results, with consistent and statistically 
signiticant yield increases following inoculation at hoth ludhiana and 

.lahuIlpu r. 

RESPONSE TO) 1iSPII(RiUS 

Northern India is generally deficient in 1 nosphorus (P) (Bains & 

Choud harv, 1971: (houd hary & ilhatia, 1971, Manglli, Choudhary & 

Karatkar. 1973: Rathi,. Singh & Malik, 1974; Singh. Prasad & Choudhary, 

19761. At Pantnagar Singh et al. (1979) observed a significant interaction 

between \arielv. strain and P uptake in a loamy soil high in organic matter. In 

Kanpur district. (iupta & rirasad (1979) observed an 1I1-13(, increase ingrain 

yield with 50 kg 11,0 ha applied (see lable 2). Yields were increased 
substait iallv. however., when th inoculation and11I' were supplied. The 

interaction of P and inoculation was not apparent in trials in Blulandshahah 

and Ilijior. 
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TABLE 1: Response of pigeonpea to inoculation at three sites in northern 
India in 1978/79. 

Location Variety Strain used 1978 yield 

(q/ha) 
1979 yield 

(cq/ha) 

Ludhiana T21 Uninoculated 
F4 
KA-1 
11,1-195 

6.21 
7.49 
6.49 
6.29 

11.71 
15.72* 
14.06* 
17.10* 

P4-4 Uninoculated 
11I11-195 

6.44 
8.02 

9.60 
16.10* 

Jabalpur T21 Uninoculated 
F4 
KA-1 
JN-2 

4.82 
6.93* 
5.95 
6.27* 

5.4 
7.80* 
6.70" 
7.35* 

KI12 Uninoculated 
14 
JN-I 
CC-I 

4.85 
5.83 
6.60* 
5.90 

6.12 
7.33* 
7.12* 
7.98* 

Sardar Krishnagar T21 Uninoculated 
F4 
KA-1 
CC-I 
1ON-2 

14.76 
17.49 
14.57 
17.00 
16.19 

6.17 
6.67 
8.18 
7.28 
6.90 

TI 5-15 Uninoculated 
F4 

KA-I 
CC-1 

14.61 
15.24 
16.26 
14.51 

9.25 
16.56 
11.01 
15.67 

*Signil'i,antly diffe'rent 'rom the iminoctnlated control at the P 0.05 level. 
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Yield response of pigeonpea 	(q/ha) to inoculation and P fertilizationTABLE 2: 

at four locations in Uttar Pradesh.1 

Treatment Kampur, 1979 Bulandshahar, 1979 Bijnor, 1979 

Site I Site 2 

13.56Uninoculated 16.31 12.63 14.43 
17.56 15.22Inoculated 17.56 13.56 

P applied 18.42 13.97 - 12.11 
15.33Inoculated + P 20.17 15.64 17.41 

1The amount of' 1 applied was: 	 Kanpur, 50 kg 1)0 2 , /ha; 1ulandshahar, 100 kg I'2Os/ha; 
and Bijnor, 30 kg 1'205/ha. 
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RESPONSE OF GREEN GRAM (VIGNA RADIATA) AND 
COWiPEA (0/IGNA UNGUICULA TA) TO INOCULATION WITH 
RHIZOBIA FROM WILl) LEGUMES 

J.S. Srivastava and V.P. Tewaril 

I?.,:olita calttures obtained Irom 14 legumes growing wild or 
ctIltisated in the Varanasi area ol India \were tested torefTiciency in 
nitrogen (.N))fixation with green grain (I'ina radiala) and cowpea 
(I igilu U1ttiui dtala) in sand and agar cilture. Seven of the cultures 
\ere cilcctive wkith cowpea and increased the total N of inocalated 
planis 12-48'. Ihe most el lecti\e strains were Irom Urariapicta 
a nd / ,riiia di/plirla. With green grain n sand culture, only the 
Rhiz itn isolIated rm i plait l I/hascoh'sI a classified locally as 
p orah'ouwe.s ws cllecti c in proimioting pla.nt development. In tube 
cutture. h \.c\cr. isolates 11rom absus and tornia diphvli( a.%sia 
\kcrc also highly ettectivc. K nown strains of Rhizohi for V. 
111' o'u/ala and I . rdiata. included in this tria I as controls, were 
gencrally poor in N ftixation with these hosts. 

INTROI)1UCTION 

Ihe ability of rhizobia from wild legumes to symbiose with agriculturally 
important species can affect the need to inoculate and the ease of 
establishment of these species (Lange & Parker, 1961). In Varanasi there are 
many wild and cultivated species. Ihis paper examines the symbiotic 
performance ol rhizobia obtained from 14 of them with Vigna radiata (green 
gram) and V".unguiculata (cowpea). 

MATERIALS AND METHODS 

R'hi/obia were isolated from the nodules of 14 legumes growing wild or 
cultivated in the Varanasi area of India, using the methods of Vincent (1970). 

I )ept. ol Nlcolgy and Ilant I'aihiog., lBanaras Ilindu tnixersity. Varanasi 221015. India. 

http:Technolog.rl
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Ihe legumes 	Irom which isolates were made were: A lysicarpusptdhIeurAi/liuts, 

A. monil/r, ,,lesch.rt'noinc'e americana. Cassia absus, Clitoria ternatea, 

Desmocliun ,angeti u'tm I). tr/Thrum, 1). triquetrum, Rhvnchosia minima, 

iphrosia punrpura, Urariapicia, V. triloha, lornia liphla, and a legume 

classified locally as l'haseolus f)soral'oihes. 
Ability of these isolates to symbiose electively with V. rat/iata and V. 

inituiculat was tested in replicated trials in the glasshouse using sand culture 

and Thornton's nutrient medium without N. The host varieties used were cv. 

144 lor I . radiata and tusa do [asli' for V. unguiculata. Known strains for 

these host legumes were included in each trial. 

TABLI. I: 	 lffectiveness of' Rhizohium strains isolated from wild legumes in 
sand culture with Vigna radiata. 

lost from Nodule number Size of nodules Total dry N content/ 

which per plant (ram) weight plant plant 

isolated 

Control 
Ali'sicarpus 
publcurilolhus 

A. monilifrr 
A 'sclvnomnc'nt 

am'ericana 
(litoria ternatea 
lDesmotfittin 

ganglcicwn 
D. triflomm 
1). triqut'nm
[Phaseohtiv 

psoralcoid's 
Rh'nchosia 

IM/tii1a 
Tephrosia 
purpurea 

Usariapicta 
Vigna radiata-l 
V. radiata-ll 
1. radiata-l1l 
V. triloba 
Zorniadiphlha 

S.IF.M. ± 
C.D. at 5 04, 

(mg) (mg) 

1-2.5 Above 2.5 

.- 237.6 4..90 

14.0 12.6 1.4 257.8 5.48 
11.2 10.4 0.8 255.8 5.59 

10.2 9.4 0.8 262.4 5.68 
12.2 11.6 0.6 258.6 5.45 

7.4 7.4 - 236.4 5.32 
6.2 6.2 - 220.8 4.96 
6.8 6.8 - 261.2 5.39 

15.6 12.4 3.2 347.6 7.06 

8.6 8.6 - 255.6 5.71 

8.9 8.9 - 238.0 4.98 
9.2 9.2 - 248.2 5.28 

12.4 12.4 - 277.8 5.68 
11.8 11.8 - 242.0 4.94 
6.3 6.3 - 237.4 5.35 

11.4 10.0 1.4 257.4 5.11 
12.2 12.2 - 250.2 5.45 

- - 12.75 0.31 
- - - 24.99 0.60 
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I he nodulation and N -, fixation of V. radiata was also assayed in a light 
room using tube culture (Vincent, 1970). lubes 200 x 38 mm were used, with 
the inoculated plats grown at 30 C at 3000 lux. Additional nutrient solution 
was provided to tubes as needed. Five replicates were used for each 
host sir'in coiuhination. 

Both experiments were terminated six weeks after inoculation, and 
determinations were made on nodule number, nodule weight, plant dry 
%%eight, and plant N content. 

RESiITS ANi) I)iSCSSION 

Results of tie sand culture test with 1/. radiata are shown in Table I. While 
only the Rhizo/IIInI from P. psora/oiuhes induced substantial increases in dry 
\\eight compared to the -N control, a number of the isolates did enhance the N 
content oh plants. When this experiment was repeated using agar slants, the P. 

TABLF 2: Flfectiveness of Rhizohtijn, strains isolated from wild legumes on 
'igna radiata grown on agar slints. 

Host from which Nodule number Nodule dry Dry weight
 
isolated per plant weight plant of plant
 

(mg) (mg) 

Con trol - - 104.6 
.AIl'sicarpl is 

Imibhi'irifilius 15.3 6.3 245.0 
.1. moniljr 8.6 4.0 215.0 
A,CSC/I. 1,VIOMlOllt 

(mich'cania 15.0 6.3 173.3 
(assia (bsus 19.0 8.3 301.3 
C ternatca 13.0 5.3 190.6 
l)(S~~)djht g(.fn~gctr't 12.9 9.0 224.0 
1). triflummn 14.6 4.6 185.0 
D. lriql'trtutn 4.0 2.6 117.0 
IPhasc,l iks 

psoralcoidcs 27.0 9.3 316.6 
i?hvnchosiaminima 5.6 5.6 276.0 
7T'ephrsiapurpurca 6.6 6.3 167.0 
(,raria p)icta 22.0 8.0 292.3 
I"'na radiata-I 9.3 7.0 248.3 
r,. 10.3 280.0r, iara-lI 5.3 
" radial-I 1 6.0 4.6 205.0 

I'" riloba 9.0 6.3 260.6 
Zorniadiphylla 18.6 9.0 304.6 
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psoraleoides isolate was again best, but several other isolates induced 

substantial increases in plant dry weight (see [able 2). However, at least five of 

the isolates were weak in N 2 fixation, and these could well cause less than 

adequate growth ol the host if competing with inoculant rhizobia under field 

conditions. 

When V. unguiculata was used as host, the isolates from Urariapicta and 

Zorniadilijilla were most effective (see [able 3). Surprisingly, a number of 

the isolates, including all three inoculant strains for cowpea included in this 

trial, were weak in N , lixation with plant dry weight and N content only a 

little better than the -N control. Again, N 2 fixation in the field in the presence 

of these rhizobia could be less than adequate, and their presence could limit 

inoculation 	response. 

TABLE 3: 	 Effectiveness of Rhizobiwn strains isolated from wild legumes in 
sand culture tests with Vigna unguiculata. 

Nodule number Size of nodules Dry weight/ N content/Host from 
which per plant (mm) plant plant 

isolated (mg) (mg) 

1-2.5 Above 2.5 

Control - - - 379.0 7.81 

A l isicarpus 
439.0 8.76publeurfifiroius-l1 11.4 1.0 10.4 

A. monililer 8.4 3.0 5.4 381.6 7.87 

Clitoria ternatea 9.2 0.0 9.2 408.2 8.08 
Desmnodium 
gangeticum 12.4 3.2 9.2 408.0 8.14 

D. triflonan 1.5.8 2.0 13.8 471.0 9.55 

. triquetntm 4.6 0.0 4.6 389.4 7.83 
Phaseolus 
psoraleoides 14.6 2.8 11.8 449.0 9.13 
Tephrosia 
prpurea 8.2 0.0 8.2 387.2 8.59 

Urariapicta 23.6 3.4 20.2 539.4 11.60 
Vigna triloba 18.0 6.2 11.8 447.2 8.95 

V. unguiculata-I 17.6 2.8 14.8 399.8 8.01 

V. unguiculata-1l 10.4 7.2 5.2 383.1 7.87 

V. unguiculata-l1l 15.0 3.2 11.8 398.8 8.61 
Zornia diphylla 22.8 5.0 17.8 492.0 10.50 

S.L.I.N. ± - - - 15.36 0.41 

C.D. at 5%f - - - 30.10 0.80 
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THE CHARACTERIZATION OF NEW RHIZOBIUM 
JAPONICUM GERM PLASM 

H.H. Keyser and D.F. Weber' 

Summary 
A collection of isolates of R. .aponicwm from the People's 

Republic of China is being evaluated for biochemical, serological 
and symbiotic characteristics. Ihe vast majority of the isolates have 
properties typical of the soybean rhizobia already held in the 
USID\A Rhizohiwm collection. le PRC isolates exhibit a range of 
ellectiveness on "Siratro' and on soybean. A large percentage of 
them do not react with common R. ja uintiantisera, though 
representation is found within certain serogv'uups. Some of the 
Isolates arc non-infective on 'lee' soybean. 

INTRODUCTION 

So bean (Glycine max (L.) Merrill) is the most extensively planted grain 
legume in the world, since it is utilized in both tropical and temperate 
agriculture (FAO. 1979). Soybean has the potential to fix most or all of its 
required nitrogen (N) when in symbiosis with Rhizobiumjaponicum, but N
fixation under field conditions can be limited by host/ Rhizobium specificity 
and by competition from native soil rhizobia. New germplasm of this 
bacterium could prove useful in overcoming these and other constraints 
limiting BNF in this species. 

lhe Organitation for International Cooperation and Development, an 
agency of the US Department of Agriculture, sponsored a tour of he People's 
Republic of China (PRC) for American soybean germplasm workers during 
August and September of1979. Ywo of these workers, Kuell Hinson and Walt 
Fehr, cooperated with microbiologists of the USDA Beltsville Rhirobium 

.:SIl,\s,",IA AR. tell (ulture and Nitrogen I-ixation laboratory. Beltsville, M ) 20705, 
I;SA. 
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Culture Collection by collecting soybean root nodules from plants growing in 
agricultural institute farms, co'imune farms, and garden plots. Forty-one 
nodule samples from 12 locations between 35 and 450 N latitude were 
obtained (provinces of IHeilongjiang, Liaoning, Shandong, Henan, and 
Shanxi), and from these 240 strains were isolated. [his material comes from 
the center of origin of' G.max and its putative wild ancestor (G. soja Sieb & 
Zucc. (ussuriensis Regel & Maack)) (Hadley & Hymowitz, 1973), and has 
probably evolved with the soybean over numerous centuries. 

lhis paper examines some biochemical and serological properties of these 
strains, and their symbiotic response to some currently important US soybean 
cultiva rs. 

CHARACTERIZATION OF THE ISOLATES 

Characteristics of these new (hereafter referred to as PRC) soybean 
rhi/obia that have been, or will be, evaluated include: 

Growth rate on yeast-extract niannitol agar (YMA) (Vincent, 1970); 
Biochemical tests, including pit reaction on YMA, reaction in litmus milk, 

growth on glucose peptone agar. and in some cases, growth with 
different carbon sources (Viacent, 1970); 

Symbiotic eflectiveness on G./na.vand other hosts, including an evaluation 
of cultivar specficity; 

Competitiveness for nodule formation; and 
Identification of serological groupings among the isolates, and of affinities 

with R.jalponiclu scrotypes in the Beltsville collection. 

IABORATORY TESTS 

With the exception of 28 isolates, the I'RC isolates were typical of other R. 
Japoniutm in their slow growth rate, alkaline reaction on bromthymol blue 
YNMA, and sparse early growth on glucose peptone agar. The exceptional 
isolates exhibited a laster growth rate on YMA and produced an acid reaction 
on bromthvmol blue YMA. 

Serological comparisons have been made on the first 100 PRC isolates with 
the 17 R. alpnmcum scrogroups in the Beltsville collection. Only 52('i of these 
isolates reacted with any serum in somatic antigen agglutination tests. In 
contrast 82('j of 800 isolates from nodules in the major soybean producing 
areas of the USA reacted with these antisera. Serogroup 123 was found in the 
greatest relative abundance in both tile PlRC and LISA survey collections. 
Scrogroup 123 has been reported previously to be dominant in soils in the 
Midwest USA (Ilamirgi, I-rederick & Anderson, 1967; Ham, Frederick & 
Anderson, 197 1; !Kaptista & ROtLwenhorst, 1973). Serogi oup cl-123 was also 
found fairly fr,:quently in both coilections. 



Antisera are being prepared against representative strains from the PRC 
collection to determine their serological relatedness. 

PIA NT T ES S 

Subsequent to laboratory tests, verification of the iPRC isolates as 
Rhiso/ium %as carried out in growth pouches (diSo Seed-Pack, Scientific 
Plroducts) with IMacroltih'UM utroptrltrt'um (D) Urh. cv. Siratro as the 
host. I his sIMaIll sCCdcd legume is convenient for this purpose, and with over 
2(0 R. /aj)oti(tum isola tes tested we have yet to find one which will not 
nodulate 'Siratro.' he ability of soybean rhiz.obia to nodulate 'Siratro' has 
been rioted prCviously (van Rensburg, Strijdom & Kriel, 1976; J. M. Vincent, 
personal co)mIn icat Ion). ()I the 226 PR Cisolates tested on 'Siratro' all were 
infective,. with 40( rated fullv ellect ive (yield grc,.tcr than 75' j of the +N 
control). 24, lpartialy ellective (Yield greater than 5011 of the +N control), 
and 30' infcllcti',c (yield less than 5(1 of the +N control). 

L!aluation of the cetfctiveness of the isolates on the soybean cultivar Kent 
Wis caried ontit i, sanlld jars ill the greenhotise. Parameters measured were top 
dr weight of plants and nodiilation abundance and pattern. With 191 PRC 
isolates tested. 39'( were ellective, 391' partially effective, and 22,'i 
iel fectie. lI'urtherco IIiparisons with a range of cUltivars will be made in sand 
jars bethmecu the most eflective 1'1RC isolatesand the recommended U SIJA R. 

.Olmtnuh Strains. 

A coimparisoni of the effectiveness ratings of these 191 PRC isolates op 
*Kent' sovbcan and 'Siratro' revealed that M,hilc effectiveness on soybean 
cannot he predicted by that on 'Siratro', a distinct trend was apparent. Of 
those isolates (56) rated ineffective on 'Siratro'. 39(,C were ineffective and 20% 
filly effective on 'Kent'. Those isolates (88) rated fully effective on Siratro' 
gave 11' as ineffective and 55' as fully effective with 'Kent'. Other workers 
(Bartia & lihaduri 1907: 1)ok u. 1969) havc shown the ability of R. faponicum 
to nodtilatc and fix N with some legumes that normally symbiose with 
COW'-i ritijo'hia. 

110ST (T'I'IVA, SPI'('ii('l''Y 

IuLhercvaltillon of some of tfie last growing ,RC isolates revealed a 
striking Cultivar inlteraction. "leking'and 'lee' cultivars of soybean were 
grol together in growh pouches and inoculated separately with 16 of the 
last-groking isolates. itiiioctlated and +N conitrols were included; also 
potches in which USI)\ I11 was used as inoculant. All of the IPRC isolates 
were infective and effective with 'leking'. and-were non-infective with 'Lee'. 
"lekmug' is "'u1 ,hereas is a ofan miii proed'" line. 'lee' product selective 
breeding. I'lrther examination of nodulation by this group of isolates with 
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"improved" lines of soybean is focusing on 'ne possibility that their non

infectiveness is associated with cultivars that have a substantial pedigree. 
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MANAGEMENT OF [HE COWPEA/ RHIZOBIUM SY, BIOSIS 
UNDER STRESS CONDITIONS 

V. Marcarianl,2 

Slmim ar ' 
Hligh temperatures and saline,'alkaline soils adversely affect the 

legume Rhizotiu, symbiosis. With cowpeas ( Vigna unguiculata 
(I..) Walp.) grown in desert environments there is little natural 
nodulation. and even plants inoculated using peat inoculants fail to 
ntd!late. 

In experiments oin a clay-loan soil of pH 7.65 to 8.40 near 
Sallord, Ari/tna. the use of granular inoculants applied in the :,eed 
row or placed 10 to 15 cm below seed level, resulted in nodulation. 
Slhe distribution of nodules along the root was correlated with 

inoculant placenetit. Despite the improved nodulation, inocula
tion did not s;ignificantly affect yield or other parameters of plant 
development. 

INTRODUCTION 

Cowpeas are grown extensively in the lowland tropics and are the most 
important grain legume for the dry, semi-arid regions of Africa and 
northeastern Brazil (l)art & Krantz, 1977). In some of these areas, cowpeas 
are affected by both high soil temperatures and saline/alkaline soils. 

Negative effects of salinity on cowpea growth and development have been 
reported (Inbamba, 1973; Narain, Singh & Pal, 1977). Gill (1979) found soil 
alkaltnity to affect the growth and yield of cowpeas with a rcduction in their 
chlorophyll, protein, RNA and DNA content. Effects of salt on the 
cowpea, Rhizohium symbiosis have also been reported (Totowat & Saxena, 
1970; C'honkar, iswaran & Jauhri, 1971; Balasubramanian & Sinha, 1976; 
.Joe & Allen, 1980). Similarly, Minchin, Huxley, & Summerfield (1976) have 

I . .ci,,I\ (I Ari.,o I lcson. A/ 5721 tUSA. Univ. of Ari/mna Agricultural Ixpcrimcnt
 
Sl ltanotl.ltl IPlm No. 396.
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shown that temperatures above 32°C affect the vegetative development of 

cowpeas appreciably, with nodule activity reduced at 35.4'C. 

Genetic variability in tolerance to soil salinity has been identified in our 

field testing program, with over 15% ofthe lines screened lost through sodium 

toxicity. laliwa[ & Maliwai (1973) have also reported variation among 

genotypes at both germination and seedling stages. [he range in electrical 

conductivity at which germination occurred was from 3 to 12 mmhos/cm but 

salt tolerance at germination was not necessarily related to seedling 

performance. Variability in the tolerance of slow-growing rhizobia to salinity 

also exists (Graham & Parker, 1964- Steinborn & RoughleV, 1975), though 

the conmonly used cowpea strain, C13756, tolerated only 0.51{ NaCI 

We feel it is important to use a bi-directional approach in our studies, the 

identification of superior adapted cowpea germplasm and rhizobial strains 

going hand in hand with the development of inoculant technologies for stress 

situations. 1he present study examines the response of selected cowpea lines 

to granular inoculation at different levels in the soil profile. 

EXPIERINIENTiJ, IIHODS 

Conventijonal inoculat ion methods using peat inocula applied to the seed 
are inellective in tile low desert areas of the southwest. Soil temperatures at 

planting in excess of 30'(' (see F-igure I) and high sodium levels (see Table I) 

are contributing factors. Nodlation with native soil rhizobia is also rare. 

When results of preliminary experiments proved encouraging, formal studies 
to evallate tie val.ie of granular inoculants were initiated. 

In this trial eight cowpea lines and cultivars were used: 1". i. 293518 (Entry 

no. I), 1P.1. 353332(2). 'Speckled Purple Htill' (3), P.1. 211642 (4), 'California 

40 

.1540. . . .... 

l'igure I. 

Bi--eekly averages of daily soil 
temperatures at 5. 10 ilnd 20 cm 
depth. (roing season. 1980. 
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TABLE 1: Soil data - 1980 salt tolerance screening trials.University of Arizona 
Experimental Farm, Safford, Arizona. 

Plot Soil Soil type p11 Ece 3 x l03 Soluble Na ESP N 
no. depth salts (meq/ I ) (ppm) 

(cm) (ppm) 

3 0-10 ('lay loam 8.00 5.44 5,327 0.53 0.90 22.80 
3 10-20 ('lay loam 8.30 2.32 1,624 13.79 7.58 5.05 

19 0-10 ('lay loam 7.65 42.01 29,407 154.00 15.57 16.00 
19 10-20 ('lay loam 8.40 1.58 1,106 12.66 12.34 8.80 

No. 5' (5). 11.l. 353011 (11), P.1. 353380 (12), and P.1. 180494 (19). Each had 
performcd consistently well over four seasons of field testing for salt 
tolerance. Inoculant was prepared with strain CB756. The Nitragin 
Company. Milwaukee. Wisconsin. USA, formulated and provided the 
granular peat inoCela. 

Since a moist seedbed appeared conducive to rhizobial survival, cowpeas 
were planted on pre-irrigated beds with 1.2 i centers. For the deep placement 
ot inoculat, an Ortho lertilizer applicator was used that delivered 16 kg/ha of 
inocuIla I10to 15 cm in the soil at planting. tIninoculated controls and cowpeas 
inoculated with 32 g of granular inoculant per 33 m of row at seed level were 
included in the trials. Ihc experiment was planted in a randomized complete 
block with tour rcpiications. Seeds were placed approximately 7.5 cm deep 
i.nd the plots "'capped" prior to seedling emergence. Soil conditions at 
plan! ing are shown in [able I. fen plants per plot were collected for 
caluiation ol vegetative growth, nodulation, and acetylene reduction assay at 
23. 39. 53, and 93 days, while final harvest occurred at 124 days. 

RI"SU;LTS AND I)ISCUSSION 

Both deep inoculation and the use of granular inoculants at seed level 
resulted in nod ulation of cowpea plants. 1 ninoculated controls produced no 
nodules (see Iable 2). In general the total dry weight of nodules/ plant (see 
Figure 2) and nodule numbers (see Figure 3) were enhanced by deep 
placement of the inoculant. Deep placement ofinoculant also affected nodule 
distribution as nodtlIcs ocicurred significantly lower in the soil profile with this 
treatment than when inoculant wa. placed at seed level (see Figure 4). No 
signilicant correlation was found between ethylene production (see fable 3), 
yield (see F'igure 5), and total plant dry weights and leaf weights. 

Interestingly. a band of granular inoculant was still evident in the soil 93 
da's altcr planting. [he lower soil temperatures, reduced soil salt micro



TABLE 2: Influence of inoculation placement and cultivar on pe:cantage of plants nodulated over the growing season. 

Cultivar Days after planting 

23 39 53 93 

Uninoc- Inocula depth Uninoc- Inocula depth Uninoc- Inocula depth Uninoc- Inocula depth 
ulated ulated ulated ulated 

7.5cm 10-15cm 7.5cm 10-15cm 7.5cm 10-15cm 7.5cm 10-15cm 

i 0 0 0 0 0 40 0 0 11 0 0 0 
2 0 0 0 0 20 30 0 0 100 0 0 83 
3 0 10 0 0 40 0 0 100 3 0 100 75 
4 0 30 0 0 10 100 0 100 100 0 100 100 
5 0 10 8 0 30 10 0 0 0 0 100 100 

11 0 0 100 0 0 100 0 100 100 0 100 100 
12 0 0 40 0 30 70 0 100 100 0 100 90 
19 0 0 17 0 40 60 0 100 0 0 100 75 
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climate, and available moisture, in conjunction with the protection offered by 
granules at 10 to 15 cm depth, may account for enhanced nodulation. 

While nodulation was influenced by inoculant method and host genotype. 
this was not reflected inl final yields. l'here were, however, significant 
differences among Cultivars in yield under these hot. saline soil conditions. 
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TABLE 3: Ethylene production of cowpeas inocula,ed at two depths with granular inocula (u moles/plant per h). 

Entry 39 days 53 days 93 days 

Uninoculated Inocula depth Uninoculated Inocula depth Uninoculated Inocuia depth 

7.5cm 10-15cm 7.5cm 10-15cm 7.5cm 10-15cm 

I - - 28.43 - 113.02 
2 - 53.71 33.35  - 12.25 - - 26.04 
3 - 26.33 - - 56.69 - - 66.13 51.64 
4 - * 9.13 - 26.15 14.13 - 72.31 * 
5 - 12.55 91.99 - -. * 21.37 

11 - - 10.21 - 31.50 11.62 - 9.50 * 
12 - 40.13 17.95 - 64.40 13.84 - 6.77 * 
19 - 25.80 13.05 - 11.67 - - * * 

Negligible. 

r0j 
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RESEARCH ON THE INOCULATION OF GLYCINE MAX 
AND VICIA FABA IN EGYPT 

Y.A. Hamdi and M.N. Alaa El-Din' 

Suinmarv 
I hough sovbeans ( (il'cine,max) are a relatively new crop for 

lgypt, their response to inoculation has been variable. Failure to 
inoculate has been attributed to insufficient rhizobia applied seed, 
death ol the rhiohia applied, poor inoculant methodologies, seed 
treatment with toxic ltngicides, and management problems, 
especially irrigation. 

I icia laba. h\ contrast. has been grown in Egypt for more than 
2000 years, and its rhi/obia occur in most soils there. Even so, 
signilicant increases in plant weight. nodule number and nodule 
w\eight at flowering have been conimon in inoculation trials 
undertaken in Lgypt. Signilicant yield increases were obtained in 
liC ot 1OlrIcCn inoclation experiments 

INTRODUCTION 

Soybeans (GI ''cine max (L.) Merr.) were introduced into Egyptian 
agriculture in the 1960's and now occupy about 40,000 ha. By contrast field 
beans ( ,icia/?j/ia L.) were known to the pharaohs, and have been grown in 
Egypt since at least 2100 BC (Abdalla, 1979). This paper considers some 
aspects of the symbioses between these two legumes and their respective 
rhizobia under Egyptian conditions. 

SOYBEANS 

Response to inoculation 

Most Egyptian soils do not contain Rhizobiun japonicum (Abd El
(ihalfar, 1976: Sayed, 1980). Marked differences in response to inoculation 

e)pt, t Mic bilogy, Institute of Soil and Water Research. Gima. Egypt. 
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have been obtained. While nodule number and weight and plant weight are 
usually enhanced by inoclation (Handi, Abd El Sarnea & l.oufti, 1974; Abd 
El-(ihalllar. 	 1976: Saved, 19E;) soybean growth and development is often 
inm;dequiate due to liactors such a.Isstrain inefficiency (Ahd Eui-(haftar, 1976) 
Ad soil type (Abd IFl-( ihilflr, 1976: SaN ed. 1980). Above-nornial rates of 

iniocuLIition Cart be necessa, v. lidit l. (1974) repo rted that vield when 28 
x 10-1 rhi/ohia seed hald been applied was less than halIf that achieved with 
illoCl;laOll it 28 X 10 R. ,(aon1mC cells seed (see [able I). 

tField experiments in tile Bleni-Su0-f Illd Martlfiva (iovernorates suggest 
that tle vi na hle i oculit ion respo nse iav he due to poor Riizo/num survival 
in the (kAidiri itoculLant. which is prepared from Nile silt. [us,I M.F. Abd Fl 
Sillnea (personlll colturliciation) tound soyhean vield in the lBeni-Suef 

overllrioratc increased Irout 14 g plant inI tle Ulinoculated contrk.l to 20.3 
g pliut when tlie ()kid in o. hi nt was used. 1-1owever, when t lie sa rile st ra ins 
se rc used in a li.1 uid culturc. or in sterile peat. yields were in excess of 32 
g plant. Siririlar results .sere obtained in tile Manufiya experiment. Because 
ol tlIese results. aid tile Uiniavailability of peat. experiments are being 
uLderLikCil to iderttilv'alhelriate carriers. 

TABLE I: 	 Response of soybea var. Clark to tite number of R. apotnicum 

cells/seed used as illoctlu]l i (Illaridi et al., I 974a). 

Inoculation ratL Plant dry v.t Nodule fresh No Pod dry wt 
(cells/seed) (g wt pods (g/plant) 

(g/plant) 

Unirnocu!ated 9.8 ±+1.0 0 33.0 +2.63 8.7 ± 1.8 
control 

28 x ( 6 ±1.2 	 46.5 17.710 12.1 1.30 _6.4 1 +3.0 
28 x l05 10.5 +1.9 0.70 28.0 +5.9 14.7 +3.7 
28 x 104 9.7 ± 1.4 0.30 31.1 + 9.1 8.5 ±2.2 

Agronomic 	 factors affecting symbiotic response in soybean 

Attempts have been mLade to use nitrogen (N) fertili/ation in association 
with legume inoculation. Soybeans "esponded to N application at both tile 
Ieni-Suel and NIeinIu iya sites. but even with 45 kg N applied acre. yields were 
substaitiiv less ttan mtinoculated t,'eiltlltelnts receiving no N. \t both sites 
yield with inolkitioil plus 15 kg acre N was slightly hettel thaln in the 
noculhited-only plots (NI.F. Ahd El Sairea unpublished data), but higher 
rates ol N lertili/atior generally depressed both nodulation and N-, fixation. 
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Sall stress is of major significance in Egyptian agriculture. Strains N2 
and 1- 45 ol R. /almiuflim, selected, respectively, for tolerance and 
susceptibility te salt in culture inedium, were used as inoculants in pot 
experinteilts with soils having dillerent salt concentrations (Alaa El-Din, 
1970). N c .ulc fresh weight, N (W1'1H,) reduction, N content, and yield of'all 
salt treatmients was less thaln that ol the corresponding controls, but in general 
strain N2 wias less allected by salt than was I 45. In a similar experiment with 
soils hi,\ng electrical conductivities between 3.36 and 10.00 in mllocn. 
nod lttion and yield were markedly reduced at all levels of electrical 
conductvity Iroin 4.))-10.0), though the effect was most severe in a 
calcilreOlS soil (Sayed, 1980). 

Sced treatlmtent with fungicides such ,as sper'ty n, phygon and captan 
(II handi. Nloharra i& Louti 1974)and benlate or vitavax captaln (Loutfi el 
d/.. 1980) also depressed nodtulation and N, fixation in soybean. Similar 
restults were obtained in a pot experiment using tile herbicides aretit, 
phalatlilln, cobex, linaron and treflan at rates of 0.75 to 10 kg or I to 7.5 
lit res acre. ( .i~ia El-I)in et al., 1980). 

FIEi) BEANS (I1( .IM) 

Response Io inoculation 

As icld beans have been grown in Egypt for many centuries most soils 
contain plptitations ol R . clguminsar,ti. Uninoculated plants will bear an 
a\crage ot 79-94 nodules plant depend ing on the location, rotation and water 
SIatUS ot lie crop (I outli i/a!.. 19801). I otitfi eta l. ( 1980) also showed major 
population Iluctuations over time at each of' six sites tested, with R. 
lIcmuniit.',oarwml itltinlbers ranging t'om less th,t 102 to Iore than 106, 

rhi/obia g soil. 
I)cspitc the high hatckgrotund poputlations significant yield responst;+ to 

inoculattio w Cr: ohtained illtwo (f four trials undertaken by M. ILoutf'i and 
co-\v orkcrs and in thre e o tile ten trilIs underta ken by IIa mdi & co-workers 
( .,A. I laidi. tipbllished data). In the latter case, nodule number and 
weight plant were eniha nced by inoculation at all sites. Little is known of the 
abilit ot R. ILte'ummtsarum stratins to compete with naturalized soil rhizobia 
Linde_'r Iicd Coin.)itiols illlgypt. In one study, Ilaindi ind co-workers (Y.A. 
I litndi. tlnpulblishCd datar) Iuond that the percentage of' nodules dtie to the 
ir1cullant strain ,aried lroin (0-10011. 01 the strains comnonly used at 
present Ix.eg I appears the most highly competitive. 
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COWI'FA-GROUP! RHIZOBIUM IN SOILS OF THE
 
SINiIAR II) TRO)PICS
 

J.V.D.K. Kamar Rao, P.J. Dart and M. Usha Khan' 

Sumnmar I' 
IPopulation of"cowpea-group" Rhizouhiwn in fields at ICRISAT 

werc estimated by the most probable nimber(M PN) method using 
siratro (.turoptilium enroputrprenm)as host. There was usually a 
large variability in IRhizo/'iun numbers between samnling sites in 
the same ield. Ihe populations were more consistent in Alfisols 
(range from I()4 to 3 x 105 g soil) than inVertisols (0to 110gsoil) 
and decreased with depth. In paddy fields, the numbers were very 
low. I'igeonpea cultivars IC-7332 (small seeded) and ICP-I 
ined ium si/ed). grown in test tubes, could also be used for the 
N1PN net hod. In tour o1 five soils tested, counts with pigeonpea as 
host were less than when siratro was used. 

INTRODUCTION 

(irain legumes such as groundnut, pigeonpea, and green gram are 
important agricultural crops in the semiarid tropics. Though nodulated by

"cowpea-group" rhizobia, they have sometimes been shown to be poorly 
nodulated in farmers' fields (Nair, Ramaswamy & Porumal, 1971; Rewari, 
Kumar & Subba Rao, 1980; ,J.V.[).K. Kumar Rao & P.J. Dart, unpublished 
data), perhaps due to low numbers of the appropriate Rhizobium in soil. 
Because there is little data available on number of Rhizohium in arable soils of 
the semiarid tropics, we have examined the number and distribution of 
cowpea-group rhizobia in some soils typical of the region, using siratro 
(A 'cro/Imliumatrolpurlretum)and pigeonpea (Ca/anus cajan) as trap hosts 
in most probable number (MPN) counts. 

(T No. 62. I(R ISA I. It ancherti P.O. Andra Pradesh 502324, India. 
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MATERIALS AND METHODS 

Ihe sampling unit for 0-30 cm depth samples was generally an area of 
approximately 0.1 ha, from which a number of random samples, each ncarly 
100 g,was collected, bulked, and subsampled to provide a final sample of 100 
g. 0f this amount, about 10 g was suspended in water and the remainder used 
[or moistire determination. When soils were relatively loose, a split soil 
sampling tube or 4 cm mechanical core: were used. When soil was hard, pits 
wcre dug. 

RIhizvobim: populations in soil samples were estimated by a serial dilution, 

plant infection method using siratro and, or pigeonpea as the test plant. 
Siratro seedlings were grown aseptically from sterilized seed sown directly 
into 18 mm x 150 min test tubes containing .ensen's nitrogen (N) free agar 
medium (Vincent, 1970). Pigeonpea seeds were pre-, erminated in plates 
before transler to 25 mn x 200 mm tubes with the same medium. When the 
plants were about one week old, each tube was inoculated with a I ml aliquot 
of a i 10-old serial dilution of soil and incubated in a light chain ber with a 16 h 
light and 8 h dark period at a temperature of 28± 20C for 30 days. The MPN 
counts ob rhizobia present in samples were calculated from the proportion of 
plants that nodulated, using iMPN tables (Fisher & Yates, 1963; Brockwell et 
al., 1975). 

Siratro is normally used as a trap host for cowpea rhizobia. Initial tests of 
pigeonpea itsa trap host favored the use of a small-seeded cultivar ICP-7332 
(100 seed weight, 5.3 g). but subsequently cv. ICl-I , a commonly grown 
cultiva r (1t00 seed weight. 10 g), was ;lso found to grow and nodulate 
satisfactorily in 25 x 200 mm tubes. When siratro and pigeonpea were used to 
count the rhi/obia in artificial soil IRhizohiwn mixtures, M PN counts 
correlated well with plate counts (see lable I). It is evident from [able I that 
nodules Iorin when onlVa bew rhizobia are present in the al iqunot. lh is method 

TABLE 1: Counts of Rhiohuimn added as pure cultures to 
ICRISAT soil using the plate count and MPN count 
methods. 

Strain usedMethod of 
counting 

IIIP-1I47 IIIP-195 I1IP-224 

Plate count 5.0 x 108 1.0 x 101 5.0 x 106 

MNIN using 
pigeonpea 1.0 x 109 4.0 x 106 1.0 x 107 

MPN using 
siratro 1.7 x 109 2.0 x 106 4.2 x 106 
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was then used to count the nILt inher of Ihizobiuim in fields at ICRISAT, to 
determine how distribution varied with depth, and to evaluate the cowpea
grotLp a11d pigeonpea RhIzo/hiui in a number of soils in India. 

RESUIIS 	AN) DISCUSSION 

Rhizo/non 	populations in the fields at ICRISAT 

Salples Iront 15 Vertisols and 8 Alfisols were collected, and M PN values 
were calculated using siratro as host. M PN counts for these 23 non-paddy 
soils are shown in I able 2. I he M 1PN counts in Alfisols proved fairly uniform, 
bilt inthe Vert isols, conIts ranged from t1to more than I01, rhizobia g soil. 
I here wats no Ob titus relationship between population and present crop, nor 
any appa rent reason why some fields should have such low numbers. [he 
exception ka:; fi,,B,\-I0,where salinity was a problem. Samples were also 
taken from 	paddy soils at I('RIA I. lhi.:o in populations in paddy soils 

TAI LE 2: 	 Populations of cowpea group rhizobia (logl0 MPN/g dry soil) in
 
some Vertisols and Alfisols of ICRISAT, IHyderabad.
 

Vertisols 	 A' fisols 

Sample Field Log10  Sample Field Log10
 
No. NIPN No. MI'N
 

I BW-2 6.1 (25)1 I RW-21) 5.4 (3)' 
2 BA-25 5.1 (34) 2 RA-1 7 5 (1) 
3 ST-I 5.1 (32) 3 RA-25 5 (16) 
4 BW-4 4.3 (25) 4 RW-2 5.0 (5) 
5 13V-7 4.3 (23) 5 R-10 5.0 (3) 
6 B-5 4.3 (22) 6 RA-26 4.7 (8) 
7 M-14 4.2 (5) (lealthy 
8 BW-6 3.7 (21) lligeonpea) 
9 BW-3 3.3 (25) 7 IA-26 4.2 (10) 

10 13-2 3.1 (29) (Sterility 
11 134 2.3 (29) mosaic)
 
12 BW-5 2.3 (26)
 
13 BW-8 ,.o (15) 8 R-I 4.2 (I1)
 
14 BA-10 1.7 (18)
 
Is BW-I 0 (21)
 

Mean over all 	 Mean over all 

Vertisols 3.4 Alfisols 	 4.8 

.Mt i tp rccnmt1lg iflN il :iiipli. 
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were low- generally less than 100/ g of soil. In many rice growing areas of India 

it is comon practice to grow a legume after the main crop of paddy, if water 

is limiting. Itpigeonpca or other members ofthe coxk pea inoculation group of 

legumes arc planted altcr a paddy crop, it may be necessary to re-inoculate in 

order to ensure ilCtltlate nodulation. 

Variation in 	IRhiZo/Nut popiUlation with depth 

IPigeonpea is a deep-rooted crop, and roots grow to a depth of 200 cm. We 

examined the dist rihut ion of cowpea-group Rhizohiwm at soil depths ranging 

Irom 0-100 cll insmall areas of different fields (see Fable 3). In one Alfisol 

field (A). the Ahizohw'it population remained high (I04,ig dry soil) 

throughout most of the profile, whereas in field B, the population declined 

rapidly with depth, especially be;ow 100 cm. Similar differences were 

observed in Vertisol fields. It is not 'rjawn whether pigeonpea rhizobia travel 

along with the root ssteim in the rhizosphere as the root grows through the 

soil. i-urther studies oil the relationship of soil populations to nodulation and 

the response to inoculation are being initiated. 

TABLE 3: 	 Population of cowpea group rhizobia (log10 MPN/g dry soil) at 

different depths of two Alfisol and two Vertisol fields. 

Soil depth A] fisol Vertisol 

(cm) 
Field C3 Field 4 

Field A 1 Field B2 

0-5 3.2 (10)' 	 3.2 (2) 
4.56 (9) 5.46 (21) 

5-10 4.3 (10) 3.2 (25) 
4.9 (21)20-30 5.0 (7) 4.0 (9) 3.8 (24) 

50-60 4.7(11) 2.5 (12) 2.8 (28) 4.6 (14) 

100-110 4.2 (13) 1.7 (12) 1.6(34) 3.0' (13) 

150-160 3.3(13) 0 (17) 1.6(30) 2.8 (19) 

1	 t6 in MIV2 1 field,.vrage if 2 replicationi on ;14 1 eid covering 0.1 ha ill ICtISAT site, 

Ia l hLnc tru.
 
2Average Oflt0 rvtpicaitions in Niir rs field, ICRISA, lataoncherm. 

Averate of14 rlpliciM10i Oin a 4 \ 16 in grid coverinLg 0.t h;in BW 4 field, IC(RISAT site. 

Of 3 repliLt.i164Av"rrave 1SillN-tII field, ItR ISA I site,I'tlatil leru. 
5VAlnt in bri cketsk ilm istroInI )eFwc t- ,11sII 'c Oildr.sm basis.
 
6&impl collected fromto -I) cNooilt cpth.
 
7Smle1Ico'llctCed !rll -1() cmn soil depth.
 



295 

Specificity of pigeonpea 

Inth above studies. siratro was used as the trap legurme for cowpea-type
rhiiobia. Subseq uently both siratro and pigeonpea were used in M PIN counts 
of cowpea-group rhiohia in different soils. With the marked exception of the 
soil I roin ICR ISA I,where M PN estimates with the two legumes were similar, 
the estimates obtained using siratro as host \were always higher than when 
pigeonpea was used (see Iahle 4). Ihis Suggests some degree of specificity 
betwecn pigconpea and cowpea-group rhi/obia. 

III the present study, rhi/ohial numbers varied within the same field, with 
sil type and depth: there was little relationship betweon present crop and 

?ti,:ohhmit population. Given this variation, seed inoculation could be 
worthwhile insurance, even in fields where the population of Rhizohium 
appears ti be relatively high. 

TAIBLF 4: 	 Soil populations of cowpea Rhizohiutm when tested on 
siratro and pigeonpea. 

Source of soil Numbers of rhizobia/g soil nodulating 
(India) 

Siratro 	 Pigeonpea 

Kashmir 	 190,000 3270 
flissar () 3440 64 
Ilissar (2) 4300 0 
Maharashtra 	 43000 92 
ICRISAT 	 19300 19300 
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THE EFFECTS OF FERTILIZER NITROGEN AND 
RHIZOBIUM INOCULATION ON THE YIELD OF COWPEAS 
AND SUBSEQUENT CROPS OF MAIZE 

S.K. Mughogho,' J. Awai,1 H.S. Lowendorf,2 and D.J. Lathwell 2 

Stantar' 
Held experinients carried out on a Piarco fine sand and River 

Estate loan in trinidad measured the response of cowpeas to 
lertilizer nitrogen (N) and to inoculation. On Piarco fine sand (a 
highly acid, poorly drained Iropudult) grain yields were initially 
low but improved in subsequent plantings. Yield responses to both 
fertilizer N and Rhizohium inoculation were small, indicating that 
lactors other than N supply were limiting yield. On the Inceptisol, 
River Estate loam, yields were higher, but again there was little 
response to fertilizer N or Rhizohiutm. The yield of"subsequent 
maize crops was increased by the incorporation ofcowpea residues 
that made available to the maize crop the equivalent of 40-80 kg 
fertilier NI ha. Much room for improvement in the yield of 
cowpeas remains, and only when the yield potential in the field is 
realized, can lull advantage be taken of the legume/ Rhizohiumn 
symbiosis. 

INTRODUCTiON 

Grain legumes such as cowpeas (Vigna unguiculata) are important 
components of many cropping systems. When Rhizobiun strain and host 
plant are compatible, and edaphic and climatic conditions favorable, the 
legume requires little or no additional nitrogen (N). 

Currently, though grain legumes continue to be an important source of 
dietary protein, yields are low. While many soils in tropical regions are 
deficient in N (Diaz-Romeu, Balerdi & Fassbender, 1970; Ba7an, 1975) the 
response to both Rhizobiuln inoculation and N fertilization has often proved 

I l)ept. ot Soil Scil nce. I miv, 0l the West Indies. St. Augustine. Irinidad. 
Agronmny l)ept., rnell I leicrsity. Ithaca. NY. 14853 1ISA. 
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disappointing. As little data on this topic was available for Trinidad, we 

examined the effect of fertilizer N and/or Rhizobium inoculation on the 

symbiotic N-, fixation and grain yields of cowpeas and on the yield of 

subsequently planted maize (Zea mays). 

MATERIALS AND METHODS 

The effect of f,:rtili/er N and i or Rlhizohiun inoculation on N2 fixation in 

cowpea was studi:-d in two experiments on Piarco fine sands and one on River 

Estate loam. The lust named soil is highly acid and has a high degree of 

aluminum (AI) saturation (see Table I). It has very restricted drainage in the 

subsoil. In contrast, the River Estate loam is an Inceptisol in which the upper 

portion of the profile is high in bases (see Fable I). It is a well-drained soil, 

derived froim micaceous phyllite alluvium. 

TAIi 1: 	 Some che mical properties of the Piarco tine sand and River Estate 
loani soils. 

Sample p1l Ca Mg Al Organic Total N 
depth matter ( % 
(cm) (mneq/ I 00g) ( %) 

IPiarco fine sand 

0-15 4.6 0.40 0.19 2.37 2.2 0.14 
15-20 4.7 0.35 0.17 2.69 1.6 0.08 

River Estate loan

0- 8 6.6 10.3 1.1 - 2.0 0.26 
8-24 6.6 3.4 0.4 0.7 0.08 

24-56 6.6 1.8 0.3 0.7 0.07 

Oin the Piarco fine sand, all plots received i basic dressing of 

superphosphate. mnuriate of potash, and limestone, rotovated into the soil 

before each experiment was established. In addition, the site was camber 

bedded to improve surface drainage. Ireatments included three levels of 

applied N (t, 60, 120 kg N ha) with or without Rhizohiumn inoculation. 

Ilertili/,er N was applied as urea and handed beside the seed at planting. Where 

120 kg N ha was applied, halt was applied at plant;ag, the remainder four 

wveeks atter emergence. Inoculated seed was prepared by wetting the seed with 

inoculant tle night before planting. _owpea seed in all experiments was 

plamnted in rows spaced 5(0 cm apart with 15 cm between seeds. Grain was 
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harvested and yields calculated. On the River Estate loam the same procedure 
was followed, except that no lime was applied. 

Two experiments to investigate the effects of cropping system, N 
fertilization and inoculation on subsequent maize crops were undertaken --
one at each site. lhe Piarco experiment compared maize productivity in soil 
previously cropped to maize or cowpea with that of land previously in fallow. 
For each cropping treatment tour N fertilization rates were used (0, 30, 60, 120 
kg N,, ha). All residues from the previous crop plus additional P and K were 
rotovated or spaded into the plots prior to planting the maize in rows 90 cm 
apart with 30 cm betw,.en plants. N fertilizer was applied as in the previous 
experiment. 

On the River EIstate loam no N fertilizer was applied, so that any differences 
,vere duc to previous cropping history, N fertilization, or inoculation. 

RESULTS AND DISCUSSION 

Cowpea yields in the first trial on the Piarco fine sands were very low -
control plots yielded only 190 kg, ha. Yield was increased significantly by the 
application of 60 kg fertilizer Nlha, but application of further N or 
Rhizo'iwtn inoculationa ti ailed to enhance yield levels. As the maximum yield 
obtained in this trial was only 540 kg ha, factors other than those tinder 
invest gation were obviously limiting yield. In another fertilization 
and inoctlation trial at this location, yields were appreciably higher (average 
1075 kg ha) but there was no response to either fertilizer N or Rhizohium 
inoculation. I)espite the poor response to applied N and to Rhizohiuan 
inoculation some advantage (lid accrue to maize f'ollowing cowpea (see lable 
2). When the responses of nai,,e to fertilizer N are compared, the advantage 
of comparing cowpeas-maize to maize-maize was equivalent to the addition 
of about 80 kg N ha. and for tile cowpea-maize to fiallow-maize, the 
a(kai tagc was equtivalent to about 45 kg N ha. lIbus. the cowpea residues 
wCere qtite effective in supplyinrg N to tile following maize crop compared to 
Icritilier N. 

(rilain yields of cowpeas grown on River Estate loam were higher than those 
on tPiarco tine sands (see lable 3). lotil grain yield was not affected by 
fertili/er N application, at this site but Rhizohium inoculation resulted in a 
simall but sigmiicant yield increase. I here was a trend for increased yield of 
marketable peas with additions of fertilizer N . Maturity was delayed in the 
tiniiioculated and zero N plots, with increased disease incidence resulting in 
fewer marketable peas. Ibis isinteresting, as 'ertilizer N is often considered to 
delay maturity in crop plants. 

When maie followed cowpea on the River Estate loam, yields were 
deliiitely enhanced (see Iable 4). Mughogho et al. (1981) estimated that an 
average of 45 kg N ha remained after cowpea grain had been harvested. In 
this experiment differences in N uptake between maize after fallow and maize 

http:betw,.en
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TABLE 2: 	 The effect of fertilizer N application on maize yield following 

fallow, maize or cowpea grown on Piarco fine sand. October, 

1977-March 1978. 

Fertilizer Maize yield (kg/ha) 

N rate 
(kg/ha) After fallow After maize After cowpea Mean 

0 2505 2065 2705 2425
 

30 2610 2450 2845 2635
 

60 2800 2655 3035 2830
 

120 3325 2985 3345 3220 

Mean 2810 2540 2985 

= 4cr N treatnint 
I)flerincc, aoil lg croppin treatnctiis were signilicant (1' 

= 0.06). 

)ifferencesamong fert' werc signilicant I 0,01). 

TABLE 3: 	 The effect of Rhizobium inoculation and fertilizer N application 

on grain yield of cowpeas grown on River Estate loam, March-May, 
1980. 

Fertilizer Cowpea grain yield (-g/ha) 
N rate 
(kg/ha) Uninoculated Rhizobium 1313 Mean 

Total Marketable Total Marketable Total Marketable
 

0 1725 1270 1770 1485 1750 1380
 
30 1685 1340 1950 1690 1820 1515
 

60 1795 1470 1895 1575 1845 1525
 
Mean 1725 1360 1870 1585
 

l)iIfcreiices heltccii Rhi-,Ohitm Ircailients \erc similicanI (1P- 0.05).
 
No igilicant difrclleicc, aioniig tili/er
cr N treatments wcre found. 

alter cowpea suggest that the maize recovered about 12 kg N/ha of this. 

Inoculation of the preccding cowpea crop had little effect on maize yields or N 

content. Both cowpea treatments were well nodulated, whether inoculum had 

been added or not. Apparently, little residual fertilizer N remained in the soil, 

as evidenced by the yields obtained following the fallow or the cowpea plots. 



301 

TABLE 4: The effect of fertilizer N application on maize yield following 
fallow, uninoculated cowpeas, and inoculated cowpeas on River 
Estate loam. 

Fertilizer Maize yield (kg/ha) 
N rate 
(kg/ha) After After After Mean 

fallow cowpeas cowpeas 
(uninoculated) (inoculated) 

0 1885 3070 3225 2720
 
30 2070 2895 3030 2665
 
60 2115 2940 3270 2775
 

Mean 2025 2970 3175
 

No significant dilference due to fertilizer
N was found. 
Diifferences anong croplping treatmints were significant (p= 0.05). 

lhe contribution of residues of cowpeas to the N economy of the 
subsequent crop, at least in these experiments, was relatively small. Shrader, 
:iller & Cady (1966) in Iowa found a good legume crop contributed about 

110 kg/ ha of N to a subsequent crop. Bartholemew (1972) argued that 
legumes may not be able to supply enough N to meet the needs of high yielding 
crops. lhe only way increased N supply from residues can be achieved is to 
increase significantly the N, fixation of the legume crop. These results 
indicate we have a long way to go to achieve this objective. 
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EFFECT OF NI TROGEN FERTILIZATION ON LEAF 
NITRATE REDUCTASE AND NODULE NITROGENASE 
ACTIVITY IN SOYBEANS 

T.C. Juang,' C.C. Tann' and S.C.S. Tsou2 

Stlmlarv 

lhe nitrate rcductase activity of pot-grown soybean leaves 
showed a MNichlaelis- Menten relationship with soil nitrate nitrogen 
(N) content at all growth stages. but maxilnum inducible nitrate 
reductase activity decreased as the plant aged. A certain level of 
Aitrate-N in soil was needed for optimum nitrogenase activity in the 
later growth stages. 

Nitrate reductase and nitrogenase activities were negatively 
correlated in lour-week-old seedlings. but showed a parabolic 
relationship six and ten weeks after germination. 

INTRODUCTION 

In a period of rapidly increasing fertilizer prices it is important that fertilizer 
nitrogen (N) be used effectively and, where it is applied to legumes, that it be 
compatible with symbiotic N. fixation. In soybean, the activity of leat'nitrate 
reductase (the primary enzyme in nitrate metabolism) is high during early 
growth but declines rapidly after flowering (Harper & Hageman, 1972; 
Thibodeau & Jaworski, 1975, Hatam & Hume, 1976). N, fixation by the root 
nodules gives a peak during flowering and pod-fill; then declines (Hardy et 
al., 1968; AVRI)C. 1976). 

The Asian Vegetable Research and Development Center (AVRDC) (1976) 
has reported that leaf nitrate reductase activity before flowering was 
significantly correlated with yield. We hypothesize that both nitrate reductase 
and nitrogenase activity are important to soybean seed production, the 
former during the early growth stage. the latter at a subsequent stage in the 

Research Institute of Soil Science, National Chung rising University, Taiwan, Republic of
 
China.
 
Asian Vegetable Research Development Center (AVRI)C) Taiwan, Republic of China.
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growth cycle. In this paper we look at the effect of fertilizer N on soil N status 

and on the activities of nitrate reductase and nitrogenase. 

MATERIALS AND METHODS 

Plant and soil mnterials 

Soybean seeds (AVRI)C breeding line 30182-2-6) were inoculated with a 
USA); then plantedcommercial inoculant (Nitragin Co., Milwaukee, WI, 


into pots containing 6 kg of loamy soil with an organic matter content of
 

1.50%, a total N content of 0.072% and a pH of 7.4. All pots received a basal
 

dressing of Ca (H -1)0 4 )-, and KCI before planting. Three forms of Nfertilizer
 

(N-142S0 4 , urea, and sulfur-coated 	 urea (SCU, 24% N) were used, and 
lhe (N H4 )2 S0 4 and urea were appliedapplied at rates of 300 or 600 mg! pot. 


in split dressings at planting and 35 and 60 days after germination; the SCU
 

was applied as a single dosage at planting. All treatments were replicated three
 

times.
 

Nitrate reductase and nitrogenase assay
 

Leaf nitrate reductase activity was assayed using the method of Streeter & 

Bosler (1972). (C2H,) activity was measured using two washed rootN2 

systems per inoculation vessel, with ethylene production measured on a 

Shiniadzu model CC 5A gas chromatograph using a flame ionization detector 

and a 2 ill stainless steel column packed with Poropak N. 

Plant and soil analysis 

Plant tissue samples were oven dried at 70'C, ground, and then stored in a 

desiccator. lotal N was deternined by the Kjeldahl method. Available N0 2-, 

NO;- and NH4 + in soil samples were determined by Kjeldahl distillation and 

back titration with diluted H2 S0 4 

RESULTS AND DISCUSSION 

Effect of N fertilization on leaf nitrate reductase activity 

Time course studies on leaf nitrate 	 reductase activity showed that N 

fertilization increased nitrate reductase activity (see Figure I). Leaf nitrate 
reductase showed a Michaelis-Menten relationship with soil N0 3- (see Table 
I) at all stages of plant growth. Soil NH4+ effects on leaf' nitrate reductase 
activity could not be detected. lhis finding is contrary to that reported by 
Orebamjo & Stewart (1975) who noted nitrate reductase formation and 

activity in Lenna minor inhibited by NH4 + . 
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By using double reciprocal plots, the maximum inducible nitrate reductase 
activity and Km values could be calculated (see [able I). The maximum 
inducible activity of nitrate reductase was 8.7,umoles NO2-/g fresh weight 
per hour at four weeks after germination, but it decreased as the plant aged. 
By contrast Km values increased from 7.3 to 12.3 ppm of nitrate N as the 
plants aged. 

Effect 	of N fertilizer on nodule nitrogenase activity 

lotal N and nitrate N in the soil at no stage exceeded 40 and 30 ppm, 
respectively. Effects of' N fertilization on N2 (C2 H2) fixation are shown in 
Figure 2. While the levels of activity given are generally low, there is evidence 
of early inhibition of N- (C, H ) fixation following N fertilization. However, 
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TABLE 1: 	 Correlation of leaf NR activity and nodule N2 -ase activity to soil 
mineral nitrogen content. 

Soil N (X) 

Nitrate-N 	 Ammonium-N 

NR activity (Y) 

4 wk I/Y = 0.114 +0.831/X (r = 0.73*) 
Vmax 1 = 8.7 Km = 7.3 NS 

6 wk 	 1/Y = 0.152 +2.144/X (r = 0.95**) 
Vmax = 6.6 Km = 14.1 NS 

10 wk 	 l/Y = 0.539 +6.574/X (r = 0.74*) 
Vmax = 1.9 Km = 12.3 NS 

N2 -ase activity 	(Y) 

4 wk Y = 0.048 +4.200/X (r = 0.86**) NS 

6 wk NS 	 NS 

8 wk NS 	 NS 

10 wk NS 	 NS 

tVmax:,Amiol 	NO?'/g frcsh wt per Ii. Kin: ppm nitrate-N. NS: nonsiplificant. 

by eight weeks after germination most N-fertilized pots showed fixation rates 
greater than that of the unfertilized control. 

Relationship 	between leaf nitrate reductase and nitrogenase activity 

At the four-week harvest there was a negative linear correlation between 
leaf nitrate reductase and N- (C2H 2 ) fixation. However at the six-week and 
ten-week harvests, leaf nitrate reductase activity showed a parabolic 
relationship with N, (CH-,) fixation (see Figure 3). Vhis suggests that a 
certain level of nitrate N may be beneficial to symbiotic N2 fixation 
promoting early plant development and, thus, providing greater pools of 
photosynthate for nodules. Similar results have been obtained by Hashimoto 
(1976). 
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STUDIES ON THE PERSISTENCE OF INTRODUCED 
STRAINS OF RHIZOBIUM JAPONICUM IN SOIL DURING 
FALLOW, AND THE EFFECTS ON SOYBEAN GROWTH AND 
YIELD 

V. Ranga Rao, G. Taottapilly and A. Ayanabal 

Surnmary 
Inoculation experiments with the American soybean cultivars 

"'Gm 80 ('Bossier') and TGm 294-4 in Nigeria in 1978 showed 
striking responses to inoculation. Because Af:ican farmers practice 
shifting cultivation, we examined the persistence of the inoculant 
strains in soil, and their ability to sustain soybean yields aftera two
year fallow period. 

After the fallow period, significant increases in nodule mass, 
shoot weight, and grain yield were again observed in the inoculated 
plots, where TGm 80 and 1Gm 294-4 were grown, in comparison to 
the uninoculated treatments. With 'Orba' the differences were not 
significant. Serological typing of the nodules using the Enzyme 
Linked immunosorbent Assay (ELISA) revealed that most of the 
nodules formed on the three soybean cultivars were from the strains 
introduced in 1978. We conclude that the nitrogen fixed by these 
nodules could sustain the growth and yield of soybean cultivars 
after a two-year fallow period, thus encouraging a possible low
input soybeant cultivation by subsistence farmers in Africa. 

INTRODUCTION 

Tropical soils not previously used for the cultivation of soybean contain few 
rhizobia capable of effectively nodulating this species. There is, therefore, 
great potential for achieving high soybean yields with no fertilizer nitrogen 
(N) input, by introducing known effective strains of Rhizobiurnjaponicum. In 
1978, a series of field experiments were undertaken throughout Nigeria to 
screen strains of R.japonicumn and select those that proved most efficient. In 

International Institu'e of Tropical Agriculture (IITA), PMB 5320, Ibadan, Nigeria. 
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this study, seed yield of American soybean cultivars was increased as much as 

100% by inoculation, but cultivars having Asiatic origins did not respond 
significantly (Kang, 1975; Pulver et al., 1978; Nangju, 1980; Rao et al., 1980). 

In the shifting cultivation pattern practiced in Africa, it is common to leave 

the field in fallow after cropping. The present study was designed to evaluate 

the persistence of R.japonicuinstrains introduced in 1978 as seed inoculants, 

after a two-year fallow period, and to assess the ability ofsurviving rhizobia to 

sustain soybean growth and yield. 

MATERIALS AND METHODS 

The experiment was conducted in predominantly clayey upland soils 

(Egbeda series) low in N (0.12% total N) at the International Institute of 

Tropical Agriculture (IITA), lbadan, Nigeria. 
Twelve single-strain inoculants and one multi-strain commercial inoculant 

(Nitragin Co. Milwaukee, WI, USA) had been used in the 1978 study. The 

single strains used were R. japonicum46 (Zambia); G3 ENSA (Ivory Coast); 

67 (Zambia); 18 (ITA); SM 35 and SM 31 (mutants of 61A76, USA); 110, 
110 mutant (USA); 142, 143, 138, 122 (USA). rhese had been applied to the 

seed as peat based inoculants using a Nitracoat adhesive (Nitragin Co.), and 

inoculated seed was planted in a moist soil. 
Uninoculated and fertilizer N treatments had also been used in this trial, 

urea (150 kg/ ha) being applied as a split dressing at sowing, flowering, and 

early pod-fill. 
After a two-year fallow, the plots were cleared and uninocuiated seed of the 

cultivars 1Gm 80 ('Bossier'), and TGm 294-4 (both of American origin) and 

the Indonesian cultivar Orba were replanted into the plots they had occupied 

in 1978. An additional treatment, that of freshly inoculated seed was added as 

a control, while plots under N in the 1978 trial received a further 150 kg/ha as 

urea. 
The ELISA serological technique (Enzyme Linked Immunosorbent Assay) 

was used to determine what percentage of the nodules formed were due to the 

previously applied inoculant. For preparing antisera, Rhizobiumn strains were 

grown on the liquid medium for 3 days at 27.± I°C. Bacterial cells were 

harvested by centrifugation at 12,000 g foi 10 minutes and resuspended in 

0.85% NaCI solution. The cells were thoroughly washed in saline and 

centrifuged again. The antisera were prepared by intramuscular injection of 

rabbits using I ml of bacterial suspension (containing approximately 2 x 1012 

cells/ ml) and an equal volume of Freund's incomplete adjuvant. Three such 

injections were given at weekly intervals. The rabbits were bled 2 weeks after 

the last injection and weekly thereafter. For the preparation of antigens, single 

nodules were crushed in a solution of phosphate-buffered saline (pH 7.4) 

containing 0.05% Tween-20 and 2% polyvinylpyrrolidone. The "double 
antibody sandwich" form of the ELISA assay (Voller et al., 1976; Clark & 
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Adams, 1977) was used. Fhe reactions wcre carried out in polystyrene
microtitre plates (Cooke MI 129 A; Dynatech La boratories, Alexandria, VA,
USA). lhe coating oftihe plates Nith y-globulin was done alter dilution in 0.05 
M carbonate buffer (p H9.6) with the plates then incubated overnight at 4-6' C 
(Thottapilly & Rossel, 1980). After washing the plates, 0.02 ml ef the test 
samples was added to each well with further overnight incubation. After 
washing. 0.2 il ol Y-globuli n-alka line phosphatase conjugate was added to 
each well and inctihated at 4-6C for 10-12 hours. The plates were again
washed and 0.2 ml ol en/yine substrate solution (0.5 mng., ml of p-nitrophenyl
phosphate in 10( diethanolarnine, pi- 9.8) was added to each well. Positive 
reactions produced a yellow coloration due to the action of antibody-linked
alkaline phosphate on the en/yine substrate; negative reactions remained 
colorless. 

RES;ll'-S ANI) )IS(USSION 

Significant increase in nodule mass was noticed in all three cultivats 
following imoculat ion in the 1978 planting, though uninoculated plants ofcv. 
Orbit, had 6-20 times more nodule mass than those ofcv. Bossier and cv. TGm 
29.4-4, indicating lie wider compatibility of indigenous rhizobia with 'Orba'. 
Earlier studies had shown that ')rba' isnodulated by cowpea-group rhizobia,
while tile occasional nodules seen on 'Bossier' and (in 294-4 were due to R. 
iafolicum strains that have Iotrid their way into African soils. Also, many
strains t rhi/ohiu isolated lrom 'Orha' were not compatible with 'ilossier' and 
I ()in 294-4. showing a clear hostistrain specificity pattern between the Asian 
tld AiriCtili sovbeaI c Ultivars (I1 [A, 1978; 1979). Significant increases in 
shoot \seight aLd grain yield were obtained with all inoculant treatments in 
I (1n W aid I (n 294-4. but in "Orba'such a response was visible with onlya 
lew imoculants ( Ranga Rao 't al., 1980). 

Signficant dilterences ia tile nodule mass between inoculated and 
uniioculatCd treatimrts were again observed in 1980 for the varieties fGm 80 
aid I (filn 294-4. but not for "( rba'. For most of the inoculation treatments 
nodule mass iin the 1980 planting was considerably bMlow that of the 1980 
inoculated check , and less thanihad been reported in 1978 (see fable I ). Fhis is 
indicatxc ol a Fjossible drop ini Rhizohium numbers during the fallow period. 

Similarly. grai n yields in the 1980 planting tended to be less than those 
achIi eved by the 1980 iiioculated check, and below those that had been 
achi,:\ed in 1978. l lowver the inoculation response in 'Bossier' a'd [Gm
294-4 still clear with most of the 1978 inoculation treatments yieldingas'..as 

much as the plots receiving 15) kg N lia. No such response was evident with 
the 'Orba' a riety (see I able 2). 1lie vield responses with the Bossier' and 
I (ia 294-4 \arieties clearly reflect the persistence and effectiveness ofat least 
some ot the introduced rhi/obia over the two-year fallow period. 
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TABLE 1: Nodule dry weight (mg/plant, 6 weeks after planting) in three cul

tivars of soybean after inoculation in 1978, and following a two

year fallow period. 

Treatments 	 Cultivars 

Bossier TGm 294 Orba 

1978 1980 1978 1980 1978 1980
 

Uninoculated 	 -N 14 14 46 68 287 208 

+100N 46 68 30 72 275 135 

R. japonicum: 
46 251 190 186 125 351 236
 

G3 ENSA 386 129 472 215 569 161 

67 349 181 317 102 505 193
 

18 362 206 300 199 473 175
 

SM35 609 140 552 249 679 225
 

SM 31 650 93 509 216 695 156
 

110 431 120 306 126 443 178
 

110 Mut. 479 148 388 115 538 175 

142 458 121 303 100 488 225
 

143 765 168 410 213 495 244
 

138 532 160 344 225 452 213
 

122 391 122 406 133 348 175
 

Nitrqgin 645 107 424 96 648 152 

SM 35 inoculated in 1980 367 392 584 

L S D (0.05) foi 	comparison of means of different treatments: 

1978 = 185; 	1980 = 77 

Using the ElI\SA technique for four strains of rhizobia, we found that 

nearly all nodules formed in 1980 by 'Bossier' and Rim 294-4 were from the 

strains introduced in 1978. In'Orba', the nodulation was not entirely due to 

introduced rhizobia. Because 'Orba' is compatible with indigenous, cowpea

type rhizohia, the performance of R. japonicumI 110 and 138 in 1980 is 

suggestive of the poor competitiveness of these strains with indigenous 

rhizobia. When heavy doses of inoculum were used, as in the case of R. 

.apotwnictm SM, 35 introduced in 1980, all the nodules formed on the three 

cultivars were of this strain (see Fable 3). [here was a small increase in the 

nodule mass of TGim 80 and Gm 294-4 in the uninoculated plots. ELISA 
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TABLE 2: Grain yield (kg/ha) of three cultivars of soybean after inoculation 
in 1978 and following a two year fallow period. 

Treatments Cultivars 

Bossier TGm 294 Orba 

1978 1980 1978 1980 1978 1980
 

Uninoculated -N 1643 1526 1079 1655 2124 1924
 
+150N 
 2726 2314 2682 2151 2671 1848
 

R. iaponicum: 
46 2781 
 2429 2947 2279 2251 1915
 
G3 ENSA 3180 2331 2872 2540 2559 1670
 
67 2978 2422 2848 2309 1857 1772
 
18 3125 2690 2843 2503 2622 1657
 
SM 35 3034 2387 2525 2576 
 2368 1978
 
SM 31 2816 2451 2943 2120 1734 2046
 
110 3170 
 2736 2872 2834 2660 1789
 
110 Mut. 2792 2934 3069 2598 2748 1950
 
142 
 3173 2271 2590 1936 2353 2044
 
143 2533 1847 2318 1807 2090 1758
 
138 2871 2433 3152 1997 2523 1471
 
122 3126 2362 2860 2188 2426 1857
 

Nitragin 3032 2616 2878 2335 2620 2067
 

SM 35 inoculated in 1980 3031 2935 2205
 

L S I) (0.05) for comparison of means of different treatments: 

1978 = 309; 1980 508 

results showed also that nodules formed in the uninoculated plots on TGm 80 
and IGin 294-4 were almost entirely due to contamination originating from 
tie introduced strains while in 'Orba' they were largely due to native rhizobia 
(see 1able 4). [rom our study with R..japoni'um cultures and with soybean 
nodules, anu from earlier work on groundnut (Kishnevsky & Bar-Joseph, 
1978) and lentil nodules (Berger et al., 1979), the ELISA technique appears to 
be a promising serological tool for rapid detection of rhizobia in nodules and 
in culture, lacilitating analysis of large numbers of samples with very little 
antiserum. 
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TABLE 3: 	 Percent of nodules formed by inoculant strain after a two-year
1
 

fallow period.
 

Rhizobhlui /aponiculn 	 Cultivars 
strains 

Bossier TGm 294 Orba 

SM 35 	 81 98 72 

SM 31 93 100 78
 

110 98 88 16
 

138 	 90 94 45 

SM 35 (1980) 100 	 100 100 

1Based on 192 	 nodules/treatinent. 

TABLE 4: 	 Pcrcent of nodules formed in the uninoculated plants due to conta

mination by R. jatponicuin strains.1 

Contaminating strain 	 Cultivais 

Bossier TGin 294 Orba 

SM 35 	 25 19 17 

SM 31 	 27 20 26 

110 	 6 6 0
 

138 	 47 41 0 

IBased on 192 nodtles/cultivar. 

CONCLIJSION 

Ihe lollowing conclusions can be drawn from the above studies: 

tlhizobitu inoculants offer a great hope for increasing the yields of 

high-yielding US soybean cultivars in Africa; 

Elffective strains of rhizohia introduced as inoculants survive short 

fallow periods and can sustain soybean yields after fallow 

without further inoculant or fertilizer N input; and 
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Cultivars of Asian origin do not respond to inoculants significantly 
because of their ability to nodulate with the indigenous 
rhi/hobia. 

The soybei.n breeding program at 1IlA is aiming to tra Isf'er the nod ulating 
characteristics of Asian cultivars to agronomically superior, Amcrican-bred 
cultivars. 
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EFFECTS OF SUPPLEMENTAL NITROGEN ON
 
NODULATION, ASSIMILATION OF NITROGEN,
 
GROWTH AND SEED YIELD OF
 
PltASEOLUS VU.GA RIS AND VIGNA UNGUICULA TA 

M.S. Fernindes, M.C.P. Neves and M.F.M. Sit 

Summary 
Supplemental nitrogen (N) equivalent to 60 kg N/ha was applied 

to inoculated plants of Phaseohlsvulgarisand Vigna unguiculata at 
flowering, either as nitrate N or ammonium N + Nitrapyrin to soil, 
or as urea applied foliarly in repeated dressings. Plants harvested at 
weekly intervals thereafter were assayed for nitrogenase and nitrate 
reductase activity, nodule development, and the ureide content of 
the xylem exudate. 

Bean plants had lower nodule dry weight and were weaker in N2 
(C2 H 2) fixation than cowpea, but profiles of activity were similar 
for both species. The nitrate reductase activity of bean plants was 
about three times greater than that of cowpea. Applied N affected 
nitrate reductase activity in cowpea, but in beans the sharp increase 
in nitrate reductase activity soon after flowering occurred with or 
without supplental N. 

For cowpea the ureide content of xylem sap was greatest during 
early vegetative.growth, while in beans maximum ureide content 
was found during flowering and decreased just after application of 
supplemental N. 

Yield of green bean pods was enhanced considerably with 
applied nitrate-N, whereas for cowpeas maximum yield was 
obtained using urea in foliar applications. Cowpeas outyielded 
beans in all treatments, but were less efficient in utilization of 
nitrate-N. 

INTRODUCTION 

The availability of nitrogen (N) to plants at critical stages of growth is 
essential for high yield. Legumes are fortunate in that they not only have the 

Dept. of Soil Science, tJFRR.t, Itaguai, 23460, Rio de Janeiro, Brazil. 
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ability to utilize soil and fertilizer N, but they can also fix N2 from the 
atmosphere. Thus, under most field conditions both nitrate reductase and 
nitrogenase enzymes will be operating, though at different levels of activity. 
For nitrogenase (N,-ase), maximum activity has been r-ported during 
vegetative and early reproductive growth, whereas peaks in nitrate reducta;e 
activity (NRA) can occur both in the early-vegetative (Streeter, 1972; Franco, 
Pereira & Neyra, 1979) and post-flowering periods (Franco et al., 1979). 

Given the increasing cost of N fertilizer, it is essential that methods of 
fertilization are developed that are compatible with, and complementary to, 
N2 fixation. In this paper we report the effects of post-flowering N 
fertilization on the N uptake, metabolism and yield of nodulated beans 
(Phaseohs vulgaris)and cowpea ( Vigna unguiculata) plants. 

MATERIALS AND METHODS 

I he experiment was undertaken on a red yellow podzolic soil having 51.8 
ppni K, 3.2 ppm P, 0.05 meq/ 100 g Al, 5.2 meq/ 100 g Ca +Mg, 0.13% N, and a 
p1 of 5.9 

Prior to planting, the experimental area was fertilized with 80 kg/ ha P20 5 
as triple superphosphate, 30 kg/ha KO as KCI, and 20 kg,'ha N as 
(N Ii4 ),S0 4 . Test plants were Phascolus vulgaris cv. Rio Tibagi and Vigna 
t1ttguicttlatacv. Vita 34. For each cultivar three replicate blocks were sown 
using 60cm between rows and 5cm between seeds. Seeds were inoculated with 
Rhizobhn (C-05 and F413 mixed for P. vulgaris, I ,, for V.unguiculta) just 
before planting. 

Supplemental N was applied at the onset of flowering. Nitrogen (60 kg 
N/ ha) was applied to the soil eitheras NaNO~or as(NH4 ) 2S O 4 plus 20ppm 
Nitrapyrin. Urea was applied as a foliar spray in four applications (12 kg/ha 
each) at weekly intervals. 

Assays for nitrogenase and nitrate reductase activity were initiated seven 
days alter emergence, and continued at weekly intervals thereafter. For 
nitrogenase two plants were analyzed per treatment using the method of 
Franco et al. (1979). 

Nitrate reductase activity was measured in the leaflets of mid-stem 
intcrnodes of live plants using the method of.laworski (1971). Plat, N was 
determined by a Kjeldah! procedure. lo follow patterns of ureide movement 
over time [our plants/treatment were used each week in the collection of 
xylem exudates. Stens were cut 3cm from soil surface and exudates collected 
for I hour. Samples were kept at -20'C until analyses were performed. 
Ureides in the exudates were determined colorimetrically by the method of 
Noung and Conway (1942). 
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RESULTS 

In cowpeas without N supplementation the differences in NRA during the 
life cycle were not significant. Following N supplementation at flowering, 
NRA increased, reached its maximal level two to three weeks after flowering; 
then declined to the same level as unfertilized controls (see Figure I). NRA in 
bean plants began to decline soon after germination and reached its minimum 
in the week after flowering (days 35 to 42). NRA then began to increase, even 
in control plants (see Figure 2). The NRA level of bean plants was, on 
average, four times higher than that found in cowpea. 
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Figure I. 	 E-ffects of supplenental N on the NRA of cowpea. The arrow indicates 
When treatnments were initiated. 
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Figure 2. Effect of supplemental N on the NRA of' beans 
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The seasonal patterns of NRA in this experiment were similar to those 
observed for beans by Franco et al. (1979), but for cowpea, seasonal NRA 
patterns showed much less variation than observed by Minchin et al. (1980) 
using phytotron-grown plants and 200 ppt nitrate-N. 

Nodule development in cowpeas was markedly superior to that of beans, 
especially from the first to the third week after germination when nodule dry 
weight in cowpeas increased exponentially, but changes in beans were small 
(see Figure 3). N fertilization at flowering had little effect on nodule 
development in either species, since by the time fertilizer treatments were 
imposed nodule dry weight was already on the decline. [he nodule weights 
observed in this experiment fall within the range reported for these species by 
other workers (Graham & Rosas, 1977; F. F. Duque, personal communica
tion). 

- \( 

aow i 	 ,.n e 

7 4i 21 2l; 5 .12 4lt) 5(, 

I ) Ii3 Ill t.I~tk+I t_'I tt. 

I~ittLlre 3. 	 Iifcts' 01lstltlfccntal N on nodtule dry weight ofceowpea and beans. The 
llrow indlicates when treatinellts were initiated. 

Seasonal variation in N,-ase activity for the two species (see Figure 4) 
followed a pattern similar to that observed with nodule dry weight. 
Nitrogenase activity in cowpea declined sharply at flowering, and 42 days 
after emergence could no longer be detected. As for nodule dry weight, the 
effect ol N supplementation on N, fixation was very small. 

'he pattern of ureide accumulation in the xylem sap of beans and cowpeas 
did not coincide with the patterns observed for nodule dry weight and N2 -ase 
activity (see Figures 5, 6). In beans, there was also a negative correlation 
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Figure 4. 	 Elfects of supplemental N on N2 fixation activity of cowpea and beans. 
The arrow indicates when treatments were initiated. 
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Figure 5. ffects of supplemental N on ureide content of the xylem sap of beans. 

(r= - 0.79'*) between xylary ureide content and leaf NRA. There was no such 
correlation found for cowpea. Ureide accumulation inthe xylem sap of 
cowpea showed a tendency to decline from the first to seventh week after 
germination. Application of fertilizer N to the soil or as a spray resulted in 
only smaller modifications of this trend (Figure 6). 
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Figure 6. Ifects ol supplenmental N oilureide content of the xylem sap ofcowpea.
I he arrow indicates when trcatments were initiated. 

Figure 7 shows the pattern of nitrate accumulation in bean plants and 
Figure 8 the amino acid accumulation in the leaves of beans. Accumulation of 
amino N in bean leaves parallels the decline in nitrogenase activity in these 
plants, and is coincident with the beginning of nitrate-N accumulation. 
Nitrate accumulation in bean tissues reached a maximum of 49 to 56 days 
alter emergence, by which time the amino-N content of leaves had begun to 
drop sharply. Ihis indicates that nitrate accumulation for seed development 
continues even while the leaves are beginning to mobilize N to the pods. 
Uptake of nitrate-N in cowpea (see Figure 9) was not as marked as with beans, 
though cowpeas also showed extensive amino acid accumulation in leaves (see 
F-igui'e 8). N Iertilization again did not markedly affect these traits. 

Seed production (kg, ha) and N accumulation in seeds (kg N/ha) of beans 
and cowpea are shown in Iable 1.Seed production was significantly higher 
(statistical data not shown) over all the treatments for cowpea than for bean 
plants. Bean plants seemed to use nitrate more efficiently than cowpea. Foliar 
sprayed urea resulted in an increase in seed production by cowpea. 
Accumulation of N by plants (kg N/ha) is also shown in [able i. Beans with 
supplemental nitrate had the highest N accumulation level of all treatments, 
whereas urea-supplemented cowpea showed the second highest N accumula
tion level. 

DISCUSSION 

Cowpea showed better nodulation than beans and also greater nitrogenase 
activity. The poor nodulation in beans may have led to its greater use ofsoil N. 
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Figure 7. 1:1l'ects of' supplemiental N of' the NO 3 --N distribution in beans. The 
airows show when tiIreatmenits were iniitiated. 

This is indicated not only the higher NRA level of beans compared to cowpca, 
but also by the sharp increase of' NRA in beans at the onset of reproductive 
acti1vty. Supplementation of plants with mineral N, either applied to soil or 
sprayed onto leaves, at the beginning of flowering had little effect on 
nodulation and N2-aseactivi'y of beans and cowpea. However, supplemental 
N affected NRA, nitrate accumulation in rcots and stems, and amino-N 
accumulation patterns of leaves. 

No direct relationship was shown between ureide accumulation in the 
xylem sap of beans and cowpea, and the seasonal patterns of N2-ase activity. 
However, a negative relationship between NRA in leaves and ureide in the 
xylem sap of beans was found. Although the NRA of routs and the ureide 
content of leaves were rot measured, the patterns of N accumulation in roots 
and stems, together with NRA changes in leaves, leads us to speculate that at 
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TABLE 1: Seed production (kg/ha) and N accumulation (kg N/ha) in seeds of 
beans and cowpca with and without supplemental N. 

Legume Treatment 

0 N03 NH 4 + Urea 

-Seed production (kg/ha) - - -

P. vulgaris 813 1274 968 966 
V. unguiculata 1041 1121 1027 1389 

____-N accumulation (kg/ha) -
P.vulga4is 26.8 47.2 34.8 36.7 
V.unguiculata 31.2 39.2 32.9 45.8 
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Figure 9. lTfcts of supplencntal N on the NO3 • N distribution in cowpea. 

least some of the ureides in bean plants may come from nitrate reduction in 
the roots. 

Applications of fertilizer N at the onset of the reproductive stage resulted in 
higher yields Ior beans when nitrate was used,while cowpea had an increase in 
seed production when urea was applied. 

Our data show that, although cowpea and beans produce seed having 
similar characteristics, their N uptake and metabolism is different and they 
may require different management techniques. 
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1PROF1LES OF UREIDES AND AMINO ACIDS IN EXUDATES 
FROM SENESCING SOYBEAN NODULES 

L.L. Shearman and R.V.Klucas,2 

Su alrav 
I he concentration of ureides (allantoin, allantoic acid, and urea), 

amino acids, and total nitrogen (N) in nodule extudates were 
monitored o er the production cycle of field- and glasshouse
grown soybeans, and related to levels of N 2 (C', 1l-) fixation in 
these plants. 

In both glasshottsc and lield sttdies, specilic N2-1ixing activity 
peaked at mid-lhowering and initiation of pod fill, with a slight 
secondary peak at the lull seed stage. As N-) fixation per nodule 
corrclatcd with nodtle f resh and dry %%,eight (r =11.70), two 
populations of nodulcs are suggested. 

Ntdule e.xtidatcs onitt greciIouse-growri plants had higher 
linino acid concentrations than hield-grown plants. Asparagine 
was the major ainito acid and reached a coticentration of 1.6 mM 
during reproductive development. Asparagine, glutainine, serine, 
alanine and aspartatc \werc found in all samples: glycine, isoleucine, 
threotinc, valinc. and proline appeared in only some samples. 
Urcides accouinted lot most o1 the N exported front nodules. but the 
ilrcidC:ilinio icid iatio declined during peak fixation. 

Nodtlc extidates front field-grown plants contained a high 
pi tportioit of turcides mostly as irea, hut again the proportion of 
amino acid N tended to increase during peiak fixation. 

Althlugh changes wcre observed in the various N fractions 
during the study, they were not consistent for both greenhouse and 
lield-grt w n plants and could ntot he related to nodule senescence. 

I)cpt. ot \glicllutill Ilochelmtsti y. Iyim . of Nchrask;i. ILincoln, NI, 6X583. USA. 
S eI,mch .Suppo.lt to tie WSI).,\ ' ,,\-('R(i() (Orant No. 78000X3) and the Nebraska 
SoN, in I lc\chlnoll. IUtihalloit nid Marketing Board is grateftlly acknowtedged. 
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INTRODUCTION 

Although the gross morphological consequences of nodule senescence are 

'asy to observe and describe, the physiological and biochemical events 
fixation isontrihuting to senescence are unknown. [he loss of nitrogen (N-2) 

a useful and convenient indicator of nodule senescence (Klucas, 1974). 

