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1) ~1e are grJte:ful to the Boal"d of Di re'.:tors l to the Oi rector of INTSORr·lIL, 
and to the Technical Committee for t~eir ~tl'ong interest, cO-Ofleration and 
assistance, both in the prCflaration for this 'reviev/, and during the revie"; 
itsel f. Ha noted with appreciation the 'i/ay in \'/hich th:.:: members of the BCl\\rd, 
·s well as the Director, Dr. Earl Leng, attended all the sessions, taking ~n 
;:~ive interest in the daily proceedings, an~ discussing the p~ograms and 
lIlall:' of the issues rClised. 

2) VIe are grateful to the s'Cientists l'/ho outlined their v/ork to us for the 
high standard of theij~ concise presentations, and for an the time put in all 
preparation. Th2ir efforts were of great value to our panel. 

A. GenerJ i 

3) Five. mell1bers of the panel "'iere pre£ent for this re'lie\'1. Dr. Uma Lela was 
un~bl~ to att2nJ, so Dr. Ralph Cummings, Jr. kindly agr~8d to act as the si~th 
flanel·mell1ber. The presence of DI·. Ricarda Gressani udded anoti1el" voice from the 
cieveloping \/orld to tl,at of Dr. Brharte Gebrekidan, and his eminancc in the field 
of nLltri ti on and food sci ence ens ured a better assessment of those asrects of the 
program than was possible at the earlier review. SimilarlY, Or. Cummings' con
tribution to t~e socio-economic areJ was inval~a~le. 

ill He I~'ere glen that the sorghum ptogram leaderi, Dr. Lelund R. House! and the 
,o:illet program leader, Dr. David Andre\'ls \-/ere able to attend from ICRIS/\T. ~/e 

",.ld their presence essential, and I/ould urge that one or t'lIO seniOl~ pi'ofessional 
staff from ICRISAT should always be present at these review meetings. The pos
sibility of i~viting the ICRISAT sor9hum and mil1et pllysiolo3ists to the next 
meeting shcu~d be conSi.:lc:"'2d. They might be encouragr::r.l to spend a f2W days in 
professional discussions '-'/itil the uni':ersity plant flhysiolc:gists ill'Jol·/ed in 
proj2cts un!l~r this CP.SP. \'le. re-:o:;lil:end that the Oirect:1r be empm·/el'ed to invite 
sorghum/millet I'lod:ers not preserttiy being supported frolfl H1TSORiHL funds to 
a ttend these meet; ngs. Dr. i30b ,Jackson of lJS:~I D and Dr. I·j. FrEd Johnson I repre
sentinq GIFAO, participated in a1l the meetinss. Their constructive contributions 
are acknOivlc:d~ed I'/ith .1rpreciatioll. 

5) Tile [)irE'ctor of HnSOr.~~JL and the Technical Can~mit.tee may \'!;5h to consider 
possible alternative w~ys of cnnductin~ ~h~se rev;e~s. Now that the CRSP is 
operational \.:~ be'l ;t:!ve 't!lllt 3 1'I101'~ i'1'f;rmJl slldring and excl"'m9~ af ideils nnd 
experiences \'lOuld be of ~'r'eat21" valup.. ~!f: at'C requir~d to revi~"'1 th~ \IJllole 
operation of the CRSP, blJt it may be b\~ttel' to go more G':{~Dly into some particulnr 
aspects of the \v0·1·1~ ::It c.::ch l'(~vil2"!, l"cltrer thon ti":ti:il) ~o G8ill \vHh :ile \'/hole 
pl'ogl'Jlll;n de~lth on ~\'ery ccci!~;"r. 

6) The GOcli"IJ may al~() \'/ish to cor.soid~)· CI,"'! !n\;~rv,jl 0-:- tir~c ~~hicl1 ::hOllld elilpse 



f:!.etv/(?en revie'.'/s~ l\nnuJ'j Il~eetingc; may I'Jell be too fj'equcnt nO\,1 that such un ex
cell~nt start has be~n made. 

7) fIr. the tilile of th;:; re'lieloJ. the CRSP had been operational for 25 montl1s. We 
clr~ I~ost favorably irr.pressed by the progy'ess made since the earlier revie\'( 16 
months ego. We are delighted by the speed and imaginative ways in Wllich the over
seas linkages have been c:ei!ted. \':e appreciate the I'/ay in which the suggestions 
made in uur la~t report have been examined and acted u~on. An excellent beginning 
113$ been made. 

8) We believe that this C~SP is already making a valuable and distinctive con
tribution tOloJards mp.etir'lg the needs of the develop'ing loJorld. Its primary purpose 
of making available to the agricult~ral scientists of the de~eloping world the 
knowledge, skills, and persJnal concern of the scientists of the U.S. Universities 
is being achieved effectiv~ly. We particularly welcome the constant thought being 
given to finding new and better ways of achieving this end. The flexibility under 
thi s CRSP all CI'jS E:!llch Uni versity group to make effecti ve aY'rangement:; to meet the 
needs of the individual countries and organizations where assistance is being given. 

Overseas Li~ka9~ 

9) Overseas linl<.ages loJere considered in paragrapr:: 21,22 and 23 of our last 
report, to loJhi ell ref·:re:1cc should be made. 

10) Th: current situation of development of international linkages includes the 
following countries: 

COUNT~Y " OF PROJECTS COUNTRY # OF PRO,JEeTS 

Botswana 1 Mali 2 
Co lOil'bi a 2 Mexico 2 
Egypt 2 Niger & Upper Volta 2 
HondLiras 5 Phil i fJpi nes 1 
ICRISJ!.T 2 Sudan 3 
India 1 Tanzania 1 
I RRI 1 

11) There are many other linkages through student training and, visits by !NTSORMIL 
scientists, who spent 1,813 days visiting LDC's, or approximately seven scientists 
years in 'tile past year. 
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fINM:CIAL -_._-
Project fund allocations of AID support for the 1981-02 yeilr 3 and for 1982-

83 years 4 are as follm'/s: 

INS TI TUTI ON Nur';8ER OF PROJECTS 

Ari zona 

Flori da .~&N 

Kans::IS State 
off 

Kentucky 

Mississippi State 

Nebraska 

Purdue 
** Texas A&~l 

Managelnent Enti ty: Headqual'ters· 

Technical Assistance 

LOC's 

----
1 

1 

6 

2 

3 

9 

5 

7 

TOTAL 

* includes a Sudan and a Honduras project 
** includes Hondur~s project 

I~ I D cmlTRIBUTIml 
~'(e-~I-'~3(booJ- ~~Y~ea-t~4~(O=O~Ql 

70 75 

29 

366 415 

200 120 

255 300 

410 495 

435 435 

745 805 

200 300 

40 100 

100 355 

2,850 3,400 

Continuity of funding is essenti;}l for this CRSP to function at a high level 
of expert1se and was to be assured by this grart being extended annually to main
tain a five-year advanced program plan. 

For Year 4, rrHSOm~IL has presently $1,858 mi 11 i on and expects to recei ve on 
~1ay 1 cr earlier $],642 million. This ~lill give the full .$3.5 million for year 4 
(July 1, 1982-June 30, 1983). Expected expenditure as above is 3.4 million. 

The IrITSCRMIL grant calls for $3.5 mf11ion more for year 5. AID now proposes 
to give only $3.1 million, whereas projects expect to spend $3.6 million. 

For year 6, there is need for $4.25 million AID money but here agai:l, AID pro
poses only $3.1 mii1ion. For year 7, $4.79 million is needed. 

This significant reduction for years five and six can only reduce the ef
fectiveness of a rapi dly expundi n9 in tcrna ti ona 1 componen t of ~orghum and mi 11 et 
improvement for· the LOC's. The rev~e\"1 cormlit.tee stronyly urges AID support of the 
arr.OlJnts suggested above of $3.6 miliion for year 5 and 54.25 million for year 6 
which in fact represents no increase over year four assuming 10% inflation. 

Continuity of funding is absolutp.1y essenti"l. The director ~BS committed 
funds to pldcc and Illainta i n certain staff liielllbel'S overseas, to en~ure that t!1e 
maximum arll0lmt of ~/ork i~ done in thf! develoflinq \'lor1d, as r~qtlit'eci under the 
bgislation estJhlishin,] the ':RS? This ilivolvps firm financial long-term com-
mitments, and :l1e II!clximum possible flt'oport.ion of tht~ budget lias be(~n con:l11ittt!d 'In 
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this way. Any failure to fulfill the complete funding obligaticn~ alrea1y e~tered 
into hy AID ':/ould do serious dal11llge to the program and such injury coultj be per'
manent, The resul tant uncerta i nty and sense of i nsecuri ty in the mi nds of those 
staff posted overseas would lead to unwillingness on the part of other hi~h caliber 
s ta ff to enter into commi trnents for overseas ser'Ji ce. 

THE INTSORMI L ESTABLISHi·iENT 

ORGANIZATION: 

We consider that the organizlltion esta~ished by the Director is working well. 
The headquartel~s cell staff has been kept to the minimum. We welcome the appoint
ment of a part-time Assistant Director to help the Director with his substantial 
work load. We note that the Assistant Director will be especially involved with 
the operations in Botswdna. We consider that this appointment was essential. The 
Technical Committee system has proved to be very successful in opel·ation. 

\il\RTICIPATING UNIVERSITIES: . 
The Director has informea us that there are no advantages either administratively 

or cos~/ise to be gained from reducing the number of participating universities. 
The skills and e~~pertise in sorghum and mil1~t available in the U.S.A. al'e distributed 
over many universities. We believe that all willing and able to participate ef
fecthely should b~ encouraged to do so,. as circumstances permit. A much Ivider pool 
of skills is then available th;;ln could be the case were the CRSP operations to be 
confined to two or three universities. We welcome the intention to include tile 
University of Ge:orgia under this CRSP, and believe that any reduction in the number 
of universities for reasons of administrative tidiness alon~ would deny the servic~s 
to this CRSP of many talented people . 

.. ::1 AMERICAN PROGRAMS: 

We noted with app~aval tne steps taken to develop INTSORMIL activities in Latin 
Ameri ca: 

r·lexi col C I r~~1YT: 

Recognition is given to the successful disease workshop recently held in Mexico 
for extension-type participants from ~lexico and Central American countri.::s. Also 
cooperative research \'iith Dl~. Vartan Guiragossian ."/ith ICRISAT at CrH~IYT, \'/here re
search having implication for Latin America is encourilged. Becll~se of tile imoact 
of the commercial seed business in ~lex;co repr·esented by every majl1r U.S. sorghum 
company \'/e VJould discourage INT30RmL sorglu;m breeding activities at count .. y le'!el. 
The oppurtunity for ~lexico to be self-sufficient in coarse gr?~n production \'Ii 11 
~ost likely occut by a strong co:nmercial seed industry ensouraged and sU["Jported 
by the Mexican government. At present, more than 90~ of the sorghum acreage is 
hybl'id and 95;~ of the hybrid seed is provided by private industry. ,'\ny rlgree!l1ent 
'.'lith the government of i'!exico must make hybrid sp.ed produced under the IfITSORi'I!L 
program freely available to all, especially to the private seed compunies. 

Honduras: 

D~\'e lopments in lIonduras are mos t sa t·j s factory. Severa 1 proj~cts d re ; n 
opernticn, dnd an agronomist f,'om Texas \,,110 is fluent in Spanish has t)(~t:!l st"tioned 



there, to over~ee all the GS/PM activities ~nder the CRSP. We 3re sure that the 
resp.arch results and impro\'ed crop Ilybl~ils and ','ul'ietilJs beinq developed in these 
t\'IO countl"ies \"ill spn~~d into Latin An:el'ica from this bl'id,::chead. This largely 
circumvents tile politiC!l problems \'illic!l S'] hinder attempts to get improved varieties 
and practice!j to needy small farmers in that region. 

Other areas: 

In our last reprirt we urged that special attention should be given to Latin 
America, because the pest and disease 'situation is similar to that in the U.S.A. 
The region to the north of the Equator, and much germplasm and expertise is thus 
illim~diately applicable. We consider that our suqgestion' has been Nell adopted, and 
\'Ie \'Iould not press for additional efforts to the south. 

Iole fully approve of the steps which have been taken. in the m).Jch morc difficult 
task of getti ng effec ti ve \I/ork goi n9 in Afri ca. Reference has already been made 
in parRgraph 10 above to these activities. We wish the staff of the universities 
operating under this CRSP God's help in their ende~vors. 

We trust that \'lays \'/ill be found to sunnount the obstacles restricting activi-
ties in India. ' 

ST!UGA (HITCHloJEED): 

During the sessions, olJr attention was dra~'.'n to the very seriolls damage caus~d 
by thL; parasitic \oJeed ')vet extensive ?reas of Africa, also in India, He knO\" this 
to be the majol' pr,:;blem for the smal~ GS/P~1 grIJv!er in Africa, "equiring sustcined 
research by a team of sC'ientists embracing thF.! disciplines of ..,lant breeding, 
agt'onomy, plant pathology and plant physiology/biochemi:;try. The unique skills 
ilva~1able in the U.S. Universities could make a big contl"ibu:ion towards solving 
' .. serious problem, !.Jut the cost \I/ouid be far beyond the resources of this CRSP . 

.... IJ 1 d :herefore urge the Bo~ rd Jnd the Di rector to seek \"ays of coopera ti n9 
wi~h other USAID s~hemes, with ICRTSAT, and perhaps also with other donor agencies, 
in order to ~ount the sustained research effort required tc control this parasitic 
plant. Thousands of acres go out of cul ~ivdtion every year solely due to the 
presence of this camaging parasite ~'/hich persists for decades, once it has en
croached on the land. 

'INTERNATIONAL CENTERS: 

We arz encouraged to find how much interaction has developed with international 
centers, especially with ICR!SAT. We would urge increased cooperation, and joint 
planning sessions occasiona11y~ so that the maxiumum of complementary uctivity Iliay 
be ettained, without duplication of effort. 

SOCIa-ECONOMIC STUDIE~ 

The panel notes vlitil pleasure that intentions to dCI/elop a socio-economic 
component ey.[Jress~c1 at the Dr~vious )'ollie\'! arc becolllir,g a realit'/, This \"i11 re-
5ult in a positive interactive contl~;bution to the rrHSGRr·1IL [JtoUram. 

Social scicntist3 c:.n r1:ty sever.)1 roles; th(lse include LJascline studies Jt 
the illiti(ll stage of prf),l:~ct prerlil"Ji,i'Jnj nJi1rkp.tjn~ ;tueiic!:', ~a dc'tC!rmille 1'/I1at ITlllSt 
be d')ne to prcmote econofld c i ncc:1t'j '/0':.; product; c,n-r.conomi c:s '3 t.udi r::s; pol; cy 
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~.:tu~iC5; and bro~d ilnalys'Js to project dt;::land and :;upply. Socio-ecot)or.lic studiGS 
a~e often location-sp~cif;c. 

The: pr~OJ£CTS: 

Projel~t !!K-Z, SlJd,'in: This projl';:ct, to be completed in si;( to nine :r.ontlls, 
sllould pravid-e useful information from \'1hich subsequent IUTSORf'lIL initiatives 
should br:nefit. Durinu the final stages of analysis of t!l~ 50cio-economir. data, 
\'ir.: cncouraQ.: t~~ bicloy;cal scientists to familc1.rize then:selves !,'/ith the study, 
raisirlg quest;(jns \-/here nec~ssa,.y to e!1sure that they Coil i::ake the; r sub~cquent 
program~ mor~ relevant. The review 0f research policy should likewise provide 
ilseful inforn::ltion to help understand the ins~itutional ellvironment \'lithin \'/hich 
the scientists must act. This appears to be a strong project. 

Project UK-l, Hondurac;: An initial survey has been c~mpleted i,l this project. 
Staff are strong professio~allY, S~anish speaking, have pravious knowledge of the 
area, and have oeveloped interactions \'/ith INTSOf-:r.1IL biological scientists and 
nutriti oni s ts \-Iorki ng in Hcnduras. Thi 5 promi ses t~ be a strong project. 

Project t'1SU-3~ Honauras: Initial al1alysis of data has ce:=n completed in a 
r:?<jion very close to IJf~-l. He reconln,end that reslJl ts \'/hicr. premise to be inter
ey ti ng be v/ri tten up and revi e~'/ed by the Honduras co~mittee. 

Project PR~-l. West Africa: We recomrnend that a synthesis of avail~ble 50cio
eco:1Cntic infcn~aticn relating to agticu1ture in the Sallelian countl'ies be prepared. 
Re'li e~'J of the ; nforma ti nn coul d provHe a bclS i 5 fOi~ HITSORiH L to determi nE: \':hether 
it has adequatc data en 'I/hich to plan and imple:r:ent prliJrc.lns. If not, :;p~cific 
studi.E'S might t.hen be suggested for project ·?'u:1ding. Catuloguing of the studies 
and publication:; ccllect2d thus far might provide a valuable information source of 
benefit in the Sahelian countries. Research on ~arket developm~n~ and price policy 
i5 uf top priority. This project is to be directed by excellent professionals 
and carri ed out: by grad'Ja te students \,/110 speak FI'er.ch or are othen·Ji se knm'/l edge
able on overseas conditions. This focus should be encouraged and hopefully ex
tended to other geographic regions. 

Project V.SU-3. India: This project appears to be 'dAll conr.eived and 'I/ill be 
carried out by a wel ~-trained scientist who speaks the local language. Howeve~, 
the study stands alone due to problems in obtainino ~le?rance for additional 
INTSORMIL activities in India. India hcls a strong grc~p of social scientists J~d 
ICRISAT has an active village level survey pro~r2.m in :.he cOIJntry. The results 
of the study "ire not likply to contl'ibut2 signific<3nti'l tJ <Jeneral INTSORr-iIL ob
jectives. ~'Je recon:mend tltat'a tirne-tuble be establ1s!'10d to ~)~rmit collection of 
necessary data and that project financing be provided thrc~ghollt the neccssdl'y 
period. 

AGRGilOj·W 
:> 

The corrmitt0.e feels tl1at tile projects so cldssified hr:(e have the opportunity 
to fill the void bet\'/Pen scienti fic (·,cr.'Jmp1ishn:ent in the LOCI:; and the fal'nler, 
better than ~ny of the other categories. 

PI'oject WJ-5: The va1ue of this Otoject as H. relatE'd to Fe, Al, N. and P i<; 
signT'tTcJllt \'1ill1 speciil1 il:l:J1ici:ltions tor the lh:id "cr.!"r:Hio" type soils of Soutli 
AIi~cricJ v,hC'fC (!lUlIlinllm ~oxidty i~ !icvere. TI1C ~cr'eeni!1g n;ctllOJolot]y seellis ci1ri1ble 
of !'eplaciWJ si::1ilill' '"ork such "'s that in ;·ljlJ·2. 
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Project Ui'.J-6: Dt. j·iaranville plans to sn~nd a ye.:!r beginning 'in July, in the 
PhillPPlnes. working dit'ectly on mineral element efficiency impl'ovcment with 
emphasis on N uptake and use. 