[hough profiles of N, fixation versus plant age are quite variable and depend 

on the types ol legumes, rhitobia, and growth conditions, the use of tap root 

nodules that are approximately the same age (Bergersen, 1958), or the use of 

conditions that restrict secondary infections (Stipf & Werner, 1978), yield 

reproducible profiles in which the N., fixation peak is followed by a moderate 

or sharp decline in activitv. 

IDuring the active lile ol" a nodule, ammonia formed by N2 fixation is 

assimilated into nitrogenous compounds before translocation from the 

nodules. In soybean noduiles (Matsurmoto, Yatazawa & Yamamoto, 1977; 

NIlure & Israel. 1979. Str etel. 1979), as well as in the nodules of certain 

tropical legumes (I lerridh, & Pate. 1977; llerridgc et al., 1978), Ureides are the 

primary and amino i,ds are the secondary nitrogenous products that are 

trlnslocatcd. I lie distribution of N between ureides and amino acids is 

dependent on lie plant type ( Pate, 1980), availability of inorganic N (Tajima, 
Yata/awa & Yamamoto. 1977, McClure. Israel & Volk, 1980) and possibly 

plant d0 Chlpniet. Noilu lcsenescence may also change the distribution, not 

only by altering pathways involved in assimilation of N, but also by increasing 

catabolism ot proteius and nucleic acids. Catabolism of proteins could yield 

dillCrcIIces h the amount and distribution of N among amino acids, whereas 

breakdown ol nucleic acids could yield increases in ureides. 

I lie piiiar\ obicclive of the present study was to determine whether 

changes in tletaholism that accom pany nodule senescence were reflected in 

the N-containing exudates rmm legume nodules. 

MATERIAIS AND METIODS 

Both a ficld and a glasshouse study were undertaken. For the field study 

seeds ot soybean ((I/'cifle'iax (W..) Merr. cv. Woodworth), inoculated with a 

comiercial itnoculant (Nitragin ('o.. Milwaukee, WI, USA) were grown 

without fertili/ation. but were irrigated as needed. Greenhouse-grown plants 

ol the sail c cultivat, inoculated with strain 110 of' R. jalmnicum were sown 

into I urlace (Wva ndoite Chemicals of Canada l.td. .,Scarborough, Ontario, 
C(ainada) and irrigated with N-free mineral medium (Evans, Koch & Klucas, 

1972). At each sampling date, randomly selected plants were harvested 
appro.ximately live hours ia ter sunrise and characterized according to stage of 

development ( Ichr & Caviness, 1977). after which the root systems were used 

either to mCaIsure N ( I 1) fixation or for the collection of nodule exudates. 
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To obtain exudate samples, nodules were removed from roots, washed with 
distilled water and placed on moist filter paper (Pate, Gunning, & Briarty, 
1969). Xylem tubes from the nodule that were exposed during excision from 
the root were enclosed by a 5jol glass capillary tube and approximately SAll of 
exudate were collected Iront each otf 20 nodules. I he pooled exudates were 
qIiickly Iro/Ien and stored at -80"C'Until tusCd for analysis. 

N , (C II method similar to that of Pedersen') fixation was estimated by a 
et al. (I1978), using methane (42,Aunol) as an internal standard. 

Nodule exudates were analyzed for amino acids. ureides, and total N. 
Amino acid analyses were done on an amino acid analyer (II itachi-Perkin-
Flinmer KI.A-31II Norwalk, IMA, UiSA) using a procedure tor physiological 
fluids (Benson, 1972). lhe lower limit of detection for these alino acids, 
except proline, was approximatelv I nmole. Because o1 limited amounts of 
sample, basic amino acids were not measured in this study. 

Allantoic acid, allantoin and urea in nodule exudates were separated by 
thin laver chroillitograph\ on silica gel plates of 250(rmn thickness (EM 
Rcaecnts, lDarmstadt, (iermalV. Plates were developed twice in a solvent 
system containing inethyl ethyl ketone:chlorofornm:glacial acetic acid:water 
(14:2:3:3). 1r ,alatn . ,,,],ioic acid and annonia had R, values olO.86, 
0.71. 0.49. and 0. I,rcspectilc!. tn this system. Areas of the gel pertaining to 
allantoic acid aid allautoin weic scraped troln the plate and scrapings were 
eluted two times \ith 1.51) ml hot 0. 1 N Nat)ll. .\ 2 n1l aliquot of tile eilate 
was assayed USil g the procedire described by Young and Conway (1942). 
Urea was quantitated by eluting from the silica gel with water, incubating with 
urease it pll 7. and assaying tor amnonia by a ilicrodiffusion procedure 
using Nessler's reagent as described hy Burris (1972). I o measure total N, 
cxutdatCs were subjected to inicrodigestion (Ballentine, 1957) to form 
amllulmn1iia and the aMmlnonia was qMiantitated by Nessler's reagent. 

RESULTS AND I)IS(SSION 

I wo. possibly tlree, peaks in specitic nodile activity (SNA) were observed 
in each sttidy (Figures I and 2). and coresponded to the periods between 
onset ol I lowering and full bloom and initiation ot pod development and full 
pod devcioprcnt. S NA was highly correlated with fresh weight of nod ules (r= 
0.83 and 0.70, fresh weight basis for the field and glasshouse studies, 
respectively). Irioln this data it appears hat two cycles of nodule formation 
inmight have occurred. 

Concentrations oi total acidic and neutral amino acids in nodule exudates 
varied rom 0.33 imn to 2.21) inN in tile greenhouse study (see lable I ) and 
Iroin 0.0102 mild to 0).48 inNi in the field stud., (see Iable 2). Asparagine was 
the amino acid present in tile greatest concentration in nodule exudates 
throughout the reproductive stages of soybean development. Concentrations 
ranged Iriom 0.28 t; 1.78 inM and accounted for 20, to 80(j of the amino 
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Figure 1. Total N in nodule exudates, distribution of N between ureides and amino 
acids in nodule exudates and N, fixation by attached nodules from 

grecnhl,,e-grllwn plants ol arious ages. a. Acetylene reduction was 

used to Icitsulre N-, lixatitn ( 1. Ilotal nitrogen (- - -) was measured 

illter digcCt11 01 nodtule exudates or calculated (OI'rom amino acid and 

urcide %alucs. h. Neutral and acidic amino acids (hatched) and ureides 
(lunhatchled) Were iwerasuied is described in "Materials and Methods." 
l'anil stIgc ot dCvClopelCnt depicted for each sample. 

acids in the greenhouse study (see Figure 3) and from 0.06 to 0.33 mM, 

accounting for 40(,i to 85% of the amino acids, in the field study (see Figure 4). 
However, the composition of amino acids in nodule exudates varied 
substantially with plant development and growth conditions. In the 
greenhouse st udy, glutamine was the second most abundant amino acid, and 
its levels in nodule exudates correlated very well with rates of N- fixation. 
Serine. aspartate, and alanine were also detected in exudates. In nodule 
exudates from field-grown plants, the concentrations of amino acids were 
lower, and lower of them were detected. Serine, with lesser amounts ofalanine 
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Figure 2. 	 Total N in nodule exudates, distribution of N between ureides and amino 
acids in nodule exudates and N2 fixation by attached nodules from field
grown plants of various ages. Legend as Fig. la and lb. 

and aspartate were the secondary amino acids in most samples, and little 
glutamine was detected. lowever, the presence of glutamine in nodule 
exudates from field-grown plants did coincide with peaks of nitrogen-se 
activity. From the amino composition of nodule exudates, it was apparfrt 
that asparagine concentration was lowest, and consequently the pcrcentage of 
other amino acids was highest, when nitrogenase activity was relatively low. 
However, none of the exudates, including thost '!acted during the later 
stages of plant development, possessed a large conyiiement of amino acids, 
suggesting nodular destruction. 

Levels of ureides in nodule exudates at each sampling time are shown in 
Tables I and 2. Exudates of nodules from greenhouse-grown plants had high 
ureide concentrations (10 mM - 46 mM as N) including allantoin, allantoic 
acid, and urea in all but the late vegetative stages of plant development. 
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Figure 4. 	 IDistribution of' acidic and neutral amino acids in nodule exudates as a 
function of' stage of development for field-grown soybeans. 
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TABLE 1: Ureide and amino acid concentrations in nodule exudates from 
soybeans grown under greenhouse conditions. 

Age Stage Allantoin Allantoate Urea Ureide NI Total 

Amino acids 2 

Days mM 

25 V3 0 0 - - 0.65
 
33 V4 0.6 0.7 2.5 10.3 0.49
 
36 R1.5 2.3 1.4 2.0 18.7 1.02
 
39 R2.0 2.9 2.3 2.1 25.0 1.36
 
41 R2.3 5.4 2.6 1.7 35.6 1.41
 
46 R3.0 2.1 1.9 2.2 20.6 0.91
 
49 R3.9 2.3 0.7 3.6 19.1 2.20
 
53 R4.0 5.3 4.9 2.5 45.7 2.07
 
56 R5.0 1.2 2.7 4.3 24.4 0.33
 
60 R6.0 2.5 1.6 3.0 22.5 1.54
 

2llreide N was obtained by summation of N in allantoin, allantoate and urea.
Total amino acid values are obtained by summation ofindividual acidic and neutral amino 

acids in nodule exudates. 

During the reproductive stages of plant development, allantoin concen
trations ranged from 1.2 mM to 5.4 mM and accounted for 20-60% of the total 
N recovered in ureides. Allantoic acid concentrations were somewhat lower 
ranging from 0.68 m M to 4.88 mM and accounting for 14-45% of the ureide N. 
Urea was also detected at levels between 1.72 mM and 4.33 mM, which was 
10-37% of the ureide N. The level of ureides (1.8 mM - 20 mM as N) in nodule 
exudates from field-grown plants was consistently lower (see Table 2). In 
many samples, urea was the predominant or only ureide detected with 
concentiations ranging from 0.3 mM to 9.3 mM. High urea levels could be 
artifacts resulting from the breakdown of allantoin and allantoic acid 
(TIrijbels & Vogels, 1966; Tajima & Yamamoto, 1975; Tajima et al., 1977; 
McClure & Israel, 1979). 

Iotal N levels in nod ule exudates as determined directly after digestion, and 
as calculated by summation of amino acid and ureides, are shown in Figures 
la and 2a. Values for total N from direct analysis varied between 3.6 mM and 
28.9 mM in the greenhouse study and between 4.3 mM and 17.9 mM in the 
field study. The correlation between the two methods of estimating total N 
was generally good; thus, most of the N in the nodule exudates must have been 
in the neutral and acidic amino acid fractions and in ureides. The divergence 
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TABLE 2: Ureide and amino acid concentrations in nodule exudates from 
soybeans grown under field conditions. 

Age Stage Allantoin Allantoate Urea Ureide N1 Total 
Amino acids 

Days mM -

59 V 0 0 4.3 8.6 0.13 

63 V 0 0 4.1 8.2 0.25 
68 R1.5 0.9 0.6 1.0 8.0 0.19 
73 R2.0 0 0 2.9 5.8 0.19 
76 R1.9 0.5 0.7 - - 0.32 
81 R2.1 0 0 7.0 14.0 0.20 
84 R2.0 0 0 5.4 10.8 0.12 
88 R2.6 0 0.4 9.3 20.2 0.06 
90 R2.6 0.3 0 0 * 1.2 0.17 
95 R3.0 0.1 0.3 0.5 2.6 0.48 
98 R4.9 0 0.2 5.1 11.0 0.12 

102 R5.2 0.1 0 2.8 6.0 0.32 
105 R5.4 0.2 0 0.3 1.4 0.36 
109 R5.9 0.2 0.1 0.6 2.4 -

115 R5.9 0 - 0.5 - 0.27 
118 R5.8 0 0 0.9 1.8 -

123 R6.0 0 0 3.3 6.6 <0.01 

126 R6.5 0.1 0.1 1.4 3.6 <0.01 

138 R7.5 1.0 0 1.7 7.4 0.32 

1Urcide N was obtained by sunination of N in allaitoin, allan toate and urea. 
2 Total amitno acid values were obtained by suInin ation of individuad acidic and tcie tral amino 

acids. 

between measured and calculated N was greatest in samples collected late in 

the growth cycle and varied with growing conditions. 

The percentage of N translocated as acidic and neutral amino acids 

appeared to parallel nitrogenase activity in both studies. By contrast, the 

percentage of ureides in nodule exudates was lowest during periods of peak 

nitrogenase activity. 

Changes were observed in various nitrogenous compounds of nodule 

exudates as a function of stage of plant development or N2 fixation in both 

studies. However, changes in metabelism that accompany nodule senescense 

were not reflected in the N containing compounds found in nodule exudates. 
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NATIVE LEGUMES IN MINAS GERAIS STATE, BRAZIL 

N.M.S. Costal 

Summary 

The multiplicity of soils, climates and vegetation types in Minas 
Gerais State has resulted in a large variation in the genera and 
srecies of legumes that occur naturally there. A number of these 
appear to have forage potential. 

This paper reports on the occurrence, nodulation and resistance 
to stress conditions of some naturally occurring species, but 
emphasizcs Stylosanthes spp. In observations of natural settings 
and field nurseries, six different rooting patterns were found in 
species of StYvlosatthes. Three Sivlosanthes species had unusually 
large nodules, while in S. capitata and S. mnacroceplhalafew or no 
nodules were found tinder natural field conditions. By contrast S. 
guiantnsi.s %ar. vulgaris, the new species S. debilis, and S. 
grand(fidia showed good nodulation, even on poor soils. Anthrac
nose, caused by Colh'totrichmi glosporioides was the most 
serious disease of Stylosanthes species in Minas Gerais, though S. 
macroce'phalaand S. capitata appeared less susceptible than other 
species. Root nematodes and stem borers were not a major problem 
in Minas Gerais. 

INTRODUCTION 

Ferreira & Antunes (1980) divided the State of Minas Gerais (MG), Brazil, 
into five homogenous soil, climatic, and vegetation regions, as summarized in 
Figure Iand Table 1.The variation in soils and climate in these areas results in 
large variation between these ecosystems in the legumes found, and their 
relative importance. In those environments characterized by low soil fertility 
associated with other adverse conditions, the prevailing species have 
mechanisms of adaptation such as: 

[Enmprsa tic Icsquisa Agrmpecuaria tic Minas Gerais. C11 295. Sete Lagoas 35700, MG, Brazil. 
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"Special" root systems; 
Crowns located below the soil surface, protecting the plant against fire; 
Efficiency of uptake and utilization of nutrients and/or tolerance to 

nutrient excesses (toxic elements); and
 
Resistance to some pests and diseases.
 

Abundant seed production, effectiveness of mycorrhiza, and nodulation 
are also important factors. On the other hand, in the regions with high fertility 
soils, adequate rainfall and favorable temperature, competition for light 
seems to be the main factor determining plant survival. Seedling vigor, initial 
growth rate, and plant habit determine the species that will remain in these 
ecosystems. 

i 51 "0
 

i 15' hi 15'Il 


FF
 

S, . 40" 

'l 'Pilt Sant 

22" 

40'L I1 

Figure I. The five natural regions of Minas Gerais State. 

GENERA WITH FORAGE POTENTIAL 

After five years of observation in both natural settings and field nurseries, the 
following are considered the genera/species with greatest forage potential: 

Aeschynomene - Ten species have already been described in MG. In 
general, they are found in the lowlands, and the plants show 
nodulation. 
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Calopogoniuni - Few species occur in MG, the most promising being 

C. mucwidhes, which is found in tile south, cast, and west. It 

presents good forage potential, good nodulation, and 

sometimes black nodules. File leaves are frequently attacked 

by fungi. 

Canavalia - Fhe most frequent species is Caavalia gladiata, which 

possesses high dry matter yield potential and good nodulation, 

but low palatability. It is very susceptible to nematode root 

damage. 
Centroscina- It occurs frequently in MG and has high forage potential 

arebut som1Ltimes is only poorly nodulated. Some species 

susceptible to pests and diseases. 

Cratylia-T[he few species occurring in MG are susceptible to pests and 

diseases. Thcy present high forage potential, good nodulation, 

and good stemin rooting capacity. 

I)esmanthus - ihecre are only two species but both are drought 

resistant and have good dry matter yields. The leaves are 

sotnetimn s attacked by viral and other diseases. They show 

deficient nodulation. 

Dlesmodium -l'hi; gienus is widespread in MG and many species occur. 

It presents medium forage yield, and its nodulation is plentiful. 

Galactia - ['here are a few species in MG, and some have forage 

potential, but they do not show ample nodulation. It is attacked 

by pests and diseases. 

Macrol)tilui- [hey are very frequent in MG, with some species 

having high forage potential. They are very susceptible to pests 

adilt] diseases but usually have good nodulation. 

Mimosa - While a large number of Mimosa spp. occur in MG, they 

usually show only low forage potential. They are susceptible to 

pests and diseases but generally are well nodulated. 

and Rhvnchia - Few species occur. Their cultivation isTramnus 
limited by their susceptibility to nenatodes. Reasonable dry 

matter yield can be achieved together with good nodulation. 

ZoTriia - Some ecotypes present a good forage potential and 

nodulation. Sometimes their leaves and stems are attacked by 

pests and diseases. 

THE GENUS STYI.OS V I'll/S 

Among the many forage legumes found in Minas Gerais, the genus 
.StylosanthA has been considered the most promising because it has !arge 

numbr of species and ccutypes with forage potential. It has been found in 

many different ccosystems throughout the state and adapts well to a range of 
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soil and climatic conditions. St.)vlosanthes species are the most common 
legumes inl soils with low nutrient availability and/or Al toxicity.

While the majority of Sh.ilosamthe.' species have a normal root system with a 
vell-developed tap root and thin, branched secondary roots (see Figure 2a) a 

num her possess speci! root features that help their survival after annual 
burning. In S. brat t ata and S. lin'arfldia,this takes the form of enlarged
roots. 2-3 cm in diameter and 10)-20 cin long; the root enlargements being
visible from early vegetative development (see Figure 2c). Nodules appear on 
both normal and enlarged roots. Some root storage tissue is also found in the 
more finely rooted species S. acuminata, S. grailis and S. montevi1hensiv (see 
Figure 2b). 

r .-na, 

-
' '. M 

it 
i ( t 

V \i '' . 1. . al, .. ,. , 

J-iiiire 2. Somle root types amiong Stlosant/ws species f'ound inMinas Gecrais State. 

A'I r/oant/ws r',el)i('s, S. .ofentosa ecotypes of S. guanensisand some 
(see Figure 2d) present budding roots that develop at 2-4 cm depth and may
reach up to I i from"the mother plant. Fro these budding roots, new shoots 
mnay be formed if' burning occurs. Ihlese species were found in sandy soils at 
Scira doi icnar I)iaiantina. Variation in] stemn-rooting capacity occurs 
both betweenl spocies, and even within ecotypes of' the same variety. In the
Species iWII.a ....i the var. ,icrocephalis usually believed to have the 
highest stem-rooting capacity. Ilowever, at Tringlo lineiro and Serra do
(lipr. Some ps S. g anensis, var. eulgarisfound with thin, longCCotv ( were 
stcrs.r cachilp) up to 3iin in leght and with rooting capacity. Possibly 
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because of its senmi-erect growth habit, S. guianensis var. canescens has less 

stem-rooting capacity than the two other vacieties. In some ecotypes of S. 

S. leiocarpa some rooting may
visco.va, S. macrocephala, S. capitata, and 

occu, if' the plant population is dense. 

The position of the crown below tile soil surface can also protect the basal 

buds against burning and trampling. Among Stylosanthes species tile deepest 

basal crowns were noted for S. hracteataand S. linearifilia (2-3 cm depth). 

Some ecotypes of S. guiane'nsis var. vulgaris,and the commercial Oxley "fine 

stem stylo" show buried crowns, but not to the same degree as found in S. 

bracteata. 

Nodulation in Stvlosanthes species 

St vloxantvthes guianensis belongs to the "cowpea nodulation group" (Norris, 

However, the author has
1965), and it nodulates easily with native strains. 

observed some ecotypes without nodulation or with few nodules even at the 

place of origin. 
Costa & Ferreira (1977) classified S. guianensis into three varieties: 

S. guian'etsis, var. vulgaris possessing hairy and viscid stem and leaves; 

S. guianeisis, var. canescens without hair, showing no viscidity of the 

leaves, and with whir'" pubescence on the spike; andstems or 
small leaflets,S. 	,uiae'n.sis var. microcetphala with thin stems and 

both withouLt hair, small pubescent spikes and few seeds per 

head. 
The pattern of nodulation is different for the three varieties. S. guiamensis 

abundant red nodules, spread
var. microcep7hala, in general, shows 

lhe vulgaris variety, found as diverse ecotypes,
throughout the root system. 

shows good nodulation even in poor soils. Compared to the two other
 

varieties, var. canescens forms few or no nodules. The nodulation difficulties 
& D6bereiner (1978) using the

in this 	variety were studied by Souto, C6ser 
somecuhivar IRI-1022, a cultivar that did not nodulate with strains of 

cowpea-group rhizobia. 
cultivars of S. guianensis belong to the vulgaris

Australian corn mercial 
variety. [hey respond well to inoculation with C1B756 under controlled 

conditions, but in tests in Angola rarely responded to inoculation in the field 

(Costa. 1970). Fron yield observation there appears to be little need for 

vul,'aris variety under Brazilian soil conditions.inoculation of the 
Nodulation data for 14 species of Stylosatlthcs is given in Table 2 with S. 

d,/'ilis and S. igratzdil lia outstanding in their nodulation under field 

conditions. 
S. capitala. S. macrocephala,S. hracteata,S. linearifolia, S. acumiata, S. 

aurea present problems in nodulation. Sometimes they
gracilis, and S. 
nodulate, but frequently they do not. In spite of the nodulation problem S. 

Iapitaiaand S. inacrocephalahave been recognized as having good forage 

http:visco.va
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TABLE 2. Nodulation of some St losanthesspecies under natural conditions. 

Species Size Quantity 

Large Medium Small Many Few None 
3 mi 1.5 rum 1.5 mm 

S. acuminata + + + 
S. aurea + + 
S. camlicstris + + + 
S. al/ltata + + + + 
S, dehilis + + 
S. gracilis + + + + 
S. grandiolia + + 
S. gulianlensis 

var. canescens + + + + 
,S.g iantsis 

var. microce)haht + + + 
S.guianensis
 

var. vohlaris + +
 
S. lciUcarl) + + + 
S. ma'rocephala + + + +
 
.S./)ilosa + +
 
S. rutelliJides + + + 
S. scabra + + + +
 
.S.tonmentosa + + +
 

potcntial. Effective strains for S. capitata have been isolated in acid soils at
CIAT, Colombia. Collaborative work has been done with J. Ddbereiner and 
her group at FINIBRAPA in an attempt to isolate effective strains for S. 
tMn CrncPha/t. Although S. ruelliod., S. tomentosa, and S. campestris are 
morphologically different, the num ber, size, shape, and internal color of the 
nodules arc similar. The nodalcs are located close to the crown and on the 
secondary roots. Ihcy are large compared with other ,'rhosanthes species
reaching 2-4 mm in diameter (see Figure 3). It is not known yet ifthe size of 
nodules is related to the plant and , or to the Rhizo/uiltm. 

PESTS AND DISEASES OF STYLOSAN'INIES IN MINAS GERAIS 

UIndoubtcdlv, anthracnosc (Colletotrichum ghlesporioides) is the factor 
most limiting the pcrformance of Strlosanthes species as forage legumes. The 
disease is found in all countries where the genus occurs. Resistance or 
susceptibility to anthracnose depends not only on genetic characteristics of 
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Figure 3. Some patterns of n( Julation in Stylosanthes species. 

the plant, but also on the races of fungus present and on environmental 

conditions. Some species seem to present a greater percentage of resistant 

ecotypes than others. Some ecotypes of S. caplitata and S. macrocephala are 

good examples of the differences in adaptation to environment:1 conditions. 

S. guianensis var. canescens and var. microcephala show narrow genetic 

variability and are susceptible to anthracnose. On the other hand, S. 

guianensis var. vulgaris presents broader genetic variability and shows some 

ecotypes resistant to anthracnose. 

Nematodes of the genus Afelo,'dIogyne limit the performance of a number of 

legumes in Minas Gerais and are particularly damaging to Rhynchosiaand 

Teraminusspecies. The author has only rarely observed nematode damage on 

the majority of Styosanthes spp. but has found S. guianensis var. 

microccp7 la, S. pilosa, and S. rue/i oides to be heavily infected under field 

conditions (see Table 3). 

A large number of Stylosanthes species are attacked by insect pests, which 

destroy the base of flowe ing buds and also the developing seeds. The main 

insect attackipg the species is Stagastasp. Some species or ecotypes ar: more 

susceptible than others. In Sete Lagoas, S. acumitata, S. grandiflia, S. 

gracilis, and S. campes.;tris are frequently attacked. S. guianensis var. 

microcephala, S. ca/)itata and S. inacrocephala are hardly ever attacked by 

insects. 

While S. guianensis and S. scabra have been reported as susceptible to 

attack by stem borers of the genus Caloptilia, certain resistance has been 

identified in S. cJiftanc (C,iAT, 1978). Stylosanthes species in Serra do Cip6, 
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TABLE 3. Diseases and pests of Stylosanthes species. 

Species Anthracnosis Pests 

Stems Leaves Sterns Spikes Roots 

S. acuminata . . . + + 0 . .. 0 
S. "urea + + + .. . 0 +++ 0 
S. campestris 0 + + + + + + + + + 
S. capilata + + + + 0 
S. d hilis +++ + + + 0 0 0 
S. gracilis + + + +++ 0 
S. grandifolia + + +++ 0 + + + 0 
S.gutanensis 

var. canescens + + + + + 0 + 0 
S. gu ianensis 

var. micro(ephaa + + + ++ + 0 0 . .. 
S. gttiallu'nsis 

var. rulgaris + + + + ++ 0 
S. Iiocarpa + + + + ++ 0 + 0 
S. macrocephala + + 0 + 0 
S. pilosa +++ +++ 0 + ++ 
S. ruellioides + + + + +++ + + 
S. scabra ++ + + + 0 0 
S. tomentosa + + + + + + 0 + 
S. riscosa ++ ++ 

+ : l illyattcked, -Fl :Moderalclyv ttacked, 44-4-: o:l'cketlo:gttackedll Not 

11-inprca d' 'i s(i ,\iropi'izri., .Mija. ( i'. Tir Lai 35 7(1.,
I' 295, Sete a MI Brazil. 

Minas Gcerais, have also shown variation in susceptibility to this pest. Thus, S. 
cawp(stris. Y. ruelliodcs and S. tometmosa were highly susceptible but S. 
cafutata and S. macrocephala were not affected. 

Minas Gerais State is considered one of the centers of diffusion of the genus 
.StI.h)st/hes.The diversity in nodulation and pest or disease resistance cited 
here emphasizes the wide variation found in this genus and demands that 
extensive collection and evaluation of this genus be undertaken in Minas 
(ierais. 
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NITROGEN FIXATION AND FOR.AGE 
CHARACTER IZA'ION OF A ESCHYNOMENE SPP. IN A 
SUIBTROPICAL CI1MATE. 

K.H. Quesenberry, S.L. Albrecht and J.M. Bennett' 

Stum mar.' 

Since some species of the genus Aeschyrnomene have been 
suggested for use as forages, we assembled a large collection of 
,,]e.SCht'flo('tU' accessions and undertook a series of greenhouse 
and field experiments to characterize tile N 2 fixation and water
stress responses of' Acsc/oiioltcnn species. 

The nitrogenase activity of greenhouse-grown Aeschvnomene 
plants was saturated at 10% C,11 -2 and showed maximum activity 
at 34 'C. Specific rates were highest in four-week-old plants and 
declined in older plants. Threc accessions of A. americafla L. and 
one of A. villoui loir. had nortmtal rates of N2(C-1 2) fixation and 
lcal \rater and turgor potential alter three days of flooding, while in 

'.sm dium herociar/on I)C., nitrogenase activity was only 3% 
of' the well-watered control and leaf turgor potential was reduced to 
near ,ero. )rought stress decreased nitrogenase activity in all 
accessions to less than 40"i that of the controls. 

Nitrogenasc activity and nodule number of field-grown A. 
aimericana were not significantly affected by increased P and K 
fertili/er, application of 100 kgi ha N at planting, or application of 
Rhiizohium spp. inoclum to seeds at planting. Dry matter and 
total N were significantly increased by the addition of higher levels 
of1tand K fertilizer. [he addition of 100 kg,' ha N at the higher level 
of 1)and K produced significantly higher dry matter and total N 
yields than the inoculated treatment, but there were no differences 
between inoculated and uninoculatcd plots at either fertility level. 

INTRODUCTION 

Aeschynomene isprimarily agenus of tropical origin with major collections 
reported from both Africa and the Americas. The taxonomy of American 

I)lp. of A,\grnV. y. I YI)AS[A-AR. and I)ept. of Agronomy, respectively, Univ. of 
I l rla. [,ione % le. I-I 126 11US A . 
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species was reviewed by Rudd (1955), while Kretschmer & Bullock (1980) 
suggested that some species could have agronomic potential as pasture 
legumes. 'hcy stated that the genus comprises approximately 160 species, of 
which roughly one hallfare xeric and the remainder hydrophytic. Plant types 
range from low-growing herbs to tree-like shrubs 8 m tall. 

I lie species A../Icata(Poir. ) I)C. and A. anm'ricatia IL.have becn evalIuated 
for agronomic use. Joint vetch (A,. filhata cv. Bargoo) was reIl-ased in 
Austrilia in 1973 (1lennessy & Wilson, 1974). American joint vetch (A. 
ani'ricana) has been used widely as a pasture legume in Florida, but no named 
cultivars have been released. (irazing results with mixtures of' Bahia grass 
(Paspa/uhm ntulattfm IIlugge) and ,,e.'schtromemt spp. ha\,e been promising 
(lodges et al., 1976; ()cumpaugh, 1979). 

The results in graiing trials led to the collection and evaluation of 
additional accessions of A. americana and other species. Kretschmer & 
Bullock (1980) found broad genetic diversity among 98 accessions of A. 
anmricana for flowering date, plant height, adventitious rooting, insect 
feeding, and perennial habit. Quesenberry & Ocumpiaugh (1981) reported 
percentage nitrogen (N) to range from 2.52 to 4.38K'i, while the N yield of 
spaced plants at one harvest varied from 10-113 kg; ha. Total seasonal yields 
in excess of 150 kg N ha have been obtained. Another advantage for 
/V.SChtYti , spp., revealed in preliminary studies Under glasshouse 
conditions, is that most accessions show no significant reduction in 
nitrogenase activit' under floodcd conditions (Albrecht, Bennett & 
Quesenherry, 1981). 

The experimrents reported here fall into three groups. The first experiments 
examine the elfect of assay time ,,Il1 concentration and temperature on the 
nitrogenase activity of four to eight-week-old plants; look at seasonal 
variation in N, (( ,11 reductio n by At'sChytnicV~t'e cu ltivars; and examine 
the effccts of defoliation. A further glasshouse trial then details the response 
of .'le'.o/z tmner' species to water stress, while the final experiment provides 
some inhormation oi N, fixation hy A. americana under field conditions. 

MATERIALS AN!) METHODS 

Fo determine the appropriate conditions for N, (Ci1t2) assay of 
,,lc'.wrwn'om, spp., several accessions were grown on washed quartz sand 
and watered twice weekly with full strength I loagland solution minus N. The 
effects of assay duration, C, II, concentration and temperature were then 
examined using four to eight-week-old plants. 

Another series of plants from accessions number 55, 57, and 64 of A. 
americana were grown as above, but assayed weekly from 4-15 weeks after 
germination. In this study an additional treatment was included in which 
plants received IHoagland solution plus 15 mN nitrate twice weekly. 
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The effects of defoliation on N, (C, I,) fixatinn were also studied, a group 
of eight-week-old plants being clipped to a height of 15 cm (about 6 nodes 
abeve the soil), after which their foliar regrowth and N , (C 21-12) fixation were 
examined for 3-50 days more. 

Except in the studies on assay time, CH 2 concentration, and incubation 
tem perature, assay cond itions for N2 (C ,-2 ) red uction were similar to those 
adopted by other authors, but we employed 75 ml serum vials with 10% by 
volume CI-I 2 injected, and assay periods of 30 and 60 minutes. In the 
aforementioned studies, the procedure was varied to permit sampling from 
15 - 420 minutes, C IIIconcentrations from 0-25% and incubation temper
atures from 5-50 ° C. In the latter case samples were equilibrated in incubators 
for 60 minutes: then the assay was run for 60 minutes. 

In a second study, accessions of /lescwonomnene species and D. 
hetcrocarolt were grown in sand:peat:perlite mixtures in 15 cm pots. Ten 
weeks after germination, pots were either flooded with water to surface level 
or were denied water. Nitrogenase activity and components of leaf water 
potential were then measured after three days. Leal water potentials were 
measured with thermocouple psychrometers, and osmotic potentials were 
determined on the same samples after freezing and thawing of the tissue. Leaf 
turgor potentials were calculated as the difference between leaf water and 
osmotic potentials. 
The final experiment was a field inoculation trial carried out on a Pomona 

sand known to contain a low population of indigenous rhizobia. Two levels of 
ferti!iation (12 kg P +46 kg K, ha or28 kg P+ 105 K,'/ha,each with 16g/kgof 
FLl 503 containing 3j 1, 3% Cu, 18% Fe, 7.5% Mn, 2% Mo, and 7% Zn) and 
three inoculation treatments (uninoculated; uninoculated but with 100 kg/ ha 
N as NI 4,N() applied at planting: and inoculated with a mixture containing 
strains I Al. 309. CIA 1465 and CIAF 753) were used. Seeds of A. americana 
were planted at a depth of 1-2 cm in plots 2 x 7 m. After 13 weeks, 5 
plants plot wzre harvcsted and nodules counted. Six days later 2 plants/plot 
were harvested and assayed for nitrogenase activity using the acetylene 
reduction assay. Plots were harvested for dry matter after five momhs, and N 
content was determined by the micro-Kjeldahl technique of Gallagher et al. 
(1976). 

RESULTS AND DISCUSSION 

In the experiment on C I'1. concentration effects on C2 H4 formation by A. 
americana, saturation occurred at 0.10 atm C 2H 2 with a maximum rate of 
greater than 70,/umoles C 1'Hjproduced/gram of dry nodules per h. The 
apparent K,, for C11, determined from a Lineweaver-Burk plot was 0.0107 
atm, similar to the range of values (0.004-0.010 atm) normally reported for 
this substrate. 
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Under standard conditions the rate of C 1 -14 formation was linear for at 
least 165 minutes; then decreased to a lower linear rate for up to seven hours 
after injection of the C1Hi, a finding similar to that of Sprent (1969). 

Accessions number 64 and 57 showed similar responses to incubation 
temperaturc with peak activity at 34C and a plateau of optimal activity 
between 20' and 37'C (see Figure I). Accession 55 had a significaotly lower 
nitrogenase activity than the other accessions and maintained maximum 
values from 26' to 340C. Cralle & ileichel (1980) found that short-term rates 
of nitrogenase activity in alfalfa (Medicago saliva L. ) were optimum between 
25' and 35C 

• .\CCCSSI II,] 55 

Ac•-cessai no. 57 
A.ccessijon t). 61 

- . , 

Figure I 

Effect of incu bation temper
ature oun nitrogenase activity of" 4.
 

nodtilated A. aimericana. Bars -. . . . . ,. .. . 1 
show the standard error of the 0 5 I1 20 253(1 35 40 ,15 51

inca 11. I cmperaI ltire 

Weekly assays of nodule and nitrogenase development in A. americana 
showed greatest specific nodule activity (SNA) in four-week-old plants, 
irrespective of N treatment (see Figure 2). Activity decreased more rapidly 
with age in the +N treatment, but moderate rates of nitrogenase activity were 
measured at 10 weeks after germination with SNA still relatively high (45 
pimnoles; g of dry nodule per h) even after 13 weeks in the -N treatment. Nodule 
weight was significantly higher in the treatment without N for most of the 
experiment, hut nodule hiomass in the +N treament continually incr,'-;',d 
through the period of the expcriment. [his suggests that A. americanawill 
nodulatc and retain relatively high nitrogenase activity in the presence of fixed 
N. 

Figure 3 shows the relationship of foliar regrowth and nitrogeliase activity. 
Nit rogcnase activity of defoliatcd Florida common /,esch.*'nom(,nedecreased 
to less than 10% of the activity of the nondefoliated control three days after 
defoliation, and even 50 days thereafter was only 60% that of nondcfoliated 
control plants. Regression of nitrogcnase activity on leaf biomass showed a 
tight linear relationship (r2 =0.93). Similar results have been reported by 
Fishbeck & Phillips (1980). 
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The effects of water stress on nitrogenase activity in Aeschvnomene spp. 
and 1). heh'rocarpon are shown in Trable 1. While all Aeschynomene 

accessions appeared normal, with nitrogenase activity similar to those of 
control plants, flooding for three days reduced the SNA of D. heterocarpon 
nodules to only 3% that of well-watered control plants. Leaf water, osmotic, 
and turgor potentials of Aeschynonene plants were also little affected by 

flooding (see Table 2), suggesting that Aeschynonenc spp. are much more 

tolerant of flooding than is Desmodiwm heterocarpon. By contrast most of 
the Aesch'tnomene accessions were markedly affected in the dry treatment, 
though A. americania (IJ F186) and the D. heterocarpon accession showed 
greater nitrogenase activity and leaf water or turgor potential than the other 
accessions. 



352
 

TABLE 1: 	 Comparison of water stress effects on nitrogenase (C2 !12) activity 
in /-lescht'nonten' and I)esmnodium accessions. 

Legume Control Ilootled Dry 
identification 

.... . . nol (" 114 /g noduCle dry wt~i 

,,I. villosa 2.58 ± 0.60 2.43 ± 0.47 0.20 ± 0.06 
UR 369 (100) (95) (8) 

A. americana 5.13 ± 0.27 5.65 ± 0.64 0.11 ± 0.03 
UF 57 (100) (110) (2) 

A. amnericana 1.88 ± 0.63 1.94 ± 0.24 0.75 ± 0.12 
UF 186 (100) (103) (40) 

A. am('ricana 3.45 ± 0.81 3.97 ± 0.66 0.09 ± 0.03 
UF255 (100) (114) (3) 

D. heterocarpon 6.4) ± 0.89) 0.18 ± 0.05 2.40 ± 0.55 
UF 20 (100) (3) (37) 

ItIdlieic Sstalgdardt error 01 mlmli. 

TABLE 2: 	 Water stress effects on leaf water ( 1)1), osmotic ( s), and turgor 
( 1) p ) potentials of .,lesel vnomene and )-sitodiut accessions. 

Legume Control Flooded Dry
 
identification - -- --... ..........
 

IPIIA ps pjjp (1)1 s ijbI IIs (1)p 

... ... . . . ... . . .. - l a rs . . .. . . . 

AI.viscosa -3.1 - 5.6 2.5 -1.7 -4.8 3. I - 7.0 - 5.8 -1.2 
UF 369 

A. americana -2.7 - 6.1 3.4 -3.7 -7.0 3.3 -16.0 -14.0 -2.0 
UF 57 

,4. auniericana -4.4 7.4 3.0 -2.9 -7.4 4.5 -13.5 -16.4 2.9 
UF 186 
.4. americana -7.2 -10.9 3.7 -3.0 -8.1 5.1 -12.0 -12.1 -0.1 
UF 255 

1). hcterocarpon -3,4 - 5.8 2.4 -3.2 -3.1 -0.1 - 9.5 - 7.4 -2.1 

IdV ,III'h
/	 t.. iiigilt-( glct C1 T) AI (i,,LIL, ,),IVt"si I.' t tioi , dtls', iicilt,.rr 


CI'i ', ,ligh)t!tlt ''tec til|iciculi tl ! ) .
 



353 

The results of the field inoculation trial are presented in Table 3,with no 
significant differences evident among the treatments for nitrogenase activity 
or nodule number. High SNA and nodule number were even obtained in the 
+N treatment, confirming the tolerance of the ,4eschvtnomnne symhiosis to 

soil N. Clearly. sufficient effective native rhizobia were present to limit the 
response to inoculation. At the same time, the increased dry matter 
production and N yield of the +-N treatment implies that neither native 
rh izobia nor inoculant strains could satisfv the N requirements of the plant. 
Increased P and K fertili/ation did, however, enhance dry matterand N yield. 

TA BLI1. 3: 	 Nitrogenase activity, nodule number and dry matter, and N yield 
of .1. nlt'rican .1 

Treatments Nit rogeoase NoIUIle Yield (kg/ha) 
activity numher 

fertility Inctlation 3 (41100es ( 114/ Dry matter Nitrogen 
level g loot li) 

1 1 9.40 a' 1620 a 5310 bc 96 be 
1 2 8.05 a 1341 a 4213c 76c 
1 3 8.15 a 1421 a 3755 c 66 c 
2 1 11.46a 1573a 6503 a1 ll8ab 
2 2 9.28 a 1545 a 8016 t 135 a 
2 3 8.56 a 1715 a 5080bc 95 bc 

otal,ttImed. hK thc i"L tt l i ! l ii-i"ju1iticantI% tillcrei 0)05).ll11' 


I citilityk- c l I 275 [,- lhe11-111-21)\.ith I ke I 1 510. I ertilit, level 2 6 (ikg/ha 
11-111 1 ',"ith6I,1''v I II 511. 

:3l11o,1 t11111 lt t l dt. 2. atItll' \,11' 1. tI in.,),u.t IIll ki'iJ a N trim N1 4 N0 3 ,P'lie(I 

REFERENCES 

Alb;ccht. S. I ..Itcllntt, .I.M. & Quescnherry, K.I1. (1981) (irowvth and nitrogen 
I ix,:tti it 1 1-]MIootc under uatcr stressed conditions. PIltm Soil.60, 309
315 

'lal-. I . I . & IC-twL (1. .1191) Ifemperature and chillig sensikity of alfalfta 
unuidulc Itttcl1,c ictitt. l'lwtt l'hviiiol. (Suppl.) 65, 108. 

1i hhcAk. K \. & I'hillips, I). \. (1980) .. arct, photos nthesis, rooti\i car

hrhntl\.dr ,,eand t itogcln li.\tioln in alfalfa followking harcst. Plan/t h./iol. 

ISuppi) 05. 10)9. 

http:hrhntl\.dr


354 

Gallaher, R. II., Weldan, C. O. & Boswell, F.C. (1970) A semi-automated procedure 
I'r total nitrogen in plant and soil samples. Soil Sci. Soc. Amer. Proc. 40, 887
889. 

Ilennessy, I). W. & Wilson, (. P. M . (1974) Nutritive value of i1argoo'joint vetch 
(A.'hi '0t),I'(tt',/'lhat) and companion grasses when Ied to sheep. J. Aust. 
hist. I,.gric. Sci. 410,82-3. 

lodges, F. M., Peacock, F. M., Chapman II . I.,& Martin, F.G. (1976) Grazing 
trials with tropical grasses and legumes in peninsular Florida. Soil Crop) Sdi. 
Sm. Ila. Prot. 35, 84-86. 

Kretschmcr, A.F. Ir. & Bullock, R.C. (1980) Aeschtomnte spp.: l)istribution and 
use. Soil Crop Sci. Soc. Ha. Proc. 39, 145-152. 

()cumlpitugh, W. R. (1979) Creep gra,,ing for ca'les. Beef Cattle Short Course, IFAS, 
I iii, 01 FT, Pp. 159-165.o:flrida, (iaincsvillc, ISA. 

(tcsenihcrry. K. II. & ()ctumpaugh, W. F. (1981) Forage evaluation of 
AC.Oh]n- im'' species in north central IFlu ida. Soil ('rop) Sci. Soc. Fla. Proc. 
40. (Submitted for publication.) 

Rtdd, V. F . (1955) American species of 4,lschutucniei'e. US National IHerbariutm 
32:1-172. (US National Miuseum, Smithsonian Institution. Washington [.C., 
IISA.) 

,prentI. .1. I. (1969) Prolonged reduction of acetylene by detached soybean nodules. 
Pama 88, 372-375. 



355 BNF 7i'chnoo.r' r Tl ical Agriculture 

LEGUME ESTABLISHMENT IN PANGOLAGRASS
 
PASTFURES IN THE HUMID TROPICS
 

W.B. Bryan' and E.R. Velhsquez 2 

Sumnarr 

An cxpcrimcnt to compare two methods for establishing 
dilfcrent forioc lego mes in iapanogolagrass (Digitaria dch bens) 
pilStle., wa\icarriCd o0t o a tloan clays: iI in the Orinoco Delta, 
VCeC/llla. FIitcc n leguLIes, incltding (en troxeinalJtnni'riand 
three ctlti atrs o sii ' .an /the'iiatit si.i,were hand seeded into 
clipped pasture that hald hcen cither disk harrowed or rotov'ated 
tmsice and disk h,irrO\cd. IstablishncIt Of tihe lcguiliCs and 
I'Co\ .\ \% Oli ,r\cd oVer i 4 m,:-Ilontho ttie grAs, Cr1c Iperiod. Six 
l1,Ii\te s \,ertc Illade at sx-\,Ck intcr\'ills. and tle dry mlatterthel 
(I)NI f "icld and the peicentagc idc protein ((') of the pastures 
\scrc etclililled. 

I cglliis \s it a cliibing g \thlihabit established more quickly 
where onl, the disk ,\as used. ,AIl legunc pangolagrass 
associatiolns ,icldCd 1mre I land (1'than grass only. l'lots with 
('. 0Iiui.'riorKiIn,'li%.. ga\c double the I)NI yield and triple the 
(P \ild of grass i *nl\.hie Inaxilnuim )Il yield of' 1.8 metric 
t(oils ha iei0\\ks \io prodticcdbb hjp.si.\i1S. gt ia.g panlgolagrass 
issociatio \\hich lihodiced 0.33 ietric tons of (P ha per 6 wks. 
Ilhe nalirii \ Of thC plot, h;Ld 31-51 ' legunie. All legumes increased 

the (' Conicnt of the associated pangolagrass. Panglolagrass 
glov ,iig with (. tIuhniricontained 14.71i CP coimpared to 10.7% 
\when growni alone. 

INTRODUC'ION 

Pangolagrass ( Iititariadecumn/u'ns) is grown widely in the humid tropics 
and supplies feed for the grazing aninial. lligh production demands inputs of 
nitrogen (N) fertillier even on fertile soils, and tip to 800 kg N/ha per yr have 

ol ( .'cL:iclccs., m, W.VA..l i i'Ind t il Wc,,. Viigiii; Uiniiscrsit.. %lornganto n lISA. 
I i,,Iiat uiinuIlid dt: (iiiri. VC u c tllila.i I \l1C ulcuitilila. 
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been recommended for pangolagrass pastures in the Orinoco Delta 

(VelhAsque/, Larez & Bryan, 1975). In a small plot trial 17.5 metric tons of dry 

matter (I)M) per ha werc produced annually over a four-year period from 

pangolagrass receiving 200 kgiha per yr of phosphorus (P) and 800 kgiha per 

yr N (Velisquez t al., 1975). 

The possibility of introducing legumes into pangolagrass pastures has 

aroused considerable interest, since feasibility analyses indicate that 

grass legunc associations may be more profitable for beef production than 

pastures based oni grass alone (Burton & Bryan, 1981). In this study we 

comparc two nmcthods for the establishment of legumes in pangolagrass 

pastures. 

EXPERIMENTAL METHODS 

The experiment was carried out on the Estaci6n Experimelital de Guara, in 
the Orinoco Delta, Venezuela, using a pangolagrass pasture established more 

than eight years previously. The pasture was located on the Manamo soil 
series (dyke soils that vary from sandy to loamy clays with little organic matter 

content, low permeability, and irregular topography). 

The pasture was rotary mowed and the clippings were removed. Plots 6x4 

in were used. Ilalf of each plot was cultivated twice with a rotovator, and then 

a disk harrow, set so that it made small slits in the ground, was passed once 

over the plots. Fourteen different legumes were evaluated (see Table I). Each 

was hand planted into the narrow slits. Plots were hand weeded before 

cultivation and before each harvest (except the plot with pega-pega, a 

lesiodiuum species that volunteers in pastures in the region). 

I'stahlishnicit w as ohserved over a 4 .- month period. Plots were then cut 
(estahilishmnelit cut), each plot divided into three, and the following fertilizer 

treal micntN applied to each division: control; 200 kgiha of P as 

tiple sriper pin ,pham c: and 2(10 kg Pas triple superphosphate with 100 kg Kas 
KI and 10)(0 k, l]ime ha. 

Si.\ Ira ics then made at approximately six-week intervals, using the,.t_ .ere 
cumtting heights s1h nin [able I. Two samples were cut from each plot using a 
0.25 in q tid iit, ald these were used to determine percentage of grass and 

lcginrc. (ut herhaget \was hanid separated into grass and legumc and dried for 
48 hn rs ;at 105 ( ' Alter sampling, the entire plot was cut with a rotary mower 
at the appropriirtc height (see [able I) and clippings were removed. Crude 

protein ((T) \V;s detCrlitnCd on the dried samples by the niicro-Kjcldahl 
techniqtuc. 
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RESULTS AND DISCUSSION 

Establishment 

Rainfall was well distributed during the experiment with 21, 461 and 1058 
mm precipitation during the pre-seeding, establishment, and cutting phases, 
respectively. 

One week after seeding, all legumes save Lablab purpureusshowed more 
seed lings in the disked-only subplot. One month after seeding, differences in 
seedling emcrgence were no longer evident, but the Calopogonium 
mutctinoieh's., i'raintusuncitls, Pueraria javanica, P. phaseoloides, and 
(j'('utrostmapubt'scents plots all showed better growth where the rotovator 
had been used. Use of the rotovator checked regrowth of the grass and 
permitted deeper placement of the legume seeds. Monzote & HernAndez 
(1977) recommended using a disk harrow and broadcasting the seed to 
establish (lci, wi tii in pangolagrass pastures. Our results also suggest 
that legumes can be established successfully in paiigulagrass pastures with 
minimum tillage. 

Growth 

Only two or three plants of Desmodium germinated; thus, the plot was used 
as a check at 10 cm cutting height. Following the establishment cut, L. 
pur/titriusalso died out, and that plot was designated a check at 20 cm. Pega
pcga was present in all plots and was removed by hand prior to the 
experiment, except in the plot designated to it. 

IPangolagrass associated with legumes was a deeper green color and grew 
better than grass alone. Both grass and legumes also appeared to suffer less 
insect and fungal attack in association than in pure stand (legumes were 
compared with pure stands in plots in the introduction garden). 

Dry matter yield 

All legume pangolagrass plots gave DM yields greater than the 
corresponding checks; in particular, plots with C. phonierior S. guianensis 
yielded double the check (20 cm). The maximum DM yield (1.8 tons/ha per6 
wks) was derived from the S. guiannsis IRI 2870/pangolagrass association 
(see Table I). 

)ry matter production was greater in the plots where the rotovator was 
used (scc Table 2). Only plots with Desmodium sp. (pcga-pega), T. uncinatus 
and S. guianc.ui yielded more where only the disk was used. Only in the case 
of' (litoria trt/ath was the difference between establishment methods 
considered significant. In this case most of the seedlings did not survive after 
two months where only the disk was used. 

http:guianc.ui


and crude protein (CP) yields, crude protein percentage of legume and pangolagrass, andTABLE 1: 	 Average dry matter (DM) 
the percentage of legume obtained in pangolagrass/legume associations. 

Associated legume 

StylosanthesguianensisIR 2870 
StylosanthesguianensisIRI 1022 
Centrose.'w phmieri 
StylosanthesguianensisQ 8558 
Teramnus uncinatus IRI 1286 
herariajavanica IRI 1298 
Puerariaphaseoloides 
Clitoriaternatea 
Centrosernaput cscc,!s IRI 1282 
Calopogonium inucunoides IRI 1281 
Glycine wightii IRI 1284 
Mfacroptilium arropurpureum 
Pega pega (Desmodiumn sp.) 
Digita-iadecu'zbens alone 
Digitariadecumbens alone 

Height 
of cut 

(cm) 

15 
20 
15 
20 
20 
20 
20 
20 
15 
20 
15 
20 
10 
20 
10 

DM 
yield 
(tfha) 

1.8 
1.6 
1.6 
1.5 
1.3 
1.3 
1.3 
1.2 
1.2 
1.1 
1.0 
1.0 
0.6 
0.8 
0.3 

CP 
(t/ha) 

0.33 
0.26 
0.33 
0.25 
0.22 
0.22 
0.24 
0.18 
0.23 
0.17 
0.14 
0.14 
0.07 
0.08 
0.03 

5' legume in pasture 

First harvest Last harvest 

62 
55 78 
78 37 
51 46 
64 44 
49 67 
56 87 
45 45 
40 47 
61 0 
47 30 
50 18 
38 35 
- -
- -

° CP 

Legume Grass 

21.0 12.4 
19.6 11.9 
25.8 14.3 
20.0 12.1 
20.5 13.3 
20.6 13.1 
20.7 13.4 
19.5 12.6 
27.9 13.1 
20.7 12.7 
21.3 11.4 
20.2 11.4 
17.4 10.9 
- 10.7 
- 10.6 
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TABLE 2: 	 Average yield of dry matter (DM) for pangolagrass and legume 
associations as influenced by irethods of legume seeding (average 
of six harvests). 

Associated legume 	 Method of establishment 

Disk only Rotovator and disk 

- (tons/ha) 

S.guianensis IR I 2870 1.5 	 2.1 
S. gianensis IRI 1022 1.5 	 1.6 
C. plumieri 	 1.5 1.7 

S. guianensisQ 8558 	 1.6 1.3 
T. uncinatus IRI 1286 	 1.4 1.3 
P. jaianicaIRI 1298 	 1.3 1.4 

P. phaseoloides 	 1.2 1.4 
C. ternatea 	 0.8 1.4 
C. pubescens IRI 1282 1.1 	 1.3 

C. iucUtnoides IRI 1281 1.1 	 1.1 
G. wightii IRI 1284 0.9 1.2
 
Al. atrolurptureutt 0.9 1.0
 

Desinodium sp. 	 0.7 0.4 
Check 20 0.8 0.8
 
Check 10 0.4 0.3
 

x 	 1.1 1.2 

There appeared to be no differences in DM yield due to fertilizer 
application. This is in agreement with data from limiting nutrient trials on the 
same soil series (Velasquez et al., 1975). However, longer term trials are 
needed to examine fertilizer requirements. 

Percentage of legume in the pasture 

As the experiment progressed the percentage of S. guianensis 1022 and 
2870, P. phaseolih's and P.javanicain the pasture tended to increase while 
that of Aacroptilhum atropurtureuin,C. pluinieri, S. guianensis 8558 and C. 
ntuctinoidlesdeci eased. The percentage of the other !egumes in thLir respective 
associations remained more or less constant (see Table 1) and in most cases 
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contributed 30-50% of the dry matter yield. More frequent cutting, or cutting 

at a lower height could be used for those species that tended to dominate the 

or that tended topangolagrass; less frequent higher cuts for those species 

disappear. 

Dry matter percentage 

The legumes with the lowest average DM percentages were C. plmnieri 

(15%1), S. gtiaewnsis 2870 (17%), and P. phaseoloide. (17%). Pega-pega 

(e:sniodium sp.) had the highest percentage of dry matter (26%). 

Pangolagrass associated with a legume had lower average DM percentage 

than when grown alone. Thus, pangolagra.5 with C. plumierihad 17% DM. 

while in the 10-cm and 20-cm check plots the DM percentages were 21%alid 

25%;(, respectively. 

Crude protein 

The crude protein concentration of pangolagrass associated with a legume 

was higher in all cases than when growing alone (see Table 1). The average CP 

content of pangolagrass associated with C.plumieriwas 14.3%, representing a 

increase in CP compared to the grass alone (10.7%). This is evidently the 

result of the lise by the grass of N, fixed by the associated legume. 

Tile legumes with the highest average CP content were C. phnieri(25.8%) 

and C. pt'bes'ens (27.9( '').Thus, the associated legumes not only increased 

('P in the pangolagrass, but total CP in the sward grass was greatly increased 

by the direct contribution of the legumes. Yields of CP for C. plumieri and S. 

guianctsisassociations were over four times greater than for the pangolagrass 

alone (see l'ahle 1). 

33(,;i, 
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THE ROLE OF LEGUMES IN MIXED PASTURES 

A.S. Whitney' 

SumtnmarY 

legmies cain contribute greatly to pasture production by 
proiding high protein forage, especially during the dry season 
MClin grass quality is poor I.ittle nitrogen (N) is transferred 
undergrot d ho,- act iscl growiIg legumes. but aboegrounld 
trasler tf N. principally in legume leaf litter, green leaf which is 
IramplCd into the soi! h\ gtri.ing animals, urine from animals 
gra/ingc !Cgeuics. and ICLes. is significa . Managernent alter
natti,, to ma,.imi/c the legume N contribution arc discussed. 

INTRODucriON 

Ihe potential for the improvement of tropical pastures by planting 
improvcd grasscs and legumes can be impressive. In experiments conducted 
on the Colombian savannas by scientists from the Centro Internacional de 
Agrictltura Tropical (CIAT). animals grazing Andropogon gayanus in 
combination with different legumes gained twice as much per aninal and ten 
times as much per ha as animals grazing native savanna (CIAT, 1980b). 

Species vary greatly in their ability to fix nitrogen (N,) and to transfersome 
of the fixed N2 to the grass. Ihus, Whitney & Green (1969) found that 
I)smodium cunum (kaini clover) had a modest potential to fix N (about 100 
kg/ha per yr) but transferred about 30% of the fixed N to the grass while 
Desmodium intortum had a far greater N, fixation potential (over 260 kg/ ha 
per year). but provided or..y slightly roi e N to the grass fraction. Johansen & 
Kerridge (1979) sampled three pastures and found fixation in all but 
Lotonmanis bain'.ii to be substantial ( 100-140 kg N, ha per year). Lotononi. 
fixed only 51-74 kg N, ha per year but cven so transferred 12-15% of this to the 
associated grass. In these two experiments clippings were removed from the 
plots: utinder graz.ed conditions N transfer would probably be much greater. 

I lmeivrsity od I Il.i tI)ept. f ,Agronomy ann Soil Sci., Maui Agricultural Research Center, 
Kula. Ilatii. 

http:bain'.ii
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Most ranches in the tropics could benefit substantially fromgrass/ legume 
pastures. However the contribution of the legume must be reliable, and the 
establishment and management practices economically viable, while still 
assuring a good balance between grasses and legumes. 

Ohviousl, a great manv factors influence the legume contribution: disease 
and iscct attack, nutrition of the legume plant (including competition by the 
associated grass), competence of the microsymbiont, and adaptation to the 
soil and climatic stresses present in the environment. This paper considers 
three aspects of post-establishment management of grass-legume pastures; 
maximiiing N, fixation, transfer of N from grass to legume, and 
minerafi/ation of N; all with the viewpoint of'enhancing the contribution of 
the legume. 

MAXIMIZING N2 FIXArION 

Defoliation regime 

I)efoliati.m regime is an important consideration in legume performance 
(Whitnyev, 197(1). lkmcsondium intortui with both kikuyugrass (Pennisemin 
clanh,.stinumt) and pangolagrass ( I)igiaria ecumhens) responded to lenient 
cutting with increased yield and N, fixation per unit of time (from 74 to 316 kg 
N fixed ha per yar depending on cutting height and interval). Only under 
lenient cutting was significant N transferred to the grass fraction (up to 56 kg 
hl per year.. Jones ( 1967) also found that AMacruptiliwnz atropurtJretoncv. 
Siratro yields of N and dry matter (I)M) were reduced by both low height of 
clipping and short intervals between clippings. 

Shade 

Shading of low-growing IegumLs due to infrequent grazing, growth under 
plantation crops. or low light intensity during the rainy season can similarly 
result in reducned N - fixation due to a reduction in carbohydrate supply to the 
roots and nod tiles (h'i iksen & Whitney. 1977). Legumes vary greatly in their 
tolerance to shade, with the less productive legumes generally more shade 
tolerant. Jefoliation regime is. thus. especially important if the legumes are 
shaded, since the carbohydrate for regrowth and N, fixation wolild be even 
more limiting than 1iuder full sunlight. A legume can only be expected to fix 

appreciable N, whon it has ample reserves to sustain regrowth after 
defoliation, and or %hcn defoliation is relatively lenient. The ideal 
sitnt tion thtrcre wouId be where the legume can make vigorous vegetative 
gro\th before being gra/cd. Fortunately, most tropical legumes are less 
palatable than the associated grass during tile rainy season. There was a 
definite grazing pattern at CIl -Quilichao for a mixture of grasses associated 
withlh'.smmdiwum oal-aliwm (Cl 1A.1980a). Cattle grazed the legume only 
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after the quality of the grass was reduced to a very low level. As expected this 
was accentuated in the high-grazing-pressure treatment. The legume was 
subsequently utilized to advantage by the animals to maintain the level of 
protein in the dict. Australian workers have also documented a preference for 
grasses in the rainy season; then, as grass quality declines, increased 
consumption of the legume (Stobbs, 1977; Gardener, 1980). This allows the 
legume to accumulate reserve carbohydrates to support regrowth. 

N fertilization 

Fcrtilization of a mixed sward almost always favors the grass, making it 
more conmpetiive for light and,'or nutrients relative to the legume (Jones, 
1967: Whitney, 1970; Kitamura, et al., 1981). Also N, fixation is depressed if 
the legume takes lip soil N from fertilizer or urine patches. Soil N 
accumulation in the pasture can also reduce N, fixation by the legume 
(lioglund & lrock. 1978). Vallis et al., (1977) have shown that legumes vary 
greatly in their ability to compete with the grass for soil N. Lotononiswas a 
good competitor compared to Macropltilium afropnrptureum;however in no 
case was proportional uptake by the legume more than 25% over the growing 
sea+sonI.
 

N tRANSER FROM LEGUME TO GRASS 

Underground transfer 

Whitn,. & Kanchiro (1967) estimated N transfer from Centrosema 
pu Sc'tis, 1). inttortu and 1). canum to companion pangolagrass usihjg N
free nutrient solutions. Only when the legumes were cut was a significant 
quantity o)f N ieleased to the grass, amounting to 1-9% of the total N 
nmbilized from the roots to support regrowth. 

Butler et al. (1959), anong other reseachers, state that nodule shedding is 
important for N transl,, to associated grasses in temperate pastures. Both 
delfoliation and shading led to reduction in nodule num? -;and weight. N 
from hst nodulc tissue is rapidly mineralized by the rhizosphere bacteria 
(Ila*vstead & Marriott. 1979). The importance of nodule shedding in tropical 
pastures is unknown. 

Leaching of N from leaves 

Less than I"iof thcir N can be leached from intact legurne leaves (Whitney 
& Kanehiro, 1967). That which is leachable is mainly in the form of amino 
acids aid is mecst leachable during the time that total N in the leaf is declining. 
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Leaf fall 

Leaf fall from mature plants is another pathway of N transfer. From 1.6 to 
3.5 b of the N contained in the plant can be lost weekly through this means 
(Whitney & Kanehiro, 1967). Henzell et al (1966), found a layer of organic 

matter (mostly decomposing legume leaves and stolons) 2-3 cm thick in 

Desnodiumi uncinatum pastures fertilized for six years with superphosphate 
hut no organic layer in unfertilized pasture. Soil in the fertilized pastures 

increased from 360 to 480 kg N/ ha during the experiment, depending on the 

amount of superphosphate applied. Vallis (1972) also reported a significant 

increase 	 in soil N at three sites; at Samford in S.E. Queensland, soil N 
aincreased on the average by 44 kg/ha per yr. Jones et al. (1967) reported 

over a similar increase in soil N in a trial that was sampled and then grazed 

period of three years. Both legumes and N fertilizer increased soil N 

percentage, and this led to higher yields of a subsequent sorghum crop. 

Animal excreta 

A discussion of the N contribution of legumes to pasture must also take into 
account the transfer that takes place via animal excreta (Barrow, 1967; Mott, 
1974; Wilkinson & Lowrey, 1973; Watkin & Clements, 1977). This is 
especially true of urine, since the N in excess of 8 g kg of DM intake is 
excreted in the urine. Thus, animals grazing legume pastures would excrete 
significant quantities of N in the urine. Ilowever, losses of urine can be high 
due to high concentration (eq uivalent to up to 500 kg/ha in the patch), which 
can result in both volatization and leaching losses. Also some pasture is 
burned while N-, fixation by legumes is inhibited in the patch. If dense 
vegetation occurs in the vicinity of urine patches, Denmeade et al. (1976) have 
shown that a closed anmonia cycle is operative in the vicinity of the horizon 
occupied by clover. However, this may be of limited importance to most 
tropical pastures. 

Dung is also important in the N economy of pastures, but this N is in an 
organic form (microbial tissue) and in a rather low concentration. It is, 
therefore, subject to lower losses than in N from urine, but there is relatively 
little mineralization of N from dung in the short term. The distribution of 
excreta is also usually poor but is enhanced at high stocking rates (Rouguette, 
et al., 1973). 

MINERALIZATION OF LEGUME TISSUE IN SOIL 

From data obtained by lenezll & Vallis (1977) it is probable that legume 
tissue must have at least 1.5% N for mineralization to show a net gain. Above 
that level, rates of N mineralization increased dramatically. In their study, 
241'(' of the N from I)'stmodium toritwsuin leaf mixed with the soil was 
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recovered in only six weeks of inoculation by Rhodes grass (Ch!orisgut'ana), 
and 20% fron siratro leal. By contrast, D. intortum with a high concentration 
of tannin-hound protcin in the green leaf*. was slow to mineralize. With D. 
ittorttM excluded from the equation. N concentration explained 90%) of the 
variation in recovery otfN fronm legume tissue. Vallis & Jones (1973) reported 
similar dala for 'Siratro' and '(ireenleaf dnsmodium'. There was no net 
tincrali/attion of the desmodium leaf for four weeks, but after that the slope 
was the same as siratro leaf. They also sampled pastures of both 'Siratro' and 
'( ireenleaf desi odiut11'. Although siratro leaf decomposed more rapidly in 
pasttn'c soSils. there was no difference in mineralization rates between the two 
pa.tires after the initial flush. indicating that the N from desmodium leaf is 
proabh~ly Cl lvV;ailahle over time. In fact, the slow-release aspect might be 
henclicial where N losses by leaching or volatilization might occur. 

tlcnzell & Ross (1973) estimate that the N remaining in the legume leaves is 
proh;iblv, mineralized at a rate of only 1-2%' per year, because the microbial N 
becomes rapidly stabili/ed against further degrad ;tior 

Trampling of green leaf by grazing animals is, thus, important because the 
green leaf'is high in N and inineralizes rapidly. When trampling was allowed in 
a IA(7tni.NCttlum ct(ldh',tiull I). itntormint pasture, the legume leaf material 
was 6-27( higher in N than where there was grazing only. Total N from leaf 
fall was doubled by trampling (A. B. lwoga & A.S. Whitney, unpublished 
data). 

CONCIUSIONS 

TO tnaxini/c the contribution of the legume, a good grass/ legume balance 
is required, the grass will utilize the N2 fixed to provide high quality feed 
durin tile rain' scason when the legumes are unpalatable, at the same time 
protecting the legumes until they have made vigorous vegetative growth. It 
would seem, therf'ore, that where land is not limiting, "protein banks"should 
include a grass. with the legume planted in strips, the width of which would be 
dete rio ned by tile spreading ability of tle legume. 

Ihe potential fu(r improving pastures through the use of legumes is 
contigent upon vigorous vegetative growth by the legume component. In 
addition, there may be scope for utilizing management practices designed to 
enhance tile transfer of N to the associated grass. 
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THE IMPORTANCE OF LEGUME COVER CROP 
ESTABLISHMENT FOR CULTIVATION OF RUBBER 
(HEIVEA BR/ISILIENSIS) IN MALAYSIA 

Chee Yan Kuan' 

Stummarr 

The most important legume cover crops for rubber production in 
Malaysi a are Calopoigonium cac'rulcum, C. nuicutoides, Cen
tro.v'ma p)tdhJ'! , ,[tcutia coclinchin'ensis and Puraria 
pIhaswolo(ie'. The plant characteristics of each sf.<cies are 
described and their nutritive values, in terms of dry matter, crude 
protein, crude fiber, ether extract, ash, nitrogen-free extract, and 
gross cnerg., are presented. lhe beneficial effects of legume covers, 
in terms of nitrogen fixation and nutr;ent return, improvement of 
soil physical structure, growth of rubber, and soil erosion control, 
are given. 

INTRODUCTION 

Rubber (/fevea hrasiliensis)occupies about two million ha and 55% of the 
cultivated area in Malaysia. It has an economic life span of about 30 years. 
Legume cover crop establishment is an important factor in the early years of 
rubber cultivation. The most important legume covers planted are 
Calopogonium cacruleun, C. mtculnoides, Cent rosema pubescens, Mucuna 
cochilchineLnsis and Pueraria phaseoloides. These legume covers are planted 
in the interrow of rubber, a space 7-10 meters wide. 

The econotnic benefits of legume cover crops in rubber cultivation are 
enormous. Mainstone (1961; 1963) established that rubber trees grown in 
association with leguminous covers became tappable 12 months earlier and 
yielded 20% more than those in natural cover over a ten-year period of 
tapping. Ti ei al. (1971) and Lim & Chai (1977) have shown that it is 
economically worthwhile to establish legume cover crops and maintain them 

Rubber Research Institute of' Malaysia. Sugei ulIA. Selangor, Malaysia. I 
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in pure stands between rubber plants. This paper discusses the types and 
characteristics of legume species, the beneficial effects of legume cover, soil 
and environmental barriers, agronomic gaps, and problems associated with 
legume use. 

LEGUME SPECIES 

Characteristics of the legume species commonly recommended as cover 
crops are: 

Caloogonium 
caerulum: Shade and drought tolerant; not susceptible to 

pests and diseases. Persists under the shade of 
rubber trees for more than ten years. Animals do 
not feed on it. 

Calolpogonitm 
tntuculnoifes: 	 Rapid initial growth. Not persistent, and lasts 

for about a year under the canopy of rubber 
trees. Susceptible to pests such as Pagnia 
signala, Chauliops hisonata, and Lamprosenia 
dienenalis. Can be grazed. 

Centrosenia 
puhcescens: 	 Excellent cover. Drought tolerant; more shade 

tolerant than Pueraria phaseoloih's and 
Calopogonitunt nzuctnoih's. Persists for about 
five years under the canopy of rubber trees. Can 
be grazed. 

Desmoditun 
ovalifolin: 	 Slow to establish, but drought resistant. Will 

persist under rubber trees for more than ten 
years. Can be grazed. 

Puwraria 
phaseooides: Vigorous grower and provides a thick cover. 

('an be grazed. 
Al tcuna 

cochinchitensis: 100% ground cover after four months growth in 
a pure stand. Can be grazed. 

Because planting one species alone will entail risks from pests and diseases, 
mixed legume plantings are recommended, both for pest limitation and to 
permit an ecoiogical succession of the legume covers. Thus, C. Inucunoides, 
with initial rapid growth, dominates during the first months after sowing but 
does not persist; P. phaseoloidles piovides the bulk of the cover during the 
second and third year after planting, while C. caeruleum, Centrosema 
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l)uhescens and Desmoium ovalifulium are more shade tolerant and will 
persist for longer than the other covers under the developing rubber trees. The 
following ratios for different lcgume mixtures were recommended by the 

Rubber Research Institute of Malaysia in 1972. 

5:41:1 C. turutnoi(e.sC(. iubt'.w.cens.P. thasuloides 
4:1 C. pOta.'olid'e.J)ld/t's(('/x.'l), 
I:1 C. Jm/tsctr.s:C. muun.idloes 

The rate used was 2.2 to 5.7 kg ha of' scarified seeds. C. caeruh'um and D. 
ovali/iulin.,which are shade tolerant, are added to the mixture at the rate of 
0.21 kg Ila.lIe seeClS ale miXed with an equal weight of Christmas Island 
phosphate rock and inoculated with Rhiz,,hium Compost RRIM strain 968. 
Al. oiCOI'him,'.u's is a vigorous legume cover for eight to ten months and it is 
effecti\c ag',tinst soil erosion OnI steep terrain. When grown too close to other 
legume cicping c ,vcrs, it %%ill suppress their growth. Teoh et aL.k1979) 
shMCd that. in order to iniilni/e coipeitition, sowing ol this cover should be 
delayed until ahout (ne and one-half to two months after planti'ag of other 
Icguinic species. 

NITROGEN FIXATION BY IEGUMINOUS COVER CROPS 

Nitrogcn (N) fixation is of extreme importance for reducing the N 

fcni licr reqtirement of rubbl. Many estimates of the total amount of N, 
tixed hv nodulated legumes hasc been reported. Results vary with the host 
legume, tle elficiency of the stirains involked, and the environmental 
conditions governing tle fixation process. Broughton & Parker (1976) found 
that t lie fixation rates varied from 2)0 - 650 kg N ha per year for tropical 
legumlcs. In theI,\'lcv cover crop system, I legULmC mixture of P. 
phao 4b (". cus and C. nu(iutoitd'.sgave an average of 150 kg, ha/ ',tr.C.pt/w. 
per ycar o%er a five-\,ear period ( Broughton., 1977). 

I a;lines ( 1931 ) showed that, unlike grasses and lalang (Inywrata tjylimdrica), 
the grioth of*rubher trees is best when legumes are planted in the interrow. 
lilis is due to their high fixation of N, and to litter returns (see Table I). 

Watori. Wong & Naryanan (I1964a. b) demonstrated the enormous 
adsa ntamgc of gro\wing legumiminous cover crops cornpared2 with that of natural 
cvers. lhe results in [able I and [able 2 show that legLminous cover crops 
returned large amnount , of N to the soil, presumably as the result of N, 
fixatill. In the si xt year after establishment the lcal litter from rubber trees 
inthe legume coscr crop areas contained twice as much N as did that from 
nolegurie areas. IL.,, of applied N in rubber plantations can be severe; 
Watson oI al. (1962) lourid up to 241T of the applied N lost through 
volatilization. Against this background, the N, fixed and the form in which it 
is slowly released in the soil is of great importance. 

http:turutnoi(e.sC
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TA BLE I : 	 AMount of nt rien ts (kg/ha) in litteT of different cover plants at 24 
nionthis after planting. 

(Coverplants Dry weight N P K Nig 
of' litter 

Leguininos creepers 6038 140 II 31 19 
(;Irasse s o140 63 9 31 16 
Mikunia 4096 68 7 23 16 
Nat uraIl over 5383 64 6 42 17 

1 n 

Na r uiw\0 d o ollopll' int Pasp.lii, conjihatt,,
 

I c i'1It111 crccpcv ; iiii\c'd P. p/ /tt ollt. (C p h'.scens and ( m l oiicunjhs. 

ll I 

"TABLE 2: 	 Total alimiunts f ,i, oiious eleients (kg/ha) returned the soil over 
a tive-year period unler different cover crops. 

Cover plants 	 N P) K Mg 

Lcgc'iiinous creepers 226-353 18-27 85-131 15-27 
(rasses 24-65 -l 6 31-86 9-15 
Mtikania 74-1 19 9-14 63-99 Q-24 
Natural ('over 13-1 17 3-10 46-140 3-18 

EFFECTS OiF LEGUME COVER CROPS ON SOIL EROSION 

IMNost of the riabhcr is grown on undulating to steep land, which is prone to 
soll e-oion. IPeninsular Malasia has an annual rainfall between 1800 and 
300( nim (()(i & ('hia, 1979). Liosion is a serious problem during the time of 
replanting of ru bher trees, after old trees are felled and when the land is 
cleared. Ihe soil ,urlacc remains hare for ip to six months before the legume 
co\ ers ft-l) ai protcctive laver over the soil. 

Ihe creeping Iiguirle plants miintained in the interrow of rubber protect 
soil froin crosion and reduce the effect of extreme climatic conditions. The 
legume cocver crops protect the topsoil in several ways: 

ProIctI,n 	 f the soil surfacC against falling rain; 
Rcdtnced ratc of rln-oIL 
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Improved physical characteristics (Soong & Yap, 1971); and 
Enhanced feeder root development of the rubber in the presence of 

legume covers. 

NUTRITIVE VALUE OF LEGUME COVERS 

Devendra (1979) reported the nutritive values of these cover legumes (see 
Table 3) and found them to have much higher nutritive values than cultivated 
grasses such as Panicum maximum, Pennisetuinpurpureumand Brachiaria 
inutica. These data are typical for similar legumes grown elsewhere in the 
tropics. 

Chee & Devendra (1979) showed th,t the tLerbage under rubber, which 
consisted of natural cover and legumes, can support sheep rearing. A carrying 
capacity of 6 sheep/ ha was possible. 

SOIL AND ENVIRONMENTAL CONSTRAINTS TO HIGHER 
LEGUME YIELDS 

In the tropics, the greatest limitation to increased yield of legume cover 
crops is poor mineral nutrition. The principal nutrient deficiencies are N, 
phosphorus (P), molybdenum (Mo) and calcium (Ca). P supply is intimately 
associated with N, fix:ktion. The low P availability poses a major problem in 
successful legume cover establishment in Malaysia. Inoculation with selected 
strains of mycorrhiza may enable legume species to grow on soil low in 
available P, but little is known of the effectiveness of host/mycorrhiza 
associations and the ways in which such association may be encouraged for 
the benefit of legumes. Most soils in Malaysia have a pH of4.0 -4.5. The main 
effects of soil acidity are low pH, excessive levels of aluminum and 
manganese, and deficiency of Ca and Mo. 

AGRONOMIC PROBLEMS ASSOCIATED WITH THE USE OF 
LEGUME COVER CROPS 

The main disadvantage in using legume cover crops is the cost of 
establishment and maintenance. Teoh et al. (1979) found that the total cost of 
the first year of establishment in peninsular Malaysia was $410 to $470/ha, 
depenJing on soil type, terrain, and location. This poses no financial problem 
to the big plantation companies, but small farmers find it a burden to plant 
legume covers. For this reason the Rubber Smallholders Industry Develop
ment Authority is intensifying its campaign to plant legume covers by giving 
credits for the purchase of seeds, herbicides and fertilizer for legume 
establishment. 

Poor legume se:ed quality is another important agronomic factor limiting 
successful l-gume planting. Most legume seeds are imported from Indonesia, 



TABLE 3: Nutritive value of the leaves and stems of legume cover crops grown with rubber in Malaysia (Devendra, 1979). 

%of dry matter 
Legume species Dry matter 

in N-free Gross energyfresh plant Crude protein Crude fiber Ether extract Ash extract (M cal/kg) 

Calopogonium mucunoides 25.6 15.6 31.5 2.3 6.2 44.4 2.60 
Cenirosemapubescens 24.3 22.2 30.9 2.5 9.5 34.9 3.62Desniodium oralifolium 24.0 9.2 40.0 2.1 9.2 39.5 3.10 
hiucuna utilis 16.6 35.0 14.5 3.0 9.0 38.6 -Puerariaphaseoloides 19.1 19.9 28.8 2.1 7.9 48.8 3.71 

Mean 21.9 20.4 29.1 2.4 8.4 41.2 3.26 
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Sri Lanka, India and the Philippines. From 1972-1976, the average yearly cost 
of imported seeds was valued at 15 million Malaysian ringgit. Chee, Chin & 
Rashid (1979) found that most of the legume cover crop seeds had a 
germination percentage below 25%. This poor germination in legume cover 
crop seeds was also reported by Chin (1966), Hor (1973), and Yeoh (1578). 

Weeds pose another big problem in rubber plantations, especiall." where 
poor germination results in uneven cover crop stands. Until recently weeds 
were removed manually, but the great increase in labor costs over the last ten 
years had made this impractical (Teoh & Chong, 1977). Because of this the 
Rubber Research Institute is giving priority to tile search for better pre- and 
post-emergencc herbicides. 

CONCLUSION 

Pure legume covers are very important in the N cycle in rubber cultivation. 
They benefit the growth and yield of rubber trees in terms of nutrient return 
and also reduce the cost of N fertilization of the rubber and of weed control. 
Using the evidence currently available on residual effects and extra fertilizer 
needed for nonlegume areas, Pushparajah & Tan (1977) calculated that the 
total N fertilizer saved per year by implementing a legume policy was about 
64,665 t of N for the 56,330 ha replanted annually. This would represent a 
saving of over 80 million ringgit (Malyasian) at the current price. With 
improvement and refinement of biological N, fixation technology, improved 
management and cultural practices, and the use of better quality legume 
seeds, the saving of N fertilizer on rubber could be even greater. Also the high 
nutritive valhes of legumes grown in rubber are comparable to those of 
cultivated grasses ( Panictm maximum, Brachiariamutica, and Pennisetum 
purcum), and permit sheep to be reared, an extra source of income for the 
farmers. 
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IMPROVING THE GROWTH AND NODULATION OF 
ALFALFA IN SOUTHERN CHILE WITH SELECTED 
RHIZOBIUM STRAINS, INOCULATION METHODS, 
CULTIVARS, AND NUTRIFNT APPLICATIONS 

W.M. Murphy,' L.E. Barber,2 0. Romero Y.,3 and M. Fernindez del Pozo 4 

Summarv 
Soil problems affecting alfalfa nodulation and establishment 

limit its use for forage production to only 2500 of the 2.7 million ha 
of arable land in the six provinces of southern Chile. Pasture and 
forage production is below potential levels, especially on upland 
soils that become too dry to support shallow-rooted plants during 
midsummer. 

Initially, strains of rhizobia and inoculation methods were tested 
to improve alfalfa growth. It soon became clear, however, that 
poorly adapted cultivars and soil nutrient deficiei,ci's were also 
limiting seedling growth and development, and that all four 
constraints would need to be addressed simultaneously if pasture 
production was to be significantly enhanced. The combination of a 
Waterman-Loomis cultivar (WL512), inoculation with the 
"Balsac" strain of Rhizohium tneliloti, Pelgel adhesive, and 50 kg 
sulfur/ ha (as CaSO 4 ) significantly increased alfalfa seedling 
nodulation and forage yield. The enhanced seedling vigor should 
enable alfalfa to be established and to persist in areas where 
previously it could not be used. 

INTRODUCTION 

Soil problems limit the use of alfalfa (Medicago saliva L.) for forage 
production to only 2500 of the 2.7 million ha of arable land in the six 
provinces of southern Chile (Correa, 1972; Peralta, 1977). Most pastures are 

SI)ept. of 'lant & Soil Science, Univ. of Vermont, Burlington, VT 05405 USA. 
N. ¢'arolina State I niv., Raleigh. NC 27650, USA 
FIstraci6n I perimcntal. Carillanca. lemuco. Chile.
 
Istaci in Ixperimental La Platina, Santiago. Chile.
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of red or white clover mixed with grasses. Pasture and forage production is 
less than it should be, especially in the upland regions, which are too dry for 
shallow-rooted plants during midsummer. 

Red clays and Trumaos are the major soil groups in southern Chile. Red 
clays are generally adequate nutritionally, but are mainly composed of dense 
clays with extreme expansion-contraction characteristics, high water 
retention with a low percentage of available water, poor aeration, inhibited 
root penetration, and poor permeability. They are difficult to cultivate and 
are easily eroded. In contrast, Trumaos are composed mainly of allophanes 
that have very good physical properties. They are loose and deep, have 
excellent permeability and aeration, with high water retention and a high 
percentage of available water, but are acid (pH 5.5-6.0), contain large 
amounts of aluminum (Al), and have only limited decomposition of organic 
matter. Because of these factors, production levels of sensitive crops, 
especially leg.',:s, are low (Binsack, 1964; Jara de la Maza, 1964; Urbina, 
1964). 

Resolving the problems of alfalfa nodulation and establishment would 
enable pasture and forage production levels to be increased. The objective of 
this research was to study the effects of selected Rhizobium strains, improved 
inoculation methods, and nutrient application on nodulation and yield of 
alfalfa seedlings grown on problem soils in southern Chile. 

MATERIALS AND METHODS 

The soil core method described by VinLent (1970) was used throughout with 
four replicate cores, each containing 10 seeds of alfalfa per treatment, 
randomized throughout the glasshouse. In all experiments plants were 
maintained for six weeks; then evaluated for effective nodulation and plant 
dry weight. 

The soils used were-from the Maipo, Arrayan, Candelaria, Santa Barbera, 
Vilcun, and Metrenco series. Chemical analysis of the soils is given in Table 1, 
together with a most probable number (MPN) count of R. ineliloti, as 
determined by the plant dilution method (Vincent, 1970). 

A number of different inoculant preparations and strains were used in this 
study, and were applied to seeds either as a slurry in a25%sncrose solution or 
with Pelgel adhesive (Nitragin Co., Milwaukee, WI, USA). Inoculant 
preparations used included a Chilean peat inoculant, Nitrofix; the standard 
"A"Nitragin Co. inoculant for alfalfa; and special inoculants prepared by the 
Nitragin Co. and containing the acid-tolerant strains of R. melilotiC14, CE5, 
102F51-56, R39 (selected in Oregon) and "Balsac" (selected by L.M. 
Bordeleau in Quebec). Seed pre-inoculated with strains 114, 118 and 120 of R. 
neihti (Celpril Ind., Manteca, CA, USA) was also used in some trials. With 
the exception of the peats prepared with the Oregon strains, peat inoculants 
contained more than 101, and usually more than 108 cells/g and pre
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inoculated seed 105-106 rhizobia/seed. Four experiments were conducted 
during this study. 

Experiment 1. 

Treatments were uninoculated seed; uninoculated seed plus 100 kg nitrogen 
(N)/per ha; inoculated with the strain A or Balsac strains and Pelgel adhesive; 
inoculated with the Nitrofix preparation, slurry applied; and pre-inoculated 
seed using strains 114, 118 and 120. The variety Rayen was used throughout. 

Experiment 2 

All soils save Maipo received 200 g Mo/ha as sodium molybdate and 2 kg 
Co/ ha as cobalt sulphate, applied as solutions. The Balsac strain was used as 
inoculant and applied with the Pelgel treatment. The Rayen variety was again 
used. 

Experiment 3 

The experiment compared inoculation treatments (uninoculated, in
oculated with Nitrofix and slurry applied, inoculated with the Balsac, C14, 
Ce5, 102F51-5.6 or R38 strains of R. ineliloti applied with the Pelgel 
treatment) and cultivar (BI3-A 14, an Al tolerant selection from 'Arc'selected 
by .1.1l. Elgin, Beltsville, MD; AT6, an Al-tolerant selection from L. 
Dessurcaux, Ontario, Canada; WL 318 and WL 512 from the Waterman 
Loomis Co.; and Alta Francona, a cultivar used in Southern Chile) responses. 
Only the Candelaria and Vilcun soils were used. 