Pro.i~ct IJN-4: Thi s project under the 1 eadershi p of Dr. Frunci sis already 
underc.·/ay in Tanzan i a. The Gl11phasi s of genotype X en'.!; ronm~nt i nteracti on \"lith 
regard to farming sytems has special implication to experiment station develop
ment and/or irr.provement. 

project UN-ll: Although presently not funded, we see productive contributions 
from croppi ng sys tellls research I'/i th sorghum-l egun:e rota ti ons. Because of the 
location interaction it seems illlperative that the research be done on location in 
the p~rticular LOC('s), and if this cendition is met Vie would recommend funding, 

Project MSU-l: Thi s project on seed factors i nfl uenci ng stand es tabl i shment 
pY'ob-lems duplicates the \':ork of Peacock at ICRISAT in India, has no formal linkages, 
and may be too technical for practical application. He suggest that the project 
b~ re-oriented in collaboration with Peacock so as to avoid duplication, or be 
dropped. 

Project KSU-6: This effort on Millet stand establishment is essential but is 
relevant (as stated in the review of sixteen months ago) only to the situation in 
the LOC's. He still would emohasize that most of the "esearch should be done in 
th~ LOC's. . 

PLANT PHYSIOLOGY 

Whereas the committee strongly appreciates the strength of this group as re
gards' basic research, 'tIe must express concern as to its applicability to on-going 
research in the, LOC's. Therp.fore, we encourage as much direction as possible to 
be given to short-term and direct application of both basic and applied projects. 

Project UN-2: The objectives of this project emphasizing temperature. yield, 
and \'1ater stress interactions are sigllificant in much of thp. world in relation to 
sorghum and millet production. We do encourage as much application as possible be 
1,I~de in the LDC's plus the continuation of drought screening work at Garden City. 
Concern exists as to the validity of the gradient ~ystem, as it might intel~(l,ct 
with additional soil moisture availCibility and c"limatic conditions. Therefore, 
we \·/ould encourage multiple evaluation such as Yuma, and Garden City to be:ter 
classify materials \·dth a necessary third test being in the LOC'~. Perhaps the 
corn comparisons, interesting as they may b~, could be confined to non-INTSORMIL 
funding. 

Project UN-l: This water relations project is sound but could use inter
national linkages \'/hich will require less sophistication and un ability to handle 
much larger numbers. Considering the level of expertise and basic oriented re
search perhaps more of this vtith other international centers \·/Ould he a first 
step as well as cooperative efforts with the breeding activities. 

Project UN-3: This project on grain fill is completed. 

Pro,iect U~l-S: This climatolugy effort can hopefuily involve even mnre over
seas linka~es thdll the ?hilippiI1P-':, Tanlania, and Cc)loPibia. \~e see valua at) an 
extension tool to better relate grO\·,th c::i:lf~S of sorghul11 llnd millet t:J periods of 
fJ'lOrLible "'linf,)ll. The brc8cicr ~lsc nel:ds t!~is ~luidJnce ill developing .1ppropriClte 
maturity fjc:not.yp~s. T!lis project should ~E: made to I'~late to t!le sil1lil~r bur. more 
extensive work done at rCRISAT. 

/ 
I 

\'J 
\ 
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,Ptoject. KSIJ-2: !·le are pleased to see millr.:!t beilig e'laludted for canopy 
t;elllpel~nture and \'later use e:'ffidency. Direct apr,licatioll as in UN,·l ma~' need to 
go through interndcional centers and in collaboration with breeders. 

Project TAi,j-21: \ole place this project under physiology 'only .:IS it related to 
the support Jordan can give the breeding project v/here drougl1t l"esisttlnce is 
e'laiuated under lC\'1 elevation and relatively high humidity as opposed to Rosenm'l's 
efforts in a situation over lOOor·, altitude and in 10'.'1 humidity. The root, photo
synthesis, and \'/ax information coming from this pOl'tion of the program is generally 
bpth unique and worthwhile. We did nGt hear from Page Morgan. 

Project AU-1: The Arizona team includes this physiology approach \'Jhich in
volves both a screenina service to the breeder as \'/ell as more basic studies on 
physiological traits ~f parents and hybrids. The uniqueness of the environment 
as I'lell as the interat:tion \'lith Voigt and ~Jebster Innkes this a strong progl~am for 
both u.s. tl'aining as wel1 as international linkages, more of which sholl1d be 
encour?ged. 

PLANT BREEDING 

Integration of dl'ought, deficiency, and resistance work ,into the plant breeding 
Activities is now much more complete, noticeably in the Texas programs. We con
sider this desirable at all centers. 

Project UA-1: Work on drought resistance is extremely important for most of 
the LOG' s grmvi rig sorghums and mi 1i ets. Th; s project shou1 d be encouraged to 
continue. HO\,/ever, it appears that more coordination is needed I·lith the drought 
res';stance bl".::cding work at Texas, ICRISAT, and even the drought physiology work 
at NebrasKa. Testing and evaluation of elite germp1asm selected in this project 
at LDC sites where drought is a major problem should strenghten linkages with LDC's. 

Project KSU-1: This is the only INTSORMIL project that is working on pearl 
millet breeding, and as such it is important. The dil~ect usefulness of germp1asm 
d~'Je10ped at Kansas for most of the LDC's was questioned in the last revie\'1 meeting. 
This question still remains. Developing a collaborative tes:ing and evaluation 
site in an appropriate country in West Africa would strengthen this project. The 
germp1asm expected to come out of th'js project should be useful for al'eas \'Iith 
short seasons. The work cn heritability and gene action in pearl millet is not 
high priority for the immediate food production needs of the LDC's. 

Project ~lSU-2A: This project appeats to 1ack,focus and is spread out too 
thinly to have significant impact in the LDC's. It is concerned \'Jith i.e., toxicity: 
sorgl1um midge, a rmyvlOrm, grain mold, leaf disetlse etc. resistance breecing and u150 
is concerned with inheritance of multiple sources of resistance. Since work on A1 
toxicity is bein~ Ildnd1ed by se'leru1 othet's in this CRSP, coordination and collabora
tion I'/ith the other projects in this effort appeal's necessary. In the other- al'eas 
also, rCfUSAT and other projects in this GRSP are involved a lot. It appears that 
more exuminal:ior\ (If these 'issues may help to nan'm'l down and focus this project 
into areas of di:-ect use to the LDC's. The'\,lork on armYVlOrm milY be of value to 
LDC's, and \'/ork 0:1 stern-borer at a 'location in In LOG in Africa \'1ou1d be of great 
va 1 ue. 

Projl~ct lJ~l-7~: Bosic ','lark on cOlllpJrJtive sor<]hum ureeding methodologies \'lith 
el11philsis on rp.CL't':"ent c;e1ecticn is very illl[1ortant. Therefore, this project sl!ou1d 
be enculJraged to cuntinue. HO\,/cver, the lack of sufficiency of u bl'eeding method 



9 

for usC? in LDC's sites is of concern. Since the efficieilcy of a breeding mathod 
for use in LDC's should be vie\'/ing in ti?rms of sp.?t:ding the breeding progress, 
the inclusion of off-season ... Iork would appear useful. This may offer a ~ood 
linkage opportunity for this project. 

Project TAM-21: This is an excellent project ~nd perhaps the best example 
of \'lOrk most useful and applicable to the LOC's. The gcrmplasm coming out of 
this project continues to be in high demand both in the LOe's and the U.S. The 
overseas linkages in this project ~ are generally good. Perhaps more vigorous 
effort in distributing lines and hybrids from this project to more LOC's may be 
useful. 

Project TAM-22: The work on disease resistance breedi~g is properly oriented 
to the needs of the LOC's. The linkages \'/ith LOC's appear good. In the area of 
dr'ought resistance breeding it appears necessary to have more coordination with 
ICRISAT, Arizona, and Nebraska, all of which are actively ~orking on this ex
tremely important problem of the LOC's in the SAT. Another area which needs 
close coordination with otherp-'ojects is the \'Iork in A1 toxicity. 

Project TAM-23: Work on .insect resistance breeding is very impm"tant for 
the LDC's. This project continues to develop germp1asm of use to many countries 
in th~ SAT. Since stem borers are extremely Important in most parts of Africa, 
shift of emphasis to stem borer resistance breeding would be most useful. In 
the area of breeding for Nand P efficiency, closer coordination with others 
working on this problem (particularly Nebraska) would appear useful. 

UTILIZATION AND NUTRTTION PROjECTS 

Only one of the six projects in this section is on millet. One project deals 
mainly \lith project development and utilization, three involve bio10gir.a1 evalua
tion for proteii'l quality dnd digestibility, and the effects of anti-nutrHional 
factors on utilization. Two of the projects are more concerned with consumption. 
The projects all have overseas linkages through direct control or through stud~nts. 

More detail on home preparation methods for both cere3.1s would be desirable. 
The effects of alkaline cooking (lime or ash) and of fermentation processes on· 
chemical composition, functional properties, and nutritive value need study. The 
work en tannins is particularly welcome. The nutrients other than protein and 
calories should not be forgotten. 

~lore nuti"itiona1 quality evaluations are needed, especially on miliet. 

Project TAi-I-26: This is a good project, providing valuable inforrr.ation on 
utilization of sorghum as food, alone or in corr.bination i'lith othel" Foods. Tile 
informatioi1 is of value 1n developing countries and more efforts should be made 
to implement the var~1us technologies developed. The research should be contiillJed 
to elucidate problems related to processing functional and organoleptic quality. 
~~ore work or similar \'lOrk should be done on millet. The informatio~ shc 1.J1r:l be 
made available to investigators in agronomy physidogy and breeding, as \'1ell as to 
those concerned I'li th soci o··economi c pl'ob 1 ems. 

Pr0ject KSU-S: The objectives of this project are similar to others in this 
arei\-~nd tile research Ilas been concernp.d mainly \'/i'eh millet. It ~'''1~ :;ul"fJrising to 
s~e stlld1es 011 nutritive quality llSil1<J ,]uinea-pie]s, anir.1J15 flot convention,11 for 
this type of I/ork. Cholp.stero1 is not a pi'ob1t.!lJ1 in tile developing I'mrld. This \'/a5 

, I \ 
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the only project of the group \'/ith millet, 50 more conventional m~thodologies 
5hould be used to evaluate this grain, 

Project ~RF-3: This represents a proj~ct well carried out providing us~ful 
informatiull 011 the nutritional problems in sorghum and tile effects uf processing 
on nutriti'le value. It is important to learn of the favors responsible fm" the 
low digestibility ef pl"otein and low energy availJbility. 

Project PRF-4: Tannin content represents one of the main limiting factors in 
sorghum. Therefore, the ~'JOrk carri ed 'out under th is project is very impOl·tant, in 
utilization and in the effects on nutritive value. 

Project MSU-3: The research done under this project is basic to projects on 
production and utilization. It ... ,as carried out well, obtaining useful illfOl·mation. 
I·lore details are needed on preparation and consumption. Sorghum samplp.s should 
~)~ve been obtained for evaluation. It \'/aS surprising that there ... ,as no mention 
of other groups of INTSORMIL also engaged in Honduras. 

Project FAt-1-1: \ole felt that circumstances had hindered the operF!tion of the 
project, since there was so little to report. We believe that the Director shou1d 
inquire into the nature of these hindrances, and determine the prospects of this 
project being carried out effectively. 

PLANT PATHOl.OGY 

Project JA~1-24: This project continlJes to exhibit the model characteristics 
of an I1nSCR~lI L p~·oJect. Revi P.\'/S of the t\,/o of the four sub-projects "',ere pre
sented, with an over view of the third one. Services to and consultations with 
developing countries, the development of educational information, the establish
ment of a network of international dis~ase nurseries, the hoiding of ~onferences 
and workshops, training and education ~~ a large number of student~ on campus and 
Lr,~ developm~nt of a number of ov~rseas linkages are significant achievements and 

':as of involvement. The development, storage and upcoming announcemant newsletter 
;.;' avail abi 1 i ty of anti seru of ei ght sOI"qhum vi ruses ... Ii 11 be qui te useful for easy, 
risk free identification. The development of multiple disease resistant, food 
cu1tivars in cooperation with breeding ~rojects are applicable to developing 
nations. Collateral to this is the establishment of and transmission to LDC's of 
eli sease tes ti ng procedures. The panel recolrmends con ti nued major SUPPOI"t for 
TA~1-24. 

Project MSU-2b: The panel also recormnends continued supnort for this project. 
Normal progress appears to have been made. The warm, humid condition of the lo
cation is similar to conditions in many of the developing countries. This is the 
only project dealing with sweet sorghums (sorgos) and nematode problems. The 
disease work with food grain types, study of grain molds and weathering, the de
velopr,lent of several overseas 1inkages dnd the dom::stic trainees and education 
program for foreign students is noted with satisfaction. 

Project PRF-2: This proJ2ct has been totally rcvJmped to emphasize now unthra
cnoseof sorghum: The pal1el I'/ould agree tl1i1t this proje:t has merit provided 
strong cooperation i~ establisl1ed with breeding proje~ts, particularly PRF-3, in 
addition to the stllted objectives, und OVCt'5eas linkage Cdn be cstubli5hed in 
addition to Egyrt. 
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Pro,jt~l..;t 1ir1-10: This project is ne\oJ and is pri::mt'i1y directed to sorghuITI virus 
dis~ases. Questions arise about its importance and i"e1evance, !;ince a strong, "'IC" 
established program (TAM-24) exist~ in Texds whi~h has established overseas link
ages and integration with other disci~lines. We urge the INTSORMIL director to 
provide gJid~nce to the leader of UM-10 to help ~stab1ish a meaningful program 
which wOll1d include cooperation with breeding projects and collaboration with 
TM1-24. 

ENTor~OLOGY 

Project TAr·1-25: This project is the main field entomology project of INTSORr·lIL. 
Like TAH-24 is pathology, it is a model example of /10\'1 a project Sl10u1d function 
and shares most of the characteristics of overseas linkages, training, conferences 
and workshups, consul tancy servi ces, supp IY of perti nent i :-;forma ti on and i nter
disciplinary research work. The panel is ph:!ased ",lith the established linkage \,/ith 
TCRISAT and \'Iould encourage continued close cooperation. Beb/een the two centers, 
tll2 important insect pests of the \'Iorld can be dau1t \·,ith in an orderly manner. 
The panel recommends continued support at about the sarr.e level be given to T.ll,r·1-25. 

Project MSU-2b: The panel has reservations about continued support at the . 
present level to this project. The relative of various sorghum cu1tivars to midge 
irifestation "'las reported (Tam-25) to be the salT:e throughout the "'Ior1d. Therefore, 
project TAM-25 would appear to involve sufficient expenditure and effort for re
search on midge. \~ork ",lith fall armyY/orm seems to be warranted under MSU-2b since 
moderate resistance to armY"lOrm attack is reported in sorghum. The panel recom
il:ends that the mi dge work \'Iithi n 1-1SU-2b be d"isco:1tinued and that TAM-25 take full 
responsibility for midge. 

Project KSU-4: This prCJject "is the only INTSORj~IL project dealing "'lith the 
storage and preserva ti on of pearl mi 11 et grain. The subject is of importance to 
the LDC's. The panel recom~ends its continuance although perhaps at a lower level 
~f funding since a great deal of th! descriptive work has ~lready been done. We 
.. \J~lld urge research with fumigants, as the practice is deployed on farmsteads in 
Several developing countries. A more imaginative approach to the solution of the 
prob1~ms would be desirable. 

SUMMARY OF PROJECT ASSESSMENTS 

A majority of the projects were relevant and good. Some would benefit from 
better integration into thr: program. 

Project KSU-1 does need a site in the developing wor)d: and the heritability 
gene action studies do not seem relevant to the LOC's. 

Project r·1SU-2 is \'iide-ranging: it should concentrate on a single problem. 

Project FArv1-1 has made but 1 i ttl e progress. 

Proj~ct :·:SU-l needS to be redesigned to complement the ICRISAT \'Iork. 

REcor'i~lErlDATI OriS 

A system to allow for limited funding outside the present projects Jt pArtici
pating or home pa,·ticipating universities v/hich \'/clIlcJ be administered by the 

, : ~ 
\ \ 
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director \':ould be helpful. 

ihe rev;m·, committee members need to ba updated on any changes in funding, 
prujects, st:df involvement, etc ... 

Submitted ·by, 

Ricardo Bressani 
Ralph Cummings, Jr. 
Hugh Doggett 
Brhane Gebrekidan 
Bruce ~1aunder 
Bobby Ren ft'O 



SUI·\:·l.Mf( or ACTIO::S TM~EN BY IlITSor~~lIL 
IN REsponSE TO EXTr.iI:~AL E'/FILU;\iIO:I, 

FEBRUARY 1-5, 1982 

The follm·ling actions'\'Iere recommended by the Techni~a1 Corrmittce of INTSORNIL, 

concurred in by the Program Di rector, and approved by the Board of Di rectors. All 

are bei ng i 'TIp1 atr.ented as appropri ata; speci a1 fea turas or cons i derati cns are in-

dicated. 

i Arizona. 

No immedi il te changes \'/ere recommended, but Ari zona ',las ins tructed to dev€! lop 

better direct overseas linkages during the coming year ("Y2ar 4"). 

2. Florida A&M. 

Zero funding for Year 4. The institution \'/aS retained in the CRSP structure, 

but informed that it must shm'l progress in imp 1 emcnti n9 proposed, acti vi t; es before 

fUI'lhel' fund'jng c,;an be granted. 

3. r-.Q!~.s as Sta te Uni vcrs ity . 

. ~ a general consideration, $60,000 of proposed Year 4 sub-grant funds \'Iere 

;' d.II,., 'd until KSU can demons trate spec; fi cacti on on arl"anging s ta ffing for over-

seas activities. Project actions were: 

KSU-1. Financ; a 1 support for her·Hahil ; ty s tudi es \'ias term; natcd and 

these studies were dropped from the project. , 

KSU-3. Notice was given to terminate field studies by November 1982. 

TIle project will be closcd by June 1983. 

KSIJ-4. The proposed budget \'/a$ reduced, and the project 1 Cildc}'s \'/crc 

cautioned to become more closely involved,\'/ith other INTSORHIL activities. 

This resulted in immediate action to tic the project research OIl1ch more 

clo5cly lith onso;ng rrnSOIH·IIL pnV lrilms in SudJn. 

KSU- 5. Tile pl"uposec:f bud~~~ \';,\5 rcdllc£!d, I'lork on ascorbic ilcid ','/J5 

dl'Oppcd, i1ntl the project i.l5~l1lnr.d 1\:01'0 db'ect tiC\5 \·lith p~clll!h~d \':ark in IndLt. 

http:INTSOt.IL
http:INTSORI.IL
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KSIJ-6. Clo5er contact with relisted \o:ork at ICiHStl.T \"as mandated and --
hilS been lIndertc::ken. ihe project ~'/JS instructed to make every ~ftort tfJ 

place a staff me:lib~r overseas; this hJ~ not yet been ir;~plemcntcd but ap-

propriate plunning is under.·,ay. It Jppears that a full-time agronomist \'/ill 

be stationed in Ootswana. 

4. University of Kentucky. 

The excellence of the field work being conducted was recognized, and significant 

budget increases for field work in Year 4 wera eff~cted. 

5. Mississippi State University. 

11SU-1. The project \'/as continued at a lower funding level than pre

viuusly authorized. Project workers were instructed to pay special attention 

to coordination l'/ith similar' ICRISAT work. 

MSU-2. This project, considered by(the External Panel to be too broad 

in SCO[11? and lacking fOClIS, \'las comrlet~ly restructured in ne',J projects VISIJ-4,5 

and 6, as indicated below. 

MSU-3. Project to continue as planr :i, with sociology component term

inating in Year 4. Efforts are to be made to involve nutritional &spects 

of study with rela~ed field \'1ork in India. 

MSU-4 (breeding). Main focus to be on selection for toleran:e to acid 

soils, aluminum toxicity and phosphorou5 stress. Goals of high grain quality 

and resistul1ce to head r.l01ds and full army l'Iorm I·lill be continued. "lajor 
, 

field \'Iork in Suuth Alllerica (CIt,T) I'lill begin in 1982. 

MSU-5 (entomology). Hark Of! sorghul1111lidge is being dropped. Emphasis 

on fall army I·/orm \o1i1l be retJined and effol~ts on stern borers will be 

increased. 

MSU-6 (puthology). Effective proarilm 110\'/ beil19 conducted at l'hrid"jan 

will be moved to Slarkcville Jnd continued. 

101$ u- 11 • A field PI'o01'ull1 l1t Cli\T 1'luS authorized. 
1/ 

11 



G. Univct'sit'l of i:ebrilsl:a. . -
!' rnajo}' l"eorgmtiZ.:ltion of projects in agronomy IlilS c':iI'ried out, r~ducing 

the number af projects from 7 to 4. A ne\'l project in plant pathology, approved 

en a temporary basis for Year 3, I-las given continuing authorization for Year 4. 

3 

The project leader of the former r:E-6 project 1-,i11 conduct his majol' I'esearch in 

the-Philippines, cooperating I-lith IRRI and the University of the Philippines, for 

the entire Year 4. 

A full- time, internati onally-ori ented academi c staff member is to be added 

to the Department of J\gronomy late in 1982. 

7. Purdue University . • 

PRF-1. Funding I'las reduced by 60% for Year 4 and the projl;ct \-Ii 11 be 

terminated at th~ end of Year 4. 

PRF-?. The project \'1as terminated; some aspects of the \'/ol'k are being 

conti~u~d as a new project. PRF-6. 

PI~F-3. No changes recommended, but a new, full-time staff member 1'1111 

be added in YeQr 4. 

PRF-S. Approved for regular funding with a major overseas component 

8. Texas A&H Un i '1Cr5 i ty. 

rio significa.,t changes recommended, since 1981 reorganization ha~ proved 

highly effective. 

9. ManJgement Entity. 

Addition of half-time Assistant Director and modest budgetal'Y inCrQClSe 

approved. 
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INTSORMIL EXTERNAL REVIEW 
February 1-5, 1982 

SCHEDULE OF EVENTS 

SUNDAY, JANUARY 31, 1982: 

8:00 P.M. - ± Meeting of Extern~l Panel with Program Director 
and Board Members - Kansas Room 

MONDAY, FEBRUARY 1, 1982: Ball room 

8: 30 A.M. - Opening Session - Floyd Smi th 
9:00 Linkage overview - Earl R. Leng 
9:20 Hondurac; - George Teetes, 

Dan Meckenstock 
9:50 . _\ . ".~ 

..I ( •. ' 
f.1exico/CIMMYT - Fred Mi 11 er, 

Lloyd Rooney •. / / .. ~.' , 
10: 10 Coffee break . 

J'" ... 
, J 10:30 CIAT/South America - Richard Frederiksen 

10:50 India - Earl R. Leng, 
Barry Michie 

11: 20 ICRISAT - John Axtell, et ~. 
LUNCH BREA:~ 

1:15 PM Philippines/IRRI - Charles Francis 
1: 30 Mali - Art Onken 
1:50 Sudan - Richard Frederiksen, 

Allen Kirleis 
2:20 Egypt - Jerry Eas ti n 
2:40 Niger 
3:00 Coffee break 

",' ," 

- John ~-I') i" .' ..... c:r .A2s'. .:;; , j,o 

I 

3:25 Botswana - Glen Vollmar 
4:00 Others - Earl Leng 
4:30 FAO - Earl Leng 

7';> 
• , oJ 0 



TUESDAY, FEBRUARY 2, 1982 - Ballroom 
Socioeconomics - Billie DeWalt, Chairman 

8:30 A.M. - Opening remarks 
8:45 KSU 3 0 
9:00 
9: 15 

9:30 
9:45 

10: 15 

~1SU 3 0 

Wd?7-
111("2 (Sudan) +-
UK 1 (Honduras) -r ~_ 
Coffee break 

- Barry Mi chi e 
- Eunice McCulloch 

- ~l ,1L Mor.r.!W ;. Otf7.9fr . .., c ..... ,:::~ 
- B llie DeWaTt . 
- Kathleen DeWalt 

Utilization-Nutrition - Allen Kirleis, Chairman 
10: 35 TAM 26-+-

10:50 KSU 5 1-

11 :05 PRF 3+ 

n :25 PRF 4 +-
11 :40 MSU 3 O.tr-

11:55 FAM 1 0 

LUNCH BREAK 

. Pathology - Richard Frederiksen, Chairman 
1:15 P.M. - General Topics 
1 :45 PRF 2 -+ ~ -
2 :00 MSU 2 (part) + 
2:15 UN 10 ~ 

2:30 

2:50 

3:00 

TAM 24 +--

Striga research needs 
Coffee break 

Entomology - George Teetes, Chairman 
3:20 General remarks t-
3:30 KSU 4 ~ 

3:50 

4: 10 

7,'{)O 

MSU 2 (part) ~ 
TAM 25 Y 

- I~" .- .. . ' .. "'"", .... -- .. 

- Lloyd Rooney 
- Carl Hoseney 
- P.llen Kirleis, 

John Axtell 
- Larry Butl er 
- Mary Futrell 
- Hetty Banatte 

- Richard Frederiksen 
- Herman Warren 
- Natale Zummo 
- Stan Jensen 

BDb -. 6eer,e Toler, 
Gary Odvody 

- Richard Frederiksen 

- George Teetes 
- Robert Mills 
- Henry Pitre 
- Frank Gil strap 

George Teetes 
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WEDNESDAY, FEBRUARY 3, 1982 - Ballroom 
Agronomy - Richard Vanderlip. Chairman 

8:30 A.M. -
8:45 
8:55 
9--. 05 

9: 15 
9:25 
9:30 
9:40 

9:50 
9:55 

Opening Session 
UN 5 t-
UN 6 of" 

rAM 23 
UN 4.J-

UN 11+-
MSU 1- 't Q 

KSU 6 r 
Summary of Agronomy Projects 
Coffee break 

Physiology - A1 Dobrenz, Chairman 
10: 15 UN 2-
10:25 UN 1--
10:35 
10:45 
10:55 

UN 3-

UN 8 -

- George Teetes 
- Ralph Clark 
- Jerry r~aranvi11e 
- Aft Onkeli < 
- Charles Francis 
- Max Clegg 
- James De10uche 
- Richard Vanderlip 

- Jerry Eastin 
- Charles Sullivan 
- Charles Francis 
- Ralph Nield 
- Ed Kanemasu 
- ea-ga- Mgrgac..-

- Wayne Jordan 
-1+;05:: 

11 : 15 
11:25 
11:35 

-KSU 2-
IA,t=21-

TAM 21 +
ft.11 
~1;y of Physiology Projects 
LUNCH BREAK 

- A1 Dobrenz 

1 : 15 
1:25 

1 :40 

2: 10 
2:35 
2:55 
3: 15 
3:40 

Introduction, Plant Breeding 
UA 1 cJ 

KSU 1 .,... 

MSU2 
UN 7 
Coffee break 
TAM 21 
TAM 22 

- Darrell Rosenow 
- Robert Voigt, 

Victoria Marcarian 
~ - Bill Stegmeier, 
__ Frank Barnett 
~ - Lynn Gourley 
r - Bill Ross 

- Fred Mi 11 er 
- Darrell Rosenow 

... );; 4:05 TAM 23 - Darrell Rosenow, 
Art Onken . 

4:30 
4:45 

Evening 

General Discu~sion 

Wrap-up session 

Technical Committee Meeting 
(tenta ti ve) 

- Earl Leng 



THURSDAY, FEBRUARY 4, 1982: Parlor Rooms (schedule to be announced) 
8:30 A.M. - Discipline groups - planning session 

Agronomy -

10:00 
12:00 
1 :30 

3:00 

Physiology -
Breeding -
Sod oeconomi c -
Utilization/Nutrition -
Pati'ology -
Entomology -
Coffee will be available 
LUNCH BREAK 
Continuation of discipline groups or individual 
country-program meetings --
Coffee break 

FRIDAY, FEBRUARY 5, 1982 - Ballroom 
9 :00 A.H. -

10:00 
General session - Panel report - Hugh Doggett. 
Meeting of EE Panel with Board of Directors. 
Room to be announced. 

NOTE: A special nutrition workshop will convene at 8:30 A.M. - place and 
program to be announced by John Axtell. 

. 
</ 

.)/ 'j 



INTSORMIL EXTERNAL EVALUATION 
February 1-5, 1982 ~ 

UNIVERSITY OF ARIZONA 

Victoria Marcarian v 
Plant 3ciences Dept. 
Uni vers i ty of Ari zona 
Tucson, AZ 85721 

A. K. Dobrenz ( 
Plant Sciences Dept. , 
University of Arizona 
Tucson, AZ 85721 

Dr. R. P. Upchurch / 
College of Agriculture 
University of Arizona 
Tucson, AZ 85721 

Dr. R. L. Voigt 
Plant Sciences Dept. 
University of Arizona 
Tucson, AZ 85721 

/ 

FLORIDA A&M UNIVERSITY 

Hetty Banatte ~ 
Florida A&M University 
Science & Technology 
Tallahassee, FL 32307 

Charles Kidd 
213 Perry Page 
Florida A&M University 
Tallahassee, FL 32307 

KANSAS STATE UNIVERSITY 

Francis Barnett 
Agronomy Department 
Kansas State: University 
Manhattan, KS 66506 

Tom Harvey v' 

Parti cipant List 

Ft. Hays Branch Experiment Station 
Hays, KS 67601 

Carl Hoseney ,,/ 
Grain Science & Industry 
Kansas State University 
Manhattan, KS 66506 

J Edward Kanemasu 
AgronomY Department 
Kansas State University 
Manhattan, KS 66506 

KANSAS STATE (continued) 
Babrak Khaleeq ~ 
AgronomY Department 
Kansas State University 
Manhattan, KS 66506 

Barry Michie 
Sociology Dept. 

./ 

Kansas State University 
Manhattan, KS 66506 

/' Bob Mills 
Entomology Dept. 
Kansas State University 
Manhattan, KS 66506 

David Norman 
Ag. Economics 
Kansas State University 
Manhattan, KS 66506 

H. A. Praeger, Jr. ./ 
Agronomy Dept. 
Kansas State University 
Manhattan, KS 66506 

Floyd Smith 
Water Resources 
Waters Annex 
Kansas State University 
Manhattan, KS 66506 

Bi 11 Stegmei er / 
Ft. Hays Branch Experiment Station 
Hays, KS 67601 

Ri chard Vander1 i p ;/ 
AgrcnomY Department 
Kansas State University 
Manhattan, KS 66506 

.. (\ , )! 



UNIVERSITY OF KENTUCKY 

Bill DeWa 1t J 
Anthropology Dept. 
University of Kentucky 
Lexington. KY 40546 

Kathleen DeWalt vi 
Anthropology Dept. 
University of Kentucky 
Lexington, KY 40546 

MISSISSIPPI STATE UN1VERSITY 

Hunter Andrews vi 
Seed Technology Lab 
Box 5267 
Mississippi State. MS 39762 

James De10uche ~ 
Seed Technology Lab 
Box 5267 
Mississippi State, MS 39762 

/ 
Mary Futrell 
Drawer HE 
Mississippi State Univ. 
Mississippi State. MS 39762 

Lynn Gourley V 
Agronomy Dept. 
Box 5248 
Mississippi State Univ. 
Mississippi State, MS 39762 

Eunice McCulough V' 
Drat'ler HE 
Mississippi State Univ. 
Mississippi State, MS 39762 

Howard Potts 
Seed Technology Lab 
Box 5267 
Mississippi State, 

Henry Pi tre / 
En tomo logy Dept. 
Drawer EM 

MS 39762 

Mississippi State. MS 39762 
./ 

Gary Reusche 
Seed Technology Lab 
Box 5267 
Mississippi State, MS 

Natale Zunvno j 
39762 

U.S. Sugar Crops Field Station 
Rt. 13. Box 14 . 
MI. ... .; ,H ".. MC' .,n.,n1 

'I 
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MISSISSIPPI STATE Univ. (continued) 
\/' 

Dean Bunch 
Inter'nationa1 Programs 
Mississippi State Univ. 
Mississippi State, MS 39762 

UNIVERSITY OF NEBRASKA-LINCOLN 

Ralph Clark ./ 
Agronomy Dept. 
102A Kiesselbach Crops Research Lab 
University of Nebraska 
Lincoln, NE 68583 

Max Clegg 
Agronomy Dept. 

./ 

103B Kiesselbach.Crops 
University of Nebraska 
Lincoln, NE 68583 

Jerry Eastin 
Agronomy Dept. 

/' 
205B Kiesselbach Crops 
Uni vers i ty of Neb,'aska 
Li nco 1 n, NE 68583 . 

Charles Francis v 
Agronom'y Dept. 

Research Lab 

Resea rch Lab 

104 Kiesselbach Crops Research Lab 
University of Nebraska 
Lincoln, NE 68583 

Stan Jensen y/ 
Plant Pathology Dept. 
406 Plant Science Hall 
University of Nebraska 
Lincoln. NE 68583 

Bob Kleis ~ 
International Programs 
University of Nebraska 
210 Ag. Hall 
Lincoln, NE 68583 

Earl Leng / 
INTSORMIL ' 
406F Plant Science Hall 
University of Nebraska 
Lincoln, NE 68583 

Jerry Maranville I 
Agronomy Dept. 
102C Kiesselbach Crops Research Lab 
University of Nebraska 
Lincoln. NE 68583 

'I (: or 
./ 



Ui~'l VERSITY OF NEBRASKA (conti nued) 

Ralph Neild V 
Horti cul ture Dept. 
377 Plant Science Hall 
University of Nebraska-Lincoln 
Lincoln: ~E 68583 

Bi 11 Ross 
l\gronomy Dept. 

/' 

329 Keirn Hall 
University of Nebraska 
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INTSORMI L - ANNUAL REPORT NO. 3 

THE UNIVERSITY OF ARIZONA 

PlLOject Name: Eval.u.a.ti.on and Oeve.lopme.n.t 06 SOlrghuml Pltojec.:t NU111be.Jr.: XII UA 1 
MUl.e-t Gvunpla.6m 601t AJr1.d Land AglLic.uU:wte 

Pe/L6onne.l.: a. Invuugato/t4: V. Mall.c:.aJUttn, A. K. Voblte.nz, R. L. Voigt, O. J. Web4u.Jr. 

b. G/ta.du.a.te Stucie.nt&: A • Ag b a1UJ - Yemen 

Ove,'r.6ea4 Unkagu: 

P. aimpoi.o - Congo 
P. Bowr.que - U.S.A. 
S. Boye-Gotti. - Ghana 
C. Chi..g.41e - Ma.i.aw.i 
W. H066man - U.S.A. 
M. O'Neil - U.S.A. 
A. Tuba.U.eh - JOltrian 

Meuc.o - R. L. Voigt 4ubmUted 100 40ltghum en.OUu to ICRISAT601t 
e valu.a.tlon. 

Meuc.o - CIMMYT-ICRISAT - bcM.ened 69 en.tILiu .i.n SplLinklvr. IltILiga..t<..on 
Gltad.i.e.n.t. 

Senegal. - ISRA (Bambey, Senegal) - M. M' bodj v~Ued Yuma, nnde 40~hum 
and mUtet 4 e.l.ect<:ott4. 

Mali. - M. 0' NUl. .tJr.a.i.ned national.4 to LL6 e neu.tlton pltObe and exp.ealted 
P044.i.b../..Uty 0 6 ell .tabti.A h.i.ng 9 1Uld.i.e.n.t 601r. I C R ISA T • 

Mali. - O. J. Web4.teJr. Ir.ev.i.ewed lCRISAT Sotr.ghum/MUi.e:t. Pltogltam 

Zambia - O. J. Web4:tvr. adviA ed .eacal goveJr.nmen:C a.6 to lte4ealtc.h :to be 
.i.n.Ui.a:ted to .unpltove 40Jr.ghum/mUe.e.t plLOduct<:on. 

Ind.i.a, - O. J. Web4.tvr. a.ttended. "SoJtghum nO/[. .the 80' 4" c.onneltenc.e. 

Majo/[. Objecti..ve4: 

1 • I den.ti. 6y dIuJ u.th to.e.eJtrut.t gllAin 4 0 ~ huml rnUi.e.t 9 eHO typu thltO ilg h u.6 e 0 6 
.i.M.i.ga..t<..o n glUldi. e.n:a .in an alLid cUma.te. 

2. Inc.Jr.ea6e dItou.th to.teltance !eve.1..6 .tJtMugh c.on.tJr.oUed c.M44.i.ng, 4e.l.ecUon 
and ltec.u.Nten.t 4 e.tect<.on, undelt.tow mo.w.tulr.e and fUgh .tempetc.a.twr.e. , 

3. Studlj p hY4i o!o g.i.c.al. and me Itpho.to g.i.c.ai. aftlt1.b u;tu 0 6 ¢ 0 Jtg hum tljpe.6 W hi.. c.h 
can to.teNLte low ava.Ua.b.e.e 40.u. moiA.tLVr.e.. 

4 • E valu.a.te .6 0 Jtg huml rnLUe.t Un u 60/[. o.th elL de.6.l.!u:tb.te ag ItO no rrW. c. c.haJt.a.delUl. 

I' 
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Majo~ Objectiv~ (Continued): 

s. Vevei.op a glta.d.ua..te ~:tu.den;t :tJr.ahti.ng plLCgltam oO~ U.s. and .tit.t.eJ!na.tionai. 
~:tuden:fA .<.n.t~~:ted.in pU/t6uhtg calteeJr.6 .i.n developing c.oun.tlLi.u. 

6. Ve vei.op ifLf:eJotaUo nal Unkag e.s oO~ co.u.ab oJr..a.t,lve ~u eaJtClt .tit ~ oJtghum/ mUi.et 
.unpMvemen:t .i.n aJri.d and ~em<.-aJUd ltegio~. 