Experiment 4 

Treatments were uninoculated; inoculated with the Balsac or Nitrofix 
preparations; inoculated with the Balsac preparation plus 50 kg/ha S as 
CaSO4.; inoculated with the Balsac preparation plus MolyCoThi (a seed 
treatment preparation from the Rudy Patrick Co. (Princeton, IL, USA) 
containing Mo, Co, and the fungicide Thiram). The cultivars used were WL 
318 and WL512. The soils studied were Candelaria, Metrenco, and Vilcun. 

RESULTS AND DISCUSSION 

From Table l it is evident that the Maipo soil collected near Santiago is well 
suited for alfalfa production, except for low phosphorus and potassium levels 
that could be corrected by fertilization. The Maipo soil developed under low 
rainfall (500 mm) from alluvial sediment and, as expected, was clearly 
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TABLE 1. Analyses of soils used in alfalfa nodulation studies in the greenhouse 
at the Carillanca Experiment Station, Temuco, Chile. November 
1977-January 1978. 

Sample Soil Soil Analysis MPN 
location series group per g

N P K Al pHIOM 

- pppm. 

Santiago Maipo Alluvial 19 8 93 0 7.7 2 > 10' 
Chillan Arrayan Trumao 134 27 267 250 6.0 12 <102 

Los Angeles Candelaria Trumao 55 13 237 371 6.0 13 <10 
Cajon Metrenco Red clay 8 14 113 332 5.2 7 <10 
Vilcun Santa Barbera Trumao 28 30+ 50 665 5.4 21 <10 
Vilcun Vilcun Trurnao 12 14 37 612 5.9 16 <10 

Soil analyses courtesy of+the Soil Testing Labo atory, Carillanca [xperinent Station, Ternu
co, Chile. 

different from southern red clay and Trumao soils, which developed under 
high rainfall (1200-2400 mm) from volcanic ash, basalt, andesite, or alluvial 
sand and silt. The most striking aspects of the southern soils were their high Al 
content (250-655 ppm sodium acetate-extractable) and their low pH level (5.2
6.0). The Maipo soil was the only soil to have a significant population of 
native rhizobia able to nodulate alfalfa. 

Experiment 1 

The effect of inoculation treatment on the percentage of plants bearing 

effective nodules is shown in Fable 2. As to be expected from the MPN data, 
only the Maipo soil showed significant nodulation in the uninoculated 
controls. Although selected strains of rhizobia and inoculation methods 
showed some improvement over Nitrofix peat inoculant in terms of 
percentage of plants nodulated, none of the treatments used gave good, 
effective nodulation. 

Dry forage yields of plants did not differ significantly in any of the soils, 

suggesting that factors other than inoculant strain were limiting production. 

Experiment 2 

While Mo and Co applications increased the percentage of plants with 
effective nodules on the Arrayan soil, these ticatments had no significant 



TABLE 2: Inoculant treatment effects on the percentage of plants bearing effective nodules. Rayen alfalfa grown in thegreenhouse at the Carillanca Experiment Station, Temuco, Chile. November 1977 - January 1978. 

Treatment 
Soil 

Uninoculated 100 kg Pelinoc Pelinoc CP CP CP Nitro
control N/ha Nit A "Balsac" 114 118 120 fix 

Maipo 62 a 0b 64 a 58 a 40 a 38 a 65 a 57aArrayan 0 a 0a 25 a 13 a 25 a 37 a 4 a 0aCandelaria 0 b 0b 
0 

29 ab 53 a 54 a 65 a 29 a 14bMetrenco c 0c 25 abc 32 abc 26 abc 45 ab 63 a 7bcSanta Barbera 0 a 0a 0 a 20 a 15 a 0 a 16 a 0aVincun 0 b 0b 20 ab 19 ab 7 b 47 a 3 b 0bAvg 10 c 0c 27 ab 32 a 28 ab 39 a 30 a 13bcAvg:essMaipo 0 c 0c 20 b 27 ab 25 ab 39 a 23 ab 4c 

1Means within a row followed by the same letter are not significantly different at the 0.05 probability leveL 
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TABLE 3: 	 Effects of cobalt (Co) and molybdenum (Mo) application on the 

percentage of plants bearing effective nodules. 

Treatment
Soil 

Uninoculated 100 kg Pelinoc 2 kg 200 g 2 kg 200 g 

control N/ha "Balsac" Co/ha Mo/ha Co/ha +Mo/ha 

bct
Arrayan 0 0 c 13 bc 70 a 79 a 	 57 ab 
75 aCandelaria 0 b 0 b 53 a 54 a 84 a 

Metrenco 0 bc 0 c 32 ab 37 a 24 abc 	 50 a 

Santa Barbera 0 a 0 a 20 a 14 a 4 a 	 14 a 

Vilcun 0 b 0 b 19 ab 27 a 43 a 15 ab 

Avg 0 0 27 40 47 42 

Means within a row Iollowed by the same letter are not significantly different at the 0.05 

probatility level. 

effects in the other soils (see Fable 3). Once again changes in nodulation did 

not bring about enhanced dry matter production. 

Experiment 3 

None of the strains selected in Oregon nodulated plants. This may have 

been due to low numbers of rhizobia in the peat inoculants (I x 103 to 2 x 106 

rhizobia/g) resulting from problems with the peat, which were discovered 

after this experiment was completed. 
Results with the Balsac and Nitrolix inoculants were similar to those 

reported in Table 2. The cultivar Alta Francona produced significantly fewer 

plants with effective nodules than did the other cultivars. Again this was not 

translated into yield differences though the cultivar WL 512 did produce more 

than the other cultivars in both inoculated and uninoculated treatments. 

Experiment 4 

Sulfur application markedly increased the percentage of nodulation (see 

Table 4). Nodules were larger and roots were better developed with many fine 

root hairs, compared to other treatments. In addition, average forage yields 

increased because of S application. These results indicated that 	S needs of 

alfalfa on the southern soils should be examined in depth. MolyCoThi applied 

to seeds did 	not improve nodulation or seedling growth. Amounts of Co and 
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TABLE 4: Inoculant and nutrient application effects on percentage nodulation 
( %'!') and dry forage (DF) yield of alfalfa seedlings grown in the 
greenhouse at the Carillanca Experiment Station, Temuco, Chile. 
November 1979 - January 1980. 

Soil and Treatment 
cultivar 

Uninoculated Nitrofix Nitragin "Balsac" "Balsac" 
control "Balsac" MolyCoThi 50 kg S/ha 

0/ 

Candelaria 
WL 318 8 65 22 50 79 
WL 512 0 26 42 2 85 

Metrenco 
WL318 0 8 8 10 60 
WL 512 2 12 15 2 51 

Vilcun
 
WL 318 0 10 15 5 92
 
WL512 0 3 10 19 
 60
 

Avg 2 c 21 b 19 b 15 b 71 a 

DF, mg/plant 

Candelaria 
WL 318 40 30 28 36 32 
WL 512 29 36 39 19 38 

Metrenco 
WL 318 42 22 30 28 
 46
 
WL 512 36 36 60 37 62 

Vilcunn 
WL 318 34 36 46 40 63 
WL 512 40 42 45 38 45 

Avg 37 b 34 bc 41 33 bc 48b a 

Iollowed by same letter 
probahility level. 

IM a i~withil a row the are not si nificantlv different at the 0.05 
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Mo applied to seeds may have been insufficient to make a difference, but 

further research is needed on this aspect. 

REFERENCES
 

sur de Chile. In: MesaBinsack S.. R. (1964) Problenmas de lafertilidad de suclos en el 

redonda de suclos volcfnicos. Soc. Agron6mica de Chile, Santiago, Chile. Spec. 

Pub. No. I. 

Corrca B., C. (1972) La alfalfa. In: El campesino. Soc. Nacional de Agricultura, 

Santiago, Chile. 

.Jara de laMaza, F. (1964) La fijaci6n dc f6sforo en los suelos Trunaos de Chile yla 

respuesta a lafertilizaci6n fosfatada, en remolacha a/ucarera (Beta valgaris). 

In: Mesa redonda de suelos volcdnicos. Soc. Agron6mica de Chile, Santiago, 

Chile. Spec. Pub. No. 1. 

Perah:i P., M. (1977) Antecedentes sobrc elpotencial agricola de Chile. El Diario 

Auhstral, (Tctnuco, Chile), December 12, p. 2. 

Urbina, A. (1964) Interacci6n calcio-f6sforo en suelos de cenizas volcAnicas. In: Mesa 

redonda de suelos volcanicos. Soc. Agron6rnica de Chile, Santiago, Chile. Spec. 

Pub. No. 1. 

Vincent, .I.M. (1970) A manual for the practical study of root-nodule bacteria. IBP 
Ilandbook. No. 15. Blackwell Scientific Pub., Oxford, England. 



387 BVF Technologv for Tropical Agriculture 

NITROGEN AVAILABILITY IN A BRA CHIARIA DECUMBENS 
PASTURE UNDER CONTINUOUS GRAZING 

N.F. Seiffert' 

Summary 
A Brachiaria decumbens Stapf. pasture established in late 1976 

under good growing conditions, but continuously grazed, main
tained a nitrogen (N)content of about 1%until the end of the 1979 
dry season. This represented the production of about 158 kg N/ha 
per year, corresponding to 1015 kg/ha of available crude protein. 
Growing Nelore cattle under these conditions gained 241 kg 
liveweight ha per year. 

During 1980 production declined 16.6% in dry matter and 50% in 
the available N in the pasture. Animal production, represented by 
average daily gains, dropped 42.6%. 

INTRODUCTION 

Pure grass pastures rapidly become nitrogen (N) deficient unless N is 
supplied by N2 fixation or by fertilization (Henzell, 1970). 

Vallis (1972) in Australia observed a decrease of 70 kg N/ha in pastures 
under continous grazing in a period of 29 months, involving three growing 
seasons and one severe dry period. The decrease was credited to the low level 
of N fixation and to ammonia volatilization from excreta, enhanced by dry
climatic conditions and reduced plant cover. On the other hand, the same 
author repo,'ted a linear increase in total N in the soil during a four-year
period in mixzd pastures, resulting in an addition of 40 kg N/ha per year. 

Bruce (1965) measured the changes in total N and organic carbon ,n 
pastures of Panicum maximum and P. maximum plus Cetrosemapubescens 
established without fertilization after clearing of tropical rain forest. The 
pasture with legume practically maintained the original N level in the soil. In 
the pure grass pasture, total N declined 35% in the first eight years, but then 

Centro ;acional de Pesquisade Gadode Corte. EM BRAPA, C.P. 154, 79.100 Carnpo Grande 
Bra,i. 
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reached a new equilibrium. Losses of N were greatest in the period after 

clearing of the forest when there was decomposition of organic matter from 

the forest and rapid mineralization of N. 
Brachiaria decumnhe's Stapf. is the grass species most used in the 

establishment of cultivated pastures in the Cerrados of Brazil. It is highly 

productive, adapted to poor, sandy soils, and can give liveweight gains of 150

250 kg/ha per year (Sieffert, 1980). This paper dicusses forage N production 

from 1978 to 1980 in B.decuinbens pastures established on a cerrado soil near 

Campo Grande, and correlates it to animal production during this period. 

MATERIALS AND METHODS 

A grazing trial has been carried out at Campo Grande (20026'39" latitude) 

since 1977 on 37.6 ha of B. decumhens pasture established on "cerrado" soil 

with the characteristics described in Fable 1.The trial was designed fora five

year period. The pasture was sown by November, 1976, and has not been 

fertilized to date. 
Three stocking rates (0.9, 1.2, 1.5 A U / ha,), in four replicates, have been used 

during each dry period, and a fi,.ed stocking rate of 2.5 AU/ha in all paddocks 

TABLE I: Characteristics of the "cerrado" soil under study. 

Sample l)epth N p11 P K Mo Al Ca + Mg 
(cm) (7"I,) (ppm) (ppm, ( 7 ) (meq) (meq) 

0-20 0.19 
70-100 0.09 5.3 12 105 3.0 0.3 6.9 

0".
2 0-20 13 
70-100 0.07 4.9 3 65 3.3 0.7 4.7 

3 0-20 0.12 
70-100 0.06 5.1 2 40 2.7 1.3 3.2 

4 0-20 0.16 
70-100 0.06 5.0 2 60 2.3 0.9 3.8 

0-20 0.13 
70-100 0.07 4.8 2 40 2.5 1.5 

6 0-20 0.14 
70-100 0.06 4.9 1 50 2.A 0.9 

5 
3.2 

4.6 
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has been used during the rainy months. Liveweight changes have been 
recorded at 28-day intervals since May, 1977, while pasture measurements 
were started by December, 1977. 

Ten forage samples (group A) were clipped at ground level in 0.5 m2 

quadrats, at random, in each paddock to estimate total dry matter (DM) 
available. After 28 days another 10 samples (group B)were obtained, also at 
ground L,'el, in areas protected from grazing by cages in order to estimate 
total growth during this period. Concomitantly, other groups of samples (A
1) Nere cut and the cages moved to sites where the samples B-I would be 
obtained, and so forth, at 28-day intervals. 

The total N contents of samples were determined by macro-Kjeldahl 
analysis according to Bremner (1965). 

RESULTS AND DISCUSSION 

Dry*v matter, N production and crude protein yields for the period from 
October, 1978 to October, 1979 are shown for the 1.5 AU/ha stocking rate in 
Table 2. Table 3 shows liveweight gains for this period, which are used as an 
output relerence, derived from the N status in forage. "able 4 shows the 
growth and N levels of the pasture during the 1980 dry season. Comparisons 
of animal output in the 1979 and 198t) dry seasons are shown in Table 5. 

Climatic conditions 

Climatic conditions in 1979 and 1980 were reasonably standard for this 
region and provided good conditions for pasture development. Temperatures 
below 15'C, considered growth-limiting for tropical grasses (Bogdan, 1977), 
occurred at night but rarely during the day; thus, growth was possible even 
during the dry season. 

Annual production of dry matter, N. and crude protein in 1978 and 1979 

The annual DM yield at the 1.5 AU/ha stocking rate for the period from 
October 1978 to October 1979 was 16.1 ton/ha, a value similar to that 
reported in other studies on similar soils (Serrao & Simao Neto, 1971; 
Bogdan, 1977). Total N level in tne forage was about 1%in the wet months 
but dropped to 0.9% during the dry period (see Table 2). These values 
correspond to aun average crude protein (CP) level of6.4% during the year and 
are below the levels mentioned by Harrington & Pratchett (1974) for grazing 
trials at similar stocking rates (8.8 to lL%). On the other hand Bogdan (1977) 
stated that CP level in this grass varied with soil fertility, changing from 6.1% 
(low fertility) to 10% (high fertility). The annual CP yield of 1015 kg/ha 
reported here is toward the high end of the range cited by Bogdan -- 457 to 
1160 kg/ha. 



390 

in Brachiaria decumbensTABLE 2: 	 Growth, DM yield, N, and CP yields 

pastures, under grazing of 1.5 AU/ha in the dry season and 2.5 

AU/ha in the wet season of 1978-1979. 

N CPPeriod DM growth 

daily monthly % monthly % monthly 

(kg/ha) (kg/ha) of yield of yield 
DM (kg/ha DM (kg/ha) 

Oct. 17 to Nov. 16-1978 72.41 2,245 0.90 20.2 5.6 126.2 

Nov. 16 to Dec. 28 75.1 2,554 1.01 25.8 6.3 161.2 
90.3Dec. 28 to Jan. 26-1979 48.7 1,365 1.06 14.5 6.6 

Jan. 26 to Feb. 23 65.2 1,825 1.00 18.2 6.3 114.0 

Feb. 2 to Mar. 23 27.7 775 1.22 9.5 7.6 59.0 

Mar. 23 to May 3 42.2 1,730 1.07 18.5 7.1 122.8 

May 3 to May 31 40.0 1,120 0.99 11.1 6.6 74.3 

May 31 to Jun. 28 58.9 1,650 0.91 15.0 6.1 100.6 

Jun. 28 to Jul. 30 16.4 526 0.85 4.5 5.7 29.7 
--Jul. 30 to Aug. 30 -2.12 - -	 -

Aug. 30 to Sep. 27 29.2 788 1.03 8.1 6.8 53.5 
Sep. 27 to Oct. 29 48.8 1,562 0.81 12.7 5.3 83.4 

Total 	 16,140 R=0.99 158.1 R=6.4 1.015.0 

1Average of 10 samples per paddock x two replicates. 
2Negative growth means death and IhlU of leaves. 

A quite high production of N (158.1 kg/ha per year) was observed in the 

aboveground biomass (see Table 2). It must be emphasized that this value was 
obtained from a young pasture under good growing conditions at a time when 

the soil N mineralization rate would be high (Bruce, 1965). 

Forage N levels during 19/8-1979 were quite constant during the dry 

season, approaching those considered adequate for good animal perfor

mance. In fact an average liveweight gain of 0.26 kg/head per day was 

obtained during the dry period in 1979, while losses of weight during that 

season are widely reported elsewhere. 'his compared with gains of 0.47 

kg/head per 	day during the 1979 wet season. 

DM and N 	yield during the 1980 dry season 

Dry matter and N yields for the 1980 dry season were considerably below 

those obtained in 1979, even though conditions of animal utilization and 
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TABLE 3: 	 Liveweight gains of Nelore cattle in B. decumbens pastures in
"cerrado" soil without fertilization in the period from October 
1978 to October 1979. 

Period Number Stocking Initial Final Liveweight gains (kg) 
of rate weight weight 

days (AU/ha) (kg) (kg) p/head p/head p/ha 
per day 

Wet season 
Oct. 78 to Apr. 79 113 2.5 4001 453 53 0.47 133 

Dry season 
May 79 to Oct. 79 166 1.5 199 242 43 0.26 108 

Tctal 279 	 241 

1Average of 6 heads per paddock and 4 replicates (24 heads). 

climate were similar (see Tables 2 & 4). A decrease of 16.7% in dry matter 
production, 50% in N, and 49.8% in CP yields in 1980, compared to 1979, 
affected animal performance, with average daily gains reduced 42.6% (see 
Tables 3 & 5). 

N level in the forage averaged 0.92% during 1979, while in 1980 it reached 
only 0.56%. Considering that DM yield suffered a reduction of only 16.7%, 
the reduction of 42.6% in the daily liveweight gains during the 1980 dry season 
must be attributed to the low N level and reduced N availability (25.4 kg/ ha) 
in the foragc, as supported by Milford & Minson (1965). 

A price cvaluation of the productivity and N-availability trends of these 
pastures will require more years of observation. However, the losses of 
ammonia by volatilization (Vallis, 1972; Jones & Woodmansee, 1979), the 
retention of ingested N in animal tissues, (Dean et al., 1975), and the losses 
through leaching (Watson & Lapins, 1969), must lead to a severe reduction in 
the soil N status of these pastures, and could explain the decrease observed in 
the animal performance. 
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TABLE 4: Growth and DM yield, N and CP yield in B. decumbens pastures 
under grazing (1.5 AU/ha) during the 1980 dry season. 

Period 	 DM growth N CP 

daily monthly monthly monthly 
(kg/ha) (kg/ha) of yield of yield 

DM (kg/ha) DM (kg/ha) 

May 29 to Jun. 27 (29 days) 67.9 1,970 0.60 11.8 4.0 78.9 

Jun. 27 to Jul. 28 (31 days) 51.7 1,605 0.50 8.0 3.4 54.1 
Jul. 28 to Sep. 2 (36 days) 30.3 1,092 0.50 5.4 3.3 36.7 
Sep. 2 to Sep. 25 (23 days) -15.4 - - -

Sep. 25 to Oct. 30 (35 days) - 0.4 - - -

Oct. 30 to Nov.27 (28 days) 1.3 37 0.63 0.2 4.1 1.5 

Total 182 days 4,704 R--0.56 R--25.4 3.7 171.2 

-16.7 -50% .49.8% 

lAverage of 10 samples per paddock x 2 replicates.
2 Negative growth means death and fall of leaves. 

TABLE 5: 	 Liveweight gains to Nelore heiffers in B. decumnbens pastures in the 
dry season of 1979 and 1980 at stocking rates of 1.5 AU/ha. 

Period Number Stocking Initial Final Liveweight gains (kg) 
of days rate weight weight 

(AU/ha) (kg) (kg) kg kg/ kg/ 
head head/ ha 

day 

1979 
Apr. 28 to Oct. 11 166 1.5 198.51 241.7 43.1 0.46 108.0 

1980 
May 27 to Oct. 24 150 1.5 229.6 262.6 32.9 0.26 82.3 

-42.6/0 

1Average of16 head per paddock and 4 replicates (24 head). 
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ENSURING EFFECTIVE SYMBIOSIS IN NITROGEN-FIXING 
TREES 

Y. Dommergues' 

Summary' 

The evalutation ottile nitrogen (N21 fixing potential of a given 
tree raises problems thatt are specilic to perennial plants. Besides th, 
establishment otan N balance. the acetliene reduction method can 
be helpful in ident \i ig icirnnidal ,pecies %\orthyof introdnction 
tIl(lmtitltililication. Ilen tireces that e\libit the highest N2-fixing 
potential na., fix little N-, it Iilted Ih, phvsical, chemical, or 
biological atctors alectinig toululatoiu tI N- tiationm. Exanples 
illustrate the dillcent appi aches thati Call b'used for increasing 
the NI lixation t tl e nCCI'S. \s vcll its inoCtlation with 
RhizobIiuit1m or1 I..AWt. Cc0- tlld CitloillnyC0arrthi/at inoclllts 
should be conlsidCred. I iesc htiml hlc ianimportant role in P
limited soils. Soil terlili,/atio ma, also he rCquired. Finally. one 
should n.t as crlook thl aplproich ofaplant breeding. which is stil! in 
a prelimiinary sllge ls lar as N2-1i\ig trees arc concerned. 

INTRODUCTION 

People are becoming increasingly aware that nitrogen (N2 ) fixing trees can 
contribute to the \\elfarc of populations in the tropics both directly, by 
providing products as divtrse as firewood, pulp, timber, forage for cattle, 
fruit, and gum. and indirectly by improving soil fertility and protecting the 
soil from erosion. lhe objective ofthis paper is to review our knowledge of the 
N2,-fixing potential tf trees, to discuss the factors limiting this potential, and 
finally, to present the approaches (mostly of microbiological nature) that can 
be used to ensure cIct ie symbiosis, both in perennial N2-fixing legumes and 
N?-fixing nonlegirnes. 

(IRS It0M ( IS I' 5I t, ),kai. Scd|,al. 
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ASSESSMENT OF N2 FIXATION IN TREE SPECIES 

[he potential of leguiinotis tree species to fix N-2 varies agreat deal. Thus, 
within the genus AIt'i, .raria mearnsii is active in N, fixation, whereas A. 
allidais not. Obviously one should recommend the use of trees exhibiting the 
highest N2-fixing potential, and this necessitates an assessment of that 
potential. Since trces are perennials, this assessment should be made not only 
when they are at the seedling stage, which may extend from one to four years 
in nurseries, but also when they are planted or transplanted in the field. 

Assessment of the potential for N 2 fixation in seedlings 

The usual net hods (Vincent. 1970) for the study of annual legumes can be 
adapted to tree seedlings. 1hcse methods are based on the measurement of the 
N accumulated by plants grown in tubes or larger assemblies (e.g., Leonard 
jars) containing N-tree nutrient medium. Ihese methods have been used 
successfully for trcc seedlings o up to six months in age, but older plants can 
only be studied at the nursery or field level, where investigatiops of 
fertiliiation. fumigation, and other managerial practices can be carried out. 

Assessment of the potential for N2 fixation in the field 

assessment is to evaluate the increment of soil N 
under the trees and the increment of N immobilized in the plant biomass that 
occurred during a gisen period of time. Caution is recommended for the 
interpretation ot results, since observed increments cannot be attributed 
solely to N-, fixation. )ther processes may contribute to the accumulation of 
N in the soil under the canopy areaus (see Figure I), namely: 

Concentration ot soil nutttrients. especially N extracted from the deeper 
soil horions and ecvent uallv from the water table and returned 
to the soil surface with the leaf litter: and 

Accumtulation of sind-blown organic residue near the tree trunk. 
Moreover. one should be ;aarc that the N, fixation rate of trees will tend to 
decrease as tle stand ages. since the N content of the soil progressively 
increitses, impeding nodulation and N, fixation. 

The simplest method of1 

Table I gixcs a rough Cstimate of the potential for N, fixation of four tree 
species gross n tr1mogliouit the humid or arid tropics for their active N, 
fixation. L(it 11taIrwt'r'ciphala. a plant that can be used for reforestation, 
animal feed. lircsoId. amid soil niulches (National Academy of Sciences 
(NAS). 1977) appear s to hacisa high potential for N, fixation when grown in 
favorable situations.lcac t Iam'artsiihas been introduced in many parts of 
the world (e.g.. s"onliern and castern Africa and Madagascar) as a source of 
tanbark. tiher. and lircw od. is also active in N, fixation, and is well 
adapted to a \wide range of environmental conditions. When nodulated by 
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Figure 1: 	 Distribution of total and mineral N in the soil beneath canopies of Acacia 
.seeal and Balanites aegvpliaca (F. Bernhard-Reversat, unpublished 
data). 

their specific endophite (frankia sp.), Casuarinasp. growing in favorable 
situations can fix 58-2 18 kg NI ha per year. According to Trinick (1980), 
Parasponiaamh'r%onii, a nonlegume fixing N2 in association with a slow
growing Rhizo/ium caln fix huge quantities of N , (850 kg N,/ ha per year). 
This explains its great potcntial its a source of fuel and as a colonizer and 
pioneer of disturbed land. low in fertility. 

TABLE 1: Field estimates of N2 fixed by trees in the tropics. 

Species Location N2 fixed Reference 
(kg/ha.yr) 

Leucaena leucocephala 	 lunid 5001 NAS, 1977 
tropics 

Acacia mearnsii 	 Tropical 200 Orchard & 
highlands Darby, 1956 

Casuarinaequisetifolia 	 Arid zone 58 Doiniergues, 1963 

Casuarinalittoralis 	 Humid 218 Silvester, 1977 
tropics. 

1l!stimates from studies unidertaken at the University of llawaii and at the Commonwealth 

Scientific and Indtustrial Research Organization (CSIRO), Queensland, Australia. 

http:kg/ha.yr
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Another vay to ealtate the N2,-fixing potential of tree species is to 

simultaneously estimate the total weight of the nodules of a tree and the 

specitic acetylene reduction of the nodules (Aumol acetylene reduced, g nodule 

tissue, dCsignated here as SARA). One must he aware of three major 

difficulties in handling this data. Ihe first problem is that the SARA of 

nodules decreases \1ith age. [his time course, which is well established for 

annual legumes (I lashinmot 1976). was also observed in the case of perennial 

nodules of ('a tlarimua tquiM/ilblia. I he SA RA of flour-month-old nodules of 

that plant was 55 to 93,umol C : 1 4 produced/g dry wt per hour, whereas that 

of 13-month-old rn-dulcs was only 10 umol CH 4 produced/g dry wt per 

hour (sCC [able 2). 1 lic ,ctond difficulty is that the theoretical 3:1 ratio for 

C' II reduced t') ixCd N' \a ies widely with the N -fixing systems under 

consideration and the cniroiliental conditions prevailing at sampling time. 

Finally, as evident in the paper by Roskoski et al. (p. 447), to harvest a 

significant percentage of the nodutiles of' a tree species can be a difficult and 

demanding task. I)esp itc these problems the measurement of SARA is usually 

worthwhile since it ind icltCs quite rapidly whether the symbiosis is effective or 

TA1BL1 2: 	 Specific acetylene reduction activity (SARA) of tree nodules 

expressed asumol C2 1 12 reduced per g fresh or dry weight per Ii. 

Plant 	 SARA expressed on Reference 

Fresh wvt Dry wt 

basis basis 

Legumes 

Acacia cyanopIhylla 12 	 Nakos, 1977 

Seshaniarostrala 
root nodules 17 	 Dreyfus & Dommergues, 

stem nodules 23-53 	 19811b 

Nontegunies 

Casuarinarimphiaa 12-15 	 Becking, 1976 

Casuarinactquisetifolia 
4-molnth-old nodules 55-93 D. Gauthier (tnpublished 

I3-month-old nodules 10 data) 

Myrica jaranica 2 9 Becking, 1977 

I'arasponia parviflora 	 3-4 Becking, 1976 

I'arasponiaparvillora 2-15 	 Akkermans et al., 1978 
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not, whereas the classical method based on the comparison of the N content of 
non-nodulated and nodulated plants is more time-consuming and may be 
difficult to carry out in the field. 5N, dilution methods have, to the author's 
knowledge, not been applied to tree species. 

Only a few estiniates of SARA have been published to date (see Table 2). 
From our own experiments it appears that the maximum SARA of Casuarina 
nodules is prohably similar to that of tree legumes, or of plants such as 
soybeans. Of course, more estimates of SARA are needed, and studies on the 
nodulation of trees growing in toptini ur conditions should be developed to 
determine the potential of the different systems. Frees may produce fresh 
nodules seasonally or bear perennial nodules that are adapted to persist for 
several years. Iyprcal perennial nodules have been described for legumes such 
as I.qipIi.S (rburrvu.v WPate. 1977) or nOn1legurnes such as Casuarina sp. 

orinlergues & Mangenot. 1970). but information concerning perennial tree 
nodules in general is still of Iragmentary nature. 

FACTORS LIMITING THE NODULATION AND N2 FIXATION OF 
[REE SPECIES 

As with annual legumes, ai number of factors can limit the ability of tree 
legumes to fix N. 

Physical factors 

In arid and scm i-arid areas, water stress is not only a major limiting factor 
for the plant itself. hl also for the establishment and function of symbiosis. 
Water stress \%as reported to impede or reduce nodulation of Acacia sp. 
(Beadle. 1964: 1labish. 1970) and Casuarina equisetfolia(Kant & Narayana, 
1978) and %%aterlogging.is \well as irought, was shown to drastically reduce 
the N ,(C 11 .)tixaion of Icacia (iano/)hyvlla (Nakos, 1977). 

Root tcrupcrat ric. higher thari 3t)'( are known to affect nodulation in 
most tropical legumes. II e\ er, soic species appear to be adapted to iigher 
terlperattres. lius ... ,fllifi'raIa hi stiil produces effective nodules at 30
35' ('.which might he atrihuted to the resistance of'rhizobia exposed to high 
teriperatuires lIlahish. 1970). (in the other hand, we observed that 
temperatuires ahort .e0'U severely retarded tile nodiulation of (asuarina 
equti ilolia. Ilow teniperature affects tile nodule distribution in the deeper 
rooted tree speeer, isniolt kriown. 

Chemical factors 

141 

I lie p-I at w%hich nodulation is affected varies with the legume species and 
tie strain of Rhizohium (Munns. 1,77). [Ius, nodulation of Acacia nellifera, 
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but not plant gromth. is affected by pll values of 5.0-5.5, whereas in alkaline 
soils (pH 8.5-9.0) growvth and nodulation of A. lnellif'raare reduced (Habish, 
1970). Nodulation and growth of Leucae'nalucoce'phala is markedly affected 

by soil acidity ()ate. 1977). with strains of Rhizohium for this legume varying 

in pH tolerance (Norris. 1973). In the field it is difficult to determine the effect 

of soil p1-I by itself. beca use this factor cannot be isolated from other factors -

:alciunl deficiency. mnanganese and alumliniumn toxicity. Field observations 

and laboratory experiments suggest that p Itis not limiting for the nodulation 

of nonleguminous plants (Becking, 1976). ilhus, Casuarinacunninghamiana 

nodulates well in perlite watered with half-strength Crone solution, pH 5.4 
(Torrey. 1976). In the field, we observed satisfactory nodulation of Casuarina 

equiseti/olia in the alkaline (p-I 8.0) dune soils of the Senegalese coast. 

Phosphorus 

In many tropical soils. particularly those of acid pH, available phosphorus 

(11) is an important limiting factor for plant growth, nodulation, and N2 

fixation. In some fbrcst soils, where N has accumulated with time, P may be 

the major limiting lactor. 'lhc effects of mycorrhizal fungi on the phosphate 
supply of trees arc discussed subsequently. 

Combied A' 

The effect of combined N on nodulation and N, fixation is well 

documented (H ouwaa rd. 1980). [he effect of N accumulation in older stands 
of legumes on nodulation and N, fixation has already been mentioned. In 
Senegal tile absence of nodules ol .. cacia senegal may be due to active 
nitrification of organic N (lBernard-IReversat & Poupon. 1979). 

Biological factors 

A number of factors that can be termed biological in nature may affect the 

nodulation and N, fixation of tree species. Fhe most harmful biological 

agents are pathogens. especially nematodes and insects. Nematodes have been 

reported by G. (iermani (persoMal comImunication) to attack tree species such 

as Icaciapyri)f ia(MIh'loidogyme' sp ). A. holocericea (Mfeloidog'ne sp.), A. 

c.an~oph il/a A(A idog.im' sp)., and .1. tunmida (Rotyh'nchulus sp. and 

eloidoguvn' sp.) 'lhere is little doubt that nematode attacks reduce 

nodulation. with consequent harutlul effects on N, fixation, in the same way 

as reported for annual legumes such as soybeans or penuts (Baldwin et al., 

1979; Gcrmani, 1979). Roskoski et al.. in this volume (p. 447), report the 
effects of defoliation by insects on SARA inInga jinicuil. 
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INCREASING SYMBIOTIC N2 FIXATION IN TREE SPECIES 

The different approaches for increasing symbliotic N, fixation have been 
described recently in excellent reviewss (I lardv & (i son, 1977: Vircent et ai., 
1977). Ioweve r. the examples given were mainly related to annual crops. 
Here we shal! conontrate ott perclnial trees. 

inoculation with the proper endophyte 

thizohium
 

Responses to inoculation depend on the presence of suitable strains of 
Rhi: lbinmn in the soil and on the specificity of the legume, that is,on its ability 
to nodulate with , limited or a wide range of strains of Rhizohiwm. 

I'xcept in the case of ,cry poor soils, inoculation is rarely necessary for 
those tree legu n es such ias .. Ca iamearnWiithatare nodulated by cowpea-type 
Rhizhium. vidspread in tropical soils. With a Specific legu me to be 
introdu ed in an area M iere it Ihas never been grown before, an understanding 
of the likely nodulation response is rc.... ired. Preliminary trials either in 
hydroponic or sand cltilt irsare most useful. However. one should be aware 
of the fact that the results of these trials may not be reflected in the nurseryor 
field hecause limiting factors. such as acidit\ may alter the behavior of' the 
legune, Rhizhdium s. stem. fius. straii N iR 8. which was most effective in 
sand culture, was rcconiiended Itmr l.cutcama lauii (ieuruu'phal).but 
its performance in ':he ied sopoor that strain C.\as('1381, formerly used, was 
"reinstated as tlie prelcrrcd strai for general use" (.)ones, 1977). Beside 
Lte'tcttia utlcmc',1/ua. tier specific tree leg tones have been reported to 
ben,-fit from the inoculatiom of seed beds, especially Acacia and other 
Miniosoldeac in South America (l )libereiner. 1967). 

Plehltnrlinarx in stait tims indicate that the Rhiohium req uirements of 
tree legUleS are as citliiplcx its lhwsc of annual legules. Ihus, investigations 
o 13 species of .-Ica't ,,cIa Ible 3) showed that these species fell into three 
i(tculation gloops acCtlding to the type of Rhizohium that nod ulated then. 
[he first group. iclodig species such as .-I. alhia,nodulated only with slow

growing strains: the second grtop, inelding species such as A1.senegal, 
nodulated only with last-grmving strains; while tihe remainder, including 
prom iscuous species sucl its .- s.yal, nodulated with boti fast- and slow
growing strains. lable 4 summarizes the results of inoculation trials with 
Acacia .em'-al in itrsery co nditions, using plastic pouches filled with 
unsterile soil. 

lrankia 

To date. inoculation of ('asuarinacquiseii/fi.ia has been achieved through 
the application of suspensions of crushed nodules to the seedlings. This simple 

http:cquiseii/fi.ia
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TABLE 3: NodulationI of 13 Acacia species and Leucaena leucocephalaby fast

and slow-growing strains of Rhizobium (Dreyfus & Dommergues, 
1981 a). 

Plant Fast-growing strains Slow-growing strains 

species 
ORS ORS ORS ORS NGR ORS ORS ORS ORS CB 

901 902 908 911 8 801 802 803 806 756 

Native African species 

A. albida 0 0 0 0 0 E E E E E 

A. nilotica E E E E E 0 0 0 0 0 

(var. neb-neb) 

A. iiotico E E E E E 0 0 0 0 0 

(var. tomentosa) 

A. raddiana E E E E e 0 0 0 0 0 

A. senegal E E E E E 0 0 0 0 0 

A. se),al E e E E I E e e E I 

A. sieherina e I e 0 0 E e E e 0 

Introduced species 

A. birenosa I I E I I E e E I e 

A. farnesiana E E E E E 0 I 0 0 I 

A. holosericea 0 0 0 0 0 E e e e E 

A. linaroides 0 0 0 0 0 E e e I I 

A. mearnsii 0 0 0 0 0 E E e E e 

A. tumida 0 0 1 1 0 e e I 0 1 

Leucaena 
Icucocephala E e E e E 0 0 0 e 0 

E Iffective nodulation. 
e = Partially effective nodulation. 
I= Completely incffectiv,!' nodulation. 
0 = No nodules produced. 



TABLE 4: Effect of inoculation of Acacia senegal with fast- and slow-growing strains ofRhi-obium 1 (I. Gueye & B. Dreyfus, 
unpublished data). 

Rhizobihm strain Host plant Height Shoots Nodule Nodules 
(cm) (g dry wt/plant) number (g fresh wt/plant) 

Fast-growing 

ORS 901 Acacia senegal 31 1.0 20 0.3 
ORS 902 
ORS903 
ORS 906 
ORS 507 

Acacia senegal 
Acacia senegal 
Acacia senegal 
Sesbaniapachycarpa 

32 
28 
31 
22 

0.9 
0.7 
0.9 
0.4 

17 
15 
13 
3 

0.2 
0.2 
0.2 
0.1 

Slow-growing 

CB 756 
ORS 801 

Vigna unguiculata 
Acacia holosericea 

20 
19 

0.4 
0.3 

3 
2 

0.1 
0.05 

Uninoculated control 18 0.2 2 0.02 

Plants were harvested wdhen 3 months old; plants grown in nurser, conditions (unsterile Hann soil in plastic pouches). 
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method has been used successfully for the three last years in the nurseries of 
Casuarina in Senegal. Plants inoculated in this manner thrive after they have 
been transplanted from the nursery to the field. Such results, however 
favorable. should not LiVcrt soil biologists frofli attempting to prepare 
inoculants with pure cnltures of 'rankia. I'he isolation of this endophyte, 
reported recently by (huthier et al. (1981), will probably permit this 
technology to be adopted in nurseries. Uinfortunately, up to now, nodulation 
tests with the isolated strains have been unsuccessful. 

Vesicular-arbuscular endomycorrhiza (VAM) 

It is now well established that, by favorably affecting P uptake, VAM can 
contribute to the N, lixation of legumes (Mosse. 1977). In some soils, 
mycotrophic plants might cven be unable to grow when not infected by VAM 
(Janos, 1980). A recent experiment in our laboratory indicates that VAM can 
also improve the uptake of N from soil by the host plant (see Fable 5). Acacia 
raddianawas grox\n ina sterile, Rtlizohium-free. P-deficient, N-containing 
soil. Seedlings that w\erc inoculated with (Ilonius iosseae absorbed P and N 
much more actively than the control. VA,,M inoculation was even more 
effective than phosphatC applicatito. Ihe conclusion of such an experiment is 
that V\NI inoelation should always be recommended, together with 
thizOhUitn, inoCtlatio. when tle nursery soil has been sterilized, or in any 
Soil tyne charactcri/ed bhoth bv 1 deficiency and low populations of VAM. 

A similar recommenda tion is probably required in the case of Casuarina, a 
tree that has been recently shown to be infected by endomycorrhiza (Wlliams, 
1979; l)ien i a!.. I981). 1he indifference of Paraspvonia to soil fertility is 
probably due to tile fact that, like those of Casuarina,the roots of this tree are 
heavily infected \sit h VANI and exhibit proteoid-like roots (Trinick, 1980). 

Representaties of thc familv PIodocarpaceae of the G~vntospermae 
exhibit nod ular st rtct itrc that have sonetimes been assumed to be the site of 
N, fixation. Actually. these nodules, which are induced by VAM fungi, do not 
seem to show anN significant N ,-fixing activity (Becking, 1974). This 
symbiosis allowvs t'o(locat'yn.o to colonize eroding and skeletal soils where soil 
P is more likely to be the niaJor limiting factor (Silvester, 1977). 

Ectomycorrhiza 

The only report of ectomvcorrhial infection of a tropical Nj-fixing tree, is 
that of Ca.yuarina sp. by 1lnl'meiogastercerebellum (Trappe, 1962), but the 
effect of ectomycorrhi/al infection upon the plant growth has not yet been 
investigated. 



TABLE 5: Effect of inoculation with Glomus mosseae of Acacia raddianagrown in a Pdeficient, but N-containing, sterile 
Dek soil 1,2 (F. Comet & H.G. Diem, unpublished data). 

Treatment Infection Shoots and root weight Total N Total P 

Frequency Intensity (g dry wt/plant) (mg/plant) (mg/plant) 

Control 30 0 0.36 a 4.1 a 0.18 a 
Glonus mosseae 75 44 1.33 b 19.7 b 2.06 b 
Phosphate 0 0 0.94 c 14.3 c 1.24 c 

1plantsrown in pouches (1.2 kg soil) were inoculated with Glomusmosseae when 2 weeks old and harvested when 10 weeks old.
23Phosphate (Kt1 2 PO 4 ) addition: 0.20 g/kg of soiL 
Numbers not followed by the same letter are significantly different at the P = 0.05 (shoot and roat weight) and P = 0.01 (Total N and total P) 
levels. 
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Soil fertilization 

Inoculation even with specific endophytes, namely Rhizobium, Frankia or 
VAM, is unsuccessful if chemical factors in the soil impede plant growth or 
the functioning oflth c sy'mbiosis. Such limiting factors are often encountered, 
since areas to be forested are often leftover soils, abandoned by farmers 
because of their poor physical and chemical properties. Such soils are often 
deficient, not only in N. but also in P. If the P deficiency results from a very 
low soil content in total P1.the addition of phosphate fertilizers is required. 
Due to high costs. soluhle phosphate is not often used. An interesting 
possibility is the application of rock phosphate together with elemental sulfur 
(S)inocultCd with thiobacilli (as suggested by Swaby, 1975) to nursery soils. 
Table 6 show s that such treatment applied to an annual legume, Vigna 
ufngtu/cata. significantly increased the growth, total P and total N content of 
the plant. If the I deliciency is moderate, inoculation with mycorrhiza can 
definitely help the trees. If the P deficiency is attributable to the insolubility of 
soil total phosphorus, inoculation of tile soil with thiobacilli on a carrier 
containing elemencital S should be beneficial to the trees, provided the original 
soil pH is not too low. 

Soil amendment 

In acid soils. liming may dramatically improve the yield. Thus, liming 
increased six-fold the yield of Ieucaena leucocephala grown in an N-deficient 
Hawaii Oxisol of pH 4.7 (Muns & Fox, 1977). 

Plant breeding 

One promising approach for increasing symbiotic N) fixation is to select 
the most active "host genotype x strain of Rhizohiun" combinations. Such an 
approach has already becn advocated for annual legumes such as Phaseolus 
vtugari.%and I igia tiguicgulata. A major aim of the breeding work with 
Letlraena liewlocep/lttla is to increase both dry matter and protein yield 
(lutton & Bonner. 196(0). New advances could be expected if plant breeders 
took the microbial situation more seriously intu account. 

Recently Il)rcylus & Domrnmergues (1 98 1b) reported that Seshania rostrata,
stem-nodulatcd legume, not only exhibited a high N2-fixing potential, but 

was also able to acti\ cl\ fix N,, even in the presence of high levels of inorganic 
N in the soil. [he authors speculated on the possibility of transferring these 
unique properties to other Se.shania species, especially S. grand1fora. 

CONCLUSION 

To date the use of N,-fixing trees (legumes or nonlegumes) in forestry and 
agroforestry has been largely neglected. However, the success of the 



TABLE 6: 	 Effect of soil inoculation with thiobacilHi upon the growth and P uptake of Vigna unguiculata, grown in a soil 
amended with rock phosphate' (B. Ollivier & H.G. Diem, unpublished). 

Treatment 	 Shoots and roots Nodules Total N Total P 
(g dry wt/plant) (mg dry wt/plant) (mg/plant) (mg/plant) 

Control 	 2.19 a 25 a 	 25 a 1.5 a 

S2Rock phosphate _ 3.72 b 	 46 b 39 b 2.2 b 

3 
Rock phosphate 

+ thiobacilli + S 5.00 c 	 64 c 55 c 3.1 c 

1Plants grown in pots (1.5 kg sterile Dek soil/pot) were inoculated with the strain of Rhizobiurn CB 756. They were harvested when 60 days old. 
2 Numbers not followed by the same letter differ at the P = 0.05. level
Addition of rock phosphate (Taiba) was 40 ppm P; addition of S (elemental) was 200 ppm. 

3 Same treatment as (2) plus thiobacilhi that had been obtained by enrichment of a soil from Guadeloupe. 



introduction of' species with ahigh N2 fixing potential, for :xample, . 

Leucaena leucocepiala (NAS, 1977) Casurina equisefolia (Dommergues, 

963) and Luplints arbore ts (Caradus& Silvester 1979) issuch that interest 
in N2 fixing trees is increasing. Further use of N2-fixing trees requires, as a 
first step, screening of' species to determine which exhibit the highest N2)
fixing potential. Surveys of legumes such as that published by Hecht (1978) 
may help in the search for such trees, As a-second step, it appears necessary to 
improve our knowledge of tile requirements of the selected trees with regard 
to their effective endophyte Rhizobiumi or Frankia, in order to prepare 
appropriate inocula. 

Even if the N2_fixing endophytes are properly harnessed, the success of 
their inoculation m, often be impeded by the interaction of limiting factors, 
especially P-deficiency. Since VAM markedly improve the growth ofplants in 

:. suchasituationVNAI inoculationshoulidbeperformed simutaeously-with, 
Rhizobiun inocualion. Fortunately, perennial plants are more easilyr< 
handled than annual crops, since they' can be inoculated in the nursery itself 

.' before the,, are transplanted (Hayman, 1980). Synthetic inoculum carriers 
that were pr6posed a few years ago for R/izobiumnjaponicun (Dommergues 
et al., 1979) could probably prove useful for tree inoculation with their N2 
fixing endophytes and with ecto- or endomycorrhiza. 

Whereas inoculation can be carried out at the nursery level without raising 
insuperable difficulties, the success of such inoculation in the field may be 
unpredictable, since our knowledge of the maintenance of symbiosis in aging 
trees isstill limited to some tree species. More investigations in the field are 
obviously needed. 
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NITROGEN-FIXING TREE RESOURCES: POTENTIALS AND 
LIMITATIONS 

J.L. Brewbaker, R. Van Den Beldt and K. MacDicken' 

Summary! 

discussed with special attention to 
their use as tucl%%ood. lortac or green irnaure in t'ie tropics. Severe 
deloresItation is \ic\c(l as IcadnIg t) a "balding of the tropics" that 
could jcopaidi/c the genetic resources ofl' legume 

Nitrogen (N, ) fixing trees a :rl 

na I trees. 
Increasing tucl tand let ili/r costs mandate the planting and 
husbandry of tropical 1ltI 1 green manure tree crops. IHighridtand 
ptpulationd Cnsitics i\ing io:rxiinal aunual hioioass yields, and the 
USC ol trees S\ith little conc.rn1 ;ihot1 colornolll1ily or beatuty, will 
prosidc attractive targets for breeder and/or agronomist/ silvi
culturist. 

N2- fixing genctra \\ith ,pc ah Aricre as Ilelwoods. floragcs, green 
ll1nurets r nr se lt.rc. oilalt.llldS. Mod a1Stimber are listed. 
Cha(racteristics arc gi% lotoI S list-growing N2-fixilrg trees in 
current 1tni~crsit\ ol Iof mlt\w;Iilo;, ti rls. 

THE BALDING OF THE TROPICS 

It is traditional for man to plant and grow his food, but not to grow the 
wood with which to cook it. In the world of* 1900 AD, the hunting and 
collection of frielwood Irom native f'orests presented little challenge. There 
were only 1.6 billion people in the world, and approximately seven billion ha 
of forcsts. In the world of 201)0 AD, however, the challenge of finding 
fuclwood will be awcsome (Food and Agriculture Organization (FAO), 
1980). A world population of 6.4 billion is predicted for 2000 AD, with only 
3.0 billion hlaof remnant forests (down from 4.8 billion in 1950). 

The "people Ns. trees" problem isgreatly exacerbated in the tropics, where 
most countries have doubled their human populations in only the past three 
decades. while cutting their forest lands by half. Forest depletion figures for 
developing cotntries are startlinig (see Table 1). Forest areas with closed 

Dcpi. otlliiilin nnl\CI.II\11 11 HitMrv1i. 1lo0110uit0. thrwaii. 96822 USA. 
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TABLE 1: World forest resources as totals of clus-d forest area 
and stock growing (adapted from Barney, 1978). 

Region rotal closed forest area 
(106 ha) 

1978 2000' 

Tropics 
Latin America 640 380 
Africa 230 180 
Asia/Pacific 400 200 

Total 1270 760 

Temperate 2 1620 1610 

By colparison. total world forests in 1950 Cxceeded 5100 million ha.2North America, I'urope. USSR, Japati, Australia, New Zealatid. 

canopy (including growing stock) that totaled 1,270 million ha in 1978 are 
predicted to drop to 760 million ha by the end of this century (Barney, 1978). 
The ramifications of this loss are staggering, but include possible effects on 
atmospheric carbon dioxide and world climate (Woodwell, 1978). In 
contrast. only a slight loss is anticipated from the 1.620 million ha of closed 
forests in developed countrics. [*his iay he recalled as the century when 
Planet lFarth i grc\ giant hatld ring around its eq uator. The planting and 
husbandry of fu cl\1ood ill the tropics is clearly mandated for the future. 

It has ilIso been traditionall for man in the tropics either to allow nature to 
repair the soil losses to agriculture 1v the fallowing of land for 15-20 years, or 
to use inorganic fertili/cr. I lie slash and hurri tradition cn no longer continue 
into the 21st century. as the forest depletion and nan's population pressure 
simply obviate it. Neither can inorganic fertilizers be an economic option 
except for the limited. wealthv fraction of' farmers. lhus, the planting and 
husbandry of green niuttitlre crops i.:so becomes at mandate for the future. 

The majority of tropical leguiies are woody perennials, many of vhich are 
both energy prOducing anid nitrogen (N,2) fixing. It may be asserted that the 
health of many tropictl torests relies initially oil legtminous trees for N, 
fixation. Wild poptlattions of native or aggressive introduced leguminous 
trees are increasinglv tlltied as fuelwoods (National Academy of Science 
(NAS), 1980) ard to a lesser extent as green manm're trees (NAS, 1979). 
Notable among these ire tlie mimosoids. a subfatmily of legu rues that includes 
about 2800 species. predomina ttl tropical trees and snrubs. 
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Maximization of biomass, ha per year must be the immediate target for 
both Inelw\ood and lertili/er production by trees. Reduced to essentials, the 
ournher oflcarhon and N atoIS fixcd inn ually per unit area becomes the goal, 
with little consideration od tree jIoinr tappearance. It isa targr' more familiar 
to agrolionlists than to Ilr.sters. ald one that gives the plant breeder free rein. 

It is sale to predlit that Itcl%% od and Iertilizer tree production will be 
donlin ated within Ia fewdeides by trees that are agriculturally versatile and 
easi lY hred and Illilaged. I lictittire itproveinent of these legumes could, 
howe er. be imitled h\ the iaviihability of'appropriate germplasm. With the 
accelerating loss t \ irgiit tropical l'orests, these native resources are 
dwindling and are oltn cIildatigied. 

GENETIC RESOURCES FOR N 2-FIXING TREES 

The Nit rogen -I'xing Irce Association (NtTA), a new international 
organization that iiins to cocOurage research and coinm unication on 
leguiminous Irces. s%isincorporateid in Ilawaii in 1981. A primary thrust of the 
NITA is to help identit\' &cncicresources and stimulate their careful 
prcservation and expansion. ()itrpresent impression is that the genetic 
resources oj N -tixitees rle in a tragic state. 'here are no major 
internationalI repositories ( letguinc tree germ plasn, whether as seed, or in 
arhoreta. and very few tree species have been the subject of botanical 
,expeditions btlr-germplsni coIlcction. Additionally mainy of the genera of N.
fixing trees are ta tixm icalIv cntused. froill unknown centers of origin, or 
frll i that aic rapidly Ibecollilg treeless. Seeds available for distributionareas 
are often of unklnoixm origin. (icetically distinct varieties are available for 
only i few species. anild these are )redo [i na itly ornamentals.

I he opportunit is Ior cxploitation of the genetic diversity in legume trees 
can he illustrated lom stuodies with I.et'cactia leuocelhala(known also as 
ipil-ipil. hllxin. g1itaic. lcidtrec, lanitoro. koa haole, or kubabul). 1hese have 
been teieicid hx Birc\haker & IIlitton (1979) and other authors (NAS, 1977; 
Brc\hakcr. 1980). Ilic arboreal leticaenas did not become naturally 
disperseide toigh bitt shrub known as the "common-type"troic. l1y it 
or ''I la\\tiia -t ype" Icuu' u'a. [ho ugh oiJr collection of this heavily 
ftwe ring sithruth i cludes iltore tha n 51) accessions froti numerous countries 
in the tritpics. therc is little gettctic varia bilitv. We surmise that all originated 

irot gcic hase. ispersed from its native Mexicoa narro\ I lie species wasil 
inainly through Spalitish galleons departing from Acapulco and Mazatlan. In 
this region ta h is the only representative of the species,iiiglly Ih eing shrtihr 
arid it is clearl\ this one scll-pollintted variety that circled the world. 

Ihe tice lorm liid other geceti,: variants of Letcaena occur in southern 
Mexicut and it ( mt rCt lAmerica. itcenter of diversity for this tetraploid species 
(which is an c\ identt hybrid of two other species). I'he arboreal types were first 
consideredil distinct species by botanists, then came to be known as the 
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"Salvador type." 'l is type first came to I lawaii from Central American seed 
collectors in the 1930's. and was then widely dispersed in the 1960's as a result 
of research in Hawaii and inAustralia (Brewhaker, 1975). As a source of 
Ielwood, the Sa lvador t\pc exceeds the conmmon type by over I()(),':in wood 
yield; yet difflers by \cry le\w genes. 

It is virtually cerlain that genetic gains similal to those in I.eut'at'll await 
the first plant explorcrs for species growin solely as C or N, fixers. Since 
many of these species are outCrosing, unlike lic'et, the identification of 
genetic supClin ril vll requii i seed production. IIowever, sucht re more care ii 
species may well afford greater genetic gains as occurred in poplar and 
pine throutgh cxploit t ion of hybrid vigor in controlled crosses or from seed 
orchatrd synt hetios. 
The haards of eriatiCermtent of species are evident in L.ecm'ata. [he 

center o origiln o the Sa Iador type appears to he intie NMora/an province of 
southern Salvador. a region now virtually treeless. Salvador-type leucaenas 
are now to he found only ill tile citv squna res alnd in hackyards, a poor genetic 

sample of what existed ;is little as 50 years ago. L.eguminous trees are often 
selectively bro sed by atnimlials arld are, thus, more apt to extinction thalieral 

many others. 'ollowing tile. however, the\, often regrow with ferocity from 
the lire-scarified seeds that hiae long lain dormant in the soil. 

IMPORTANT GENERA OF N2-FIXING TREES 

The I8,0) species of hegumes (Family: I.egu iosae) include the vast 
majority of rlportant N,-taxing trees and shrubs, many of which are ill the 
predominantly \,.ood\ sublamilies Mimosoi',eae (2800 spp.) and 
C'aesalpiriioideac (2,Hf0) Relatively of 12.000 ofspp.). few tie species 
lPapilionoideae are arboreal, bitt sorie of" these are of great econornic 
importatice. A high proprtioii of the tested miosoids (92") are able to fix 
N,. contrasted m. i the patpillooids (941i) and the caeialpinioids (34"j). A 
few rlonlegl1ninois tree ucra also fix N,. notably tie temperate genus 
,l/,.m% and the tropical (asuarina (Stewart, 1967: sec p. 427). 

I.eguimirloits trees p)(lucc somc of the outstanding luxury timber of the 
tropics (N,,%S. 197))). N albic are the papilionaceotis generat arong these 
Dalht'rgia(rttscvood ).I'r, ,qoi (Alrican leak). I't'rocarpurs(narra). and 
the caesalpinioid genis Ihuia (1ipil.Moluccan ironwood). Other important 
timbers include tle ililllsmids lacia, I..ilomu, Parkia, an(d Samat'ea. 
Pref'erred tlimer specis tIltcii exceed 3) illin height and are of slow-to
inlternmiediate grov,thIi rCs. \Vith their high intrinsic value, such trees might 
wisely be iriterplanted al \hide spacing (e.g.. 100, ha) in plantatliols of* fast
growing legiues. as a Iong-trnn investilent. 
The legmlne trees best known its ornamrentals, oflel'iig striking displays of' 

color when in f1o\%cr. are predorninantly in tile ('aesalpinioideae, many of 
which do not fix N,. I lie ornarmietial legiines include: 
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Caesa Ipi nioid cac: Imliherstia, Bark/Ia, Bauhinia, Brownea, 
(Cae.sa/pimi, (Cassia,("lvilhea, I)h'hix, Peliuphorum, Saraca, 
and .'v/totia.
 

Mi iosoitlhae: ( al/alra, Saannvca.
 
lPapilionoidcae: Ihca, .r-tthrina. Sabinva, Solphora.
 

Severa ltree leimles pu side \altuihle gums (,.lcacia spp.) and the pods of 
ieveral species aic excellent human 'oods, including:
 

(Ciesalpinimideac: (crato'ia (carob), l'amarindus (tamarind).
 
NI iriosoldeac: Inga. I'arP'i,.
 

!he tollo \ng discusions will locus on legume trees with special 
signil ica ncec a soirces (dI M mn tirll'e. As a generalization, mosteuery or reen 
tast-gl ,,,lug legtiuiie t ec arc liuuosoids. (encra to he considered in the 
discussiMils ot cnemgs ant green lanure are listed helow, together with their 
apploxillate ululel t_ peeics: 

( aesailpinio de1ce: .. 1ar-Its Schi.oohiwnm (5).I'TM (3), ( asia (600). 
NIiliosoidciIc: l acw (1 l00). -Illbizia (allian ra (100),1 (I)()). 

Ihco,hiimt/tit). Lu t'ro/oh~ian (8). ,/rga(200). IA'attcela (10). 

I 1th'n/a t35t., .thosa (450), Parkia (40). Pithecellohium 
120(0) I't' I-4), anma 'a(I ).
 ' 


':apilioiioidcae: I(a//,v'it (251), Irlhrina (t100), lehningia (35). 
(1[/1-1 IOlel (10)). 

WOOD AND FIUEIWOOD 

World prOduli on (It \Wod i 1975 exceeded 2.5 billion m 3 (World Bank. 
1978). Less tha i a centiry ago, wood was tile major energy source for all 
cou'itries in the ',orld. I odlis\. only 45'1 of the wood harvested is for fuel, and 
this is almost cntircl, in the tro pics. Industrial uses of wood (60(,% in 
constrlltio. 25' Ior puilp. 15' tor other uses) have increased far more 
rapidly than total orld conmodity trade. thcse uses govern tile base price ot 
o()l iln1ddilects inlItuence hot Iihe ;s ailahIlits' and cost of fuelwood in tile 

tropics. lieianld Ior indelistrial wood has been increasing at about a doubling 
rate C\erV 25 \ls. I )Clilalls I tuels,ood are also increasing and will soon 
exceed Capacit\ n ie.'io, siuch is Asia. \\hich has less than 0.18 ha of forest 
per p ronI al pic"Cit tRe\lie. l9," ). 

I rec legumc spcies conidercd of special significance for fuelwood are 
sumnali/ed in lable 2. pecies 5itli unusual adaptability to the arid tropics 
are distinguished. AIthhougihmy1; t oflthese species appea to be slow in growth 
in their natisc habitats tile\ ire olten last growing under experimental 
conditions, flot mth ith ad elUte water. Species of Acacia and iga provide 
ficlwoods 1or tropical highlands, while temperate fuelwoods would also 
include species ot (,/tcila iaand Ro/uinia. 
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TABLE 2: 	 Tropical tree legumes of special significance as fuelwood (adapted 
from NAS, 1980). 

Genus 	 Species adapted to: 

Humid tropics Arid tropics 

Acacia auriculilormis, inearnsii I brachystigia,cambagei, 
Cyclops, nilotica, saligna, 
senegal, scyal, tortilis 

Albizia lebbek 

Calliandra calothyrsus 

Cassia siam ea 

Derris indicn 

Gliricidia sepihin 

Inga vera 

Leucaena letcocephala 

Mimosa scabrella 

Pith ecellobiu n dulce 

!'rosopis alba, chilensis, cineraria, 
juliflora2 , pallida,tainantgo 

Seshania grandiflora 

ifliglhind-adapted species.

2Widely considered an undesi rable, thorny pest.
 

l)endrothermal po\ cF plitits can be designed to use chips (conventionally) 
or roundwood. Choice ol Iuelwood stock is influenced primarily by heat 
production (combustion value), and by ease of sawing, chipping, and 
transportation. ('Uobtistion \ alues and wood densities are summarized in 
Table 3 for the species included in the University of Hawaii studies. 
Combustion 'altics (gi\en loto hone-dry wood) reflect wood chemistry; not 
density, and \arv little Ior tile species listed. Ihese values decrease linearly as 
wood moisture incrciscs (inost Itielwoods contain about 50% moisture at 
harvest). Specific gratxo\ of species like the fast-growing Alhiziaalcataria 
are too low to make nc r rcia ftclwood, due to hulk density problems of 
transportation anl ha rlig for the boiler. On the other hand, some species 
are so dense (e.g.. atrid-,one . Iacia attd Prosoliisspp.) that they present 
problems in sawing and chipping. ,,\n ecoinoiic feasibility analysis in Hawaii 
(lrewbaker. 1980) concluded that giant leucaenas could be grown and 



TABLE 3: Characteristics of N2 -fixing trees in University of Hawaii international network trials (Scale: 1, Good - 3, Poor). 

Characteristics Genus and species 

-Z3 

-. • a-• -_ 

Utility for: 
Forage 
Fuelwood 
Roundwood 
Lumber 
Pulpwood 
Green manure 
Craftwood 
Food 

Tolerance of: 
Acid soils 
Cold soil 
Drought 
Min. rain(mm) 
Coppicing abilit) 

3 
1 
3 
3 
1 
3 
3 
3 

1 
2 
3 

120 
2 

3 
2 
2 
1 
1 
3 
2 
3 

1 
2 
3 

150 
1 

2 
1 
1 

1 
2 

3 

1 
2 

100 
1 

3 

1 

3 
2 
3 

3 
3 

100 

2 
3 
3 
2 
1 
2 
3 
3 

2? 
2 
3 

150 
1 

1 
1 
1 
2 

1 
1 
3 

1 
2 
60 
1 

2 
1 
3 
3 
3 
1 
3 
3 

2? 
2 
2 

100 
1 

3 
1 
1 
3 
2 
3 
3 
3 

1 
2 
1 
30 
2 

2 
1 
2 

1 
2 
2 
1 
3 

1 
1 
50 
1 

2 
2 
3 
1 
1 
3 
1 
2 

3 
1 

75 

1 
1 
1 
3 
3 
1 
2 
2 

3 
2 

150 
1 

1 
1 
1 
3 

1 

3 

3 
2 
1 

60 
1 

1 
1 
1 
3 
1 
1 
2 
1 

3 
3 
1 
60 
1 

3 
1 

2 
1 
1 

3 

1 

1 
1 
3 
2 
3 
2 
1 
2 

3 
1 
25 
2 

2 
3 
3 
1 
2 
3 
1 
2 

3 
1 
60 

3 
3 

3 
2 
3 
3 
3 

2 
2 

75 

1 
1 
1 
3 
2 
1 
3 
1 

3 
3 
2 

100 
1 
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harvested profitably as hoiler fuel, even with Il1,waii's high costs of labor, 

land, ald water. Fnergy returns Ir'oni a 10u ha tree arm, harvestedO 

incrementally on a Ifour-vear cycle, were calcuhlted to he 28.6 million kwh 

annually. Wood drying and Ise of Ihigh cifciency boilers could increase this 

valIC by 20'(-

Choice of fucl ood Ior honm e use involves many considerations. Local 

preierences dictate a wvide arrav of species in tile arsenal of the agrolorester. 

Most simple sto Cs ae design.:u" to accouinodatc long pieces of wood that are 

ted into the stovc as thc burn. %Iost labor- and energy-efficient stoves are 

closed in order to mulmi/c air intake, aind :;orequire specific, cut lengths. 

Split wood dries rapid l and is often tavored over round wood, although 

marketing is conventill lv1v voltllllnc not by weight. Irregular, heavily 

knotted woods (e.g.. i nv acacias, prsopis) arc difficult to prepare or split as 

fuelwood, but may be prirJerred for charcoall. Sinokinmess, ash content, 

explosive inclusions. t horiness, odor, aid uniformity of burn can influence 

home I'ucl\ood \lele. Nll v o1fthese traits could be addressed profitably by 

tile plant bleeder and sil\ icultioist . As an exam ple. thornless mutants are 

Found in sccsra of the thornY nuiinosoids (Ilelker, 1979). 

GREEN MANURE AND NURSE TREES 

trces are ol increasing interest as sources of"green 

gold" (Curra.i. 1976) for the lertili/ation or nirsing of both herbaceous and 

tree crops in tle tropics. (Greenimariring of herbaceous crops is a sadly 

neglected arca of tropical research. I.egume trees like l.d',ulenaandSes/'ania 

can he conitinously coppiced for harvest of leaf neal. [he clippings, which are 

high in N. can be placed directly arouid a1ninterplanted crop, or "cut and 

carried" for incorporation prior to planting. (ievara, Whitney & Thompson 

(1978) showed that annual N vielIds o0.5 t ha can be obtained from I.eucaena 

harvested every thiree months. Similar estimates may be inferred from earlier 

studies in the atuthlors' laboratory. I lie ivailability of inorganic fertiliters has 

discouraged rescaeli o green manuiires in tie tropics until recently. 
l)efinitivc. tlitantitatise data on N recovery and utiliation from1 leguninous 

forage renains a serious need. Initial studies of R .A. Bradfield (personal 

cormnicatili) on lelicacna green imanuring of maiie at I RRI were very 

pronising. Gies.ii (1970) later quantified this relationship in Hawaii, 

recording excellcnt mai/c \ iclds and effective recovery ofiabout 46': (f the N 

applied ts leal meal. ,\n extensive demnstration of these methods is 

underway by the lhilippinc Natioial F:ood and Agriculture Council. legume 

trees of specialImerit Ior green ilma ii ore rcscarch inclde the widely used 

Seslalia spp.. eticlla tah'tlcoelpiala and Gliricidia .'pium (annually 

deciduous): also .,Icuia mcartvtii, ..11hizia spp., Calliandracaloth.rstus,and 

l.egu minotis siihrubs Ind 

Mimosa ,wahrel/a.
 



TABLE 4: Properties of N2 -fixing trees in University of Hawaii international network trials. 

Property 

Genus and Species 

-z - '- - jZ 

Z~ 
~ ' 

z.--

Specific gravity 

Wood yield 

m3 /ha.yr. 

Average caloric 
value (Kcal/g) 

.68 

15 

4.8 

.65e 

30 

65 

20e 

.63 .33 .58 

40 5 

5.2 

.65 

50 

4.6 

1.00 

15 

5.0 

.68 

5.0 

.50 

8e 

.75e 

8e 

4.9 

.55e 

25e 

.54 

45 

4.6 

.80 

8e 

.52 

15e 

.32 

20 

.42 

22 

Average annual 
height growth (m) 

2.6 2.5 4e 2.0 5.0 1.4 6.0 2.1 2e 2e 25e 4.Oe 4.5 4.5 2.5e 2.5e 1.9 3.3 

Height at 
maturity (m) 

DBH at 
maturity (cm) 

30 

60 

30 

25 

25 

50e 

60 

300 

45 

200 

30 

200 

10 

20 

30 

30 

30 

200 

30 

200 

10 

20e 

20 

20e 

20 

35 

15 

30 

20 

60 

45 

180 

30 

70 

10 

30 

e = estinated values.. 
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The interplanting of leguminotus trees as nurse crop to other trees evolved 
out oftihe tradition ol shading crops like coffee and cacao. Shade may in fact 
be a disad vantace oftsetibv tihe N-rich leal drop in many plantations. Among 
the major nise legumes fo planitation crops are .Allhizia carbtnaria, 

tErr1thrina spp., I/cminlga cwi.re.tr a, luga spp. and l.eicaena spp. (diver
silolia, hrrctrIrI(halaand irli'dihtta). I/cm intgia is notable for its tolerance 
of acid rubber plantation soils, as is Acacia auricutifirnmis. 

Free legunries can also he used as living fences or support systems for other 
crops. Studics at the International Institute of Iropical Agriculture (II[A) 
(1979) hase deininstrated the practicality of using Lt'ucacnaaslivingsupport 
for yams. \\'inged hCalis and other crops (e.g., pepper, betel, vanilla, and 
passion fruit). 

FORAGE 

The legurni[oti lllscommonly used for forage, following continuous 
clipping, include ( "ai.%.ia vtirtii, Istanthus virgafus, Letucaetna 
hIC0oCr7)tp/a/a, a'd1'd . gratdiflra.Foliage of other species is palatable1 1 ,Iia 

to animals anrd could heticecsred dttri ng wood harvest, e.g., Acaciamearnsii, 
.ll//izia hA , (/1, dia s'7t111 arid Alimmsa sca/rella (see lhable 4). 
I.4t'a1a'tia, the I ,o intenrsi\el s studied of tie species listed above. can 
produce 10- 15 torr, I(It \ [mtter) of forage per liectare annually ( hrewbaker 0t 
al., 1972) Mien hars ested iceLtlarl.. lie value of the foliage as co-product in 
ftuelwood or pulp\s ood hra\ cst Iray he great enotgh in tile case ofittcuenato 
eiCOtirage t-e olof.lCal-nlcail inichires.chip-s rt.irir. recoverv 

Many oi tile 60) -14u, ia spp. hear phylldes (expanded petioles) as mature 
leaves that r gCrcr 111 lhioln,lrranld tirpalatable. Miniosine (in all Leuena 
spp.) and other alk;ilhiul,, occur in s tre tree legunics and relutire caution in 
their rise ts foMage It edirig Mid umanagement of the forage (e.g., silage 
preparaliorn) 11\ 01i)I iolutions to these prohleris ((ioriile,'. lBrewbaker & 
Il[irnill. I968: R,,sa,,. (,)nrt rii' &k,( ihrite.' I9Xt). 

UNIVERSITY OF HAWAII TRIAl. NETWORK FOR N 2 -1F'IXING 

TREES 

Ili Ie Nat ital Acadcntiv of Science reports on Ietuaenaand on tropical 
legumes prm pted ain C\palsiiri of genetic research in i lawaii on N -fixing 
trees. pres itle t) /cii' etna and icaciakoa. A major th ru';t of the, Crki+ intied L1 
expanded ,tldics is to decteiriine relative biomass yields of different species 
and satietics ifle.itin iiris tree,,. A trial network lfor '.eu'aenawas initiated 
in 1978. ard eCXMiLed \%tt I'SI )A support in 198) to include other species. 

Slie major species chosen ftr Our sturdies are sunrtmarized in fables 3and 4. 
All are crmsidered reliti\c last groving, with most spe.ies exceeding 15 
ini, ha per yr of \trod. \lost are hardwoods with high intrinsic value as f'uel or 

http:cwi.re.tr
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pulpwood, and se cl aIre %;dticdl'or lorage or lumber and craftwood. Acid 
and unusrrallv alid sok along with waterlogged and saline soils, present 
primalry chaMllllngCS to t1li1rcster. Ill this study .Alcaciaauriculifi'rnis was 
Choe n I"or rclat i\c toltanct: to aciditY andi'rosol)is pallida for relative 
toleran1lcC to iridtyl,. 

Yield trtial are rilalltd \\ iti dense spacirg (501)0 or 10,0001ha) using 3-to 4
itorith-old scMdnin, ti:ihi,,itted into small plots (minimally 28 m'). Trials 
L.,C the iitrUCItCdblock dCigll ( Iclcdrer & Ragha\arao, 1975), and include 
se\seral replications ot 10I-15 species, hut can include additional unreplicated 
plots (t ot sOHMce or trcahincnts. [his is a flexible design that 
IiCCeOII)irlatC's tli\ClSC cutttCs and treatments at different locations, vet 
permits, the poomlig tI t lplicltCd dttat for calculations of variety x location 
ilalnl CIror tCl 11s. 

Initia:l 'suIits ot ,ilh iteHattional trials with lhcra c'na have heen 
grat iling. C;iant \ irrt c ot I.'tr 0a prOvide sone o, theifastest growth and 
greatest \cl,;ili', o 11tC tre li!gum1es. probably elual to any nonlegumne. 

RESEAR(H IMPIERAIVES 

With pC ha1,,ipt lhisalld potertilally significant N-fixing trees to study in 
lie tiopis s he cIr d ic',, eClilCIIIphasis he placed? It seems \wise to focuslii 
itt ,Peci pi, ,\dirig1 h1t Iia c a',rid Idiielwood to tie small irruer. Few 

llo gr1QHe.rc', hear trsdt ii itNid spec;ies achieving less than 2 in annual 
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CASUARINA: ACTINORHIZAL NITROGEN-FIXING TREE 
OF THE TROPICS 

J.G. Torrey' 

.Sumnar), 

Ca.uarina is the most important aetinorhial plant of the tropics. 
The genus compriscs %%ell oer sixty species of voody, 
dicotyledonous plants,. muost ol %\hich appear capable ofsvnlbiotic 
association with the lilanentLotis hacteritin "rankia of the 
Actinomycetales. I1c root nodules formed fix nitrogen (N,), and 
so bring aboult an accretion ol N in the soil environmlent at rates 
equivalent to those achic\cd 1)\ltrhectw; legumes. Ilhispaper 
revicws the published litCrliturc on nodtilatio and N, fixation in 
Casuarin ai l esse .\pcriuiental and practieal ineasulres,, the 
which should he taken to nrilue the contributions made by 

'atUfarinotloagrictlurC and tolestrv in tropical and subtropical 
countries whcre this ge.nuls Can he grown\i. Ihe following topics are 
discussed: eal1\ studies ot s\ nihiotic N, lixation. the ecological 
role in the N cconoti\, l~ubho;ltorv studies of Ni fixation. nodule 
initiation and dlcclopmcn(, the tiltristricutitre of nodules, handling 
the micro-organism in culture and in nodule suspensions, 
itoctilation ol nsrcr scodling stock and time distribution 01 
('irnita and its acti'uotcclol, endophyte. 

INTRODUCTION 

Casuarina is a wvoody dicotyledonous plant native to Australia but 
widespread in tropical and subtropical countries, where it has been 
disseminated by man. Its roots are nodulated following invasion of the 
filamentous soil bacterittm. Frankia of the Actinomycetales and this 
symbiosis results in nitrogen (N, ) fixation at rates comparable to nodulated 
legumes (Torrey. 1978). I hese trees occupy a diversity of sites ranging from 
tropical rain forests to arid deserts and sandy coastal dunes. The genus 

mhol I-mindation. tlarvard tlnivcrsitv, IPetershia 
RscaClh ,uppolt 1111lu1t NI' ilmM"o ,s t'alot Foundtlh ion and iheNational Science 
Founda;tion (aimn IM 1t - .W2t) is cioitcill acknowledged. 

(; . ,"M\. 01366 USA. 
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encompasses i.a)rc than sixty species, only a few of them presently of 

economic significance. In Australia. ( 'asuarinacunninghaniana, the river 

sheoak, grows alolg Iresh \rater river hanks. reaches it height of up to 36 

meters and produces a straight. hard wood trunk useful as timber. Casuarina 

equisetinfoia is ill collnlon use ii tile .tropics fIor shelter belts, for erosion 

control. land rcclamatliou. ;ld 'iS ,t fi ige and fuel tree. By virtue of their 

symbiotic capacit\. man , ( a \earii,;, species serve as pioneers, preceding and 

making possible tile cstaWbHishlent of torested stan& Despite such evidence 

of hardiness. the species di\ Crsitv aild adhapt'Ihilitv to climatic variation and 
harshness of hal-itmit sithin the genus have hardly been explored. 

[his mper brings together much of the available information on 

nodulation and N, lixatit in ('Iiattritta and ains thereby to encourage 
bettcr uitnderst andiring of tile significancC of the genus in its present habitats and 
of the possibilities for hetter utili/ation of these plants in worldwide tropical 

agricultnrc and Iorcsirs. 

EARLY STUI)IES ON N, FIXATION IN CASLI,,IRINA 

Although anse (11897) reported presence of nodules on roots of' 
('asuarina and later Michc (1918) and Mcl.uckie (1923) inferred that these 

nodules %crc implicated in N, fixation, the first direct studies of symhiotic N, 
fixation ill ("a'.iartiavcc madC bv Aldrich-lfakc (1932) and Mowry (1933). 

Aldrich-lla ke (19321 planted surface-sterilized seeds of C. equisetiflia in 

sand watcred \t ithI nutricrit solution lacking N and inoculatcd them with 
ground nodule SUSpensionlS IoM iturC plants collected in the field. 
Uninoculatcd plints licking N or supplemented with N114NO, served as 
coliltrls. 

Uniinoculatcd planls showcd no root nodules. Inoculated roots showed 

nullerolUs root nodulCs rILnugiig in diaiucter ip to 3.8 cm aind representing 
I 1.7!i of the dry gLghtv of ltc \ hole root system. Nodulated plants were more 
than three times taller thal iniiocuiated ones, were more than 50 times 
heavier than coit rol planits on a div wCiglt basis, and their average N content 

per plant was more lan 1001tines that of' the uninfected control plants not 
provided fertili/cr N. 

Mory (11933) rcportcd the nodulattiori of nine diflferent species of' 
('axuariaa seedling-s Crn iin sterite soil following their inoculation with 

small pieces Of icll nodlles Irorillpl. growing in the field. fie concluded 
that a Single strain (t tue infcclivC oR! I noduhlated all nine species, and 
that this organism. a hctctiunIIl. entered into aIsymbiotic relationship with the 

host ;esulting ill N." ti.\tioni. Il 20 diferent locations in Florida. on sand 
dunes and oftlcr ,itcs f l% lcrtilits, Ile fouInd no trees of any size which did 
not have nodules. 

Other early \orkers reported the occurrence of root noduies on Casuarina 
(Kamerling. 1915: Narashiilihaii. 1918: Rao. 1923: Parker, 1932) and most of 
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these observers made the connection between the presence of root nodules 
and satisfactory plant growth,probably related to N fixation. These nodules 
were presumne( to be prtod ucd hy a soil micro-organism (Chaudhuri. 1931) 
and early efforts vere niade to isolate and culture it (Shibata & lahara, 1917; 
Narashimhan, 19 18). 

IBeeking (1977) fisted the earliest accolnt in the literature of noduhltion in 
each of the (amiaritia species reported. lie noted that 18 species of a total of 
45 (as then interpreted) had been reported nodulated. [ie list could doubtless 
be extended, but tihis effort becomues fruit less in the face of changing views on 
the taxonom of the group. IIu field collections of Casuarina nodules in 
Florida, I hawaii, and Australia. including 10-15 species (.I.G. Torrey, 
unpublished). oil]\ one sitwition was found in which the plants were not 
nodulated. It is to bc pie.suried that all of the species of the genus are capable 
of root infect ion and nodulation 1w the appropriate lFrankia.Whether one or 
more strains of IrwanAii arc involved xenairns to be demonstrated. 

THE ECOLOGICAL ROLE OF (1SUA] RINA SPP. 

-vidernce for a ,igni ficant ecological role of ('asuarinain the N economy of 
a given environm ent cii n he traced hack to repo rts if agricultural practices 
involving (a.rwriraa plantat tos. Sil vester (1976) cited the role of' Casuarina 
in traditional rolationlal agricultural practice in highland New Guinea, in 
which (astuarilleJ i p lca red ircas. grown for 5-10 years, tlien clearedPia IItcd in 
for firewood or !nbcr. itcr hiich the land is planted to yarns or other crops 
that profit Iroln the N accretion attributable to N fixation and litter fall from 
(astuarina.
 

l.stilialtes of the conlribution to the N satuIS of sandstone soils near 
Sydney. Auistralia. made by ('a.raritialittforalis were reported by lannon 
(1956). Analyses of the plants of tie IlM scrub forest shoved 10.000-12,900 
ppmn N on a dIev ight br,is,. Iitter f'll and dr,matter increment represented 
29.0 tons, hIaper yr. % hich at f( ( N represented an accretion of 290 kg Ni ha 
per yr. largely attibutable to symbiotic N, fixation. 

I)ormm ergrcs (1963 1 6( ) reported Itil N fi xation by (asuarina 
equisetI/o/ia in sa)n ,id (d (ape Islands uPortugal.r the Verde off By 
nea',uring soil aid plant N. lie ssis aliR to estimate a yearly increment of 
about 58 kg N Ia. mstlyv der,,f from N, fixation ,ynodulated plants. 
Beadle (1964) conridercd tire role of (Ca.uarinaspp. in the N economy of arid 
areas in Australi:. 

SilRester (1977) nc\ic\Cd tire descriptivc evidence for the importance of 
('axuarinia eqmU.seil(/,Iia in tile rcvegetation of Krakatau Island. Indonesia, 
follo\ing xolcanic destruction of the vcgetation. On a small scale, a similar 
sequence rfre crctat i r in finlie ( "a.wrinaequixetufuia car be observed on 
lie s!rnd of iawaii. Oppoltunities for quantitative studies of establishment 
and succession of Casuarina equixetifrija exist in the Puna district near IIilo, 
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where volcanic ash wiped out a stretch of vegetation from the volcano to the 
sea in 1960. New seed lings and young trees of Casuarinathat invaded the site 
were well nodulated and flourishcd together with small sedges in a location 
otherwise devoid of vegetation .l.( i. Iorrey, unpublished data). 

LABORATORY STUDIES ON N2 FIXATION 

Careful laboratory and greenhouse studies of symbiotic N, fixation by 
Casuarina are relatively sp. , though Bond and his associates have 
contributed significantly to our understanding of the symbiosis over a period 
of about twenty years. 

Bond (1957a) determined shoot height, dry weight. and total N values for 
nodulated and non-nodu lated plants and showed that a mean fixation of 50 
mg N plant occurred in seedlings of' C. cunninghamiana over a six-month 
period in water culture. In similar studies Rodriguez-Barrueco (1973/74) 
reported that plants of '. t(.ru/oxa showed accumulation of 430 rug N/plant in 
12 months. Bond ( 1957b 1964) demonstrated that detached nodules of 
Casuarina incorporated the N, from the atmosphere into fixed N. Nodules 
showed an N content of 3.(( on a drv weight basis and an increase in 1SN 
content of up to 0.368 atoni percent of total N over tile normal value duringa 
19-hour period. Bond ( 196 1) also demonstrated the inhibition of N , fixation 
in detached nodules hy molecular oxygen at concentrations above 20% and by 
gaseous hydrogen at 201, (>501 ( inhibition) and higher (Bond, 1960). This 
sensitivity was coniparable to that lound in N, fixation in nodules of legumes. 

Bond and Ilewitt also demonstrated the essentiality for N, fixation by 
Casuarina of molybdcnum (Ilewitt & Bond. 1961), cobalt (Bond & Hewitt, 
1962; Hewitt & Bond. 1960), and copper (Bond & Hewitt, 1967). 

Studies on the ellects of combined N oin nodulation and N, fixation have 
been made by Stev art (1963) and Rodriguez-Barrueco, Mackintosh & Bond 
(1970). StcVart slhn\\Cd that am rnoniuin-N provided as (NH 4 )'SO 4 at 10 
ppm N facilitated the nodulation and development of young seedlings 
inoculated ,,it ia nodie suspension and that N114+-N up to 100 ppr did not 
significantly reduce tile number of nodules formed. Hie concluded that under 
most field conditions ('a.\uariia nod Ulation would not be affected by normal 
levels of soil N. Rodrigue/-Bllarrueco (1972) also reported that low levels of N 
provided as N 114+d i not interfere with nodulc development in seedlings of C. 
cutwringhainima although the aln monitnl ion became inhibitory at high 
levels. Fixation of N, \as less efficient in the presence oft'he ammonium ion. 

Rodrigue/-Barrucco ct al. (1970) grew nodulated Casuarina plants for 14 
weeks in nutrient solutions containing different levels of (N H 4 )-SO 4 and 
provided 5N., in Ilie atmosphere. Plants provided N as N H 4+grew well. more 
or less in proportion to the amnmonitm supplied, but tile presence of fixed N 
reduced the N, fixation of all plants even at 10 ppm N. Nodule growth was 
likewise reduced. Plants not provided combined N,although well nodulated, 
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did not grow as well as those provided NH14+-N, suggesting that N, fixation 
itself utilizes photosynthate that might otherwise go to growth. Coyne (1973) 
reported that 56 ppm N as Ca(N()01 h inhibited nodule formation by as much 
as 75,' tinder optimum pil conditions in water culture. According to Coyne, 
N, fixalion was riegligi hlc in nod lated piants provided nitrate N. 

Bond & Mackintosh (1975) using detached nodules incubated in 15N
found that fixation aried dinurnallv, being low in the early morning, relatively 
high for several hours inmid to late afternoon, and then decreasing. Light 
intensity and temperature together influenced fixation rates. According to 
these authors, the rate of' N, fixation increased steadily fr m 100 to 360 C, 
with tile inaximiim ratc c fixation in ('asuarinacunningthat iana nodules it 
36' . Wailghnian (1977) also observed a simple exponential response in 
nitrogense act i\itv in (C cquiwibliato increasing temperature. Rodriguez-
Barrueco (1973 74) fotind that detached nodules of C'. torulosa showed the 
highest fixation rates ill tlie late Afternoon aaid early evening rather than in 
mid morning. 