7. Ve..tvuntne ~ 0 e-<.o- eco nomi c. .impact 0 0 htC!Jteah ed agJLi. c.ui.:tlJ.Ju1i. PM dLLc..ti. vUy • 

Sig n.<. M-c.an:t R ec.ent F ht cUn~ : 

1. Nine ~ o~ghum geno.:typu de:te/llni.ned to be dJr.ough:t :toteJr..an;(; and 9 g:?J1.o.:typu 
de..teJrmi.ned :to be dIr.c ug h:t ~ U6 c.ep.ti.bte .ttt .the Yuma .i.JrJr.i.g a.ti.o n 9 1rA.di. en.t h ad a 
~igni.6i.c.an.t po~Lti.ve c.oMei.a:tJ.on oo~ gJtaht yiei..d .<.n a oietd :te.s:t uncielt. 
~.l.mUtl/l ~.tIteM condUi.o~. 

2. A ~ep.uc.a;ted Q.<.etd g!t.CWt yield :t.u:t und~ mo.iA~ ~.t'tu~ ~howed 23 00 340 
(7%) line ~ele.cUo~ o~om one hea..t and TTW}~:twr.e ~:tJL~~ a~d popu.C.a.:t..i.on 

and 15 06 139 (11 %) Une ~ elec.tlon.6 oJWm anoth~ ~imUaJrl.Jj bLeated popula..t<.on 
:to be ~:ta.;tW:ti..c.a.Uy equal :to o~ ~upe/uo~ :to hyblLi.d RS626 ht gJtaht. yield 
undVt heat and mo,u:tUlte. ~.t.'L~~. 

3. T wei1.tlj -~ix an d 37 dl 0 0 CJten.t e.n-ttU. u II.~ p ect<. ve1.y , oMm the :two po pu1.a.:ti.o n.6 
a.b ov e Wel!.e e va.l.ua.ted un del!. .:the i.JrJLi.g a..t<.o n glta.di. en:t at Yuma wh Vte. ab 0 u.t 0 ne -
:t.hi.Jr.d 00 each gJtOup a.ppealled :to pMdLLc.~ hecu:i1l and ~t:o.y aUve unde-'r. VVUJ 
~ eVVte cilLought and hea.:t. 

4. A ~pWtkieJr. .uvugation gMdi.en:t ~y~:tem ;to a.pply high, medlum, tow atld zetr.o 
te V~ 00 btJL<.ga..t<.o n w~ ~ tabLiA ked at the Lbti. velt6.£.ty 0 0 AlLi.zona. E xpeJrime.n:ta.t 
Fa.I!.m, Yuma., AZ. Tlvtee hundlled aJld ~ix.:ty-~even ~o/r.ghum/mU1e;t fuel> ob:tcWted 
oMm c.ottabotr.a..tUtg U.s. (AlLi.zona., Neb~~ka., Texa.6 A S M, Cotolta.dc, K4M~, 
VeKalb) and i.r~eJI)la..ti.onal (CIMMYT/ICRISAT) ~;t;Uu,t{,on.6 welte ~C/teened 0011. 
dMuth totVUUtC:.e. Phy~i.otogic.a.t and moJtphotogic.a.t cUu.a. Welte a.l4 0 ob tahted. 
See 1981 SOll.ghum/MUi.e:t T.ute XII CRSP Ruea.l/.c.h Repo~. 

s. R~ea/tc.h on dIlought totvr.an.t and cilLought ~u.6c.ep.ti.bte .6o~ghum hybl!.i.a..!l and 
the)...'[. pa.l/.~ mea6UJted ov~ a. wide JtMge 00 ettv.uummen.t.a...e. condi..ti.on.6 h~ been 
u.6ed:to develop lI.eg~e.5~.£on ano.1Jj~.w whic.h could be u.6ed by LVC'~ oo~ plte.
dlc..ti.on 00 ~upeJLi.OIt ~oll.ghum/mU..e..e;t Wtu. Two yeaJr2J 00 chta. ha6 been ~wnma.
I!.i.zed on c.hClt't.a.c.:tVti.6:ti..~ lI.ellLted to yield .in aJrid en.v.uwnme.n.tJ. 

6. Th~ee c.yc1..e.5 00 ~e.e.ec.t<.on 0011. a.1.wni.num ;toleJran.:t ~o~ghum gel!.mpwlTkS ha.ve be2J1. 
completed. Alwntnum :tolVl.a.i'l.t Une.s a!t.e a.va.i.1.able 001t Meld eva.tua.ti.on .<.n 
plI.oblem .6 o~ 00 LVC' ~ • 
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Project Name: 

Persormel: 

Overseas Linkages: 

Major Objectives: 

Significant Recent Findings: 

Project No.: XII FAM 1 

Iuentificclti.on of Cultural Food Hnbits .1nu Utili
zation of Grain Sorghum/Pearl Millet for basic 
foods • 

Dr. Hetty Deane Banatte 

University of the West Indies 
Jamaica, West Indies 

1. Establish linkages with institutions and/or 
organizations in both the U.S. and the Carib
bean area to facilitate research efforts on 
the project. 

2. De5ign ann pre-test an instrument for identi
fication of food habits, beliefs and attitudcs. 

3: On a representative sample of the population 
execute a food-habit survey, and analyze the 
data. 

4. Develop country research capacity and uesi~n 
and execute nonfonnal education progn.lJlIs to 
improve women's skills in the utilization I-li th 
consequent nutrition information of the Sor
ghum/Millet. 

Florida A&~f University has defined the Caribbc:1n 
and \'Ies t Africa as the geographical fOCllS 0 fits 
interest in international development assistance 
programs. This is clearly outlined in its Title 
XII Strengthening Grant Proposal which was :1pprovcu 
in June 1980. , 

Linkages have been developed l-lith the University 
of the \'Icst rndies, ~Iona campus in J~ulla k~\; (UWI) 
the Caribbean Food and Nutrition rnstitute, also 
in Jamaica; and wi th the CARlCeN Secreta ria t in 
Georgetown Guyana. At a meeting of the Caribbe:1n 
Association of Nutritionist and Dietitians, there 
was much discussion on the introduction of Sorghlm/ 
Millet into the entire Caribbean area. TIlis dis
cussion was followed up by meetings at uwr, '-Ihen 
the production and utilization were the m:1in topi~~ 
discussed. As active plans are /1m-l being made to 
enter into projects with these organizations, it 
is hoped that Sorghum and ~Iillet will take thcir 
place as a major project in the. area. 

A team visit (Dr. Futrell and Dr. B.:mattc) was 
made to Haiti in connection with the implementa
tion of the Sorghum'1.lillet project. TIlcse techni
cians had meetings with several government offi
cials who expressed their interest in the project . 

.. \ 
) 



Page 2 

A follow-up visi t w~s m~de to flai ti by offici:ll s 
of the College of Science & Technology as part of 
the Governor of Florida's mission to Haiti. 

It is understood that Texas A&~1 University has 
been awarded a contract from United States Agem:y 
for International Development in b:lsic food crop 
production. Cereals, edible legunes, tuber crops 
and farming systems are receiving emphasis ullder 
this program. 

It is expected that Florida A&M University wi II 
be able to complement Texas A&M University's basic 
food crop production by contributing expertise in 
and information on cultural food habits and uti
lization of these basic foods. This type of assis
tance will fit into the research pack:lge invisioncl 
for involvement in Haiti by Florida J\&~1 University. 

)' I 
I • 

./ 



PROJECT TITLE: Pearl Millet ,Improvement Program PRO.JECT No. XI I KSUI 

PERSONN~L: W. D. Stegmeier and T. L. Harvey. Fort Hays Experiment Station 
F. L. Barnett and B. Khalecg. Department of Agronomy 

OVERSEAS LINKAGES: Formal linkages with LDC'a have not been established at this time. 
Exchanges of materials are taking place with ICRISAT personnel and arrangements of 
exchanges have been initiated with workers in Senegal. Mali. and Niger. 

MAJOR OBJECTIVES: 

1. To develop widely adapted pearl millet germ plasm. with special emphasis on 
early maturity. improved seed size. seed set. and agronomic characteristics. and high. 
nutritional quality. 

2. To study the inheritance of major grain quality characteristics. high estab
lishment capacity. insect resistance. and agronomic characteristics. 

3. To evaluate materials developed in this program under a wide range of environ
ments. including those of developing countires. 

SIGNIFICANT RECENT FINDINGS: 

1. Development of pearl millet materials adapted to a wide range of latitudes con
tinued with the evaluation and advancement of 9 populations in recurrent and mass
selection regimes. 3000 inbred lines, and over 500 Fl hybrids. F2 families derived 
from crosses of P-924B (an early maturing variety rrom northern Nlger) and 3 Kansas 
inbred lines produced segregates that matured seed at Carrington. North Dakota 
(47 0 N Lat.) and at Brandon. Manitoba (500 N Lat.). Population FR-RM(3) half-sib 
families grown at Meade and Sydney. Nebraska produced SI selections suitable for 
Nebraska. Crude protein level appears to remain high wlth increasing grain yield levels. 

2. Tests have been established to identify lines having superior combining ability for 
crude protein content. grain yield. seed weight. and lodging resistance. 

Seedling tolerance to the phytotoxin produced during biotype E greenbug aphid feed
ing was determined on 120 ICRISAT lines. 31 Yemen lines and several hundred Kansas 
lines with tolerance levels appearing to be reduced c~mpared to previous tests involv
ing biotype C rhytotoxicity. The inherit:ance of reaction to the greenbug is being 
studied. Preliminary evaluation of height modifying genes within the O2 height range 
(60-150 cm) indicate the presence of at least two modifiers. 

A Ph.D. study (~[. Lawan. Nigeria). investigating the basis for seed density differ
ences in pearl millet is nearing completion. Field studies indicate that population 
and seed density are major factors affecting germination. emergence. vigor. days to 
anthesis. and !rain yield. Density and si:e interacted in their effects on field emer
gence and days to anthesis \~ith density having more impact at the lower range of seed 
size and vice \ ~rsa. Density and population interacted in their effects on gC~dination. 
I.aboratory results indicate a positive relationship between density and proportion of 
kernels with vitreous endosperm. and a negative relationship between density and rela
tive si:e of embryo (germ face). Relationships among seed protein content. density. 
and size are complex and appear to vary from population to population. 

A heritability-and-gene-action study (Comstock and Robinson ~Iodel 1) on seed and 
hC:.lJ characteristics of pearl millet was initiated in 1981. Families derived from 
crossed. selfed. and open-pollinated heads will be planted in 1982. 

~Iass se lection with six iso lations of two populations [HMP 550 and R.'IP 1 (S) Cil. 
for high. medium and low seed weight (Core Study. 1980) produced approximately 6000 
selections. Selection for ~igh. medium. and low seed weight will be continued in the 
nGxt generation. 

3. Gradient drought stress screening of SO items at Yuma. Ari:ona identified two in
bred lines and 3 FI hybrids possessing good drought tolerance. Lines and populations 
screened for storage lnsect activit'y indicate the existence of differences in levels 
of insect damage. Hybrid varieties were evaluated in Arizona. Texi-s. Kansas, :--lebraska. 
and Indiana with varying levels of success noted. Seeds of SO and 54 items were sent 
to ICRI SAT workers in India and Sudan and 9 i terns to ~Iauratania. Verbal reports 
received to this date indicate satisfactory growth and development has occurred in 
India. 



INTSORMIL Review 

February 1982 
Kansas City 

Project Name: Physiological and Development Processes-Project No. XII KSU 2 
Edward T. Kanemasu and Utsab Chaudhuri 
Kansas State University 

Overseas Linkages: Cooperative arrangements have been made with Haryana Agricultural 
University and ICRISAT to determine the potential of canopy temperatures as a selectio~ 
technique in assessing drought resistance. Dr. Phool Singh from HAU has spent 6 month~ 
at K~l1sas State University (January to July 1980). Upon returning to HAU, he has 
developed a cooperative field experiment with ICRISAT (Dr. Seetharama). In September 
1981, I visited with Drs. Singh and Seetharama at ICRISAT and reviewed the project. 
I am corresponding with Dr. Sinha at the Water Technology Centre in ~ew Delhi about a 
cooperativ~ project. Dr. Piara Singh has completed his Ph.D requirements at KSU and 
Iws raj oined ICRISAT. 

Major Objec.tives 

I. Comparisons of the effect of water on sorghum and millet growth, yield 
components, water use efficiency, and water use - Manhattan (cooperation 
with Nebraska) 

11. :\~scssing canopy structure properties from spectral data - Manhattan 

III. Use of canopy temperatures in assessing drought resistance 0,£ millet 
genotypes - Hissar, India (cooperation with Haryana Agricultural University 
and ICRISAT) 

IV. Use of canopy temperatures in aS3essing drought resistance of sorghum 
genotypes - Hyderabad, India (cooperation with ICRISAT) 

Significant recent findings 

Statistically significant differences among millet genotypes were observed in 
various physiological responses, but the differences among genotypes in leaf 
diffusion resistance, canopy tempetature, and canopy minus air temperature were 
relatively more significant and consistent. In both irrigated and nonirrig3ced 
environment, grain yield was negatively and significantlY correlated across 
genotypes with their cumulative canopy temperature (SUNCT). cumulative canol'y 
minus air temperature (SUNCT-AT), and cumulative lcuf diffusion resistance (SU~rr.DR). 
Grain yield ratio (nonirrigated grain yield/irrigated ££ain yield was negatively 
and signif lcantly correla ted across genotypes with SUMCT, SUMCT-AT, and SUHLDR and 
SUMCT-AT in the irrigated treatment. These results indicate that when selecting 
fur high yields and yield stability under weU watered conditions, genotypes should 
have high SlJHLDR or SlIMCT; but when the .;election is~one under a water-stres.::;ed 
environment, genotypes should have low SUMLDR or SUMC1 or SUMCT-AT. 

Spectral measurements indicate that both dry weight and leaf area index are 
hl£hly correlated with reflectance in the red and near infrared wavelengths. 
Previous studies have report~d that intercepted radiation which is a function of 
incoming solar radiation and leaf area index, is strongly corr~lated with yield. 
A spectral radiometer could serve as a rapid screening device in a breeding program. 



5 tJ M M A RV.· .QI .illlllli. 

PROJEC T. A farming 5y's tems' Approach to ~lill e t Produc tion 

~~R50NNEt: 8. Michie (PI), Janet Banson, David Norman. 

XII KSU-3 

OVE~SEA5 L I NI(AGE5: Proj ec t is formally affilia ted wi th the Uni versi ty of 
Udaipur, Rajasthan, India, with admin!~tration through the American 
Institute of Indian Studies, New Delhi. field work is being conducted 
in nine villages in 5ikar District, Raja~than, in coordination with 
the university branch campus at Jobner and branch stations at 
Durgapura and Jotwara tha tare close to the field si tes. Informal 

links are with ICRISAT, Hyderabad, particularly with the Economics 
Program. 

r'~AJOR OSJEC TIVES: 1) Augmen t Uni veris ty of Udaipur's research programs, 
2) furthp.r develop farming sys tems analysis and appl ica ti (In, linking 
technical and social science dimensions t 3) develop/modify technologi~ 
and strategies for millet production, 4) improva well-being of small 
and marginal farmers, S) develop tried and tested technologies for 
wider extension. 

SIGNIFICA~T RECENT fINDINGS: So far no findings since project administrat~e 
arrangements were finalized only in early November and funds made 
avail abl e for use in India onlY' in middl e December. A proj ect 
coordinator has been hired who has extensive experience in managing 
rural development and village level programs in Rajasthan. 

The: 1 as t two weeks of December were spen t in ex tens i ve touring 
of Sik'lr District to obtain a first hand familiarization with th3 
district, meet district officials, talk with farmers, and visit 
potential village si tes. Visi ts were also paid to universi ty research 
and extension centers in Sikar and adjoining Jaipur Districts. 

Sikar affords a wide range of agro-climatic conditions: entisol 
and inceptisol soil categories, a rainfall gradient from 350 to 750 mm, 
completay rainfed single crop to irrigated double crop regimes, and 
millet grown as the main crop under all conditions during the Kharif 
monsoon season (July - September/October). 

Specific problems identified for technical work are: salinity 
and drought stress; irrigation and t.I~ter conservation; striga, ergot, 
wr.i te' grub, hairy' ca terpillar ~ The branch camp us at Jobner. has maj or 
funding for work in salinity and drouaht stress research - mainly in 
millet breeding - and also for white grub. It also has been doing 
work on ergot. 

The response of people at the university centers has been extremely 
encouraging. They have been working on problems on-station and feel 
the need for closer ti es to the farr.: 1 e vel tha t so far have been ad he:. 
They are most anxious for m<lking use of the project field sites for 
testing and modifying what they h<lve developed so far, particularly 
given the long term monitoring and interaction with participant farmers 
afforded by the project. This point should be emphasized that at all 
levels - district officials, university main campus and region<ll ccnt~rs 
and branches - there has been exceptional support and interest in seeing 
the p roj ec t 0 ff the ground. 

I n the nax t few mon ths 
in selected village sites. 
before the upcoming millet 
dimensions can begin to be 

the project will have resident investig<ltors 
Data collection will be well underway 

season beainning in July when technical 
tes ted. 



Project~: Storage and,Preservation of Penrl Millet Project No.: KSU-4 

Personnel: Robert B. Mills, Co-Investigator, Department of Entomology, KSU 
John R. Pedersen, Co-Investigator, Department of Grain Science and 
Industry, KSU 

Overseas Linkages: 
Dr. Dansou Kossou, Fac. of Agric. Sc., Nat'l Univ. of Benin, Cotonou, R.P. 
Benin. 
Mr. Frank Bolduc, P.N.U.D., D.P. 120, Bamako, Mali. 
Mr. A.J.D. Barker, FAO St0rage Specialist, Office Cerealier, B.P. 298, Garoua, 
Ca:neroon. 
Mr. Lazare Iloga, (Mr. Barker's Cameroon counterpart). 
Member Institutions of GASGA and their representatives. 

Maj or Obj ec tiv":.!: 
1. Determj.ne the extent of insect and mold problems in stored millet in LDC"s 
2. Determine the species and relative abundance of stored-grain insects and 

molds, and determine which are most damaging to pearl. millet in LDC's. 
3. Evaluate storage facilities and techniques, and develop improvements where 

appropriate. 
4. Evaluate local storage-insect control methods for effectiveness, and 

develop improvements where appropriate for LDC's. 
5. Conduct laboratory research at KSU on resistance of pearl millets to insect 

species that are problems in LDC storage, and on biology and behavior of 
those species. 

6. Evaluate relationships between damage done by threshing and handling, and 
insect and mold problems. 

7. Training of LOC personnel will be an important aspect of the project, and 
will be done both in LDC's (if arrangements can be made) and at KSU, by 
short courses demonstrations, or formal graduate study at KSU. 

Significant Recent Findings: 

1. In screening entries of millet for resistance to rice weevils (Sitophilus 
oryzae), the average number of weevil progeny ranged from 10.3 to 125.7 per 
sample; mean, 59.1. Small-seeded lines were' generally more resistant. 

2. No consistent location differences were found in resistance to rice weevils 
or Angoumois grain moths (Sitotroga cerealella) of 27 lines (mostly 
hybrids) grown in 2 locations in Kansas. 
More rice weevils were produced in threshed grain than in heads; Angoumois 
grain moths exhibited no differences. 

3. The rice moth (Corcyra cephalonica), a common millet pest in Africa, had a 
higher rate of larval survival and shorter developmental periods in millet 
than in rice, corn, sorghum, or wheat. 

4. Size of Angoumois grain moths was influenced by size of kernels in which 
they developed: small miller, 3.61 mm; large millet, 4.67 mm; sorghum, 4.76 
mm; corn, 5.37 mrn. D~y wt. loss/kernel caused by single Angoumois grain 
moths ranged from 4.66 mg in small millet to 25.2 mg in corn. 

5. An oil distillation moisture method for millet worked equally well with 
prescribed or vegetable oil at IBO°C, however, these measurements were 
generally lo~er than those by official air oven methods (whole kernel, 
103°C/72 h; ground, 130°C/l h). Effects of different times at 120°C (whole 
kernels) on moisture measurements for millet at 10,13, and 16i. M.C. were 
determined. 

6. In the absence of other deteriorative factors, internal insect infestation 
in millet can be determined by a simple germination test, in lieu of more 
complex methods (X-ray or cracking-flotation). 

7. A layer of crushed millet "cobs" (without kernels) 15 cm deep prevented 85% 
of introduced rice weevils from reaching millet below for 14 days; 10 cm 
restricted 70i.; 5 em restricted 30%. 

B. Eight villages from the northern to southern parts of Senegal were visited 
May 24 to June 7. 1981. Twenty-cwo storages were observed and sampled. 
Due to recent drouths, little millet was stored. The most common insects 
found were red flour beetles and rice moths. Little dama~e was observed in 



Nutritional Quality of Pearl Millet - XII KSU-5 

sana 1 : 

. C. Hoseney, E. Varriano-Marston (-position now open), Carol Klopfenstein, 
.. Simwemba, A. Abdelraham, Selma Adbul-Hussian, Kathy Zeleznak, I. Kaced, 

M. Olewnik, and Alicia de Fransico. 

Overseas Linkages: 

ICRISAT; Home Science College, Hyderabad, India; Food Research Center, 
Khartoum Sudan; and ITA, Dakar, Senegal. 

Objectives: 

1. Determine how pearl millet (and sorghum) are prepared and consumed in 
traditional foods. 

2. Divise standardized laboratory procedures to prepare and test quality of 
traditional food products. 

3. Evaluate and identify breeding lines of millet (and sorghum) with improved 
nutritional quality. 

4. Determine chemical components and physical characteristics of pearl millet 
grain which may reduce d~gestibility or nutrient availability, or interfere 
with end-use food quality. 

5. Develop fundamental knowledge of the properties of various quality-related 
chemical components of sorghum and millet grain. 

Significant Recent Findings: 

Guinea pigs fed grain sorghum diets had lower liver cholesterol concentrations 
than animals fed wheat, oats, or pearl millet. Grain sorghum diets supplemented 
with low levels of ascorbic acid produced poor growth and unhealthy animals. 
Supplementation with high levels of ~scorbic acid produced optimum growth. In 
pearl millet phytic acid was lower than wheat and varied by line and location 
of growth. B-Vitamins varied widely in pearl millet, mostly as a result of 
location. Oxidative rancidity of pearl millet meal appear to be different than 
that found in wheat. A procedure has been developed for making pearl millet 
rotis. Alpha-amylase from germinated pearl millet was isolated and charac
terized., Hardness of pearl millet and grain sorghum cannot be estimated by 
visual appearance. A milling process was developed to produce low-fat pearl 
millet grits. 



Project Name: Seedling Vigor and Stand Establishment of Pearl Millet 

Project Number: XII KSU 6 

Personnel: Richard L. Vanderlip, H. A. Praeger, Jr., Mithlesh Kumar, 
and Julius Okonkwo 

Overseas linkages: 

Collaborative work has been done with Dr. F. R. Bidinger and Dr. R. K. 
Maiti at ICRISAT' (see below). Preliminary contacts have been made with 
Clive Lightfoot in Botswana regarding field testing under their conditions. 

Major objectives: 

1. Identify seed and seedling characteristics associated with field 
establishment performance of pearl millet. 

2. Identify and evaluate germplasm with the capability of establishing 
normal stands under stress conditions particularly temperature, 
moisture, and high salt conditions. 

Significant recent findings: 

Mwageni (Tanzania) found that standard germination and a number of 
seedling vigor stress tests which had been used on sorghum did not corre
late well with pearl millet field establishment. Gardner (USA) found 
that seed size and seed density were positively related to stand estab
lishment. Moreover, large or heavy seeds resulted not only in greater 
stands but also in greater yields. Based on these results Okonkwo (Nigeria) 
applied several management treatments, tiller removal, head shaving, late 
nitrogen application, and hill planting, to millet in an attempt to change 
the physical characteristics of the seed. Results from one year indicate 
that the management treatment significantly affected seed size, seed 
density, and seed protein content. However, the effects on seed density 
were minimal and in general did not increase seed density. Seed from two 
of the treatments, head shaving and late nitrogen application, resulted 
in significantly higher field emergence and those from the head shaving 
treatment resulted in significantly higher grain yields. 

Another problem with field establishment is the problem of planting 
with the first rains and th~n erratic rainfall resulting in severe mois
ture stress on the seedlings. Kumar (India) working both in Kansas and 
at ICRISAT compared several moisture stress techniques with field plant
ings in an attempt to identify genotypes which had the capability to 
withstand early seedling moisture stress. Screening techniques using 
limited moisture and increased osmotic stress from polyethylene 9lycol 
were utilized. Correlations wilh field results were significant but 
not exceptionally high. 

l, .' 



Project No.:' xn U~" 

Project Name: 

Personne 1 : 

Sociocultural Constraints in the Production and 
Consumption of GS/PM in L.D.C. 's 

C. M. Coughenour, L. Busch, B. DeWalt, K. DeWalt, O. Lacy 

Overseas linkages: 
1. Sudan: Agricultural Research Corporation, and the Faculty of Agri

culture, University of Khartoum; 
2. Honduras: Ministry de Recursos Naturales, and the Instituto Hondureno 

de Anthropologia e Historia; 
3. India: ICRISAT. 

Major objectives: , 
1. Description of (1) farming strategies in ral~lng sorghum/millet, 

(2) the distribution of the grain produced, (3) the types, quantities, 
and qualities of sorghum/millet consumed and (4) the identification 
of constraints :0 increased production and consumption. 

2. Identify: (1) barriers to effective communication among scientists, 
(2) barriers to appropriate and effective research, (3) appropriateness 
of re~earch products to farmers' needs, (4) ways of reducing com
munication barriers, (5) faulty assumptions about farming systems 
made by researchers, and (6) a methodology for assessing appropriate 
technology. 

Significant recent findings: 
1. In the Sudan around el-Obeid, the preferred farming strategy of 

small farmers is to plant quick-maturing varieties of sesame and 
millet to obtain quick returns. Larger far~ers initially plant longer 
maturing varieties which produce more heavily. Small farmers are 
constrained in use of the preferred strategy because (1) they do 
not possess the quick-maturing seeds of millet and sesame, nor can 
they afford to purchase them; (2) labor shortages, especially if 
replanting is necessary due to drought; (3) lack of varietal resistance 
to simta bugs. A seed propagation and improvement program is needed. 

2. In Honduras in the Pespire region, the strategy preferred by farmers 
is a slash-mulch-burn system of cultivation involving corn and sorghum. 
Sorghum is grown for grain and for fodder. A seed improvement and 
seea propagation system is needed. There is need (1) for improvement 
in quick growing, insect resistant, and high food quality varieties 
which exist; (2) varieties for human as vie 1 1 as animal consumption 
are needed; and, (3) for improved :ultivation methods that minimize 
eros i Of!. 

3. At the Sorghum in the 30's symposium 3usch and Lacy obtained data 
from more than 100 scientists as to their (1) current research, (2) 
research goals, (3) adequacy of support, and (4) access to sources 
of information and contacts with scientists. Data analysis is unrier
way. 

\ } U 
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Project Name: 

MISS!SSr~PI STATE UNIVERSITY 

Seed Factors Influencing Germination, 
Emergence, and Stand Establishment 

Pro ect Number: 
XII MSU-1 
(390-1S0S/MIS-1S0S) 

Personnel: J. C. Delouche, C. H. Andrews, H. C. Potts, G. Reusche, E. Cabrera 

Overseas linkages: Formal overseas linkages have not yet been established. 
Informal relationships are in effect in several countries (e.g., Colombia/ 
CIAT, Upper Volta, Botswana, Honduras) in connection with seed program advisory 
services (AID). Formal linkages will be organized in Spring, 1982, especially 
for Obj. 1-

Major Objectives (abbreviated): 
1. Analysis of emergence and stand establishment problems in selected sor

ghum and millet production areas. 
2. Characterization of sorghum and millet seed germination and emergence in 

terms of general responses to temperature, soil moisture tension, me
chanical impedence, and salinity. 

3. Identification and characterization of heritable characters of sorghum 
and millet seed associated with superior seed quality and performance, and 
development of screening techniques suitable for use in breeding programs. 

4. Training of selected LOC personnel. 

SIGNIFICANT FINDINGS: Research efforts have been concentrated on obj. 2, 3, 
and 4. Optimal germination temperature range (20-30C) has been determined for 
36 sorghum lines. Genotypic variability was found above 38C and at 16C or 
below. Responses to temperature appear to be determined by genotype and con
ditioned by physiological quality of the seed. Temperature profiles (time/%) 
for germination of the 36 lines were established. Germination/emergence of 22 
sorghum lines was also characterized in terms of soil moisture relationships. 
Responses at moisture tensions ranging from -0.1 to -10.9 atm indicated signif
icant interactions between soil moistur'e tension and genotype, suggesting that 
screening for germination/emergence at -8.6 and -0.2 atm might be useful in 
selecting for "droughtll, and IIwet soil ll tolerate traits. Similar variability 
was also observed under osmotic stress conditions (PEG). A technique for 
establishing soil crusts has been developed to evaluate the effects of me
chanical impedance on emergence.· Preliminary observations indicate there is 
genotypic variability for emergence under mechanical stress. Seventy-five 
sorghum pure lines were evaluated for resistance to field weathering (in terms 
of germination/vigor) in 1980 and 1981 under ambient and supplemental "misting" 
conditions. Deterioration of the seed increased as time after physiological 
rna turity increased, and was most severe under "mi s ted" condi ti ons. Genotypi c 
variability was observed suggesting the techniques could be applied in a se
lection program for weather resistant sorghum lines. Three international 
students (Togo, Sudan, Brazil) are receiving training in sorghum seed research. 
~ Swiss technician (employed by Swiss Int. Dev. Coop.) has arrived for training 
1n technology of kinds of seed important in South America including sorghum. 
Work on obj. 2-4 is continuing. An effort under obj. 1 will be organized this 
spring. 

I') 
'I. \ 



INTSORMIL ANNUAL REPORT FOR 1981 

Project Number: Misnissippi State University, Project XII MSU-2a 
Project Name: Sorghum Host-Plant Resistance and Genotype Evaluation 
Personnel: Agronomy - Or. Lynn M. Gourley, Leader, Or. Norman C. Merwine, 

Or. Jacque C. Denis 
Overseas Linkages: Mexico, Honduras, CIAT-Colombia and Brazil 
Major Objectives: 
1. Incorporate factors for resistance to the sorghum midge and fall armyworm, grain 

mold, and leaf disease pathogens into elite U.S. and LDC food grain sorghum germplasm. 
2. Evaluate and conduct inheritance studies on sorghums with mUltiple sources of 

tolerance to aluminum, manganese and low pH. 
3. Conduct inheritance studies on multiple sources of resistance to sorghum insect 

and disease pests endemic to Mis1issippi and LDC's. 
Significant recent findings: 

A method for screening Gnd testing sorghum genotypes for aluminum (AL) tolerance 
in nutrient solution, developed by Furlani and Clark, was used in a series of studies. 
In one study, 168 genotypes were screened for AL tolerance at 222 umol AL using SC17S-
14 and TX 415 as tolerant and sensitive checks, respectively. Thirteen of these genlJ
types were classified as AL-tolerant. Two of these 13 genotypes also were classified 
by Duncan as AL-tolerant using an acid soil field screening. An R-line and B-line 
diallel were evaluated for Al tolerance and a significant portion of the variance was 
under genetic control. The variance due to GCA was greater than that due to SCA. Both 
diallels showed that additive and non-additive gene action were involved. A general 
lack of dominance was noted. Additional screenings of lines from the World Collection 
of Sorghums are underway. Field tests of AL-resistant lines in Colombia have been 
planted. Several F2 populations are being screened in the laboratory and in Colombia 
for AL-tolerant segregates. 

Selections (160) from 8 F2 families of ICRISAT food grain lines by disease resis
tant temperate lines from MS were planted in Mexico and Honduras in 1981. All of the 
1818 selections from these families were grown in MS in 1981 and 425 selections from 
the best F3 families were planted in Colombia and additional sets of these lines have 
been sent to Mexico and Honduras. 

Using a mist fogger nozzle system to create artificial weathering conditions (1 
hr/day) from flowering until one month past physiological maturity, 25 GWT lines from 
Texas were compared with 33 SEPON-79 white food grain lines from ICRISAT in 1980 and in 
1981·tests. In the 1980 test, the white seeded SEPON-79 lines compared favorably with 
the GWT lines for initial germination percentage, field emergence, and seed membrane 
integrity as measured by the ASA-6l0 automatic seed analyzer. Several of the SEPON-79 
lines should prove to be good sources of graip ~e~thering resistant germplasm. 

A sorghum line moderately resistant to tht fall armyworm, 1821 c.m., and a suscep
tible check, Huerin Inta, have been identified. The genotype 1821 c.m. from the CIMMY~ 
collection is a feterita from the Sudan. With these checks, 36 additional lines were 
evaluated in field and greenhouse trials in MS and GA for resistance to fall armyworm 
damage. Several SEPON-79 entries from ICRISAT and a few other entries show promise as 
additional sources of resistance. Screening and inheritance work will continue in the 
U.S. and field trials will be established in MexiCO, Honduras, Colombia and Egypt. 

Based on 1980 and 1981 data on laboratory emergence of live midge, there were 5.1 
and 6.4 times as many midge emerging from chasmogamous-indurate glume sorghums as from 
the cleistogamous line S67-1 (papery-rolled glume), respectively. The advantage for 
567-1 was 2.5X to l6X and varied with date and intensity of midge pressure at the time 
of anthesis. Numbers of midge emerging from 567-1 did not differ from TAM 2566, the 
resistant control. 

Sorghum Rand B lines (82) and hybrids (46) from Mississippi were evaluated in 
MS and GA for midge resistance. From TX, 40 lines and 20 hybrids also were evaluated at 
at both locations. Several of the MS R-lines with resistance produced resistant hybrids 
using TX resistant A-lines. Hybrids from MS resistant A and R-lines will be increased 
in 1982 for testing in the U.S. and overseas. 



INTSORMIL ANNUAL REPORT FOR 1981 

Project Number: Mississippi State Univers~ty, Project XII MSU-2b 

Project Name: Sorghum Host-Plant Resistance and Genotype Evaluation 

Personnel: Entomology - H. N. Pitre, Entomologist (MS) 
B. R. Wiseman, Entomologist (GA) 

Overseas Linkages: Mexico, Honduras, CIAT-Colombia and Egypt 

Major objectives: 

1. To evaluate sorghum genotypes for resistance to the fall armyworm and sorghum midge. 
2. To study aspects of the biology of the fall armyworm in relation to sorghum geno

types to obtain information useful in host plant resistance studies. 

Significant research findings: 

Fall armyworm field screening. Using a mo~erately resistant line, 1821 c.m. identi
fied by Wiseman from the CIMMYT collection, and a susceptible check, Huerin Inta, 36 
additional lines were evaluated in two field trials in Georgia. Sorghum plants in the 
early whorl (3 reps) and late whorl (6 reps) were infested with 10 larvae/plant in two 
applications. Data for damage ratings showed general concordance between the rankings 
of the two tests. Several SEPON-79 entries from ICRISAT and a few other entries indj.
cated levels of resistance equal to 1821 C.m. These 38 lines were evaluated in Missis
sippi under natural infestation in the field. There were no significant differences 
in number of larvae plant. Field trials of these lines will be established in Mexico, 
Honduras, Colombia and Egypt. 

A damage rating scale for fall armyworm feeding on sorghum at different pheno
logical growth stages was developed in Mississippi to emphasize whorl leaf feeding 
damage without equally weighting old damage on out~r leaves (Scale moves 0 to 6 in .5 
value increments). 

Armyworm oviposition. Eight lines, 4 with normal bloom (wax) and 4 near isogenic 
lines with low-bloom, were evaluated in field cages. There were no differences in 
number of eggs/plant. Egg laying preference on crops was ryegrass > wheat> corn> 
sorghum> cotton> soybean. 

Fall armyworm greenhouse screening: Thirty eight sorghum lines in the early whorl 
stage (27 da) were evaluated for susceptibility to mass fall armyworm feeding in the 
greenhouse. Neonate larvae (3/plant) were released (using bazooka and corn cob gritO on 
plants growing in rows (12 plants/row) in flats (38 lines/flat). Feeding damage (I 
4 da) ranged from 50-987.. Twenty lines were evaluated in a secqnd test as above with 
similar results, however damage ranged from 21 to 61% with 16 lines under 407.. (Green
house studies in progress in Mississippi and Georgia.) 

Armyworm development: Larval developmental periods on 9 selected sorghum lines 
of different morphological and/or physiological types were evaluated in the greenhouse. 
Plant material was fed to larvae; larval developmental period and pupal weight were 
recorded. High lysine and high tannin had significant adverse affects on development 
of the larvae, but pupal weight was not affected. 

Midge: Four midge trials, 2 line and 2 hybrid, each were evaluated in Mississippi 
and Georgia in 1981. Sorghum Rand B-lines (82) and hybrids (46) from MississiPFi and 
40 lines and 20 hybrids from Texas were rated for midge damage. Several of the Missis
sippi R-lines with resistance produced resistant hybrids using Texas resistant A-lines. 
Hybrids from Mississippi resistant A and R-lines will be increased in 1982 for testing 
in the U.S. and overseas. 



INTSORMIL ANNUAL REPORT FOR 1981 

Project Number: Mississippi State University, Project XII MSU-2c 

Ptoject Name: Sorghum Host-Plant Resistance and Genotype Evaluation 

Personnel: Plant Pathology - Dr. Stanley B. King, Dr. Natale Zummo, Dr. Larry E. Trevathan 

Overseas Linkages: Mexico, Honduras, CIAT-Colombia, Brazil and ICRISAT-India 

Major Objectives: 

1. Identify resistant sources to leaf, stalk and root diseases in sorghum. 
2. Determine the etiology of the sorghum disease complex in which !. moniliforme is 

generally associated. 
3. Evaluate white seeded food"grain sorghum germplasm for resistance to grain mold 

and weathering in tropical and temperate environments. 
4. Provide limited quarantine service for MSU and other INTSORMIL projects. 