NODULE INITIATION AND DEVELOPMENT 

Structural studies of (a.starina r(ot nod tiles attempted first to localize and 
identify the endophytc. Ihereafter, attention was paid to the modification of 
root structure and the anonalous form and development of root nodules. 
More recently. tilt rast ructural studies have demonstrated root hair infection, 
root cortex in\; sior, aind the proliferation of multilobed, modified, lateral 
root branches i, torm the typical indtles with nodule roots. Early anatomical 
studies of oilrig nod ules (IMiChe. I;19K Mcl.uckie, 1923; Aldrich-Blake, 1932) 
were reviewed by Iorrc ( 1976). 

Bond (1956: 1957a) 1irsi called attention to the presence of nodule roots 
growing Nerticall tip\ ard (m ( a.surinarIodiles. These nodule roots can be 
quite striking in \'0tirig plants grown in water culture but may have dried up 
and shrivelled in field-collected nodules and so be totally missed or ignored.

E'vidence to the present siplmorts the view that tile organism nodulating C. 
ctmrighmatntuagairis crit rv by root hlir peietration (Callaham etal., 1979),as 
has been sho, n as \well in ..lints, I.fyrica, and ('nrptonia.The endophyte 
within the root hair shm smtitiple filaments surrounded or encapsulated by a 
polysacchia'itde capstdc loriicd by the host cytoplasm and characteristic 
nucleoid regions along tile Iilament (Newcomb, Pankhurst & Torrey, 1981).The filamerits in'\ adc tile cortical cells of the root, dissolving the tell walls 
and middle lame! la and ol tc forming wide strands of invading filaments 
(Torrey. 1976: 1\,sorl & Silvcr. 1979). Filarlents are septate and branched, 
approx irnately IAti ii (Iiametcr. rirmifv ing through the cells of the root cortex 
and ca using cortical cell proliferation followed by cell hypertrophy (Torrey, 
1976). [lie st ruct uire of the micro-organisin is that of a filamentous bacterium 
of the group Act inoriivcctalcs. 
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Coincident with theti rst invasion by the actinomnycete, the root at the site of 

invasion is stimulated to form multiple lateral root primordia that are in turn 

invaded in the newly formed cortcx tissues, forming swollen lobes where N, 

fixation is presumed to occur ( Iorrey. 1976; Kant & Narayana, 1977). Only 
after the hype rt rophy stage. \hen the endophyte has filled the cortical tissues, 

does tlie Ito)l tile root cloigt from the pointed tip lobe of each successively 

formed nodule toot. lhe res llt is the format ion of a cluster ofswollen nodule 

lobes at each inlection site wit I upward-clongating nodule roots. The nodule 

roots remain uninfected by the hacteritl n. Silver el a. (1966) attempted to 

interpret the peculiariicgative geotropism of nodule roots in terms of 

abnormal metmaholismn of the plant groiwth hormone, indole-3-acetic acid, 

within the de\eloping nodules. 
In nodules of acti norh iil plants. vesicles are the denionstrated site of the 

nitrogenase (scc 1jcpkem;i CI U/., 1980; 1981) and have been reported to occur 

in mature nodule cortical cells in almost all actinorhizal plants studied 

structurally. B\ contrast. C'axtuaritia nodules do not normally show the 

typical, term inal, s\ toIlen. filamentotis structures erined vesicles (Torrey, 

1976; lvson & Sikcr. 1979: Nwcoinh ' al., 1981-, P... Dart, personal 

commtinication) though one :cport claiming to illustrate nodule vesicles in 

Cat.tari. hahbeen itade ( ( ilrdncr. 1976). 

The lack of con,,incing c\idence for the presence of vesicles in the 

cndopn yte in I()0t nodtiles of ( a.,aritta raises the LIuestiol as to the site of 

nit rtnwase ae;fi\itv ill the nodules of this gtenus. More comprehensive and 

carcli tiltr;stmtcttiral stidv of ulc!ls fixed for :nicrmscopy at a time when 

nit ogenase acti\itv i, detnstrable arc needed to resolve this question.
Ihe evidnce is good that the normal vesicle structure of cultured Fratnkia 

provides protection lfo the .veigcn-lmibile nitrogenase against inactivation by 

ambient () , concentration ( I jepkeaaci ta/., 1980). 'n the absence of a typical 

vesicular s rietllli ;e, (i'tsnI rM-na11,1oW would nitrogenase be protected? 

Special m-.odilications ti\ ha\c c\ olved in this case. Davenport (1960) 

reported the occurrence of hemoglobin in root nodules of C. cun

ilinglialla. Itlforts of ot hers to confirin this observation have not been 

sticcessul. Ilere is notnher arca needing fturther study. 

HANDiING THE MICRO-ORGANISM 

The ideal sittiation for tile ;il(]v of a host micre-organism symbiosis is to 
be able to cult i\atc each ot tile comlponents separately and to understand the 

behavio of emich. independent of ( lie other. While one can grow seeds of 

(asuariia indeenpdent of I rttkia. it is not yet possible to grow in pure 

Cult ure the FraAin t lthmca tises nodulatiton of Casuarinaroots. Uemura ( 1961; 

1964) attempted isolation of the micro-organisn from nodules of C. 

£qui.scl'oihi and v%%asable to grow a Strenpomyces-like organism in nutrient 
medium. ti \'cwct, lic failed t) achieve reinfection of axenically grown 
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seedlings inoculated with this isolate. I have used methods developed and 
applied successfully to theisolation of I'rankiasp. from Ahnus, Compionia, 
El'agnu. and other genera. hut thus far have been unable to isolate the 
endaphyte from nodules of ( aniarinaspp. collected in Florida. IHawaii. and 
Attstralia. 

CiaIthbier l',U/. ( 198I ) use..d microd issCction methods and serial dilution to 
isolate an orvani sin fr o (Ca.oiritanodules, which when grown in culture, 
shov. ed Franknia-tl kc chractcritics. [he organism cultured by Gauthier el al. 
(198 1) produced ternii nal 5esiclCs in vitro and reduced acetylene, presumably 
due to nitrogenasc jcti, I nf'orttiiiatelv. attempts to demonstrate infectionit\. 
of ('aaribia seedlings v. th th, gani:;i have so fIar failed. [he reasons for 
this failure are not clear and lirther attempts at isolation and culture must be 
inade. 

lllieu of inocula prepared trom the cultured organism, methods have been 
de, ised to inoculate seedlings ,ith IodUiles collected inl the field or f'ron plants 
propagated in the grceihouse odll. 1957a; lorrey, 1976). 

Cone ( 1973) sItudied the niportance of p11 and nitrate-N for successful 
inoculatio of plants gro in i tier culture. Initial pII was critical; almost no1ii 


nodulation occurred inplants growing illsolutions of pH-4.0 or pl-I 9.0. 
Optimum pl tm nodul l formation ill two species (C. glauca and C. 
rtmninghamnianl) \,,,spll ,.1s at p1\it h good todtulatn,., still, 7.0 and 8.0 
but poor nodulati M at pll 5.0, Imd (1957a) also reported good nodulation 
ill C. ciamighaumuma at pl1 0 and 7. According to Coyne, the presence of 
nitrate-N redtnced tie uiinhcr (I IlodUles initiated but did not influence the 
optillmllm pll for lodulation. 

Ahternati,,c inethod, or preparing inoculatnts have been dL.,cribed or 
discussed hut not ,\,,tclmaticalv studied. I have found that excellent 
nodulation can be obtained ilsing dried nodule preparations. Small field 
samples of ntodulcs of C. 1,quisaiifoWi placed in a vial containing silica gel 
induced nodulation of the same species even after three months' storage. flow 
long nodules can be ,alclv stored in this way remains to be determined. 

When grounld in distillcd watcr, fresh noduiles rapid y turn brown and then 
grey, presumabl,, hccausc of the release of polyphenols and or tannins. To 
lintit the damage from such potcntially to,,ic substances, nodules can be 
ground in the presence of pvlyvi nylpyrrol ido tie (PVP). We have used I 
P VIl-40 and found that its presence retards the bhlackening reaction. Activated 
charcoal ( I(f0j wt \oliucl also can be used as adsorbent. lalonde (1979) tised 
0.6-I,'i sodium chlolidc to grind .lhmus nodules and found that this 
suspension also restlted ini a clear light Yellow fluid after filtration. No 
systcinatic stui(y of the liChtix\ ccIcctivcncss of these methods has been made. 
All the methods suflci fi t the common Jifliculty that we do not knov the 
chemical and pl,,icalreiiquiretents of tile organisni that must be present in 
the inocultim. Ihcltact ix \ f \hich we are attempting to preserve. 
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There seems to be no publishc, account of procedures for inoculating 
seedlings of ( ej. urina in tile nursery. Observation of operations in 
government forestr\ nuirseries in II awaii, Australia. and New Zealand 
sugge:its that little attenti n has been paid by growers to ensuring the presence 
of the appropriate orginisiii. Since most nursery operations routinely use 
sterili/eId soil mies Iol s',d:alliig plantations, one cannot expect tile infective 
actilonlycele to be prCeClt Ill the root elvironinent. Soine arangenent must 
he made to inti odicc the oiganisni into the rooting medium. Foresters have 
become most lamiliar v.ith this problem in working with mycorrhizal fungus 
intlrod uct io s. 

Soil or leal litic t iiii rmound nodulated plants may serve as an adequate 
inocuui I toi scdliibNs plitetd in soil Inixes in the nursery. Ground up 
nodules 11m fihel c llections or nodulated plants in the plantation area are 
more likely to be etlcctic. 

Unil ort unatclv. \C still do not know whether a single lFrankiastrain from 
Ca.sarina will infect all species or whether there may be more than one strain 
(Allen & Allen. 1965). C'ovne (1973) has suggested that there may be more 
than one type ofl Irkaia,specific t, different Casuarina host species. This 
question can only he resol\ ed when an inffective brankiaisolate isavailable in 
pure cItuire. 

In nursery practice+as ji the laboratory, successful inoculation of'seedlings 
and nodulat ion i containcr-grown plants depends upon sustaining the 
seedlings in a healthy condition by providing combined Nto the seedling until 
the nodules are actielyl ixing and can satisfythe N requirements of the plant. 
One must provide lixcd N at low levels for plant maintenance, but not at levels 
or in lorms inhibitory to nodulation. From the earlier discussions one can 
conclude that acontainer mix supplemented with ammoniurnr N at rates not in 
excess of 100 ppm N should mcet these needs. Nitrate N should be avoided in 
the soil mix. It might be possible to provide seedlings with a foliar spray of 
urea to sustain seedling growth while nodulation proceeds in inoculated soil 
mix. 

()nce seedlings are planted out, they depend upon adequate water supply. 
Plant height, weight of shoots and roots, and number, size, weight and N 
content of nodules are all aftectcd by water shortage (Kant & Narayana, 
1978). 

DISTRIBUTION OF ('AS'U,,l RIV.A AND ITS ENDOPHYTE 

('asuarina species are widespread throughout the tropics and subtropics, 
wherever they have been taken by man beyond their origins in Australia. They 
have adapted to many ecological sites in many countries. Most evidence from 
laboratory research indicates that the actinomycete isnot transmitted with the 
seed either within the sced or on its surface. Rather, Frankia istransported 
in nodule material or in tile soil in a form that we do not yet certainly know. 
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The presumption, based on structural evidence, is that spores are the most 
resistant form and presumably can survive in a desiccated state for long 
periods and/or distances. The interesting question :ihow the micro-organism 
reached tile many distant lands where nodtulated ('asriari-ra now occurs. One 
can find no reports illthe older accounts suggesting that soil samples or 
noduiles should accompanV seeds for successful es-ahlislmient. It is possible 
that lFrankiaspores can be circulated by the winds, ['his explanation seenis a 
reasonable one for situations such as tie Puna volcani- site in Hawaii, where 
existing stands of nIodulated (Ca.latitlaplants are oni.' a relatively short 
distance away. (ireater distances are the smurce of great difficulties ,ad 
puiles. 
IlIrecent Iravels in New Zealand it was interesting to study tile occu:rence 

of ('asarinainplanted sites or in forestry nurseries on the North and So.ith 
Islands, where mild winter minil ill temperatures allo, Casuarinato surv ve 
as fa r south as I)tined in (at least inI protected sites). Samples of Casua ina 
roots were l;ade at various locations, and ini sonic cases, excavations of whole 
root sy!.erns (Inilnr sry plantations) were made. Several different species of 
('asuarina were examined includiing ( . ciamninghamiana and C.strictu, but 
root nodules were never observed! Plants were surviving on combined N 
available in the nriseries or field soils. Some plants were riot very healthlv. 

Accounts were given Of Iairly extensive Lfforts in tne North Island of New 
Zealand to dc lhop ('amrina stands as a windbreak or fence rows but 
experimentation was abandonded as the plants failed to establish successful
ly. One would assume this failire occurred because tile plants did riot forni 
nodules and, therefore, could rot perform as they do in countries where the 
endophyte occuir, New /ealand has very stric! laws concerning soil and plant 
material imprtation and it may be that Frankiathat would be effective on an 
imported gerlms such as ('asu:jrina has never reached that country. 
Examination of root systems of' I/laeamuisand .1bius species at tile nursery at 
Rotorua showed athidanrt nodultion by those Frankia species; SO it seems 
unlikely th:t soils iii New Zealand are deleterious to Jrankia. New Zealand 
offers an interesting experimental situation for tile careful ard systematic 
introduction of the appropriate Irankia strins for use with (asuarinra 
plantations. Other reports are scattered through the literature of areas where 
('asuarinaoccurs htut where n0d riles have riot been found or have occurred 
only sporadically. lHod ( 1970) qLrioted reports of studies made iii Indonesia 
shosxing that of 83 trees of (C.,'quisetifidiagrowing inta latosol soil only tree 
plants were nodulated. Of 72 trees of (. snmramr.pa examined in another 
location, all \were rod'ilated. Bond (1957a) also noted that specimens of 
(axulri/la ill0 ta nical gardens in tlie Britishi Isles sce red to lack nodtiles, a 
fact noted by Miehe (19 18) inbotanic gardens in Germany arid also in Italy. 
These exotic plant!, were presumably sustained by regular N fertilization. [lie 
failure of nodilation sugg'ests the difficulty of transport of' Frankia by seed 
and the lack of distribution in soils in the temperate climatic areas. 

http:snmramr.pa
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Casuarina may also show mycorrhizal infection in addition to nodulation 

by Frankia(I)ommergues, 19761, but the interaction of Frankia and fungus 

has been little studied. Recently, studies have been initiated by Bamber et al. 

(19 ) in Australia. Effective mycorrhizal association may offer another 

mechanism to assure survival and adequate mineral nutrition. 
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SESBANIA ROSTRA T1 AS A GREEN MANURE FOR RICE IN 
WEST AFRICA 

G. Rinaudo, B. Dreyfus and Y. Dommergues' 

Summary 
We compatred Ihe ellect o1 four treatnents upon tile yield and 

nitrogen (N) conlent of rice ero\%it in I m2 irrigated microplots: PK 
IClrtiliatiIm ' in octilated Sehaw ia rovirata plowed in as green 
mianure: 'K tcrtili/ation 4 uninloCtlatcd .Sc'shania rosirata plowed 
in as grcen manure: PK lei ili/ation alntlonittni sulphate (60 kg 
N ha): and I'K tertili/at ion alone (control). Ihe effects of the first 
tMo treatments %\crcnot ,ililican.tlY dillerent frot each other. 
Both treatncnts dhamatwicall\ ucicased grain and straw yield 
compared to tile contlol and significantly increased lke N content 
of both vrain and ,tras\\ 

INTRODUCTION 

Nitrogen (N) inputs into rice fields can be increased by the cultivation of a 
green manure crop in rotation with, or intercropped with, the rice. This has 
already been done with winter vetch in California, and with Astragalussinicus 
and the N?-fixing nonlcgtne ('oriariasinica in Japan, Korea, and China 
('Vatanabe & App. 1979: 1.Watanabe, personal communication), as well as 
with Sesblania cantinabi tlt S'. paludosa in Vietnam and other Asian 
countries (1).1 Ttuat, personal communication). 

Recently l)reyfus (': )omnlnergues (198 la) reported that Sesbaniarostrata, 
a tropical legutne colonizing waterlogged soils in the Senegal Valley, forms 
N-fixing nodules with Rhizuniu on both the roots and the stem. Due to its 
proftuse stem noulttation. this plant has five to ten times more nodules than 
most nodulated crop plants. Moreover, and because of its stem nodulation, S. 
rotralacouldI lix N, even when the N content of the nutrient medium was 
high ()reyfus & l)Dmmergues, 1980). 

St'I (Nt (NRS IP 1386 1)lakar.Senegal. I 
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This paper reports an exper:tent to determine the effect of S. rostrata as a 
green manure on yield and N uptake of rice. 

MATERIALS AND METHODS 

The experiments were carried out on microplots, each I m2 (see Figure I), 
during the rainy season at the (RSTOM lel-Air Station in Dakar, Senegal, 
Soil characteristics are shown in Table I. Twelve microplots were sown with 
Seshania rosirata (sece,; had been pre-treated in t1WSO 4 for 30 min.) on June 
19, 1980; then later thinned to only 40 seedlings per microplot. All seedlings 
were treated with an insecticide, Curacron (Ciba-Geigy S.A.), to avoid insect 
attacks. 

Vo lye h\'lene 
Sheet 
/" (31)0)Alm
thick) 

Figure 1: Scctiom of amicroplot. F-t plot contained 561 kg homogenized Bel-Air 
Soil.
 

Plants in 6 of the 12 microplots were inoculated by spraying the stems with 
a 2-day-old culture of the ORS 551 strain (l)reyfus & l)ommergues, 1981 b) on 
July 10 and 19. Ihe remaining plots were not inoculated, but progressively 
developed stem nodules, indicating either native soil rhizobia or cross
contamination. A furtl.-.I 12 microplots were kept in bare fallow. All 
microplots wtrc kept waterlogged until August 4. 

On August II. when the SN'.ati(a rostrata plants were about 1.5 m tall, 
their stems were cut just above the soil- then chopped in 10 cm pieces and 
incorporated in the 0-30 cm horizon. All the plots were unirrigated until 
August 30. when 2-week-old rice (Ort'za sativa) seedlings cv. Moroberekan 
were planted. with 25 hills per microplot. All microplots ,yerethen broadcast 

17 4 4 fertilized with K2t11 P 4 . . g m2 and six plots received (N-,j) 2SOt,28.32 
g/in2. this th t!, plots were waterlogged again. The rice wasAt Iac 
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TABLE 1 : Characteristics of Bel-Air soil. 1 

pH (KCI, N) 7.0 
Total C 0.4 
Total N 0.025 
Total P 0.037 
Clay (0-2 um) 3.8 
Loam (2-50 .um) 2.1 
Fine sand (50-200 um) 48.4 
Coarse sand (200-2000 um) 44.5 

1Ustropept.
 

iarvcsted or, Dcemher 29-30, when it was 120 days old (excluding the 
seedling stage inl the nurseryv). The straw and grains were weighed, and the 
water content determined after drying at 65°C until a constant weight was 
obtained. N content was estimated using the Kjeldahl method. 

RESULTS AND DISCUSSION 

Microplots that had received Seshaiua rostrata green manure yie!ded more 
than double the control plots and significantly more than microplots receiving 
the equivalent of 61) kg N ha (see [able 2). Fhe effect of stem inoculation was 
not signi ficant. prestimahly because of the natural nodulation of uninoculated 
plants. The N content of tile grain and straw of rice plants green manured with 
S. rostratawas significantly higher than that of control or +N plots. Thus, 
greet, maniured rice contained forur times the total N of control plots supplied 
only KII1 O4 . and t\ice that of plots receiving 60 kg N/ha equivalent. 

If we assumc that an extrapolation to the field of the data reported here is 
valid, we can conclude that the use of Seshania rostrataas green manure 
would allow us to obtain y'ields of rice grain as high as 6.0 t/ ha in a soil with a 
lower-than-average fertility. Ilowever, more investigations are needed, 
especially in the field, to deterrmine tie best management practices, especially 
the timing for seedig and for plowing in Seshania rostratastems; the delay 
between ploking in Se.hainia rostrata stems and rice planting; and the 
economic feasibilityv at the fairmier's level. 

Soil analyses are underway. Ihese should allow us to establish a precise 
nitrogen balance. which will probably generate other usefu! information on 
the effect of S.'/abriaroxtlralagreen manure on the soil nitrogen status in rice 
fields. 



TABLE 2: Influence of Sesbania rostratagreen manure on the yield and total N content of rice. 1 

Plot 
numbers 

Treatments Average dry yield 
(g/m 2 ) 

N content 
( ) 

Average N yield 
(g N/m 2 ) 

Grain Straw Grain Straw Grain Straw Total 

1 to 

7 to 

13 to 

18 to 

6 

12 

18 

24 

PK 

PK 

PK 

PK 

+green manure, inoculated 

+green manure, uninoculated 

+(NH 4 )2 S0 4 (60 kg N/ha) 

(control) 

596 a 

571 a 

381 b 

212 c 

772 a 

762 a 

484 b 

276 c 

1.80 

1.73 

1.27 

1.14 

a 

a 

b 

b 

0.94 

0.98 

0.49 

0.58 

a 

a 

b 

b 

10.73 

9.90 

4.83 

2.42 

a 

a 

b 

c 

7.44 

6.92 

2.3 

1.60 

a 

a 

b 

c 

18.17 

16.82 

7.21 

4.02 

1Figures followed by the same letter do not sigificantly differ. P = 0.01. 
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NITROGEN FIXATION BY TROPICAL WOODY LEGUMES: 
POTENTIAL SOURCE OF SOIL ENRICHMENT 

J.P. Roskoski, J. Montano, C. vauz Kessel and G.Castillejal 

Sunimmar),
 
The urgent need for low%-lechnologv sOlutions to the problems of 

fotage, firewood. and lrtilier scarcity in the tropics prompted a 
study to determine the nmlti-use potential ol woody legumes in the 
State of Veracru,. Mexico. As part of this study, the n;trogcr
fixing (Cl-redducing) capacity, of nine legume species was 
assessed:.Accia /)t'/iah. ..-Il izia h'//ek, ht.Ina inicnuil, 
Pith cellohitm lait'o/lauitm. ('atalpinia caealaco. c'assia/.istula, 
Parkinsonia act'at. Fri triina amn'ricana,and (;liricidia .epittn.
All species sa.e /i. P. aculcata fixed(. ca(ma/o. ( ttu., and 
nitrogen (.N) with rates tioni 2 to I 8, ioles N, fixed g nodules 
per hour. 

Nodtle hiomass i 0t1 N2 -fixing activity were thenarnd n 

nicisuired in stands of /.lo IwI
itil, .1.''lllhi,and (.s'lfin, and 
approximate mntal N, (l' fixation by these species 
calculated. I. jinicuil is a common shade tree for coffee in Veracruz. 
In one coflee plantation. N, li\ttion by this species. about 35 kg 
N-, ha per yr. approximated ;rumtn:tl N inputs from fertili/ers.
Calculatcd fixation in 20-.ar-old stands of' .1. Irr'mraitila and G. 
.o'/irdnr was estimated to he 3-1ard 13 kg N2 ha per yr. respectively.
I hese results stuggest that N " fiVat io 1Y tree legunies could makea 
signiliciint N input t tropieal agro-ccos vstemus. 

INTRODUCTION 

Insufficient forage for livestock (Quintero & Powers, 1976), lack of 
fir..ood for man [Villa-Sales, 1978), and diminishing soil fertility for 
agricultur'l production are probletus common to Mexico and to most 
developing tropical nations (Myers, 1980). Technological solutions to these 
problems exist hut arc beyond the economic means of those most severely
affected. Low-cost. low-energy-intensive alternatives are urgently needed. 

Itn'tIIIII Nic I tlti l\ ' l v .ctmIts ie R c.'isos IBioticos. Apirtirdo Postal 63. Xalipa.sio 

\cIarl i 'r
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Woody legumes abound in Mexico and are utilized by rural populations as 

"living fences" (Sauier, 1979), shade for crops, and food for man and/or 

animals (Roskosk i et al.. 1980). These facts suggested that sone species could 

he used more widely and so help in resolving the forage, firewood, and 

fertiller problems rcterred to above. 

In 1979, studies *NcrcInitiated to detertine tle mu,lti-use potential of nine 

of the more than 251) species of woody legumes found in the State of Veracruz, 

Mexico. [he species selected were: Acacia peinatula Schl. & Chain., Albizia 

lehlwk I- Ingajinicul Schl.. Itecellohiumi la-ceoaium Hunib. & Bonpl., 

cacalun I I iimh. & honpl., ('assia fitul/a L.., IParkinswnia('aesal inia 
aCuh'aa I- I. r rmIa aut'hriceaia Niller, and Gliricidia selpium .lacq. The 

species were chosen hecatise they had at least one known use in Veracruz or 

other tropical areas (see lable I). 

Willie nitrogen (N,) I ixatiin hv tree legumes could be an important factor 

in the N economy o) tropical agro-ccosyste ils, most studies involving tree 

species have \itill reactions (Allen & Allen, 1936;dealt cross-i[oculation 
Irinick 1968: Ilaish & Khaliri. 1970; 1asak & Goyal, 1975) or reports of 

noc(ilat ion and N, tiXation by previously untested species (McNeil & 

Carpenter. 1974: al le\, 1976: Nakos, 1977; [anwar, 1980). Ecological 

studies are exceed ingl\ rare (I labish, 1970; Sheiki, 1978), and in general, have 

not sought to tianti f ixatiOt rassess the importance of this N input to the 

ecosystem. 

Ilis study. undertaken as part of tle woody legume project, was to 

determine the potcntial lor N fixation of'the nine test legumes under the soil 

TA13L 1:1 Uses of nine species of tree legumes.I 

Species Food 2 Forage Firewood 	 Living Green Shade 
fence manure trees 

Aicacia pennatula 
,l'izia l'hhek 

A 
B 

AB 
B 

A 
B 

A 

C'aesalpinia caculaco 2 A A 
Cassiafistula B 
:ru'tlirinaamericana I AB A B AB 

(;irictdia sepium I A B AB 
higu inicuil 3 A A A 
Parkinsonia aculcata B AB A 
1Itheclhhium lanceolatum A A A 

2A, in dthe State o Veracrut; Bi,in otiher tropical areas.
 
Part conlIned Ih nan: It = flowers, 2 = green pods, 3 succulent aril.
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and climatic conditions existent in Veracruz, and to quantify annual fixation 
by these species. 

CAPACITY FOR N2 FIXATION 

Given the difficulty of finding nodules on adult trees in situ,pot experiment 
were used to establish the levels of N, fixation for the nine species. Individual, 
uninoculated seeds of each species were planted in separate plastic bags 
containing either a coastal sandy loam or a volcanic ash-derived, clay soil 
from 1400 meters elevation. Half the bags were placed at sea level in the 
Institute field station, the remainder at 1400 meters in the Institute botanical 
garden. After seven months, the seedling in each bag was harvested and 
examined for the presence of nodules. When found, nodules from each plant 
were removed and assayed for N, fixation using the acetylene reduction 
technique. 

The six species that fixed N- were: A. pennatula,A. lebbek, G. sepium, I. 
jinicuil, and P. ha'ceolatuin (see Table 2). The three species from the sub
family Caesalpinioideae: C. cacalaco, C.fistula,and P. aculeatadid not form 
nodules in any experimental treatment. 

TABLE 2: l1resence of N2 fixation in nine species of tree legume. 1 

Species Experimental Treatment 2 F-test3 

Sandy soil Clay soil Clay soil 
Sea level Sea level 1400 m. 

G.sepium 2.33 18.40 8.57 .01 
A. pennatula 4.79 6.55 9.40 .05 
E. americana 5.58 6.41 2_.81 NS 
A. lebbek not tested 4.25 2.91 NS 
P. lanceolatun 6.21 not tested not tested 
L jinicuil not tested died 04 
C. fistula not tested no nodules no nodules 
C. cacalaco not tested no nodules no nodules 
P. aculeata not tested no nodules no nodules 

2A t (2114 produced/g nodules per h, underlined value indicates native soil and climate. 
Sea level, inean annual temperature 240C, annual rainfall 1350ini.
 
1400 i, inean annual tcnperat, re 1 90 C, annual rainfall 1957r11.
 

= 8 . 1
 Sandy soil, pit , total N = .14 % , ppm 11 = 9.2.
 
=
Clay soil, pl = 5.5, total N = .33 . ppmi1 29.0. 

3 F-test, values indicate significance level. NS, not significant. 
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No treatment diflervnces in rates of N, fixation were found with either E. 
americana or A. hhAk (see [able 2). Ilowever, rates for A. pelatulaandG. 
Spium did differ betwccn treatnients. (i.ws7itn exhibited the highest level of 

activity when grown at sea level. %%,here it normally occurs, but in bags 
containing the clay soil lioni 1400 meters elevation, and the lowest level of 
activity when groin hot h in its native soil and clina e.A,.,Natula,on the 
other hand, exhibited greatest N2 (C,11 ) ixation tnder its native soil and 
climate conditions. ccn though overall plant growth for this species was 
considerably greater in hoth sea level treatments. 

RATES OF N2 FIXATION 

Although the seedling experinent established that six of the nine test 
species could fix N,. licamomnt of N2 fixed under field conditions remained 
to be (feterm ined. In a su bsequent study. nodule biomass and insituN2 -fixing 
activity were mcasiurcd in stands of I. p1wiatula, G. se/iutm, and !.jinicuil. 

Ihcse data oere used to estimate aerial fixation on an annual basis. 

Acacia lc'imatla Illost cOiii nmiolyINccurs as isolated individuals and G. 

.wiilmm is usually oinld in living fences. Attempting to quantify nodule 
hiomass in either system presents serious sampling problems. Fortunately, 
pure stands of theIe, ' ccics are occasionally found in abandoned pastures or 
agricuIt oral ICIds. I o such stands, one for each species, were located and 
sampled tr noidule biomoniss. Soil cores, 25x25x15 cm, were randomly 
collected ill each a ca. Nodules were separated Irom tile soil, subsamples 
chosen r N (, ll) lixat on assay, and the remaining nodules weighed 
fresh andaitcl dr,ingat 80 (lo r48 hours. Nod tile biomass for 1.jinicuilwas 
obtained in- a cinmileicial colltc plantation, which employs tlis species as a 
shade tree. 

TABLE 3: N2 fixation by three species of tree legumes. 

Species T'rees/ha Nodule weight SNA/ N2 fixed2 

(kg/ha) (kg/ha-yr) 

J1.pennatla 7200 6.8 20.54 34.26 
G. sepihlm 2700 4.5 11.72 12.94 
I. jinicuil 2.5 70.6 2.03 35.18 

2 prducctt/g noulelt2SNA i 11iot (,'2114 weight per h. 
Asumn a 3:1 ('9112: N2 ratio aNsuggested by t1ardy e'al.(1968). 
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Estimates of' N, fixation, based on nodule mass and rates of N-, (C ,H-,) 
fixation obtained from tie preceeding study, or in the case of I.finiCuil from 
an experiment on yearly pat tern ofI N, (CH2) fixation, were calculated for 
the three species. While these estimates should be regarded as ap
proximat ions. both I. p'matuua and 1.jifi'cuil fixed about 35 kg N/ ha per yr, 
while G. stIium fixed 13 kg N Ia per yr (see [able 3). While tile sites used in 
tile studies on A,1.fwnvmitula and (i .xSeittn were not typical of the agriculturalr 
systems in which these species occur normally, the data for 1. .inictdl is 
relevant to the N economy ofl coffee plantations in this region. 

From 1976 through 1980, the site of the I. inicuilstudy received between 45 
and 157 kg N fcrtili/er ha per yr. N, fixation could, therefore, be an 
important source of N to this system. 

Although the bIk oft lie N2 fixed by l.jinicuilis initially incorporated in its 
own biomass, much of the N2 fixed undoubtedly becomes available to coffee 
trees and herbs followinrg litter tall and decomposition. Interestingly, the area 
of the plantation with I..lintuil also had higher coffee yields than adjacent 
areas \vith other shade trees (.linienez & IMartinez., 1979). However, whether 
tile higher coffee production in the L.finicuilsite is wholly or even partly due to 
added fixed N, has \et to be determined. 

DISTRIBUTION AND SEASONAL ACTIVITY OF /. JINICUIL 
NODULES 

lhe magnitude of N, fixation by I. jinicuiland its potential importance to 
the coffee eco'v sten justificd further studies with this species. 

Thus. it was found that I. jiicuil nodules were not randomly distributed 
throughout tlie soHil bul wrc concentrated around tile trunks of cofi'fee trees 
and within or just below the litter laver (Roskoski, 1981). This unusual 
distribution pattcn coiuld reflect fertilization practices employed in the 
plantation. 

Prior to tlie rainy scason in .lune, the leaf litter around coffee plants is 
scraped aside and N-Il-K fertili.er applied at the base of the plants. Results 
show that as the distance from the col'f'ee trunk increases, nodule biomass 
(,,oskoski, 1981 ) and tile 1Pand N content of the soil decrease (van Kessel & 
Roskoski, 1981: see lable 4). Apparently, the stirnulatory effect of P on 
nodule development anrd function overrides possible inhibitory effects from 
the combined N. Additioral sampling in six other coffee plantations with I. 
jiniuilshade trees ga e ,irnilar results (van Kessel & Roskoski, 1981). 

To determine the yeaily p'tern of N, (C.,i ) fixation by I. finicuil, 
monthly nodtile assays we;e madc from March 1979 until October 1980, with 
nodule samples andrlomly co)llected every three hours up to 33 hours and 

http:fertili.er
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TABLE 4: Nodule bioniass, distribution and soil chemistry. 

Distance from Nodules Total N P pH 

coffee trunk (g/ll 2 ) (0 ) (ppm) 
(c m.) 

64 4.1 

.30 5.2 
0-30 86.50 .32 

30-60 15.74 54 
.24 5.860-90 6.77 44 

assayed for N )-fixing activity. I)ailv activity patterns fromn month to month 

were highly variable. but highc.st rates of activity were generally found at 

dawn and dusk. and lowest rates at 10:00 AM and 11:00 PM. 

Flowering and Icat all ill/.jiniuil occur during the spring dry season from 

March through May (.1iraS'ne, & Martinez, 1979). After flowering in May 

1979 and April 198(0. N -rixing activitN declined, perhaps as a result of the 

decrease in pholtosylthetic arca (see Iigure I). As pods developed, during 

.lune and .ukily. N -lxing activity increased, reaching a yearly maximum in 

.hly. Pods dropped ]n August with ia subsequent decrease in activity. During 

the fall dry season (Septellhci-)eccntnber) soil moisture levels dropped (E. 

.limrien/. personal cornmmunication), I. jinicuil again shed its leaves, and N 2 

was again fully occupiedfixation declined. B\ Jatutarv the 1.jini 'uilcanopy 

and nodular acti it\ inricreiscd. hiis increase continued until tile onset o!'the 

next dry season illMircli. 

trlv decidu ous species, leaf fall and replacement areSince I.jiiiuilisnot a 

gradual processes occurring over several months. Trhe continual presence of 
noduile activitysome phot osynthletic arca ol the trees may explain why 

persisted throughout tihe year. IHowever, the largest number of young, white 

- I Ih ..trill 

'Ihp 

F'igutre I. / 
'l-iatiill inspecific lodule t'- 

livilv oer time ot /. h ntt-til 
nodules taken fron shade St , \l I I ,%S 0 I I St , SI I \ 5(i ' 

ell I'..
plaills in a coinll lCill C 

plaai r i.nII I lkolllnI iuh 

http:highc.st


453 

nodules with pink ccnters was observed during tie months ot June and July. It 
was also during these months that white tips were seen on large, branched 
nodules, the si/c ot which suggCsted that they were perennial structures. 

Until Septcmher. the pattern for 1980 was similar to that for 1979. 
However, no pods \%crc lornied in 1980, insects dcfoliated the trees in .June 
and ,July,and this apparently caused the abscission of immature fruits. 

lollowing tlhc dcloliation. new Icaf prodtuction began in September, at a 
time when I. jilicuil lcatcs are normally beginning to tall. Rates of' N, 
fixation, rather than ldcreasing du ring this period, as occurred in 1979, 
dramatically increased. achieving the highest monthly vatltrs observed to 
date. It seems Iogical to irsstnic that the severe physiological stress of 
defoliation not onl\ catused the atypical production of leaves inlthe tall, hut 
also indirectly led to tlhe markcd increase in N2-fixing activity. 

CONCLUSIONS 

N, fixatiotn \as established tor six specit, of tree legumes, most of which 
arc presently used by farmers in Veracruz, Mexico, as integral parts of 
cropping systems. Rates of IN ((I1fixation for seedlings of these species 
differed depending on the soil type, and to a lesser extent, on the climate in 
which they were grown. Estimates of annual fixation for three of the 
species suggest that N inpits tfrofixatioti by tree legumes in tropical agro
ecosystems can he signiticant. Inlrtherniore, the aiount of N fixed in these 
systems is appaicntll inllenccd hv, anild possibly amenable to, manipulation 
through simple ni:anagcrnent tecliniqtes: tor example, phosphorus additions. 

Leguminotus lees. heing long-lived organisms, undoubtedly exhibit 
changes in their capacity t fix N, asit unction of age. Inaddition, there are 
daily and yearlN chianges ts discussed here for one species. Therefore, 
obtaining rcalfitisticist ima cs f require stidies ofr lixation hy tree legumes \vill 
longer duration tlumnarc generilly needed for their herbaceous relatives. 

Once established. attrce legume should reqi re inininial maintenance, and 
provide benefits aside Irmil N fi.xation. Ihese include forage for cattle, 

firewood. erosion co irol. aesthetic henetits, and improvement of the 
envi rome nt. Ilo\%%c er. nlore field tests, physiological studies, and genetic 
improvements \kill he reqltird elorethe fuIllpotential of tree legumes can he 
appreciated or rcaliied. 
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RESPONSE OF LEU(,I ENA LEUCOCEPHALA TO INOCULA-
TION IN A SOIL OF pH 5.5 

J.E. Almelda, M.J. Valarinil and E.S. Lopes 2 

Su nar " 

A glassIiisotl experi lIt co Iiiiiprctd the performatn lceo I'strains ol' 
I? :uhibli /, /ahi in it"ccerratdo" soil limed to\ ithIl'ttt(au/tI tt', 


p1 5.5.
 

iliming incrleased (11iNiiluri ploductioll, hut ariatiol within 
replic tes \u s So icilltit ItiCiL;hICn iII IIt e dry weight and N, 
fi,cd ttat 1Iic'allk%ketl ltno Nitm ilicanlt. 

INTRODUCTION 

I'Ica leu/iai cph(d/a is()le of several legume shrubs being considered for 
mixed pastures in Sao Paulo State. While the nutritional requirements of 

litWavi'a la\c not been detailed. it is known that L. leuocephala is not 
favored h lo\-Icrtility-. acid soils ( National Academy of' Sciences, 1977). 
Rhi/obila Ior Icutuc a cani also be affected by acidity (Norris, 1973). Because 
of this we havc examined the pe rforina nce of four rhizobia with Leticuena 
leu ,oepalahin a soil limed to Pll 5.5. 

MATERIALS AND METHODS 

Soil was collected from a Typic Ouartzpsamment in Brotas, Brazil. It was 
dried, sic\cd: then mixed \%ith lime at either 1.0 or 1.8 g of dolomitic 
limestone, kg of soil. and potted in 7 kg aluminum containers. A nutrient 
solution providing needed elements, save nitrogen (N), was applied; then 

Ijj-jjjtiiui . ,tcuul utu ( i uIC Pi, jIljil, ., t11110. 
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112 S04-scarilied seeds () L.uicaciia h'ucocel,/ala were planted. The 
Rhi:o,ihu strain, used \\crc SMS-436 (syn N(R 8), LMS-448. SMS-459 
(syn ('IA1 1923) mid S.IM,-461 (svn CIA.\ F 1967), applied alter germination. 
livC replicates of .ch tcatlnt were used with the pots randomized in the 
glasshouse. 

I [lants\crC halrscstCd alter I{)4 das\ and the shoots separated, dried, 
weighed. and ana l\)cd r N. as recomntended ov Bataglia et al. (1978). 
Nodules \were also scparmtlct. drivd and weighed. 

RESUITS AND DISCUSSION 

Soils lime', \%ith 1.0 or I.X g of dolomitic limestone/ kg of soil were of' 
similar pl . supported similar nodulation and growth of 1.tucaena 

I'hrcc of1the rMs.trhiin tCsted iiduced a significant increase in plant dry 
\,,eight: only SNI-459 ailed to promote plant development (see Table I). 
Nodule dr \\CIcelit and slitot N VCrc also enhanced by inoculation. but ;hoot 
N levels \crc not Ilcantlv diendiflcrent Irom those of uninoculated control 
plants. 

The absence ol nod)uilc', on i()Iiiuotlated plants suggests again that l.etcaena 
has specific /?hiuItolni rcuILirHiCIcnits. and w.,ill benefit 1r9m1 inoculation under 
appropriate c(ndtiin,. 

TABLE I: 	 Dry matter, shoot N, and dry weight of nodules on Leucaena not 
inoculated, or inoculated separately with four rliizobia strains.1 

Rhizobinm strain Shoot dry weight Nodule dry weight Shoot N 

(g) 	 (rng) (mg) 

SMS - 461 11.67 a 497.1 a 300.6 a 

SMS - 436 10.72 a 729.8 a 289.5 a 

SMS - 448 9.61 a 607.6 a 228.9 a 

SMS - 459 6.60b 337.8 a 146.2a 

Without inoculation 5.95 b - 102.6 a 

mAverages ot live replications for the tNO lim ig rates per inoculation treatment. 
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FIELD INOCULATION OF GRASSES WITH AZOSPIRILLUM 

Y. Okon' 

Sununarv 

Inoculation with Azoslfirillum clearly benefited the growth and 
commercial yield of Zea ma'rs, Sorghum bicolor, Setaria italica. 
I'anicum miliaceum i,nd Triticum spp.. grown under different 
Ln,.ironmental and soil conditions, at different levels of combined 
nitrogen (N). and in irrigated and unirrigated plots of commercial 
size. In one trial inaize plants grown on inoculated plots contained 
up to 77.1 kV ha iore N than plants that were not inoculated. 

INTRODUCTION 

The isolation of Azospirillumn sp. from the root system of the grass Digitaria 
(D6bereiner & Day, 1976) stirred wide interest in grass/ bacteria associations 
and their potential to fix atmospheric nitrogen (N2). Initial studies of the 
association used detached, pre-incubated roots (von Bilow & D6bereiner, 
1975; [)6bereiner & Day, 1976), and probably overestimated the rates of N, 
fixation obtainable in situ (van Berkum & Bohlool, 1980). Much lower 
activities have generally been reported in intact systems or in soil cores 
containing roots (van Berkun, & Bohlool, 1980). Inoculation experiments 
carried out subsequently have g ven variable results with increases in plant dry 
weight, high acetylene reduction values, or 15N uptake reported by some (De-
Polli et al., 1977; Neyra & D6bereiner, 1977; Bouton et al., 1979; Rennie, 
1980; Albrecht et al.,1981) but not all (Barber et al., 1976) workers. At the 
field level, early studies (Smith et al., 1976; Taylor, 1979) showed that 
Azo.virillutm inoculation enhanced plant dry weight in Panicum and 
Pennisetuin in soils fertilized with intermediate levels of N, but no increases in 
total N yield were demonstrated. 

In Israel, increases in plant dry weight and total N have been obtained 
following the inoculation, in the greenhouse, of Setaria, maize, and other 

l)cpt. Plant I'atl'tolkgp and NIicr' 'ithlogy, tacultyof Agricuiliture. lcbrew Univers:.y of 

.clruallcni, Rthe ot. Israel. 
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grasses (Cohen et al., 1980; Nur, Okon & Henis, 1980a; 1980b; Kapulnik etaL,
198 Ila; 1981 b; 1981 c). The present paper extends these experiments to the field
situation. It covers work undertaken in commercial fields in Israel from 1978
1980, under di,'erse soil and environmental conditions. 

MATERIALS AND METiiODS 

Inoculant production 

A:().Tirillhm hr.asihelsestrain cd ( larrand ei aL, 1978) and a local strain,
cd-I (Nut CrIL.. 19801). were used in the inoculation experiments. The
bacteria crc grown in a synthetic liquid medium, containing inalate and 
supplemented wviti 0.05.(; N114CI (Okon et al., 1977) in a shaking bath at
33 ('. [he cell suspension kas mixed with finely sieved sterile peat, which had
been adjusted to pIl16.8 with CaCO 3.to give itfinal concentration of 101-1 O 
cells g. after hichlinCocant was stored in sealed polyethylene bags at room 
temperature... zo.%irillum survived well in peat, giving counts of' 107-10 
atableCells g aftcr six months' storage. 

Plant species tested 

lie cuIti ars tested in these experiments included four cultivars of' Zea 
/)Jay. (c%. .Jubilcc. sweet corn 'romi the Rogers Co., tJSA: cv. Rinat, sweet 
ctrn; c%. Ilaeri-nanasi, lorage corn; and cv. 1lazera 851. for corn meal),
Sorg,,m hic,/or (c,s. llazcra 226, and 6078), Setaria italica, Panicutm 
mili 'tunm, TIritictam ae'slivum (cvs. NI iriamn and Barkai)and 7. ttrgihdl var. 
durum c,. In bal. 

Experimental procedures 

lie 12 experinmients reported in this paper were carricd out near the Kibbutz 
"Sedc Yoa\ and Kibbutz Beth Kania (Northern Negev, Lachish area) on loess
soils of 11 1 7.8. and icar the Kibbutz Sede Eliahu (.Jordan Valley, near Bet 
Slicarlf oil Rcid'ina soils of pil 7.6-7.9. 

1lie fir:it experiment. carried out near Kibbutz Sede Yoav, followed an
irrigated cotton crop. Ihe soil was fertilized with 90 kg, ha P,O, and four 
lccls of N (0. 60. 120 and 240 kg ha) applied, using liquid aminonia injected
to, depth of 15 cmii. Ihe field was sown with sweet corn cv. .ubilee, leaving I 
meter hct\%ccn ro% s.and a final stand of 70.000 plant, ha. Total rainfall before 
so\i ng \a,370 min anad total irrigation 360 mm water. The experiment was 
carricd out iII split plots in ,andomized blocks, with five replicates. Each N
trcaticirit plot x\as 180 ri- and ,each subplot 60 n12, with 60 r 2as guard area.
Iri)cuLition ,iascarried out two weeks alfter emergence by arplying a 1:1 
nii\tiitic : 'I. t'rw. ihn.w strains cd aind cd-I near the plant rowat the rate of 
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100O g inoculant I00in-. ihe harvest area was 6 in plot. The cxpcriment was 
t epcatcd h e'ollIowIng year Lusing oilI, thc 120 kg N ha fertiliier level and the 
cultiiS ,JubilCC ald RIinat...\ I'ourth naise experiment on this site used the 
cultivia r I ia/era-nanasi for Iorage following winter wheat. NO - concentra
tion it- the soil (()-40 cm) was 68 ppm, and the plants were spaced in between 
rows to a final density of 10,000 plants ha. lotal sprinkle irrigation was 220 
mm water. Ili experiment was carried out as a randomized block in five 
replicates with 2(1 in- per treatment. Inoculation. with a peat inoculant 
mixture of cd and cd-I. was as described previously. 

I \%o C.XpCri tells, s ithI Siorg/ni,,u hh \it, ere carried out on the Sedc Y'oav 
sitc, tllming unirrigtatcd viheat. In the first, using cv. I Ia/era 220 on a soil 
with 131 ppm NO a randomized block design with seven replicates was used. 
Plots \. ctC o l60 Ill eilh \,Iith a final stand density of 60.000 plants ha. Three 
iiiocilItioli ticimtnients \%erv used: inoculation with I. brasilttst,strain cd: 
imelttioti ',.itlh.. IpJ.siril/Iumz spp. strain cd-I: and inculation with sterile 
peat. In each casc 25 g of peat. imoistcncd with I(1i stcrose was applied kg of 
.scd. I(li C.\pcriiciit \ ,as not irrigated: total rainfall belore sowing was 320 
irIIaI. A s1tilar c.\pcicltet wkas carried out in tile Sllmimer ofI'1980 using S. 
/i,, oAr c . 007S. 

lC thn cc otlici experimeits carried otut on the Scde Yoa\ site. with Setaria 
ulah a id 1'litom ae.siivum cs. %liriatn and Barkai. used tile format 
aicad\ decsm)Cibed loi SVcCt cort. 

I hc cot it experimeni on tie Sede lliaht site (with cv. la,,cra 8511 used a 
ranldoi/ed block design with five replicates of 60 m2 each. Vhe experiment 
was carried otit on an "organic field" without chemical fertilization or 
pesticide treatment. It followed a clomver crop for green manure and was 
fertilied with organic manure. NO;-concentration at 0-40 cm depth before 
sowiit, was 372 ppm. Afterwards, NO,-in soil decreased rapidly and, two 
months after sowing, only 50 ppm NO,-could be measured. Total sprinkle 
irrigation was 440 mm water. Samples for yield measurements were taken 
randoinlylrom 6 m2 of each plot. 

Ilic I spousle ofl I'alicuw mi/iact'uni to it mixed strain led. cd-I) in1ciUlant 
,tls also tcstcd it the Sede Flialti site. P~lanting lllowed a carrot crop. and 

usedJ a IanidiiO/Cd block design with six replicates of 70 in2 . Soil NO I
c)iiccltIitoi hloic so\Imrg Vas 40 ipm. Ih this trial te' \%eight w as 
e.alctdaltcd Itom it 2 Ili" plant Satmiple har',estcd at random and setd yield by 
hal\csting each plot scparatels %kitha combine harcster. 

I-imall,\. at tile ScdC l1liaithi site. effects of inoculatiom or 1 turgidwnm var. 
tituIt c . Ilibal \,cmc c.alaiitcd tusing tiethods similar to the Ica matv's cv. 

.libilcC experiurenrt allcil. dcscribed. 
IoI all thcsC expciiicits paraireters appropriate to tile Crop ill Lucstion 

\ cmc takcmi. and graint o lel N dcternied by tile Kieldahl inethod of IIiller e't 
a!. ( 194) atte dr\,iuig salirplc at ,(1 C for 90 I. Soil No determrinations 
Iollo..cd the 11u0tl0d of ImemImCIr (19651. 
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RESUI'iS 

Results for the different inoculation experiments with Zea mays are 
sulimmari/ed in labl 1. In each ol these trails inoculation with Azospirilhunf 
increased significantly the yield of maize. In the first trial with 'Jubilee' near 
Kilbbuti Sede YOav. inoculation enhanced mnaize yield at all levels of N 
fertilization tested. This was achieved mainly through greater car 
number plant. with average Car weight little affected. In the experiment with 
'I1-nanasi' at Sde Yoav. the N yield of' inoculated plants exceeded that of 
utninculated controls by 77.1 kg N ha. 

Results frot the inoculation experiments with Sorgihum hicolorareshown 
in lablc 2. Again in these experiments there was a significant yield response to 
illuctlation in both grain and forage cultivars, with the apparent N gain 
follov, ing inoculation of the foragc sorghum more than 81 kg N/ ha. 

lPositike responses to inoculation were also obtained with Setaria italica 
and l'anicwm milice'ctni (see lables 3 & 4). With Setaria ialica,however, the 
apparent N gain fI lowing inoculation, while significantly better than that 
achie\ ed in control plots, was of only 14.72 kg N/ ha. 

RLSutS from the Cx pe rinIent with Tritiun turgidum and I. aesti'ton are 
shoN, ii in [able 5. With c . Miriain, inoculation with Azospirilhm increased 
grain \ield significantly at 0 and 40 kg N! ha (6.96(:, 5.5%'. respectively). 
Inoculation also significantly increased total plant dry weight (14.4,, 13.3i 
percent N in leaves (17. 7%, 11.2%), and the number of fertile tillers/m 2 

-(10.7'% , 12.4%) (see Fable 5). Nonsignificant differences in yield were 
obtained inl inoculated plots fertilized with 80 and 120 kg N/ha. It is 
interesting to note that yields obtained in inoculated piots fertilized with 40 kg 
N ha were not significantly different from those obtained in fully fertilized, 
uni noculated plots. 

DISCUSSION 

Inoculation wkith ,,Izoqpirillum clearly benefited growth and increased the 
colmncrcial yield ob both grain and forage grass crops, grown under different 
c:% ironmenetal and soil conditions, at different levels of combined N, and in 
irrigated and unirrigated fields. Both vegetative and reproductive parameters 
%%ereenhanced b intoculation. Thus, in sorghum there wasan increase in fresh 
and dry cight of tops: ill maize, sorghum and Setaria grown as forage crops 
its %clI as il %heat, there was an increase in the total weight of plants, while in 

.SCrid lla nt height was significantly enhanced in inoculated plots. In maize 
tie rlumhr of ears reaching market size, and in sorgh uin, the number of 
panicles per plant. the 1000 seed weight. and paniicle weight were greater inl 
inoculated than in control treatments. 



TABLE 1: Response of cultivars of Zea ,nays to inoculation with Azospirillum. 

Cultivar Applied N Inoculation Wt. fresh Ears/ Average Plant dry Total N Average 
(kg/ha) ears plant ear wt weight yield plant wt 

(t/ha) (g) (t/ha) (kg/ha) (g) 

Jubilee 0 - 18.6 0.86 309 - - -
+ 20.2 0.95 304 - - -

60 - 21.5 1.02 297 - - -
+ 23.3 1.05 322 - - -

120 - 24.6 0.96 364 - - -
+ 28.0 1.14 353 - - -

240 - 22.9 0.95 337 - - -
+ 25.7 1.09 344 - - -

Jubilee 120 - 21.4 1.01 402 - - -
+ 27.7 1.21 424 - - -

Rinat 120 - 13.3 1.00 227 - - -
+ 16.6 1.26 221 - - -

H-nanasi 0 - .- 11.93 103.8 -
+ - - - 14.83 180.9 -

H-851 0 - 7.42 .- - 1.22 
+ 8.20 -... 1.48 
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TABLE 2: Response of cultivars of Sorghum hicolor to inoculation with 
Azospirilh m. 

Plant trait Cultivar 

11-226 (grain) 6078 (forage) 

Inoculated Uninoculated Inoculated Uninoculated 

-Panicle weight (t/ha) 3.89 b1 2.88 a 

-
-100 seed weight (g) 31 b 25 a 

% N in seeds 1.67 1 1.52 a - 

--No. panicl,,s/plant 0.97 b 0.81 a 

Weight/p~nicle (g) 67.8 b 59.2 a - -

Yield of forage (t/ha) - - 11.28 b 9.48 a 

/0 N in forage - 1.52 b 0.95 a 

N yield (kg/ha) -- - 171.4 b 90.06 a 

1Numbers (m the same line not l'ollowed hy the same letter are significantly different at the 

P = 0.1)5 level. 

TABLE 3: Response of Setaria italica (foxtail millet) to inoculation with 
Azospirillum. 

Plant trait Inoculation treatment 

Control Inoculated 

Plant dry weight 1.41 2.1 

Total N yield (kg/ha) 11.48 26.20 

Average plant height (cmt) 73.5 90.8 

Panicle dry weight (g) 248 366 

Panicle lenght (cm) 9.9 10.7 

'For each plant trait the dif rence between inoculated and untinneulated treatments is 
= significant at the P 0.05 level. 
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TABLE 4: 	 Response of JPanicum miliaceum to inoculation with Azospirillum. 

Plant trait 	 Inoculation treatment 

Control Inoculated 

Plant fresh weight (tons/ha) 10.3 11 11.68
 
Seed yield (ton/ha) 2.80 3.17
 

For eaci plant trait the differen e bet\ ccn inoculated and un imoeCUlated treatments is 
significantly different at tileI'= 0.05 level. 

TABLE 5: 	 Response of cultivars of Triticum aestir'um and T. turgiduim to 
inoculation with Azospirillum. 

Cultivar Applied Inoculation Giain yield '/10N Total plant % N Fertile 
N (ton/ha) in dry weight in tillers/

2
(kg/ha) 	 grain (ton/ha) leaf m

Miriam 	 0 - 3.59 1.35 13.1 0.31 520 
+ 3.84 1.41 18.9 0.55 560 

40 - 3.80 1.41 13.6 0.63 530 
+ 4.01 1.45 18.1 0.73 655 

80 - 3.92 1.31 16.7 1.38 535 
+ 3.99 1.35 17.4 1.75 555 

120 - 4.10 - - - 620 
+ 3.90 - - - 550 

Inbar 	 - 4.22 
+ 4.68 

Barkai 	 - 4.26 
+ 4.99 

Several interesting points emerge from this series of experiments: 
While 	previous field studies with Azospirilhim used small plots (Smith 

et al., 1976; Taylor, 1979) the experiments reported here were 
carried out on a commercial scale. The increases in yield 
obtained could be translated into actual profit by farmers. 
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Unirrigatcd sorghuml is known in Israel as acrop that does not respond 
to N fertilization. The Lipper layer of soil isdry after the winter 
rains, and sorghum roots reach a depth of 1.5 i to find 

Moisture. The benefit of' inoculation to this crop was highly 
significant. 

The yields obtained in medium-level, N-fertilized, sweet corn and 
wheat wcrc comparable to, or higher than, those achieved in 
fully fertilized, but UmilocUlated plots. Together with previous 
results (Smith VI al.. 1976; Tavlor, 1979), this suggests that 

I .t)S1)iril11P intoculatiotn could be used to save valuable N 
fertilicr. 

Results in Israel suggest that plants can benefit more from inoculation with 
,,lZO/irilhIm than hitherto believed possible (van Berkum & Blohlool, 1980). 

The high C%_aCO ctcnt dnd pit (7.5 - 7.9) of Israel soils, together with 

prce.ailing high soil temperatures and light intensities, may favor the 

.IzO.irilhum acti',ities in association with grass roots in the field. 

We plan to do lurther work on I-N . fixation and incorporation in plants in 
the field, and to search for better bacterial strains to be used with responsive 
grass clti-ars, Linder optimal environmental conditions. 
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469 BNI' Tcchnoo.,r fir Tropical Algriculture 

EMERGING TECHNOLOGY BASED ON BIOLOGICAL 
NITROGEN FIXATION BY ASSOCIATIVE N,-FIXING 
ORGANISMS 

J. Dbereiner' 

Sunin.ar vI 

A ]illge nnn1t1bI" l"gidsSCS ilnd cereals hac now been shown to 
support ilI:heir toots nitrogen (N) fixation itcasurable by 
acct',\ (W'II-) 1ituctinit. N blatie studics. or i"N2 incorpora
tion. liitt gcIit\pc adt plant bacteria intcractions have been 
dcnionstiatid. It addition to the high SlpCCiliitv of ..t:oijhac't1r 
pa.spali I)l /'Paspa/idthi iiiillttil and lacit/ll.s spp. it certain wheat 
lines, host-platl ,tllitic, I ..e unflittm inlection ht, also been 
slo\\ it. lai/c. i,,Oighitnin. and c a orage giasses are infectedrIl ('.,I 
h .A. lipifrtot \ ile (' plants (lice. x,tcat, oat, iye. and harley) 
selcet Ior .]. /bra.ihn. .l Ihle rclatiotnhip betvccn plant ali bacteria 
is LtCttntl.\ \ Je. Attachment to. tICtratiti o. root\ and 
haits ol I'c(ItMoI/Mn \xt, oh,crxcd illN-deficient plants. while 
A'IcP/in11il/t t.llnc l1ini/c ,td roots extenlds intootl solttgllitl 
bhe t l[,tclC intl stein tisuc. Stcin illectiolts hia calso heell foiud 

ill lice . tea, itand l/t ha tlltl. 

I cologicil tid p \ s'hogic;il data il xii',iilblC Ior..Iz'oA irilh11 
Slpp. mll\ I licsc olgittlmistt, ;nIe o1n1d prCedol illsoils tLind rilialltl\' 

Cutlti,,atit)l t I Stute . but aC SciarCC ill C tlilibritim lorests or 
sa annas. hllri plaits have heel foundSot)1 ( iitlteae aiid tibte 
to a"Sociatc \%ith .l-,jmir//tm "pp. Ntnbers ill the ranige of 101 to 
10' g sil o totl,, lie fIqucntl, hound illthe tropics. Nubthers 
x.itlilItots rligncrall lox.r. hit peIk during the reprodnCtioti 
gioxx th stagc dhiltti/c. lice. and x ti at. w,.hen ititrogcttse acti;tv is 
highest, Rot iltcction 1b,,. , virilhtm see to% slpp. its he 
picdtominantl, b,stiti that lack a dissitilatory nitrite reductase 
l l-). 

I ic,c I indiig, gi\c t better basis for strain selection for 
int,,tt llait tti ol \ith a I. bra ih',t.x, ni - strainlai z. b\lleat 


PIlovliIlti tl t idt uiOl ih Nit geliiti I "xlh l'S.\ SNIV( - ('lSq.Kili 47. 234(6) 
.tw ,otpcd'.I ,h dct..1 , 1::1o. l{Ilthii 
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istLlitcil It I il llrhcc-ltc ili/cd \, icat rt istr,. and of mai/c with an 
C.tll11W IV¢lt 11Il/C, Ilatll 1. 1. ]qln(40,rt11 liil- propor,tioned siplnifi

cajlnt incICej,e, e l II[ili N iII ilt. field 127 kg N ha in \%heat and 40 kg 
N ha iI Itl/c In thi -amc c v1pmiien. a pplicatiot tof 60 kg 
1ctili/cI N )I 1i, I d l tIltnt N incrcaSc o1 53 kg N ha. 
Stat ,tIkal k ,,ienn jilt 1!,tt1[i ,i iit.rCa , i'SJUC t) .I )AIN,rilhttI 
inocnttifhitac. beeCr1 IcpO ted 1rm India and Israel.t kl 

INTROI) L('TION 

A lagc InItelr of plnants, Iost ol them Graminae, have now been shown 
to support. in their roots. ]t;, gcn (N ) fixation which can be measured 4y 
C,, I rcd net ion IlialitdrcI e Id., 1977: 1)6bcreincr, 1978; Purchase, 1978; 
\',iiissak & k.tidcrs. 19 78a). "N, inc',,pIration (l)e-Polli, 1975; 1<uschel, 
1975, iOc-lolli ct al.. 1977). !N dilUtioM (Rennie. 19810), or by N balance 
studies, UI )TereittI & 14t-10oli. 9Ma). Ihe aMuLnts o' N, fixed are variable 

st1ill. hut c,.imtoticall. fixation have becn 
lteprttd, espeiahl ti the tiopics (.1alivebo & Moore. 1963; von Billow & 

I)iohetCiIIC. 9L)75 l)ihlcicinc. 197'). lhe najtl icstriction scums to he the 

and i-Liuilh\ sigilicatni rates of N, 

abscle. t a: ,pei i,.noilule-reaciun structure thnt can protect the N 2 -fixing 
hactctiat agaitISt (IN\ gcn ,itltl othcl ct irotmental effects. Ihis review 

chal at.te'i/es stllic I h i/CIIoCe. [aying particular attention to 
.L'opiu/om aStSociitaitts,cotisiders recent e\ idenec for host-plant specificity 
itt .so,.ct;c~ N, li.'atiot. atnd ,atluates the cotnpctitivc advantages of 
Sttcpttltt)t et- sitat sltrai, iII thL tlhi/osjherc. It assesses rcCtClt evidence 
lfo Ield i ases hctIoflhoy, incitultation with -lzospiri/lhm. Bacilli, and 
othetliac ttlophic haIcteia amd suggests, so e areas where further reSCach 
litst be IIIlettakenl. 

('IIARA(ITKRI/AIION (F MONI,: RIIIZOCOi'NOSF.S 

Althou vgiul n\ epott t of thi/,ACOcnoses ar now asailable. most lack 
dclittitot,. In IlntSt ca.CS itlforination on the responsiblc bacteria is not 

r)Io ded h.atc'ho & lore. 1963: (iditdenS. 1977). or the isolation and 
Cit Ilttit t ,icrtaitt glotlu)s of bacteria from the rhi/osphcre is detailed 
without tccco: to spctilic plant bacteria interactitons (arber vtal.. 1976' 
Nclson t al.. 197; Watnahe ,ct al., 1979). So far. the only reasonably 
dClinCd dit.opl)ti asciatioIs sCCetto be: 

S Lg;t ilec 'et'ro]to ( I Thbercincr. 1901: I)dbereiner. I)av & Dart, 
1972; l(uschtcl. 1981): 

Il tlt maumpa l111,1h'l('r /i (I 1970);in ,ioioni ,121 ibereirincr, 1966; 
1lie association of certain wheat lines with Bacilli.sp.(Ncal & l.arson, 

t976; Retnic & I.atson. 1979); 

http:Bacilli.sp
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The association of rice with Pseudomonas-likeorganisms (Watanabe 
& Barraquio, 1979); and 

The various Azospirilhm associations (von Bfilow & D6bereiner, 
1975; D6berciner & l)ay, 1976; Vlassak & Reynders, 1978a; 
Baldani & Dbereiner, 1979; 1980). 

No new results are available on tile nature of the Paspaum/Azotobacter 
and sugarcane, 13e'ieritckiaassociations. The micro-organisms that multiply 
selectively in the rhizosphere of those root-rot resistant wheat lines that have 
limited exudation of organic matter into the rhizosphere have been identified 
as Bacillus spp. (Rennie & Larson, 1979). Inoculation of these organisms 
onto N-deficicit wheat plants in Leonard jar assemblies enhanced total plant 
N. Recently \Watanabe & Barraquio (1975) reported the 3ccurrence of 
glucose-utiliiing diazotrophic bacteria tentatively identified as Psuedomonas 
sp. within the root of' rice seedlings. These organisms comprised 81% of the 
total bacterial liora and were present in much greater numbers in stem and 
rhi/tosli)cre than in surrounding soil. 

l)ii.,otrophic, Slfirilln-like organisms isolated from roots of 
I'uI)t<g'tolt./di'(/urris(Sylvester- Brad ley, 1976) and Spartina alterniflora, a 
C.1 marsh grass, were later identified as a Campylobacter sp. (McClung & 
l'atriquin. 1980). In this plant, nitrogenase activity occurred in the 
endor-hizosphicc (Boyle & 1Patriquin, 1980), was correlated with the 
Concentrationti of sugar in roots, and was CO2 dependent (Patriquin & 
NIcCltung. 1978). Additions of sugar or malate did not substantially increase 
the nitrogcnase acti, ity, indicating a large carbon pool (Boyle, 1978; Boyle & 
Patriqtin, 1980). l)iazotrophic Enterohacteriaceae and Bacillus sp. have also 
been found in high numbers in several other plants, but plant/bacteria 
interactions have yet to be shown. 

A :()Apirillum associations 

Since 1974. when the Slfiriliwm lipoferum rhizocoenosis was first reported 
(l)6bcrcincr & l)ay. 1976), a considerable volume of information has 
accumulatcd, and much of it has been reviewed (Balandreau et al., 1977; 
Neyra & l) Licrciner, 1977; l)lbereiner, 1978; D6bereiner & De-Polli, 1980a). 

The bacteria has been reclassified on the basis of DNA homology studies 
Sith 61 strains. and a new genus with two species (Azospirillum lipoferuim and 

A. hrasih't.) has been described (Tarrand, Krieg & D6bereiner, 1978). 
Within each species two subgroups were distinguished according to their 
ability (air ) or ilability (nir-) to denitrify. These two subgroups could not be 
identified by DNA hoomology but Pave distinct immunofluorescent reactions 
(l)c-lolli, liohlool & D~ibereiner, 1980). [here are also differences among 
species in cell lorna, especially in older, alkaline cultures (Tarrand et al.,
1978). A1 !.ipu'rum is a very polymorphic organism whkie A. brasilense was 
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only found to produce giant cells under extreme stress under wash-out 

conditions in chemostat cultures (M . P. Stephan, personal communication). 

Azoslfirilhum spp. are widely distributed (DMibereiner & De-Polli, 1980a) 

can occur in high numbers in soil and grass roots (up to 10' or 10/g dry 

roots) (P'edersen ei (i., 1978; Magalhliies, Patriquin & D6bereiner, 1979; 

l:ritas, lPcreira & libcrciner, 1981). A zosfwirilha can attach to grass roots 

,Nithin 24 It tUmali-Giarcia, 1978) and growth substances emitted by the 

bacteria (IAA, giberellin, and cytokinin-like substances) (Tien, Gaskin & 

Hlubbell, 1979) caIse root hair inultilplication and the shortening and 

thickening o0the roots in 1nonoxenic cultures ( Unali-Garcia, 1978). Mucigel 

production is enhanced, and large numbers of AzosTfirillum are found 

embedded in it. 

A z(.irilhm invades root tile middle of older root 

anild 


Jl the through lanella 

tissues and transparent areas around tdc invading cells suggest active 

hydrolysis of plant cell walls by pectolytic enzymes, such as have been found 

in culture tnedia (1Umali-(;larcia, 1978). Vlassak & Reynders (1978b) 

suggested a role of growth substance, produced from tryptophan by 

Azostirilhum sp. All the studies mentioned above were performed with 

lonoxcnic test tube seedlings and with tile type strain of A. hrasilensenirt 

strain Sp 7 (AI C 29145). 

In ma ize grown ini the field, the infection of' healthy inner root tissues with 

bacteria thatt redunce tetraI.oliuin (FC) has been observed (Patriquin & 

D6bercincr, 1978; NlagalhI es (al. 1979a; 1979b) 'out only in plants during 

tile reproductive stage of' the growth cycle (see Figure I ). The increase in the 

number of ,.Izospirillnm in surface-sterilized roots (one hour in Chloramine-

T) at this tite (104 increasing to I0'), aind the increase in infection in the stele 

around flowering (I 0 of examined root pieces infected increasing to 80%) 

indicates that deep root infection is a prerequisite for nitrogenase activity in 

mai/e roots ( Nagalllies vt al., 1979a; 1979b). It is now well documented that 

tile maintinituit it rogfl'ase activity in many cereals occurs during flowering 

and grain fill (won lllow & I)Mbereiner, 1975; Nery cital.. 1977; Watanabe, 

ILCe& (itlniin, 1978). I)uring this period the spread ofA zosliriliwninto the 

stem of plants such as maizc ( Magallhiies et al., 1979a; I979b), rice (Watanabe 

& fIarrllunio, 1979), wheat (Kavimandan, Subba Rao & M ohrir, 1978) and 

Brachiaria( P. A . A. Pecreira, personal communication) has been documen

t:d, but nitrogenlase activity in stems has only been demonstrated for rice 

(\Vailabe & Ba rtaquio. 1979) and germinating sugarcane stem cuttings 

( litriquitl, ( ir",cioli & RLusChel, 1980; Ruschel, 198 1). The preference of A. 

litOI.('r1111 for glucose might be connected with the availability of sugars at the 

site where the bacteria occurs. A. lilmf''runm was shown to occur within the 

inner cortex and stele tissues of (4 plants ( Platriquin & l~ibereiner, 1978) and, 

therefore, could have de eloped itpathway for the use ofglucose. No data are 

aiilablc on the locali/ation ofAzosiirillm in C plant roots and infection of 

other root tissues inight be the principal site. 
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L. .t 

Figure I. 	 Infection of the central stele of field-grown maize roots by terazolium
reducing bacteria. Plants were harvested at grain filling stage and 2 cr0 
segments of roots were incubated overnight at 350 C in a0.15% solution 
of 2.3.5 lriphenvl tetraiolium chloride in 0.05 M phosphate buffer. The 
roots were cut on a cry'ostat and mounted in glycerol. The bar is50,,um. 
Note the consistent infection of protoxylem vessels, which extends 
longitudinally x - xylem; px - protoxylem; ph - phloem. 
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HOST PLANT SPECIFICITY IN AZOSPIRILLUM ASSOCIATIONS 

Once the infection of grass roots had been demonstrated, host-plant affinity 

or specificity groups were to be expected. Azosjpirililn isolates obtained from 

surface sterilized roots of plants grown in pots with soil containing nir-and 

nir+ forms olA. lipoferuinand A. brasilensevaried according to plant species. 

Fifty-eight percent of the maie isolates were A. lipoferun and 100% of the 

wheat isolates and 96% of the isolates from rice were A. brasilense(Baldani & 

D bereiner, 1979; 1980). Very similar results were obtained in a field 

experiment (see Table 1). Also, most strains obtained froin surface-sterilized 

roots do not denitrify (nir-) even when denitrifying strains are common in the 

soil (sct:Tables I and 2). 

The strains obtained from maize roots in Belgium (Vlassak & Reynders, 

1978a), also seem to be A. lipferun. These authors and one Indian group 

(Lakshmi e al., 1977) observed significant strain x plant interactions when 

plants grown in soil were inoculated with Azospirillum. Besides maize, 

and one Cyperaceae were infectedsorghum, several C 4 forage grasses, 

predominantly by A. lipo/,ruln and the major small grains (wheat, oat,
 

TABLE 1: 	 Distribution of Azospirilhm spp. groups among isolates from 

uninoculated maize or wheat grown in the field (Baldini & 

D6bereiner, 1979b). 

Treatment Sterilization1 No. of2 ,of isolates identified as 
isolates 

A. lipoferum A. brasilense 

nir+ nir" 

Maize 
Soil 0 32 84 12 3 

Roots 0 32 59 9 31 

Roots 0.5 30 78 19 3 
Roots 60 29 96 0 4 

Wheat 
Soil 0 32 57 0 43 

Roots 0 31 21 19 60 

Roots 0.25 32 37 6 57 
Roots 15 31 0 12 88 

t
Nurnber of minutes exposed to Chlioramine - T. 

2Approximately 32 strains, 2 each of"4 replicate plots and four harvests (45, 60, 75, 95 days 

after planting). 
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TABLE 2: 	 Selection for nix" strains of Azospirilhm lipofenm (during infec
tion of maize roots (Baldini, 1980). 

Growth stage Washed roots Surface-sterilized roots 
of maize 

30 sec 1 60 min1 

Greenhouse 
Flowering 
Grain filling 
Maturation 

33 
0 
0 

%nir strains 

3 
50 
33 

50 
50 

3 

Field 
Flowering 
Grain filling 
Maturation 

0 
10 
3 

10 
3 
3 

63 
50 
10 

llI Chloramiine-T. 

barley. rye and rice) by A. brasilense (Dbbereiner & De-Polli, 1980a; da 
Rocha, Baldani & l)iibereiner, 1981). It seems, therefore, that the infection of 
plants with the C4 photosynthetic pathway is preferentially by Azospirillum 
li)oi'rum while C plants are infected by Azospirillum brasilense.Whether 
there are further specificity groups within C4 or C3 plants is not yet known. 
The selection for nir-strains during infection, by both species in a variety of 
plants, sLgcsts evolution pressure for a characteristic that seems rather of 
advantage tu the plant than to the bacteria and indicates a certain dependence 
of the hacteri,, on actively growing plants. In contrast to attempts of other 
laboratorics (ROschIel, 1981) that were unable to isolate Azospirillum from 
sugaicane. our observations (da Rocha et al., 1981) and those of Hegazi & 
Vlassak (1977) indicate a role for this organism. The latter authors found 
A z u.ir7Ihml predominant in nitrogenase active cane root pieces. It is not 
clear, however, whether these organisms, the ones isolated by Ruschel (1979), 
or lie/rii'kiaspp. are the most important bacteria. So far the only bacteria 
for which plant, bacteria interactions in sugarcane have been shown is 
13ci/eriiickia(1)6ibereiner, 1961). The sugarcane system certainly seems to be 
quite different from other Gramineae. a not-unexpected finding in view of the 
high sucrose content of this plant. Unlike the other grass biocoenoses, N2 
fixation in sugarcane was reported tu occur mainly in the rhizosphere soil 
(l)6berincr et al., 1972; Ruschel et al., 1978). Although activities per g soil 
were only one quarter of those of roots, the contribution in soils was 
calculated to be 30 times greater (67 kg/ ha per yr). Also, in wheat and rice, 
more than one N2 -fixing bacteria seems to be of importance. 
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SrREPTOMYCIN RESISTANCE AND STRAIN ESTABLISHMENT 

When Azos.lirillwn strains isolated from surface-sterilized roots were 
selected for low-level streptomycin resistance (20,ugi ml) and then inoculted 
into field-grown maize and wheat, more than 80% of the soil and rhizosphere 
isolates were idntilfied as the inoculated strains, independently of strain or 
host (lialdani & D6bereiner, 1979; Dibereiner & Baldani, 1979b). 
Establishment of the inoculated strain within roots (I Ihsurface sterilized) was 
dependent, liokcver, oil the host plant. Only homologous strains (A. 
li/)oerum/from niaize and A. hrasilense from wheat) were recovered within 
roots, e en if the hetcrologoLs streptomycin-resistant strain had been 
established in the rhizosphere by massive inoculation. These results show 
clearly the importa it role of plant specificity in 4zospirillum rhizocoenoses. 

Despite these results, the infection of cereals by No-fixing bacteria might, in 
some Cilcumstanccs, be dependent on resistance to low levels of streptomycin. 
Iligher proporlions of low-level streptomycin- andior penicillin-resistant 
bacteria than in soil were observed in tile rhizosphere of legumes and 
vegetablcs (Blrown, 1961), wheat (Brown, 1961; D6bereiner & Raldani, 1979a; 
1979b), mai/.e and sorghum. ,.lzoqpirillun spp. are remarkably tolerant to 
sevcral other antibiotics, especially penicillin (l)6bereiner & l3aldani, 1979a, 
1979b; Reynders & Vlassak, 1978; Sampaio, Vasconcellos & D6bere:ner, 
1978). Increases in the number of actinornycetes in the rhizosphere 
(Rovira, 1965; l)bereiner & Boddev, 1980) and of the percentage of low
level, streptomycin-resistant bacteria in macerated maize roots have been 
reported. Ihizohium strains isolated fron soybeans and cowpeas in newly 
claimed "cerrado" and ,\mazon soills showed resistance to even much higher 
antibiotic concentrations (1)6bereincr et al., 1980). 

INOCULATION WITH N2 -FIXING BACTERIA 

The need, especially in developing countries, to obtain cereals and grasses 
that satisfy at least part ,f thir N requirement through biological N, fixation 
led to \,arious studies in wiich immediately available strains of Azotobacter 
(Rubcnchik, 1963) or A.Izo.V)irilulr (Smith ct al., 1977; Bouton ei al., 1979) 
wcrc used as inoculanis, irrespective of origin or adaptation to tile test host. It 
is c%ident from the advances reviewed here that matching of inicrosymbiont 
and host is as important to tile various biocoenoses as it is in the 
legume Rhizohium symbiosis. lhus, for example, the role of dissimilatory 
nitritU reductase in -lzo.vfirillun remains to be determined. 

Plant roots seemn to sole, t for nir-(not denitrifying) strains (i_)bereiner & 
Baldani, 1981; l)bereincr & l)c-Polli, 1980b) but is not yet known whether 
the nitrite reductase is of advantage to the bacteria, to the plant, or to both. 
Azoslfirilhm strains seem to interact with nitrate assimilation by the plant 
(Ficitas ei al., 1981; Villas Boas & Dibereiner, 1981). Active dentrification 
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occurIS in nir+ ,,lzo.pirla cultures, butlno information is as vet available on 
the role of such strains iln soil, or in the rhizosphere. As much as 7% of the 
applied NO ifertilizer was lost as N 0 or N, in Brachiariaswards in three 
days (lcrcira & I)ibercincr, 1981). Inoculation of maize with a nir+ 
,.zo.vpirillum strain caused plant N increases as well as decreas '.; depending 
on the .soil N statuS (I )iihCrcinCr, 1978). 

In spite of' lla negati e results ( l arher i al.. 1976; Burr's et al., 1977) 
there is incrcasing C idcince that inocuiation with ,4Izospirillwn spp. can 
proport ion signiicant increases in plant growth, plant N and even grain yields 
under field conditions ( Kaptlnik eta!., 1981; Suhha lkao, 1981; Smith etal., 
197'). Recent data from Israel, presented in this symIposiurim (p. 459), are 
pa rticul'rlv pro)mising. Progress in strain selection and in the understanding 
of host-plant specificities have also permitted encouraging responses.to 

FABLE 3: 	 flost-plant specificity in the inoculation of field-grown cereals with 
,Izospirillui spp. (Ihbereiner & De-Polli, 1980a; J.L.M. Freitas, 
R.E.M. da Rocha, P.A.A. Pereira & J. Dbereiner, unpublished 
data). 

Plant Inoculan t Dry vt Total N L Total N Grain yield
 
(g/plant) 2 (g/plant )2 dIule to (t/ha) 3
 

inoculation 
(kg N/ha) 

Wheat 	 None 2.73 0.045 0.87 
A. 	 lipoferuml 2.6 1 0.048 4.1 1.17 
,. brasilense 3.1 / 0.059 26.9 1.19 

d.mn.s. (P = 0.01) 	 0.12 0.003 n.s. 

Maize 	 None 151 2.19 2.59 
,1. lipof'rum 205 3.00 40.2 2.94 
,1. brasilense 180 2.63 21.7 2.66 

tl.n1I.S. (P = 0.0 1) 	 43 0.62 n.s. 

ie N added kith the iffiut'\lib)t \X'iuslt' than 3 in/lkmlint mid, therefore, \\as neglected in 
th' conitrok.2NenIns o1 8 plalls cich from 4 fivid plots lor whiat aid 4 plits ci.h trom 6 held phlts 

for iili/c. 
3 11;1Sd OHli2 \ 106 plants i 4\4 ical mid 1s\ 1 Iplants )1miii/e per ha.
4,I:zo ,'irillumt tr.iiii i othicd fr m U I cC- sterili n ivi and tii a rootls, re l tiv,.-I 

ISp l717 aid 242>1, )lid In\-ICVl streptnoycin resistant. Inoin lation w aso minade at 
ipltnti isilh *1.% iiil Ii 1 111] of liquid cuiltiior gr\o n with Nt14 ( ctnuining It)8 cells. 

http:responses.to
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inoculation in Brazil (see Table 3). The maize experiment included additional 

treatments that permitted comparisons of the inoculation effects with those of 

N fertilizer. Organic matter (city dust compost) and fertilizer N did not seem 

to complement each other, inoculation with the maize strain of Azospirillu' 

N by 36-44 kg N/ ha above these two treatments, close to theincreased plant 

increase obtained with 60 kg fertilizer N/ ha. (See Table 4).
 

TABLE 4: 	 Effect of organic matter, N fertilizer, and inoculation with Azo

spirillunt spp. on N incorporation of maize in the field (flowering 

stage) (J.L.M. Freitas, R.E.M. da Rocha, P.A.A. Pereira & J. 

D6berciner, unpublished data). 

Treatment Inoculant 2 Total N incorporated (kgN/ha) 

In plant Due to Due to Due to 

tops3 inoculation tertilization org. mat. 

Organic A. lipofernin 152 37 -26 -1 

matter + N A. brasilense 164 48 18 38 

fertilizer 1 None 115 -26 6 

Organic A. lipoferuin 178 36 63 

matter A. brasilense 146 5 57 
70
None 141 


N fertilization A. lipoferum 153 44 38 
A. brasilense 126 17 37
 

None 109 53
 

Control A. lipoferumu 115 44 
A. brasilense 89 17 
None 71 

14( t/ha of cty dust coinpot (N % ( .8) at planting and 60 kg N/ha applied 10 days be

fore 1o'\ ering a, N114 N0 3.
2 Inoculation and all other ex perintental conditions as in Table 3.
 
31.ffects or organic miatter and inoculation, and interaction of organic inatter x fertilizer 

N \%ere significant at I' = 0(.01. 

CO N CI US IONS 

TVechnologies emerging fro'i tii,. last decade of research on N, fixation in 

grasses and cereals indicate the following possibilities: 
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Maximization of spontaneous N2 fixation bY the proper use of 
fertilizer (eg., low N, high 1)levels, complemented with Mo.) 

Plant breeding for increased N- fixation. 
Inoculation with appropriately selected Azospirillum or other N,

fixing bacteria. For this. strains must be selected in the field and 
tested in soils where few or no ,fzosl/irillm occur. In addition, 
competition experiments are necessary in soils where such 
bacteria dto exist. 

Interactions of plant genotype, bacteria, and low-level NO 3 
applications must be better explored since they are the key to 
complementing biological N- fixation with N fertilizer use in 
cereals and grasses. 
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NITROGEN FIXATION IN PADDY SOILS IN EGYPT 

Y.Z. Ishac, S.A.Z. Mahmoud, M.N. Alaa El-Din, W.A. Mashhoor, 
and M.N.A. Omar' 

Summary 
A study lasting 14 weeks examined nitrogen (N2 ) fixation in a 

paddy soil. The maximum rate of' N2 (C 2Hi2) fixation achieved by 
intact, potted rice plants was only 140,umol C2H 4 produced/ plant 
per I. The effect of root exudates on the proliferation of 
Azotohacer, Clostridium and Az,).s/irilhol was marked, with 
rhizospherc counts exceeding those in soil by as much as 37-fold. 
Application of farinyard manure increased the overall numbers of 
N, fixers in soil )ut reduced nitrogenase activity. 

INTRODUCTION 

Under traditional agriculture, flooded rice paddies appear to maintain soil 
fertility with only limited fertilizer inputs, with the interface of the root and 
soil system considered an important site for nitrogen (N2 ) fixation by micro
organisms (Grist, 1965; Domniergues & Rinaudo, 1979). Because there have 
been few studies of tihis phenomenon in Egypt, we undertook a preliminary 
short-term study of the N, fixation associated with a paddy soil in Egypt. 

MATERIALS AND METHODS 

To investigate the population and activity of N, -fixing micro-organisms in 
paddy soilh under 'Giza 170' rice throughout its growing cycle, a greenhouse 
experiment was carried out using 30 cm earthenware pots containng 7 kg of 
clay loan soil. Three treatments were imposed: 

Unplanted soil, waterlogged;
 
Unplanted soil, irrigated to 50% water-holding capacity; and
 
Planted, waterlogged soil.
 

I)cpt. ,11MicnobioIhgl . icult. l ,.Agriculture. Ai Shams University, Cairo. Egypt. 
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Fach was then further subdivided, with half of the pots receiving, 52.5 g 
(equivalent to 25 in I/ ha) of farmyard manure (FY M). 

lTo sinu tlate natintal conditions, waterlogging treatments were imposed two 
v\ceks bciorc plantintg; then five seedlings/pot were transplanted. All pots 
rcCi, ed t\' o applications of 0.7 g pot of aminonium sulfate (52.5 kg N/ha), 
onC lour eCCksaftcr planting; the second eight weeks after planting. 

Bacteriological determinations 

(.ounts of N2 -fixing micro-organisms in rhizosphere and nonrhizosphere 
soil were made at planting and at 4. 6, 8, and 10 weeks thereafter. The method 
of1 I'ionin (1940) was used to count rhizosphere micro-organisms. Most 
probbC nunhcr (NIPlN) counts for Azotobacter were made on Ashby's 
rcdinni (Abd 1:1 Nialek & Ishac, 1968), for ClostrifliII, on Winogradsky's 
mcdium ineCubated under anaerobic conditions (Allen. 1961), and for 
2lf).pl'iri/llw, on lactate medium (1)6bereiner -'t al., 1976). Cochran's tables 
(>'ichrain. 1950) were used in calculating MPN values. 

Assay of nitrogenase activity using N2 (('2112) reduction 

N(,(C'_11)l reduction assays were carried out on the 10-2dilution of the 
N PN :Utllts lor .. :ospiri/lu using the techniqtIe of Day & D6bereiner 
(1976). I)eteltinations of N, (WI -) reduction were also carried out on 
\0hole rice pIan t., usiIg tlie tech niqe of Baland reau & Dommergues (1973);ti 
oni non flhi/ospherc soil from phnted pots; and on normally irrigated ind 
inundatcd Soils that had not been planted to rice. 

RIE"SI;IUS AND )ISCISSION 

.Izoto/)acter 

MPN coUnIts for Iztoh/cter in the different treatments are shown in 
Iigurc I. IlC i tLitler of ..lZotohacter cells in tile rhizosphere of plants 
v ithout [I"NI rose gradually during the study period and achieved levels of 
1.32 x 10" h%. cek men. Ihmc rhi/osplhere: soil ratio for .A zotohbawtr was very 
high. Altcr ten \%ccks it had rCachCd 16.7 in the unmanu red pots and 24.8 in 
pots. ith I Y M. Root cxudates are clearly important to the nmultiplication of 
this otrgauiu.,m. 

A..pplicitioti ol Ii NI cihlinccd .4zolol00accrnumbers in normally irrigated 
Soil, but decrCIscd the populationl of these organisms in unplanted 
%%atcrloggcd sil. I li negative effect Of FY M could have been due either to 
1nercatNugl iiMCl'obiC COtlditiolS as ox vgei Wls cotstiin ed by organisms 
dccomposing the I-Y NI. or to the production of a gas suh as methane, which 
can be toxic to Azot/acter (I arrison & Aiyer. 1915-1916). 
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TABLE 1: Counts of Azospirillum in soil and rhizosphere and estimates of 
their ability to fix N2 . 

Time and treatment Nos. of Azospirilhm N2(C 2 1I2) fixation 

(x 106/g dry soil) (n moles mi culture/h) 1 

-FYM + FYM -FYM + FYM 

Time, 0
 

ND 2
Rhizosphere soil 11.1 5.20 ND 
Soil from planted pots 11.1 5.20 
Inundated, not planted 11.1 5.20 
Normally irrigated 11.1 5.20 

Time, 4 weeks 

Rhizosphere soil ND ND 67.8 23.3 
Soil from planted pots 10.5 9.5 
Inundated, not planted 13.3 12.0 
Normally irrigated 52.9 9.7 

Time, 6 weeks 

Rhizosphere soil ND ND 87.9 62.6 
Soil from planted pots 22.9 20.3 
Inundated, not planted 20.5 25.9 
Normally irrigated 52.9 35.7 

Time, 10 weeks 

Rhizosphere soil 44.9 12.50 94.5 56.3 
Soil from planted pots 1.2 6.80 7.7 7.6 
Inundated, not planted 6.6 1.10 10.4 7.7 
Normally irrigated 7.3 0.97 31.2 6.4 

R:S ratio 37.4 1.80 

1Determined on 10"2dilutions inilactate medit in. 
2 Not determined. 
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Figu~rc I. 	 Counts of .l':otOhac'trin soil and rhizosphere as affected by waterlogging 
and application of IY M. 

ClovtiOh1/1 

Counts of CiusiridiunI front the different treatments are shown in Figure 2. 

C/OstrihiluM couMts in the planted, inundated soil were generally higher than 

for .l.ohactr; t nlot unexpected finding as waterlogging would produce 

anacrobic conditions fa\orable to the growth of Closiridiwn. 

irilhimz o.N) 


,A.oq firilhom ituinchrs were greater in rhizosphere than in nonrhizosphere 

soils, and ,,crc reduced by FY M (see l'able I). These changes are reflected in 

the I',Cs of N2 (C,11-2) fixation achieved by 10-2 serial dilutions from the 

dilfcictclsoil treatments, growll in lactate medium, and are in agreement with 

thc icsults of I)hibcrcincr (1974), Okon ei al. (1976) and Burris et al. (1978). 

N2 (('1,2) fixation in whole plant and soil systems 

t:igurc 3 shows the ,easonal variation in N2 (C2 112) fixation of intact rice 

plants. in the presecetor absence of added FYM. Addition of FYM had a 

deprcs.,ing effect on the N, (C2112)fixation of potted rice plants. In the pots 

without FYM, fixation declined from four to ten weeks after planting, but 

reached almost 140 nmol CH 4 produced/plant per hour at week 12. 
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Figure 2. 	 Counts of Clostridia in soil and rhizosphcre as affected by waterlogging 
and application of FYM. 
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Figure 3. 	 Nitrogenase activity of complete planted system (rice, water, and soil) as 
influenced by organic manuring. 
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NITROGEN FIXATION IN ARTIFICIAL ASSOCIATIONS OF 
NONLEGUMES AND RHIZOBIUM 

D. Hess' 

Summarr 
This paper reviews recent work on the induction of nitrogenase 

acti iL\ inlli:obiumn by agar grown plants of Petunia. Trifdcunm, 
and Sorghum. On sterile vermiculite and soil, plants of T. aestivium 
sho%%cd both nitrogclase activity and enhanced plant dry weight. 
'fie possibility of practical wheat Rhizohiuw associations is 
discussed. 

INTRODUCTION 

These proceedings have emphasized the importance of natural symbioses 
and associations between higher plants and nitrogen (N2 ) fixing bacteria to 
improving world food production and nutrition. Recently there has also been 
much speculation as to whether the nif operon could be transferred from 
bacteria into higher plants. With the finding of a symbiotic N,-fixing 
association between the nonlegume Parasponiaand Rhizobiun, a third 
possibility emerges: that of developing artificial associations of nonlegumes 
and bacteria, especially Rhizohiun. 

INDUCTION OF NITROGENASE ACTIVITY IN RHIZOBIUM BY 
NONIEGUMES 

It has bcen demonstrated repeatedly in recent years that nonleguminous 
tissue cultures can induce nitrogcnase activity in Rhizobium (Gibson et al.,
1976; Ranga Rao. 1976; Schetter & [less, 1977). More recently it has been 
demonstrated that Portulacacells can induce nitrogenase in Rhizohium sp. 
strain 32Il I through a membrane that is impermeable to bacteria, and that 

Ilotmio ickluigsphysiohogie,I Cho tullu ,clw t Uni'. oI 1lohenheim. P.O. [lox 704)5-62. 
I) 701)0. Stuttga-70. I 1W . 
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fixed N- could be incorporated into the normal pathway of ammonia 

utiliiati n by the tissue culture (lustig, Plischke & Hess, 1980a; 1980b; Hess 

& listig, 1981). 

Using plants of' petuuiiia (N',unia hvbrila) grown with Rhizobiuln in agar, 

iless & (i6t/ (1977) and (i.tz (1980) demonstrated the ability of Petunia to 

ind uce N'-ase actl'yit in RIhizo iun. The inducing capability increased with 

age and was nchanIccd More than 10-fold by the inclusion of plant growth 

as 6 beiyl-ader ine in the medium (lie.s & Feucreiszen,regulators such 
198o). 

Commercially important species such as tomato (Lycopersicum esculen
(Triticum aestivum) also induced N-,-ase activity inturn) and wheat 

Rhizohium. In tomatoes the inducing capability increased with plant age, as 

wel, N , fixation being six-fold greater in plants inoculated. "12days than in 

tomatoes inoculated nine days after germination (Hess, Sch'itzle & Dressier, 

1981). 

With %hcat, nitrogenase activity could be induced in both Rhizotium sp. 

strain 3211 1and in R.jalonium (I less & Scholl, 1981 ), but when plants were 

rcno cd the activity declined ((i6tz & I less, 1980). N2-ase activity could be 

en hanced by modification of the agar medium - especially the inclusion of 

mannitol (I less & Kiefer, 198 1)and of plant growth substances (Mertens & 

less, 1981). 

When Triticuin aesiivum and Sorghum nigricans were inoculated under 

our artificial system with ,,t:ospirillumlipoferum s!rain 108 or Rhizobiun sp. 

strain 321-11, both plant species induced nitrogenase activity in each bacteria. 

Ethylene accumulation was usually higher in Sorghum than in Triticun, but 

the maximum rates of N, (C -I2) fixation in sorghum were usually reached 

later, with no statistically significant difference between plant species and 

bacterial isolates (see Figure 1;I-less & Kiefer, 1981). 

TO PLANT ROOT SURFACES ANDATTACHMENT OF RIIIZOBL.l 
UPTAKE INTO ROOT CEILLS 

With all tile species used, rhizobia concentrated glove-like around the 

roots. Under the light microscope, a polar attachment of the bacteria to plant 

root surfaces; especially to root hairs, was shown (Gotz, 1980), and electron 

microscope studies showed that rhizobia had been taken into the roots of 

petunia and wheat. Rhizobia were detected in the intercellular spaces and, 
more interestingly, within parenchyma cells of wheat. Most of the rhizobia in 

wheat root cells showed a bacteroid-like structure. Furthermore, just as 

bacteroids they contained large granules of polyhydroxy-butyric acid. The 

question will be, whether bacteroids in wheat roots cells are able to fix 

nitrogen. 
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Figure I. 	 Nitrogenase activity in associations of Triticum aesMiunz and
 
Azospillum and Rhizol'-ium strain 32111 (FR),Sorghum nigricansand A.
 
lipoi,rum (SA), S. nigricans, and Rhizohiwn strain 32111 (SR), per plant
 
dry weight and tnine (h =days from inoculation to evaluation). Evaluation 
was performed just before or after the final level of ethylene accumulation 
was reached. Bacteria alone showed no or a very low nitrogenase activity 
(from Hess & Kiefer, 1981). 

REPLACEMENT OF AGAR 

We are trying to replace the agar media by more natural media, and finally 
by soil under nonsterile conditions. The first steps are done: in associations of 
wheat and Rhizobium we replaced agar, under sterile conditions, with 
xcrmiculite and soil, and added liquid culture medium. On both substrates 
rhizobia concentrated around the roots as in agar media, and nitrogenase
acti, ity developed. Growth of the wheat plants on sterile vermiculite and soil 
was much better than on agar, and wheat plants associated with rhizobia 
showed enhanced dry weight on both substrates (Hess, 1981; see Figure 2). 
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Figure 2. 	 Increase of plant dry weight in associations of*wheat and Rhizohium strain 

32111. Wheat was grown aseptically on vermiculite and soil, with the 

addition, of liquid culture medium, and with or without the addition of 

niannitol (Ma). Ihc wheat plants were inoculated with rhizobia at an age 

of 18 days: 16 days later the plant dry weight was determined. W: wheat, 
W11: association wheat rhi/obia. (From Hess, 1981I). 

('ONCIUDIN(; REMARKS 

What we lano dcvclopcd in the laboratory could have practical 
have already reportedimplications in the ield. In fact I.arson & Neal (1978) 

unknown N2-fixing bacteria.oil natural 1sOCIatiOnS bCtwcen wheat and 

oilthe 7)'iian, Ihizohium system in the field are justified.Expciim'cu., 
nt 	 a wheatW\il ilt transfer all the gene material needed by 

plnt fo- .N,flixation, anl association of Rhizohium and wheat would require 

Much less Manipulation. 
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PERSPECTIVES ON BIOLOGICAL NITROGEN FIXATION IN 
SUGARCANE 

A.P. Ruschell 

Summlnari, 
Micro-organisns capable of nitrogen (N-) fixation were isolated 

from rhi/osphere soil and from sugarcane roots, germinated stalks, 
and dry and green leaves. Enrohacter cloac'ae, Klcbsiella 
/)/I ot'llia ". Erninia hcrhi hoa, and Bacillus pou/ni'.va were 
isolated fro ni germoinataed stalks ol sugarcane. M ethods of 
C,.alnatio l ol N, li.xatioln in sugarcane are discnssed. Future use for 
N- lfixatioll in .,ugarcane will lie probably in the propagation of 
kll\,ll fif tiS vitlh high lptcntial fOr N, fixaticn; however, 
studies mu.st he done on ilic effect of climate. fertilizer and other 
agl'oiloillic p attices. us %kellas the ph) siology and biochemnistry of 
the N--fixing S.stenl. 

INTRODUCTiON 

At one time there was a clear distinction between Leguminosae that fixed 
atmospheric nitrorecn (N,) and did not necessarily require N fertilizer, and 
Gramnieac, which were not believed to support any N, fixation. The 
discox cry of' associative N2-fixing systems in wheat, sorghum, tropical 
grasses, sugatrcane. etc., has changed this simple picture. In Brazil, sugarcane 
does not respond in terms of yield to applications of N fertilizer in the first 
cropping year, but appears to require addition of N fertilizer to ratoon crops 
(Aliarcs, Segalla & Catani, 1958). This is probably because planting sets 
(Sugarcanc is propagated vegetatively) provide extra energy for N2 -fixing 
micr)o-organisms in the rhizosphere (Ruschel, 1lenis & Salati, 1975; Ruschel 
vi al., 1978). which, in turn, provide added N for sugarcane development. 

In the last decade it has been possible to picture more clearly the micro
organisms and the nature of their association with sugarcane, as well as some 

('cnto de I ncigi,, Nucle a na Agricultura ((CENA). 13400 liacicaba., S5o Paulo. 1a,,il. 

http:pou/ni'.va
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quantitative aspects of tile biological N, fixation system involved. A complete 
review of associative N, fixation in sugarcane has been presented recently 
(Ruschel, 1981); thus, this paper looks at a few major features of the 
association, examines some problem areas, and provides new information on 
the bacterial system. 

THE NATURE OF THE ASSOCIATION 

The finding that N2-fixing micro-organisms were more abundant in the 
sugarcane rhizosphere than in surrounding soil (1)Dbereiner & Alvahydo, 
1959; Anderson, 1962) suggested that this plant could be obtaining N via N-, 
fixation. NitrOgenase activity was observed in roots (D6bereiner, Day & 
Dart, 1972; Ruschel & Ruschel, 1978; Purchase. 1980) and in the inner and 
outer parts of germinated cuttings (Ruschel & Ruschel, 1978), while N'-fixing 
micro-organisms were obtained from enrichment cultures of roots (Ruschel et 
al., 1978), germinated cuttings (Patriquin. Graciolli & Ruschel, 1980), node 
and internodc ((;raciolli & Ruschel. 1981; Costa & Ruschel. 1981) and 
phyllosphere ((racioli & R uschel, 198 1). 

lPatriq uin ti al.(1980) observed that when surface-sterilized cuttings were 
germinated in sterile vermiculite, the vermiculite subsequently showed 
nitrogelasc activity. Anatomical examination of the cuttings showed 
elongated ruptuores Or "holCs" at the base of the roots around which the 
bacteria \ere clustered. Such holes could provide a means by which bacteria, 
carried initially in the stalks (planting sets), obtain ready access to the 
rhizosp he rc. 

EFFECT OF PILANT CuuIIVAR 

RusChel & Ruschel (1978) observed varietal differences in nitrogenase 
actik itv under both lo.w and normal pO2 conditions. Later they demonstrated 
that progeny resulting fron crosses between cultivars differing in nitrogenase 
activ ity were intemLediate between the parents (Ruschel & Ruschel, 1981) (see 
Table I). When tRusChcl ( l .79) exposed different varieties to 15N,, not only 
xcre different rates of fixation observed but evidence was obtained that 
fixation occurred illroots iswell as in the seed piece (see Table 2). N in the 
shoots %%asduc to translocation from roots, isdemonstrated by Ruschel et al. 
(1979), ,ho incubated shoots without roots under 15N, and observed no 
enrichmnt. 

N2 -FIXING BACTERIA IN SUGARCANE 

In some of the first work on N2 fixation in sugarcane D6bereiner (1959) 
idutntified Bicjeriwikiaas the principal N,-fixing bacteria in this association. 
Ruschel et a/. (1979) incubated segments of roots in different N-free glucose 
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TABLE 1: 	 Nitrogenase activity (n mol C2 H4 produced/plant per h) of parents 
and progenies from two different sugarcane crosses. 1' 2 

Identification 	 Relation Level of N2 fixation 

CP 36-105 P1 108.2 
Cr 38-34 p2 875.7 
CP 48-124 F1-A 260.9 
CP52-48 F1-B 189.3 
CO 301 P1 	 166.1 
CO 290 P2 188.1 
CB 45-3 F 1 335.6 

1l)ata froin ten vegetatively propagated plants per material, two months after plantig.2 Froin Ruschel & Ruschel (1979). 

TABLE 2: 	 N enrichment (ug 15N fixed,' 11)in roots, aerial parts, and "seed 
pieces" of three sugarcane varieties. Mean of three replications. 

Varieties Root Aerial Seed Total1 

parts piece 

CB 46-47 0.161 0.085 5.142 5.388 a 
CB 41-76 0.126 0.358 4.788 5.272 b 
CB 47-355 0.208 0.488 4.367 5.063 b 

Mean 0.165 b 0.310 b 4.765 a 

trukey test. 

and malate semisolid media, isolating in this way a range of organisms 
including Azotobacter, Beijerinckia, Derxia, Caulobacter, Clostridium, 
S'ibrio, and lacillus polyIntxa. Following the demostration of N2-fixing 

bacteria insidc sugarcane stalks (Ruschel & Ruschel, 1978; Patriquin, et al., 
1980), Lnterubacter cloacae, Klebsiella pneumoniae, Erwvinia herbicola and 
BacilhisP)o0woVXa were isolated and identified by the API I method (Rennie, 
1980). Entcrobacteriaceae that could not be classified into species by the API 
method were recovered from surface-sterilized cuttings of the variety CB41-76 
(R.I. Rennie & A.P. Ruschel, unpublished data )(see Table 3). 

JA bad IProdtucts I livision of Ayerst labs. 'lainview, NY I1803, USA. 
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TABLE 3: Percent of bacteria isolatcd from plants obtained from unsterilized 
and surface-sterilized cuttings planted in sterilized vermiculite (R.J. 
Rennie and A.P. Ruschel, unpublished data). 

Bacteria Non sterilized Sterilized 

Root Cutting Root Cutting 

Klebsiella pneumoniae 
Erwiniaherbicola 
Bacillus polynmyxa 
Unknown1 

17 
67 
17 
0 

17 
50 
13 
0 

0 
0 
0 

100 

0 
0 
0 
70 

iEnterobactcriaccae 

EVALUATION OF BIOLOGICAL N 2 FIXATION IN SUGARCANE 

The use of 15N2 is the most effective method of proving N2 fixation in 

sugarcane (Ruschel et al., 1975). However, due to the size of fully developed 

plants (2.0-2.5 m high) aiw, the distribution of roots in the soil, it is difficult to 

find a good chamnber in which to enclose a mature plant system for 

quantitative studie,. In a previous attempt, when only the roots of the plant 

were enclosed (Matui ei al., 1981), it was possible to demonstrate enrichment 

of 15N, in the soil around the roots, but the plant showed no enrichment. This 

was probably due not only to the high dilution of 15N by N already present in 

the plant, but also to dilution of the '5 N-enriched gas by atmospheric N. E. 

Ralund (unpublished data), using a mixturc of acetylene and propane, has 

demonstrated that atmospheric gas passes from leaves to the roots in only 30 

minutes. 
The isotope dilution method of estimating N2 fixation requires the 

comparisont of a N2 -fixing plant against one that doesn't fix N2 . It is difficult 

to find a proper control for sugarcane since it is a plant with a long growth 

cycle (14 months for plant cane under Brazilian conditions), and so far we 

have not tried this approach. The identification of a sugarcane variety which 

appears to support ,cry little N , (C2 H2 ) fixation may, however, now make it 

possible. 

OTHER AREAS REQUIRING INVESTIGATION 

There are sufficient differences between genotypes in nitrogenase activity to 

indicate that breeding for enhanced N2 -fixing capability is possible. At the 

same time loss in potential ability to fix N2, brought about by varietal 

selection under conditions of high N fertilization, needs to be evaluated. 
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Preliminary results with Hawaiian varieties (sugarcane receives very high 
levels of applied N in Ilawaii) suggested that selection under high N does not 
necessarily affect capacity to support an N2 -fixing system. Moreover, as the 
Ni-fixing micro-organisms are dependent on an energy supply for N-, 
fixation, and since this encrgy must be consumed at the expense of sugar in the 
harxestable stalks, further Studies on the physiological factors affecting 
fixation are needed. 

The response of sugarcanle to inoculation is not known, since most of the 
results obtained thus far have been obtained under nutrient solution 
conditions, or in soil and field using modified cultures. However, as we now 
ha c better knioledge of the micro-organisms isolated from stalks, we should 
be able to inmestigate the question of inoculation more scientifically. At the 
Salc time eC also need better information on the effect of agronomic 
practices such as cultiation, irrigation, and supply of potassium and minor 
elements ol N, fixation in sugarcane. Information on the pathway of newly 
fixcd N in the plant is a priority as well. 
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ASSOCIATIVE DINITROGEN FIXATION IN DIPLACHNE 
FUSCA (KALLAR GRASS) 

K.A. Malik, Y. Zafar and A. Hussain' 

Sununar v 
Presence of nitrogen-fixing ability in the rhizosphere of kallar 

grass (l)iplIahnefi..a).a salt-tolerant species, was demonstrated 
by the acetylene reduction method. High nitrogenase activity was 
obsered in both washed and unwashed roots, indicating an active 
rhizocoeno0sis. Enrichment cultures from the roots were also able to 
reducc acetylene. N2-fixing bactcri:t from the root samples were 
isolated on N-..e mcdiun, and characterized. 

INTRODUCTION 

Many tropical grasses establish diazotrophic rhizocoenoses with bacteria 
(D6bereincr & Day, 1975; D6bereiner, Marriel & Nery, 1976; Knowles, 1977; 
Neyra & Dbereiner, 1977; Nuretal., 1980; Weier, 1980). During recent years 
such nitrogen (N2 ) fixing associations have been recognized as important 
components of a range of ecosystems, including several extreme en
vironments (Capone & Taylor, 1980; McClung & Patriquin, 1980). 

D)iplache./iisca(Linn.) Beauv. (locally known as kallar grass) is a highly 
salt-tolcrant grass used as the primary colonizer of salt-affected soils in 
Pakistan (Sandhu & Malik, 1975). This grass, which grows luxuriantly in salt
affected and low-fertility soils, is a good animal fodder, providing three to 
four cuttings during the monsoon months even without N fertilization. 
Because of this we initiated studies to establish if biological N2 fixation 
occurred in the rhiizosphere of this species (Malik et al., 1980). In this paper we 
report N2 (C-i2) fixation by D. fisca from various salt-affected soils. 

MATERIALS AND METHODS 

Whole-plant samples, including roots to a depth of 20 cm, were collected 

Soi IBioh.ig I)ilp ion. Nuclear Institute for Agriculture and Biology. Faisalabad, Pakistan. 

http:IBioh.ig
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from five salt-affected areas at different times during the year and transported 

to the laboratory. 
Three root 	sample preparations were prepared from the plants taken at 

each site: 
Unwashed sample;
 
Sample with the soil gently removed after which the roots were
 

washed with tap water and distilled water; and 

Clean samples as above but with the roots washed with 0.1% HgCI2 for 

30 sec and 	 then rewashed several times with sterile distilled 

water. 
Root samples were placed in McCartney vials, incubated overnight in 90% 

N2 :10% air; then N2 (C2 H2 ) fixation was measured using the technique of 

Hardy et al. (1968) and an incubation period of 3 h at 320C. 

Enrichment culture assays and isolation of the presumptive N2 -fixing 

bacteria were then carried out as described by von Bilow & D6bereiner 

(1975). 

RESULTS AND DISCUSSION 

Characteristics of the soils from which D. fusca plants were taken are 

summarized in Fable 1. Four of the five soils were of high pH, electrical 

conductivity, and sodium adsorption ratio. 

TAI7 T, 1: 	 Physico-chemical characteristics of the soils from which samples of 
Diplachne fusca were obtained. 

Characteristic Jhang NIAB Shahkot Shahkot Lahore 
area field area area (RDC) 

pH (saturation paste) 8.7 7.75 9.8 9.6 8.8 

Electrical conducti- 43 1.60 11.5 11.5 11.2 
vity (mmhos/cm) 

Sodium adsorption 28 11 342 340 50 
ratio, (SAR) 

Fable 2 shows N2 (C 21-12) fixation for the variously treated roots of D. 

fusca. Fairly high N2 (C 2H 2) fixation is evident in roots from four of the five 

sites. Samples obtained from fields at the Institute did not fix N2 (C2 H2 ). 

For the locations where N 2 (C 2 H 2 ) fixation was observed, greatest activity 

was found during the summer monsoon months. Nitrogenase activity 
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declined toward tile end of the growing season. N , (CH,) fixation was also 
detected in IlgCl , -treated, and presumably surface-sterile root systems, 
suggesting the possibility of rhiizoplane activity. Such associations have been 
reviewed recently by van Berkum & Bohlool (1980). 

TABLE 2: 	 Rates of C2 1l2 -reduction (n moles C21I4 produced/g fresh 
weight/3 hours) of roots of kallar grass (Diplachne fusca) from 
different areas. 

Areas No of Unwashld Washed (1120) Washed (0.1 %'o 11gC1 2 ) 
samples roots roots roots 

Jhang area 10 210-420 30-1120 ND' 

11.11.1979 

NIAB field 35 0 	 0 0 
10-5-1980 

Shahkot area 15 30-1140 	 180-3000 30-390 
(8670) 2 

15.7.1980 

Shahkot area 28 15-450 	 60-330 30-300 
7.9.1980 

Lahore (RDC) 10 	 30-270 90-240 15-30 
(1120)26-12-1980 

1NI) = Not determined. 

2Number i1 brhackets correspoids to exceptional activity in only onle ,amliple. 

I:o1 carichnmcnt culture studies, selected pieces of surface-sterilized roots 
that showed N2 (C2H) fixation were transferred to N-free, semi-solid, 
sodium nialate medium (von Biilow & l)6bereiner, 1975). Acetylene 
reduction assays performed on the enrichment cultures revealed relatively 
high nitrogenase activity (see [able 3), with different areas sampled similar in 
activitv. 

The lmicro-organisms responsible for the N2 (C- H2) fixation of root 
samples %,erc isolatcd from enrichment culture and again checked for 
n1itrogenase activity. lley were grain negative, VP, MR and indole negative, 
highly niotilt', curved rods. They showed maximum activity with sodium 
malatc and sodium succinate. 
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TABLE 3: 	 Nitrogenase activity of enrichment culture after two 
(lays incubation on semisolid N-free mineral medium 
at 30°C. 

No. Samples n moles C2 114 mInlmedium.h 
(inoculum) (ranges) 

I. 	 Jhang area 30-1020 
2. NIAB field 	 Nil 
3. Shahkot area 	 210-630 
4. Shahkot area 	 150-600 
5. Lahore (RDC) 	 390-1500 
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NONSYMBIOTIC NITROGEN-FIXING BACTERIA IN SOILS 
FROM PATAGONIA 

M.G. Pozzo Ardizzi de Fidel' 

Sttintart'v
 

.. :o.wirill/tt was found in 67 of"86 soils examined in the Rio 
Negro. NCuquL1i and Chubut provinces of Argentina. Among 
SpOiltinetOUs grasses fotnd to associate with Azosifirilhin were 
I'ipiuhat'titiul. Sti/. Poc I'tlfa. TBronus, Fes'ttca. Ilordeum 
and I)i.,tithh. species. Rates of N-, (Cli,) fixation varied from 
00.53-70.58 unmol g roots per h. 

INTRODUCrION 

The Rio Negro, Neuqu~n and Chubut provinces in the Patagonia region of 
Argentina, at 40' to 42' south latitude, are characterized by a cool (average 
temperature 120 C),dry (annual rainfall less than 200 am) climate. The area is 
dekoted mainly to sheep raising, and spontaneous grass pastures provide the 
only animal feed. As nitrogen (N) in these soils is low, we have carried out 
examinations on various of the grass species present in the region to determine 
whether they associate with N,-fixing bacteria. 

MATERIALS AND ME'HODS 

Soil and root samples 

Samples were collected during August to November in the gramineous 
steppe and during April in the shrub steppe (see Figure 1). All samples were 
takcn with care to avoid contamination. Soil and root samples were collected 
at each site, but soil samples were taken from areas without roots. 

(Czli , 11ji\. \ I(In. dcl (ozoahuea. 149-8500. Viedi a. Rio Negro. 
\ !;C 11n..'ltIl 

11 i,I'ii',.icionii 

http:00.53-70.58
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Iigurc I. \ppi lrcflce oi natural astures in (a) the grass steppe and (h) the shrub 

steppe of lPatagonia. 
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Culture methods 

N-free semisolid malate medium was used to investigate the presence of N,
fixing bacteria in soil and root samples, following the teclniques described by 
lbcbercincr. Marriel & Nerv (1976). Peptone broth was also used to culture 
I acteria and observe their mo rphology. For the isolation and identification of 
an A zos/firillum-1like organism, N-free solid medium vith 50 mgI yeast 
extract waits used. 

Agar tetrazolium preparations were made with root pieces for the 
identification of N,-fixing sites (l)6bereiner & Day, 1976). 

Acetylene red uction assays with washed roots, pre-incubatcd for 18 l, were 
carried out at 3011 using 10%, C II, and a 3 i incubation period. 

RESULTS AND DISCUSSION 

Of the 86 soil samples examined, 67 produced cul'ures with the typical 
.'Az)./iri//rItt pellicle in semisolid malate medium, and contained spiral cells 
%ith cetensive lipid bodies. ,lZotobacter was identified in 51 soils and 
Beij'rcAta in 17 (see [able I). 

TABL F I: 	 Occurrence of nonsymubiotic N2 -fixing bacteria in soils collected in
 
Patagonia, Argentina.
 

Origin of samples pll No. of No. of positive samples 
samples 

..lzosl."ialln ..lzotohacter Btijerinckia 

Rio Negro 6.5 - 7.8 50 40 29 10 
Chubut 6.8 - 7.2 15 15 7 3 
Neurquin 7.2 - 7.5 21 12 15 4 

N, -f x in g nicro-organisms were found associated with iany of the grasses
that are imrlportan t in this region (see Table 2). Only one plant species, Stipa 
.W/)'('t(L\uI, did nor0 a.i[pCair t associate with ,zoslpirilum organisrms. 
hi'tlrm ta. (ka,.oridium,aind other. filanertous bacteria were also forrnd 

as(o'iatcd , ith rots. 
Acetvlcri reduction assays carried out with roots of Stipa nea/i, Di.ichlis 

A o/)ria. and Iiordteunijubatumgave rates of N, (C.I-I :) fixation of 76.58, 
60.53 a.id] 65.58 ninoles, g fresh wt of roots per I. 

It is o1, Oits from1 these results that rionsymnbiotic. N2 -fixing bacteria occur 
, idclh in the soils, and are associated with the roots of grasses in this region. 



x 

512 

TABLE 2: Occurrence of plant/root association in Fpoi:taneous grasses col

lected in soils from Patagonia, Argentina. 

Subfamily Tribe Genus 	 Occurrence of 

Azospirillunt Azotobacter 

Festucoideas Estipea iptochaetittin + + 

Stipa huinlis x + 

S. tenuis 	 + + 

S. amnbigua 	 x + 
S. dusenii 	 + + 
S. paposa 	 + + 
S. speciosa 	 - + 
S. neali 	 x -

S.filiculins + + 
Stipa sp. + + 

Festuceas Iloa + + 
-Vulpia x 

Broinus + -

Festucapurlurascens + 
-Ilordeas Ilordeun jubatuln x 

Hordeun ,nurinunz x + 

Eragrostoideas Eragrosteas Disichlis scoparia o + 
1). spicata 	 x + 

+: 	 S-shaped, short, arid very motile. 
S-shaped and helical long, aid very motile. 

o 	 Helical arid comma-shaped, irot very motile. 

Further studies are needed to quantify their contribution to the N economy of 

the pastures. 
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SOME PERTINENT REMARKS ON N2 FIXATION 
ASSOCIATED WITH THE ROOTS OF GRASSES 

P. van Berkum, C.R. McClung and C. Slogerl 

SummarY 

"1he indirect measurement of nitrogenase (N2-ase) activity using
C2112 is popular, but evidence that N2 fixation is associated with 
grasses should be based on short-tern assays immediately after 
sampling. Delaying the measurement of C2-A-f 2 reductionoverestimates rates of N2-ase activity and may erroneously identify 

N, fixation iii situ. If N2 fixation is occurring in grasses in situ, 
C;i 2* reduction with excised roots should he detectable without 
dclay and with immediately linear rates of C'21'4 accumulation 
under the appropriate assay conditions. Root-associated N2-asc 
actikity in aquatic grasses is sensitive to O,. but inactivation is 
tenporay., causing n1on1linCar rates of immediate C-lH 2 reduction. 
N-2-ase acti,,itv associated with roots of Orzasmaiva appears to oe 
dependent upon a supply of O-2 fron the leaves of the plants to the 
roots. Applications of KNO 3 to 0. sativa and field plots of 
I'u.paulhm noiuttm reduced the rate of N2-ase activity, increased 
leaf NRA, and impro vd plant growth. At the present time 
associati',e N2 fixation does not seen to be applicable to 
agriculture butmvay he of significance in maintaining soil fertility. 
It wovuld seem desirable to re-examine the evidence that 
,lzO.pirilhm spp. are located inside grass roots and that 
rudimeintary host plant, .. zoslirilhnsymbioses exist. 

INTRODUCTION 

Biological nitrogen (N,) fixation is generally regarded as a mechanism by
which applications of fertilizer N to crops could be supplemented or reduced 
and economic returns enhanced. The hypothesis that non-nodulated plants 
could derive significant benefit from nonsymbiotic N2 fixation originates 

USDA.SIA, AR. BARC-West. Belts'ille, MD 20705, USA. I 
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fron reports of N accumulation in N balance studies (Dart & Day, 1975; 

ireenland, 1977). L.ater it was suggested that /tzoslfirilln and other 

bacteria could form N -fixing atssocittions with the roots of grasses. The 

prospect that lich associations ofler t mcans of inplemcnting biological N2 

for tie iproLCtio1 Of forage and cereal crops (Neyra & lDhbereioer,flixatioln 
iid IaS produccd soMrte a notnalous1977) stiimlaitcd intense research activity an 

Ceaiines three research areas in which this hasrCsult.,,. lhis bril ICv iCw 


occurrCd ard attemips roviLC needed perspective.
M Io 

METHIODS FOR TIiE MEASUREMENT OF N, FIXATION IN 

GRASSES 

Nonsyibiolic anrd assolciative N 2 fixation are prefcrably m11eIsured using 

[he advantages and disadvantages ofundisturbcd, inItact orI i'if vsittl methods. 

Kjeldall aialvs is anmd measuremteits with isotopic 5N-, are discussed 

elsewhere in these proceedings. IHowever, the usefulness of these conventional 

methods to determine N, fixation in grasses may he limited because of 

delayed or slow transfer of fixed N from the bacteria to grasses (van Berkum, 

in press). -urt hermore. we suggest that only unequivocal demonstration of 

N,-ase activity it sitl with C, 1I, reduction justifies the subsequent use of 
ISN, to mcasure N, fixation in grass/soil systems. 

IMEASI;REINIENT OF C,Ii REDUCTION WITH SOIL CORES OF 

GRASSES 

I)Day (I al. (1975) developed it simall soil core device with which to measure 

CII e lCtiorict aid so determinc whether rionsyinbiotic N, fixation was 

IC.Spo 1si bl Ior otbsCvCd accuin tiIat ions of N oi tile Broadbalk site, 

Rotimalistcd. lirgland. Measurement of C ,11, reduction with soil cores of 

plaitts 1rol the stubbcd w ilder css coicided with the N accumulation data, 

but saniC., lu mu the wooded wilderness and the arabic plots did not. The 

lates o1 N, fixation ri'portcd by I)ay 't al. (1975) may be criticized because 

their estiniales arc based onl arbitrairy inctubittion times coupled with 

r1on11itcr ratCs ofC,11, t'CIrduction. Nonlinear rates ofC 11-, reduction may 
ha\ c been causedused by r ieictt1iti(i of (1 I into the soil (I)ay et 1., 1975) 

or the sIM% diffusionl of C,1I fromimicrositcs of N, fixation to the sampling 

p)orts ( i Belr i,1m1& I Xiv. 1980; van elerkirmn & Sloger. 1981 a). Measurement 

of the diffIlsioii Iates of (' 1, arid( '11. I th rough mietal cylinders containing 

,arilots soil t. ps has indicatcd that long incubation times were required to 
On the othersaturlatc the samples witl C.I , (vni Berkurn & Day, 1980). 


hand. C ,I1, in hibits syvnthesis of Nil.,' fron N, and may induce N--ase
 

aetiiit. ca using rates of N-, fixation to be overestimated (van Ilerkum &
 

BIohlooIl. 1980). 
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The soil core method developed by Day et al. (1975) has also been used to 
measure CAI1 , redct ion With tropical grasses in Brazil (Abrantes et al., 1975; 
van 1ierkumn & IDav, 1980). ,.\biantes eta/. (1975) were not able to detect C -1-12 
reduction in soil cores of grasses removed from the field and immediately
assaycd. Ilhc suggested that samples should be watered and incubated in the 
greenhouse for one toi three days before measuring N, -ase activity. Recently, 
-van Berkunl & l)ay (1980) reported that measurement of C ,H ,reduction on 
soil cores of grasses kept and watered for several days before assay may
seriously overestimate in site N, fixation. 
The ImiiSiL'Cnlelut of C ,II rcd uction in soil cores of grasses using short

term incubationi times (up 6 I) is possible when diffusesto C,11, rapidly
tIroughout rhc saipIcs (IIjcpkela & van Blerkutim, 1977: van Berkuni & Day,
1980). immediately linear ia tes of C I1,reduction have been reported with 
soil cores of" I'wPulmlum /toutum and Brachiariamutica (van Berkum, 1978; 
van Cllcrkun. & l)ay. 1980). Ilowevcr, C 11,inhibits C JI1 oxidation by soil 
nlicrolora and endogenously produced CA2-,. May accumuIIlate and
contribute to the obscrved rate of C'Cl1, reduction (Witty. 1979). Another 
problem with soil cores is that it is not possible to distinguish microsites of'N,
fixation that may be associated with decaying organic matter as well as with 
the lixing roots o1 grasses. Ihe cx idcnce that N2-ase activity is associated with 
lix iig plant tissue has beeni based on neasurements of C -I-,reduction with 
excised roots x.'hLId With distil led water. 

MEASI;REMEIENT OF C,11, RIFII;C'rION BY EXCISED ROOTS Of" 
(RASSES
 

Ihe foreimost enigna of the excised root assay has been the initial 8 to 18
hour dch,, reported before _' reduction begin. Fhe delay before N-aseC11 , 
actixitx \ih cciscd roots is detectable is inconsistent with the kinetics of 
CIl reductioi by all other N.2-fixing systems (van 1ierkuin| & Bohlool,
1980). leCatuSC it is difficult to iiterpret measurements of C, I, reduction 
after this long delay,. tile excised root assay was modified to include an 
oxerniglit pie-incubation period at reduced p( 2O(l)i~bereiner et al., 1972a).
[lie l)Ie-inuCLbatio period wxs subhsCquently adopted as itroutine method to 
preprc Cxcicd 0oot0sfor the tneaSLrelnent of N ,fixation ilngrasses (Abrantes 
et al.. 1975). It has also been .sggeslcd that the overnight pre-incubation 
period eiablcs the potential rate of N2 fixation in grasses to be measured (lDay
('lal., 1975, xnoBiilow & Il)ereiner, 1975), but no evidence for this was 
prtoxided (xan eCrk tLn. 1980). 1l1 contrast, it was shown that N,-fixing
bacteria prolifcited aiid iidticed N2-ase activ.ity diring the period before the 
onset of C Il, ieduction by excised washed roots (van Berkim, 1980).
R ceiily. xi,l IeCrkuLn & B1lool (1980) concluded that the pre-incubated 
tCxciscd root assay not oiily ox erestimates rates of N ,-ase activity hut also may 
crroICotisl\ cxtapollate tissue to be fixing N, in .%itu. 
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The excised root assay has been shown to be useful in identifying N2 

fixation associated with grasses when C-, II, reduction is detected immediate
ly and no pre-inLcubation period is used (van Berkumn & Sloger, 1979; 1981), 
although C'2114 does not accumulate with linear rates (see Figure la). 
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MEASUREMENT OF C2 1-12 REDUCTION WITH INTACT AQUATIC 
GRASSES 

The measurement of N2-ase activity in aquatic grasses by exposing the 
plant t(.,s to C,2 112 (Patriquin & l)enike, 1978; van Berkum & Sloger, 1979; 
1981) exploits the ability ofthese plants to transport gases to the roots via the 
kacunac. Initial studics with this technique obtained rates of N1 (C H2) 
fixation that were not immediately linear (van Berkurn & Sloger, 1981a). 
I olsc~ci, immediately linear rates of(. ll )reduction were detected when the 
root,s \ctc protected from air during their removal from soil and 
measurcment for N2-asc activity (Figure I b). This suggests that in situ plant
associated N -a e activitV should result in inmmediate reduction of C2H 2 and 
linear rates of C,11.1 accumultion when the proper conditions are used. 

N2-asc activitNv is known to be sensitive to O (Burns & Hardy, 1975), and 
N, fixation under fully aerobic conditions isnot possible unless the enzyme is 
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protected. The pO2 surrounding the roots of aquatic grasses in situ is 
extremely low, and the exposure of roots to 02 during their preparation could 
cause an initial, but temporary, inactivation leading to the nonlinear profiles 
of C2 12, reduction. Similar initial nonlinear rates of C,H) reduction have 
been reported with pre-incubated, excised sorghum roots (van Berkum, 
1980), the roots of intact plants of Scirpus olne),i (van Berkum & Sloger, 
1981), and nodulated soybean roots (van Berkum & Sloger, 1981), which had 
been exposed to air or 02. The sensitivity of N2-ase activity to 02 could be 
due to poor 0 protection mechanisms under in situ conditions. The initial 
accelerating rates of C 2 112 reduction by roots treated with air may be caused 
by the recovery of N,-ase activity as the p0 2 decreases in the film of water 
surrounding the respiring tissue. Alternatively, the recovery of N2 -ase activity 
may be mediated by the development of an 02 protection mechanism for N2 
ase activity in the root-associated bacteria. 

Van Berkum & Sloger (1981, in press) used Or'za sativa with the roots 
protected from exposure to air during sampling, to investigate the effect ofO 2 
on the initial rates of C-11- reduction. As the concentration ofO 2 in the assay 
chambers was increased, the linear rate of N,-ase activity decreased (see 
Figure 2). This observation differs with reports of optimum 02 concen
trations for N, fixation by Azotobacter (Drozd & Postgate, 1970), 

2 
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,,lz(osirilhuln (Day & )ibbereiner, 1976), and pre-incubated, excised roots 
(l)6berciner ei al., 1972b). If the plant tops were removed and 02 allowed to 
deplete in thc remaining tissue for 4 I before assay, O. saliva was shown to 
have an optimal p0) for N 2-ase activity at 0.25% atm (see Figure 3). These 
obscrxiatills :iuggCst that N -ase activity associated with the roots of aquatic 
plants isdependent upon itsupply of 02 Irom the atmosphere (van B3erkum & 
Slogcr. 1981 c), and that the intact assay method measures the rate of C 2H 2 

reduction lit p0 2'soccurring in the roots of undisturbed grasses ('.an Berkum 
& Sloger, 1981a). 

INFLUENCE OF COMBINED N ON ROOT-ASSOCIATED N2-ASE 
ACTIVITY IN GRASSES 

(;asses depend mainly on inorganic combined N for growth, but may 
stimulate N, fixation by bacteria associated with their roots. Combined N is 
know,n to inhibit N, fixation in legumes (Gibson, 1974; 1976) and has been 
suggestcd to inhibit or reduce the rate of root-associated N--ase activity in 
grasses. 

Van jlirkuin (1978) used the soil core method developed by Day el al. 

(1975) in Brazil to follow the interaction of applied N with N,-ase activity in 
field plots of I'. noutitnu. Applications of' KNO1 (40 kg N/ha) reduced the 
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rate of N, -ase activity in P. niouaim (see Figure 4), though the inhibition was 
temporary. Leal' nitrate reductase activity (NRA) in P. notatwn was not 
detected in control plots, hut was induced in plants receiving KNO 1 . The 
percent N content of plants and the growth of P. notatum were also improved 
on plots receiving KNO() (van Berkum, 1978). This suggests that N, fixation is 
not able to provide all of the N needed for the growth of P.notaturnand that 
fertilizer N could be incompatible with N-, fixation. 

i 

2 ("
 

Iigtue 3.
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Sim h10 rsCults havc been obtained with 0. sativa, with application of 
KN() ; cau.ilg a dCly in the development of, and reducing the rate of, root
aissciatcd N,-asc activity during the growth cycle (see Figure 5). The rate of 
root-associated N,-ase activity and the percent N of the roots of 0. sativa in 
both treatments wcre negatively correlated, and again, the NO 1-supplement 
resulted in the improvement of plant growth (van Berkum & Sloger, 1981 b). 

.lcckcr ci al. (1974) suggestcd that changes in the observed rate of leaf 
NRA eflCt chauges in uptake, transport, and assimilation of NO-,which in 
turn ;llect ie11Ca te oh supply of reduced N to the plant. Thcrefore, low rates of 
leat NRA and the observed inverse correlation of percent N of the roots of O. 
vativa with the rate of N2-ase activity suggest that the development of N 
fixation in grasses is the result of N deficiency. Because plant performance is 
improved by applying combined N, the farmer may sacrifice high yields with 
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cereal grasses if he withholds fertilizer N to induce associative N, fixation. 
Therefore, at the present time, associative N, fixation does not seem to be 
applicable to agriculture, but in ecological terms it may be of significance for 
the maintenance of' soil fertility. 
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MICROBIOLOGICAL ASPECTS OF ROOT-ASSOCIATED N2 FIXA-
TION IN GRASSES 

The rhizosphere of the roots of grasses has been suggested as an ideal 
habitat for heterotrophic N2 -fixing bacteria (van Berkum & Bohlool, 1980). 
Certainly, N2-fixing bacteria of many genera occur in high number in the 
rhizosphere of roots of a wide variety of grasses. Azospirillum is suggested to 
be of special significance when associated with the roots of tropical grasses, 
but has also been isolated from a diverse range of habitats. 
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An intimate Internal association of N 2 -fixing bacteria with the roots of 
grasses WOtuld be t"f great comnpetitive advantage to the partners and be most 
useful, if associatix li. is to be Implemnented for the prod uction ofN iatlon 
forage and cereal grasscs. lx idence for the internal location of nonsymbiotic 
N2-lix ing bactkl'la iIlioots of grasses has been indirect. ,AzospVirilhwn and 
('amp.11ohal Ilaxc bcn Isolatcd li nIril "surface sterili/ed" withroots 
iqUCtus stlhtioS olthlolilIiIzC- I( 6)IiberViner & Baldani. 1979; Baldani & 
I) ibeieCi, 9 W(I);Mclong & lPatriq til, 1980). IHowever, the procedures 
ISCd crc not demonstrated unleuiIVocillv to SulllCC steiili/e roots Of 

glasses. Mc'lul ig 'ta/. (in j)repi'ration) have invxestigated the rIiecoxe of N 
fixing bactcria from the Surface of' roots of S aheirnllora,tea tiatlS,.arthi 
ald Noghu,, lu/,'u/V'ilCr treatuii with C'hloramine-T and NaOCI 
solutions. Although these agents significantly reduced the recovery of 
bactcria from01 root sllice., ihev did lot i ilt in Srllfalce: sterility of the roots 
(.ee [ able I ). Ihe Ireantient llroots for I h with 511,NaOCI was more 
effectixe thaill 1 ('hlorallifw- I fori ieducinlg the ultnbr of N2-fixing 
baclri oiltile loot surLCf.s. 

TABLE, I ('hlorainic-T and Na()( as chemical agents to surface sterilize 
roots o! S'partinu alterzi'flora, Zea a'ys, anld .Sorghm, ulgareh 

tfroi C.R. Mc( lung, I'.van Bcrkum, F.I)avis, & C. Sloger, in 
)rc'ara Ition). 

Treatment S. alterniJlora Z. InaYs S. rulgare 

(No. log, 0 /g fiesh vt)l 

Water control 
root macerates 6.041 8.204 8.204 
beads2 6.204 8.380 8.380 

Chloramine-T ( 17 , 60 min.) 
root macerates 4.591 6.380 5.732 
beads 4.230 5.964 6.380 

NO I (5 60 rain.) 
root maccrates 3.415 4.833 3.914 
beads 0.653 3.964 3.732 

LSI - (.603 (P 1.05)
Moist protl hlteoii ter Of iiltct-utlzint- N2-1"L\ig bIcleria. 
2Ml lio l inumber Of ni;tAic-tili/ing N2 -xizng tiacteria rdeL sed into saline-phosphaterhalht , 

hu fferMien roots \ re stiaken \%ith iass t'its for 15 ii ilai 400 rpin. 

1
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To groups of N 2-fixIng bacteria forn lig nonpigmented and pink colonies 
wcrc isolated I'roli serial dilutions of' maccrties of NaOCI-treated roots Af 
SPartimi alteriillor/ (see Vable 2). Ihe isolation of N,-fixing bacteria from 
10- 1 t 10' serial dilutions of' iiaccrites of' these roots coupled with the low 
ntibicr of N2-fi.iig bacteria recoverable Ilroln their surfaces suggest that 
these isolates originated from internal sites.. :oslpirilhm-like N2-fixing 
huctcrIi v,eC AisO tibse rvcd to be associated with the roots of S. alterni/lora, 
hut %,.Ic isolated oh l'roill controls or roots treated with Chlorarinie-T 
bclil tile%
clcc umacerated. 

Based oll ilIese iCstliis it WOuld seem desirable to rc-examine the evidec. 
that .A.i.rilhli spl). are located inside grass roots and that rudimentary 
hlost plani ..ls:o/)IrI/l ,Sliibioscs exist. 

TA BLI 2: 	 N2 -fixing bacteria isolated from roots of Sprtina alterniflora
 
growing in a salt marsh of Chesapeake Bay (From McChung, van
 
Be rkum, Davis, & Sic'.,, in preparalion).
 

Isolate 	 Source NaCI tolerance 

Pink-chromagens l03 to 105 dilutions Ipto 7 '
 
of root macerates troin
 
5 >!.Nat)('l-tieated san pIes
 

Nonpigniented mnucoid 	 ipto 7 % 

..lzospirillum-like 	 Water and (hloramine-T- up to 3 /0 
treated roots macerated 
or from the bead treatment 

No. (Gimpr~loutter have hcii isolated. 

CONCLUSION 

Grasses may indeed derive N from the atmosphere through the 
participatio olf nons,'ymbiotic or associative N,-fixing bacteria. Whether or 
not this natural pheiionenon can be put to use in agriculture for the 
pnodLCtion of forage and cereal grasses remains an open question. The 
.. z:o.w.ilihwm grass associations have been suggested to off1c the greatest 
prospect of fiilfilling this role. but N2 fixation by this combination, and 
significant fixed N transfer to crops under field conditions, remain to be 
deinistrated. 
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STU DIES ON A ZOSIIRILL.(IA{71 MA RA N77tUS 

INTER R ELATIONS H1IPS 

G. Oblisami & V. Udhayasurian' 

,.I :mpirilhu M s phyllosplhere, stem, andp1,ul0it ilin he 

I hi/t.,,phc ot llall/huiI itoL
.I1 it . A.gang tic'ts, ,1. hI'thiocarftus 
and ,I. 'd i. crCc 1.06-1.68 x 102 cm',3.34-4.14 x 101 g and 21.05
26.31 x 10 gdt. soil. respectively. Ihe rhizos here-o-soil ratio for 
ticse lout ,pccics \ai fromt t. pe amaranths11.87 it) 15.00. Grain 
htocd a ic nc it) itntoculationithaidid leafy types, with),:ttr ,l)ots 

.,Cod gC1ttfitatiot. 0l01 ICtgth. shoot length, and \ igor all enhanced 
h\ iltoCItktiott. Ill l ield trial t inoCUlation of\kilh .I :,S/)irilti 
.'Itdrt /Iilto were obtained.sp.. yield incteCICS ol 3-1.04 to -48.38 

INTRODUCTION 

Amaranths. widely consumed for their protein-rich leaves and high protein 

grains, hal c high photosynthetic activity and net assimilation rates. The 
incidence and importanlce of",,zos7irillumin the soil and rhizosphere of other 
C4 grasses, including ,Iniaradithus .vinosa has been well documented 
(D6bereiner & Day 1975; lakshmikumari, Kavimandan& Subba Rao, 1976; 
legazi, Amer & Monih, 1979). In this paper we examine the numbers 
of ,,Izo.qfirilhlu in the phyllosphere, stem, and rhizosphere of four different 
species ofl4,,,arantItsand demonstrate a field response to inoculation with 

,LzO.pirihuii in all four species. 

MATERIALS AND METHODS 

The prevalencc of A zospirillum in the phyllosphere, stein, and rhizosphere 
of ,.lnwAramhtts dtuhius, A. gangeticus, A. leucocarpus, and A. edulis at 

different stages of growth was assayed by the most probable number (MPN) 

L 'I. ol AglIC1l1lttlal IBotalt . lanil) NMdL AgricLtlititll University. Coimbatore 641-003. 
1...6 

http:cm',3.34-4.14
http:1.06-1.68
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tcchnique as well as other standard methods (Hegazi et al., 1979; Watanabe et 
al., 1979). ,lzoS/iriluuh cultures were isolated from arnaranthus roots using 
the enrichment nethod of l)ay & l)6bereiner (1976) and Neyra & Ddbereiner 
(1977). Nitrogenasc activity otf cultures was then determined byAzos/)irillumn 
acetylene reduction using the method of Day & D6bereiner (1976). 

Responsc of .41,iara,,hsto inoculation with Azospirillum was determined 
both in pot trials and in the field. In the pot trial the four species of 
,inaratlismentioned above were again used, with measurements taken of 
green matter yield at the "t- her green" (St), "Thandukeerai" (S2), and 
harvesting (S.) stages. Final grain yield (S4) was also measured. In the field 
trial, 'ur species of ,.*naranthtus were again used, and the effect of 
,,z.Apirillum inoculation on grain yield without N fertilization, or with 25, 50, 
or 75 kg N, ha added, was determined. A factorial randomized block design 
%kitht o replications was adopted. 

RESULTS AND DISCUSSION 

Table I shows the number of,lzo.slirilhIin found in the phyllosphere, stem, 
qnd rhiitosphere of four ,nmaranthus species, and the rhizosphere effect at 
for dif'.crcnt stages in plant development. "he difference between species was 
not marked, although the leafy species (CO I and CO 2) did appear to have 
higher numbers of' . zoslirillum in the phyllosphere than the grain types (A. 
62 and A. 90). In all species and tissues the numbers of Azospirillum found 
%%as greatest at the S2 (Thandukeerai) stage, and declined as the plant 
mat ured. Greatest numbers of ,Izoslpirillum were found in the rhizosphere 
and there was a strong rhizosphere effect. 

The ,.s1z.%irilhum isolates obtained from amaranth roots fixed varying 
M1,ounts off nitrogCn (N 2 ). An isolate from A. dtubius fixed (21.36 mg N/g 

malic acid) and recorded the maximum nitrogenase activity (207.69 nmoles of 
C 114, flash per hour), a value similar to those reported by Okon et al. (1976). 
This isoate showed greater ability to fix N2 (C2 H2) than that obtained from 
A..s)inusaby lakshlnikumari vi al; (1976). 

lhe effect of secd inoculation with lzospirillum on green matter and grain 
yield Under pot culture conditions is reported in Tables 2 and 3. Green matter 
yield was significantly increased at all stages of crop production, and in all 
species tested, with yields enhanced as much as 82% in the S Igrowth stage. 
Grain yields of' the four amaranths increased 34.04-48.38% following 
inoculationl, and tended to be higher with the grain than with the leafy 
cultivars. 

Grain yield was again improved by inoculation with Azospirilhn in the 
ield trial, with the grain species again outyielding the leafy types (see Table 4). 

There was a strong response to N fertilization in this trial, but at 25 and 50 kg 

http:34.04-48.38


TABLE 1: The prevalence of Azospirillum in the phyllosphere, stem, and rhizosphere of Amaranthus species, and the rhizos1 
phere effect at four stages of plant development. 

Amaranth Variety Phyllosphere Stem Rhizosphere R:S ratio 
(10 2/cm 2 ) (X 10 1g dry sample) (X 105,g dry soil) 

S1 S2 S 3 S 4 S1 S2 53 S 4 S1 S 2 S3 S4 S S2 S 3 S 4 

A. dubius CO 1 1.59 2.22 1.78 1.14 4.00 5.10 4.33 3.14 15.20 20.20 42.10 21.40 8.53 13.28 20.43 10.33 
A. gangeticus CO 2 1.08 2.73 1.59 1.14 4.40 4.96 3.80 3.00 19.70 30.10 20.20 14.20 11.06 19.80 9.80 6.85 
A. leucocarpus A. 62 0.76 1.78 1.44 0.70 3.80 4.63 2.73 2.20 21.40 32.90 21.60 13.20 12.02 21.64 10.48 6.37 
A. edulis A. 90 0.82 1.59 1.08 0.76 4.70 5.83 3.12 2.50 14.70 41.10 21.40 18.07 13.87 27.03 10.38 8.72 

Mean 1.06 2.08 1.47 0.94 4.23 5.13 3.50 2.71 20.25 31.07 26.33 16.70 11.37 20.44 12.78 8.06 

Non-rhizosphLre (control) 
1.78 1.52 2.06 2.07 

1S1, 2, S3, and S4 are the four stages of growth at which samples were taken and are detailed in the text. 



TABLE 2: Effect of Azospirillum inoculation on the green matter yield (g/plant) of Amaranthusspecies. 

Amaranth species Tender green stage (Sj) Thandukeerai stage (S2 ) Harvesting stage (S 3) 
and variety 

Control Inoculated Control Inoculated Control Inoculated 

52.27 66.07 113.10 15"7.00A. dubius - CO 1 9.25 16.87 
A. gangeticus- CO 2 13.97 22.85 56.33 75.33 90.26 119.53 
A. leucocarpus- A.62 11.45 19.21 35.47 49.53 55.10 70.17 
A. edulis - A.90 13.67 22.93 50.40 74.53 85.20 112.80 

Mean 12.09 20.41 48.62 66.37 85.92 114.88 

P SED P SED P SED 

Variety 0.01 0.7152 0.01 2.1029 0.01 4.0191 
Treatment 0.01 0:5057 0.01 1.4869 0.01 2.8419 
Variety x treatment NS - NS - 0.05 5.6838 

NS = not significant. 
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N applied, ha, inoculation with /Izoslirilhil further enhanced yield. Yields 
with 50 kg N applied, ha and inoculation were similar to those with 75 kg 
N ha applied, an appreciabh" saving. 

TABLE 3: 	 Effect of Azospirillum inoculation on the seed yield (g/plant) of 
Amaranthus species. 

Amaranth species Control Inoculated % increase 
and variety over control 

A. dubius - CO 1 4.20 5.63 34.04 

A. gangeticus - CO 2 5.40 7.30 35.18 

A. leucocarpus - A.62 6.20 9.20 48.38 

A. edulis -A.90 5.80 8.00 3i.93 

Mean 	 5.40 7.53 39.441 

l)ifferences dWe to variety and inoculation %vereeach significant at the P = 0.01 !evel. 

TABLE 4: 	 Effect of Azospirilhom inoculation on the seed yield (g/m 2 ) of 
Amaranthus species under graded levels of fertilizer nitrogen. 

Treatment 	 Variety 

CO I CO 2 A62 A 90 Mean 

No1 0 18.2 104.0 180.0 130.0 108.05 

N0 11 23.2 122.0 204.0 144.0 123.30 
N25 10 30.4 144.0 218.0 180.0 143.10 

N25 11 51.8 176.0 260.0 196.0 170.95 
N50 10 44.6 208.0 264.0 236.0 J88.15 

N50 1l 57.2 252.0 340.0 296.0 236.30 

N7 5 Io 55.0 256.0 334.0 288.0 237.25 
N7 5 11 56.8 264.0 322.0 300.0 235.25 

Mean 	 42.15 190.75 265.25 221.26 

tDifferenccs dt. to variety, inoculation treatment and N level, and variety x treatmnent
 
interactions %%ere each significant at the P = 0.01 level.
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E'I:ECT OF 1ZOTOB,,ICTER INOCULATION AND 
NITROGEN FERTILIZATION ON THE YIELD OF SEED 
POTATOES IN TIlE COASTAL AREA OF PERU 

JI.M. Zapater R.' 

summuary 
Inoculatio ol seed ptatocs (.Sl(altm tubro.s.un cv. Mariva) 
ith ..l:otohacicr increased initial plant vigor and yield, hut the 

diflcIticC. vCI'C 11, ignilicant. II the presence ors0 kg N, ha and 
high application raltes ol chicken inanurc. inoculation with 
.l:oa(d(hItrTresulted in a aijaor yield loss. 

INTRO) CTION 

Inoculation ol plants with A zoto/ cter chroococcutm can affect their 
growth and sometimes increase crop yields (Brown, Burlingham & Jackson, 
1964, P'atcl, 1969). ,.zotbactercan affect plant growth directly, either by the 
litnrogcn (N2) it fixes, or through growth-promoting substances (Rovira, 
1963). or indirectly by changes in the taicroflora of the rhizosphere (Patel, 
1969). 

This study reports the effects of ,,Izotoh(actrinoculation and N fertilization 
oilsccd )otatocs (Soltum tu/,erostum cv. Mariva) in the coastal area of Peru. 

METHIOI)S 

lhe site wvas an Entisol near L.a Molina, Peru, the description of which is 
gi%cn in Table I. All plots received dressings of 10 tons/ ha of chicken manure, 
81 kg 2055 ha as Fosfohayovar, and 50 kg K20'ha as K2 SO 4 . A 
randomfized complete block design with four replications was used: the 
treatments wcrc 0, 80 or 160 kg N/ha, with or without Azoiobacter 
inotculation. 

I xl'c '0~ d \ak'tln l.\vlalia. it;M o Pil,linat. rl.
 

http:tubro.s.un


TABLE 1: Surface soil analysis of Carapongo field (coast region). 

Constituent 

Mechanical -nalysis: 
Sand 

Silt 

Clay 


Textural class 

pH 

Free CaCO 3 

Organic matter 

Total nitrogen 

Availabi elements: 
Phosphorus 
P-tassium 

Cation exchange c.-pacity 

Exchangable cations: 
Ca + .  

%lg"+' 

Na-


Electric conductivity 

Sample I 

30 
54 
16 

Silt loam 

7.5 

0.57 

2.34 

0.1 r) 

14.4 
370 

7.28 

6.65 
0.33 
0.22 
0.08 

1.80 

Amount 

Sample 2 

50 
40 
10 

Loam 

7.1 

0.95 

1.58 

0.075 

18.7 
370 

6.72 

6.11 
0.33 
0.20 
0.08 

2.50 

Units 

p.p.in. P 
kg/ha K 20 

m.e./1Og 

m.e./100g 
m.e./10Og 
m.e./10Og 
m.e./l O0Og 

mmhos/cm/25 ° C 

M(thod used 

Hydrometer 
Hydrometer 
Hydrometer 

Textural triangle 

Potentiorretric, soil-water 1: 1 

Volumetric 

Walkley and Black 

Micro-Kjeldahl 

Olsen. NaHCO 3 0.5M, pH 8.5 
Peech 

Amonium acetate I N, pH 7.0 

Amonium c;:rRct 
E.D.T.A. 
Titn yellow 
Flame photometer 
Flame photometer 

Conductivity bridge 
(Saturation extract) 
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Plots crc of 0 in x 3.25 inanid contained 3 rows ol 15 plants each. Seed 
pOtatoCs \'cre iIICLd directly bfore planting and at 20 and 45 days 
tIrcecalte anid Ctcciod b'oth tultLures o1' .AI. ('hr 'oo or sterile nutrientCCt 

ruCdit In irthrotut caholtydte.
 

'rICld N~a.s detcriimc(Id 135 days alter planting.
 

RESIAi.S AND I)IS(TISSI()N 

lInculaIteld seed s)roteLCd lirst and initially gave better growth than 
Liriniroctlate.'d benel'it soon disappeared, and at harvest theresCd. Ihis in1itial 

[it)Signiict ellcCt Of inoculatio Oil potato seed yield in the 0-N 
ticalIMCnt (,CC Iable 2). Inoculation in the presence ol fertilizer N had astrong 
rcgmati\c elLct onl potato seed yield. Ihis was presumablv due to the effect of 

adJed nItIicIrt. onlpatlogels in the soil, rather than to the presence of 
i(T.Ihe Iesults, highlight the need for more compatible N

len tili/'atior-ir~cnlatiorr practices. 

TAB1E1 2: 	 Yields (kg/ha) of potato, according to levels of N fertilizers and ino-
Culation with A zolobactcr. 

N fertilization (kg N/ha) 

0 	 80 160 x N 

Uninoculated 21,756 26,064 18,564 22,128 
lnoctrated with .1l:otobact'r 24,987 19,692 18,448 21,042 

I SIb = 5.4-"t ' 
IS 0.0'1 A7 

IE"l'FEi EN(C' S
 

.. ItnrBIt,,. \t11 htmhi .S K. & .ackson. IR..M. (1964) 'lat Soil 20. 194-214. 

I' ..I-.111)() Pla Soil 31. 219-223. 

I\,jinr. \.I. 	it)3r /lam Sl 19. 314-314. 
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CHINESE TECHNOLOGY FOR THE CULTIVATION OF 
AZOLLA
 

T.A. Lumpkin' 

Sumtnmar ' 

The People's Republic of China isthe country most advanceo 
the practical application of .A:,o/a for agricultural production 
systens. Methods lor the cultisation and ianagement of a/olla in 
China \ary \%ith ,eason ;tId location,. Ihis paper reviews some of 
tilelelhods ised in the o cr\,,intering of azolla. spring nursery 
propagation. taigc-scale lidhl cultikation. oversutimiering and 
iutumll nnltirsel\ plopagation. 

INTRODUCTION 

Hundreds of years ago Chinese peasants discovered that Azolla, a genus of 
nitrogen (N2 ) lix ing aquatic ferns, was an effective green manure with which 
to increase rice yields. Azolla is now one of the most important green manures 
for rice in the southeastern provinces of China, where over 1.4 million ha are 
cuitivatecd annually fhr the spring rice crop. Azolla is also used as a green 
manure for water bamboo (Zizania aquatica), arrowhead (Sagittaria 
vagitfrJlia) and taro ((olocasia esculenta); as a fodder for pigs, fish, and 
ducks: and is occasionally applied to upland crops, as well (Lumpkin & 
Pluck nett, 1980). Geographically, azolla is cultivated from southern China to 
just north of the Yangtte River, in the Yellow River Basin and as far west as 
Sichuan andl Shanxi provinces (see Figure I). 

Healthy a/olla plants have a low carbon to N ratio (about 10:1) favoring 
rapid decomposition and release of N within a few weeks of soil 
incorporation. According to the results of over 1500 experiments by Chinese 

l)ept. ,.\ronoi , & Soil Science. IUnisersity of lawaii, Ilonotul, Il, 96822 USA. 
Resarch support fronm (he I SAIl) grant 58-9A 112-412 and the collaboration of scientists in 
itie Zh iiang Acadeimy ol Agricultural Sciences, is gratetully acknowledged. 
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Figure 1. Most Azola iscultivated within the intensively cropped rice regions of
Vietnam and southeastern China, along the coast of Guangdong, Fujian, 
and Zhejiang provinces, north and south of the Changjiang River 
(Yangtze), and in the Sichuan basin. Black regions on the map indicate 

both intense cultivation of azolla and areas where extensive experimenta
tion with this fern has been undertaken. 

researchers in the paddy fields of Zhejiang, Guangdong, Fujian, Jiangsu, 
Hunan. Hubel and Yunnan provinces, cultivation of Azollapinnata increased 
the yield of rice by 600-750 kg, ha above the yield of control plots (Zhejiang 
Academy of Agricultural Sciences, 1975). In experiments conducted in China 
by the author. rice manured preplanting, or pre- and post-planting, with 
/tlzolla yielded a n average of over 1000kg/ha more than the control (Lumpkin 
et al.. 1981). 'lhese increases are comparable with results obtained in 
California (lallcy & Rains, 1980). 

Since the use of spores is not yet possible, only vegetative material can be 
used for propagation. This means not only that cultivation of Azolla is a 
continual process requiring attention throughout the year, but also that 
methods of cultivation and management will vary according to the season and 
location. The methods discussed in this paper include: the overwintering of 
azolla, spring nursery propagation, large-scale field cultivation, over
summering, and autunn nursery propagation. This information was obtained 
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both through personal observation and a review of Chinese fertilizer 
handbooks (Anon.. 1976; Anwei Academy of Agricultural and Forestry
Sciences. 1977: Beijing Agriculture University, 1979; Compiling Committee,
1975: Guangdong I)epartment of Agriculture, 1979; Guangdong Academy of 
Agricultural Scicnces. 1980; IHunan Agricultural College, 1979). 

OVER WINTERING . ZOL.4 

,l solla can be killed byexposure to temperatures below-5 0 C for more than 
a few hours. Because of this covered nurseries are aecessary for the safe 
overwintering of 1zla in the northern provinces of China's rice growing
region (27-33' N). In the southern-most provinces, and along coastal areas 
further north. special covered nurseries are not necessary because the winter 
weather is mild. 

[he quantity of aI/olla maintained during the winter varies with the area to
be inoculated in the spring. the cropping system, and the particular method of 
overwintering. While one ha of spring-transplanted rice requires the 
ovcrwkintering ot 450-000 kg of azolla, a similar area of summer-transplanted
rice requires only 7.5 to 15 kg. [he quantity of'azolla required for tile summer 
rice crop issmall since there issufficient time to multiply overwintered azolla 
in spring nurseries before it is inoculated into the paddy fields. 

Flooded nursery methods 

The over\ intering of a/olla in cold areas usually requires the construction 
of plastic-covered or mud-roofed beds, as shown in Figure 2. These are 
usually 10 m long by 1.0-1.5 m wide and 13-20 cm deep and are oriented either
 
to 
take advantage of.afternoon sunlight or to give protection against cold 
Siberian winds. In extremely cold weather and at night, straw mats may be 
placed over the frames to retain the heat of water and soil; on days with mild 
weather the plastic sheeting can be rolled bac', for direct exposure to 
sunlight. In areas with mild winters, open nursery beds covered during cold 
weather with rollaway mats can be used. These usually measure 7 m long, 60 
cm wide and 20 cm deep. 

Ihe structures pictured cover f ooded nursery beds in which Azollaspp. are 
maintained. (eiecrall\, the aZola ilnocuLm is checked carefully to ensure 
recedonm from insects: then moved into the nursery beds in November. Azolla 

plants are maintained at a density of'0.75-1.0kg m2 and are fertilized with 1-2 
kg, m- (ot farniNardo manure and 4-5 kg, m2 of river mud. Superphosphate,
aimoniuli ,ulphatc and straw ash are applied in Lile early spring to 
accelera'e the growth rate. 
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- 77 

I.igur 2 " l , I'LI ecrw ilt..lnlg of t,,Ila:l cdlCin th. 

a) \ch-shapcd o L\,lntcrlng uIrscri' ire constiructed o bamboo strips 

and plastic -bccts in arca,, lcre occasional ice/ing occurs. I helplastic 

shccl atc pulled back dllllll,11d ,.,inter wCalhCr. 

b)Mtd kkall o cr ilteling nmitwrics ith plastic s[ ect or glass panel roofs 

arc IhC Ilil,.:Ctclt'1C e prtIcCtionl againist Ircc,g %cather. lhis type of 

ltl'se: ...Ih.1"011y uscd for ,egetablc and rice seedlings as wel. 
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Out-of-water winter storage 

For this type o1 over., n:cring 50-75 kg of azolla is placed in a loosely piled 
stack, covered s ith 5-10 cm of straw ash and sprinkled routinely with water to 
prevent desiccation. A removable cone-shapcd A-frame structure covering a 
circle of ground 1.5 m in diameter is placed over the stack and covered with 
straw mt:. Ilring the initial period of storage the stacks are monitored to 
ensure that they do not compost :temperatures should slav around 5-8' C, but 

should not be less than 0t C. A/olla is usually stored in these stacks during the 
coldest davs ol skinter. In late winter or early spring, and before warm weather 
can cause the stoled plants to rot. the stacks are opened up and allowed to 
reach ambient te mperatuire; then placed in nursery beds; 50-80% of azolla is 
usually still alise. 

Overwintering in warm water 

Iot spring %ate r has traditionally been used for overwintering azolla. With 
indistriali/a'on. wa rin uncontaminated waste water from factories, 
especially steam plants, has come into use. Usually, field near the source of 
wariii water is disidcd into srMall nursery beds. The irrigation system is 
arranged so that the wrnrii water enters ealch bed directly without traveling 
through other beds. I lie ruoeient of water is closely watched so that 
stagnation a;lId IIrcling does occur.tt' lot 

Overwintering in subtropical areas 

Many areas in southern China have a comparatively mild winter with air 
and water temperatures warm enough for survival of azolla. In these areas 
well-drained fields are raked and levelled, after which farmyard manure and 
superphosplhi tare applied. I he fields are divided into long beds running 
eis' ',Cstto plc rit lie oorti winds f.rom blowing the azolla to one end. 
Screens preCnt the loss tia/olla during irrigation and windbreaks limit cold 
damage to tlie bed. Water level in the beds is manipulated to minimize 
cooling. With this t.pc tlovr\,itntering 450 kg olaolla can be multiplied to 
provide tile 5000 kg hi; needed to inocilated I ha of paddy field in the spring. 

SPRING NURSERY PROPAGATION 

[he goal of spring nursery propagation is to multiply azolla as early and as 
rapidly as possible so,that the largest possible area of paddy field can be 
iniOctlated. -1 meet goal.thi:s intensive management is essential. 

Spring nurscr propigatiori takes place from nid-March to mid-April 
along the Yr ngte River. \t this time of year, azolla can double in mass every 
three to tlie dax s because of the mild air and water temperature. The azolla is 
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contiru1ll\%ttbdi\lCd by expanding the nursery areas. This is done to 
prevent cot \ ding \\hich could slow the growth rate. Every available paddy is 
used Ior the extension ol the nursery. ()nce a nursery field is covered with an 
a/olla mnat two to three layers thick, it is subdivided to inoculte adjoining 
helds. Ali\ cxt r ;i/oli is used as tlodder or is composted for upland crops. 

LARGE-SCALE FIELD CULTIVATION OF AZOLLA 

In (hina. thice dii teicut cropping systems are used for the cultivation of 
aiolla as a glciu anullre Ior rice. 

A/ol la is gi (\w%as a monocrop and incorporated into the paddy mud 
itsa basaul gleen mantre hefore the rice is transplanted (see 
l.igire 3). 

A/olla is gcr\,,sn altcr the rice is transplanted as an intercrop and 
incorp r ted as a topdressing iaintre. 

A/ola is i\n as bcoth a monocrop and intercrop. 

Figure 3. 	 A/ol:h is sciuetimes grocwn as a icciccropped basal green manure. 
(ultivation begins il south China during mid-winter and later, in regions 
Icr-ther lirthi, as the tel'pcr;at ccerises abo e 15'C. 

The cropping sx\stcrn Used il ialny particu1lar location varies each year 
depenlinig iipcc tile \ cthue., tradition, and other factors in the cropping 
system. When a /ilhI; is mc ctcccrcppLd. it is usually grown for 20-30 days and 
ircOIrp0tated itt tile ipaddy Mid once ocr twice during that period by plowing 
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or harrowing. As an intercrop. it is grown until shaded out by the developing 
rice canopy. usually 20-40 days, and is partially incorporated oree or twice 
during that period. by hand during weeding or, in a few locations, with a 
modified rotary rice weeder (see Figure 4). Fhe final mat which develops 
hefore the rice canopy has co)mpletely developed either dies naturally after 
canopy closure, due to fungal rot, or is incorporated by hand before the 
maximum tillering stage of the rice. 

Scientist ; in 1ujian pro iince promote the planting of rice in alternating 
wide and liia rroIv ro spacing (60 cm and 13 cm). [hey claim that this method 
does not reducec the rice yield. bilt allows the aiolla to accu lLI ate more N, 
since the ferns can gro\, for a longer period in the wide rows than in evenly 
spaced rows of rice. I his met hod has not becn adopted elsewhere. 

In China there arc three main rice crops: early rice (spring-surnmer), 
summer rice. and late rice (suiinr-antti ). In a few a 'eas all three rice crops 
are grown. but in most areas nlv one or two crops are included in the 
cropping system. The cultivation of azolla for these different crops is 
discussed below. 

The spring rice crop 

M,,., a/ol1a cultivattiOn occurs during spring when temperatures are 
optimum and insects rare. ,,z\olla is occasionally grown as a monocrop and 
inoculated into the fields 20-30 days before the spring rice is transplanted. 
Mcre comnmonly it is gro)wn as an intercrop and inoculated into the fields a 
few days bcfore the rice isIra nspla ifted, or a few days after transpla nting when 
the rice seedlings hasc recovered from transplant shock. Supcrphosphate 
lertili/cr (20fI'2()51 is hroaidcast overt he paddy at the rate of3.75 g m2every 
ten days. I he toial phosphorus applied usually ranges from 1.5 to 3.0 g m2. 
Azolla incorporation is Jhnemist before the stage of maxinmum rice tillering. 

The summer rice crop 

Summer rice is gros min the cooler areas of China where it is difficult or 
impossible to grow t\,(o rice crops each season. Since a winter cereal or a 
spring segeta bie usually precedes the sumt mer rice crop. the only azolla grown 
as a monocrop isthtlised as a green manure in seedling nurseries. In the main 
paddy fields it is ustially grown only as an intercrop. As an intercrop, it must 
be incorporated I, 0,()() as the mat attains a biomass of' 1.5-2.0 kg m2 , 
because Ihigh sin inmer temnperat ures. high humidity. a.id shading Linder the 
rice canopy arc conductc t() the development of azolla fungal rot. 

Insect pests arc nuch more prevalent in the summer season. The larva of 
,NV.'mpi/tla spp. I rlalis spp. (hirotiomtis spp. and the azolla weevil are the 
most serious pests (Iitumpkin & Plucknet, 1980). N,' mlhu/V1a and Pera/is 
larvae and tle azolla weevil live on tile azolla mat and feed on the young 
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fronds. They can destroy the whole mat in a matter of days. Insect control is 
achieved hy dusting or" spraying the mat with organic phosphate or organic 
chloride insect icides. ( hirmomto.s larvae live under water and feed on young 
roots. 'lhe\ arc (II I cult to detect though usually tile adult midges can be seen 
flying akay Irou in1 infected mat if the surface of the mat is fanned. 
(hirommuow. lar\ ac arc controlled by tile application of lindane or carbofuran 
in a granular formulation. 

The autumn, late rice crop 

The ctlli\alion of a/olla t,.r tile late rice crop is limited to a few areas of 
China. the ios! prminicnt being southern .iangsu province. After the spring 
or sumnler rice cr( p is hial vested, the fields are plowed and fertilized with 150
?00 kg, ha of sificrpllosphate. A.olla is brought from tie oversummneri ng site 
(described in tile followi:lg section) alnd inoculated into tile fields at the rate of 

or or as300-450 g inl Iuroicr)pping at 600 g m2 an intercropped green 
manure. A higher irncilunm rate is used if algal bhlooms are expected. As 
typhoons are co *nmon in this season, tile field may need to be drained to 
prevent the a/olla Ih mi being blown into a pile. When tile fronds begin to 
overlap. tie auolla must be thinned to prevent fingal rot, b' removing sonie 
for inoculation into other fields or by partial incorporation into the soil. 

Since there i. t"WisIlv Insuflicient litnle or labor available to grow azolla as a 
iriOnoecrop. it is moreH'c CrIllrltvlll\' groln as all intercrop: incorporated into the 
paddy nmud olie orl mxo timcs belorc the naximiunr tillering stage. 

OVERSUMMERING .1/0/.L

()versitn nerting techniqles are necessary during tire sunmer in most of 
central China. aind bC,>lc and after tile monsoon in soIuthern China, where 
field water temperatuilres alr too high for ..lolla cultivation and where azolla 
must be precsr\cd thrmgh a hot season flor later use. lhe best sites for 
overstrrirmuring ;at,;lli rave good ventilation, partial shading and cool 
flo\\ing \\irer. l'oIds. caials, and streams are favored oversttmtnering sites. 
Weeds aid alt+e a ri rcmo\Cd: thkern living inces are constructed ny stringing 
fhoatirg Itotat ic plIlts such its..llt/rtra and lichhornia together (see 
Figure 5). I lie,,e lating crfence' are anrchored to tile bottomi or tied to stakes 
on tire shorc. I onw aichr lini-s accorilModate to changes in the water level. 
Azolla is then grown within these fenced-off areas. 

It sites siriiilal ton tluse described above are not available. azolla may be 
(t'ersnrniinrrc(l ill iheld phts. I his retluires careful munitoring of water 
teniperature drining tIne hottest part of te dav. If tire water tenlperature 
exceeds 40" C. tile field is either irrigated with cool water or drained. Drainage 
lowers the temperature of tile azoila because mud usually has a lower 
termperattre than shalflw stagnant water. 
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dirty. lPrecaut ionary Ieasu res inclutide keeping the sites free of weeds and 
algae. frequent thinning alld dispersion of tile azolla mat. and flushing with 
clear, cool %katcr.When discascd plants are noticed. the\, are reovcd a.ssoon 
as possibleI. and the rncliainder a+re s rayed with an cth\'lerCuliC chloride 
solution containing I part chemical to X00-1000 parts water (w v) or with 50(' 
dinitrophenyl thiO;le\ aatc solntiotn diluted 1:300 (1w v). Algae can he 
controlled h\ dispersing the a/olla mat with t light rake so that the mat 
tilormlly sha'dllcs the hle watcr surlace, or by ma nually renmi ting tie algae. 

Regular stirring (f the r\ter alld spraying the sites with I aquoul s stolutiol 
of calcium carbonatc also he,lps to control azlgae. 

AUTUMN NURSERY PROPAGATION 

Aolla is niaintioned in autunin nurseries f'rom mid-September to mid-
No ember. A cci tain aullit is propagated Ior pig feed. and in some areas. 
eXtlt 1illa is uetld ,i rctn tllltlre lor wheat alnd rape. 

Atultlllln tl1tClies ;irc inoculitetld with aolla froml1 owcrsunimering sites. 
lPropalvatwtil cthLluiqucs artc the salle itsillspring propagatioll. except that 
inlsect pest' ,lich ias , P rl'r/i.N t.,pp..\. mp/1 ,pp*.. sp p.. ("/tir in t ard ainlla 
%CC\is arc ilCnu pCu' ileit 11id HIlust be carefullv controlled. StipCrIphospIhate 
and a su IlalUNt it N fertiliier are applied at the beginning and lnla the 
end of tile atumnl Iropatio ittllill enlds \withCloll. I lie tlllirSerV 5,:aiSoln
the first Ii st IlliiLt ( )ctoher or earl,, Noillber, helthy. igorotislv grow\ing 

a.'olla plants arc selcctctl ltr further propagation ill prcparation ftr 
o\r\ int('] in It ltt, glown1l illtrncro.ded conditiolns %kithlc"IC ;arc 
Stiperlhosphi1itc anld N Itertilicr. I )uriiig this season they arc too fragile to he 
diSpCCd \1th1the baimllho),/olla rtake. Pcsticides are applied itnecessary to 
instlrc thlt all insctt,, le dtSro'edt. 

CONCISi;sION 

('hiri is thei c1ntC r b) Lar lost adv'anced illtile use of :.'olla as tgren 
manure. A limited anlourit of I.:,o/a research began during the 1950's and has 
intensified sillc tie call, I\ I lie trcimcnduous effort at all1(90s. leyels, from)the 
corllmtlltillCs to the ntltio itl academiies. should keep ('hina at the forelront of 
110%\dlis.%cri, I "reet uinl \ Iti\ eeffolts arc hCing mldc to cxteild tile range 
itlconditils iildz Mi.}inch adlll cal he cultilated thlough intraspecific 
criosshbrc(linm ,.ilie lcstll, )Itlpolted mbionts.it %iarictics. trallcr of algial s',\ 
llidthe uise ()I liitI, (Molh iihbstaimces. IIforts are alsoibcing madle in such 
rmeas a,, the Ise. it ',pe isill se~dlig iatte-ial. biologicll insect colntrol, the 

relationshlip id ;mct1mllth'l.cetes to)the lecolipositiol ol aolla. and time 
dictutlllet of tcetl\l 0,hluti for the soil in1corporation ol it/olla whel it 
is gro . i ii1 Iriteicti ) \%tl rice. 
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THE EFFECT OF SPECIES OF AZOLLA UNDER THREE 
MANAGEMENT PRACTICES ON THE YIELD OF PADDY 
RICE 

T.A. Lumpkin, Li Zhuo-zing, Zu Shou-xian and Mao Mei-feil 

Summary 
The experiment conimared rice yields and nitrogen (N) 

accumtulation %%lhen six di Ient selections of ,.Izolhawere used as a 
green mnutre. tnder thre ditlct nlminagement practices. Rice 
yields varied signilic;ntl%%ith nmnagement practice and, to some 
degree with sclcclionolt I lhused. Ilowever. the highest rice yield 
wa.s ohlaiincd using ;Ispecie, of .:lolla relttively weak in N2 
accunu ltion. I his is assumed to be due to differences between 
species in rate of decomposition in soil. 

INTRODUCTION 

The genus ,,Iolle is comprised of seven species that demonstrate 
considerable morphological and physiological variation. Azolla pinnata has 
been used as a green manure crop for rice in China and Vietnam for centuries 
(Zhejiang Academy o' Agricultural Science, 1975; I.umpkin & Plucknett, 
1980) and A.Jiliuloide.. 1.pit/iata, and A. mexicana have been studied in 
experiments in the I SA (Watanabe et al., 1977; l'alley & Rains, 1980). 
tlowever. the scin species have never been simultaneously compared as 
green manure crops ior rice. In the present paper six Azolla selections, 
representing fikc Liltcrcnt species, are compared as green manures for rice 
tinder three dillerent inanagcenent practices. 

MATERIALS AND METHODS 

Germplasm ol ,,l:ola was collected by the senior author in 1979, and 
representative acccssions evaluated for cold tolerance in 1979-80 in China. As 

.\ L'o(0p0 l'I "l cIL'm i. IOpIt. of\gr lm'oi ni\. otIlawaii.m% tcL 
IHtollt S mAidli /t' I'ro',inC. Aca LIcmnv of Agricnlttnrdl 

) C i\ i Il\'L ,aid Soit Science. 
hteim,11 Sciences. 