Significant recent findings: 

Grain sorghums, including 8 SEPON-79 food grain varieties, were grown with and 
without misting during grain development and evaluated for grain mold based on appear
ance, frequency of fungal invasion, and ergosterol content. Grain mold increased sig
nificantly from physiological maturity to harvest maturity, regardless of evaluation 
method. Ergosterol analysis (indicator of fungal growth in grain) revealed greater 
differences among varieties than plating seed for infection freQuency. Visual assess
ment of grain mold was more closely correlated with ergosterol levels than with total 
fungal colonies isolated or invasion frequency. 

Isolations from roots of field-grown sorghum revealed the frequency of Trichoderma, 
Curvularia, Macrophomina, Penicillium, Fusarium, Periconia, and Nigrospora fungal 
species to be high in sorghum root systems showing deterioration. A possible new race 
of sorghum rust in Louisiana and anthracnose in Georgia were found. New sources of 
MDM resistance in sweet sorghum were reported, and possible resistance to rough leaf 
spot and yellow sorghum stunt were also identified. Additionally, a nematode species, 
tentatively identified as gUinisulcius curvus, has been consistently associated with 
diseased sorghum root systems. 

The program will continue to be directed toward identification of resistance to 
organisms which incite leaf disease, grain mold, and root system deterioration of 
sorghum. Seed of food gr3in lines from the International Sorghum Grain Mold ~ursery 
of ICRISAT will be evaluated for ergosterol, an indicator technique for grain mold not 
available to ICRISAT. A formal manuscript on bacterial soft rot of sorghum and millet 
will be published in 1982. Research will continue to be directed toward determining 
the correlation between insect vector prevalence and the occurrence of MDM and }tCD in 
the United States. The chronolog~~al order of occurrence of predominant fungi will be 
determined in relation to roles i.1 root system deterioration. The pathogenicity of 
these organisms, b'th alone and in combination, will be assessed. The role of the 
recently isolated nematode species mentioned above, both alone and in combination with 
primary fungal pathogens, in the sorghum root disease complex will also be investigated. 

Selections (425) from the best 1818 F3 families of ICRISAT food grain lines by 
disease resistant temperate lines from MiSSissippi were planted in Colombia and addi
tional sets have been sent to Mexico and Honduras. This material will be evaluated 
for agronomic type ~nd grain mold resistance and the best F5 lines will be evaluated under 
artificial weathering conditions (mister~) in Mississippi in 1982. 

A Spanish speaking Ph.D. candidate is scheduled to complete a portion of his 
research in CIAT-Colombia. The research involves the study of root ano stalk pathogens 
and nematodes associated with normal and low pll, high-aluminum soils in Colombia. 

It L\ } 



Project Name: An Interdisciplinary Approach to Nutrition Improvement of 
People Consuming Grain Sorghwn anJ Pearl Millet as the 
Staple Food. 

Project Number: XII-MSU-JA Personnel: Dr. Mary Futrell, Leader 
Dr. Lois Kilgore 

Overseas Linkages: Secretary of Natural Resources - Honduras 
Major Objectives: 

1. To determine consumer preference for sorghum according to color, variety, 
flavor, seed size; and how these grains are processed and prepared for 
family consumption in southern Honduras. 

2. To determine the social, economic, and local dietary factors that affect the 
food habits of people in Honduras. 

3. To begin a surveillance program to monitor malnutrition which will be used 
as a yardstick for assessing progress of agricultural development. 

Significant Recent Findings: 
This interdisciplinary research dealt with the agronomic, economic, social, and 
nutritional factors which influenced the production, storage, preparation, and 
consumption of sorghum in southern Honduras. An interview schedule covering 

. the above areas was used by Mississippi INTSORMIL researchers in May 23 -
August 2, 1981 in mountainous Corpus and Guajinquil and lowland area of 
Pavana of sGuthern Honduras. Food intake studies, as well as anthropometric 
measurements, were used to assess the nutritional status of each child under 
six years of age. 

Twenty-nine percent of the families in Corpus, 80 percent in Guajinquil, and 
31 percent in Pavana were using the traditional tall white varieties of 
sorghum for tortilla making. Other uses of sorghum (maicillo) for food as 
well as tortillas were recorded in detail. Both ashes and lime were used in 
tortilla making and varied according to villages. Methods of grinding and 
times of steeping also varied. There did not appear to be a strong bias in 
favor of corn tortillas over sorghum on the grounds of higher prestige but 
rather on the basis of taste, texture, and appearance. Food intake data 
revealed that every adult intervip.wed ate tortillas daily (corn - 30 percent, 
sorghum -45 percent, and mixed - 25 percent) and 92 percent ate beans. The 
sorghum tortillas observed were heavier, darker and more grainy in .texture 
than corn tortillas. Sorghum was used more for tortillas during the last two 
months of the dr'y season and the beginning of the wet or planting season. 
New varieties of sorghum with more desirable characteristics for tortillas 
would be well received. 

Food attitudes of the mothers revealed a bias against high protein foods such 
as meat and beans and green vegetables for childr~n. This data indicated that 
a nutrition education program for mothers would be helpful. Anthropometric 
measures of children under six were used to assess the degree of malnutrition 
in the area. Thirty-five percent of the children were normal, 36 percent were 
90-76 percent of standard, 7.4 percent were 75-61 percent of standard. and 
5 percent were less than 60 percent of standard. These results agree with the 
recent Hondurian nutrition survey. The relationship of malnutrition, social, 
and economic factors are being assessed. 

. . I 



Project Name: An Interdisciplinary Approach to Nutrition Improvement of 
People Consuming Grain Sorghum and Pearl Millet as the Staple 
Food. 

Proje~t Number: XII-MSU-3B Personnel: Dr. Mary Futrell, Leader 
Dr. Louis Bluhm 
Eunice McCulloch 

Overseas Linkages: Secretary of Natural Resources - Honduras 

Major Objectives: 

1. To study the interrrelationship of social, economic, and agronomic factors 
in the sub~i5tence farming systems where grain sorghum is produced and 
consumed in southern Honduras. 

2. To assess the possibility of an improvement in nutrition and economic status 
of these farming families through the adoption of improved varieties of 
grain sorghum. 

Significant Recent Findings: 

Exploratory research conducted in southern Honduras where sorghum is grown for 
human consumption has produced valuable data concerning these subsistence-level 
farming systems and related social variables. 

In the areas visited, the prevailing type of family unit is that of the nuclear 
family. A typical household consists of 5 persons living in a one-room house 
with an earthern floor, the kitchen area occupying either a part of one w?ll 
or an attached lean-to structure. 

Work roles are typical of traditional Latin American areas: men do the field 
work. women are chiefly occupied with household chores such as preparing 
food. carrying water, caring for children and are responsible for small 
animals. Women sometimes help in the fields but this is not viewed as a 
regular duty. A few women engage in market activities by baking breads, par
ticularly in the food shortage season when extra income is badly needed. 

Agricultural methods are primitive--the machete and digging stick are used 
in the mountains; in the lowlands, plowing is done by oxen and a wooden 
steel-tipped plow. Farms are very small (generally less than 3 acres). Land 
tenure includes ownership. rental, free usage and cooperative leagues. 
Sorghum is seldom planted by itself but is interp1anted with corn or with 
corn and beans. There are three systems of interp1anting: alternate plants 
of corn and sorghum, alternate rows of corn and sorghum, and both plan~ed in 
the same hole. The most prevalent sorghum crop disease e~countered resembled 
zonate leaf spot. Field insects were not a serious problem in the mountains 
but caused serious root damage in the lowland area. Insecticides and ferti
lizers are not used on the fields. Grain storage methods are inadequate to 
prevent serious loss from insects in spite of the use of insec~' ides in 
stored grain. Because of land shortage and permanent cropping, soil fertility 
is becoming an increasing problem. 

Grain sorghum is valued because of its reliability and the flexibility it 
affords in dates of planting. Because of seasonal labor and food requirements, 
long growing season varieties of grain sorghum appear :0 be favored. 

, . 



INTSORMIL PROJECT SUMMARY 

Project Name: Physiological Methods of Selecting for 
Drought Resistance in Sorghums. 

Project Number: l:U ON-l 

Personnel: C. Y. Sullivan, J. D. Eastin, D. G. Watts, W. M. Ross, C. A. Francis, 
A. Retta, C. Caha, L. Pavlish, R. Wilson, J. Harcourt, C. Sodhi, 
M. Traore. 

Objectives: (1) To define physiological characteristics which are affected most 
by drought stress, and identify both tolerance and avoidance 
mechanisms which may be selected to improve drought resistance. 

(2) To develop and implement practical techniques of screening and 
selecting for plant genotypes with desirable physiological 
responses for use in breeding for yield stability in moisture 
stress situations. 

Significat recent findings: 

Fifteen genotypes, selected for a range of drought resistance responses when 
grown en an irrigation gradient in s~ndy soils and by other controlled environment 
tests, were grown hydroponically in plastic tubes in a greenhouse. By withholding 
water and lowering the water table in the tubes, it was shown that genotypes pos
sess potentials for different depths of rooting. The technique holds promise for 
screening for ability to deep root. Field root samples and soil water depletion 
patterns were taken for part of the genotypes for a comparison of field and hydro
ponic routing charact~ristics. Processing of the field samples is in~omplete but 
~ill be finished in the coming weeks. 

In similar hydroponic experiments with hybrids RS 671 and three experimental 
hybrids when only 20\ of the root systems were in contact with water photosynthetic 
rates were not reduced, although grain yields were reduced by about 30\. When 
about 10\.0£ the root systems were in contact with water photosynthesis was reduced 
20 to 30\. Mean total root dry weight was reduced by 11\, although depth of rooting 
increased by 11\ in the water stressed plants. In comparing the water use efficiency 
on a total dry matter vs water transpired basis, efficiency of stressed plants in
creased by l~\ compared to controls. However, WUE for grain produced decreased in 
every case. This reduced efficiency ranged from 38 to 7\. Hybrid RS 671 was the 
lesst efficient and MW X 8569 had the highest efficiency. Results indicate that 
this is a feasible method to screen for WUE. A technique of screening for seedling 
drought tolerance was also developed. Genotypes differed in ability to maintain 
photosynthesis when under stress in the seedling stage. 

Comparing tropically and temperate adapted hybrids under irrigation showed the 
tropically adapted types yielded 20\ more than the temperate types. Under dry land 
conditions the yield difference was only 6l. Greenhouse grown tropical hybrids 
showed continued carbon uptake when water stressed whereas the temperate hybrids 
did not. 

" \ 
\ 1 ' 
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FORMAT FOR INTSORMIL PROJECT SUMMARIES (Jan. 1982) 

Project Name: Grain sorghum and millet response to temperature rroject Number: XII UN 
Personnel: J. D. Eastin, C. Y. Sullivan, C. F. Francis, M. D. Clegg 
Overseas linkages: Students - S, Resident Scientists - RS 
Mexico: V. Gonzales and J. Gomez (S); V. Guiragossian (CIMMYT), A. Betancourt and 
E. Romo (R.S.). India: A Dhopte (S). ?hilippines: J. R. Santos (S). Egypt: A. 
Shehata, Fakri Fayed. 
Major objectives: 
1. Compare corn and sorghum responses to water-stress and temperature variables two 

locations. 
2. Evaluate sorghum grain yield responses to night temperature at two water levels. 
3. Evaluate water x temperature inte~actions on sorghum grain yield and yield 

components in growth rooms. 
4. Attempt clearer morphological definition of panicle development wh~n pistil and 

stamen primordia are forming and expanding to set the seed number component of yield. 
5. Evaluate temperature effects on root growth. 
6. Initiate experiments on mulch tillage effects on yield, soil temperature, root growth 

and evapotranspiration. 
7. Continue comparative sorghum-millet research. 
8. Continue drought screening work in Western Kansas and Western Nebraska. 
Significant recent findings: (1) Sorghum-corn comparisons relate to crop choices to 
be made in areas like portions of Kenya, Tanzania, Mexico, etc. Data trends for 1981 
were generally similar to previous years indicating water use efficiencies for sorghum 
are higher when conditions dictate yields below 5 to 6 T/ha. (2) Night temperature 
control field experiments at two water levels (Garden City, KS) were partially successful. 
A field water difference at floret differentiation (FD) + 7 days did not materialize 
and yield reduction due to night temperature differences were marginal (=l~~). However, 
water deficits during the second week following FD reduced grain number and yield. (3) 
Growth room tests in soil at 30, 35 and 40 C day temperatures (22 C night) showed 35 C 
to generally be most optimal with mod'st or no water stress. Elevating temperature to 
40 C reduced yields 18i. below maximum. Withholding water 6 days before FD until 3 days 
and 6 days after reduced yields 15 and 30% respectively at 35 C and 40 C compared to 
30 C giving an obvious water x temperature interaction. (4) Stress imposed yields 
reductions usually correlate with seed number reductions forced during floret develop
ment presumably from floret abortion or lack of floret formation. Xorphological develop
ment tracing was not successful in terms of distinguishing between formation and abortion 
problems but did yield outstanding detail on floret development. (5) Root elonga~ion 
rates from 18 C to 36 C ranged from 0.82 to 2.41 cm 1 day, respectively. Knowledge in 
this area needs to be expanded and correlated with root exploration depth in relation 
to water extraction potential i.1 conventional v~,. cooler mulched soils associated with 
reduced or no tillage. This could be particularly critical in high altitude, low rain
fall areas. (6) The practical e~d of combined I/ater-temperature effects on yield 
and yield-related functions (root growth, water impounding, evapotranspiration, etc.) 
is being studied at Sidney, Nebraska, a dry (about 400 mm) medium elevation (1300 M) 
area. The research approach initiated in 1981 included rotations and monocultures 
handled in conventional bare soil, sub tilled soil, and no tilled soil at several water 
levels. (7) Comparative sorghum-pearl millet research indicates millet has some 
yield-limiting developing problems but has some desirable photosynthesis and transpir
atjnn characteristics. Photosynthesis and trannpiration measurements show that the 
ratio ~, photosynthesis to transpiration (assimilation efficiency ratio) is about the 
same for sorghum and millet at 30 C but tends to increase up to 42 C for millet and 
decline for sorghum which may relate to its utility in very hot, dry environments. (8) 
Drought screening studies on Sl lines of 3 populations were initiated at Garden City, 
KS. Results will accumulate over the next several years. 

/ 



FORMAT FOR I NTSORHI L PROJECT SU~!t-t/\RI ES Jan. 14. 1982 

Pr~cct~.!l!!!£': Grain-Fitl Period in Sorghum Project Number: XIX-UN 3 ... _ ..... _- .' 

Personn~l: C. A. Francis. J. D. Eastin. M. D. Clegg, W. M. Ross 

(NOTE: Project fundin~ was discontinued July 1, 1981) 

Ove~_s 1 inkages: Pri'mary research activi ty conducted by graduate student from 
national sorghum program, Tanzania; other activities carried out by students 
from Sudan and US -- latter now with ICRISAT in India. 

Major objcctivc~: The overall objective of project UN 3 is to focus on the 
critical grain fill period in sorghum. Specific activities explore the 
'relative importance of rate of grain fill versus t'jme of grain fill, 
the genetic variation which exists for bQth rate ~nd.time of filling, and 
the effects of stress conditions on grain fill. Stated. objectives are: 
1. Explore exi·sting variation in grain fill period under a range of 

conditions and. relate. this .to other morphological and physiological 
characters. 

2. Develop new lines. and sour.ce._.pa.pu1a:::.i.ons with. modif.ied. grain fill 
periods and/or rates of fill. 

3. Test these ne\'I lines, hybrids and.popu1a.tions in a wide range of 
temperate and tropical zones-
Although funding for this specific project was discontinued in July 

1981, the major activities are continuing under the companion project 
UN 4. Most important among the continUing activities include selection 
of extremes in grain fill rates and times in lines and random mating 
populations, study of the effects of' stress conditions on grain fill and 
yield stability, and the testing of materials over environments. 

~n.ifJcant recen~JJ~&i~: 

Over a range in environments (48 sites in Nebraska and Kansas), there 
are striking differences in the grain fill period in a standard set of 
sorghum lines and hybrids. Conclusions from the work are specific to maturity 
groups. In early hybrids, there is a proportionately greater length of the 
total growth cycle spent in the fill period as compared to later hybrids. 
In early hybrids, there is a lower rate of grain fill (12.5 kg/ha/GDD) than in 
later hybrids (14.4 kg/ha/GDD). Within the early hybrid group, there is a 
highly significant positive correlation with length of GSl and GS2, and a 
highly significant negative correlation with length of the fill period when 
expressed in growing degree days. The opposite relation is true of late 
hybrids. There appears to be more variation in length of GS1 and GS2 than 
1n GS3, although sufficient variation exists to make genetic change. 

.l .! .. 



fORMT fOR I tlTSORMl L PROJECT SUH"lI\rU ES Jan. 14, 1982 

Project N~l11c: Adaptation and Yield Stability in Grain Sorghum froject tlumber: Xrr·bN 4 

Personnel: C. A. Francis. J. D. East~n and W. M. Ross 

(Note: Some activities of UN 3 are included.in this project after July 1.1981) 

Ove~~nkage~: Field testing of sorghum genotype x location and genotype x 
cropping system interactions is currently under way in Tanzania; principal 
research activities have been carried out by students who are now in 
Colombia, Tanzania 'and India, and one of whom will soon return to Pakistan. 

Major objectives: The global objective of this project is to explore the genetic 
and climatic factors which relate to adaptation and yield stability in 
sorghum;' Specific activities involve testing over locations, dates of 
planting, water levels, tillage systems and cropping systems to evaluate 
the interactions of genotype ,with each of these climatic and cultural 
variables •. Stated objectives of.the projact are: 
1. Study the adaptati,on and yie Id.stab.i1ity of a range-.of.grain sorghum 
lines and hybrids under varied climatic conditions. 
2. Determine which morpho.log.i.cal.and physiological traits are associated 
with stability of yield. 
3. Develop widely adapted.populati.ons.for use..as varieties and as a 
genetic source for extracting.1ines. 
4. Test widely adapted lines, hybrids and populations in a range of 
climates and cultural conditions in temperate and tropical zones. 

Several thesi~projects have 'been concluded which relate directly 
to adaptation and yield stability. Screening large numbers of materials 
for tolerance to extremes in temperature and moisture continues in the 
test locations, and sYhthesis of populations from the selected lines 
;s under'way in Sidney. In coopera'tion with KSU, testing of half-sib 
families of pe rl millet has been done in two locations in Nebraska. 
Specific tolerance to short season and cold temperatures is a breeding 
objective of this work in Western Nebraska, traits that could be useful 
in higher elevations where rainfall is limited in the tropics. 

Siqnificant recent findinns' --_._-------------
Specificity of adaptation to locations, planting dates and cultural 

'systems continue~ to present a unique challenge to breeders. Although seed 
number per m2 is the component of yield most closely related to yield per 
ha, it appears that seed siz~ may be the component most related to 
stability. Ih poor environments, all three'coffiponents (heads/m2, seeds/head, 
seed weight) are greater in stable than in unstable genotypes. Highe~ 
temperatires during GS2 reduced the GS2 period and gave fewer seeds/m . 
However, the reduced GS2 period lowered yields in unstable hybrids but not 
in stable hybrids. Tolerance to stress conditionsfn the expression of each 
yield compon'ent maYbe more important that compensation among them in 
reaching stability of yield. The relative time spent in each growth stage 
allo varies among maturity groups, and the route to increa ed yields by 
manipulation of this growth cycle appears to differ drastically between 
early and late hybrids. Although early hybrids are more efficient in 
grain production per GOD of total growth cycle, late hybrids appear to be 
more efficient per GOO in the. filling period. Further work needs to be done. 

http:range..of


PROJECT XII UN-S 

1981 INTSORMIL PROJECT SUMMARY 

Mineral Element Efficiencies and Tolerances in 
Sorghum and Millet 

Personnel: R.B. Clark, J.W. Maranvill~, W.M. Ross, and R.A. Olson 

Overseas Linkages: Dr. Clark is a cooperator on a project with Dr. N. Seetharama, 
ICRISAT, India; Team trips have been made to Egypt, Botswana, Sudan, Mali, Colombia, 
Mexico, and Philippines to engage cooperative research; Dr. Maranville will be going 
to the Philippines for a year, starting in June; Students are now being trained from 
Algeria, Philippines, Tanzania, Sudan, Nigeria, Colombia and Botswana, and recent 
students have returned to Egypt, Iraq, Tanzania, Yugoslavia, Turkey, India, Peru, 
Nigeria, and Brazil; Recent visits were made to Sri Lanka, Iraq, India (ICRISAT, 
Punjab Agric. Univ., and Lucknow Univ.) and Philippines (IRRI) for special symposia, 
consult~tions, ~nd to encourage cooperative research. 

Objectives: 1. Evaluate genotypic responses for efficiency and tolerance to up
take, translocation, distribution, a~cumulation, balance, and use of mineral elements 
of plants grown in high, normal, deficient, and toxic root environments; 2. Deter
mine the adaptability and stability of genotypes grown on soils with varied mineral 
stresses; 3. Determine effects of environment, production. and management condi
tions on uptake and usc of mineral clements; and 4. Determine the inlleritance of 
mineral element efficiency and toxicity tolerance traits. 

Significant Results: Relatively rapid and inexpensive methods for screening sorghum 
cenotypes for tolerance to mineral element deficiencies and toxicities in nutrient 
solutions have been developed and evaluated. Treatment variables that gave wide 
differences among genotypes were 10 mg ~/plant for low N; 2 mg Piliter for low P; 
12 mg Piliter or NO) as the source of N to induce Fe deficiency; and 4 mg Aliliter 
with 2 mg Piliter for toxic AI. Preliminary results indicate that the methods can 
also be used to screen sorghum genotypes for high a~low Mn tolerances. Diversity 
amona inbred lin~s ~nd Sl progenies of populations for low Nand P, Fe deficiency, 
and Al toxicity was sufficient to suggest tllat progress in the improvement of sorghum 
[or tolerance to these element stresses should be feasible. Parameters used to assess 
plant responses to these element traits were better defined. Plants exhibiting wide 
variations to these elements showed differences in element uptake rates, root phos
pllatase activities, distribution among plants parts, and concentrations and balances 
of interactin~ clements. Comparative results of lahor~tory and field screening 
pointed out that even though field responses were complex they were generally re
lated to laboratory results. In Al toxicity studies using nutrient solutions, concen
tration ot Al may be l~wer than those observed under field conditions and genotypes 
screened for Al toxicity in the laboratory may require several levels of Al and other 
soil acidity factors may require investigati0n (e.g. high Mn or Fe, low P or Zn) 
before close relationships are obtained. Initial inheritance studies indicated that 
Al tolerance depended more on the male parent than on the female parent and that 
various cytoplasms had little effect on inheritance. Inher~tance of Fe deficiency 
in sorghum may be more complex than that noted for dry beans which Ilad 2 major genes 
for dominance or recessiveness. For tile conversion of liquid (nutrient solutions 
alld plant digests) to solids for ~DXUF analysis, samples required passages through 
two ion exc!lange filter papers or two passages through the same paper to eliminate 
elements, except K, from solution. 



1981 INTSORMIL PROJECT REPORT 

Project Name: Nitrogen Uptake in Sorghum and Millet 

Project Number: XII UN-6 

Personnel: J. W. Maranville, R. B. Clark, C. A. Francis, J. D. Eastin 

Overseas Linkage: Approximately one-third of this project budget is used to 
support one graduate assistant from the Philippines. It is anticipated that 
Dr. Maranville will be spending one year in the Philippines working directly in 
mineral element efficiency improvement. Dr. Clark has laid some groundwork with 
scientists at IRRI and the UPLB for this project. Work is now being summarized 
for the millets for use by Dave Andrews in their program at ICRISAT with respect 
to nitrogen uptake and use. One student from Botswana who has recently arrived 
and one from Columbia will do their research on nitrogen. 

Objectives: 1. Identify sorghum and millet genotypes which are capable of pro
ducing high rates of growth and good quality grain under limited N fertility. 
2. Determine the physiological mechanisms whir.h allow genotypes to be N efficient 
in comparison to those which require substantial N fertility to produce adequately. 
3. Measure the interactions which occur in N metabolism and environmental param
eters such as light, temperature,' and water. 

Significant Findings: 

The magnitudes of nitrogen efficiency values for sorghum varied depending on the 
environment under which the samples were taken. Generally, field grown samples 
produced values markedly lowe!" than samples grown in nutrient solution under 
greenhouse conditions. Samples taken from soil pots in the greenhouse were also 
lIIuch higher than those from the field. In most instances, however, those found 
to be better in the field w~re also better in the greenhouse. Metabolic nitrogen 
efficiency values were much higher on less fertile soils or for unfertilized r.on
ditions. Sorghum apparently does a better job of remobilizing nitrogen for growth 
if less N is available. Yields, however, are sacrificed. New terms were intro
duced which places more emphasis on yield. In this case, nitrogen efficiences 
were higher for more fertile conditions. The new terms (utilization efficiences) 
appear to provide a better selection criteria than those previously proposed (meta
bolic efficiencies). Millets tested in 1981 (foxtail, proso, and pearl) were found 
to be less efficient in converting nitrogen to dry matter yields than sorghum. 
This was due to less total yield and higher concentrations of tissue nitrogen at 
harvest. Foxtail millet was slightly better in metabolic N efficiency than pearl, 
and considerably better than proso. However, when total yield was taken into account 
(utilization efficiency), pearl millet was markedly superior to the other millets, 
but still inferior to the better 50rghums. 



INTSORMIL PROJECT SUMMARY 

Project Name: Recurrent Selection in Sorghum Project Number: XII UN 7 

Personnel: W. M. Ross, C. O. Gardner. and C. A. Francis 

Overseas Linkages: 

Louis Mazhani. M.S. student, Botswana; A. B. Mohamed, Ph.D. student, Sudan; 
C. I. Flores, Ph.D. student. Philippines; and Dr. J. W. Maranville. who has 
applied for a visiting professorship at the Univ. of the Philippines-Los Banos. 

Major Objectives: 

1. Develop rando~mat1ng populations possessing attributes of high yield, 
desirable agronomic and physiologic traits, pest resistance, and grain 
quality. 

2. Apply recurrent selection techniques to populations; identify efficient 
breeding methods. 

3. Select useful germplasm from improved cycles of rec~rrent selection. 

4. Study enzyme genotypes in r~ndom-mating populations to: a) assess the 
amount of genetic variability, b) determine the extent of outcrossing in 
the mating system, and c) relate enzyme genotypes to yield increases, pest 
resistance, drought and heat tolerance, and other traits. 

Significant Recent Findin~~: 

Three types of family selection (half-sib, full-sib, and 51) are being evaluated 
in NPJR. CJ families were gro~~ in 1981 and will be retested in 1982. To date, 
51 progeny testing appears to be the most practical means of increasing yield. 
It also has been effective in increasing resistance to European corn borers in 
NPllBR through three cycles though gains have been only moderate due to the 
trait's complex inheritance. 51 progeny testing is being applied to improve 
mineral efficiency (AI toxicity) and disease resistance (anthracnose). Small mean 
differences in yield, height, and flowering were detected in facilies taken three years 
from the same base of NP16BR when tested over two years. Ample variation 
existed in each set of families, however, so as not to effect recurrent 
selection. Populations can be fruitful sources of inbred lines as illustrated 
by the fact that 10 R-lines each selected in Arizona and Nebraska from ~P3R 
produced higher yielding hybrids than 10 selected, ~ebraska-adapted, component 
R-lines of NPJR tested over four environments (4662, 4605, and 4421 kg/ha, 
respectively, fot Arizona, Nebraska, and component lines). 

First-year studies were grown in 1981, but data are not analyzed for the 
following experiments: a) mass selection for incre~sed seed size and increased 
yield 1n NP21R, b) evalua~ion of Sl progenies from NP20BR for grain qu~lity, c) 
evaluation of A-line X Sl progenies versus their respective Sl progenies in 
NP3R, and d) effect of family numbers on estimates of means and variance 
components using tllree family selection systems in NPJR. Preliminary investi
gations with Sl progenies from two other popuLltions suggest th<lt 120 folmilies 
fro~ a popUlation may be adequate for yield evaluation and retain adequate 
variability for genetic advances. 

Electrophoresis techniques knolJTl to be successful with maize w('re tried on 
sorghum with mostly ncg<ltivc results. Furth!!r modific~tions are neelled to 



FORMAT FOR INTSORMIL PROJECT SUMMARIES 

Project Name: 

Personnel: 

Overseas Linkages 

Project Number: XII UN 8 

Agricultural Climatology of Sorghum NU 8 

R. E. Neild, Principle Investigator 

Joanne Logan, Graduate Student 
M.S. The Agroclimatology of Gra'ln Sorghum 

Hybrids Adapted to the Great Plains. 

Ph.D. Phenology of Grain Sorghum as 
Related to its Potential in 
Cropping Sequences in the Tropics. 

Arnel Cardenas, Graduate Student 
M.S. Precipitation Probabilities as 

Related to Cropping Sequences 
Involving Sorghum, Millets and 
Other Crops in the Tropics. 

1. Philippine Council for Agricultural and Resource Research -
Arnel Cardenas. 

2. Tanzania - Collection of phenological data on grain sorghum 
and proso millet with - . 

Gaudens Mitawa, INTSORMIL Ph.D. Student. 
Charles Francis, Supervisor and Collaborator. 
Henry Leyna, Title XII Beans Ph.D. Student. 
Dermot Coyne, Supervisor and Collaborator. 

3. Columbia, Mexico, Dominican Republic - all tentative 
involving Joanne Logan. 



· Major Objectives: 

1. To describe the growing cycle of grain sorghum in terms of climatic 
requirements. Critical stages of plant development and critical 
levels of significant elements would be identified and discussed. 

2. To complete a comparative climatological analyses of sorghum 
growing seasons and regions in the United States and other 
developed countries. 

3. To characterize and categorize the climatic conditions in 
seasons and regions growing sorghum in developing countries 
throughout the world. Emphasis would be placed on identifying 
areas where sorghum is grown beyond the limits normally considered 
as suitable for strains adapted to the developed growing 
regions. 

4. Construct weather crop models to predict the development and yield 
of grain sorghum. 

Significant Recent Findings: 

1. Parameters have been developed to determine the expected 
time and precipitation associated with critical phenological 
stages and farming operations of grain sorghum in temperate 
and tropical regions. 

2. Computer pl~cedures have been developed to calculate daily 
temperatur~, growing degree day, precipitation and evapo
transpira on data from monthly climatic summaries. 

3. These parameters and daily climatic data are used to: 

a. Determine the time and length of growing season. 
b. Study the phenological response of different sorghum 

maturities at different planting times. 
c. Study the potential and most optimum position of sorghums 

and millets in cropping sequ~nces. 

4. A comparative analysis of sorghum growing seasons and regions 
in United States has been completed. 



FORMAT F.OR INTSORMIL PROJECT SU~~RIES 

Project Name: Sorghum Virus and Stalk Rot Diseases Project Number: XII UN 10 

Personnel: Dr. S. Jensen 

Overseas linkages: 
Domestic linkages are with workers in Nebraska and Texas and internationally with cooperation 
from ICRISAT and CYKMIT. Correspondence is active wit~ both areaa. Visitation was made to 
CYMMIT to participate in the sorghum disease shortcourse and cooperative training in plant 
pathology is being started with three African students at the University of Nebraska. 

MaJOr ODJectlves: 

1. Describe the host genotypes that control the reaction of Rorghulll 
and millet to the major strains of sorghum viruses. 

2. Identify the different genes and the potential breeding lines 
that can be used to impart resistance to the major. strains of 
sorghum viruses. 

3. Determine genetic linkages between genes for resistance to theBe 
sorghum viruses. 

Significant recent findings: 

This project was just initiated in mid-1981 so no great amount of work has yet been completed. 
A technician was hired in October so progress has been more rapid since then. Initial emphasis 
is being placed on the reaction of sorghum to strain B (8 non-johnsongrass strain) of HDMV 
since some work is being done on johnsongrass strains in Australia in addition to the work in 
Texas. Several collections of germplasm have been tested and of 157 lines and hybrids 128 
developed mosaic symptc;ns, 47 red stripe symptoms and after chilling 55 produced red leaf 
symptoms. The hybrid Asgrow Bugo£f, which is an excellent diagnostic sorghum for the 
identification of HDHV-B, was sclfed. The progeny are segregating into at least 5 to 6 classes 
where the hybrid shows only one reaction type-mosaic turning to red leaf upon chilling. It 
appears that small red fleck or streak symptoms are characteristic of anything d;,cived from 
Combine Kafir. Rcactions to HDMV-D resemble those described for the johnsongrass strains but 
must be controlled by different genes or alleles since some lines reac~ differentially to the 
two virus strains. 



Project Name: 
Personnel: 

Activity 1: 

Objectives: 

Significant Findings: 
1982 Plan: 

Activity 2: 
Objectives: 

Significant Findings: 
1982 Plan: 

Activit! 3: 
Objective: 

Signficant Findings: 
1982 Plan: 

Activit! 4: 

Objective: 

Significant Findings: 

1982 Plan: 
Proposed New Activities 

Firm: 

Tentative: 

January 13, 1982 

Project Number: XII PRF.1 
Socioeconomics of ·the. Production and Marketing of Sorghum/Millet 
W.K.M. Morris, Lee F. Schrader, Mahlon G. Lang, Marshall Martin, 
Tom Whitney, Robert Wilson - Purdue University 
Overseas linkages: USAID Pes t Management Proj ec t Sene~;al/ Gambia, 
and Gambia Department of Agriculture. 
Develop a methodology for evaluation of c/b of chemical treatment 
of pests in West Africa and provide c/b estimates to Goe and USAlD. 
Thesis expected 6y April 1982. ' 
Will be te~inated. 
Overseas linkage: Farming Systems Unit, SAFGRAD, U,lper Volta. 
1) Describe structure of a village to city marketing system; 
2) Evaluate efficiency of grain marketing system; 3) Describe 
information transfer in grain mar'keting system; and 4) Quality 
intra-market and inter-market price variation. 
Survey in progress. 
Complete first survey and analyse it. 
NQ overseas linkage 
To develop a manual on the methodology for conduct and prompt 
analysis of baseline farming syste~~ surveys in subSaharan 
Africa and provide the information to FSR projects. 
Manuscript typed in first draft. 
Continue to develop the methodology of analysis with micro
computers in the fi~ld. 
Overseas linkage: C. Raynaut, University of Bordeaux and IN RAN , 
Niamey. . 
Minor support to analysis of a farming systems study with a history 
of change, in a sorghum/millet area of Niger. 
The report, "Recherches Mulcidisciplinaires sur la Region de Maradi 
(Niger): Rapport de Synthese," C. L. Raynaut, University of Bordeau: 
II, Oct., 1980 (actually appeared in 1981). This forms a point of 
departure for the FSR of USAID Niger Cereals Project (starting in 
spring 1982). 
Activity terminated. 

for 1982/3 
tal tlith SC!1IVAC in the USAID Casamance (Senegal) Development 
Project to seek the constraints to increasing sorghum/millet 
production on small farms in a 100D-1200 mm rainfall zone. Two 
junior economists will participate. INTSORMIL funded activity 
w·ill be in analysis of the data. 
(blReopen the subSaharan Africa agricultural document collection, 
with help of other project funds at Purdue. 
(c) Awaiting an opportunity to collaborate with other INTSORMIL 
institutions in the Sudan. . 
(d) Seeking an opportunity to collaborate with the Carlsburg 
Foundation (Copenhagen) in the introduction of a small industrial 
sorghum mill or mills in West Africa to see if this can increase 
the urban consumption of sorghum at the expense of imported rice 
or wheat. 

, . 
" " 
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SOCIOECONOMICS OF THE PRODUCTION AND MARKETING 

OF SORGHUz.f!MILLET 

Purdue University 

Our activities of choice are performed abroad or using data from abroad. 

Robert Wilson is expected to finish his thesis on pest management economics 

in the Gambia by April i982. His data are ceing used in a linear programming 

model to estimate the benefits from use of seed dressings on millet and peanuts 

and fungicide spray on peanuts in a millet, sorghum, peanuts, rice production 

system (with small areas of maize and digitaria). 

A study of sorghum and millet markets and prices in Upper Volta is now 

underway with the Farming Systems Unit of SAFGRAD. Thi~ study is designed to 

describe and evaluate the structure of the village market and its links to the 

urban market and to estimate the price differentials attributable to different 

qualities of the grain. Dr. Lang will spend two years with the unit in Upper 

Volta which will lead to the intensification of this research (probably using 

Farming Systems Unit Funds). 

B~sed upon the Purdue West African research in Mali, Senegal and Upper 

Volta, Tom Whitney has prepared a manual on the methodology for conduct of 

baseline farming systems research surveys and their analysis. 

Minor support was given to Claude Raynaut, anthropologist, of the University 

of Bordea~~ to help in the analysis of the data on the french National Science 

Foundation (CNRS) on combatting the effects of drought in West Africa. This 

research in the Maradi region of Niger, in collabor~tion with the Agricultural 

Research Organization of Niger, is in the area of millet, sorghum, cowpea, 

and peanut production with an average rainfall of 5-600 mm. Millet and 

peanuts arc ceasing to be the dominant cash crop in the arca, with the millet 

being consumed and cOWFeas replacing pcanut9. The rcsults of this work will 
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form a basis for departure for the Farming Systems Research by Purdue based 

on the Tarna station, Maradi for the USAID Niger Cereals Research. 

It is proposed to collahorate with the USAID Casamance (Senegal) Agricultural 

Development Project in a 1000 mm and over. The collaboration will enable us to 

study the constraints to increased sorghum/millet producti,on in this region. The 

work will be done wit~ SOMIVAC (the. local development organization) with our 

providing the methodology and instruction and paying part 'of the costs of 

analysis especially the part beyond the needs of SOMIVAC. 

There is discussion on the best way to maintain and improve our West African 

document collection, currently closed due to lack of funds. It is expected that 

the projects witb need to use the documents will contribute to maintenance of 

the collection. 