/heiialg. 'eo~ple's Repthlic of(thirm. 

http:Technologjt.fr


551 

a result live cold-tolcrant selections and one moderately tolerant AIolla 
re trea tments in the "early rice"selection wcre identiledIMr use its green 1Ma n 

(late April to catl. Atgi ,li) crop in Ilangilho (N 30" 19', F, 120' 12'). The 

select ions reprcCiiCd Ii\ C 1 species: A'. caroliia, Afihiloidles (two1/ola 
aid V, I. A.mi l thi/a, A. rubra. and A. pinmata. [:,eachselections. V was 

compared tlindetr 1hrce iianagellicill trcatments: 

AIolla gio ii ii nIiorictlttire for 23 days; then incorporated into tile 

soil t\%icc bcolrc rice \\its transplanted ( M I. 

A :ol/a vtro\\ n t , i it titcr Ior 20 days, incorporated once into the 

soi ;ltl tnipdtr.ssed once by death and decom position in the 

Itdd\ \\;itc ( NI- . 

..lo//,, gim\l as a coirintiorn Of the above treatments (M I). 

A randori/d comriplete block design ol IX treatments and six replicates 

Wias Used lc rs.I A. MrsCphi, was not cold -tolera nt, the inoculum 
three managementava;iable \\its onl sin icirit or the second of tile 

praetices. A -N t. tol. aid a trcattcrit to which 60 kg ammonium sIllate 

was applied aid rilrci ported ri)r to trarisplanting, were included. Each of 

tile 1)8 exper mental plot" us 20 m: Mrid had independent drainage and 

ilrigattiOrr. 

In cilrl\ slprnltl aelectiotisI ,,/a except .. microphrlla were moved to 

the fiell Mnd11rltiplicd, list ti plastic covered nurseries and later in open 

[lie NI I and Ni ; plt',\erc irioculi.ttcd with .4Io/ll at the rate of 500 g,,nl 

fresh ig\\Crhlol ( r\Ctlit dmirtIalliageI. I he .A:zola mat was partially incorporated 

into tihe p+tldd\ soil alter I ; 1t1\S aid wits totUIlly incorporated after 23 days. 

'lMaktinirg I ir-ai No, 4' SCedlings were transplanted into the test plots livecoe 

da\, later. 

I '..,//(I Or inihtt'opping N , anl 1 I trcattncnts) was inoculated into the 

test p)lot ', a1tthe rat ( 5110 g Iii. fresh weight on the day belore the rice 

seedlings \\crti Islan', ctrtldAppro\irriately halt oif the intercropped Azola 

\%Its inlorpolticd into lire ,l h rand 12 day's ;itelr inlOclattion. [he 

remiinlr \\y, ;lhomcd tO rgCiCri;teCt eight 1iu01e days then tile fields were 

tcmniprmril\ draltred to incorporate the Azo/la. Ihe plots were then refloodcd 

and kept stagnanmit to retain tie decomlposcd hern. 

.1:0//a. ritC ;illd , il nti ,gri (N) were nonitored throughout tile 

experiment . I:\//i iran ,i. t \%-as neasutred at regular intervals with I 
ba nrbIoo I mirirrc A, ,,ir;ll ',;urrrpl I l reshi .I:o//a w\'ts reta ined fr (leteriliiation 

Of O'Ctl i\ t aridMe. elCILrelitill co nipo.Sitioni. 

RESULTS AND I)IS(USSION 

Mean ice icds lot ile IX treatmcnts are shown in Fable I. Though the 

range was naimo\Cr Iin expected because of high residual soil N and cool, 
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TABLE 1: 	 The yield of rice (t/ha) as affected by six Azolla selections under 
three management practices.' 

Selection of Azolla Management practice Selection 
mean 

M1 I1 M32 


A. caroliniana 5.55 de 4.92 gh 5.88 abc 5.45 
A. filiculoides (Vj) 5.50 de 5.08 fg 5.68 bcd 5.42 
I. filiculoides (V2 ) 5.87 abc 5.32 ef 5.97 ab 5.72 

A. nicrophylla - 5.30 - 5.30 
A. pinnata 5.50 de 5.20 fg 6.05 a 5.58 
A. rubra 5.69 bcd 5.23 f 5.93 ab 5.62 

Management 	mean 5.64 5.15 5.90 

1
1).R included -N control (4.70 h)and N fertilizer (5.60 cde). 

wet weather during grain filling, significant differences were obtained, and 
were clearly \isihIc in the hield (see Figure I). 

Average rice yiclds \kith the different Azolla management practices 
decreased in the order M, > N] > N-,, and bothIM and M 3 treatments 
outyielded tie N control \%ith 61) kg ha amnnonium sulfate added. Table 2 
shows the N accumiulat ion achieved hy the different Azolla species under each 
management pract ice. N accumulation, averaged for species of Azolla used, 
also decreascd in the order NI > NlI > M . 

TABLE 2: 	 Total N accumulation (kg N/ha) by each of six Azolla selections 
grown under three management practices. These values (to not 
include the N contained in the initial inoculum. 

Selection of Azolla Management practice Selection 
mean 

NI 1 N12 1M3 

A. caroliniana 144 55 169 122 
A. filiculoides (V 1) 145 98 200 147 
A. filiculoides(V 2 ) 150 66 205 140 
,t. microphy'lla - 63 - 63 
A. pinnata 	 99 51 118 89 
A. n4bra 	 107 46 136 96 

Management 	mean 129 62 166 
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'i l. the ,esponseot rice to the treatments were visible within agur- iiice,I 
les livs altcr traiiplanting. I his photo \%as taken Irom one corner of the 
C.\pCiIInental site at the time o1 panicle initiation. I he response ofrice to 
the high le\,l of a olla nittogen aailable under the NI management 
practicc IN¢lcarls visible in the labeled N1I plot. 
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There are, however, some anomalies in rice yield and N accumulation data 
for individual .- z lla selections. Thus, the highest rice yield in the experiment 
,"as obtained in NI using A. pinnata, a species apparently weak in N 
accumulation, while the lowest average rice yields were obtained using A. 
filicaluit's V, the selection which accumulated most N,. It is assumed that 
these differences are due to variation in the rates of decomposition of Azolla 
spp. (Shi Su-limm et al., 1980), but this will require further testing. 
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THE NITROGEN BALANCE OF PADDY FIELDS CROPPED 
TWO TO THREE TIMES PER YEAR TO CEREAL GRAINS, 
INCLUDING RICE1 

Lee SWi Ye' 

Sumnar , 
This paper discusses tie N balance of* multiple cropped paddy 

fields in sotuthern china. Iligh application rates of manure and 
lertili/er N permit oscrall '%iclds of 12.0 to 20.0 tons ha without 
material soil N depletion. Soil N losses %aryfront 6.4-28.71, and 
are affected b\ soil t pc Iie rcilatike contribution of' different N 
sources to N utptakc \aries ,ithscnester. 

INTRODUCTION 

In southern China more than 60% of the paddy fields are cropped at least 
twice each year. mainly with cereal grains such as rice, wheat, and barley. This 
intensive system of production reqLuires careful management of soil fertility, 
particularly f (lhe soil nitrogen (N)status. [his paper examines some aspects 
of the developing patterns of N usage in this region. 

THE NITROGEN BALANCE OF PADDY SOILS IN SOUTHERN 
CHINA 

Table I stmmnnari/cs N inputs to paddy fields in the Soochow, Shanghai, 
and Zhejiang regions of southern China (Hsueng, 1980; Xi Zhen-bang, 1980; 
T.I.. Wu.unpublished data). where more than one cereal grain crop per year is 
normally taken. For this region of approximately 2.2 million ha, chemical 
fertili/er,; currently supply 43-72r( of the N input; green manures or Azilla,5
91, ;; and aninmal manires. 10-40",. While improved animal husbandry
systems, especially for pigs, have made available increased organic N sources
(with pig manure constituting 75.8-85.6% of these) the increase in the rate of N 

L-iih/t'I \L' lelmi\Instiiute (d S i & I /mclioig olo \grict.,uiral Sciences. Zh,.jiang, People's 
Repuhlic it ('tiMi 

http:6.4-28.71


The N balance of double and triple cropped paddy fields of some districts in China (1978-1979).TABLE 1: 

Location Multiple cropped Level of N input N output Balance 
area (1000 ha) yield (kg/ha) (kg/ha) of N 

(t/ha.yr) (kg/ha) 

Chemical Green Animal Others Total Crop Loss Total 
fertilizer manure manure recovery 

Sooclov, region 400 8- 9 246 16 50 26 338 204 131 335 +3 

Shanghaisuburb 360 11-12 324 15 89 33 461 2A3 178 421 +40 

Zhejiang Province 1460 10-1i 182 41 170 30 423 218 135 353 +70 
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fertili/ation recommended has demanded greater use olfchemical N fertilizer 
(see Iable 2). 1 hus. in Zhiiang Irovincc the amount of N applied rose from 
248 to 450 kg ha hct en 1977 :.nd 1979. with the proportion derived from 
chemical sources incrcased Iron 27 to 431 . 

TABLE 2: 	 Relative use of chemical and organic N in multiple-cropped paddy 
fields in Zhejiang Province1 

Year Amount of nitrogen Proportion of N from different sources 
applied (kg/ha) 

Organic manure Chemical fertilizer 
(kg/ha) ( 	X ) (kg/ha) ( 1 

1977 248 	 181 73 67 27 
1978 375 	 225 60 150 40
 
1979 450 	 275 57 193 43
 

ltrom the Provincial Iltireaui of Agriculth:re. 

\Vith inter ccrcal crops ow grown in the paddy fields, the opportunities 
for winter green Imallnrc c s (such as mnilk vctch) and the propagation of 
..co// hla\c been red uced. and N-, fixation now plays a lesser role in the 
agriculture of this _l'gion thai in plCVitous decades. 

lable I also sho\, s that the c tliciency of N recovery varies frolm 61-69%, 
with i positi\., soil N ha Ianec of 3-70 kg N ha per year. In a long-term 
experiment. Iroi 1974-1979. with barley an. two rice crops planted each 
year. and ith1pig matirc supplied at 22.5 or 45 ton ha and urea at 625 

ikg,ha. soil N k as incraced Ir()ut 9.2-141.9' . even though 1784-1904 kg N was 
renmed wit the Clops. 

T here is nov cotsideri hc c\ idencc that organic N is used more efficiently 
than Icrtili/cr N. In c\p.ritnent where total amount of Nailt the same was 
appuied. but the proportion of orginic to inorganic material varied, the lo~s of 
N increased \ih incrtisi ig chemical fertilizer. with yields reduced 
ap'prccilhl\ 	 (sec Ible 3). 

THE INFLUENCE OF SOIL TYPE ON THE N BALANCE OF TRIPLE-
CROPPEI) PADDY FIELDS 

E-ven where significant N inputs are made, an appreciable amount of the N 
in a rice crop is still derived Iroin soil N (Koyama & App, 1978). Becai' e of 
this. experiments \,ith triple cropping (two rice crops and barley taken each 
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TABLE 3: 	 The effects of tim ratio of organic manure and chemical fertilizer on nitrogen balance of the multiple cropping 

system (1974-1979, Huangyan, China). 

Symbol Treatments Total N applied N recovery N losses Annual yield' 

(organic N: (kg/ha) 
chemical N) Soil accumulated Crop uptake 

(kg/ha) ( 1/ ) (kg/ha) ( '%) (kg/ha) ( c ) (t/ha) 

NH 	 6:4 2571 315 12.3 1865 72.5 391 15.2 14.9 

NM 4:6 	 2571 258 10.0 1859 72.3 454 17.7 15.8 

NL 	 2:8 2571 281 10.9 1785 68.4 532 20.7 14.0 

1Average over six years. 



TABLE 4: The effect of soil type on the N balance of various paddy fields multiple cropped during 1979-80. 

Site Topography Soil type Texture Total N N applied 1 Soil Crop uptake Losses 
(a,) (kg/ha) accumulation 

(kg/ha) (%) (kg/ha) (%) (kg/ha) (%) 

Huangyan Coastal plain 	 Rust mottled clay loam 0.20 1125 79 7 723 64.3 323 28.7 
clayey soil 

Jia Xing River plain 	 Bluish gray loamy clay 0.15 1125 203 18 746 66.3 176 15.7 
clayey soil 

Qu Xian Lowhill regions 	 Red grume loamy clay 0.13 1125 169 15 690 61.3 266 23.7 
soil 

Xian Ju Valley plain 	 Gray clay sandy clay 0.13 1125 191 17 862 76.6 72 6.4 
loamy soil loam 

1Pig manure, 45 t/ha. and (NH14 )2 SO 4 . 1687.5 kg/ha, were applied annually in each soil. 
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year) have been carried out on a range of soil types. Though annual yields 
reached 16.5 to 2.6 ton ha, there was an N accumulation in soil of79 to 203 
kg/ ha over the two vears o1 the experiment. Losses of N were from only 6.4 to 
28.7w (see [able 4). I.o\%cst N losses were in a sandy clay loam, where yields 
were 1.7 tons, ha more than in the other soils. 

RELATIVE UPTAKE OF N FROM SOIL, FERTILIZER, AND 
MANURE 

In a cropping systcm with two rice and one barley or wheat crop each year, 
the two ricc crops contribute over 75%, to the final yield, and remove the most 
N. 

Field trials with 'IN-labeled fertilizer have studied the relative contribution 
of soil, fertilizer and manure N to the early and late rice crops. When 562.2 
kg/ha of (N1 4 )S0 4 was applied to each crop, early rice derived 32.3% of its 
N from the fertilizer while late rice obtained only 23.7% of its N from this 
source. \Vhen (N II .),SO0 was applied in association with 15 ton/ha pig 
manure, the percentage of plant N derived from manure was greater in late 
than in early rice (19.6 vs 11.2%). For ne early rice addition of pig manure 
reduced fertilizer N uptake more than the absorption of soil N, but in the late 
crop the use of manure appeared to have a sparing action on soil N. 

REFERENCES 
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PROPAGATION OF AN AZOLLA SP. AND ITS POTENTIAL 
AS A GREEN MANURE FOR CORN IN MEXICO. 

R. Ferrera-Cerrato and A. Miranda Romero' 

Sumniarj'
 
Cultures of ,,lzolla were collected in Tabasco, Mexico, and 

maintained on synthetic mediuml devoid of nitrogen (N). 
lPreliminary studies tising inundated soil trais showed that fresh 
\%,eight yields ot 7.3 to 14.2 ti es that tised as inoculhm could be 
obtained in onll 30 ts. hllut that growth varied with N and 

(iphiospllolrtis ) sou ac. 
When .-I:a,11o \ as ilaoaiarpacd il) soil as a green Imanure for 

iaic at" rates ol 1. 3 and 5t ha r,\vrlwh ol [he corn was enhanced, 
but the incrcase, in tlr\ mttCr lprductiOn \a'its not is great as that 
achic\cd \%ith the application ol 0t9 kg N ha. 

INTRODUCTION 

/lzolla. an aquatic tern of the Salvinaceae, is capable of a symbiotic 
relationship with the canohacteriun 'nabaena azollae, as a result of which 
appreciable quantities oi nitrogen (N,) can be fixed (Food and Agriculture 
Organization (FAO). 1977; Watanabe, 1977). Azolla has been used 
extensively as a green manttre in Asia, especially in rice production, but has 
been little used or studied in other areas of the world. Problems in its wider 
adoption include (lAO. 1978): 

Development of strains more tolerant of' temperature extremes;
 
Preservation
 
Diseases and pests;
 
Vegetative propagation; and
 
Production. management, and transport.
 

Since Mexico has large areas with seemingly appropriate conditions for the 
growth of Azolla. we have initiated research to determine methods of 

Secciin1a tie Nticlohiol ia \ Iiitluinuca. tCeuai tie IFdalologia. .olegio de l'osgraduados, 
Chapino. Nexico. 
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propagation and use appropriate to Mexico. This paper gives some early 
results. 

MATERIALS AND METHODS 

Primary propagation 

Samples of 1:o/a wcre collected from Tabasco State and cultured on 
.Jensen or Norris medium, devoid of N. They were grown under continuot.s 
light at 30'C witlhout additional aeration. 

Secondary propagation 

[or fertilizer and growth studies, .Azola was inoculated into 950 cm2plastic 
trays containing I kg of a sandy clay loam soil and 3 I distilled water. An 
inoculum of 2.5 g tray wvas used, and trays were maintained under controlled 
greenhouse conditions with temperatures from 10-12'C by night and 25-30'C 
by day. 

Effect of nitrogen and phosphorus fertilization 

Three sources of phosphorus (P) simple superphosphate, triple
superphosphate and rock phosphate and two sources -- ureaN and 
anmonium sulfate applied alone, or as mixed N and P sources, were tested 
for their effects on the growth of Azolla. A single rate equivalent to 40 kg/ ha 
of N and or 1) as aIpplicd. the trays inoculated with 2.5 g of Azolla; then 
incubated tor 30 days in the glasshouse. Ihe ,lzolla was then harvested, and 
its fresh and dry %cight were determined. 

When N application was shown to have little effect on growth of A.zolla, a 
second series of experiments with the three P sources, but applied at rates 
Cquivadcnt to 20, 40, 80, 160, and 320 kg P/ha was undertaken. This 
experiment was terminated after 15 days, by which time trays receiving the 
heavier I'ertilicr dressings were completely covered with Azolla. 

Productivity evaluation 

A series of trays were inoculated with 2.5 g fresh weight of Azolla and 
fertilizcd with simple superphosphate at a rate equivalent to 120 kg P/ha.
When Azolla covered the tray's surface, half the Azolla was harvested and 
weighed: the remainder was allowed to reproduce, and, in turn was harvested. 
Growth rates were dclermined as tons/ ha per day. 

,Azolla for corn fertilization 

Plastic pots containing 3 kg soil were fertilized with 40 kg/ha triple 
superphosphate; then 0, I, 3, or 5 t/ha equivalent of Azolla were added and 
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incorporated. Pots wvere maintained at field capacity for 12 days, at which 
time 4 corn seeds pot were planted. l'hese were thinned to 2 seeds/ pot after 
germination. lhree replicates of each treatment were used, and controls 
supplied 23 or 69 kg N ha included. Sixty days after germination the corn was 
harvested. and its height, leaf numher, plant dry weight and root weight were 
determined. 

RESULTS AND DISCUSSION 

Response to fertilization 

Effect of diflerent N and 11sources on the growth of Azolla is shown in 
Figure I. As stated earlier. N fertilization did not enhance the growth of 
A.olla. .lhich obtained all the N it required through N, fixation by the 

inicrosymbiont. Responses were obtained to 1) application, but were 
somewhat variable (see IFigures I & 2). %lost consistent results were obtained 
with tihe application ot simple stperphosp hate. With 120 kg P/ha as simple 
supcrp hosphate. the rate of growth of the fern was linear and equivalent to 
0.47 t, ha per day. 

1A
 

I+1
0.9

0i 3 

Iigurc I.
 
I)csclopricnt of ,.l-olla with
 
ditlcreilt N and P sources (30.
 
(1;_% glro i I,,
Ih). 

Response of corn to fertilization with .,v:o/la 

Parameters ol corn supplied with different rates of Azolla as a green 
manure are showvn in 'Iable I. Corn responded to Azolla application, though 
the increased dry matter production with 5 t/ha Azolla incorporated was not 
as great as that achieved by applying 69 kg N/ ha. 
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0.35 ' 

01.33 
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Figure 2. 0.15 

Fertilizer effect of three 
phosphorus sources on ,,lzolla 
development (harvested 15 20 4116 II100 120140 I1,6 320at SO 180 

days). I ,()S )(k hil 


TABLE 1: Effect of Azolla addition as fertilizer for corn. 

Dose of 	 Corn growth parameters 
Azolla 
(t/ha) 	 No. of Height Fresh Dry Root Root
 

leaves (cm) weight weight weight volume
 
(g) 	 (g) (g) (ml) 

0 7.3 63.3 5.9 0.90 0.70 6.6 
1 7.5 68.8 8.6 1.25 0.58 8.3 
3 7.7 75.0 10.0 1.46 0.71 9.9 
5 7.9 78.0 11.7 1.71 0.72 9.3 
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THE USE OF AZOLLA IN WEST AFRICA 

P.A. Reynaud' 

The presence of Azolla p1innata var. afticana has been reported in Benin, 
Ghana (Ada). Guinea l3issao, (uinea Conakry, Gambia, Ivory Coast (Dabou 
Bouak6). Mali (Bamako). Senegal (Casamiance) and Sierra Leone. Until 1977, 
it was considered a curiosity, and sometimes treated as a weed. Its effective use 
as agreen manure in Africa is currently limited to Guinea Conakry where the 
management procedures have been imported directly from China, and to 
remote valleys of the Sine Saloum in Senegal. Fhe northern climatic limit of 
its potential use in West Africa would be the 15th parallel.

[his note reports some observations on azolla in western Africa. 
l.,'ht intelsitf: Near the 15th parallel, the high light intensity (100 klux at 

1300 h) limits the growth of Azolla. In such situations it is essential to 
grow .,lzoIla inoctla under cover, and to add them to rice paddies only when 
the rice canopy can provide some protection 

Tetnl'rature: In the Sahclian region of west Africa the temperature range 
from January to April is 15-23 (', and the growth of Azolla is very slow. The 
average doubling time is 20 days, when plants are protected from excessive 
light. but only 42 days withou~t a canopy (see Figure 1). In April when the 
temperatilre increases the doubling time is markedly reduced. 

l)runwsY.: I)esiccation reduces N, (C2 H 2) activity to zero within 24 h and 
stops growthi. The changes are not reversible (Reynaud, 1980). Addition of 
alginate (0.05,7') to the growth medium slows the effects of desiccation and 
can be used in shipping inoculants. 

Biotic fac ors: Competition from aquatic weeds such as Salvinia 
ninilVeluda has been observed in I)abou (Ivory Coast) (V. Jacq, personal 
comm ti nication). 1 ie smiall fish L/ehistes reiiculatus damages Azolla fronds 
and roots, facilitating fungus attack (Reynaud & Paycheng, 1981). Insect 
damage to AzolIa in Africa has not been evaluated. 

Yiehl of azolla: Maximum azolla productivity obtained under our 
laboratory conditions has been 128 g fresh weight/m 2 in 15 days. 

I (IS O M. lP 3,13 I)akai. Senegal. 
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Figure I. Variations in the doubling time (fresh weight) of Azolla pinnata var. 
africana,and maximum and minimum temperatures for Dakar (Senegal) 

from .lanuary-.lune, 1980. 

Experimental results with azolla: Two experiments have been conducted at 

the ORSTOM Bel-Air station in I)akar. The first showed that dry azolla 

incorporated at a rate of 50 kg N,, ha resulted in rice yields similar to those 

achieved by applying 15 kg N as urea. When fresh azolla was applied at 200 

g/m 2, yields were equivalent to applying 50 kg N/ha as urea. In the second 

experiment application of azolla to rice without N fertilization increased grain 

yields 38-40,. similar to the application of 30 kg N/ha as urea, with best 

yields obtained with two azolla inoculations, one before and one after 

transplanting. The combination of azollo inoculation plus 30 kg N/ha as urea 

increased grain yield more than applying 60 kg N/ha as urea. Drying ofazolla 

before incorporation reduced the benefit obtained. 

areOther uses for azolla: Irrigated sweet potatoes (Ipomea batatas) 

economically important during the dry season. Sweet potatoes cultivated on 

ridges have been successfully inoculated with A. africana applied in the 

furrows. where fresh water at p-I 5.7 to 6.3 flows continuously. In such 

conditions the doubling time of the azolla surface area is four days. 

REFERENCES
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SOME EXPERIMENTS ON THE USE OF AZOLLA FOR RICE 
PRODUCTION IN INDONESIA 

S. Brotonegoro,' M. Sudjadi, 2 S. Partohardjono,3 H. Sukiman,l 
T. Prihatini,2 and V. Hendriks 3 

Sunmary 
Experiments hasc been carried out in the field to find the best 

method for propagating ..fzulla in .itiand to determine the 
response ol rice plants to the addition of .l:ol/h ias agreen inanure 
ilwetlantd rice lields. 
The results sho%ed that an inocultini density of 400 g of fresh 

,+:olla il- \%as optimal tor the propagation of Azolla in the open 
field in West laa. Indolcsia. Application of P fertiliers, as either 
double or triple sttpe'p!'...phatc in ;ariahlv improved the growth of 
the water lern., At high ratcs of I' application, splitting the 
application into three or toul portions gave higher yield of Azolla 
than a single application. I lie applicatiot of Mo in the form oftO.25 
kg Na 21o0(4 ha. did not iipi \c the growth of .Izoll. Shading 
with co\ers made roti pal I lca\ cs impro\ed the appearance of the 
fern but reduced its hionnass considerably. 

Rice yields henclited signilicantly froni the use of Azolla as a 
green tintinre. 

INTRODUCTION 

Green manure. in the form of young leaves of various plants, but mostly uf 
Leguminosac (Sesbania. Crotalaria, Tephrosia, etc.), has been used by 
Indonesian farmers for many years to increase production in flooded rice 
fields. The Ica'cs arc added to soil after the land has been prepared for the 
next planting season, plowed in, and then irrigation water is run on to the 
land. A strong objection to green manuring is that to grow plants for this 

Natiolal Rescllch IIiIitllii Iuour. IIntslor-PiM .
 
Soil Rescatch Illlitlltltc Iidoliclia.
lhotpo 
(CrItic Rcsati Iluitic 1Itoli. Indonesia. 
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ru rp se inOdlCs cornsiderable labor and occupies land required for other 

p Irpoes. IlicausC CL IN, green manuri ng has progressively been abandoned 

in favor o: using nitiocil N) tcrtili/cis Nhich are available now in Indonesia 

at a rClatCel\ inipcxl1i\eC'. - Uh,,idli/cd price. IItNCei, ill Sonic arlas, where 

01 Crr lc'r s has not yet deloped, greentile inll IruiIstclll' o lC aid use 

ialrir1ivig iS tile ()Ill\ Ili.ali, lol ,1o il ici.. tl ielrl. 

[lie choice (1 pl;inis io he used as a green mailure depends ol local 

that plant have tIe followinghil,e shouldconditions. hill it i,, siscd 

c'haracielrist ics: 
lii\ prpltigtt ion hi, cither seed or cutting,
list trW\\, tih. 

IO'Idt'Irod ct1 ,Iaiunrintleaves with a relatively high N content, 

Ii,\ and rapid dcCoMIpositiOii in soil, and 

lac k ofl dl.,;t:,c (sI-pest hariil to tile subsequent crops. 

.,1,//a stislies. thci' terr1A.d(mig iiil1 eight in three to four dtis. havi ng 

)-I dv matter (0. 15 - (.25'1 of fresh weight).a relaii clv high N t'ent of 

ald being c,,il\f c,,iuipoe ill \Net sioils. It is iot surprising, therefore, that 

this plin l itoiil ei ised 1v Vienamese and ("inse tarmners for 

illiima trL I -it i Ie lie~d'. 

In IndMcsia. 	the p ,lit( uiing I/a a;s a green illanurc ill rice fields 

'ilIih' tI"cKIe ind during the Second World ,,'ar.(Saueirt.as ephOied [) 

t941)). hit this %olk \\ a, lisctmirmticl oil Iis death. Since 1974. experiments 

on V0lhI1timnd N tl\rIllll id .Iz,,/ /)uirtaf have been conducted in the 

grc nhll)(1 'scitl I Ii hm llt icumr) &" Al[id\dulkadir, 1976. 1978). 

I \ler a l tiNn t5ik %%,Is C\itCidcd t1 incldC fild investigations. On 

hIMl. Ih ,,' ,silst _disc. illn ted factolrs that could affct ;.Z_-/(jtile lic 


irpir llCilli'm sich a, inciiluiit l . nultl'iltiol , aid light intensity;
dent i,li'ilra 

ol tihe on lic' hand ilh ,1112hl1 ko coriiiil tire value olh .,colla as a green 

llManure' Llt Ilihslu'ill CorillitWrIs. 

FACTORS AFFECTIN( TIlE FI'II) PROPAGATION OF AZOLL.. 

hnioculin density 

Ilie pcid illall illh med Ifor rite griwth imf .,I:o/la is relatively short 

(apl\ixinm l 12 dLIi,,N.If iilsifilicieit irlictltll is used. space and sunlight 

are wilstc . ;ild rl,,li) lC'I 'i) .!rcCmllliillrt' is ivaiiabl for thie adequate 

c.veChll ei 	 lli iI itc plain. \\itlh tol h',i\'i inoctilaiits, bith N, lixationlcl 

aind gl 0 ,ti 'I be edIcCd ) .
rl ic %ill I\shitll 1974). 

StudiCs at ('111ii12lil ,itl ( irrirrig. West .lava. compared the effect orf 

inricillin i I i(lie ( )) g Iresh wt, A:olla i1
2: i seconddcnsit\ iial 2))() i i 

trial 20)) 4010.)t u leI l \\t.t I iinoc'tlant ii-) oil yields of .,1o//a. Restilts 
are sllossln in ihable I. In tIle filst trial ri0 significant dilerence a',isfMnd 
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TABLE 1: 	 Effect of inoculum density on the yield of Azolla grown in the 
field. 

Inoculum density Azolla yield 1 

(g fresh wt/m 2 ) (t fresh wt/ha) 

Cimanglit, It'est lava, wet season 1979 

200 15.03 a 
300 17.23 a 

Ciriung, West Java, dry season 19 79 

200 17.15 a 
400 23.50 b 
600 22.00 b 

Ilarvested after 12 (lays. Any two numbers followed by the same letter are not significant
ly different at the 0.05 level. 

between inoculation at 200 and 300 g Azoll,/ in 2 . In the later trial, in the 1979 
2dry season. 	maximum yields were obtained using 400 g Azollam . 

Mineral requirements 

Deficiency of phosphorus (P) is observed frequently in Java and South 
Sulawesi. With P deficiency 1zulla plants are reduced in size and reddish in 
color. Experiments were carried out to study the effect of rates and times of 
application of P fertili/er. In these experiments application of triple ordouble 
superphosphate inariably improved the growth and yield of Azolla. At high 
rates of P amendment, splitting the application into three or four applications 
gave higher yields of ,lz~o/a than did a single, big application (Table 2). 

By contrast, and while molybdentlm deficiency is rather common in Java 
(Newton & Anwar Said. 1957), application of Mo to Azolla did not improve 
the growth or yields of this water fern ([able 3). 

Shading 

)uring a survey conducted in South Sulawesi, it was noted that thegrowth 
of' A:olla in shaded areas was better, greener, and denser than in the field. 
Tuan & Thuyct (1979) also report ,,arlier studies in which shading with a gauze 
cloth proved beneficial to ,zolla. Because of these observations an 
experiment was undertaken at Cicurug, West .Java, to determine the effects of 
shading, produced by a cover of palm leaves, on the growth and appearance of 
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TABLE 2: 	 Effect of P fertilizer on the growth of Azolla under field conditions. 

Rate of P2 0 5 Fresh wt 
application (kg/ha) (t/ha) 

A. Ciriung, l$est Java 

0 Control 2.90 
6 Single appl. 4.22 
6 Three appl. of 2 kg/ha 5.16 

B. C'cunrg, 	West Java 

4 Two appl. of 2 kg/ha 8.43 
8 Four appl. of 2 ke/ha 9.28 

16 Four appl. of 4 kg/ha 11.00 

C. Cinanglit, [Vest Java 

30 Single appl. 8.20 

30 Two appl. of 15 kg/ha 12.45 
30 Four appl. of 7.5 kg/ha 27.73 

TABLE 3: 	 Response of Azolla to the addition of Mo to the soil; Cicurug, 
West Java, wet season 1980-1981. 

Treatment Azolla biomass %of control 
(t fresh wt/ha) 

Control 	 6.88 100 

0.25 	kg 6.38 93 
Na 2 MoO 4 .2H 2 0/ha 

Azolla grown with moderate amounts (9 kg P0 5 /ha) of phosphate. From 
Table 4. it is evident that shading improves the appearance of Azolla, but 

reduces its biomass appreciably. 

CROP RESPONSE TO l/OLL.-

Field trials were carried out to examine the benefit of Azolla as a 

supplement or substitute for N fertilizer in rice production under flooded 

conditions. In the first of these trials, carried out in a randomized complete 

block design having three replicates, rice plants received 60 kg N/ha in the 
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TABLE 4: 	 Effect of shading on the growth of Azolla in the open 
field; Cicurug, West Java, wet season 1980-1981. 

Treatment Biomass Colol 
(t fresh wt/ha) 

Full sunlight; control 9.57 Reddish 

Shaded 	 6.63 Dark green 

form of A.olla. Iertili/cr N. or a mixture of the two. All plots received 30 
kg/ha P2O as triple saperphosphate, KC, and Furadan. One plot also 
received Mo in the lorm otNa2 N I() 4 .21,0 at a rate of4 kg/ha. The height 
of rice plants. and the number of tillers they had, was determined one month 
after transplanting, at the prino jdial stage, and at the beginning of flowering. 
At harvest yield determinations were made in all plots. 

While fertilizer treatnicnts did not affect the height of the rice or the degree 
of tillering. there as a signilicant difference between treatments in final yield 
(see Table 5). 1 he application of .,Izla alone, or of urca at a rate of 60 kg 
N* h'a raised rice \iclds substantially. Vhen both Azol!a and urea were 
applied, in dilterent proportions, but at a combined rate of N fertilization of 
60 kg N ha. yields kcrc higher than, but not significantly different from, 
control plot 	yields. 

TABLE 5: 	 Duncan's Multiple Range Test for grain yield of rice 
variety IR 36 grown on different sources of N; Ciriung, 
West Java, dry season, 1979. 

Grain yield Statistical 
Treatment 1 (kg/ha) significance 2 

Control 3008 a
 
Azolla 60 + Mo 4494 b
 
Azolla 60 4386 b
 
Urea 60 4079 
 b
 
Azolla 20 + Urea 40 3712 ab
 
Azolla 40 + Urea 20 3691 ab
 

1Azolla 60 = Azolla equivalent ro 60 kg N/ha added. 
Urea 60 = urea equivalent to 60 kg N/Ia added. 

2Any two numbers followed by the same letter are not significantly different 
at the .05 level. 
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In a second trial rice plants were fertilized with different sources (Azolla, 

urea, or a combination of both) and different levels (30, 60, 90 kg/ ha) of N. 

into the soil at two different times,A-olla were seeded and incorporated 

namely before and after transplanting rice seedlings. An inoculum density of 

used in this trial with incorporation of Azolla carried200 g fresh wt, m wa.s 

out after the tern lully covered the plots. In one treatment, Azolla were not 

into the soil. Yield data obtained from this trial is shown inincorporated 
Fable 6. In general plots fertilized with Azolla, either singly or in combination 

with urea. gave greate yields than those that received urea alone, while plots 

that received the inoculum after transplanting the rice seedlings gave higher 

inoculated before transplanting. There was ayields than did plots which were 

slight decline in yields when Al zolla was not incorpoiated, but the difference 
a yield 40% was not significant. The highest grain yields in this trial, with 

higher than that of the control, was obtained when plots were inoculated both 

this plot were significantly betterbefore and after transplanting. Yields in 
was applied.than those achiCved when 9() k N ha as urea 

TABLE 6: 	 Duncan's Multiple Range Test for grain yield of rice variety Cisa

dane grown with various sources and leve!s of N; Muara, West Java, 

dry season 1980. 

Grain yield Statistical 
(kg/ha) significance

2 

No. Treatment 

I 
2 
3 
1 
5 
6 
7 
8 

Control 
Urea 301 
Urea 60 
Urea 90 
Azolla; inoculated before transplanting3 

Azolla; inoculated after transplanting 
Treatment No. 6; not incorporated 
Treatment No. 5 + Urea 30 

4993 
5209 
5995 
6064 
5375 
6285 
6136 
6384 

a 
ab 
bcd 
cd 
abc 
de 
cde 
de 

9 Treatment No. 6 + Urea 30 6565 de 

10 Treatment No. 5 + No. 6 6975 e 

11 Treatment No. 5 + Urea 60 6370 de 

1Urea 30) urea equivalent to 30 kg N/ha added.
 
2Any two numbers followed by the same letter are not significantly different at ie.05
 

3 level. 
A:olla; inoculated before transplanting seeded with ,,zolla at an inoculum ldensity of 

200 g fresh wt/ni 2 before transplanting; then incorporated into the soil when plots were' 

fully covered. 
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From the results of the field trials reported above, it can be concluded that 
Azoila can be used as a green manure in wetland rice fields substituting for N 
fertilizer. In one ot the locations used for the trials, Azolla could also be used 
as a supplement applied in combination with urea. 
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15N AS A TOOL IN BIOLOGICAL NITROGEN FIXATION 
RESEARCH 

te.B. Vose, A.P. Ruschel, R.L. Victoria, S.M.T. Saito, and E. Matsui1 

Summar ' 
Nitrogen-15 pros ides a means of quantifying nitrogen (N2) 

fixation in situations \sl.r cstimates based On yield or total N 
determinations are insulliciently specific. Use of I-IN-enriched 
atmospheres is tle standaurd by which other methods must be 
judged. and is the crit ical method for confirming any new N,-fixing 
association. 1he Use 11 'N-eririchjCd culture solutions is brielly 
discussed. Ihe cxtensio iollisotope dilution procedures to soil 
environments is a Illil r step ill Litantitving N2 fixation in tilefield, 
using "'N-lahelcd eritili/cr and the equation: 

Iaton excess 'N (fixing crop) 
,'N fixe = I - ------.- x 100 

atom excess 0'N (non-fixing) 

A major adintagc lthe ietliod isthat one can isolate tileeffect 
of Icrtili/er and soil N on N-, li\ation. and separate tileeffects of 
agrononlic practice that may affect yield in ways other than 
throuLh N fixation. lhe .'\-level approach. though it has been 
valuable in dc\cloping thinking. is less suitable, as it is yield 
dependent and la be atalccled by hosses of fertili/er N. lhespecial 
prohlems ol tcicrniining associative N, fixation, especially in long 
season and perennil crlosire discussed. Problens inherent in the 
determnination (tN, Ivislton by icans of'nattral 1'N abundance 
ratios ( 6 '5N , ) arc considered, and it is concluded that it could 
become a tiseltil and mc\pcnsi\c technique, but that very careful 
attention to anal. i cal detail and better knowledge of plant isotope 
discrimination Ictors ;ire iieedel. 

tN )P IAFA .iciiU I (eni de Inergia \uclear nii'\gricultura. C ' 'T. 13400). Iliracicaba. 
SjJ0 '"ILIIO.I10;1/11. 
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INTRODUCTION 

Ihere isno single "correct- way of mea.suring nitrogen (N2 ) fixation- all 
methods arc contp.l-,cntarv. In the past, the effectiveness of Rhizohium 
strains: the specCIiC ,t)ihty o1 legume genotypes to support an effective N-,-
Iixing systcil: oIrthe elleot of agronomic nractices on N, fixation, has been 

measured by the yie!d of harvested or total N in the crop. Both of these are 
valuable part.amete rs. aid frolil the practical point of view, seed yield is 
obvjoril\ eI\ iluportilt. 

I alKe ld hi N is thClretically quite a good measure of increased N due 
to fixation. hll it c ilot specifically distinguish soil N, nor is it very suitable 
for lse \\herC N ICIttili,'ltiol is a variable. Moreover, where soil or fertilizer N 
inputs aie rcl i el\ high. the proportion of total Ndue to N 2 fixation may be 

low enough to be obscured by sampling, analytical, and other experimental 
errors. Il is is a maioir problem in short-term experiments. The use of very N
poor soil or oltnlliassisC oil applications of ineffective rhiibia to suppress 
ioroe effeUt i\e hlctlita inI tlie ,ero" control ire techniques that have been 
tised to Ciha nec lital-N dalta. which essentially rely on differences between 
treatmente .Ne ither' aii he regarded as a satisfactory solution. 

\lthtugh thec al,still some 1iNi problems of technique to be overcome. 

isotope lit il Methods atpplied to soil situations are now helping LIs obtain 
better inftmiatinin on thclcrivttion of plaint N whether from fertilizer, soil, or 

fixatitin. ita,11ailte, that is not possible when yield or total N are the only 

dcteri inatit ns. hi l a per bhriefly mentions the use of i-
5N-labeled 

atmiosplhcics ai(id tilttrineit solttiOlls, but primarily concentrates on the use of 

I'N isotopc (iiliitioi imiethtods with soils. 

-N2 -IABELED ATMOSPHERES 

The use of I5N,-1abeled atmospheres to determine actual N, fixation is the 
primary standard against which other methods are judged. It was first 
ettlI o ed so n atier N tecaine generally available (Burris & Miller, 1941) 
alnd has thC i \ Used to provide tile vital evidence for N, fixation inltCtslecc 

a sucCessiOn of ioi-.rhizobial associations, e.g.. Alnus (Virtanen et at., 1955) 
lichCns (o n301d 1955) sugarcane (RtUschel 1975) and tropical& Scott. et al.. 
grasss II)c-I'olli it al.. I977). rhe earlier 15N work has been reviewed by 

ste\\ art , .9()). 
1he p1rinipc is simpl,:: the whole plant. or at least the root, is exposed to 

'N-Cit icled tlilisplhcre inIit chamber f'or an appropriate period of time, 
followed by determination of the 15N concentration in the plant. Either the 
\ [n)lc plitt or its scpiratc parts may I;-analyzed; then the percent total N in 

tle plant simple that \was fixed during the xrL,:irnental period is obtained 
fImitt the tollliliIl: 
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stil lc iltoim I N excess 
'N = ... .... x 100. .... ..
 

gas aton I' 'IN excess 

Knowing (he total amount of N present in tile sample enables calculation of 
the actual amount fixed during the experimental period. 

The methods hae been adequately described (Burris & Wilson, 1957) and 
have not changed significantly. I'he CENA technique for determining ISN 
fixation in a small illuminated chamber has been described by Ruschel et al. 
(1978: 1979a). Similr apl)proaches have been reported by Witty & Day(1978) 
for determining as\mbiotic N, fixation, and by Yoshida & Yoneyama (1980) 
working xxifh Ilooded rice. I Isually rather high I5N atom excess material must 
be used to o\,ercome the large dilution effect. Such experiments require at 
least 30-5(,' I N atom excess, and for associative N- fixation experiments and 
with short exposure times we prefer 901 15N atom excess. 

Ihc !%%o major l imilations on the use of -N-labeled atmospheres are the 
difficulg', of handling more than a few plants, and the problems of using the 
technique in field situations. Suggested methods have included lifting small 
plants. placing them ent ir- with soil in a polyethene bag, and replacing the 
whole hag inI aS "ea r rut ti raf" a situation as possible. With sugarcane, we 
placed I steel coni ,;around a plant insitu in an ordinary sugarcane field, 
and w,-c able It,d,.'monstrate 'IN enrichment of the rhizosphere soil (Matsui 
et a/.. 19 1) ilie ork and expense wasJustified for this critical experiment, 
but it could tertainly not he I routine. F. R. Warembourg (personal 
conlnlimication) has dccloped iamethod for double labeling of plants with 
15N, and "CO. under near-nat iral conditions in order to investigate carbon 
behavior in relation to N, fixation. 

'5N-LABELED NUTRIENT SOLUTIONS 

The use of iutrient solutions is commonplace in many N 2 fixation studies 
with both legume. Rhi:o/,itam symbioses and other N2-fixing systems. As tile 
culture medium is mstially defined by both volume and concentration, the 
total amount of N axailahle to the plant is known, therefore, in many 
experiments iIoig unlv one cultivar and variables other than N, the 
anount of N, fixed can be obtaiined readily by difference. If,however, the 
amiotmnt of I ixailoi is small, if trCltivars are a variable, and especially if N level 
is a \ariablc and its CfCCt is thus conlounded with N. fixation, then the 15N 
hibel cain he \airahle in providing an exact measurement of N-) fixed. 

From isotope dilution principles, tile proportion of N in any plant part 
derived from the nutrient solution will be given as: 



578 

A\ deleied -aftn 1 15N excess, plant part 
nut ut i on Sltlith~lia1t)m) 'IN excess, nutrient solution 

tle remainder hci ni the plroportion of N derived Ifrol fixation. 

An ad tantagc of lthe method isthat it ispossible to calculate the percentage 
of N deri5ed Iroin the nittieit solution t)rIrom lixation and, by reference to N 
content dta ot the diilcrcnt plant parts, provide an estimate of the derivation 
and a lounnt oti nitrogen n everv plant part, and the total, without reference to 
the N cotcnt oIf the ntttrinclt solution. lhis removes a potential major source 
of error. and moreos er. ltlnkes it possible to determine N, fixation by plants 
gro\\'n in cot iIttt,,-Ihl lltt riCnt solttions. which is otherwise almost 
impossible. except s\ith nont-ntodtUlating comaparison lines. Conversely, we 
has1C used [tle ".N label inl atC nt otis-flow nutrient solution to confirm the 
absence of N, lixatimu in ,tt cx periment to investigate the redistribution of 
leaf N in Phaseohs (Vose et al., 1981). Even with a total loss system of 
continous-tow, the cost of labeling the solution with 1.5% atom excess tSN for 
a ten-week period was rather small. 

MEASUREMENT OF N2 FiXATION IN SOILS USING U-N ISOTOPE 
[illI[UTION 

".\-labeled fcrtili/crs arc nows' used routinely to obtain a sensitive and direct 

measure of the propo rtion of total N in the plant crop that has been derived 
1'rtn the applied fertilizer N and the proportion that has comle from the soil: 

ill planrt materialexcess(tile toN 
fertiliier N e\ees, in tertilizer 
" N = -. x 1001 

if the total amount of N in tlie plait or crop is known it is then very easy to 
calculate the actial amotnts of N in the plant due to fertilizer and soil-derived 
N ( Iroeshbart. 1974: IA IA. 1976: Vos.c, 1980). In the case of Ni -fixing plants, 
although a perfectl. \alid detlcrilliation of fertilizer-derived N is obtained, 
the salttc obtained I,)r -s, il N" is in fact the stini of soil pool N and N-2 derived 
from fixation. I hc pio ciii. therefl+re, is to separate these two components. 

All methods using isotope dilution in soil situations depend on the 
comparison of IN N ratins ot N2-fixing with nonfixing test plants. Vallis et 
al.. (1967) suggested the possihility of' using the dilution of 15N-enriched soil 
nitrogen by atmospheric N, as a nlicans of quantifying N2 fixation. However, 
development of tile isotope dilution approach came through the A-level 
approach (Broeshart, 1974), and the work of Legg & Sloger (1975) and Rennie 
et al. (1976). 
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Use of A value for determining N2 fixation

stnodatihe A vale ret.rs to the
of a standard (Fried & Deall 

fdan available nutrient in the soil in terms190.1). lrocshart (1974) and Fried & Broeshart
corresponding 
(l975) noted that 

to 
for anl N--fix ing plint there were, in effect, three A valiesthe three sourcesA(symbiosis). A(soil) of N: A(soil), A(fertilizer).+ A(symb) can andreadily be calculated for a N,-fixing

crop. If a nonfixing crop is confronted with the same source of soil N as the
fixing crop, the A(soil) can be independentlyA(symb ) is equivalent estimated. It followsto the difference A(soil + symb) 

that 
amount - A(soil). The actualof N fixed can be calculated as: 

N2 iixed (kg ha _ /, i ) total N yid in crop 

total N supply to crop 

which becomes in practice: 

'a loe.*\1 (,' 
ft.NI otal plaint N (kgpV ha)l .h
'./m
AIt'I !-X 

I ". . X 00
li/cr N itpplied (Kg t)
fiXing system
 

An advantage of the A-value method is that tile fixing and nonfixing test 
crop can 
receive diffbrent rates of fertilizer N (Rennie et al., 1978). However,
 
an overwhelming disadvantage of the procedure is that it is Yield dependent
and, thus. its precision

methods. As Rennie (1979) 


can never be better than that of other yield dependentare carried has pointed out, legume N, fixation experimentscircumstances 
out with low levels of applied fertilizerthat A-valCs N, and it is under thesecan
tile A-value method includes 

be least precisely estimated. Additionally,

means that 

a term for the rate of applied fertilizer N whichany loss of fertilizere1tM Itli Sl 
N by denitrificatione IlI , or volatilizationmay he substantial(G(iasser willto irltIoducc i eor it atcl.. 1967). This seems1 k;iiso)pc (11101 ,cedirM. 

Ihich is avoided b" the yield-independen!,0t! \VMlch directshows itsignciicant isotope discrieicationi th M.'a tIh '. j -I(e.Therefore, while tile dcmii.
 
towards use of A value to estimate N, fixation was a useful step
developing the more direct.lellad 1977) o, (IlbtItl 

isotope dilution equationit wc (Fried &Ioncpt is (ltfitt1lt 
should now put much emphasis on it. The1(l 111f111or
Ihi)yjSpeciII Ists" andItltt'FDItt'I;I
Ithat[ the r-c~ can lead to arguments ofslt'ailhtlorwtlrd equation is able to avoid. 
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Use of direct isotope dilution technique for determining N2 fixation 

I.egg & Sloger (1975) enriched soil by adding 5N-labeled fertilizer together 
with a large amount of sucrose and powdered cellulose, and waited until the 
newly incorporated I'N vas in organic form, before carrying out the 
experiment with nodUlatcd and non-nodulated soybeans. There have to be 
doubts as to the admissibility of adding such large amounts of carbohydrate 
with its inevitable selective influence on the soil microflora; moreover the 
method was restricted to pot experiments. ihe equation used was: 

a-h) 

N = 
(c-h) 

where 	 N1 = fraction of N, fixed,
 
a = atom 7 IN illlodulating plants,
 
h = atom i "N in the atmosphere,
 
c = atom i ' non inodulating plants.
 

The isotope dilution Ctltation more generally adopted isthe same, in form, 
if not in deri~ation to that above: 

,ttom 	, in fixing crop
7NI fixed = I x 100 

C' atom (' 15N in nonfixing crop 

Ibe mathematical basis Ior the equnat ion was provided by Fried & Mellado 
(1977) and -ried & Middhlehoc (1977). the latter authors demonstrating that 
the equation can be obt;aincd by reducing nathematically from the fifth 
eqtiation abo c.Ne\cithcless it should be appreciated that, in principle, the 
direct isotope diltItion prOCcdulrC is both yield independent as regards 
calculation ol percent N deri\ed fron fixation, and assutnes, at least 
theoretically,. unilori nmixing o the 'SN fertilizer in the soil. 

Experimental technique 

A randomized block design with about six replications seems convenient. 
[he nonf ix i ng test crop should be situated as close as possible to the fixing 
crop. The 15N label isapplied to about I m2subplots; the remainder of the plot 
being taken for yield data. For applications of about 20-25 kg N/ha, 5%atom 
excess 'IN-enrichcd fertilizer should be used, but for applications of 100 kg 
N ha this enrichment can be reduced to about 1.5% atom excess 15N. Care 
must be taken not to contaminate the non-enriched plots either by irrigation 
or through the transfer of soil on boots or implements. Contamination can 
lead to large and probably variable natural abundance figures. This is 
especially important if natural abundance is to be used to estimate N, fixation 
in the zero N plots. 
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To obtain good dist ribution the 'IN fertilizer is probably best applied as a 
liquid, but alternate practice:; should he contiasted to establish tile best 
procedure. Although it has been stated that it is not possible to use the isotope 
dilution method to measure the N 2 fixation of plants grown in soil because 
of tile impossibility of getting initorni spatial distribution of the 1SN label, 
absolutcly tniform distribution does not secn essential. Surely irpractice the 
basic requirement is t hat Iots of conmparative treatments should. have equal 
access to the '-N label and Other sources of N. 0f course if there is good 
distribution of the I'N then any difference between root systens is likely to be 
minimi/ed. Gootd 'N dist rihution is,thus, a highly desirable feature, but not 
critical pro iding the iot systems exploit the same soil zone. 

Ivaluation of the isotope dilution technique in soil situations 

With nodulat ing and non-nodulati ng soybean isolines in a pot experiment 
RIusche! et a/. (1979h) Itund that Caleulations based on total N content or 15N 
data gaxe \ariable results according to the growth period. At the 75-day 
harx\est and at matiu rit. both methods gave similar estimates for N2 fixation. 
llowxe\er at the 35-da\ hiarest tile isotope dilution technique showed that 
20('j or more of tle plant N came fron fertilizer uptake, while calculations 
based on total N indicated that none of the Nin the top was from the fertilizer 
applied. 

In a second experiment iIIi. hich total N and isotope methods were used to 

calculate the proportion of N derived from the fertilizer, soil, and N, fixation, 
the total-N method showed more Nderived from the applied fertilizer and less 
from the soil (see Table I ). There was also a major discrepancy between 
methods in assessing the percentage N2 fixed at the 50 kgN/ ha fertilization 
level. Thus. by the total-N method, 30% of the plant N was derived from 
fixation, whereas, using isotope dilution, only 4.2% of plant N had been fixed. 
Consideration of the 15N data showed an increasing proportion of fertilizer
derived Nwith increasing fertilizer level, and also an increase in soil-derived N 
due to greater root growth with fertilization. It is clear that this provided a 
much more credible explanation of events than was given by the total-N data. 

()ur prc\ious .,rk lRusclicl ci al.,1979b) with nodulating and non
nodulatinig soycan s ad l)eibcrt in a field experitnentilta tht of ci at.. (t979) 
with the same crtop. Rciiimc & I.arson (1981) with wheat, and Rcnnie (1979) 
with Phasc'olus, have shown that the isotope dilution technique works well 
where the noiflixing test plant (imlon-nodulating bean or normal nonfixing 
wheat) is of the sawc. sptcccs. Ihe question a rises as to the sources of error in 
an experiment Mch cli uses ;is the nonfixing test plant an entirely different 
species. such as d\V. arl\ heal ii a!.. 1981) with~tii1979 experilnent ( Ruschelci 

In this experiment. \\c c')iMpred the N) fixation of diflerent Phascolus 

varieties againslst noit ixiug wheti.,a,d found that tie isotope dilution method 
appeared to be capable of both determining N2 fixation by legumes in the 
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TABLE 1: 	 The proportions of shoot N coming from fertilizer, soil, and biological fixation in soybean at 75 days. Calculations 
based on total N content, and also on 15N content of the shoots (Ruschel etal., 1979b). 

Treatment Calculations based on total N Calculations based on 15N data 

N from N from N2 N from N from N2 
fertilizer soil fixed fertilizer soil fixed 

0 kg N 0.0 46.46 53.54 0.0 56.00 44.001 

25 kg N 37.79 32.77 29.44 10.31 62.32 27.37 

50 kg N 36.96 30.00 33.04 23.67 72.09 4.24 

Sig. diff. (P = 0.05) 4.J5 8.23 10.06 3.29 7.67 11. 03 

1By calculation 	from 6°'oo values. 
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field, and of distinguishing d ifferences between cultivars. When cultivars with 
the 20 kg N/ha treatment were compared, it was apparent that 'Carioca' 
showed the highest and (oiano Precoce' the lowest rates of N, fixation, 
whether judged hy seed yield, total N yield or as calculated from 'IN isotope 
dilution. Ho% ever. the yield and total-N data alone did not provide a direct 
measure of N, fixation nor estimate tile proportion of fixed to total N in the 
crop or in plant parts. In this experiment the major potential source of error in 
determining N- fixation by the isotope dilution method was that % N fixed 
had to he calculated against a nonfixing crop of another species, having 
different root patterns and depth, and potentially exploiting different 
volumes of soil. In this experiment it seemed that the dwarf wheat and 
Phaseohisroots were of reasonably similar extent. A second potential source 
of error was that dit erent species may vary in 15N, 4Ndiscrimination between 
roots and shoots. While the available data is limited, Moore & Croswell 
(1976) have reported slightly lower i'N values in wheat roots than in the tops, 
and Shearer vi al. (198,',0) found a similar situation in a non-nodulating 
soybean isoline. We. too. have fund differences in "Ficena-2' wheat, with the 
tops having higher 'IN \atloes than the roots. While this could mean that the 
calcul ated N-, fixation vatlies lor beans inight be as much as 15% too high, 
such differences do not affect comparative evaluations. The efficiency of 
cultivars for N- fixation could be ranked (Ruschel et al., 1981) from the 
natural 'IN data alone arid this ranking was the same as that derived from seed 
yield, total N yield. or "N fertili,er dilution. 

Sonic will see the parallel results achieved by the isotope dilution and 
classical methods as.1tistit ication for the latter. Eliis is a reasona ble viewpoint 
for many practical situations. Il the example given here we could rank 
IPhascols culti\ ars on their ability to fix N2 using only seed yield or total N 
yield. This. howe er. o\ erho ks the maj or advantage of the isotope method. It 
makes possible tile determiniatiorn of' N, fixation, irrespective of other 
experi mental tacto is. "Ihius. one can isolate tile effect oTf fertilizer or soil N on 
N- fixation and separate ouott lie effects of particular agronornic practices that 
might affect yield in w\ays other than through N-, fixation. The dilution 
method can also pros ide inlornmation on the partitioning of the N- fixed 
between different pla nt parts. 

lhe Ialter point deserves additional comment. In the development of new 
grain legumes it is important to know to which plant part the fixed N2 goes. If 
protein-rich grain legunies are sought, varieties that are capable ol active 
symbiosis with Ihizohiumi. but that channel most of the N-, fixed to leaves, 
rather than to incr'cascd seed yield or percent of' protein, will have little value. 
There is a considerable difTiculty iii legumes in separating the factors 
concerned with N-use elliciency, fron the capacity per se to fix N- . Amaral 
(1975) using over 100 xarictics of Phaseolus in solution culture has already 
shown differences in the efficiency of conversion of N into grain and leaves. 
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Combining 15N isotopIdilutitin with a comparison of nodulating and non
nodulating so\vbClns eCathlcd ts to demonstrate (Ruschel et al., 1979b) that 
with 25 kg N, ha. 9'I ot' the N in the pod was derived from fixation, while 
with 50 kg N, hit applied only 4117 was. Roots of nodulated plants did not 
contain any detectlbtle N deri\cd rom fixation, whereas aboit 80% of nodule 
N was dcrivcd 1rom fixation. N 'romn N1 lixation only provided a significant 
proportion of the total N in the shots at the last harvest. The data suggested 
that the roots develop, gr-ow, and elaborate their structural N fronm soil and 
fertiliier N. without an\ co tribution from fixed N. Subsequently, the 

nod tiles develop and commence to fix N,, which is initially translocated to the 

still developing shoots, but which later is preferentially translocated to the 
developing pods. 1his provides a g.and experimental basis for the common 
field practice of supplying a small quantity of N fertilizer as a "starter" for the 

crop to support initial grow th bel'orc N, fixation can become significant (see 
lable 2). 

There is a,problem in using this technique to determine distribution 
differences itl not have a non-nodulating isoline or rhizobiacases \when we dt 
free soils. Iflonc is malfilg a comparison with a nonfixing test plant like wheat, 
it is obiotusly not possiblc to made direct comparisons of root with root, 
leaves with lcaes. and podL. with pods,ias one can with nodulating and non
nodulating soybean iIsolines. Ilhe alternative is to take the single deter
tuinations for whcat top as a base figure, but there is of course a built-in error. 
[he figures obtained lor fixed N itnthe plant parts will, therefore, be relative, 
but nonetheless utsclul lor comparison of fixed N distribution in different 
genotypes. 

[he long-term so lution is to develop, by mutation techniques, non
nodulating isolincs ot I'hiawiolis and other major legumes. [his would make 
truly tlant itlatti\C of assimilation distribution of fixedstidies the and N 
possible in other legumes. its is possible for soybean t";ing nodulating and 
non-nodulating isolincs. 

Measurement of associative N2 fixation 

INS [is bccn used to conlirm associitive N, fixation in grasses (De-Polli et 

al., 1975; 1978), and associated with 
stga.rcane rhilosphcrc soil in the field (Matsui et al.. 1981). However, forany 
extensike wNork the Isotope diltitionl techniqtue is essential. With an annual 
crop such its wheat. tlere i lisi real problem. A nonfixing genotype of similar 
physiological grosth ptttern can be obtained quite easily, and the isotope 

dilution technique applied successftlly, both in the field (Rennie & Larson, 
1981) and in pots (Retinie ial.. 19,81). 

There are. ho\\eser. some tatlor problems with long-growing or perennial 

grasses. In many eases it is difficult to obtain an adequate nonfixing control 
genotype. Ilhus. we haic been unable to do isotope dilution experiments with 

al.. 1977). stigarcanc sccdlilgs (Ruschel ,'t 



TABLE 2: The origin and distribution of N in plant parts of soybean, as determined from 15N data and comparisons with a 
non-nodulating isoline (Ruschel et al., 1979b). 

Treatments Origin 
of N 

N 

Shoots 

N N 

Roots 

N N 

Pods 

N 

Nodules 

N N 

Total 
N 

N 

percent content/ 
,plant 
(mg) 

percent content/ 
plant 
(mg) 

percent content/ 
plant 
(mg) 

percent content/ 
plant 
(mg) 

content/ 
plant 
(mg) 

0 kg N Fixation 
Soil 
Fertilizer 
Total 

44.001 
56.00 

0.00 

92.13 
117.26 

0.00 
209.39 

ND 2 

100.00 
0.00 

ND 2 

36.90 
0.00 

36.90 

ND 2 ND 2 ND 2 ND 2 

30.15 

92.13 
154.16 

0.00 
276.44 

25 kg N Fixation 
Soil 
Fertilizer 
Total 

27.37 
62.32 
10.31 

88.07 
200.55 

33.17 
321.79 

0.02 
87.23 
12.75 

0.00 
32.55 

4.76 
37.31 

69.00 
26.13 

4.87 

18.29 
6.94 
1.29 

81.30 
16.29 
2.41 

2b.18 
5.65 
0.83 

34.66 

134.54 
245.69 

40.05 
420.28 

50 kg N Fixation 
Soil 
Fertilizer 
Total 

4.24 
72.09 
23.67 

13.75 
233.76 

76.75 
324.26 

0.00 
76.73 
23.2-

0.00 
40.13 
12.16 
52.29 

40.80 
44.95 
14.25 

8.60 
9.48 
3.00 

21.08 

77.20 
17.50 
5.30 

22.73 
5.16 
1.56 

29.45 

45.08 
288.53 

93.47 
427.08 

By calculation from 6 0/0o2Calculations not possible. 
values. 
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sugarcane in the ield becatuse we have not found a crop plant with a 

development that parallels the 14-month growing period of sugarcane in 

Bra/il. A second problem iiin andling grasses, which have a long growing 

period. is, the\ nornia' have successive harvests over a whole growingthat 'v 
season. IFinding nOnlixitng t:opcal grass genotypes also seems very difficult. 

In 1979 \\e carried out an experinent to determine whether Sudan grass 
(Sorhtwn] . thmu'It') Coruld suppoxrt associative N. f'ixation under field 
condIitions. Wc comipared Sudan grass against 'licena-2' dwarf' k ieat, a crop 
that we ha\c checked using hoth the ac,-tylene redLItion and I5N techniques 

(Rennie ,tal.. 198 I ) and that we k now is incapable of' supporting associative 

N, fixation. Ihe ircstlts suntlln'icd inl Fable 3 clearly show isotope dilution 

in Sudan grass. implying that there has been associative N-, fixation. [)ata fo:" 

15N excess show wheat >Sudan grass > beans. The same order is found for 

natural 'SN content tfthe No treatments: wheat (0.386), Sudan grass (0.371 ), 
beans (0.306-0.370). Rates of N, t ixation in Sudan grass would thus range 

from 14.6 to 19.2 kg N Ia: not an outstanding amnolnt, but a significant 
proportion lofpant N (;IhOitt One-third). Although this work is possibly the 

first to evaloate N l.ixation by grass int the field Using tie SN isotope dilution 

TA BL- 3: 	 Putative N2 fixation in Sudan grass (Sorghum sudanense), at the 
first harvest, as compared with PIhaseolus tinder the same condi
tions. 

Treatment Content of straw N (flre to 
N2 fixation 

( 1 5N) ( r: 	 15N excess) (kg/ha) ( , 

Phaseolus ,t'igaris 	 No 0.368 

cv. 	Carioca Precoce N2 0.666 0.305 41.6 57.0 
N100  0.757 0.387 31.0 33.0 

Sorghum sridanense 	 No 0.371 -
N2 0  0.843 0.472 19.2 35Cj 

0.814 0.460 14.6 24.0N100  

ilriticuil(lestivum 	 N 0.386 o 


(non N2-fixing test N20 1.148 0.766 
plant) N100  0.969 0.588 

Sig. diff. (1'::0.65). 0.319 0.190 
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techniquc. we l1;e riot ith nublished it because we could not be entirely 
certain that deep toots. coliriromo iin tropical grasses, have not taken up a 
disproportionate amount of 'IN from lower in the soil. However, as the S5N 

content of the No treatment shows the same pattern as the PIN fertilizer 
treatments, we are inclined to believe it to be a true representation of 
associative N, fixation. 

Ihe technicall lrohbliclrcrilins thalt rasses arid clovers have indeterminate 
growth and will be cut (or grazed) several times during a season. Therefore, 
tie allmout o li.\t(it i as deteri ed in the above expcriment is probably 
only a patrl (1 tile loill br it \C;t"S i40w\rlI. WC need to develop methods 
appropriate to tihe problrli ol crops that Lave successive harvcsts during the 
season; and subsequCInt regrowth. Ilaystead and Lowe (1977) tried to 
detcrmicil the lixlii oil capiciiy ol \%hilte clover ( l'ri/6liuo rep'I.) in British 

lill paIStIIC oMCr it ,ix-x\cck ,rtid. gix iiig901 atom excess 'IN ill the rate 41"2 
kg N. hi to riic htplols.II._., calcAlited N 2 tixation according to Vallis et al. 

( 1967). i~rid then :'itIIitiIId ihe Muiiitial rate of ixatior bY using the 'SN datit in 
coijtrnction with seasonal data from intact-core acetylenke reduction 
tcchniqLUC It ,1i1rld K phe)S,icl to dc, lop t purely isotope dilution technique 
in wiich 'N is Li~cn It) ic.;h pitts lollowing each dloliatiori thr-oulghout the 
5saISO it! ortlI to Obtiiln illl ttC1-;itcdl vAiLtre for sCilsonal fixlion. 

USE OF NATURAL, ISOTOPE ABIJNDANCE RATIOS 

)el\\ich & Slc t (1970) noted that legumes that do not fix N, and 
norlet'irlr.s lac 1'N \ithics simil,,r to lhe s.il. while legunr.es that have fixed 
N, haoc "N 'N rall'os 1iri(odCilid b' the N Ot'tIL atmosphcrc. It followed that 
the application ol(isotope ililiiiroll principles to natural N isotope tbulnd;iIILe 
deterllrilitiirns Illa\ pt ide ;ill cstimatc ol plait N 2 Iixatiin under sonle 

icuClisti cI " o// 197 ardlii c a/.. 1977). hrirIlli'. I lit' method has now 
becn testiiely applied " invcstig;ite N 2 fixation in Lpiqifi lthteu. (Amarer 

i al. 1977) stiricimcii tit,,cl ,&\ose. 197,; Vose it a!. 1977). arid ioybea. 

(.\riar-gel (-1 (1/.. 1t)7t): 1 ,u,Ceil / .11..I 197'9: Kohl ci W., 198o). 

Ilhe N ol 1lilL itll lloph eltchi;' 'i colist;lit isot tilc ctitenl olr VaiiI' ons in 
Iocatiri it'd A;ltitril Inlthe aC osI s,'oil, dCitliicitioli tclids t0l ptooidce N, 
gas deplctf-d Ill 'N ct lih tire residlial nitlate slightly enriched, while 
liil licalil cilds It litrilte aild litrarte depleted ill 'N with the resi2ual 
aMrr111llioriium cl Wiled inl A "al., 9 68).(I)cl\ichc & Steyn. 19-'0: Wellrn /' 
I 'o\cser. it hils Io \ bcr, cril slithlishCd that the effect of the various 
soil r1ceobioltgi I;l I.a tills Ithit ill',.ct the fractitiatiorn process of N 

,isotopes il soii i,,t Lt icicis ini the 'IN aibUtditi-''c ol'soil N comparedti. iii 
with artuosplicric N I( Ilk & Brelrlnler. 1976). 'larnt N coning from the soil 
should, thereforc, have a highe abundance of O5N th,i n N2 fixed directly from 
the 'tmnosphcre. 

http:ill',.ct
http:legunr.es
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For expressing the level of natural 15N levels it is now usual to use the more
 
sensitive expression 61 iN1, where
 

7 -I N s'l\!' 

61X "11 - I j lXt10 
I N i\ standard 

If plants act iely fi.xiII. N, are grown on a mediuni which has a highcr 61j5N 
\"altle than the atm osphe re. then it should be possible to calculate the N 
fraction in the plant derived from N, fixation. If this is N(fix), then following 
isotope dilution principles: 

7 +'N "' IlpkIrri Icit~s - ',\ ,,'.:&tlmoslphere

17 N lixtd = I -IIx l ) 
s l N I'N;\; Nilc - iti;losplic

L (test I11lf ) 

I N values ola ailablc soil N should he determined on the N taken up by a 
nonlixing test crop. 

At present this nethod is experimental, and due in some circumstances to 
low soil 61SN ",(i)\;ltes or to extreme variability of values in field situations, 
it is clear that it \\ill not he universally applicable. Nevertheless, for some 
special problems such as determining associative N, fixation in sugarcane, 
which ha,, a long gro\ iIg scason lliLdis vserv large plant for experimentation, 
both trorri the point of \ ic%% of dilution of '5N intracer experiments and of 
general handling and culture, it probably has avaluable role to play. Similarly 
it should be tscltllIor incegt ted N- fixation estimates for natural vegetation, 
and palsture plants th1,;re grw rid harvested over ita)4 period. We have used 

,
it for determining N- fition in the zero-N control of a soybean experiment 
liar was ot her\%isc gi\rr '"N-enriched fertilizer (lRuschel et al.. 1979b). A 

deficiency of tire mct hod is that only itsmall variation in 615N 1,i00 
correspotds to icorlpirlriti\cly large diffcrcnce in N, fixation. 

Some of tile present difficulties concern our lack of knowledge of 
fractionation f'actors ftor the uptake of N isotopes by plants, and particularly 
tle diflerences inhlicr t Ilr assimilition aid transport between plant parts. 
Ihis is despite the \sork of Alrimrger 'tal. ( 1977; 1979) and of1Kohl & Shearer 
1980). I'tu rther \Nok i lies't thniliries is necessary, becalse asmall difference 

in the fractionation factor of e::perimental and test plants could substantially 
afect the accuracy olestimates of N, fixation. 

In field experimentiation using this method, it isobviously essential that the 
experimnttil soil has ;irclaslilhlv high initial 6,15N value. so that itvalue 
esscat i;!'ly ohutmtlirid h\ dilutimr can be obtained. Secondly. in tile field 
experiments there ShOl dtb t 4 ilti6I the11 graldicnt N within the profile of 
active rooting /oe..'\Ithiith 6SiN values tend to increase down tile profile 
(Feign vi a!.. Reriic & 1974; & these1974: Iaul, Black Waring, 1977), 
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variations are largely in the profile beyond the rooting zone and are not 

relevant. Relatilely small differences due to depth seem likely to be 

encountered in the normal rooting /one ( Kohl vt al., 1973; Black & Waring, 

1977). Broadbent & (arlto n (I 978) found spatial variability in soil to be 

sufficientlv lo\ that calculations based on uptake of 15N-dtpleted fertilizer 
were not affected. 

Since \%e need to know tile 61'N vialtcs of the plant-available soil N. we 

must either gro\ a iontiing test crop beside the experimental crop, or 

undertake very catiit.' il i sa iiplinl tor available N from the active rooting 

depth from so il \0cli hlas rcci\ d all the treatments ol the pIanted area, but 

whith itself is free 110n1 laits aid crop roots. Such areas can be found at the 

side o the planted aracas or Irout "blaink" areas that can Olten be found in row 

crops. ,,As regards the N -fix ing plant. the extensive plant root system is an 

extreritely effectisc asCraging device f'or the small variations likely in 

sutbstrate. thotigh in pot cxpcrinlents this problem hardlv arises. Either the 

whole plant carl h taken tor analvsis, or a generally accepted sampling 
portion (e.g.. in strgtrcainc, the center of the larnina of lthe futrth last-emerged 
leaf). 

Probably the anal\tical dcterminatiot of' 6' SN is the smallest of the 

problens iihierent in tle rthtod. though discrimination effects can arise 

dturing saiple procrssing, and \cry great attention to detail is required. 

IIt+oover. se( nalrcc ss ith rrre & Bergersen's recent (1980) view that withrin I 
aIttentiroil i0 OtLtcs o(f .ir (6'N metlhiods nay be a convenienrt method for 

field rlCasurcrnlrnt o N, 1IVat101. 
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A WHOLE-SYSTEM APPROACH TO QUANTIFYING 
BIOLOGICAL NI'IROGEN FIXATION BY LEGUMES AND 
ASSOCIATED GAINS AN!) LOSSES OF 1TROGEN IN 
AGRICULTURAL. SYSTEMS 

D.F. Herridgel 

Summar v 
Although a lot ot etlorl has gone into estimating nitrogen (N2 ) 

fixation by legomes in agricnllril SystCms during tile past 30 years, 
little emphasis has Ibccn gien to placing these estimates in 
perspective relatis to tile merall N economy of the system. 
Potential losses ol N ao ol at least tie same magittde as gains. A 
whole-system approach to the study of legumnes in agricultural 
systems is propowsd. ,herce me,.asuremenlcts of itnumber of 
com1ponCnts 1rC 1mdC adllt lcllicienciCS identified. Ihese may 
include suppression ol N, ti\atio h\ soil nitrate, losses of N 
through ariots putlm .s mellt.cielit conversion of total crop 
prolein to har'cstcd pllcim. and so oil. )etails o!' mnethods to 
measture the \ariois collplnet)s i presellted aMnd \altmated ill 
terms o plccision casc ofl s, t.tand availability. 

INTRODUCTION 

The value of Icgttmes is two-fold. [hey produce vegetation and grain of 
high protein contentnilld qulllity. They also fix atmospheric nitrogen (N,) in 
association with appropriate strains ol Rhizohium. Fixation may not only 
provide N for tihe legutne itself. but in some cases will also build up the soil N, 
permiting more \igorous growth of companion species and of succeeding 
crops and pastures. Ilo\,cxer. the high rates of N2 fixation required to achieve 
these desired effects arc produced with only var, ing degrees of success. 

Agronomic studies Mherc cropping systems involving legumes and non
legumes grown together Or in sequIence and evaluated purely in terms of 

Ne%'\Soutmh \;fle, t)ept l Agticuultmne. \grictfluttul Research Centre, R.M.lt. 944. 
lalmouth. NS\V.. uslial 
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production ha\e pro\cd usetull I C.tending the Inuch-researc hed principles of' 

hiological N2 fixation into agricultural production. lhe publications 

deta iling resca ch doic duling the 1950's and 1960's by scientists of the 

Corni1o1kIcalih Scicnillii o Industrial Research ()rgali/atiotn (CSIRO)at 

Kathcrine. Nottthrn Icr1 i, :\ arc an c\ccllcnt exainplc. In a fotur-year study, 

previous ctlpilfii) hi,,da ,oeiilicanlt Cilect on yield ifpeanut illone year out of' 

three. Mvhen \dicl ,, ha'Ollest ailtcr peanut and lowest after cotton, yield of 

sorglm was considc.il\ h' ci lollhwing sorghum than fotllowig peanut or 

cotton in thrcc of the loi tcasiws. but there was no effect otfprevious crop on 

cotton yields (1)hiiips,. 61)l). IllItrtIcr studies (Phillips & Norman. 1961) 

gr:iin i sorti higher when grown aftcr pCaiiut than whenviek ,)I \crc 77, 
preceded h\ soightm+ 

When such CIpir'ical in+cilIitrucinents arc supported by additional data on 

the N Ccolionl\ of ilic Cloppitg systci under study, inefficiencies in the 

systCm can h' dlttIicC., l.v CStinatingu rates of N. fixation, the cost of 

production oI legLiuc pit)tciI Id tile possible bcnelits of' a legume crop to 

succeeding crop.s can hc pi cdIcid. \IiIsu rcmcnt of the losses of N from the 

sVstem c[iii also be .iiicall. I wcs of ulipto 500 kg N ha have been reported in 

soic tropical c.roppin sItcm, (flittthohoiew, 1977), and this could nillif'y 

potential gain ii, N-ilitl. It would, o). .,)isly. be foolish to deployallhow 
tl N, l'ixation when reducing the loss of N fron 

the svste could he aclc\cd illirc 
resources to imitpio\ iiitc,, 

readily. 

If the \ uioll'uIs cotlipo)il'l I" of gains. traislers. and losses ofN are compiled. 

aI balance sheet, oi, btduct ot N. can be inade (I Ientell & Vallis, 1977; Ileal. 

1979). IBricl\: 
AN I I) t M f I)R - A.- C - I.- V- F

I . I. 

where: 	 N change in the soil N over time. 
I'. =tie rate of symbiotic N fixation. 

1"1 =tie rate of nonsynhiotic N fixation. 
M -N added in fertilizers, seed, or manures. 

)R =N added in dust and rainfall. 

A N added via aminonia (NilH) fixation by plants. 
C = harvested N (grain and vegetation). 
1. = N lost through leaching.
 
V =gaseous losses of N through denitrification, burning, ammonia
 

v\olatili/ation.
 

F = N lost through erosion.
 

(from Greenland. 1977) 

Not all tllcs cointipinctiis \,ill1have equal importance in atparticular 

agricultural s\stc il I licSucccling sections examine methodologies for the 

establishment of N bilainIce Sheets. Mnd consider particularly their precision, 

ease if use. andlcost, I he cniphisis will be toward the measurement of gains in 

http:considc.il
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soil N. and on cropping rat her than grazing systems. An effort will be made, 
however, to put potential gains in perspective by discussirg the ftate of fixed, 
unharvested N and concomitant losses from the system. 

MEASUREMENT OF GAINS, TRANSFERS, AND LOSSES OF N 

N gains 

N fixation accounts for a large percentage of the N gained in cropping 
systems that Include lcgunlics. with [rates o'f up to 450 kg N/ha per year 
recorded (\Williams & Cooke. 1972). Inputs associated with rain and dust are 
small and rarely exceed 15 kg N ha per year (.enkinson. 1971; Grecnland, 
1977). Inputs resulting Iolllon nn)svnlihiotic fixation are also likely to be small 
with "allcs under most sit nations not exce,.ding 10 kg NIha per 'ear 
(Greenland. 1977). ('pa aid hiohilitv of subsoil N is a further source of N that 
may he signiliclnt in tile short term. Bartlholomew (1977) argued that deep 
rooted perennial plants \%ill return SLuhstantial amounts of subsoil N to the 
surface of tropical algrictiltural systems previously leached during the
cropping phase. C()\or ani ex\tended period ofttime. however. any net gain of N 

from the subsoil ha., to hc negligible, since this N must be derived from the 
surface ill the first instancC. li dealing with N gains we shall only consider 
mcthods to quantify N , i.\atihi in detail. [or details of techniques associated 
with N gains \ a otllcr pat\Ia.vs thIe rcaler should refer to Grcenland (1977). 
1hc methfiods of lnca'ilriiMy N, Iixtion reviewed here include N balare 

sheets. comllpalatl\I. uptkC i1 N 1)y t ie test legutmne and i nonlegume or non
nodulIatcd lCgulmc of tie "anic genoitype, and the acetylene reduction assay. 
Ilhe rcentl\ puhhished iiIrCide tcchniqtje aind methods using I N are discussed 
-lsc\\hec in this volumei (McNeil. p. 609: Vose et al., p. 575). 

N balance sheets 

1hi, approach i olcs measuring increments of N in the soil plant system 
oCv al pCIod oi IiIIWut'.,sall\ a1iltiiiber of years) and estimating losses of N 
dulring the same pciL Il. N. i\ation can then be estimated as the sum of both 
of thcse collmponlnts)( 11 milil. 1977). Nleasurements of'N in soil (as organic 
N and niiineral N). raiiivatcr. and Plant material established that guar 
(Clanzomi. t icraiqo,,I()a) fixed 220 kg Ni ha. pcanut (Arachis hytpogaea) 

123 kg N ha. cowpca ( 1 ,a ugtuictulata)269 kg N, ha, and Townsville stylo 
(Stiloseu~zhlI'i. %I uli.) 220 kg ha over a three-year period at Katherine, 
Northern lerritory (\Vetselaar, 1967). Associated work suggested that losses 
dlic to denitrification wcrc negligible, as were gains associated with N 
dissolxed in ralin\ter (\Vctselaar & Ilutton. 19 (3). 

[I't ndamentl I tis nietlhod i:, thelicel to ii.eastmre accurately the different 
Conlpollen ts. esp,. iaIv soil organiic N. which accounts for approximately 

http:pat\Ia.vs
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90q, of total system N ( )atc, 1973). 1:rrors arise from inadequate sampling 

techniques. Iaulty determination ol N contents, and insufficient attention to 

sampling exactly tile same mass (not volume) on each occasion (Greenland, 

1977). Any errors associated with tile organic component will be magnified 

when estimating amounts of N, I'xed. For instance, an error of 5% in the 

WetsClaar study \asUini a lent to hO kg N, ha or approximately two-thirds of 

the estimated N2 fixed by peanut (see also Kohl, Shearer & Vithayantnil, 

1978). In some soils, N in the organic soil fraction is much greater (up to 

15,X100 kg ha (iHeal. 1979) making the potential error astronomnic. 
It is also important to cstimate losses of N from the system. In the Wetselaar 

study sodium nit rate \\as ipplied to hare soil and losses estimated over a five

year period. In this case \ irtuallv all of' the fertiliter N was recorded, albeit 

deep in tle soil prolile. In tropical systems especially, sampling for mineral N 

should be to a depth ol tmo to three meters to allow for leaching caused by 

heavy rains (Bartlldomc\. 1977). 
In sumnlary. estilates ol Ni fixation by the N balance method are as good 

as the estimates ol N in all of the Components. 

N by legume and nonlegume non-nodulatedComparative uptake of or 

legume 

The major assuiption of this technique is that the test legume and reference 

crop (or legume) remro\c identical a.mnounts of N from the soil. This in turn 

depends upon the stcccss ol tile operator to match growth rates and to ensure 

that insects. diseases. and other f'actors known to affect plant growth are 

similar in both crops. Ihis may be difficult to achieve. 

Iptakc of N t~v a Ic'gu,tc and c nonhegune 

Bell & Nutman ( 1971 estimated N, fixatior. by effectively nodulated 

lucerne by relating uptake of N by the lucerne to amounts assimilated by 

ryegrass at live sites omer a tour-year period. Estimates of fixation in fertilized 
(lime + P 4 K) plots ranged from 40-343 kg N, ha and in the unfertilized plots, 

34-225 kg N ha. I he iean amo nts of N, fixed over the five locations and 

fou r \,ears of tihe trials \rc 152 and 103 kg ha in the fertilized and unfertilized 

plots. respectikcly. 

Lptake of N bY a nodulatiedand a non-nodulatedi legume 

Most reports of this tecrniquc refer to soybeans where non-nodulating 

isolines are used as the relerence plant. Originally these isolines were used to 

examine various aspects of nod iilatiol (Saers & I.ynch, 195 1; Williams & 

Lynch. 1954: Clark. 1957). In 1966, Weber compared the uptake of N by two 

isolines. one of \%hich \was non-nodulating, as a measure of N-2 fixation. 



597 

Subsequent reports (sce [able 1) established that this technique gave 
reasonable estimates of fixation. The N contents of the non-nodulating 
isolines shown in lable I lange from 70-197 kg N/ha, and are equivalent to 
the soil N available to the nodulating isoline. N2 fixation in these lines 
ranged from 14-320 kg N ha and represented between 14%and 80% of total N 
in the nodtlatcd crop. Unfortunately, widespread application of this 
extremely itseful technique is limited to those species for which non
noduhlting cuitivars have been reported. 

Uptake of N by ;a leguie can also be compared with uptake by an 
nim inoculatcd (a1d non-nodtluatcf) legume of the same genotype (see Table 2, 
Ratner v~t al.. 1979). 1his is only possible in soils devoid of rhizobia able to 
nodulate the host legume. and care must be taken to ensure that cross
contamination does not occur. 

Matching growth rates and total uptake of N remains the major 
disadvantage of this tcchnique. [hc potential for N assimilation by most 
nonlegumes is not as high as far legumes (Date, 1973), resulting in an over
estimation of N, fixation. Even if non-nodulated legumes are used as the 
reference crop, there are three possibilities: 

Identical amnounts of N wil . assimilated by host and reference crops; 
There will be a synergistic effect (Ruschel et al., 1979), where the 

nodulatcd crop \wil explore a greater volume of soil, taking up 
more mineral N with an overestimation of fixation; or 

The non-nodulated crop will assimilate more soil N than the nodulated 
because ol a competition advantage of the test plant's symbiotic 
system (Anmarger ct al., 1979), resulting in an underestimation 
of fixation. 

Acetylene (CH 2 ) reduction assay 

The acetylene redunction assay arose from tile observation that tile enzyme, 
nitrogcnase. reduced acctvlenc to ethylene (Dilworth, 1966; Shollhorn & 
Burris. 1966). Since that time the reliability of acetylene reduction as an 
indicator (,I nitrogenise (N,-fixing) activity has bee.i established for a wide 
range of hiological sstcms. and the technique has assumed a vital role in 
studies ol N , ixation (I lardv et al.. 1968; 1971; Hlardy, Burns & Holsten, 
1973). In Ihis method, nodules, soil containing nodules, or whole plant/soil 
systems are enclosed in gas-tight containers and exposed to an atmosphere 
containing acet\ lene. I lie atmosphere is sampled after a suitable incubation 
period (0.5 to 24 hours. depend ing on the :.,'stem) and analyzed for ethylene 
using gas-Iliquid clii omlt(lgraplyi with a flalne ionization detector. 

Techniqucs for field assays include excavating the nodulated root minus 
soil and inc hating in a g&as-tight vessel of the appropriate size (Sprer' & 
Bradford. 1977: Nelson & W\aver, 1980). excavation of the nodulated root in 
a soil core and incubating (Ilardv et al., 1968) or assaying in situ (Sinclair, 



TABLE 1: Use of comparative uptakes of N by nodulated and non-nodulated legumes to estimate seasonal N2 fixation by LA 
field-grown legumes. 

Crop Soil NO 3 -N 
status at 
sowing1 

Soybean Medium/high 

Soybean 


Soybean Medium 

Soybean 

Peanut High 

Total crop N 2 fixed , of total 
N (kg/ha) 2 fixedN2 

(kg/ba) 

nod 100 14 14 

non-nod 86
 
nod 187 75 40
 
non-nod 112
 
nod 255 130 51 

non-nod 125 

nod 252 161 64
 
non-nod 91
 
nod 253 56 22
 
non-nod 197
 
nod 178 108 61 

non-nod 70 

nod 260 185 71 

non-nod 75 

nod 400 320 86
 
non-nod 71
 
nud 382 223 58 

uninoc i59 

nod 236 93 38
 
uninoc 143
 

References 

Weber (1966) 

Bhangoo &
 
Albritton (1976) 

Deibert, Bijeriego 
& Olson (1979) 
Nelson & Weaver 
(1980) 

Ratner et al. 
(1979) 

Designated low, medium o, high based on reported levels of soil nitrate or soil descriptions.
2N 2 fixation calculated by difference. Assumes that nodulated and non-nodulated plants deplete the soil of equal amounts of N. 
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TABLE 2: 	 Comparisons of different methods of estimating N2 fixation by 
field-grown legumes. 

Crop Total crop N2 fixed (kg/ha) estimated by References 
N 

(kg/ha) 15NI nod/non- redn
2 

C2 1 2 
nod 

Soybean 368 263 105 Bezdicek et al. 
(1978) 

Soybean 202-245 4- 46 7- 55 10- 53 11am (1977) 

Soybean 199-335 27-155 21-140 15-114 Htam (1978) 

Broad bean 286 197 181 Fried & Broeshart 

Subterranean 
clover 25-208 21-183 38- 89 Phillips & 

Bennett (1978) 

1Estimated using the A-value technique (Fried & Broeshart, 1975).2 Estimated by dlifference of total N uptakes by test (nodulat,!d legume) and reference 

(non-nodulating legume or cereal) crops. 

1973). An excellent rc iew and comparison of the three methods is given by 
Hardy. Criswell & ll clka (1977). 

fhe acetylene reduction assay has been used more for biochemical and 
physiological studies on N, fixation than as a quantitative assay, but 
procedures for the latter have been detailed in several reviews (Hardy et al., 
1968: l)art, Day & Ilarris. 1971). Where seasonal profiles of C2,H2 reduction 
have been integrated to estimate N- fixation, rates of from 17 to 76 kg N/ha, 
representing 13-33"j. of total crop N (Criswell, Hume & Tanner, 1976; 
Hardy & Havelka. 1976; Mahler, lcezdicek & Witter, 1979), have been 
obtained. These \altucs are lower than those presented in [able I, pert-aps 
reflecting the high N status o1 tile soils in which the crops were grown. 
Seasonal profiles ot (U211 ;activity have also been published to detail 
agronomic treatments ( larrington eta/.. 1977; Witty, Roughley & Day, 1980) 
and environmental ettects (-arrington et al., 1977; Ratner et al., 1979). 

Recovery of all nod ular tissue for assay remains one of the major sources of 
error with the technique. and is the same whether the nodulated roots are 
excavated or contained in soil cores. In data from our laboratory the C ,H 
assay undcrestimated fixation by soybeans compared with other techniques, 
e.g., 50 kg N, hla (U ,d1 ) vs. 211 kg N. ha using the ureide technique (D. F. 
Herridge. unpublished: see [able 2). [his problem is worse with species such 
as soybean and lababean. than With lupin, and would be exacerbated by 
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delayed nodulation leading to location of nodules on lateral roots rather than 

in the crown region of the plant. Poor recovery of nodules during 

reproductive growth may explain the puzzling results reported by Sprent & 

Bradford (1977) NOherc the ('Il, assay underestimated N accumulation 

during pod-fill. Rates of N, fixation estimated from other published profiles 

(Dean & Clark. 1977; Wahta & Miller, 1978) are also low compared to 

estimates based on other techniques (Nelson & Weaver, 1980). 

A conversion ratio of 3:1 is used commonly to relate C2 H 2reduction to N2 
fixation. This is based on the fact that two electrons are needed to reduce 

N, to ammonia. GoodC I- to C'21-14. Mhile six are required to reduce 
agreement with the theoretical 3:1 vilue has been obtained in some studies 

1971U. but in other stidies with soybean the actual conversion(Hardy ei aL.. 

ratios have ranged Irom 1.2-4.1:1 (Ilardy et al.. 1973; Ham, 1978; D.F.
 

Hcrridge. unpublishcd data). No doubt these differences for the same species
 

reflect different assay conditiois and perhaps different efficiencies of the
 

strains oflRhizobitm in\ ol\ cd with regard to hydrogen evolution (Schubert &
 

Evans. 1976). It is. therefore, of the utmost importance to establish a
 

quantitatike relationship between C',ll reduced and N, fixed for the
 

particular host Rhi-uiwm association understudy, using carefully standard

ized proccdures. Unfortunately, this has been done in very few cases
 

(Rennie. Rennic & I-tied. 1978). Even so, stress conditions (e.g.. moisture)
 

have been slo\%n to allect the ratio (Sinclair et al., 1978). Rates of C2,H 

reduction are also subject to diurnal variation, and such variation must be
 

considered w\hen extrapolatingi1roml short-term (0.5-1 hour) assays to a full
 

24-hour period. Our experiences with glasshouse and field-grown plants of
 

soybean and lpin suggest lairger diurnal fluctuations in activities of field

grown plants.
 

there a ler of available for theIn stunnmarv, arC nht techniques 
measurement ot N , fiation. (Inlder carefully controlled conditions, each will 

give reasonable estimates of N, fixation (see ['able 2; Ham 1977; 1978). The 

acetylene reduction a.ssa\ 1.i perhaps the most susceptible to error. Thus, 

Phillips & Bennet (1978,)f tund :acomplete lack of precision in data derived 
from (',II,red uct ion assays. Similarly, C , It,reduction underestimated N, 

fixation when conipircd to estimates using nodulating and non-nodulating 
isolines of so\bean IIin a stiidv by e/dicek ei al. (1978) (se [able 2). Goh, 

Edmeades & Robinson 11971) also found this technique unsuitable in their 

long-term measureinents (4lfixation by pasture legumes. In our laboratory the 

acetylene reduction assa\ has proved unsuitable for measuring N, fixation by 

soybeans but suitable to estimate fixation by lupins. Differences relate to 

nodule recoscry. Ili siI (',Il, reduction measurements (Balandraeu & 

Ducerf. 1978)appear tt be the most accurate, but though suitable for smaller 
pasture legumes such as \\hite clover, may not be as manageable with larger 
crop legumes such as pigeonpea and soybean. 
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By contrast the A-value technique, while not reviewed in detail here, 
requires minimum sampling and appears to give accurate and consistent 
estimates of fixation. Analytical costs are the major drawback to this 
tcchnique. Ba:,ica lyIthe methods used by different laboratories will be 
governed by t ie Lunds a\a ila ble. tie species studied, and general facilities such 
as the availability of tgIs-liqtuid chromatograph to measure e'hylene. When 
possible at least tM o Methods should be used and soil nitrate data collected. 
Estimates of fixation can then be compared for consistency and related to 
predicted rates of fixation. 

N transfer (mineralization ard subsequent uptake) 

N is harvested from legume crops as seed and vegetative protein. The 
residu 1plant material is then subject to microbial degradation (mineraliza
tion). The degrcc to v%hich an agricultural system really benefits from a legume 
crop depends upon the proportion of legume N remaining in residues and 
utili/ation of these residues by other crops, as well as on amounts of N2 fixed. 

l)uring mincrali/ation. organic N is first converted into amino compounds 
and ammonia. the latt,'r acting is substrate for the final transformation to 
nitrate. The end product is the form of"N most readily available and used for 
plant growth. Not all of tile legueni residues will be mineralized immediately 
following plant har\ est. In a sttudy of medic (.Aledicago spp.) decomposition 
in South Australian 'Mheat soils. A..I. Ladd and co-workers (personal 
comn ication) forund that onlv 11-1 71i of the I-5N-labeled medic residues 
added to the soil \';rs titili/ed by a succeding %\,heatcrop, while 72-78% 
remained in the soil rgar nic pool. I hese values reflect a Mediterranean-type 
envirornient. and higher rates oi1minieralization would be expected in humid 
tropical soils \with stinulation of' microbial activity provided by higher 
moisture and temperture regiries. Ileniell & Vallis (1977) reported that as 
nucl its30,i (i tropical legtnlc residUes were inineralized and taken up by a 
tropical grass atter 24 \wccks. [lie rate of mineralization appeared to be 
directly affected by N content of tile residue. 

Although N in the nitrate form is most suitable for plant growth it is also the 
most labile form of N aind can easily he lost from the system through leaching 
and volatili,/ation. It is. therefore, of' tlie ut roost importance that rates of 
mineralization and plant utptake are matched. thereby regulating levels of 
nitrate in the soil. 'Ihis is one advantage of no-till agriculture, in which 
nitrification is not stiiitmated b,cultivation. Another way to reduce nitrate 
losses is to "tie lip" nitrate with plant material coitaining a high C:N ratio. 
Fresh plant material mincrali/es at a faster rate than dried material (van 
Schreven. 1968) and buried residues decay at a faster rate than do residues 
remaining (in the soil surf ce (Moore, 1974). 
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Losses of N 

Itarvested ]amt material 

The N harvested as vegetative or grain protein represents, in most cases, the 

largest single loss of N fron the system (llenzell & Vallis, 1977). In a grain 

crop. the proportion of N removed in seeds will obviously depend on the 

efficiency of the legume crop as a grain producer. For instance, the harvest 

indices (seed N as a proportion of maximum crop N) of eight commercial 

soybean crop., range Irom 0.30-0.76 with a mean of 0.57 (D. F. Herridge, 

unpublished data). w%hile in lupins, harvest indices for N ranged from 0.33

0.44 with a mean of 0.40. Absolute amounts of N in the grain ranged from 136

254 kg N,ha in soybean and Iront 54-86 kg Ni ha in lupin. 

Leachiing
 

nitrate) account for small losses in 

most systems less than 20 kg N ha per year (Greenland, 1977; Heal, 1979). 

[he value may he hiiigher in areas of extrernely heavy rainfall and in some 

irrigation systems. Bilal. I lenderson & [anji (1979) recorded loss of up to 36 

kg N, ha per year in irrigated rice. ILysimeters are used to measure both 

leaching and rtin-oll: methods are detailed by Burford (1977). 

ILeaching and surace run-olf of' N (its 

Gaseouls N 

N is also lost in the gaseous phase as N-,and NO(nitrous oxide) following 
denitrification: as \olat licox ides of N due to burning; and as ammonia (N H 3) 
through ammonia \olatili/ationm. Small losses of N are also associated with 

aerobic nitrificati (I )encmad. IFreney & Simpson. 1979). Denitrification is 

the most important ol these pathways of loss and represents the anaerobic 

conversion of nitrate to N-, aind N2). Uider field conditions rates of reaction 
are closely dependent upon the presence of nitrate, organic matter, and low 

redox potential. Fsti mates of losses vary considerably, mainly because of the 

problems of nicastrrenicnt. Allison ( 1955) showed that betwcen 10and 30% of 

thU N in a large number of l sirneter studies could not be accounted for when 

mass balance sheets \crc constructed. IIc proposed that these losses were due 

to denitrification. Ci rcenland (1962) reported l,isses of 50 kg N'ha in flooded 
soils in Ife\,,days. v,bile Burns & Ilardy (1975) estimated that the global flux 
of denitrified N \\is in excess of tlhe flux of biologically fixed N. In other 
studies, losses due to denitrificatioi were negligible (Wetselaar, Jakobsen & 
Chaplin. 1973). 

An exhausti\e rc\iewk of techniques for estimating denitrification is 
provided by I-ocht (1978) aid iriclurdes analyses (measurements of bacterial 
nurmbers. available sribstrate. rcdox potential), disappearance of nitrate, use 
of 15N and 'IN tracers. and direct mcasurements of N-2 and N2 0. This latter 
technique has been greatly simplified by the observation of Federova, 
Milekhina & ll'yukhina (1973) that acetylene inhibits the reduction of N,O to 

http:0.30-0.76
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N-,. Mclasirenlent of N-,() is a simple procedile using gas chromatography. 
Smith. Firestone & 'I ed Ic(1978) and Ryden, .und & Focht ( 1979a) later 
showed that lo% concentrations of acetylene had no effect on the rate of 

denitrificatioi bilt that the reduction of N-,O to N, was quantitatively 
inhibited hy actl enc concentrations as low as O.1 I'(v v). )ata of Ryden et 
al., (1979a) suggested that a csiccltratioll of I,; provided the most suitable 
level for all soils and incubation conditions and could be easily maintainted in 

the atmospherc oil a ield -,il. I)etails of field assays tsing this method are 
given by Rvdun (,' a!. I 1979b). 

Various studics ol denitrilication have been made and tile different 
methods conlipalcd e..g.. Smith ct al.. 1978: Rolston. Broadbent & 
(old hamC. I979). I he ac,_lene inhibition method and subsequent 

imeIStllllent ot lnitloils oxide looks very promising and lias iconsiderable 
cost adantage o'er tracer N methods ISmith cial., 1978, Rvdencial., 1979a). 

l.osses Ot areot ltintified, and mnch of what isi111110nli;i1'C +aCCitrately 

released from the soil surface may be re-absorbed by vegetation. Denmead, et 
a/.,(1976) shoscd a closd aniniutnia cycle r%ithin an titgraied pasture, which 
when gralea relcascd tiutuch la cer Volatiliiation olnlonita fromtllltoillnts. 


a tnfcrtili/cd lcguml. clop smild he expected to be minor, although losses 
from the standing crop laticr than soil may be significant ( llen.ell & Vallis. 
1977). Sttte. \%eihild & Iltcmii (1979) estimated a loss of 45 kg N ha in a 

soybean c;op. 'sitlh tcs of loss being highly correlated with elevated 
temlIperattrCeS aild slltes co)nditions. 

losscs of N b\ hii rI mg of plant residties is easily estimated 'is 

approximately 91f1 of plat N will be lost if dry residues are burnt (lenzell & 
\.'allis. 1979). 

L-',lIWI 

Water and soil erosion Cain resut in considerable losses of N. especially 
organic N. Hatrows & Kilmetl 1191) reported losses of approximately 100 kg 

N ha per year. 94,; of which was organic N. ,.osses of N through erosion 
wili oh'iotisl, be morc of a problem onl sloped, cultivated land. 

N BUDGETING IN AN AGRICULTURAL, SYSTEM: AN EXAMPLE 

Kohl 'ta! (197-) srit cete:d thfiat tie essence of N balancc studies is a model 
often rcpresenlted b a llim. diiigrutii conttiniig pools and showing transfer. 
Values are assigned 'sshcle ps,,sihle and unknown \aluies are estimated. Iftall 
colponenmts of the pssd ;ire taicstmed itestimated, then decisions can be 
made regardlig tmie lurt1i lling sif tlhe system. Research in our laboratory 
aims to prolie tOw u grain legtimes in tie cereals-doninatedti: d .N -1',i1ing 

agriculturc on tdOsC ha1ve solUght quLIantitative dat tin the NtIL' eit. 11. 
ecollolm of clopp iu,,,..-tllis inrcorporlting legtL leS. A 'vhole-svstem 
apprich has bCn a|doplte'd and vatriotlS lcguies compared. Figure I shows 
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FigureI. 	 N bidget oIasingle irrigatd soyhean crop (in kg N,' ha) Data from D. F. 

IIcrridgc. Unpublished. 

results with a single. irrigated soybean crop. Organic and inorganic levcls of N 
in soil were measur.d at so%%ing and near plant maturity. Fixation of N was 
estimated throughout growth o f the crop using the ureide technique for stem 
tissues (Herridge, 1981). N contents of sown seed, above and belowground 
plant parts. and har\ested ,ced were also measured. Nitrate uptake by the 
crop was estimated h\ dilIcfrcnce. as were crop residue Nand nunaccountable 

on next mineralization was 
measured in this particular studV, but data of Stanford et al. (1977) suggest 
values well in excess of 1(10kg N ha per growing season fora similar cropping 
system. N losses are inflated accordingly if this component is included in the 
budget. lstimates of seasonal nitrification and denitrification would further 
add to the budget. 

N. There 	is a qtLiCStt mark to current -this not 

Two inefficiencies of our cropping system arc obvious. First, a substantial 
amount of N is unaccounted for and probably lost from the system. We 
suspect dcnitrification. because the soil is a heavy clay and frequently 
irrigated. Second. only 54(' of crop N came from N fi:ation. Clearly, there is 
little point in enhancing fixation in this system if the saved nitrate will 
probably be lost through denitrification. In this case, better management 
could reduce N losses.and this coupled with N2 fixation could substantially 
improve the productivity of the system. 
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QUANTIFICATION OF SYMBIOTIC NITROGEN FIXATION 
USING UREIDES: A REVIEW 

D.L. McNeill 

Summary 
[his paper considers the genera of legumes known to produce 

ureides: the ti.sucs on . hich urcide analysis can b. made; and the 
advantages and disad antagc, of oreide analysis as a means of 
estimating symhiotic nitr g(12fiation. 

INTRODUCTION 

Ureide compounds in plants have been extensively studied, with numerous 
reviews on their biochemistry (Tracey, 1955; Bollard, 1959; Reinbothe & 
Mothes. 1962: Van der )rift, & Vogels, 1966) and production in legume 
nodules (Atkins, Rainbird & Pate, 1980; Woo, Atkins & Pate, 1980) already 
published. 

In legunies, allnto1n and allantoic acirl are the principal urcides. These 
substances can he regarded as the nltimatc product of nitrogen (N2 ) fixation 
for a range of legume species (Matsumoto, Yatazawa & Yamamoto, 1977a) 
and are transported in the xylary sap to support plant growth (Israel & 
McClure. 1979). Both have a low C:N ratio, and so are conservative of carbon 
(C) relati\ e to N when used in N storage or transport. 

Meau;rement of the reidcs found in nodulated legumes has attracted 
considerable interest in recent years. both as a means of estimating total N2 
fixation and tor dlL. oiunation o ' the aniount of N2 fixed, relative to other 
sources of N. Ihis approach assumes that the rate of xylary ureide output is a 
direct mcasure of N2 Iixation (McClure, Israel & Volk, 1980) whereas other 
sources of N for the plant are present as other compounds in the xylary sap 
(McClure & Israel, 1979). Measurement of ureide and non-ureide N would, 
thus, permit determination of the relative contribution of fixed and absorbed 
N to plant development. 

NiTlI, t'ioIcct. I)ept. Agrnmoiy & Soiil Science, Univ. of Hawaii, P.) 13,x 0. Paia, Ilawaii, 

96779, 1ISA. 
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This is a great otersiniplilication. Ilitif, piesentation I will consider 
technical prohicns associated witIl Ureidc measurement, as well as some 

strengths and limitatiOns. 

THE I)ISTRIBUTION OF UREIDE PROmICTION AMONG 
SYMBIOTIC N2 -FIXING SPECIES 

Urcides arc not teli solc forit ii which fixed N is exported from legurne 

noduiles. Ma.ny tc ulepeatt cgtliies including hIluinus al/ts (Pate et aL, 

1979a). /'o1mj . ia-uim (Ic\ is & I'ate. 1973), Tri/)liumt relwns (Copeland & 
Pate, 1970), and JVica/itiha (Pate, Gunning & Briarty, 1969) export reduced N 
from the roots predominantly as amides (asparagine and glutamine). The 
reduced N in the xlary sap of these species is apparently independent of ihe 
form ol N supplied (Pate. Sharkev & lewis. 1975; Sharkev & Pate, 1975). 
Several onlegullc N2 -li \1ig ',stems including .I Inls spp. (Leaf, Gardner & 
IBtid. 1958) cxpot tcilrIllinc. a coMipotund also found in the xvlary sap of the 
legitnce l 1/,izia I/qdit1uuuit ( l tdlarid. 1957). I here are, however, I range of 
legunies. inchtiding many tropical species, for which urcidcs are the dominant 
'orm t ' x 'larv N. thesc include (,lite max (Streeter, 1979), Cajamus cajan 
(Kitiar Rao v' al., 1980). tlthascolus vulgaris (Cookson, Itughes & Coombs 
1980() alnd scvcral species of' I iga (Pate eI al., 1980). 

I-l'Olllthe Ibos\ Lonnllllnt-. it !,llows that absence Oit' ureides in Ilegune 
docs not nccca i1',, that the leguie is not fixing N ,.Conversely, it willtieai 
be deiiioiistratcd in I I hv. iing sectioins that the presence of ureides in 
ntonlegulles Notllie. I ,I anld lIegures is not necessarily indicative of N2 
Iixationl. 

SAMPLING SITES FOI UREII)E i)ETERMINATIONS 

I he anal\ sis Of \\];aT sap c( tposition is the most direct measure of N-, 
fixatlion that can bc )CHt1,1uCd on the abovcgrotund portion of a plant
therefore, it has IetitlnU' \ hCentinused for tihis purpose (Israel & McClure, 
1979: Mec(lire & tsr; .L 1979, Nlc('lItrC C/ (L, 1980- 1). I. McNeil & T.A. 

I.aRie. iuliblised d!.ita , I lie linkage between xylary constituents and 
fixation is etrncicly liuht. I 1,rlupin'' al/ls in both late vegetative and early 
lowcring stagCs Pate.lI .;i\IctI & McNeil (I979h) have shown that more than 
8(" 1Of thlie N, IixCd I)[wccds to( the tops in t lie xylary stream, and less than 
10',ol the N in tle ,ftircam ar se elsewhere. Presumably values for other 
legumes arc siila. I)r Ct mcasuremnt of the sap at the nodule slt iace 
(llcrridgc ital. 197S': I'at, et al.,19791) gives higher concentrations of 
nitrigenoim, soltes: O teli V itIisonic specific enrichment of ureides or amides, 
but thcrc arc I o.lhK Ii I Icrenecs roiu tiica'-iirenients made using bleeding 
sap. A typical rtll Ir xv lar.y sap front 40- to 75-day-old greenhouse-grown 
soybeans shows ,-7' ottIt,N as ureides when the soybeans were dependent on 
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fixation alone, as contrasted with 18"b when they were grown on nitrate and 
281/J when the N source was ammonia (1). L. McNeil & T.A. LaRue, 
unpublished data). 

Short-term changes in xylary sap composition havL also been found to 
correlate well with rapid changes in N2 fixation (McNeil, 1979; McClure et 
al., 1980) and xylary sap collections have, therefore, been used to determine 
the early products of I"N fixation (llerridge et al., 1978). 

Exudation rates can also fluctuate widely (McNeil, 1979; McClure et aL, 
1980) decreasing at night or as a result of a variety of stresses. This reduced 
exudation can lead to compensatory increases in xylary N concentration, 
necessitating measurement of both xylary components and exudation rate to 
gain accurate inlormation on N2 fixation. 

Collections are usually taken for periods of less than an hour, during which 
time soybeans show little variation in concentration of xylary sap (Israel & 
McClure. 1979). though concentrations are usually higher than for 
comparable tracheal sap (Pate et al., 1979bi. Passage through the stem may 
also alter xylary sap composition (McNeil, Atkins & Pate, 1979); thus 
collections are usulally made at the base of the plant. 

Sonic difliculties with xyktry sap treide measurement have led to attempts 
to measure tissue levels of ureides ( Ilerridge, 1980) and to correlate them with 
N2 fixation (Fujihara & Yamaguchi. 1978; Matsumoto, Yatazawa & 
Yamamoto, 1978); this isin spite of the fact that ureide storage is a step further 
removed from the site ofIfixation. For tissue analyses of ureides to be useful, 
the form of storage of N in the plant must be at least partially dependent on the 
transport form. Ihis need not, however, be the case as the level in the tissues 
will also depend oi the rates of export and metabolism and how these are 
affected by changes in the concentration of the ureides. In mature soybean 
leaflets. ureidc levels remain quite low (Matsumoto, Yatazawa & Yamamoto, 
1977b). of ten less t han 1I0- 15"'1 L. McNeil & T. A.of the total soluble N (1). 
I.a Rue. unpublished data) irrespective of the amount of ureides inthe xylary 
stream. 'I is is not so:Ip rising, as virtually all (92%) of the ureides entering the 
shoots of cowpea ( Vgia zuiguiculata) are metabolized there (Herridge et al., 
1978). Fnnimatic determinations also suggest rapid metabolism of ureides in 
the liIlets due to high allant oicasc levels ( I'ajima, Yatazawa & Yamamoto, 
1977). Export of orcide N from leaflets must also be large. The C:N ratio 
(between 5:1 and 40:1) ol sovhcan phloem sap (1). L. McNeil & T.A. LaRue, 
Unpublished datai) is lower than that of Lupinus alhus petiole phloem sap, 
which cycles up to 99(; of the inconming N back out of mature leaflets (McNeil, 
1979; Pate vi al.. 1979b). An additional factor hindering leaflet analyses is the 
high level of interfcring background substances that are present (D.L. 
McNeil & '. A. L.aRue, unpublished data). 

Stem analysis. however. offers an alluring possibility. Enzyme levels for 
some f the steps in\ olvcd in allantoin metabolism do not vary between fixing 
and nonfixing soybeans (Tajima et al., 1977), but products of N, fixation are 
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preferentially absorbed by stems. Thus, D.L. McNeil and T.A. La Rue 

(unpublished data) found that 64-day-old soybeans fed 15N or 15NO3 

absorbed into the steni 54('' and 15(, respectively, of the I N reaching the tops 

in the first I 'I/hours alter eeding. Streeter (1979) also reports high stein 

ureide levels. N-Ilixliig ntd nnftlixing soybeans, therefore, differ strikingly in 

sten ureide content (Matsumoto eta/., 1977h). I lerridge (1980) also shows 

large differences in stem nreides between soybeans having different 
proportions of their N derived from N, fixation. Unfortunately, 15-fold 

Rao et al.,differences in ireide levels at different sites in the stem (Kumar 
19801)and in stems of dillercnt ages (Streeter, 1979) necessitate that samples be 

chosen extremely ca eft ll'. 

ADVANTA(;ES AND DISADVANTAGES OF USING UREIDES FOR 

THE ESTIMATION OF N2 FIXATION 

As an estimate of N, fixation the analysis of ureides has three principal 

advantages: 
rcides ran be readily separated and analyzed (Young & Conway, 

1942: Atkins & (anvin, 1971' Nirniala & Sastry, 1972; Herridge 
& ite. 1977; ltrhaski, (;rutjic-l njac & (jajic, 1978; Borders, 
1979) using methods which are readily automated. Even for 
tissue atnil\1is. where extraction of ureides would be an 
additional. jestrictive step, personal observation has shown 
that leakage o)Iurcides into buffered alcohol solutions extracts 
a high Pr0r11ttio of the Lireides wit hout the need to grind and 
separate. 

Ureide analysis can be used to distingutsh between N sources and so 
can distitnguish improved N utilization and/or uptake from 
enhanced N2) lixation. 

One ca n mcasti,rc ain ahcgrotnd part of the plant and thereby gain 
information onit the conditions below soil level. It is often 
assumed that a legume must be dug from the soil to give an 
accurate measure of N , fixation. 

The advantgesvand d isaid vintages oft li acetylene reduction technique are 

discussed on p. 597. Ilerridge (1980) has obtained better estimates of fixation 

in soybeanus usiig iitcide ti,,sticanalvsis than with nodule mass. Problems in 
nodule recoxciv and dillherences in nodule activity at different stages of 
development are \%ell documented. I lie useof xylary sap or ti.sue ureide levels 
greatly simplifies anal\sis (Ktimar Rao et al., 1980). 

At the sanie time the metfind is not withoutt problems some of them 
serious.h use oure ide content for interspeci lic comupa risons of N, fixationle 
has already been rtled otut. Ien inknown ureide-exporting legume species 

relying entirely on N, fixation, the percentage of ureides in the xylary sap may 
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range from less than 25% (Pate, Walker & Wallace, 1965; Pate et al., 1980) 
throrrgh 60-80(/( ( Kumar Rao eta/., 1980) to more than 80% (McClure et al., 
1980). Intercultixar variations are also possible; Israel & McClure (1979) 
have shown a iange of Irorn 73-89% ureides in the xylary sap of three soybean 
cultivars when inoculated with two different Ihizoitan strains. The less 
effective strain consistently gave the highest percentage of ureides in the sap. 
-ihisinicongruity disappeared if the total rate of ureide export, rather than the 
concentration relatike to other nitrogenous solutes of tile sap, was measured. 
For determination of stem ureides the variation reported above may mitigate 
against the conparison of stem urcides in varieties of different growth habits 
or maturtity cliaracteristics. 

Problcms can arise cvcn in soybean, a crop in which consistently close 
relationships betwecen turcides and N2 fixation have been obtained. Thus 
1). I.. McNeil & T. A. .aRe (tinpublished.data) have shown that under N 
stress non-nodulated soybcans can export more than 50% of the xylary N as 
ureides (see 'able I).Iurther. this percentage will vary according to whether 
nitrate or ammionia is the N source. Similar results have been obtained for P. 
ulgaris (Ilonlas ct al.. 1979; (ookson et al., 1980) and Vigna (Pate, et al., 

1980). Soybean seedlings also show aniornolously high ureide concentrations 
long before N2 fixation commences. [his is due to the conversion and export 
of stored N ronm tie cot svledons aS ureides (,Matsumoto et al., 1977b). The 
presence of' ieides tiixirIg plants should be surprising. All theIn nol riot 
reactions ot the incorpo ation of arunoliurn into ureides takes place in the 
tissuIe of the nod ie I \odUt( 't'a1. 190) without recourse to the Rhizobionr. In 
fact. IPate t'al. (19,80) sli( ed that each ofth lnine leguines they tested, which 
had significant xvhix, iireide levels when dependent on N, fixation, also 
produced some tireides \hNlhegro\wn ol nitrate and non-nodulatcd.
 

)ther stress have disturbing on
condition, ,tiuall.v effects the simple 
relationship bet\%icef Ixation and ireides. At high temperatures and Linder 
restricted carbon regiles /'awus/r co''ititus has high levels of ureides in 
both tissues and xlhtirv sap (Iotrlies, 1956; Mothes & Engelbrecht, 1956). 

Finally. it is often (ili cult to marke xylary sap measurements tinder field 
conditions. IProbleris include the failure of many plants to exude, or the need 
for soil wettingv to enc,,mourge \nixdtion. lhe method is also i:iapplicable to 
single plants because of the small Ittntities of material obtained, the possible 
failure to exude. arid the need It)destroy the plant. 

CONCL USIONS 

Shephysiolog\ . biochemist rY aIL cytology of tureide production in legumes 
is bccornilig \,cll do1i lIentCd. I owever. there is no obligate linkage between 
N 2 fixation mm prod uctiorn. in "ureideand reidC Even the exporters" 
measurements of t isste or xv\ry ureide levels are insufficient by themselves, 
to determine N, Iixation. A thorough physiological study is an essential 
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TABLE 1: 	 The relationship between N2 fixation and xylary ureide level in 

nodulating and non-nodulating isolines of Glycine inax cv. Harosoy
1 

at different levels of N application.

Nodule Nitrate applied Xylary N as ureides 2 Nitrogenase activity 

(kg/ha) ( . of total N) (AIIIol C 2 114 /plant.mninstatus 


Week I Week 8 Week 6 Week II Week 6 Week 11 

Nodulating 0 0 79 	 0.34 
77 0.14 

0 100 34 0.22 

100 0 69 	 0.43 
37 	 0.04 

100 100 34 	 0.14
 

Non-nodulating 0 0 34 	 0 
35 	 0
 

0 100 16 	 0 

0 
7 0 

100 100 13 0 

t00 0 41 

Data otf).I. McNeil & T.A. LaRluC (UIplublislicd). 
2Mean standard errors were ± I I'murcides inthe xylary sap. Staldards errors. for N - ase 

i 0.0 I1 I 2 11 prodticed/plant per niii.activity rargetd 	 I J it.) 0. I1 Ai1ii01 C 4 

prerequisite toi Interpiret' the values obtained. If this is done (as it was for 

soybeans by I lerridgc. 1980) the standard curves produced under controlled 

conditions ma\ bc applied toi the field to determine fixation byan entire crop. 

It must be remembered. how\cvr, that several stress situations can increase 

the prominence of tile itreides without any relationship to fixation. 

lvideicc suggesis that tlie am int of ureides in the xylary sap and tissues 

depends on ,pcciCes.cllt isar. and bacterial strain; as a result some intercultivar 

comparisons ha\ c s h i n large discrepancies between methods of measuring 

N , fixation, whereas others have shown good agreement (Kumar Rao et al., 

198)). 

Of metost promise is tle conicept of' combining ureide analyses with some 

other analysis ol tlie iitloigetiots components of a plant (e.g., amides or 

nitrate). '1his. howes er. great ly reduces the number of analyses possible and 

may eliminate the possibility of use on single plants in a breeding program. 

L.ooking at 	 the nodules is t simpler method for determining presence or 
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absence of N- fixation under these conditions (E.L. Pulver, personal
communication), though this is difficult in some soil types where nodulation is 
deep. The domain ol the method is,therefore, with physiological studies and 
intercult iva r COmnpa isons rather than with single plant selection. 

In the field both xylary salp and tissue analyses ar( possible. Xylary sap 
determinations arc probhahly more accurate, though more subject to the 
caprices of the en\ ironnment and to short-term changes in fixation. Analyses 
of ureides in plant stems. or uppermost, but not mature, leaflets, though 
distant from the site of fixation are restricted only by the great changes that 
take place as the plant matures and between different regions of the same 
plant. If careful selection and matching of the areas to be analyzed is 
employed. this method has great promise. 
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GENETIC FINGERPRINTING AS A TOOL IN RESEARCH ON 
BIOLOGICAL NITROGEN FIXATION 

J.E. Beringer' 

Sunmmar ' 

Genetic lingerprint ing is a technique for characterizing strains of 
nicro-organisnis bascd (n tie -cha\ ior oll' the strains in ;I number 
ol tests. The most tonirorr tests are those that deternine tilei 
resistance of an organism to antibiotics or phages and those that use 
serology to deternine antigenic differences. 

RCsistanc can he testCd . itll I0%% lc\cls if antibiotics zo 
dt(elrnllilC i lill"i' ICistiICc. til. it hirhel " Ic\els when resistant 
lmtl ntllllSare 1sed tileI i'rlCtI ll Irl 01 ,n1tibiotic tused depends 
\el- mu1ltch tillhl stie tll i i;ifi\marI\ told. lutants resistant 
to high Ic,.etls iil ;11iti 1oti -s;iC corr liel to halndle lnl have been 
used quritc ,ttrsi\elsotil.ical oflt I1i studics Ihi-itim. 
Ihrs\cscr. tIeI\ lr;c ite tlIsit\;liit;ite th t tihe initant has to be 
selected ill te Ilahorlr tr)illI ill tlljlg-resislant intltants have 
been shso\ ll t hatsc ;lilt:altet l r tic properties. 

Icsistln:.' tit pllull ", aid lsM ICs el, t1 aItihirtics arC p'roperties 

tri 5, ild-tvpc iit -or riim, th r catrn be tested wvithont having 
prc.iouIy i'.,Molated It. OiL'Mir us. I lreforc. tingerprinting based 
oin these priolertics I' pr ilAcIlktrl, sel lurr ecoltreicaI studies 

,lrerC k0sl edtc i1.i es l t lie lls 0,rslt least as important asl i ir , 

tile ahilit t l t 11te t lc it rolllttictt ones. 
Ihe clatisc rcit, 1itIiuictLm intiig strains oil the basis of 

intrinsi [, p i1 scI.tClA hrriltatiiirrs is discussed ill relation totrti tiCs 

tile t\pc o ,,t k Itii \\ IitIr ,t ilir Iecu rgitionr is required. 

Strain recognitiot is ant itup,rtant prerequisite to studies of ecology, 
competition and the sursisal. success, and persistence of inoculated 
organisms. The aim 1itthis hriefcreport is to describe some of the techniques 
that are axailable atnd ttocormment on their use. 

Ite tr Rut t?.perim,.ntal Station. Ilarpenden. Ilerts, AI.5Stlol NI itu tup ini r l tirrrred 
2.1 . t rrglaund. 
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GENETIC VARIATION 

The differences observed between organisms are due to differences in the 
functioning of genes. "lhe more closely interrelated organisms are, the fewer 
gene differences they' will have. Thus, it is usually relatively simple to 
characterize genera. but more difficult to distinguish strains. The ultimate 
example is two strains that differ only in the functioning of a single gene. If 
that gene has an easily recognizable function, the two can be distinguished. 
Hlowever. if tile function is not known they will be grouped together as the 
same strain. Therclore, the problem in finding techniques for strain 
recognition is in obscr%ing differences between micro-organisms that can be 
measured and tested without difficulty. 

Because all differences arc basically genetic, all systems of classification are 
"genetic fingerprinting." For the purpose:. of this report, genetic fingerprin
ting will be discussed in respect to differences in the resistance of strains to 
antibiotics. phages. and hacteriocins. Serology, which is very important as a 
method for characteri/ing strains, will not be considered because it will be 
discussed elsewhere. Ihe ability o" organisms to utilize different substances as 
carbon and nitrogen sources can also he used for strain characterization 
(Graham. 1964). 1lox\ever, a real problem with many soil micro-organisms is 
that they are \erv elicient at scavenging small amounts of nutrients and will 
grow on standard agar in petri dishes without added carbon or nitrogen 
sources. 

THE USE OF MUTANT STRAINS 

The simplest strains to handle for ecological studies are those that have 
been selected in the laboratory, either after mutagenesis or following 
spontaneous nmtation. IIstuallv these are strains that have been selected for 
their resistance to high levels of' antibiotics; though mutants with specific 
requirements for amino acids or nucleotides (auxotrophic mutants) can be 
used. Espccially w hcn morc than one characteristic is altered, these strains are 
very easy to recogni/c. and the chance of finding similar strains in the soil are 
remote. Drug-resistant mutants also have the advantage that they can be 
isolated from mi xed populations of bacteria on the basis of their drug 
resistance. This is part icularlv useftil when looking at mixed inoculations and 
assessing the competition that occurs between strains. The antibiotics most 
commonly used toi this purpose are streptomycin, spectinomycin, and 
rifampicin (Sch\%inghanier & I)udman. 1973; Johnston & Beringer, 1976b; 
Bronlield & Gareth .ones, 1979). 

The most important problei with tihe use of inutants is that the bacteria are 
different from the parent. Whether or not tile mutation affects either the 
compctitiveness or the nitrogen-fixing properties of the strain must be tested 
before mutant strains can be used in comparative studies. From the data 
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available (Schwinghamer. 1967, I.cvin & Montgomery, 1974; Pankhurst, 
1977: Pain. 1979: Bromfield & (iareth.lones, 1979), it would appear that there 
is no simple correlation hct\cn the type of'drug used to obtain mutants and 
its effects on the agricultural ililportant properties of' a strain. A further 
problem is that the same initation may already exist in the field in which the 
marked strain is to Ihe usCL. I lless more than one characteristic is available 
for recognition ptII pos, it is not possible to confirm the identil'y of strains. 
This diffictult is Col)otpoutnided 1 the limited choice of drUgs that can be used 
for some species. I-or exa inp Ic., withIifast-growing strains of Rhizohiwn only 
three or four antibiotic resistances have 'hcen found to he suitable for 
ecological Stidies. 

THE USE OF FINGERPRINTING BY INTRINSIC RESISTANCE 

Ihe main disad\;antage of the use of mutants for ecological studies is that 
tle mutant strains mulst he ',rodnUCCd in the laboratory and then introduced 
into the soil. I hrefolrc. i' is not a techniquc that can be used for examining 
existing poptilations At nicro-organisns. Intrinsic resistance to drugs, 
phages. or bactcri,,cns can bc tested for any organism without previous 
knowleetlgC t0hI IrgaIs niM's properties. ..\I that is generally required is a 
kno ledge ol the spccs a ind data from tests with laboratory cultures of 
strains that hcong to thls species. Ihese laboratory test!; will have defined 
optimal concent'iatiiins il ;llltihiitics fo1 known strains, and those strains will 
havc been used ill the lItlaitiitn of phages and suitable hacteriocinogenic 
strains. Ilhruriler, nes is\\Islates can be tested against the previously isolated 
plagcs. 

floss manx dillerCit phlgc,. hacteriocin producers or antibiotics are used 
for fi ngerpri iling i, dlt. ni nfled b the degree of precision req uired and the 
physical and economic constraints ot doing the tests. An advantage otf using 
these characteristics is that the pitcntial number of tests that can be carried 
out is cnrn-olls. I bercltorc. it should always be possible to differentiate 
strains. It Shou1ld ilI he rctieCiherCd that other characteristics such as 
en/yie ti\ ities. retricttiin c/,vife digests of I)NA. and growth on different 
nutrients cal :a1so he included iII the range of tests used lor a fingerprint 
((irilhan. 1964: (riliiii & Parker, 1965). 

Ihe inair disad s iltlgce if fingerprinting is the property that makes it sO 
\aluable: the numbe ofl dillcrent tests required. lhe aiiotint of work involved 
can be reduced Ibx filii ;amt1liplc inoculator such as described by .loscy et al. 
(1979) that is capable of transferring 25 samples at a time to different test 
media. A further problem is that when intrinsic resistance to drugs is being 
determined. one is liokitni at %crvsmall dilfeernccs in the concentration of 
that drtrg to distinguiislh Scrisitivc and resistant strains (e.g.. 2.5 and 5 rg, 1). 
Media must. therclotc. be prep;arel very carefully aind used uniformly, but 
even then thre ssill ;tavs he strains that give variable results. Until more 
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data are available on the use of intrinsic drug resistance in ecological studies 
the significance ol such \aria hility cannot be determined. 

Resistance to phages ;rid hacteriociIns is usually fairly simple to determine, 
and both are used rotutinel for characterizing hospital isolates of bacteria 
(Darrell & Walhba. I1964). It is most important that great care is taken to 
ensure that staidard prparatiuns of'phages and hacteriocin producers are 
used. lhese arc not chemical reagents, which can be purchased and are of 
guaranteed purity. If culttures become contaminated or mixed up, or the 
wrong host is used to propagate the typing phages, test results will be of little 
vate. Plhages used for typing have two levels of host specificity: one 
determined by phage genes and the other determined by the modification of 
the phage in its previous host. Modification is the enzymic alteration of bases 
in I)NA so that enzymes recognizing specific DNA sequences, and cutting 
them at these points (i.e.. restriction enzymes), cannot function. Because there 
is a range of different modification and restriction enzymes the host range of 
phages is influenced by the last host on which the phages were propagated. 
Different hosts can be used to propagate phages to provide a degree of "fine
tuning" of phagc-resistance patterns. While there have been a number of 
reports of phages (Bruch & Allen. 1957: Jones & Sneath, 1970; Staniewski, 
1970a; 1970b) and bacteriocins (Roslycky, 1967; Schwinghamer, 1971; 
Hirsch, 1979) active against N2-fixing micro-organisms, they have not been 
widely used for ecological studies. 

THE CHOICE OF FINGERPRINTING TECHNIQUE 

[hc choice of techniriqIre must depend upon the type of experiment that is 
planned. the facilities aailablC a id personal prejudice. For carefully 
controlled in vitro,experinietus, wher accurate estimates of relative numbers 
of, dilferent strains are required. mutants are particularly useful. Indeed, 
studies of mixed infections with Rhizobium have become much easier to 
undertake because o[ tlie lability of suitable mutant strains (.Iohnston &iavi 
Beringer. 1976a: Bronrlield & iareth .Iones, 1980). Mutant strains should 
al%%ays he uased xxhCien echCietC studies are being conducted. Far too many 
reports of the "'genctic cllccts" of a range of treatments on Rlrizoitm have 
appea red in not pocssihle to determine whether the "modifiedrxhicli it ,xas 
stl.ills'' were riml\ modified or were contaminants. 

When tile fate of al inoculant is to be studied. serology. *irgerprinting, or 
the use of mttant strains can all be useful (Read. 1953: Schwinghamer & 
I)udiran. 1973: IPinto. Yao & Vincent. 1974: Kishinevsky & 13ar-.Joseph, 
1978: llcynon & .osey. 1980; B3romfield & Gareth .Ionies, 1980). Because it is 
relatively simple to screen fcr the high-level resistance of niutanits, many more 
samples can he taken compared to the number that can be handled when 
fingerprinting is used. I his riav be a decisive factor in making a choice. 
However. if possible adx erse effects o, a strain's performance are to be 
avoided. fingerprinticng or serlogy Must be used. 
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When saipnitu of indigenous popilations is being attempted in order to 
gain some insight into tile range and relative inportance of different strains, 
Ilngerprint ing is essential..\ n example of the type of project with this 
requirement is the isolation of strains of I?hizohiuM for inoculation purposes. 
Selection of tie Olost stitahle strain is often based ol the isolation ofa limited 
number of rhi/ hia 1rm noidules that were selected because of their size or 
other ch ar.acteristics,. A llorc rational approach is to isolate from many 
nodulles. and determine hto,\ nian\ strains are present, the relative proportions 
otf each strain. and. this. ht)\\ competitive the rhizobia are. [hereafter, tests of' 
symbiotic ptolicicn c\ can be perftortied with strains that can be recognized 
and h;ic knm\n Citlpctiti\C abilities. 

CONCLUSIONS 

Ni icro-o rgainisits cal beichiaractericd on tie basis of" genetic" differences 
that arc intrinsic i hac resulted from directed nutation. Mutant strains are 
relati\l\ cas\ to handle and can he used to obtain fairly accurate values for 
the proportions of ditlerent strains. lhey stffer from tile disadvantage that 
tile\, are difcrcnlt Itot the miId-typle parent and that the difference may also 
affcCt their CCtOLi'aIl clhar;icteristics. I[or example. l)6bcrCincr & Baldani 
(1979) hac shomii that ill a particular environment maize roots were 
selccti\cl\ itlcctIcl \ ,,trcptoiiiycin-resista it derivatives of' Azospiriliwm 
lipJcrtu. I he pibtiot of altering l strain is avitided by using intrinsic 
differences li charcteri/atltm ptrposs. Many ditTerent characteristics can 
be seeCned maikLto tills technique suitable for handling tnany strains. 
Probahlx tile main tlr;iv hack is tfie care that itust be taken to ensure that test 
cond itiois arC Staniut di /cd. 

With al prOCC(fitteLs fort,tait tccOtgnition. a problem that has hardly been 
considered is t liItiiiero-t.'atstii s potential for inutat ion. Very large 
popttlatiton- of o1ici o-OrMtiiisiS cii occur ill soil or water, so that 
spontaiculls utillalits at Loii1 titch mutants willto he foritIed continually. S,1 
he of no consequcet.c i the\ arc ltot better adapted than the wild-type pareni. 
Ilowc\cr. it the illoatilt ,,trait IS tot well adapted. for example auxotrophic 
and Sorte tatnpictii-IcSINtl,, t ttIlttis of RhIizhuMt. tmtants that are no 
lorger atIx)t ro)hic or (litg-resistant will be selected and become dominant 
(Pain 1979: llcriticr. i & John 1980). \Vhether or not sclcction ofiostot, 
thi, atir1C occutrs in st tilis being used for inoculation purposes is not clear. A 
number of (Itii.c .lilltccni mctilids for characteri/ing strains will need to be 
used and the .,sttlt, coin pacId. 1I tiscrepancies ill typing do occur, a 
rCiSCSsssment (of eIIiIt tic.s and () what tay be happeni ng to strains ill nature 
will be required. 
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APPLICATION OF INH ERENT ANTIBIOTIC RESISTANCE TO 
ECOLOGICAl. SI UI)iES OF RHIIZOBIA 

O.P. Rupela,' D.P. Josey, 2 B. Toomsan,' S. Mittal,' P.J. Dart,' 
and J.A. Thompson' 

Summar v 
Ilie inherInt anlib itic resistIice techniqIjue shows promise for 

UsC in cCih.gical SttidiCs. I IC CCiLItIc involves the use of readily 
aailake chemicals hor glo%%ing rhi/foia. antihiotics and a simple. 
easily mantfactued iuili-,IocIIlitor. I he main requirement of 
the method is precise mainienance of conditions throughout the 
experiment for all \ariahcs and laboratorY processes. lhese 
preTCationIs 1re dis setfd. 

In a stud\ lield 1'0111 witho)1473 oitn, ii trial itoetilalCd a 
streptomycin (sir 210 nw ikcil inttant. the use of' 30 characteristics 
( 10 antibiotics x 2-4 CoWCniralIJoIis) classified the strains into 203 
groups \\I.ien all chaaMCeSlicS hnad to niatch perfectly, and into 119 
groups when one mi0aMIclWmy characteristic \was allowed. [he 22 
isolates ha\ing sir 2011 t.isia _cs\crc placed it' three groups with 
no llisalltches. anld into i'o iroups with one mismatching 
Character ;Illo\\cl. 

INTRODUCTION 

The success of introduced Rhizohiuln strains in field trials has been 
m,jnitored using both serology and strains marked with antibiotic resistance 
(Read. 1953: l)udman & Brockwell, 1968, Schwinghamer & Dudman, 1973). 
Neither of these techniques. however, gives much information concerning the 
composition of the indigenous population of Rhizohium. Using the inherent 
antibiotic resistance techniqLc described by Josey et al. (1979), the indigenous 
soil population of Rhizohiumt has been shown to be heterogeneous (Beynon & 
.Josey. 1980). Ibis technique could be used in examining some current 

I' No. 43. ICRISAT, I'al:mncheru P.O.. Andra Pradesh 502-324, India. 
' .1ohn Inncs Institute, Colney lane. Norwich NR4 741-1, England. 
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problems in field inoculation trials: the heterogeneity of indigenous 

populations. changes In the piopulation over cropping season and with 

part icula r agrictrI it ract ices, a id,in some cases, teie reason for tile success 

of particular iolt aii.lrtrains. Ihis paper discusses precautions to be 

observ'ed in adapt ig the technique to local conditions, and reports on 

application of the technique to study' rhizobia nodulating chickpea (Citer 

arietimmi I..) at I(R ISAI. 

SOURCES OF ERROR IN THE INHERENT ANTIBIOTIC 
RESISTANCE METHOD 

Fvery effort must be made to maintain rigid control of the experimental 
conditions. Ifthe test conditions are not completely standardized it will be 

very difficult to draw any conclusions about tile relationship between strains 

examined in different test series. Potential sources of error using this 

tcchinitlue are: 
Mh'diun, c mposilion: I lie concentration of all constituents of the growth 

medium must be constant, and mnedia should always be prepared using the 

same grade and brand ol reagents. [he number of ions available in one make 

of yeast extract may be widely different froin those in another brand, and this 

can affect strain growth and antibiotic resistance differentially. 
,W'eilmi . / (1i(,ioui/ m/lii,,." (irowth nedium shoLld always be 

sterilied and lltcllcd ,,mane If the mediuma is heated for differentilthe way. 
periods of time (Irat dilitent tetperatures. its composition may also vary, 

and hence allect Vo(mth. 
.1,tihioii I he -amic stpplier shiould be used, as the strength and 

tol-intlhtt io (it iIltibit L"' CIll \ it'\between manufacturcrs. [he potency of' 

nearly atll itibiotic,, \Nill dCcciisc with age. particularly when made tIp into 

stock solution. ,o laric attotits ()f stock solution should not be prepared. 

Repeated Ircc/ing and ha'm tng of antibiotics should also be avoided as much 

as possible. 
i.kiAllg / ami/u Jli% N m n/it: When mixing the antibiotic with agar 

mediLim thetcupettilt tic shotuld iekept at 60' ina water bath. Once the plates 

are poured snIlc antibiotics, atlso \,illstart to lose activity: thus. plates should 

be inoculated a,som isthe \\hole set of plates is ready. If tile agar is cool 

during mixing I-. 45 (l.an c\cii distribution of antibiotic throtighout the 

neditlil llmatnot be ;ichie\td. strict comriparisonis between plates will notnill 


be po1) i,\ci\ the antibiotic concentrations in thesiblc. It iiuiti;it%that 


lltd illill acclititcl\ on cacti occasiii.
aic tel)r0(1ditccl 

bo/l1m( oIi/uI ,1.,Sciliit v to somlle antibiotics (such as penicillin) may 
deCend On cell git, lh phase,.. anil it is very desirable to tlse inocula of a 

rea.onabl tniit iti l t. .il,iatic ol thomells in the stationary phase Lay survive 

exposLire to all atibltic to hich they trenormally considered sensitive and 

then cotmimelcnce to to\\ agin illter coiceintrationi ol'antibiotic in the medium 
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has decreased below the threshold value for activity against that particular 
strain. 

Thic'knes.s lY It the thickness of medium in the plates varies, then the'/aw: 
colony morphology will be influenced; e.g., slime may only be produced by
large colonies making it dillictit to assess the difference betw,r control and 
antibiotic plates. i1they are ot different thickness. Plates with bubbles should 
also be discarded because of lack of homogeneity. 

DritguJiItE'e.s. As plates should be used immediately, drying may not be 
practical unless a lami nar flow sterile hood isavailable. If plates are dried the 
same procedurnIst be used oIlnevery occasion. 

()olnlinllitfl: Co1tafifated plates should be discarded, as waste 
products from the contaminants may be synergistic with, or destroy, the 
antibi otics, and these effects may permeate the whole plate; notjust the region 
where tile contai namilit is growing. For similar reasons, fast- and slow
growing strains of Ihizohiunm should not be tested on the same plate. 

AN APPLICATION OF THE TECHNIQUE TO RHIZOBIA 
NODULATING CHICKPEA AT ICRISAT 

In an experiment with chickpea at ICRISA F, in which the mutant strain 
9036. resistant to 20(Aig ml itreptomycin was used, 473 nodule isolates were 
obtained that lacked this resistance, and 22 were found with resistance to 
streptomycin. Inherent antibiotic resistance studies were undertaken to 
chalracterie Itlese straians. 

The tcchniqutle set v isas follow:;: Yeast extract mannitol agar (YMA), 
was made tup acctiiiatcl%. sterilized, and kept at 60-65'C ready for use. Just 
before potring the plates. tle req uired volumte of antibiotic stock solution (see 
lable I) was added 10( the klowl Vnoiluile of' medium in the flask and swirl
mixed to ensure its proper (list ri bution in the medium. 

[he same \ol tmC of mldium was added to each petri dish, using either a 
sterile measuring c\ linder or tsterile graduated beaker; f i 9 cm diamter 
glass pt.tri dishes. 30i ml was used. [he plates were then poured on a flat 
surface to achic\e unitorm thickness. 

I/hizohiun strains used for strain typing were grown on YMA slopes in 
McCartney bottles, arid as soon as growth was seen (usually four to five days 
with Cicer rhizobia) the cells were suspended in sterile, 20% (v/v) glycerol, 
dispensed in small quantities suitable for one day's testing, and stored in a 
deep freeze at -10"C. 
The antibiotic test plates and controls were inoculated with a pronged, 

multiple inoculator (.Josey et al., 1979). Glycerol-stored cultures were diluted 
with sterile distilled water to give approximately 105 cells/ml and placed in the 
wells of the pin inoculator. At this concentration each prong of the inoculator 
transferred aproximately 103 rhizobia to the test plates. After incubation at 
about 28°C for 7 days the growth on antibiotic medium was compared with 
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List of antibiotics and their concentrations. 1 
TABLE 1: 

Antibiotics 2 Concentrations (mg/ 1) 

Carbenicillin 1.0, 2.5, 5.0
 
Erythromycin 1.25, 2.5, 10
 
Kanamycin 2.5, 10, 20
 
Nalidixic acid 2.5, 10, 15
 
Neomycin 2.5, 10, 15
 
Polymyxin 5, 10, 20
 
Rifampicin 0.25, 0.5, 2.5
 
Streptomycin 2.5, 10, 20, 200
 
Tetracycline 0.1, 0.5
 
Vancomycin 1.25, 2.5, 10
 

1
All antibiotics are from Sigma except carbenicillin which is from 'Pyopen', 

2 Beecham.
Antibiotic solutions were made in sterile duioni zed water, except crythromy
cin (in ethanol) and nalidixic acid (in I M NaOH). 

that on control plates. Colony growth was scored numerically (I: no growth; 
2: weak growth: 3: good growth) so that the results were amenable to 
computer analysis. 

When the 473 isolates were scored on the basis of resistance to 10 antibiotics 
at 2-4 concentrations. 203 distinct groups were found. When one mismatch in 
the array of tests was permitted, 119 groups were distinguished. Samples of 
strain 9036 (reference culture) could be separated into two groups by inherent 
antibiotic resistance, while streptomycin-resistant field isolates fell into these 
two groups, plus one. other. 

When one mismatch was allowed, all reference cultures fell intc one group 
as did 21 of the 22 streptomycin resistant field isolates. 

The results demonstrated again the heterogeneity of soil populations. 
Characterization of the properties of the different groups of isolates, and of 
their frequency in soil, could help explain the basis for their competition with 
inoculant rhizobia. 
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THE NITROGEN RELATIONSHIPS OF MAIZE/BEAN
 
ASSOCIATIONS
 

S.M.T. Saito' 

Stmmart' 
Intercropping of mf:iie and beans is practiced widely throughont 

the tropical and subtropical regions of Latin America, particularly 
among small farmers with limited technical resources. This paper 
reviews how association affects the nitrogen (N) balance of legumes 
and nonlegunies. paying particular attention to N, fixation and N 
transler. 

INTRODUCTION 

Hernindez-Bravo (1973) reported that 75% of the beans produced in Latin 
America are grown associated with another crop, principally maize. Similar 
figures are provided by Scobie, Infante & Guti(rrez (1974) and Vieira (1978). 

Despite the importance of this cropping system there have been relatively
few studies on the biological consequences of association. Wahua & Miller 
(1978) report that benefits from association are: balanced nutrient supply of 
energy and protein, protein and resource maximization, efficient utilization 
of water, inexpensive weed control, risk minimization and improved soil 
fertility. Other reported benefits include modified pressure from pests (Altieri 
et al., 1978), reduced maize lodging in association (Francis, 1978) and 
reduced erosion and water infiltration (Noia, 1977). 

Some authors have criticized the associated system claiming that 
intercropping promotes the incidence of some diseases and pests and reduces 
yields of both components (Lepiz, 1971; Moreno, 1972). Certainly yield
reductions of from 38-70% have been shown in beans associated with maize 
(Francis, 1978); maize yields may also be affected (Fisher, 1977). 

(cntro de [nergia Nuclear na Agrictultura ('CFNA), C. P. 96, 13400 Pira cicaba. Sao Paulo, 
Brasil.
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A common assumption in discussing maize / bean intercrops is that nitrogen 

(N-) fixed by the bean benefits the maize. The documentation for this is 

limited. In this review I examine the N economy of the maize/ bean intercrop 

and some of the factors influencing it. 

N RELATIONSHIPS IN MIXED PLANTINGS 

Figure 1.simplified from that of Henzell & Vallis (1977), shows that the 

bean maize intercrop has three major sources of nitrogen: N-, fixed by the 

bean and possibly by the maize; fertilizer Napplied routinely to the maize, but 

also sometimes to beans ( Baziin, 1975): and soil N. Some N is also introduced 

in the seeds, but normally this would not contribute more than 3 kg N/ha. N 

in the legume may be removed as fruit or pods at harvest, may be grazed, may 

become available to the maize, or may simply be incorporated as residues and 

move into the soil pools of organic or mineralized N. The story for the maize 

is similar: it may even be that where the crops are intercalated, as in Central 

America. with the maize planted first, that the decomposition of fallen cereal 

leaves and roots provides some N to the beans! Under tropical conditions the 

high mobility and rate of mineralization of N can lead to appreciable losses by 

volatilization and leaching. Discussion in the present review will emphasize 

four areas: N fertilization. N, fixation, N excretion, and N residues for 

subsequent crops. 

, ii\;iltH i [lCllliil
 

ccis N hl N i 'ceti', N In I tIII CrSN in Icttii/ersNin 

• ~ Ili . [ (C~D 

Noll
 

sih ,tclucnt N in seCtstN in 'cct, N 1 11 
o platioI Planlit, I op, 
ham;\isi'lh sl e"itld 

I-igurc I: ,,locment oh nitrogen in legumne-creal intercrops. 

N FERTILIZATION 

Maize has a higher requirement for N than beans, and produces an 

equivalently high amount of biomass. Mineral N absorbed by the maize plant 
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Linder monoculture conditions can be as much as 141 kg N/ha per growth 
cycle (Andrade, 1975). Maximum requirement for N occurs around 80 days 
after germination when vegetative growth ceases and grain filling starts. As 
much as 3 kg N/ ha per day can he absorbed ( M'tlavolta & Dantas, 1978) with 
the maiie plant highly efficient in recovering applied N (Reichardt et al., 
1979). While the N requirement of maize in the lower yielding, intercrop 
situation would probably he less, supply of this N presents a dilemma. 

Thus, on the one hand, N deficiency iscommon throughout the production 
region (I)iat-lRo.cu, BzAlerdi & Fassbender, 1970; Malavolta, 1971; Bazan, 
1975) with ri.tes of N fertilization for maize of up to 120 kg N: ha per cycle 
recommended (Laird & Rodriguez, 1965; Laird et al., 1969; Arnon, 1975). On 
the other ha nd, and while small doses of N can sonmetirnes be beneficial 
(Graham & H alliday, 1977), application of combined N to the maize is likely 
to reduce the nod ule development and function of beans grown in association 
(Rigitud. 1976). 

I'.!1. Giraharn & S.R. Viteri (unpublished data) found seasonal rates of 
N (C I11) fixation in some bean cultivars reduced almost 40% by the 
application of onl 15 kg ha of combined N. Cultivar (Franco & D6bereiner, 
1968), strain of Rhio/'iunr ((Iss & Dobereiner. 1972; Saito, 1980) and rate 
and source of N (Ruschel & Saito, 1977; Santa Cecilia & Prado. 1977; 
RLrsChCl, Saito & 'I lmanin Neto, 1979) would all affect this interaction. 

Compatible maize bean, fertilizer N! N fiYation systems must be 
developed. [he following points urgently need study: 

Since legumes are generally poor competitors for applied N (Henzell & 
Vallis. 1975). will N fertilization disadvantage the legume in 
ways other than the expected effects on N- fixation'? 

Can deep placement of fertilizer N (Harper& Cooper, 1971; Crasswell 
& Vick, 1979) provide N for the maize without damaging 
fixation'? 

Could the use of organic manures for the maize reduce the effects on 
the bean (Yoshida, 1979)? 

N2 FIXATION 

Ruschel et al. (1981) found nodulated bean plants in a monocrorp situation 
to fix tip to 65 kg N/ ha per cycle under field conditions. Other authors have 
reported values ranging from 9.12 to 73.7 kg N, fixed/ ha per growth cycle 
(lable I). Graihami & Rosas (1978b) found N,(C 2 H2) fixation by a vigorous 
climbing cultivar essentially unaffected by association, but gave no Ndata. In 
this study both maize and bean development were affected by association but 
competition effects were not apparent during the period of active N, fixation. 

http:I)iat-lRo.cu
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'[ABLE 1: N2 fixation in bean (thaseolus rulgaris) and maize (Zea mays), 
estimated by different methods. 

Crop Amount Method Reference 
fixed 

Bean (kg N/ha) 
9-12 Kjeldahl, C2112 reduction Janssen (1972) 

30-40 Kjeldahl, C2112 reduction 	 Graham & llalliday (1977) 
12.2-73.7 C2 112 reduction 	 CIAT (1977) 
25-05 Isotopic dilution 15N 2 	 Ruschel etal. (1981 

Maize (kg N/ha •day) 
2.4 	 Kjeldahl, C2112 reduction von Billow & Dbereiner 

(1975) 

(g N/ha dday) 
2.8 	 Kjeldahl, C2112 reduction Tjepkema & van Berkum 

(1976) 

In a later study (P1.1 . Gralml, Y: ".R Viteri, unpublished data) N, fixation 
by a bush bean cultivar wvas severely reduced by association, though nodule 
development prior to flowering was enhanced. Delay in the planting date of 
beans relative to maiie further reduced N (C H,) fixation, presumably as the 
result ol increased competition for light. 

It is possible that maize also has a potential for N- fixation and could 
contribute to the N economy of intercropped plants (see Trable 1). 

Eflects of association on the light, water, and nutrients needed for N 2 

fixation need to be further studied. Reference has already been made to the 
decreased N (C, I1)fixation of bush bean! maize associations. Antoniw & 
Sprcnt ( 1978) also report overall capacity for N, fixation affected by sub
optimum light conditions with nodule size particularly reduced. Conversely 
shading can reduce soil temperatures and so enhance nodulation (Graham & 
Rosas. 1978a). 

C'ompetition fo, P was not a problem in cowpea/maize intercrops 
(Remison, 1978). As maize and beans show sowewhat different root profiles, 
with the bean roots located mainly in the top 10 cm of soil (Inforzato & 
Mivasaka. 1963 Malavolta & l)antas, 1978), it is possible that each exploits 
dillerent soil volumes, thus reducing the likelihood of competition for 
mitrients. By the same logic, and while both beans and N, fixation are highly 
susceptible to water stress (Sprent, 1976; Bonnetti, Montanheiro & Saito, 
1980; CIAT, 1980) the likelihood and severity of water stress mighL be little 
affected by association. 



TABLE 2: 	 1SN enrichment of root, top parts, and soil rhizosphere of Phaseolusbeans and soybean (both nodulated), and of 
maize, incubated under 15N atmosphere1 for 24 hours (Ruschel, Salati & Vose, 1979). 

15N excess 	 Fixed N ug 

Root Tops Soil Root Tops Soil 

Bean 0.210 0.281 0.005 18.74 ± 0.18 117.01 ± 0.84 28.19 ± 11.28 
Soybean 0.047 0.096 0.001 2.55 '-0.11 21.65 ± 0.45 5.27 ± 10.55 
Maize 0 0.004 0 0 - 0.65 1.46 ± 0.74 0 ± 11.32 

Bean 1.345 2 0.007 171.96 ± 0.26 -2 38.51 - 11.01 
Soybean 0.494 0.211 0.002 19.06 ± 0.07 63.78 ± 0.61 11.36 - 11.36 
Maize 0 0.002 0 0 ± 0.69 0 + 0.81 0 ± 13.65 

lpN2 = (.66: P0 2 = 0.12: pAr 0.20: pCO 2. 0.20: 15 2 enrichment 43,. 
2
Lost sample. 
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N EXCRETION 

The idea that legumes could excrete N during growth is not new (Nicol, 

1935; Virtanen, von Hlausen & Laine, 1937; Wilson & Burton, 1938). Recently 

Ruschel. Salati & Vose (1979) showed some soil enrichment of fixed 15N-) 

from beans (see Table 2). Whether this phenomenon is a normal 

physiological process or occurs in response to a condition such as shading is 
not known. Willcv (1979a: 1979b) has reviewed and discussed this subject to 

some extent. Apparently. excretions are more frequent where legumes are 

subject to shading, but this may only be important after good growth ha 

already been made under reasonsable light conditions. Nodule breakdowa 

and root decomposition during senescence could also transfer nitrogenous 
compounds to the nonlegume companion (Walker, Orchiston & Adams, 

1954). Agboola & Favemi (1972), however, found little contribution of the 

associated legumes Vhirna sinensis and Calopogoniunim muctnoides to maize, 

but did show that Phaseolus aurets benefited intercropped maize early in the 

growing season. Unfortunately the majority of the excretion experiments 
have been conducted in pots, and little information is available from field 

situations. 

N RESIDUES 

The importance of legumes in crop rotations has been taken for granted for 

many years. Recently some atithors have begun to question this, pointing out 
that if the N, fixed is equal to or less than that removed in the grain, then 
subsequent crops cannot benefit. Recent studies have also shown variation in 

the rate of minerali/ation of plant N,with the rate of decomposition of root 

and stem tissue in some species delayed. The residual effects of maize/ bean 
associations can only be guessed at. At best, using the monoculture and high 
technology figures from Ruschel et al. (1981) and Okon (p. 459), the N, fixed 
by an association of maize and beans might reach 140 kg N, fixed/ha per 
growth cycle, with 130-150 kg N removed in the grain of both crops. Fixation 
rates in farmers' fields are more likely to sum less than 95 kg N/ha per cycle, a 

substantial loss of N to the soil. 
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ASSESSING THE NITROGEN CONTRIBUTION OF COWPEA 
(VIGNA UNGUICULA TA) IN MONOCULTURE AND 
INTERCRO PPED 

A.R.J. Eaglesham l 

Summari, 
In a field trial with I'our cultivars of Vifna nguiculata(L.)Walp. 

N, fixation, estimated by the difTerence method with 15N, ranged 
from 49 to 101 kg N2 fixed ha per cycle. With 25 kg fertilizer N 
applied ha. the soil showed a positive N balance of'2-52 kg N/ha. 
In a trial with cowpea and maize intercropped, the N content of 
intercropped maize was significantly greater than that obtained in 
nmonoctlll tire. 

INTRODUCTION 

Under shifting cultivation after land clearance, the initially high organic 
nitrogen (N) levels of tropical soils decline rapidly (Bartholomew, 1977), and 
fertilizer Nmust be added, or N, fixed to maintain productivity. While several 
species of grain legumes are important sources of dietary protein throughout 
the developing world, there are few reliable estimates of their ability to fix N2 
under field conditions in the tropics, and no data as to their contribution to 
soil N levels and to other species grown in association. In this paper Iexamine 
the N balance of inonocropped cowpeas at different levels of fertilizer N usage 
and provide evidence of N transfer from cowpea to intercropped maize. 

EXPERIMENTAL METHODS 

The experiments detailed here were undertaken at the International 
Institute of Tropical Agriculture (IITA), lbadan, Nigeria, on an Alfisol ofpH 
6.5, which contained only 0.073% N. 

Ifyce I hwilnson Institute. C(ornell tniversity. Ithaca 14X53, NY,USA. 
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In the first triai, four cowpea (Vigna mnguiculat,7 iL.) Walp.) cultivars 
(ER-I, TVu 1190, 1fe Brown and TVu 4552) were used, and their N, fixation 
capacity determined by the difference and "A-value" methods described by 
Ham (1977). Nonfixing controls included maize (Zea mays), celosia (Closia 
argentia) and a non-nodulating soybean (Glvcine max cv. N59-52-59). 

Estimates of N- fixation were made at three N levels: 0, 25, 100 kg N applied 
per hectare, and nodule samples and N, (C1 H2 ) fixation assays were made to 
show the seasonal effects of applied N on nodule development and N, 
fixation. 

At maturity, total crop N and amount of N, fixed were calculated, and N 
uptake from soil was obtained by subtraction. Grain N harvested was 
obtained at maturity, and the N added back to the soil was calculated by 
subtraction. The net N gain or depletion from the soil was then calculated as: 

N (CIANGE) = N (RESIDUES) - N (UPIAKE FROM SOIL) 
or 

N (CIIAN(iE) = N FIXED - N IN GRAIN 
In an intercropping component of the experiment described above, 

cowpeas (cv. lVu 1190) were alternate-row intercropped with maize and 
grown under the same N regimes as the sole crops: -N, 25 kg N, and 100 kg N. 

RESULTS AND DISCUSSION 

The mean fertilizer efficiencies were 12% at 25 kg N/ ha applied and 27%at 
100 kg N/ha applied. With only 3 kg N/ha taken up at the lower fertilizer 
level, no significant effect of this low level of N on nodulation or N, fixation 
was experienced. The application of 190 kg fertilizer N/ha did, however, 
influence both nodule development during the growth season (see Figure I) 
and N, (C H) fixation, as shown early in pod-till in Figure 2. 

Both the difference method and A-value method gave similar estimates of 
N, fixation for the four cowpea cultivars, with the different nonfixing 
controls also not significantly different. 

Cultivar lVu 1190 fixed 101 kg N,/ha when only 25 kg fertilizer N was 
applied per ha. With only 49 kg N/ha removed in thegrain, this represented a 
gain of 52 kg N/ ha to the soil (see [able I). By contrast, when 100 kg fertilizer 
N/ha was applied, the soil neither lost nor gained N. However, with the 
cultivar TVu 4552 at the higher level of fertilizer N, there was a net loss of 34 
kg N/ ha from the soil. 

Table 2 shows a striking increase in N content, as mg N/ plant and % N, in 
intercropped compared to monoculture maize, with low levels of N 
fertili/ation. [able 3 shows that fertilizer N uptake by the maize and cowpeas 
was similar and was not affected by intercropping. As the fertilizer N was well 
incorporated into the soil, with soil N uptake likely to parallel fertilizer N 
uptake, it seems unlikely that the increased N content of the intercropped 
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Figure I. 	 Patterns of seasonal accumlation of nodule dry weight in cowpea, cv. 
TVu II 90, grown at three levels of applied N: 0(-N), 25 kg Nha (25N)and 
100 kg N/ ha (IOON). 
A.RI.J. Eaglesham, 
unpublished). 
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liars represent LSD values at P=0.05. (Data of 
A. Ayanaba, D.L. Eskew & V. Ranga Rao, 
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activities of cowpeas (cvs. ER-I, TVu 1190, Ife 
Brown, and TVu 4552) at 45 days after planting, at three levels of applied N 
(-N. 25 kg N, ha (25N) and 100 kg N/ha (100N)). Bars represent LSD 
values at P= 0.05. (Data of A. R.J. Eaglesham, A. Ayanaba, D. L. Eskew & 
V. Ranga 	 Rao, unpublished). 
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TABLE 1: 	 The net N balances of cowpeas at two levels of mineral N availabili
ty. (Data of A.R.J. Eaglesham, A. Ayanaba, D.L. Eskew & V. Ranga 

Rao, unpublished). 

N treatment Cultivar Mineral N Fixed N Grain N Residue N N balance 
uptake input removed returned 

(kg/ha) 

25N 	 ER-I 32 50 48 34 + 2 
TVu 1190 33 101 49 85 +52 

Ife Brown 25 81 57 49 +24 

TVu 4552 27 49 46 30 + 3 

lOON 	 ER-l 66 28 54 40 -26 

TVu 1190 69 49 49 69 0 
Ife Brown 64 44 52 56 - 8 

TVu 4552 54 19 53 20 -34 

TABLE 2: 	 N accumulated by sole cropped and intercropped maize (after 
Eaglesham et al., 1981). 

Treatment N content 2 N 7',atom excess 
(mag/plant) 15N 

-N 	 Sole crop 469 0.70 
Intercrop 915* 0.92** -

25N 	 Sole crop 426 0.58 0.7727 
Intercrop 782* 0.83*** 0.3714* 

lOON 	 Sole crop 810 0.67 0.8867 
Intercrop 989ns 070ns 0.6225ns 

Stitfical coinipwarison arc ."ith in N trcatimenii ts anid ctlillns. 
n1s itr i~tvniliczm llk diffcrent. 

= 
* 	 = q 'niljtjc;iitlV dtill lnt it 0.(5.
 

si=gnificantlyih, ront alt P-- ().(0l.
 

-- s*,~ ilii 	 nly tlichret.' at P-- 0)(001. 

maize plants can be explained on the basis of soil or fertilizer N. Clearly, 

intercropped maize had access to a source of N not available to monoculture 

maize. It 	is unlikely that this could be due to recovery of N low in the soil 
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profile; to benefit frii decaying cowpea leaves (since no significant leaf fall 
had occurred at harvest), or to sloughing off and decay of cowpea nodules, 
which is normally only 5-7% of the total plant N (Earles an et al., 1977). The 
significant dilution of 5N in the intercropped maize compared to maize in 

Inonoculturc (see Table 2) is consistent with the auditional N having been 
dcrivcd [ron cowpeas. 

At 100 kg N. although the N nutrition of intercropped maize was improved 
over the sole crop. the differences were not statistically significant, possibly 
because of the inhibitory effect of the applied N on N. fixation. 

The data presented here show that it is a misconception that legumes always 
contribute N. Moreover, it woUld be wrong to extrapolate freely from these 
data (e.g.. that soybean having a high N,-fixing potential will be likely to 
contribute N. by way of vegetative residues, to the soil). Two factors are 
important in addition to N,-fixing potential: mineral N availability, and the 
harvest index for N. Field-grown soybeans in the USA fixed 76 kg N/ha and 
absorbed 219 kg N ha from the soil(Hardy & Havelka, 1976). Assumingan N 
harvest index of 70% (a relatively low figure for soybean), 206 kg N/ha would 
be removed in the grain and 89 kg N,/ha would be added back as vegetative 
residues, a net depletion of 130 kg N/ha. 

rABLF 3: 	 Comparison of fertilizer N uptake as mg N/rn of row, of sole 
cropped and intercropped cowpeas and maize (after Eaglesham 
et al., 1981). 

Treatment Crop Fertilizer N content 
(mg/in) 

Sole crop 25N 	 Cowpea 188 a 
Maize 187 a 

Sole crop 1OON 	 Cowpea 1265 b 
Maize 1491 b 

Intercrop 25N 	 Cowpea 172 a 
Maize 190 a 

Intercrop lOON 	 Cowpea 882 b 
Maize 1302 b 

SiatiiAcaIl comparisons arc within sole crop or within intercrop. Numbers 'ollowed by 
different lIeters arc sigiiicantly differcnt it 11 0.05. 



The data presented here confirm tlhose of others thatN benefit may accrue 
a' cereal by intercropping with a grainiegume, This phenomerio& is 

significant to agricultural productivityonly where levels of available N are 
~lowa. condition that often affects farmers in the tropics, 
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NI-TROGEN FIXATION BY GROUNDNUT
 
(ARCtlIS ItYPOGA EA) IN INTERCROPPED AND
 
ROTATIONA. SYSTI'EMS
 

P.C.T. Nambiar, M.R. Rao, M.S. Reddy, C. Floyd, P.J. Dart,
 
and R.W. Willey'
 

Summary 
This paper examines the nodulation and nitrogen fixation of 

groundnut when gro%%tn it) pure culture or in association with pearl 
millet. mai/e or sorghtnm. In all cases, association of groundnut 
with a cereal resulted in rcduccd undulation and nitrogen fixation. 
I his wkas ascrihed to shading of the grotdnut, leading to reduced 
phutos, thesis. \hlen grain millet was planted in rotation with 
grounLdtit ofr maie supplic(l 20 kg N ha. yield following 
groundmnut wcre 524 kg ha greater than obtained in the 
millet inaiie rotation, 

INTRODUCIION 

Legumes play a key role in many rotational and intercropping systems. In 
rotations part of the nitrogen (N,) fixed by the legume can become available 
to subsequent crops; in intercropping systems, especially under small farm 
conditions, the ahility of the legume to grow without N fertilization permits 
better allocation of limited resources, and lowers risk of total crop failure. 

Surprisingly, there ,rc few studies of the effects of intercropping on 
nodulation and N, fixation in legumes. Interplant competition has been 
shown to influence nodule function in Phaseolus vulgaris (Graham & Rosas, 
1978a), Tri'oliwn sulerranetm (Phillips & Bennett, 1978) and Viciafaba 
(Sprent & Bradlord. 1977). Interspecies competion between maize and beans 
did not alect the nodulation and N, fixation of a climbing cultivar of 
Phaseolus vu garis (Graham & Rosas, 1978b), whi.e in a soybean/sorghum 
intercrop. N, fixation by the soybean was markedly affected by association 
with tall, but not with dwarf, sorghum varieties (Wahua & Miller, 1978). 

(T' No. 61. I( It . l'atanchertt P.O.. Andra PraId'sh 5)2 324. India. 
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Groundnut (Arachis hIpogaea L.) is grown in semiarid tropical regions, 

both as an intercrop and in rotations. In this paper we examine some effects of 

fixation in groundnut and subsequent crop yield.cropping pattern on N2 

MATERIALS AND METHODS 

In the three intercropping experiments reported here, we compare the 

nodulation and N- fixation of groundnut when grown in monoculture, and: 

When associated with maize at four different levels of applied N; 

sorghum partially defoliated to simulateWhen associated with 
different degrees of competition for light; and 

When associated with pearl millet. 

In each case. the cereal and groundnut were grown in separate rows, with 

optimutm sole crop plani-to-plant spacings, using ratios of I row millet:3 rows 
I row maize:2 rowsgroundnut; I row sorghum:2 rows groundnut; and 

at the sanle time, and receivedgrounidnut. Both crops were sown 
save fir N. The sorghum / groundnut exrecommended fertilization. 


periments werc conducted during tL post-rainy season; the others during the
 

rainy season.
 
In the experiment with maize, 0, 50, 100, 150 kg N/ha was applied to the 

maize at planting. Wile in the experiment with sorghum, a range of 

groundnut cultivars were tested and in half the treatments alteinate leaves of 

the sorghum were defoliated to enhance light penetration. In all experiments 

nodulation and N-, fixation were measured throughout the growing season. 

Two experiments to determine the benefit from groundnut to subsequent 

crops were also carried out. lhe first compared the yield of grain millet grown 

after groundnut. unfertilized maize, or maize supplied 20 kg N/ha; the 

second, also with grain millet, compared yield after groundnut, millet, or 

fallow. 

RESULTS AND DISCUSSION 

In all three crop combinations studied, intercropping reduced nodulation 

and N-, fixation by the groundnut. With millet this inhibition occurred both 

with and without applied fertilizer N (see Figures I & 2). In the maize 

experiment N iertili/ation of the maize further reduced nodulation and N, 

fixation by the groundtiint (see [able I). Ilowever, nodule formation was less 

affected than nodule weight or nitrogenase activity, presumably because 

most nodules were tornied before the cereal provided any substantial 

competition Ior light. I lie reduction in nitrogenase activity was most closely 

related to the reduction in nodule weight, with an 801.;, reduction in activity at 

the highest N lertilizer level (150 kg Nj ha). Final yield per plant was also 

decreased at the high N levels. Our results suggest that N fertilizer effects are 
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not directly ol legomle fixation, but rather due to the decrease in available 
light restilting Iroum more vigorous growth of the cereal. 

I)ecreasing the competition for light by the sorghurn by removingalternate 
leaves increased the N, fixation by the intercropped groundnut (see Table 2). 
Ihere was little difterence between groundnut cultivars in this response. Even 
the sorghum with 50"1 of its leaves removed provided a substantial 
conipeition l(fo the groindnftit, and nod tile notmber and nitrogenase activity 
per planltt wcre both substantiallv less than for the sole crop. Top weight per 
plant was also dccreased in the intercropped groinnd nut. 

In the rotation experiments. grain millet grown in the irrigated post-rainy 
season yielded 45((' more following the groundnut cultivar Robut 33-1 than 
when mai/e was the preceding crop (see [able 3). However, in a second 
experiment, where grain millet was grown following groundnut, millet, or 
fallow, there was t, apparent yield benefit. 

One of the earliest recognited advantages of a legume crop was the residual 
benefit for a subsequent crop. It has been suggested that sone legumes excrete 
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TABLE I: 	 Nodulation and N2 fixation of groundnut in sole culture and inter

cropped with maize. 

Treatment Nodule Nodule Nitrogenase Light 

number/ weight activity reaching 

plant (nag/ (unioles groundnut 
plant) C2114 /plant canopy 

perh) ( %) 

Sole groundnut 171 124 21.3 100 

lntercropped groundnut 
N added to maize 

(kg/li) 
0 165 117 20.1 67 

50 160 94 9.4 54 

100 150 78 7.0 43 

150 134 3.565 	 46 

+
SE 	 6.3 11.0 1.92 

some of the N, fixed into the soil during the growth of the crop, but present 

evidence suggests that the amounts involved under field conditions are small, 

and likely to he of little benefit to an intercrop (Henzell & Vallis, 1977). The 

main residual effect ofa legume will depend on the proportion of N retained in 

nonharvested residues and their rate of' mineralization. Clearly, the planting 

of groundnuts in association with cereals could limit the rate of N, fixation by 

the legume, and thus the benefits for subsequent crops. In an attempt to 

alleviate this, wc arc examining different groundnut and cereal genotypes for 
coipatability and hope to find both groundnut cultivars more tolerant of low 

light intensities, and so able to maintain high levels of N2 fixation in the 

intercropping situation, and cereal lines whose plant architecture permits 

light penetration. Adjusting season durations and sowing times of the two 

crops, relative to e ach other, also offers some scope for increasing fixation by 

the groundnut, since it changes the pattern of competion of the cereal in 

relation to the maximum period of nitrogenase activity of the groundnut. 



TABLE 2: Nodulation and nitrogenase activity of five groundnut cultivars in sole culture and intercropped with sorghum. 

Cultivar Nodule number/plant N2 ase activity (u moles C2 /plant - h)2H 4 

Sole crop Intercrop Intercrop Sole crop Intercrop Intercrop 
(partial (normal (partial (normal 

sorghum canopy 1) sorghum canopy) sorghum canopy1 ) sorghum canopy) 

Chico-17200 104 75 64 15.2 11.8 6.8 
TMV-2 108 81 64 18.1 12.6 8.3 
MK-374 190 137 100 25.8 23.6 12.2 
Robut 33-1 118 86 75 21.5 15.9 12.2 
MH 2 151 66 68 15.4 7.9 9.1 
Gangapuri 137 84 62 15.7 10.6 6.5 

SEM 11.381 1.36 

days after plantin, groundnut with a partial sorghum canopy received 57 , of the light. and that with a normal sorghum canopy received 
42 of the light intercepted by the sole crop. 
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TABLE 3: 	 Residual effect of groundnut and inaize on millet grain 

yield in an Alfisol.' 

Preceding crop Yield 
(kg/ha) 

1980 

Maize, unfertilized 1325 

Maizc, fertilized wita 20 kg N/ha 1456 

LSD (0.01) 360 

Groundnut 


'Grn, o'wnut and maize grown in rainy season 1977 at ICIISAT, followed by 
irttdtcd millet, in dry winter season 1977-78. 
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EFFECT OF COWPEAS IN CEREAL ROTATIONS ON
 
SUBSEQUENT CROP YIELDS UNDER SEMIARID
 
CONDITIONS IN UPPER VOL'TA
 

W.A. Stoop' and J.P. van Staveren 2 

Sunimmary 
In Upper Volta millet is gros\ n on the relatively dry plateau and 

upper slope soils. %shercas sorgliuni and maize are planted on the 
wetter lower slope!,. C'muspeas are rotated and intercropped with 
each cereal. When sorghtm \without Iertiliiation followed cowpea. 
yields were 225. 41(. and 33(0 kg ha more on tipper, middle, and 
lowcr slopes. respectixcly. than when sorghutmn followed millet. 
Yields of millet were aflfeted h\' hoth the cuitivar of cowpea used in 
the rotation and its planting dcnsity, lime of plowing also affected 
the benefits from prior cropping with cowpea. 

INTRODUCTION 

Upper Volta can be divided into three broad ecological zones with rainfall 
increasing from 400 mm in the Sahelian zone to more than 1000 mm in the 
South Sudanian region (see Table I). [he crops grown in each region are 
linked closely %kithrainfall pattern, with millet predominant in the north, 
sorghum and millet in the center, and sorghum and maize in the iouth. 

However. the major soil types commonly present in toposequences will 
also affect crop use. with millut grown on the relatively dry soils of the plateau 
and upper slopes and sorghum and maize planted more on the moist lower 
slopes. Cereal yields in these systems tend to be low (of the order of509 kg/ ha) 
and the use of fertilizer restricted; so the presence ofa legume intercrop or sole 
crop in the rotation may be an important factor in maintaining soil 
productivity. 

Ro.ual I r qpical Intitte. Mam itskade 03, Ailrtcra'n1, [he Netherlands.
 
I('R ISA I'NI I). BI I 15. ()iGite doii ou. tlincr V lta.
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TABLE 1: Characterization of the rainfall pattern in three major ecological 
zones in Upper Volta. 

Ecological Mean annual Approx. Duration Approx. Peak 
zone rainfall start of of rainy no. of rainfall 

(mm) rainy season rainy months 
season (months) days 

South Sudanian 'ul., Aug. 
zone > 1000 May 5 to 6 80 to 95 Sept. 

North Sudanian 
zone 650-1000 June 4 to 5 60 to 70 Jul., Aug. 

Sahelian zone -', 650 July 2.5 to 4 40 to 50 Ai,.g. 

MATERIALS AND METHODS 

The three experiments reported here are part of a larger study on 
legume/cereal rotations and management undertaken by ICRISATin Upper 
Volta. 

Management trial for a shallow gravelly soil 

Ibis trial combined three soil preparation treatments (no plewing; plowing 
in October after harvest; plowing in May before planting), with two crop 
residue treatments (with or without removal of residues after harvest) and 
with two crop rotations (cereal' cereal or cowpea/cereal). The experimental 
design was a 3 x 2 x 2 factorial with three replications laid out as a split plot 
with soil preparation treatments as major blocks. 

Cowpea management trial in rotation with millet 

The trial was part of a large sorghum/cowpea intercropping trial at 
Kamboinse in 1979, which was planted to millet in 1980. The various 
intercropping treatments had no sil'nificant effect on the subsequent millet 
crop, but the pure cowpea treatments did, and therefore, they were analyzed 
as a separate experment. In this trial th-ee cowpea cultivars, varying in plant 
type and in days to flower were each sown at two different plant densities. In 
the following year millet was planted and its yield determined. 
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Nakomtenga toposequence - fertility and rotation trial 

The trial was initiated on land of a local village in 1979 and linked crop 
responses (cowpea. millet, sorghum, and maize) to soil types present in ;t 
toposequence. In 1979, the area came out of a long-term fallow and no 
fertilizer was applied. In 1980, the cowpea and millet strip were again left 
unfertilized. and planted to sorghum; the other strips received 100 kg 14-24-15 
compound fertilizer/ ha before planting pure sorghum and a sor
ghum, cowpea intercrop. In an adjacent strip the farmer applied the same 
chemical fertilizer rate, but in addition added manure (- 6, t/ ha). 

RESULTS AND DISCUSSION 

While high coefficients of variation are a major obstacle to the 
interpretation of results, there can be little doubt that the inclusion ofcowpea 
in tile cereal rotation had beneficial effects. Figure I shows that enhanced 
yield of sorghum alter cowpea occurred for all three methods of soil 
preparation. including tie traditional hand cultivation. A possible criticism of 
this trial is that at least part of the apparent benefit of cowpea could be due to 
allelopathic ellc ts in cotinuous sorghum rotations. For this reason millet 
was utscl as the test crop in the Nakonitenga trial. Results for this trial are 
summarized in 'fable 2. When sorghum vWithout fertilization followed 
cowpea. yields "cre 225, 410 and 330 kg, ha more on the upper, middle and 
lower slopes, respcct ively. than after millet. 

2.5F 

1.5 - -, 

Iftects ot phoiing and time 
ol p1i\h,'ing ofi sorghum I 
glahm \ meds for[ . 

sorglhm siihutim id 
cow peaI Siurgltilli ol ti . L. . . . 
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An important aspect of the data in Table 2 is that, by selecting suitable 

positions on a slope (mainly linked to the soil moisture situation), and by a 

correct rotation, relatively high yields can still be obtained, even without 

chcmical fertiliiers. I hc drop of sorghum yield on the upper slope can bc 

compensated for hv s% itching to millet, whi.-h under similar conditions in the 

same field yielded Irom 500 kg grain ha (no fertilizer; previous crop millet) to 

1000 kg grain, ha (I )0kg cotton lertilizer; previous crop millet). 

Benefits from co\s pea in the rotation wil obviously depend on management 

practices and vareties used. Ibis is evide-nt in Fable 3, which compares the 

effect of three culti\ars and two plantinj, densities of cowpea, grown in one 

season, on subsequent millet yields. In this trIal both cowpea planting density 

and the variety x density interaction had significant effects on the yield of the 

following millet crop. \Vhie the hccal eutivar with its spreading growth habit 

required less seed unit arca to achieve ground cover and enhance millet 

yields, one would require long-term data providing inlormation on the 

TABLE 2: 	 Comparisons between grain yields for four crops obtained at 
different toposequence positions (1979) and sorghum grain yields 

from the saine plots in 1980 as affected by rotation in absence of 
fertilizers (FO) or with fertilizer treatments (F1 = I100 kg 14:24:15 
CO[lpoLil/hl d Nt 1 tis manure/hia). 

1979 1979 grain yields (kg/ha) 
treatments 

Upper slope Mid-slope Lower slope 
(dry) (moist) (wet) 

Cowpea (F 0 ) 350 360 150 
Millet (FO) 400 380 80 
Sorghun (F0 ) 320 320 125 

Maize (F0 ) 0 0 0 

Previous crop 1980 sorghum yields tkg/ha) 
and soil 

treat ment Upper slope Mid-slope Lower slope 

Cowpea (Fo) 465 I 115 925 
Millet (F o ) 245 605 595 
Sorglurn (F) 

1155 1010 1200 
Maize (FO) 
Sorghum (Fl + M) 1575 1635 2055 

(farmer's field) 
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TABLE 3: Rotational effects of three cowpea varieties planted at two plant 
densities each on a subsequent millet crop. 

Cowpea varieties Plant type Days 1979 1980 
to 50%" cowpea millet 

flowering plant grain 
density yields 
(pl/ha) (kg/ha) 

Kamboinse local Spreading, 70 11,250 620 
photosensitive 22,500 1600 

KN-I "Semi-spreading," 47 22,500 860 
non-photosensitive 45,000 1040 

TVxI 193-9F Erect, 40 45,000 690 
non-photosensitive 90,000 800 

mIainlenance of soil fertility. cconomic returns, and the risk associated with 
using the later-mntturing cultivar, before recommending a particular cropping 
svste II. 

Given the response of subsequent crops to pure cowpea stands, the question 
arises as to the benefit to he derived by cereal crops following cereal/ cowpea 
intercrops. Clearly this will be a mote complex situation with important 
points being the extent of competition, time of planting, and fertilizer 
i. fluences. 
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RESIDUAL EFFECTS OF PIGEONPEA (CA JANUS CA JAN) 

J.V.D.K. Kumar Rao, P.J. Dart and P.V.S. Subrahmanya Sastry' 

Sum mary' 

An experiment conducted on a Vertisol field at ICRISAT 
compared the residual effect of monocropped pigeonpea, inter
cropped pigeonpea sorghum (I row:2 rows) with 0and 80 kg N/ha, 
monocropped sorghum with 0 and 80 kg N/ha, and fallow 
treatments on a subscquent maize crop. Monocropped pigeonpea 
had a large residual effect on maize, increasing the grain yield by 
57 ( and total plant dry matter by 32( over fallow. lntercropped 
pigeonpea had little residual effect on maize. Benefits from a 
previous crop of nionocropped pigeonpea were equivalent to about 
40 ki N ha applied to the maize crop grown in land kept fallow 
during the pre ions rainy season. 

INTRODUCTION 

While the role of legumes in maintaining agricultural productivity in 
temperate regions is well documented, there are few papers showing benefits 
from grain legumes in the tropics. In Nigeria a previous groundnut crop 
increased the yield of a subsequent maize crop (Jones, 1974). Giri & De (1979) 
reported that yields of pearl millet were significantly increased when grown 
after legume crops such as groundnut (22.6%), cowpea (24.2%), or pigeonpea 
(12. 1%). instead of after pearl millet. 

Pigeonpea (Cajatus cajan) is an important grain legume of the semiarid 
tropics. In India it isgrown mostly as an intercrop with sorghum, millet or 
maize, but it is also planted in monoculture. There is little information on the 
residual effect of pigeonpea grown as either a sole or intercrop on the 
availability of soil N for subsequent cereal crops. Because of this we 
conducted an experiment to test the growth and yield of maize when grown 
after pigeonpea in monocrop or intercropped with sorghum. 

I ICRISA , Patanchert, P.O.. Andra P'radesh 502324, India. 
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MATERIALS AND METHODS 

Six treatments wcre compared for residual effect: 
Pigeonpea, monoculture. 
Sorghum, monoculture, with 0 N applied. 
Sorghum. monoculture, with 80 kg/ha N applied. 
Sorghum pigeonpea intercropped with 0 N. 
Surghum pigeonpea intercropped with 80 N. 
Fallow. 

lhcy were planted in 1979 in randomized plots 50 m x 6 m, replicated four 
times in a split plot design. [lie soil used was a Vertisol with 0.03% toal N (0
30 cm depth). 40 ppm available N, and 4 ppm available P. Single 
superphosphate was broadcast hefore planting to supply 17 kg P/ha. 

Sorghum cv. ('SI1-6 (3.5 months duration) and pigeonpea cv. ICP-I 
(maturity about 6 months) were sown alone, or in a constant arrangement of 
two rows of sorghum to one row olfpigeonpea, in rows 45 cm apart on broad 
beds ol width 1.5 il. The pigeonpea seed was inoculated with peat inoculant 
containing a mixture of four effective Rhizobium stiains. The crops were 
grown under rainfed conditions. At harvest, observations on grain yield and 
biological yield were taken. and all aboveground plant parts were removed, 

except for fallen plant parts of pigeonpea. 
In 1980. tile former main treatments were divided into subplots, each 9x5 

il. and reccived 0.20. 40. 60. or 80 kg N ha, applied as urea. The 60 and 80 kg 
N ha treatments were split, with 40 kg N ha applied before planting and the 
remainder al ter two months. [lie whole area was then planted to 'Deccan 
hvbrid 101' mai/e. at a spacing of 75 cm between rows and 20 cm between 

pAnts. At niatturity, observations on grain yield and biological yield were 
made oii plots 7x3 in. 

RESULTS AND DISCUSSION 

Seed and total top yields of pigeonpea and sorghum grown as sole or 

intercrops in the 1970 planting are given in Table I. The yields were normal for 

the cultivars in this environment. Total land equivalent ratios (LER's) for the 

intercrops showed a yield advantage of 47% and 37% in grain and plant top 

dry matter yields, respectively, over ionoculture pigeonpea and sorghum (see 

Table I). 1lowever. at 80 kg N, the yield advantage of intercropping was less 

than at 0 kg N ha, suggesting more effective utilization of available resources 

by intercropping under limitations of land, water and nutrients. 
Grain yield of maize grown without N in the 1980 planting was significantly 

affected by the crop planted in 1979; the most beneficial effect being that from 

pigeonpea in niinoculture (see Table 2). Maize after sole cropped pigeonpea 

significantly outyicldcd maize folloving fallow, sole cropped sorghum, and 
sorghum pigeonpea intercrop, with or without N. in 1979 This superiority 
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TABLE 1: Seed and total top dry matter yield (kg/ha) of crops grown in the 
first year (rainy season, 1979). 

Treatment Seed yield Total dry matter 

Sole LER 1 Sole LER 

Pigeonpea 1630 1.0 6040 1.0 
Sorghum at 0 kg N 3950 1.0 9870 1.0 
Sorghum at 80 kg N 5000 1.0 12610 1.0 
Sorghum/pigeonpea at 0 kg N S 3800 0.96 9035 0.92 

1) 840 0.51 2690 0.45 
S + 11 1.47 1.37 

Sorghum/pigeonpea at 80 kg N/ha S 4730 0.95 11550 0.92 
P 680 0.42 2460 0.41 

S+ 1 137 1.33 
Fallow 0 - 0 -

IL R Land equivalent ratio: the relative land arca required l'trsole crop(s) to 	produce 

yield(s) at 
has produced inintercropping the ehqivalent 4f 50 ato its sole crop yield. 
tihe 	 hieved inintercr pping. An LIR of"(.5for agiven crop indicates that it
 

TABLE 2: 	 Effect of previois cropping and fertilizer treatments on grain 
yields of maize (kg/ha) (rainy season, 1980). 

Previous N fertilization inthe 1980 planting (kg/ha) Mean
 
crop
 

0 20 40 60 80
 

Pigeonpea 1364 2095 2595 3153 4385 2720
 
Sorghum at 0 kg N 300 620 1450 1924 2963 1450
 
Sorghumat 80 kg N 508 954 1373 2105 3463 1680
 
Sorghum/pigeonpea 

at 0 kg N 768 861 1406 2236 2956 1650
 
Sorghum/pigconpea
 

at 80 kg N 629 1064 1893 2148 3411 1830
 
Fallow 530 898 1387 2765 3086 1730
 
Mean 680 1080 1680 2390 3380
 

('oiiparison of Means 	 S.F.. of, means 

'revious crops + 119 
Nitrogen rates + 85 
Previous crops x N rates + 220 
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was maintained with the treatments receiving additional N, although the 
magnitude of tile yield difference varied. In terms of total biological yield, 
pigeonpea as a sole crop again had the maximum beneficial effect (see Table 
3). There were significant differences in response between the levels of N 
applied to maiie but no significant interaction between the effects of previous 
crops and the rates of N applied to maize. In terms of both grain yield and 
total dry matter, yields of maize following pigeonpea in monotulture were 
similar to maize yields obtained with 40 kg N following sorghum or fallow. In 
the absence of applied N, intercropped pigeonpea only provided a small 
benefit it is evident from Table I that its growth and yield were only half 
that of sole pigconpea. 

Although the mechanism has not been clarified, the present experiment 
shows the beneficial effect of pigeonpea as a sole crop on following maize, 
increasing grain yield by 57( jand dry matter by 32% over fallow. A feature of 
pigeonpea growth in this environment is the considerable leaf fall, calculated 
to provide 30-40 kg N ha (Sheldrake & Narayanan, 1979). There isclearly a 
need to further examine this and other potential sources of the N that has 
apparently been made available to the subsequent crop. 

TAB'LE 3: 	 Effect of previous cropping and fertilizer treatments on total 
top dry matter yield of maize (kg/ha) (rainy season, 1980). 

Previous N fertilization in the 1980 planting (kg/ha) Mean 
crop 

0 20 40 60 80 

Pigeonpea 5925 7842 8856 8863 11016 8500 
Sorghmi at 0 kg N 2177 3945 6148 6651 8901 5560 
Sorghum at 80 kg N 2249 4547 6292 6922 9175 5840 
Sorghum/pigeonpea 

at 0 kg N 3267 4618 5979 7175 8574 5920 

Sorgh u ni/pigeonpea 
at 80 kg N 3049 5176 7177 6941 9150 6300 

Fallow 3129 4931 6466 8550 9089 6430 

Mean 3300 5180 6820 7520 9320 

Comuparison ol 	 neaiins S.E. ot nllalls 

Previous crops + 295 

Nitrogen rates + 178 
Previous crops x N rates + 488 
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A TECHNOLOGY ASSESSMENT OF BIOLOGICAL 
NITROGEN FIXATION 

R.H. Randolph and B. Koppel' 

St tnmart' 
I he varied and rapidly developing teclnologies for biological 

nitrogen lixation t uN IiBotter importaint possibilities for reducing 

mankit' , dependence oil lertili/ers maniiactured from fossil 

luels. Man\ uicertamties exist. not only abo ut the feasibility of 

certail lie\\ technologics (e.g.. nitrogen-tixing cereals), but also 

about tile lliiiall soio-ecolloit'ic factors which may ailet. or be 

aflected b.\. ,idepreaid application o technologies which would 

iipro,,e curiel.t. iclie\ihle rates ot N, tixation or extend the 

range ot s1,ecI Mcld) blenefit. 

Ip)ropposed of 

10I'. ailled alt Ceaiiielg these uncertainties through case-studv 

exiiii~iiio Io\ clopN (rice and coll) in two countries (tile 

l'hilippineS Mid te I S.\. lI 1 goal ik not to determine whether 

Il' ill torktorlhese crops bitt to identity possible itu re 

IIl, jppi'r desribe, a "techioloey assessment" 

dcehetopi ilerts il IINI- tecinology relevant to these crops and to 

exalillic \steliilcill tile tactors Mhich may influencet: socictal 

lh1 rlate and scope ot iili/atioi tor such new techinologies; the 
broad riiiic oll ettcts tlhai nlay enlslie it ainc when suich technologie~s 

on lg 

both gos erilitent and the prl ate secltl by ill ot the foregoing. Ibis 

paper dt l ill iat isue aid iincertaiities, research objectives and 

oCi aid iuilihod and oiriani/ation for this study. 

iare ilttOiLcCd Oil a scalc: and the policy options implied for 

INTRODUCTION 

In thinking of' the lutu-. of biological nitrogen fixation (BNF) technology 

and the policy issues raised by its present rapid development, the question is 

I i ticl. .srIlc' Ss s,,lellcns tilute. 1777 -IsIM-W SI Rilid, 1l iiit1i. llLUlwaii 

;,-iS IS~ 
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definitely not, "Will it work?" Most BNF technologies already work, and 
produce N available for plant intake. The quest'an rather is, "What if it 
works?" 

Partial answers to this question have been offered from time to time, but 
they have tended to he mainly technical in focus (National Science 
Foundation. 1977: I)6bereiner ef al., 1978). Technical evaluations of this kind 
are. of course. extremely important. We must not forget, however, that for 
most of the world, agriculture remains the economic activity on which most 
developed societies depend. Ien in the most developed societies, agriculture
is a major part of the econoriic system. It can he argued, then, that answers to 
the question, "What if it works?" should be couched at least partly in non
technological terms and should be arrived at through a process that explores 
the complex socio-ecoiomic consequences likely to follow from the use of 
Jifferent levels and patterns of a particular technology. Such a process can 
suggest and puhlici/e the socio-economic benefits o, the technology or 
provide advance warning about potential difficulties, facilitating their 
removal or circumvention. Io have meaning such an assessment of' BNF 
technology wou d need to be both I ult i-disciplinary and international in 
scoPe. 

Recogniing these points the Fast-West ('enter Resource Systems listitute 
has instituted a plan for an international technology assessment of BNF. In 
the remainder of this paper we shall offer some initial ideas on the framework 
for - ch an assessment, touch ion key issues, research objectives and methods. 

ISSUES AND UNCERTAINTIES 

Ihe many specific issues that would need to be addressed in a technology 
assessment of BNt. can he grouped into three overall questions: 

What arc tile major societal factors which will influence thc rate and 
scope of ut iliiation? 

Who will he affcted by changes in 13NF technologies, and in what 
ways? 

What 	are the n'ajor policy issues that emerge from answering the 
above o, ' st io ,:? 

Societal factors affecting rate and scope of utilization 

Several main types of vai iables can be identified which seem likely to affect 
the rate and scope of utilization of any given BNF technology. The large
number and interrelated character of these variables clearly demonstrate the 
complexity of the technical assessment problem. 

'inticipatedphIysical effects, on N availability, soil condition, evolution of 
-- pest biotypes, etc., and, in the last analysis, on crop yield. 



667 

Anticipated economic effects, including savings through fertilizer substitu

tion; costs for complementary fertilizers, land preparation, pest control, 

product transportation, etc.; and size and distribution of net farm income. 
Most of these costs and savings can also he measut ed in energy terms, for 

analyses in which this measurement is more useful. 
Related technologies ant' technologicalconditions, such as cropping and 

crop management patterns; soil and hydrological regimes; risks and risk 

aversion propensities; energy availability, and hence fertilizer cost; national 
technological endowments; etc. 

Agricultural organization, including farm size and ownership patterns, 
rural population structure, marketing systems, economic policies affecting 
agriculture, etc. 

Regulator' constraints governing quality control, health hazairds, hatards 
to non-host plants, etc. 

Legal issues in such areas as technology ownership, licensing, and transfer; 
testing and liability, etc. 

hnport' e.op(ort strategies anti agreements, including trade policies 
regarding fertilizer, food, non-food agricultural commodities, etc., and links 
with international commodity markets. 

Parties at interest 

Ilere. too, the question is far from simple. There are a number of societal 
groups that are likely to be affected by changes in BINF technology, and that 
shoul,,. therefore, be considered in the technology assessment. 

Farmers, with sub-groupings by farm size, tenure, ethnicity, market 
position. type of crop. type of land, etc. 

Agri usiness firms, including producers, proces!:ors, export,/import 
firms, etc. 

Nitrogen .,rtilizer industrv.
 
Bl'--sup)ort industrY, e.g., inoculant manufacturers.
 
Research and df'elolmntt coMMunityi,, with sub-groupings by field of
 

activity. 
('ons'ners, with sub-groupings by geographical location 

(domestic foreign, urban 'rufal), socio-economic status. 
(ivernment agencies concerned with food and agriculture, ,.mergy, 

commerce. htman settiements, environment protection, 
science and technology, etc. 

Policy Issues 

Although many more policy issues would emerge from the technology 
assessment itself, several policy-relevant issues which are likely to arise 
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regarding implementation of new BNF technologies are already obvious. 
Most of them lie outside the purview of technology assessment per se and 
must be left for eventual resolution by policy-making bodies, but the 
iechnology study should at least help to clarify options and implications. 

What types of farmers and other stakeholders should benefit?
 
Can others be permitted to suffer loss'?
 
What help will farmers need to ensure thai they have access to the
 

technology, use it properly, etc.? 
What types of crops should get priority emphasis'? 
How can R&I) be managed and supported over time to ensure that 

end'?
 
flow would associated technologies, such as minimum tillage, be 

evaluated in trade-off terms with BNF technologies'? 
What should be agriculture's role i, national energy planning? 
What is agriculture's role in economic development scenarios? 
Where is the research done'? Principally in the public or private sector? 

What if BNF techniques, fo. example inoculant preparations, 
are proprietary'? If they are proprietary in the US, how is a 
country like the Philippines likely to respond'? 

RESEARCH OBJECTIVES AND FOCI 

Coates (1976) defined technology assessment as: 
"...a class of policy studies which systematically examine the 
effects on society that may occur when a technology is 
introduced, extended, or modified. It emphasizes those 
consequences that are unintended, indirect, or delayed." 

Technology assessments generally fea'ure (Koppel, 1979): 
A holistic and systemic rather than reductionist perspective. 
Ar. orientation toward the future. 
A concern for higher-order impacts, i.e., the effects of effects. 
A concern for irreversibility, particularly in undesired effects. 
A concern for sustainability, particularly in desired effects. 
A concern for values and goals. 
A concern for identification and evaluation of alternatives. 

Practical objectives (Porter et al.. 1980) of technology assessments are: 
To provide valid information on the likely consequences of certain 

co urses of action. 
lo have this information prove useful to the policy making process. 

For the technological assessment of RN Fwe are proposing to focus on rice 
and corn as the crops to be studied, and to consider their situation in the USA 
and Philippines. 

For much of the world's population, rice is the mainstay of life. The United 
States, though not a leading rice consumer, is the world's largest rice exporter, 
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itfact that has significant implications for the soc-theast US in particular. The 
Philippines is illustrative of many countries in the developing world that look 
to rice as their principal grain, that have been the basic setting for the playing 
out of tile "green revolution." that have traditionally been major importers of 
rice, and that have .-ice economies that have been, and will continue to be, 
significantly impacted bv rising costs of petrochemical products such as N 
fertili,ers. 

The UJS is tihe world's leading producer of corn, a commodity that plays 
numerous roles in the US food system and that also has a large and important 
international market. N fertilizer applied annually in thi US to corn accounts 
for half the total N fertili/er applied in the US. The Philippines, like many 
developing countries, depends on corn as an animal feed as well as basic 
hunian food for the poorer sections of tle population. Philippine production 
has been const rained by the planting of corn on poorer soils, usually by poorer 
farmers, with very low applications of' fertilizer. Moreover, the economic 
status of the corn economy in the Philippines is significantly influenced by the 
large voluime of J.Sproduction, 

caC/nISc con)sidCrahL dalai are available on both crops in both countries, 
and hecatic alternatC BN I and tertilier technologies can be identified, the 
choice o1 cripS lld Contntrics is h,)th significant in policy terms and 
opcratilonally leasiblc. 

P'rccise spLcification of alternate techrnologics will be an essential task in the 
first phase of this project. For rice in the Philippines alternate, or perhaps 
complementary. strategies would he: development of cropping systems that 
depend on gtinc grain or cover crops after rice; the utilization of A:olla1l, 
and or heterotrophic N, fixers to maintain soil N balance; and the genetic 
manipulation of rice plants to enhance their potential to fix N, in association. 
In the southern 1:SA rice is often alternated with soybeans or cowpeas, but 
this practice is less comnon in ('alif'ornia. Studies on A:olla have also been 
iitiated in the USA. but as currently managed, green manuring with Azolia is 
a labor-iitensi,'e activity. 

(orn in the Philipp:nes is grown principally in upland areas unsuited to 
rice. It isalr,.adv extensivei-v intercropped with legumes, but often these are 
not inocnlated. N, fixation can also suffer from N fertilizer applied to the 
inaize. Us>e of .Izolla for corn is still in the university research ext-ension 
phase. Multiple cropping has not been practiced extensively in the USA, but it 
is now being stidied in more detail. Maize soybean rotations are an integral 
part ot nidwestern IJS agriculture. 

METHODS AND ORGANIZATION 

Various methodologies have been proposed for technological assessment 
projects (National Academy of 1ngineering, 1969; Mitre, 1971; OECD,1975; 
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Coates, 1976; Armstrong & Harmsen, 1977). We have synthesized these 
approaches in Table I. 

Although numerous authors have recognized the potential importance of 
internationalizing technological assessment (FA) (Weisband & Franck, 1971; 
OECD,1975; Chen & Zacher, 1978), the difficulties involved in this are 
considerable. Because TA is concerned largely with the acceptance of new 
technology by a given society, its "content and concept" will depend on the 
social and cultural background of that society (Oshima, 1975). Chen & Zacher 
(1978) offer a potentially promising approach to internationally oriented 

TABLE 1: A possible sequence for the technology assessment of BNF 
technology. 

Preparation Phase 

1. Identification of need 
2. Definition of problem 
3. l)efinition of scope, methods, etc. 

Descriptive Phase 

4. Development of data base 
5. Description ,fpresent 
6. Projection of fu,:re changes in the technology 
7. Specification of systems alternatives for assessment 
8. Description of state-of-society assumptions 
9. Description of decision apparatus 

10. Identification of other parties at interest 
11. Ilentification of exogenous and international variables or events 

Assessment Phase 

12. Identification of impact areas 
13. Measurement (prediction) of impacts 
14. Evaluation of impacts 

Policy Analysis Phase 

i5. Elaboration of action options 
16. Evaluation of action options 
17. Identification of macrosystems alternatives 
18. Preparation of conclusions and reconmendations 

Validation Phase 

19. Validation and final report 
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technology assessment. Briefly, they -iuggest explicit joint examination of the 
differences and similarities between the t¢.'n (or more) societies' premises and 
processes relevant to IA. Examples of premises are the degree of unity or 
convergence in social values and the presence or absence of,,;ocially managed
technology. Processes include the roles ofthe private sector, the multinational 
corporations, and arious social formations in the planning process. In the 
proposed study, it will he necessary to examine such variables for the two 
countries involved as part of the initial background research. 

Our proposed assessment of BNF will he divided into the three phases. 

I're.,aratorY tiescripti',"phase: In this phase we will review existing 
knowledgc about BN F and the rice and corn agricultural systems in the US 
and tile P1hilippines: identify tile most crucial technological and institutional 
uncertainties linked to probable policy-specific impacts; indicate those data 
and .judgments that will be needed to examine those uncertainties, thus 
defining the scope of the IA; and develop a coherent framework for actually 
implementing tile analysis, including both data and an appropriate set of 
analytic procedures. 

.I seXJ)Z.'Il(~ / v(t l,' ~i'[ a.\'." In t his phase we will describe alternat ive 
futures, based on different assumptions about political, economic, social, and 
i1stitutional changes, the rate at which RNF technology diffuses, the relative 
roles of government and the private sector, the distribution ofsocio-economic 
costs and benefits, and the values assigned to competing goals (e.g., equity and 
efficiency, long-term energy goals, ,Otort-term prodtuctivity goals); identify 
possible unplanned and higher-order institutional and policy effects of BNF; 
and compare alternative policy choices and actions, with emphasis on the 
potential benefits, costs, uncertainties, and risks likely to be involved. 

.I'aldatio phase: )uring this phase we will evaluate and review our 
assessment, debate its implications, and plan to monitor real-world activities 
,slth implications for our assessment. 

ISCRIPTION OF ACTIVITIES 

A steering committee with persons chosen for pre-eminence in the issue 
areas likely to he important to the BNF technology assessment will be 
established. An assessment planning workshop with panels to consider socio
cLo.,ncmic. policy institutional, and technological implications of BNF 
technologies will be convened to consider the broad range of questions 
involved in a technical assessment of BN F. 

I)ata, identified in the workshop as crucial for implementation of the BNF 
asse:'smcnt will be located and made available to an assessment team. This 
team of six peopl,- selected from different disciplinary perspectives, together 
with additional short-term consultants, will be responsible for most of the 
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assessment work, including simulation modeling and other policy-oriented 
lorms of data analysis. Evaluation panels will also be constituted to review the 

assessment made by the team. These will be composed of persons from the 

planning workshop. persons from relevant policy and use audiences, and 

representatives from countries where the assessment could have significant 

impact. They will he charged with evaluating the assessment in the light of 

questions asked at the planning meeting and its implications in their own 

areas of expertise. A tinal report having an outline such as shown in Table 2 
will he prepared. 

TABLE 2: Possible outline for final report. (Adapted from Lawless 1977). 

1. 	Introduction. 

2. 	 Nitrogen use in agriculture: Needs, methods, and international compa

risons. 

3. 	 Manufactured nitrogen fertilizers: Ilistory, industry and marketing, 
benefits, dislenefits and controversies. 

4. 	 Current stattus and rtrnds in biological nitrogen fixation technologies. 

5. 	 " .hnological I,:ecast: State-of-s ciety factors, R&I) trends, use of 

manufactured nitrogen fertili/ers, diffusion of BNF. 

6. 	 Consequences ot substituting BNFI for manutfactured nitrogen fertilizers: 

Agronomic, environ intal, socio-cconomfic, institutional-political. 

7. 	 Policy-making arenas: Parties at interest, goals and) values, policy-making 
processes. 

8. 	 Policy issues and options: Incentives for R&D, incentives/controls on 
supply and use, other issues. 

9. 	 References. 

10. Appendix: study Mtethodology. 
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ECONOMIC ANALYSIS OF BIOLOGICAL NITROGEN
 
FIXATION
 

D.E. Welsch' 

Sutniiar.v 
The economic benefits from nitrogen (N2) fixation are assumed 

to be substantial, but have rarely been documented, even for the 
more temperate regions. This paper considers briefly the economic 
tools that could be used in the economic evaluation of N-) fixation 
hy legumes and mn1ions the need for a parallel investigation of the 
social and private profitability of inoculation. A number of the 
constraints to a detailed econom ic analysis of inoculant usage are 
discussed. 

INTRODUCTION 

App. in the opening paper for this workshop, stressed that we have had 
ample time to establish our research programs, and that we must now 
demonstrate how biological nitrogen (N2 ) fixation can profitably increase 
yields in farmers' fields In this paper Iwant to discuss some of the problems 
associated with undertaking an economic analysis of inoculant technologies. 

ECONOMICS OF FARM PRODUCTION AND MANAGEMENT 

The economic analysis of agric.,luraI production deals with the allocation 
of scarce resources among alternative arid competing uses such that an 
objective function is maximized, subject to certain constraints. The 
constraints are resourcr availabilities, and the objective is usually profit 
maximization. The objectives, however, can contain other goals set by the 
unit doing the allocating. Scarce and competing are the key concepts. 

Prices of resources are derived from their scarcity and the competing uses in 
which they can be employed productively. Increased scarcity, indicated by 

Dept. of Ag.i-ultural JFcol on ics, I niversitv of M innesota. St. Paul. MN. 55108, USA. I 
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rising prices, induces farmers both to moderate their uses of such resources 
and to use alternate resources. Such normal market behavior is currently even 
evident in the oil and natural gas cartel, in that consumption of these products 
has declined niarkedlv. with enormous investments in alternate energy 
sources. The same applies to nitrogenous fertilizers. 

We have heard repeatedly in this meeting of rising fertilizer prices, and of 
the difficulty that farmers in third world countries have in obtaining and 
paying for them. Legu'ne inoculation provides a potential substitute; what is 
required is an evaluation of both its profitability and the likelihood of its 
adoption by farmers. In turn, profitability as an objective will probably be 
moderated by consideration of risk factors; not only of the risks involved in 
utilizing inoculants and legume-based cropping systems, but also of the risks 
involved in the use of fertilizer N, often under conditions of uncertain rainfall, 
limiting response to the fertilizer. 

Moreover, a complete evaluation would include what economists call the 
"social profitability" of inoculant technology, i.e., a profitability assessment 
of the technology at the opportunity cost for pricing domestic factors of 
production rather than at often "distorted" market prices. The reason for 
doing this kind of analysis is that, if private profitability is so low that 
adoption is uniikely, but the social profitability is high, then government 
policy can he houtight to hear to increase private profitability and enhance 
adoption. Ilh might well apply in a number of third world situations where 
the cost of imported Nfertilizer can be a real, and increasingly severe, drain on 
a country's balance of payments (i.e., the opportunity cost of foreign 
exchange to the economy is high), a strain that might well be reduced by the 
promotion of inoculant usage. 

The focus in this paper, however, is on evaluating farmer adoption, 
particularly in terms of private profitability. We can evaluate profitability 
using the principle of equimnarginal returns; that is that profit is maximized 
when the last unit ofa resource applied raises production by a value equal to 
the cost of the resource input. In other words marginal cost equals marginal 
return (MCCM R). [he MC 7M R condition must apply for all competing uses 
of the input. This concept isexpressed graphically in Figure Ia. In this figure 
X Iand X, are the inputs needed to producea product Y. The paired lines 1,2, 
3, 4,etc., repreent different levels of production of Y. At each level of 
production the curved line -or isoproduct line --shows the possible 
combinations of inputs X Iatid X- that would give that level of production 
while the straight line or isocost line -represents a fixed amount of 
expenditure all spent on X or X, or on some combination of these in 
producing Y. 

In this diagram, and at each level of production there is a point where the 
isocost line is tangentia! to the isoproduct line. This point represents the least
cost combination (LCC) of X Iand X 2 to produce Y. If we join these points of 
tangency (LCC), then the line formed is called a, expansion path, and 
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represents the most profitable way to move up the response surface. At some 
point on that path, MC =MR, and profit will be maximized. Exactly thesame 
principle can be used in studying a range of products within a farming system. 
In Figure Ib, Y, and Y, are different products; the curved line -or 
production possibilities frontier-represents the maximum amount of Y, and 
Y 2 that can be produced by the bundle of resources controlled by the farmer. 
The straight line, PP, is the ratio of the prices received for Y1 and Y,.The 
point of tangency in this case (C) is the point at which the profit-maximizing 
combination of Y, and Y, is realized. 

Profit maximization criteria can be applied both to evaluation of past 
production activities and to planning future farm production. Normally the 
economist must collect data from a number of farms and treat each farm as an 
observation and a point on the response surface. The trouble with this 
approach is that in most farming areas, a majority of the farmers apply about 
the same level of input, and so we get a cluster of observations around the 
mean and our estimation of the surface is not stable. Because of this, it is 
usually difficult to establish whether or not farmers are maximizing profits. 
To do this we have to build a model in which profit is maximized, and then 
compare the actual farmers' enterprise with that model. If there is a 
divergence, we must explain why. This may lead us into areas of risk aversion 
and constraints on resources that were not recognized in the ideal model, and 
into houschold goals other than profit maximization. 

Even building the ideal model can be difficult. The main problem is 
obtaining sufficient data for the determination of a response surface. When 
agronomic experiments are conducted on farmers' fields, and include enough 
input levels to estimate response surfaces, we can extrapolate such data to 
farmers' conditions and determine the profit-maximizing input combination. 
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Unfortunately such experiments are mostly conducted on experiment 
stations. Commonly then we must establish an enterprise budget, developed 
from response surface data, partial budgeting, and discussion with farmers, 

which details farm operations and costs, farm inputs, and p.oduct levels and 

prices on sale. These enterprise budgets can then be used in whole-farm 
budgeting or linear program studies. 

FARMING SYSTEMS RESEARCH 

There are numerous definitions of a farming system and of the research 
methods by which it is studied. Norman (1980) states that, "a specific farming 
system arises from the decision taken by a small farmer or a farming family 
with respect to allocating different quantities of land, labor, capital and 

management to crop. livestock, and off farm enterprises in a manner which, 
given the knowledge the household possess, will maximize the attainment of 
the family goals." Dillon (1976) notes, "farming system research recognizes 

and focuses on the interdependencies and interrelationships between the 

technical and human elements in the farming system. As such, it is more 
holistic in orientation than the reductionist approach traditionally used by 

technical agricultural scientists -an approach that requires studying one or 
two factors at a time while attempting to control all others." 

"Downstream- farming system research - research applying new 

technology to improve existing farming systems - has four stages: 

description, design, testing, and extension (Norman, 1980). Description 

impies that particular areas be selected for study. Byerlee et al. (1980) suggest 

that a particular region under study be stratified into roughly homogenous 

target areas having similar agrclimatic characteristics and farmer cir
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cumstance, and that, within these zones, particular regions be selected 
appropriate to the farming system under study. Description also implies 
nulti-disciplinary investigation teams able to assemble background informa
tion and exploratorv or formal surveys (Byerlee et al., 1980). In the design 
stage, improved technologies from "upstream" research stations or ex

rimental centers are introduced into the farming system. Sanders & Lynam 
I98 I) stress that such technology must "fit" into the whole farm system. 

Norman (1980) points out that introduced technologies must be economically 
feasible. dependable. socially acceptable, and compatible with the farming 
system in use. In the design stage farmers' perceptions of problems are 
particularly important. I)evelopment of theory and technique in analysis of 
farner decision-making under risk and uncertainty is a rapidly moving field. 
Andcrson. Dillon, and Hardaker (1977) and Roumasset (1976) offer 
examples of recently published major works in the field. 

Methods for the testing of improved technologies tnder on-farm 
conditions in thL tropics is also a rapidly moving field, stimulated in part by 
the international agricultural research centers. Reference is made to recent 
articles by I ldcbrand (1979) and Sanders & L.xnam (1981). 

ECONOMIC ANALYSIS OF BIOLOGICAL NITROGEN FIXATION 

I lo% do these concepts of economic analysis and farming systems research 
apply to biologicai N, fixation in the tropics? How can we determine the 
profitability and potential adoption of inoculant technologies'? 

I'ollow ny the models discussed above, such studies would need to be 
undertaken in a countrv or region where tropical legumes are part of the 
existing production system. Examples might include countries emphazising 
intercroppcd maize beanus production systems, as in Central America; the 
larger scale soybean regions of Brazil; or the pasture lands of the Colombian 
Ilanos or Bra/ilian (errados. Ihe selected country, or countries would need 
to ha\c ,adomestic capacitv for inoculant production and at least some people 
cxperienced in the use of inoculants, and in legume production. An 
interdisciplinary team would he necessary for the descriptive and design 
phases. Sichi a team might comprise a production agronomist, a production 
economist, and a microbiologist or inoculation specialist. 

Selection ofI a particular region or regions within tile country of choice will 
depend on tile availability ofinoculant technology thought by the team to be 
appropriate for that region. An obvious consideration is that existing 
ten ili/cr rccomnmendations and or experimental results stress tile need for 
added N. Ideally the region selected would be one in which some farmers have 
already adopted the proposed BNF technology. 

I lie descriptive stage would he a critical one. Clearly. a key task in the 
anals,,sis would be to construct cost functions for fertilizer N. These would 
depend on the ,.i;rld price, transportation cost, and, in many cases, interest 
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payments during the production season. In some multiple crop ,ing systems, 

N is applied. not to the legume, but to the cereal grown in the association. We 

would need to have information of the interaction of this N with N, fixation 

by the legume. This could he a major point in the acceptance of new inoculant 

technologies. e)tails of other fertilizer needs for legume growth would also be 

r,:luired. Phosphorus, for example, is often deficient in tropical ';oils (see 

Munns & I.ranco, p. 133) and is critical for N, fixation. [he need to apply P in 

place of N might alter the perception of risk held by the farmer. We would also 

need, of course, detailed information on the farming system. Would, for 

example, the tariner accept the nceu to inoculate and /or lime pellet seed, or 

would granular inoculhants fitbetter into his hand plariting system'? 

The question of wlether inoculant usage ., economically viAble appears on 

the surface to be a somewhat trivial one. After all, the cost of the inoculant is 

very low. In the USA. it represents 10% or less of seed cost, and seed cost is 

10% or less of variable costs per ha. In the tropics, we are hearing about prices 

of $1/ha for inoculant, which isprobably no more than 5% ofseed cost. If not 

trivial, then at least this question is not very interesting. 
Problems of education, training, information, cultural or religious 

restrictions, etc., in getting peasant farmers to use inoculants loom very large 

compared to the small cost of the inoculants. For some countries, the cost of 

raising inoculant quality to an acceptable level will also be significant, though 

conceivably this cost could be subsidized by governments interested in 

reducing N imports. 
In undertaking an analysis of the benefits of N , fixation, the economic tools 

mentioned in Section I of this paper would be essential. However, we would 

have to make some arbitrary decisions as to what represents the economic 

returns to BNF. Should we consider only the current crop, or the additional 

effects on subsequent crops and soil fertility. Should we also consider the 

availability of fertilizer N for other farm activities, or perhaps even speculate 

on the use of green manure cropsor legume trees to enhance the N available 

through more Iraditional legume usage'?
 
Many other questions remain to be resolved before economic evaluations
 

of N, fixation can realistically be carried through. For example, what should
 
are
level of availability of an inoculant technology before its economies 


studied'? In this presentation I hope I have stimulated thought as to the
 

complexity of the evaluation process.
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RESEARCH AND DEVELOPMENT FOR BIOLOGICAL
 
NITROGEN FIXATION IN INDIA
 

G. Rangaswamil 

Summar ' 
Interest in IN I ic.',carch and development in India has increased 

in recent years bccatio,,:o the gl) in nitrogen fertilizer demand and 
stup)ly. (urrcnitl, ,mc R, 2 million is spent annually on BNF 
research. , ith RS 12 nliiliion o lvhelopment. Fmphasis is toward a 
belter c.rs1.tanding (d the legutne lRli:ohiwn symbi,,sis, but 
greater attention his been paiid recentl, to the ise of' Azo/la. N2
lixing bluc-green algae and associati'e symbioses. It is hoped that 
sa. ings in N lcrili/cr use of as imnich as Rs 150 million can be 
achieved. 

INIRODUCTION 

Interest in biological nitrogen (N,) fixation (BNF) in India was inspired by 
Rothamsted long before India attained independence. Indian scientists have 
undertaken research on soil micro-organistns in general, and N:,-fixing 
bacteria in particular sirc: !920. However, it is only during the past two 
decades that dccper interest in IBNF has been generated. Today about one 
hundred microbiologists and biochemists in more than 20 laboratories 
throughout the coutntrv are experimenting with different basic and applied 
aspccts of N.. Rcscarch work on BNHI may be listed under three categories: 

Symbiotic N, fixation,
 
N, fixation by algae, and
 
N, fixation by nonsymbiotic bacteria.
 

Work in India on associative symbioses is still limited. This paper describes 
results obtained in 1NI: research to the present, and gives an outline of 
projec!-, ,;c! 'vities. 

iel I,'\g
I A. icuil zlte) itnission. (overninents 'ltIl.g (Xu of India. New Delhi I 1-0001, India. 
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SYMBIOTIC N, FIXATION 

('ajalUy., ca/ar. ('icer arictimlim, ' tutn radiata, Vi/ ga Inungo, Lahlab 

ptrtur'us. 1.. hi/lors, lathirussativls, J'ita unguiculata ssp. cylimt/rica 

(catjang). (i/1ctar mav. I'ha.scolus.vulqaris, I'. lumatus, Pistn sativu,, and 

lens culiari.s. arc cultivated for grains and pods in most parts of India. 

.. r'rhisht'plgac'a is an important oilseed crop. [he total area under pulses 

and leguminous vegetables is about 31 million ha and under groundnut 
(peanut) about 7 million hia: in total one-fotirth ol the cultivated land in the 

country. Abolt 9()' of leguilnc production occurs under rainted conditions 
and lnassociation with cerea ls, sich als \heati. soi-lhtlll,in. Petiit Setaria, 

etc. Irrigated legumes are grown in rotation with rice, wheat, sugarcane, and 
cotton. Mole recen tI . short dturation leg ues such as 'haseotus spp. have 
begun to be used as intcrcro ps in irrigated sugarcane and cotton fields and 
also in pcrernnial o chards. Additionally, there is some area under forage 
leguomes. irctidg Ilcerne. clover, and berseem. Legurues such as sunnhemp 
C'roilaria .icz 'ca). agati (.Ses/attia t,,ra/rliflo'a), and da incha (Ses/ania 

aculata) arc also gr w ,ts grcen ioMilre crops in rotati,c with rice, 
suga rcireV, and \ hCat. I lie ta tinder past.ure legune,: *-,very limited and 
mnost!\y toitid in the higher clcvations and in hilly terrain where dairy and 

sheep hishrandrv is practiced. I and bcing limited, the scope for expanding the 

area under pastuirc hgtimes in the country is 'ery restricted. 

Rhi/obia tor each t these legumes have been isolated from a range of 
en,viromnents and assayed for N . fixation. For most of the legunies, inoculant 

strains have been selected and are now available commercially. Tolerance of 
the crop hlri:.'hium symbiosis to corist raints such as drought, sal

inity alkalinity, and low soil phosphorus. has also been investigated. 

Resrlts obtained to date suggest that N , fixation by crop legumes is 
Comiorily trout U-4( kg ha, though in pastures such as alfalfa, rates of 
fixation as high as 600) kg ha per year have b,_-en recorded. Given the 
extremel\ , ariablc rates N\ i xatii,m, it is not surprising that yield incrcrses 
ftollowing inuoculationi also vary, with l0'i yield increases obtained in some 
trials, I, in others. Starter (loses it N troin 10-20 kg, ha have enhanced crop 

dcvclopmcnt and yield ill some areas, while doses of phosphatic fertilizer (30
40 kg, ha) ha, c also provcd essential tor N . fixation in a number of locations. 

,. /it. AND BLIJE-(REEN ALAE 

I se of A - dia as i hiotert li/cr in India is a relatively recent development. 
nder a collahorat ve progra in i lilt iated by the I nd ian Council of Agricultural 

Research (I AR ). it has been shown thai as much as 330 tons fresh weight of 

.A olla can be produced per ha each year. The fern matures in 20-30 days, 
and when incorporatcd into soil is the equivalent of 25-30 kg N ha. Yield 
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increases of tip t 40l( have been obtained in fielId trials in the coastal districts 
of India. 

Bbie-g'recn algae have been u tilited as biofertilizers in India for more than 
10 years. Icchylz fo t the mass fInultiplicatimo oalgae in fields has been 
developed. \ itli optinilm liPrtnction ([ten dependent oil adequate P 
fertiliation When -he algac are inoculated into rice fields 3-4 weeks before 
the plantinlg '1 ice. \ icl increases of 10-151i are often recorded, while 
fertili:,'c r N appli miOn CaM he reduced by aboutt 25 kg ha without yield loss. 
Residtial ctec:' -, v, h sit hsCetnent cra)ps and dif ferences between strains and 
species I ' -I ing blne-grecn algae in tolerance ofsoil acidity and alkalinity 
ha, also been demnstrated. A major problem is the competition between 
N2-fixing amd ntonlixing algae. M ultiplication of' the algal inoculant is also 
difficult. 

NONSYMBIOTIC N,-FIXING BACTERIA 

Yield increases of Iroin 5-00t)' have been reported following inoculation 
experimentl s , iti) ninsvn biotic N -fixing bacteria. with estimated fixation 
rates ot 5-51 kg N, fixed ha per crop season. Inconsistency in field response 
has limited thie acceptancc b f,arners. 

RESEARCli AND DEVELOPMENT IN BNF 

I he INaiiT (W\'i1l nl 11emt has relliled the need for rese.arch on 1NF to 
redc el the os1ui\1ap bet,\ cCI frt il i.er deland and supply in :ndia. Three 
All India ( ordinmatcd Rcatch IProjects with BNF componetts have been 
initiated ini tcetit \ear.. 

I he All In1d;i (',,jdinatcd 'rmject on Forage Crops has been underway 
since 19.)74. \\ iti 14 center,, iu ol d. I nhenain objective of the project is to 
dcsclop hi elld- ig c pllktn and to evolve improved production and 
in in a it metlt lCIlltlc.)gies. Sincc mist of' the forage plants are legumes., the 
field tCstl1 t.'l \ ;iICttcs Ir" imit odule formation and fixation is alsoinc cIo' 

included uttlc tie oblccts e,. I he total cost of tile project is about Rs 6.5 
tnlimll Itm it c-\ear pellod, and if this. aboit 51 is to be spent on BNF 
e \ plerlneil[t 

I he All Indii ( iiiditiited IPl-icct tin Pulses has been iil operation since 
1970. While the inti iiccti\c ofi the project is to substantially increase 
plodi i,, it\ il thc ;iris ',pc.ies (t) grain legutnes important in India, one of 
(he 1c;a1 tii achic c this beIctivc is ti iniprive symbiotic N, fixation bythe 
criops. I h.i aic 25 reci mvolvcd in the project, of which perhapsM rch c,..c tcer, 
15 are iIu in \.,tik iii /l/iz, hiwm. Ihe total cinst of tile project is 
appriiximm;ilct\ R., ,> Ililm Iii a five year period, of which about 10% is 
;llo0tted or nt:ci lieical researcn. mainly N, fixation by the legumes 
through bettctIR/duium strain selection and by identification of better 
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host/ Rhizohiun combinations for the various soil and environmental 
conditions. 

The All India Project on Biological N2 Fixation was initiated in 1979 with 
10 centers involvcd and a live-year budget of about Rs 7 million. The main 
objectives of thc project arc to survey and isolate N,-fixing organisms and test 
them for ficld usc; to improve their quality through genetic means; and to 
better undcrstand the basic aspects of physiology and biochemistry of N2 
fixation. 

)uring the last Iike years the number of ino'ulant pr, ducing centers has 
increased substantially. [here are now 2'.: .:.:;ters, most of them in agricultural 
universities, and they have a .joint capa:ity to produce Rhizohiunr inoculants 
for soie 600.000 ha and A zototacter inoc ulants for a further 250,000 ha. Yhe 
facilities for blue-green algal production have grown from acapability for less 
than 1000 kg in !975 to a capacity for 200,000 ha in 1980. During the coming 
five years, intensive BNI: development programs are to be undertaken in 
tle States of tttar P~radesh, West Bengal. lamil Nadu, Andhra Pradesh, 
Karnataka, Kernla. Assam . Nagaland and Iripura at a total cost of about Rs 
5 million. 

A national prlojcct I r the develop:nent and use of biofertilizers has also 
been [ormtlated recently and will be implemented soon. This project will 
populari/c the use ol hiotertilizers (t/hizohium, Azolla, Azoy/irlltn, and 
blue-green algae) in Indian agricult tire. Iheldevelopment program \vii!cost 
Rs 50 million for a four-year period and will affect some 200,000 ha. It will 
includC creation ol a National Fertili/er l)evelopment and Production 
Center: four regi mal ccio.rs to prou lce inoculants for state governments aid 
other agencies: and ield demonst rat ions and extension activities. 
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THE BRAZILIAN PROGRAM IN BIOLOGICAL NITROGEN 
FIXATIION
 

J. Dbereinerl 

Because of the large area involved, Brazilian agriculture has traditionally 
favored low-input production systems, with interest in biological nitrogen 
(N2 ) fixation dating from the 1940's. In the 1950's research on N- fixation 
began at various centers, with the largest group in the South, and under the 
leadership of .1.R. .ardim Freire. In the 1960's the legume inoculation 
experiments were extended to the study of soil and plant limiting factors and 
their effects oil the legume symbiosis, with new centers such as the Instituto 
Agronomlico in Campinas. the C'entrc, de Energia Nuclear na Agriculture 
('IN.A) in Piracicaba, and the Instituto de Pesquisas Agropecuarias do 
(ent ro-Sr (I PlA(CS) at " in47. prominent. The Latin American Rhizohium 
meetings, in 1968 in Porto Alegre and in 1970 at Km 47, in addition to further 
stimuliating research. showed that the Bra .ilian pr ,grams for the integrated 
study of soil. plant and bacterial involvement in N-2 fixation were among the 
strongest in ILatin America and comparable with most others in the world. 

Once locally selected legume inoculants had been developed to replace the 
frequently unsatisfactory imported ones, inoculation with Rhizohiutm began 
to replace N fertili/ation in both experimental and farm plantings. The change 
was particularly rapid with soybeans, and since 1963 all experimental work 
with this crop has been based on inoculation rather than N fertilization. 
Currcnt cultivars. while producing up to 4 tons/ha, only respond to N 
fertili/cr where inoculation procedures have been unsatisfactory, or other 
nutritional problems liiitingto N-2 fixation. It has been estimated that the use 
oi inoculants for soybeans currently saves more than 800 million dollars 
annually in fertilizer costs (D6bereiner & Duque, 1980). 

Observation of nonsvmbiotic N2-fixing organisms in the rhizosphere of 
sugarcane (I)5,bereiner & Alvahydo, 1959) led to further studies on N2 

fixation in grasses at Kin 47, and resulted in both Brazilian Research Council 

I \MI I \ 1 \ t ('S-('N I'q. Km 47. 2,1460 Scropcdica. Rio de Janciro. Bratit. 
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and international support for this program. Associative N , fixation studies 
resulting from an agreement between CENA and the International Atomic 
lnergy AgcCy' (IAI:A) fturther contribitcd to make Brazil the center for this 

type of research in the world. 
A major factor in th, development of Brazilian programs in N, fixation has 

been the opportutii tNfor graduate student and thesis research. Four ftul-time 
and ten part-time fellowships, fInded by ('N IPIand IM HRAPA, respective
lv. have been available at Kin 47 for a n hmer of years, ai d have permitted the 
best students to receive intensive training. More tha:i 46 graduate students 
from Baif have recci ved training through tthis program, and most of these 
are still actively engaged inresearch. Further opportunity for training this 
tine in tile in oculation technology carne with tile formationa rea of legolilt 
of a tUN [S('() IIN FP I CR() suppo- t ed M I RCE N unit at the Universidad 
Federal do Rio (rande do Sul in Porto Alegre in 1976. 'his unit has 
orgainized several short cour;es (both for Brazilian sttutnts and others), 
serves as i source of' Itizohiumn culttres, in(lundertakes sole docunllenta
tion activities. 

liCecause of this potentialI for training, there is now a network of researchers 
on N , fixation in Brazil. and a constant interchange of ideas, methodologies 
and result.s. Iypical is the grouping toget her of the workers at Ki 47, 
II R(iS. (INA, tlie nationatl bean center in (Goiania, and tile Fllpresa 
Capixaba ieIesqtuisa Agropecuaria (IFMCA PA) for a coordinated research 
protect on N , ('urrently sy mbiotic N, fixationtfixation in P'uwo/u.v v'ii/ Lmari. 

proiects in Bra/il range froil sttdies oil tieCiin portance of legurmes in the 
Alzlloll to the lactors limiting nodulation in the Cerrado. Studies in the 
associative fixation area span the specificity in N, fixation in C., tropical 
grasses to the range of' N -fixing organisms in the rhizosphere of sugarcane. 
The quality of this work is evident from several papers in these proceedings. 

REFERENCES 

S1'hreiiwr.. I. & \ h.\!.,. R. t1959) Rev. Brav. BioI. 19. 401-412. 

1)iht rciiIC..I. & I )ltmLImC. 1980) j?. wcom. Rural Bruaihu 18. 447-461... I'. I'. 



689 BIV" Technohgi/r ropical Agriculture 

INTERNATIONALLY SPONSORED3 DEVELOPMENT OF 
BIIOLOGICAIL NITROGEN FIX \TION TECHNOLOGY 

Compiled by S. C. Harris' 

from data of E.J. Da Silva, 2 L.R. Frederick, 3 F. Maignon,4 G.Persley, 5and 
4


F.Riveros


Sunu rv 

lhI I I1nternational tun(ing agencies interested in promoting 
hiloical IltiOLCil jkatioul technlogy are increasing. These 
cflitrl. on tirlinin& inltieu lant production personnel, oncenter 

illrealiln h,+.1 clll inocitlants, and ona\a l ih riplasin and 
tild C\ iiC i11ciill l to delluoltraite the viahility ot inoculation, 

plnli . rIl s, ith iegI'rd t1 the ICiMwiit Ihi:t/,iwnl svmhiosis. 

INTRODUCT ION 

An increasing awareness of the potential for improving agricultural 
productivity in the tropics through intensified field research into biological 
nitrogen fixation (lINF) is evidenced in the programs of the major 
international agencies that fund agricultural research. Efforts are concen
trated on training personnel for prodtuction, testing, and use ofinoculants; on 
increasing the availability of germ plasm and inoculants; and on field 
experiments to dcnmonstrate the henefits of using effective inoculants. 
InstitUtions. illMOst cases universities (notable exceptions are the CGIAR
lunded centers, see p. 695), serve as the medium for these activities, while the 

international agencies provide hinds :Ind technical assistance. Collaborative 
efforts that involve scientits from two or more institutions are seen as 
particularly heneficial. 

i ILilii'Cl, \ I . IIl;Iili I \ I roject: no% (IA I,AA 67-13. ('ali, Colombia. 
I)[\ illn clo Itesirch & I ihier Fd.. I N FSC). 7 Plicede -onmtno', 75700). Paris, Franze. 

A1). It V(i-421i S..\-Is. D.t'. 20523. ISA.\S W\;ihinigton. 

I-A(), Via deie I'rnieC di ('al;i 0ll0i,0iiillli.Roiie., Italy.
 
Rescatc'ih Ii I )celop'.niil Al)AI. Iox 887. Canberra, AC I, 2601. Australia.
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Efforts to date have pronoted legume/ Rhizohiun associations, especially 
in grain and forage legumes. Currently, however, there is an increasing 
amount of support being given to work with N 2-fixing trees, with Azolla, and 
with potential application of associative N- fixation to agricultural 
production. 

TRAINING ACTIVITIES 

'-A(O (1981) reports that trained personnel with the agronomic and 
micri,,;,ilogical skills to implement BNF technology are urgently needed. 
Between 1975 and 1979, about 80 persons from 35 countries were trained. 
Ilowever, there are still many countries with no trained personnel or with a 

single individual working in isolation. Thus, training is a key area in which the 
international agencies can have an impact. 

Africa 

Several French institutes have training programs in Africa. The Institut 
National de la Recherche Agronoinique (INRA) and Institut de Recherches 
Agronomiqucs lropicales (I RAI) have been collaborators in BN F research 
in Africa for over ten years, with IRAT concentrating on tropical crops. 
INRA organizes two kinds of training courses. In the first type, organized 
with the Universite Claude Bernard Lvon for agronomists, agricultural 
engineers, and advanced students, both theoretical and practical information 
is given. The second type. which exemplifies a recent trend in training 
activities. is based on the need to get BNF information out to the farm and 
provides practical work for agronomists and extentionists. 

The African Microbial Resources Centres (MIRCENs) funded by 
UNFSC(O IiNIP ICRO are located at the tIniversity of Nairobi in Kenya, 
and at Ain Shams Iniversity in Cairo, Egypt. The Nairobi MIRCEN and 
NifIAI,. a tniversitv of Hawaii Rhizohium project sponsored by USAID, 
sponsored a six-week course on practical applications of BNF technology in 
1980. The Cairo MIRCTN,again with assistance from NiITAL, also included 
a Ihi:zohiutn component in a broader based microbiology course in 1980. 

Latin America and the Caribbean 

The Brazil M IRCEN, located at the Universidade Federal do Rio Grande 
do Sul in Porto Alegre. offers courses mixing the theory and practice of BNF 
and aims mainly to train technicians and researchers. A course for extension 
workers is planned for 1981. Additionally, an advanced course on BNF is 
offered biennially by the tUnivcrsidade Federal Rural do Rio de .laneiro and 
EMBRA PA-CNI~q with support from the Royal Society and the US 
National Academy of Science. 
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Other training activities scheduled for 1981 in Latin America include a 
USAI1)-sponslorcd course to be conducted by North Carolina State 
universit (NCSI) in Lima, Peru, and one at Chapingo, Mexico. The NCSU 
course for research or extension personnel with little or no formal training in 
BN I techhology will emphasize practical microbiology, plant physiology, 
and soil science. [he Postgraduate College of the University will co-sponsor 
the (liapingo course with NifIAL. Ihis course will be more technically 
adanccd than that in Peru, but still be of practical orientation. 

Asia and Pacific 

I he MalaYsiatn Agricultural Research and Development Institute (MAR
1)1) %\ill co-sponsor with NiflAL,. a six-week course similar to those held at 
Nairoi . Kenya, and Chapingo. Mexico. Key technicians from SE Asia, 
Indonesia. the Philippines, and other Pacific areas will be selected. 

Non-regional training activities 

Ilhe Atstralian I)evelopment Assitance Bureau (AI)AB) sponsors post
gladuate training IlB,. - at Australian universities. The Universities of New 
South Wales and Western Australia are particularly active in this field. 

:I"-\), th rough the Consortium on Tropical Biological Nitrogen 
I-i:tiol: tilugh 17 1 S universities with cooperative research projects in N2 
lixtion: and through NifI[Al.. sponsors postgraduat-, training at US 
iti ersities. I he World t/i:ohitm Collection and Study Center (Beltsville, 
M ). t SA)and NIIA also have "intern" training programs that offer work 
opportunities of ttwo to six month duration, but without university credit. 

I'N 1.S('() has collaborated in supporting training programs at I ITA and 
IR R I tnd AlsO at several national centers within the frarnework of its network 
programns. lhisi support has been directed mainly at Southeast Asia and the 
( arihhen. 

GERNIPIASM COLLECTION AND DISTRIBUTION 

'ull irtili/atiii ol legumes in an N -fixing symbiosis is dependent on the 
ir ilabil itv of elfective Ihizohium strains, appropriate hosts and a supply of 
high qnality inocnlant. Effective strains arc maintained in the culture 
ciillectiiins located at the M IR(T'Ns (Nairobi. Kenya; Porto Alegre, Brazil 
(airo. lF.pt and tangkok. Ihailand) and at Nif'IAI. in Hawaii and in the 
I SI).\ f/,j,/, collection at Beltsvillc, MI) (both US groups are also soon 
toibe named MI I<R('Ns). IRA I and INRA also keep a Rhizo/,iuln culture 
collcctioi and send inocUla to several countries. [he international research 
centers also maintain extensive collections of Rhir:ohinl and in most cases 
will supply either freeze-dried cultures or high quality inoculant tor field 



692 

research. Additionally. UNF SC(O will be providing assistance in this area, 

sponsoring the second edition of the I Bil Rhizoliunt Catalog that will list 

those strains recomm ended for use with various legumes. 

RESEARCH AND NETWORKING 

Research on legume inoculation can be grouped into three types. The most 

frequent type of research tests the ability of a plant species to respond to 
intoculation under particular environmental conditions. Specific host/strain 
interactions Must also be tested under field conditions; at times even in 
farmers' fields. Multi-locational trials are conducted to test host,/strain 
relationships and tie recommendations developed during earlier tests across 
as many sites as possible. I'hese last trials also serve as demonstrations of the 
feasilibitV of inoculating to local farmers and extension workers and facilitate 
tile gathering of data on soils, management, and Iarming systems. 

Most past research funded by the international agencies has concentrated 
on site-specific inoculation trials. Now, however, multi-locational trials are 
being conducted to probe tie across-systerns viability of inoculation. 

Africa 

Once the importance of inoculation became established, IN RA proposed to 
use inoculation whenever the benefit would be ohviously visible to the farmer 
without weighing. This isthe case with soybean research in Senegal and tipper 
Volta. With groundnut and cowpea. where inoculation has not increased 
yield, IN RA. IRA I, and Institut de Recherches stir les Huiles 6t Ol1ageneaux 
(II (it)) have collaborated to study other limiting factors of N , fixation. They 
also aim to find species with high capacity for N fixation and adapted to high 
temperature soilsr salinity, and drought, especially in Algeria. 

Ihe ()fice de la Recherche Scientifique et Technique Outre-Mer 

(()RSIM ), based in Senegal, is also involved in several types ofl BNF 
research. ()RS I ()M has funded work with N,-fixing trees in Senegal (see p. 

395) in addition to their work with cowpea. Additional research efforts deal 
with ..I:zo/a and .'shamaas green manures for rice, in western Africa (see p. 
441). 

M tilt -locat ional trials with soybean and others are conducted under the 
auspices of the Nairobi MIR('EN and tile Nif'IA I.-coordinated International 
Network of legume Inoculation [nials (INlLII'). le INIIT trials will have 
tclnical support including experimental design, seed, and inoculants supply; 
thus. the possibility of achieving ieaningful across-site results, even under 

- difficult conditions, is strengthened. 
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Latin America and Caribbean 

Research funded by international agencies is scattered throughout Latin 
America and the Caribbean. Much is fairly site-specific. In Haiti, INRA's 
prograin is looking at limiting factors in cowpea and soybean. FAO's funds 
are behind research in Pcru on sovhean and pasture legumes. Forages are also 
under study at the :AO-stpported livestock programs in Argentina. In 
Ira,il, greenleaf desmodiurn, perennial soybean, and siratro are being 
evaluated for use as summer legumes in pastures by the Porto Alegre 
MIR(T.N. Other crops of interest include soybean, common bean, and 
alfalfa. INI.1 I trials for a wide range of legumes have been planted in 
locations in L.atin America and the (arihbean. Results from the First 
International Bean Inoculation Trial sponsored by CIAT are given on p.223. 

Asia an( Pacific 

Al ) 1Bprovides indirect support for various bilateral projects in Southeast 
Asia and the South Pacific. where legumes are involved as part of an 
improved farrming system. Substantial support has been provided for research 
and developmnl of tropical pastures in Malaysia and the Solomon Islands. 

NifA I.has also promoted IN . I trials in the Pacific (Fiji, Guain, 
P'hilippines. Indonesia), in SE Asia (Malaysia, Thailand), in Pakistan, and in 
InIdia. Additionally. All-India ('o,-,dinated Pulse Improvement Program 
sponsored by the Ilnd ia Council for Agricultural Research (ICA R) has agreed 
to ma kc the IN I trials part of their own multi-locational research plan. 

CONCI1t.SION 

('u11 rent annual worldwide support for IN F programs probablv exceeds 25 
million dollars (I... I-rederick, personal communication). Incorporating 
BN I tcchology into farming systems in a practical and beneficia-l way will 
require millions more. [his sort of effort is obviously beyond the incans of any 
o" nation. and the benefits will accrue to more than national groups. 
('olahoatrc international programs will. thus. surely continue to be a key 

ofrt BNI' research effort.()I the 
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RESEARCH ON BIOLOGICAL NITROGEN FIXATION IN THE 
INTERNATIONAL AGRICULTURAL RESEARCH CENTERS 

Compiled by P.H. Graham' 

from data and publications of A.A. Ayanaba, 2 R.S. Bradley,' P.J. Dart,3 

P.H. Graham, R. Islam, 4 E.L. Pulver,2 V. Ranga Rao, 2 J.A. Thompson, 3 

and I. Watanabe5 

Summary 
Five of the international agricultural research centers (IARC's) 

currently have research programs in the area of biological nitrogen
(N-) fixation. This paper reviews the activities of the centers inthis 
area and highlights common and distinctive features of the 
programs, as well as their links with BNF activities in national 
programs and developed country laboratories. 

INTRODUCTION 

Thurston (1977), Ruttar. (1978) and the Consultative Group on Inter
national Agricultural Research (CGIAR, 1980) have described the evolution 
of the international agricultural research centers (IARC's) system and 
something of their operating philosophy. Currently there are 13 centers or 
institutions funded through the CGIAR system (CGIAR, 1980), and five of 
these have research programs on biological nitrogen (N2) fixation. This paper
will briefly review the activities of these centers in the area of N2fixation, and 
will show common and distinctive features of the programs and how they link 
with activities in national programs and other institutions. 

Centro Internacional de Agricultura Tropical (CIA F) Cali, Colombia.
 
International Institute of Tropical Agriculture (IITA), lbadan, Nigeria.
 
International Crops Research Institute for the Semi-Arid Sropics (ICRISAT), Patanchcr.
 
India.
 
International Center for Agricultural Research in the Drv Areas (ICARDA). Aleppo, Syria.
 
International Rice Research Institute (IRRI), I.oF Ba os, Philippines.
 



CROP AND AREA RESPONSIBILITIES OF IARC's WITH 
PROGRAMS ON BIOLOGICAL N, FiXATION 

The five centers with prograns on N, fixation have markedly different crop 
and area responsibilities (sceTable I).Ihus IRRI, the first formed of the 
IARC's, has a woridwide mandatc: for research on rice but has, until recently, 
St ressed prod uction of irrigated rice g-own tinder relatively favored 
conditions in Asia (Ruttan, 1978). [he ICRISATnmandate, in contrast, is the 
semiarid regions with ii dry season of five to ten months; where rainfall is 
unreliable atd probably the major constraint to production. Because of this 
climatic emphasis, IC'RIS,. Imost work with atnumber of crops, including 
millet, sorghum, chickpea, pigconpea, and groundnut ()art & Krantz, 1977) 
and pa particular attenton to the farmi oingsystems traditional for these 
crops. The role of CIA] lies somewhere between these extremes. On tle one 
hand, it ,.-s worldwide responsibility within the IARC system for research on 
Phascih. , vulKaris, but it intLst also emphasize the development of pastures 
for the 800 mfllion ha Of Under-utili/ed, acid, infertile soils found in Latin 
America (CI A I,198 I).Important in the CIAT philosophy is the emphasis on 
redcnd-i np littcch no logy. necessary in part because bean production occurs 
mainlx on small holdings with farmners often Unable to obtain or afford costly 
technical inputs, but also because of the exten;ive nature of cattle operations 
in the Ccrrados of Brazil and in the ('olombian lhanos. 

Asslmed ini all the centers' research activities is tile idea of' comparative 
advantage: not to work on problems that are likely to be site specific (for 
example, fertilicr response), but to emphasiie problems the resolution of 
whiclh would pernit ,widcsprcad adoption of a new technology or 
intiroduction ol higher yielding varieties. Because of this, the BN F programs 
at the fi\c centers, have emphasi/ed the collection and evaluation of 
gcermplas nl the ,selection or development of cultivars or strains of microl 

Orlgailsms that arc active in N, fixation. [hcy have also sought to develop 
agonom lic practices appropriate for plants at least partly dependent on fixed 
N,. ir I R RI the study of ..Izofla and the evaluation of traditional methods 
lam its use ha e becn im portant activities, while several of the legume centers 
ha\e sought improvcd methods of inoculation. 

CULTIVAR AND STRAIN VARIATION IN ABILITY TO FIX N2 

lhe plant gcrmphltsm and micro-organism holdings of the five IARC's with 
,,york on biological N, fixation are shown in Table 2. 

Wide . ariation between representative grain legume cultivars in ability to 
fix N, in stnihosis has been shown for Arachis (Nam biar & )art, 1980); 
Cajwaun (IC'RI SA] . 1,)78-79), (h'cint' (lPulver et al., 1U78; Nangju, 1980), 

(Gra han Ilalliday, Grahaim 1977; 
iraham, 1981) and I 'i,a (IIA, 1979). In this last study. 400 to 485 lines of 

Iha.%eouo vui. ari.s & 1977; & Rosas, 
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TABLE I: International agricultural research centers undertaking research on biological N2 fixation, and their 

mandates. 

(enter l,'catt"n Year I:.unded Mandate Microbiologists)

International Rice Research ILos ianos. Ihilippme I Rice research Worldwide mandate I. Watanabe
 
Institute 4IRRI)
 

International Institute ti Ibadan. Nigeria I Qf'i [:arming systeis in lowland tropics: A.A. Ayanaba
Tropical Agriculture (I1IA Worltissde mandate, but emphasizing 

Africa 

Gram legumes, especially cowpea E. Pulver 
and soybean 
World. ide mandate, but emphasizing 

Atrica. 

Centro Internactonal de Call.Colombia I q, I'hasc',s Iu/arts PA.L Graham 
Agricultura Tropical Worldw.ide mandate. but emphasizing 
(CIAT) Latin America. 

Pasture %%stemstor the acid infertile R.S. Bradley 

tropical regions.
Worldwide mandate. but current 
work almost entirely in Latin America. 

International Crops Iyderabad, India 1972 Sorghum and pearl millet I.A. Thompson
Research Institute for Worldwide mandate
 
the Semi-And Tropic

(ICRISAT) 
 Gram legumes. especially pigeonpea, P.J. Dart 

chickpea and groundnut 
Worldwide mandate. 

International Center for Aleppo, Syria 1976 Crop and mixed farming systems research R. Islam
 
Agricultural Research 
 with emphasis on broad beans and
 
in Dry Areas (ICARDA) lentils
 

Semiarid regions. 

3i-1 Mar.ich. l451 



TABLE 2: The plant germplasn and micro-organism holdings of the IARC's with programs in biological N2 fixation. 

Center erogram 

IRRI Rice 

IITA Grain Legume 

CIAT Bean 

Tropical Pasture 

Plant species held Micro-organisms References 
(and number) 

Or'za sativa 
0. glaberrimna 
Wild species 
Azolla pinnata 

-. filiculoides 

1. inexicana 
.,A.caroliana 

Vigna unguiculata 
Gly'cine max 
Voandzeia subterranea 
Others 

Phaseolusvulgaris 
P. coccines 
P. acutifolius 

P. lunatus 
Phascolusspp. 
Stylosanthesspp. 
Desmodiumn spp. 
Zornia spp. 
Aeschino-aene spp. 
Centrosemaspp. 
Miscellaneous 

(47,743) 
( 2,278) 
( 961) 

(10,471) 
( 310) 
( 2,271) 
(2,484) 

(27,404) 
(1,098) 
( 129) 

(1,900) 
( 161) 
(1,723) 
( 865) 
( 561) 
( 377) 
( 605) 
(2,276) 

maintained 

Anabaena 
(loeotrichia 
Nostoc 

R. japonicunz 
Rhizobiun spp. 
(cowpea) 

R. phaseoli 
R. japonicumn 

Rhizobium spp. 

IRRI (1979) 

82) IITA (1979; 1980) 

C242) 

( 300 +) CIAT (1980) 
( 36) P.H. Graham 

(unpublished) 

(2000 +) R.S. Bradley 
(unpublished) 

(continued on page 699) 



(continuation, 

Center Program Plant species held Micro-organisms References 
(and number) maintained 

ICRISAT Sorghum Sorghun bicolor (17,986) Azospirillurn, Derxia ICRISAT (1978 - 79; 

Millet Pennisetum americanuni (14,074) 
1979 - 80) 

Pigeonpea Calanuscajan ( 8,815) Rhi.obiutm spp. 

Chickpea Cicer arietinum (12,195) 
from Cajanus 
R. leguminosarui 

(480) 
( 500+) 

Groundnut Arachis hypogaea ( 8,363) Rhizobiunm spp. 
from Arachis 

ICARDA Grain Legume Cicer arietinum ( 3,400) Rhizobium strains P.R. Goldsworthy & 
Vicia faba ( 2,000) for legume spp. R. Islam 
Lens culinaris ( 1,800) listed in grain 

and pasture 
legume program 

( 400 +) 
(unpublished) 

Pasture Legume Medicago spp. ( 2,810) 
Pistim spp. (2,200) 
Vicia spp. (2,550) 
Astragalts spp. ( 240) 
Lathvs spp. ( 350) 
Trifolium spp. ( 725) 
Onobrychis spp. ( 675) 

C, 
'c 
10 



700
 

cowpea x.erc sown, with and without N,at three sites which differed in pH and 
background rhizohial population. Ability to symbiose with native soil 
rhi.zobia was c\ aluatcd according to relative vegetative development (RE 
growth - N groth + N x 100). At each site roughly 16, of the lines tested 
were selected. , ;atith so'" ,iach site performing better without N than when N 
fertilizer was used. I',r,11the lines selected for high symbiotic efficiency 
perlormed vcll at ci' it of the thiee test sites, but TVu 175 was uniformly 
weak in dcxcloptucnt when dependent on fixed N. Additional papers on this 
theme are included in this vo!lune (see p 49. p 57). 

tlie.\peeted host stra in ititerations have been found in a number of these 
studies. Ihus, when 250 lines of (lvcint max were evaluated for compatibility 
with natIM, and presumably "cowpea-tpe'"rhizobia. 90% proved incompati
ble. but eight (mainly of Asiatic origin) symbiosed effectively with these 
rhizobia 11IA. 1978: Nangi., 1980). In groundnut, non-nodulation has been 
obserced illii number of lines (scc p. 49 p. 57). 

Becausc of this ariltaion inN ,-fixit ability, programs to monitor the 
abililt to ti s N, ci li nes selected for disease resistance or agronomic merit 
has c been esta blishetd ii most of tie grain legume programs. Programs to 
breed for ctilanced N, lix',ltion iinagronomically desirable materials are also 
tinder x,a,. [or I'. 'ulgi'ts, these have been described by Graham (1981). At 
Ill A,cultli\ars of (. ,..axable to sYmbiose effectively with the indigenous soil 
rhi/obia ha\,- hoeen crossed with i-hcr yielding and agronomically desirable 
soybean lies. FarI. gencratio:i progeny are being screened, both for effective 
nodulation in the absenlce of i:octlliltioi and for agronomic traits. Nodule 
scoring methods lor chickpea are detailed on p. 57. 

Actixe prograis of strain selection parallel the work with host cultivars 
(l('11P!1-.I. 1977-1978: 1978-1979; Islam, 1981; At ICRISAF yields of 
pigeonpca vcrc imcre;ised troto 1427 to 2059 kg. ha following inoculation, 
\with d,\ Irttat ti ctiol tile best strain raised from 5390 to 8275prod ',lll 

kg ha (I RIS.\1 1978-79). In trials with numerous chickpea rhizobia, 
nodule itliber llioxing inoculation ranged from 7-48 plant, and nodule 
dry xveifgrt Itrmi 13-74 i;gplait. Yield following inoculation rose from 1564 
to 2006 kg ha (I R IS,\ I, 1977-78). Results will, eanut have been generally 
less satisfactor,,, though with the Robut 33-1 cullivar, yield increases of up to 
291 kg ha has Cbeen obtaincd. .\t (IA I ,following numerous evaluations of 
strain pertormia[tce in I eonard jars. an d iii the field, an international bean 
inoculation trial lI1311 has hceti developed. First results are discussed on p. 
223. 

With excellcut straiis dcntilied in the xarioul programs, emphasis in strain 
selection is iiMMx tIrling to additional strain properties that could affect their 
cotllpetitive or survix al capahilitics in tropical or subtropical soils. Thus, 
Islam & (ihoulani (1981) exaluated strain performance with Viciafaha in the 
presence of 0.32% NaCl. while at IIIA and CIAT the ability of strains to 
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survive and form nodules under acid soil conditions has been considered in 
some detail (Date & Halliday, 1979; IITA, 1979; Graham et al., 1982). With 
the soybean cultivars Mandarin and Bossier in Nigeria, inoculant strains 
produced 72.5-92.5w, of nodules even in the third crop after inoculation. 
Further studies with strain %urvival over tile fallow period are detailed on p. 
309. Graham et al. ( 1982) with R. thascoli demonstrated strain differences in 
tolerance to p1I and showed these correlated with strain survival in acid soils 
and with response to inoculation. 

In the CIAT pasture program, with many different genera and species of 
legumes being considered for adaptation to the acid, infertile soils of the 
tropics, host and Rhizoiwn seh-ction must go hand in hand. Legume 
accessions under initial evaluation are not inoculated, but are supplied 
fertilizer N when N deficient. As agronomically promising forage species are 
identified, tile ease and efficiency with which they nodulate naturally in the 
field is evaluated. For those accessions having relatively specific Rhizohium 
requirements, the isolation and screening of a wide range of strains is then 
initiated. Again hecause many diflerent species and accessions are involved, 
much of the evaluation is done in the gla,;shouse, with only the very best 
strains for each legume field tested. A difficulty in this work is that many of the 
strains isolated do not grow well on routine laboratory medium and must be 
maintained on medium having pli values near 5 5. 
The nonlegimC programs on N, fixation in the international centers have 

benefited from the increased interest in associative fixation. At ICRISAT 
ntlnerous accessions of sorghun and millet have been evaluatd for N 
((C,21 ) fixation. I hus, Dart (1978) reported 59 of 200 sorghulm accessions to 
have some N,-fixing activity, but found only two access ions with rates of 
fixation in excess of 230,tig N soil core per day. In the millets, plant to plant 
variation in N, lfixation was marked, but approxiiiately half of the accessions 
tested in rainy seaison plantings lixcd some N,. Activity was greatest after 
flowering and corntinued well i,1 e a in fill. In tile summer season tinder 
irrigation only 8 of 89 accession s,,.w NT,-fixing activity, and accessions of 
the minor millets were generally mrcr :wt v,.th'a-1 was pearl millet. A review of 
this work is in preparation (P... )art. pe'rstW cot;,nunication). 

Under traditional systems of igr culture. ii., dcr:,!c rice yields can be 
maintained without N h.rtil,ation. .\t I R 1,23 success ve rice crops, each 
yielding m(ore than 4 tons ha, have been taken without N fertilization 
(Watanabe, I ec & Alimagno, 1)97). [he lack of suitable ilicthods for 
estimating N, fixation unilder irrigation has hindered investigation of this 
phenomenon, but it is now probable that from 10-50 kg N is fixed ha per crop 
(Kovama & App, 1979; Watanahe & Cholitkul, 1979). 1he major 
contribution is from frec-living algae (Wata nabe et al.. 1978). While fixation 
occurs in both phyllosphcre and rhi/osphere, with as many as 101 N -fixing 
organisms g of root ('Vatanahe & Cholitkul, 1979). there is as yet little 
evidence of varietal differences in ability to fix N,. 

http:72.5-92.5w
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AGRONOMIC PRACTICES INFLUENCING N 2 FIXATION 

N Fertilization 

With N deficiency and grain legumeicereal intercrops common in :he 

tropics, all centers have tried to develop practices of N fertilization that are 
compatible with legume inoculation. These have included studies on the use of 
starter N dressings (Graham & Halliday, 1977; 1lIA, 1979), evaluation of the 
effects of fertilizer N on seasonal profiles of N, fixation (P. H. Graham & 
S. R. Viteri, unpublished), and in rice tile effect of fertilizer N placement on 
N- fixation by photosynthetic and heterotrophic organisms (Crasswell & 
Vick. 1979; IRRI, 1979). 

Some studies have also been undertaken at different levels of applied N. 
Nodulation and N , fixation in P. vulgarishas proved extremely susceptible to 
added !'crtilizer N. with seasonal rates of N (C 2H 2) fixation reduced as much 
as 39.6,1 by the application of only 15 kg N/ha (CIAT, 1979). 

Cereal/legume intercropping and rotations 

The influence of grain or green-manure legumes on the N nutrition of 
associated or subsequent cereal crops has been extensively studied at the 
IARC's. with two papers on this theme in these proceedings (see p. 641; p. 
647). Pulver et al.. (1978) also report on the variation in N harvest index 
among cowpea varieties. Leticaetta alley cropped with maize yielded 95.7-
I 11.2 kg foliage N ha. When this material was cut and incorporated at rates 
equivalent to 10 tons of foliage ha, maize yields were increased significantly, 
and were almost equivalent to those of plots receiving 100 kg N/ ha (IITA, 
1979). 

Studies at CIAI have emphasized tile effect of' inteciopping maize and 
beans on N, fixation by the legume. When a vigorous climbing bean was 
associated with nmaic, rates of N, fixation were not significantly different 
from those obtained in nionoclture ((iraham & Rosas, 1978). whereas 
NI(C1 tl)fixation by bush bean cultivars was reduced substantially by 
association (1P.1I. (iaham & S. ,.Viteri, unpublished data). 

Methods of inoculation 

Methods of inoculation have been studied at both ICRISATand CIAT.At 
ICR ISAT, granular inocLuhtnts have not proved superior to those applied to 
the seed (see p. 241). At CIAT,however, and for soils of low pH, granular 
inoculants prepared using 40-mesh peat, have consistently proved as good as 
or better than seed application ((iraham et al., 1980; 1982). 
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Utilization of Azo//a 

Studies on Azollaat IRRI confirm the benefits from the use of this fern, and 
have examiird some of the requirements for growth (Watanabe et al., 1977; 
IRRI, 1978; 1979). Ilhus N2 fixation by azolla of from 70-110 kg N/ ha per rice 
crop has been demonstrated, with yields in rice significantly greater when 
azolla was used, than when 60 kg ha of N was applied. In these studies 
incorporation of the azolla was a major factor. When azolla was not 
incorporated only 3.9"i of fern N was taken up by rice during a 42-day period; 
when it was incorporated, 52(j of tile azolla N was absorbed by rice in the 
same period. In these studies emphasis has also been placed on the P 
requirement for growth of .*tzolla sp. and on their temperattire tolerance. 

COLLABORATIVE ACTIVITIES AND TRAINING 

Opportunities exist for collaborative activities between the IARC's and 
other institutions. Perhaps the best example of this has been the project 
funded by the Overseas )evelopment Administration for collaborative 
studies oil cowpL:a physiology and N, fixation at Il[A and tile University of 
Reading (see for exaimplc, papers by I lixley et al., 1976 Suminerfield et al., 
1976, -agleshani et al., 1977; Sum merfield et al., 1977 1978: Minchin ietal., 
1978a: h) and no\ exteiided to work on chickpea (Minchin et al., 1980) at 
ICRISA I . NIore reccntly bot h l IlA and I R RI have received support for 
collaboratlic icti\ltics wkith the Boyce [ho mpson Institute. while at 
ICR ISAI and C I.\ I less torilti I relationships have been established with 
North ('arolina State I;ni'ersitv and the University of Wisconsin, respective-
Iv. I hesc a.;sociations allow center scientists to remain practically oriented 
whilc iecei\ ng sonc in-depth support oii the more basic areas. 

I rtu lig, is al'so a Illal.or function ot institute staff and call involve short 
C1iiisllOH Ill liltilo technology or Rhizohium isolation and culture, 
,itnginleit ol national program scientists to specific programs for periods of 
tip o sixmiouths, or even advanced degree training. 
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