There has been discussion on our collaboration in the Sudan and, if 

we could see ways to do this, wa would be glad to do so. 

One of the possible ways to increase sorghum consumption in subSaharan 

Africa is to prepare a stable, high quality sorghum flour in an industrial 

mill. eIDA and the Carlsburg Foundation are working on this in two different 

types of system. We are interested to attempt to catalyse setting up one of 

the Carlsburg system mills in Ouagadougou or Niamey and to see if the flour 

produced could substitute for imported rice or wheat (as bread). Historically 

there is a decline in per capita millet/sorghum production and consumption and 

a marked increase in the consumption of imported rice and wheat. 



Project Number: XII PRF 2 

Project Name: Studies on Mechanisms of Di~ease Resistance and Susceptibility 
and Screening for Improved Resistance to Fungal Pathogens 
with Emphallis on Coll~totri~'hllm grllminicola (AnthrlJcnolle) 

Personne 1: Herman L. Warren 

Overseas linkages: Egypt 

Major objectives: 

a. 

b. 
c. 

d. 

To increase the diversity of resistance to Colletotrichum graminicola 
by assaying the World Sorghum collections and develop methods of 
incorporating this resistance into agronomically adaptable lines. 
To examine the inheritance of resillt.1llce to C. graminicola. 
To determine the effect of anthracnose on nutritional and mineral 
composition of stover and grain. 
To study the influence of seed and soil micro flora on seedling 
emergence, vigor and disease development. 

~i~nificant recent findingll: 

Twenty-six sorghum cultivars were tested in the field for resistance to 
Colletotricl.um graminicoJ.a, the causal agent of anthracnose. Of the 26 
cultivars evaluated, 5 were hypersensitively resistant to leaf blight end also 
resistant to the head blight phase of anthracnose, however, only 1 were. 
resistant to all phases of anthracnose, including peduncle infection. One line 
(IS 0466) p.xhibitt!d a' susceptible reaction hilt had a reduced nllmber of lesions 
per plant which indicate a source of polygenic resistance. The inheritance of 
resistance will be determined for these resistnnt cultivars. 

Leaf resistance was ~hown to be controlled hy a single completely dominant 
gene in 954206, while at least two completely dominant, independt:nt f;enes were 
present in IS 9569. It was found that the genetic hackgrown of each parent 
apparently modified the level of leaf susceptibility of its progeny. 

In another ~tlldy, 23 cultivars were comp.Hf'!d in the fielct for the effect of 
seed treatment on seedling emergence, seedling hlight and grain yield. The 
effect of seed treatment on the percent emergence and blighted seedlings were 
significant for infected vs non-infecr:ed seeds, seed treatment vs no seed 
treatment and among cultivars. The effect of seed treatment on grain yield was 
significant only for infected vs non-infectt!d set!d ,1mong cultivars. 

Survival of Colletotrichllm graminicolll on Sorghum Kernels. Colletotrichum 
graminicola survive on sorghum grain for l6 months .1t 4 :.nd 24 C. Naturally 
infected kernels were plated on oatmeal agar and the percentage of infected 
kernels obtained. Some lines had up to 507. infected kerneL.'!. Infected seeds 
were planted in the grecnhousf'! ~t 24 C. PLant emergence ~nd seedling blight 
ratings were made lO, 20 and )0 days after planting. There were significant 
Jifferences for re~istance Lo seedling blight. 



Project Number: XII PRF 3 
INISORMIL ANNUAL REPORT - 1aaa 

PROJECT~: Development of Agronomically 
Varieti es, Hybri ds and Popu lati ons whi ch have 
Good "Evident" Grain Quality for Utilization in 

PERSONNEL: Allen W. Kirleis and John D. Axtall , 
OVERSEAS LINKAGES: 

Niger Director General INRAN, Mr. Moussa Saley 

Superior Germplasm Including 
Improved Nutritional Value snd 
Developing Countries 

Project Diractor Niger Cereels Project, Mr. Mohamene Salifou 
Sudan - Food Research Centar, Khartoum, Dr. Badi, Ms. Laila Monawar 
Sudan - ICRISAT/Sudan Program, Dr. Gebi sa EJ eta 
Egypt - EMCIP/Dr. Khorshid, Dr. Ahmed Hassen Ali, Dr. Fakhry Fayad 
ICRISAT/CIMMYT Sorghum Project - Dr. Vartan Guiregossian 
CIAT - Dr. Douglas Laing 

MAJOR OBJECTIVES: 
1. Determine how sorghum is processed, prepared into food end consumed, under 

actual LDC conditionp-o 
2. Devise standard procedures for prepering treditionel village foods made 

\'lith sorghum and usa them to develop simple screening tasts for use in braeding 
programs to predict grain food quality. 

3. Conduct basic studies to detarmine what components in sorghum are related 
to the functional characteristics that constitute food quality. 

4. Identify, develop and evaluate sorghum linas or mutants with improved 
nutritional quality and superior food grain quality using both chemical and 
biological methodS. 

5. Investigata the potential for developing varietias of sorghum with high 
nutritional value and good food properties for potential use as nutritional foods 
for·young children, pregnant women and nursing mothers. 

6. Train LDC parsonnel in chereal Chemistry and plent breeding research. 
SIGNIFICANT RECENT FINDINGS: 
~ Hardness Tests 

Comparison of a number of mathods for measuring sorghum grain hardness showed 
that tha particle size index ",as a sensitive measure of the physiocomechanical 
properties of sor~hum related to grain hardnass. Other methods usad to evaluate 
grain hardness (% vitreousness and kernel dansity) renkad the sorghum cultivars in 
an order similar to particle size index, but these indices were less sensitive and 
more time consuming. Tha % floaters method had about the same sensitivity as tha 
% vitreousness or kernel density t~sts and required much lass time. We feel that 
the floaters tast is a simple and relieble procedure that could be uaed by plant 
breodars when screening for grain hardnoss. 

Tho poarling index parameter was somewhat less sensitive than tho particle 
siza index paremeter for measuring grain hardness. In addition the pearling index 
parameter was influenced by kernel size. That is sorghum grain with large kernol 
size had a lower pearling index as compared to grain with small karnols, givan tha 
same endosperm hardness. 

Percant kaf1rin of protein, a chemical peremeter that has baen suggested as a 
meens of measuring grain hardness, was poorly corralatad with all other hardness 
measurements investigated. 
~ CQnsiste~ Measure"~ 

As wi th most foods, textura of cookad sorghum grue la or porri dgea has bean 
identifiod ao an important factar in tho consumer accaptance of traditionaL fooda 
mode with sorghum. F':lr examplo, in Wast Africa, Ta (a thick porridge preparad 
from sorghum or millet flour and watar) i 0 consumod by hand, and 00 such roqu1 res 
that tho texture of the product ba sti ff enough to unab lo ona to scoop portionD 
with tho fingers but not stick to tha fingers or toeth. Wa havo dovelopod a 
simplo and inexpensive tOGt coll which can bo used on an Inotron food testing 
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machine for making quentitative gel consistsncy meeSuremsnts on sorghum or millet 
gruels. Our gel consistency work hes shown less vitreous sorghum, with e soft 
erldosperm texture, produce a gal or gruel which is quite sticky. Wheralls, 
vitreous sorghums produce a gel which is quite firm. The edvantages of our tast 
call ovar other typas used for stickiness testing are: 1. it requires only 10 g 
of sorghum flour psr test; 2. it has a large surfsce erea compared to other 
adhension test cells thus, meking it more sensitive; 3. it is e very lite weight 
test cell thus, it requires less "zero compenslltion" which allows the use of 8 

more sensi tive llled cell; and 4. it is extremely inexpsnsive (costing less then 
$5.00) and can assiLy be constructsd in the laboratory. 
Sudanese EQQ& ~ Nursery Eyalyation 

In 1980 work plans were developed and mutually egreed upon by the Agricultural 
Research Corporation (ARC) of the Democratic Rapublic of Sudan and INTSORMIL Title 
XII to initiate a project to define the chemical, phySical, and phySicochemical 
perametars thet would characterize sorghum "grain food quality." In this 
cooperetive project entries from Dr. G. Ejata's (ICRISAT-5uden) food grain nursery 
were to be evaluated for their milling and k'!sra (Sudanese staple sorghum food) 
making quality by Dr. S.M. 8adi (ARC Food Research Centre, Khertoum North, Sudan). 

The chemical, phYSical, and physicochemical properties of these same semples were 
to be evaluated by INTSORMIL scientists. Twenty-one entries from the 1980 crop 
sorghum food grein nursery have been tested for: thousand kernel weight, % 
floaters, kafirin protein content, water soluble protein, soluble sugars, ash, 
protein fat, gel stickiness, alkali digestibility, and cooked gel consistency. 
However, the milling and kisra quality evaluetions have not yet been completed. 
Thus, reletionships between chemical, physical, and physicochamical properties and 
quality characteristics can not bo determined at this time. 
lli..Lci II P-721 Derived ~ 

A replicated yield trial of 35 high lYSine opeque sorghum lines derived from 
mutant P-721 in comparison with 11 elite normal lines at two locations in Indiana 
has been completed. The mean grain yield of the three best high lysine opaque 
lines was 8,285 Kg/ha versus 8,348 Kg/ha for the three best normal lines. Mean 
protein and lysine contents of the opeque and normel lines was 8.88 versus 8.62 
percent protein and 2.99 versus 1.94 percent lysine, respactively. 
Sorghum P~lll DigestibiLity 

In vitro protein digestibi lity values for e fermanted Sudanese infant food 
called Nasha were significantly higher than unfermented foods prepared from cooked 
sorghum flour. Standardized procedures for the preparation of Nasha were 
developed for utilization by nutritionists at Johns Hapkins in feeding experiments 
to be conducted at the Nutrition Research Institute in Lima, Peru. Purdue will 
supply the sorghum flour and prepere a drum-dried Nasho for tho experiments in 
Peru. Also, Il decorticated, extruded sorghum product has been shown to retain 
high protein digost,ibility IN VITRO end preliminery IN VIVO results look 
promising. 
Trajning Programs 
Ms. Laile Monawer - Food Research Center, Khartoum, Sudan 
Mr. Osmen Ibrahim - Agricultural Reseorch Cooperation, Sudan 
Mrs. Glorie Cogempang - Phillipinos 
Mr. :mmanuol ~~nyo - Tenzania Sorghum Project - A.R.I. Ilongn 
Mr. 50ni Lubinza - Tanzania Sorchum Project - A.A.I. Ilonga 
Mr. Lorrie Kitch - Nigor Careals ~roject, Kola, Niger 



FORMAT 'FOR INTSORMIL PROJECT SUMMARIES 

Project Name: Enhancement of High-Tannin'Sorghum Utilization 

Personne 1 : Dr. Larry Butler, Professor of Biochemistry 
Thomas Asquith, Graduate Student 

Project Number: XII PRF 4 

Christine Izuno, Technician (not paid by INTSORMIL) 

Overseas linkaQes: Characterization of High T~nnin (Bird-Resistant) Sorghums: 
This is done on an informal basis with LDC scientists (e.g. John Scheuring, 

Mali, ICRISAT), with INTSORMIL colleagues (Rooney and Teetes, Texas A & M; 
Futrell, Mississippi State; Hoseney, Kansas State; etc.) and with other U.S. 
institutions working LDCs (e.g. Bullard of the U.S. Dept. of Interior, working on 
bird control in western Africa). We have a more formal agreement to collaborate 
with Drs. Jambunathan and Subramanian of ICRISAT, Hyderabad. 

Major Objectives: Our overall objective is to minimize the antinutritional effects 
of tannin in high-tannin sorghums, while maintaining or enhancing the agronomic 
benefits of the tannins. Our specific objectives are: 1) To elucidate the chemical 
mechanisms by which tannins and related polyphenols exert their antinutritiona1 
effects; 2) To develop simple processing techniques which eliminate the antinutritional 
effects of sorghum polypheno1s, and to integrate them into traditional methods of 
sorghum food preparation; 3) To elucidate the metabolic pathways by which polyphenols 
are deposited in sorghum seed, and to learn how to manipulate them by altering 
growth conditions and cultural practices to minimize bird damage and maximize 
nutritional quality; and 4) To characterize the chemical basis for the role of 
sorghum polyphenols in disease and insect resistance, and stress tolerance. 

5; n;ficant recent find;n s: We have found that the level of tannin (flavan-3-ol 
polymers in developing grain is somewhat lower than previously noted. Most 
f1avan-3-o1s are present as monomers and possibly dimers, and are polymerized to 
tannins when the seed is dried as it matures on the plant, or when immature seed is 
removed for analysis. This finding raises the possibility that flavan-3-o1 monomers 
and dimers, as well as tannin polymers, may contribute to bird resistance. He have 
discovered a previously unreported flavan-4-01 monomer present in the seed and in 
leaf tissue of about 1/3 of the sorghum lines examined. We have tentatively 
identified this naterial as apiforol, and have elucidated its unique chemical properties 
(it is converted to the anthocyanidin pigment apigenidin und~r extremely mild 
conditions) and metabolic properties (it appears to be converted to another as yet 
unidentified flavan-4-ol as a result of infection or stress of the plant). He have 
found mild conditions where high-tannin sorghum is "detoxified" within a few hours. 
We are characteri;:ill~ Group II type tannin, and find that in some respectis it 
differs drastically from conventional (Group III) tannin. 



FORMAT' FOR INTSORMIL PROJECT SUMMARIES 

Project Name: Enhancement of High Tannin Sorghum Utilization 

Personnel: Dr. John C. Rogle~, Professcr of Animal Sciences 
Hector Rodriguez, Graduate Student 
David Sell, Grlduate Student 
Fred Coker, Technician 

Overseas linkages: 

Project Number: XII PRF 4 

Mr. Hector Rodriguez, mentioned above, is from the Universidade National del Sur 
in Argentina. Also, contact has been made with Dr. Horacio Rostagno of the Universidade 
Federal de Vicosa in Brazil concerning the possibility of a visit to Purdue to discuss 
~ta%f'b~~~'t1:i\r~1e:arch in the area of antinutritional effects of tannins. 

The primary objectives of this portion of the project deal with the determination 
of the mode of action by which sorghum tannins exert their antinutritional effects and 
various means uf overcoming or minimizing ~hese effects; 

Significant recent findings: Major findings can be summarized as follows: 
(1) Germination ot sorghum grain for 5 days had little effect on the tannin content of 
high tannin sorghum (HTS) and resulted in reduced growth rate of rats fed either HTS 
or low tannin sorghum, presumably due to mold production. (2) Wetting of HTS with 
O.l~ ammonium hydroxide for 12 hours reduced the assayable tannin dramatically and 
improved growth rate of chicks up to a level equal to that of chicks fed LTS similarly 
treated. These results agree with our previous findings on detoxification of HTS with 
ammonia, but much lower concentrations of ammonia were used for a shorter period of 
time in the present study. (3) Increasing the nitrogen content of a low protein diet 
by adding a mixture of crystalline amino acids improved growth rate, but increased the 
difference between HT and LTS. This is in contrast to increasing the dietary nitrogen 
content with intact protein which reduces or overcomes the detrimental effects of 
tannins and suggests that the main effect or protein addition involves a complexing of 
tannin with the added protein. (4) Although tannins could not be detected in the 
blood of chicks fed HT5, the activity of an en;:yme known to deto:<ify phenolic 
compounds (UDP-glu~uronyl transferase) was higher in the livers of HTS-fed chicks as 
compared with those fed LTS, which suggests that tannins, or their monomers, arc 
absorbed and enciucing this enzyme system, (5) Approximately 500 slides of intestinal 
tissues (esophagus, duodenum and colon) from chicks and rats fed HTS and LTS have been 
prepLlrcu LInd are c'lrt'cntly being cvaluated [or [1ossible histological ano!nalie!J caused ,,) 
by tannins, IIJ " 



· INTSORMIL - COORDINATED RESEARCH SUPPORT PROGRAM - CRAIN SORGIIUM/PEARL MILLET 
Purdue University Project No. XII PRFS 

Project N~me: Pricing. Policy and International Trade Constraints on Sorghum and Millet 
Production and Utilization in Developing Countries 

Personnel: Robere L. Thompson, Philip C. Abbott. Associate Professors; David Bieber 
and Michael Roth. Graduate Students 

Overseas Linkages: Thompson participated in INTSO~~IL team visit to the Philipplnes 
(March 1981). Discussions are in progress with IFPRI/ICRISAT/IRAT to collaborate on 
their proposed project on "The Economics of Coarse Grains in Millet/Sorghum Areas of 
West Africa: Case ~tudies and Policy Issues." The Purdue Agricultural Economics Dept. 
is involved in development assistance projects in Upper Volta, Niger and the Ivory Coast. 
through which linkages exist to researchers in those countries. Abbott and Bieber will 
go to Upper Volta, Niger and. Ivory Coast to collect data and establish more direct link
ages as soon as approvals are received. Thompson plans an African trip with similar ob
jectives in May-June 1982; Roth plans to collect dissertation data overseas if an ap
propriate situation can be identified beginning iIl mid- to late-1982. 

Major Objectives: In selected low income cour.ries where sorghum and millet production 
are import~nt: (1) To document and describe recent trends in 
the rol~ of sorghum and millet in cereals production, consumption, and trade and to re
late changes in imports of various c.ereals to changes in sorghum and millet production 
and consumption; (2) Evaluate the f:echnical and socio-economic substitution possibili
ties among cereals in both productic,n and consumption to provide a basis for evaluating 
the effects of policy-induced price distortions; (3) To update documentation of the aid, 
trade and domestic policies and employ effective rates of protection and sector model
ing to draw implications for sorghum and millet production and use and for adoption of 
improved technologies; (4) Through collaboration, to train developing country analysts 
to carryon this type of research, and, later in the project) in countries where in-depth 
analysis has been carried out, to work with government officials in designing more effi
cient means of attHining the same ends. 

Significant Research ;~ndings: This project, which began in mid-198l, has no definitive 
findings to report as yet. Progress on the various objectives is reported here. ~ost 
data needed to accomplish objective (1) has been assembled, and it is expected that this 
objective will be satisfied by the end of year 1. Review of relevant literature on 
sorghum/millet economics, including evidence on substitution possibilities and on West 
African agricultural policy D' .lyses is in progress. Alternative conc~ptual frameworks 
for evaluatin~ the effects of trade and agriculturaJ policy, including food aid and 
food security strategies, on sorghum/millet production and consumptic' in West Africa 
are now being evaluated. Research to date indicates that several West African coun
tries have adopted policies which serve ~s disincentives to sorghum and millet produc
tion and which heavily tax agriculture. If current trends continue, such policies 
could lead to disastrous outcomes in the future as the need for food imports increases 
if export earnings are stagnant. Food aid donated in the current policy environ~ent 
nay exacerbate these problems, as further disincentives to production and technological 
:hange are introduced. 

Two thesis research topics are evolving within chis context which will contribute 
:0 objective (3), and peripherally to objectl.ve (2). The first (Bieber'!;) .... ill e::lploy 
ltochastic simulation to evaluat~ the effects of alternative price, ~torage, and import 
)olicies on sorghum/millet production and consumption, Jnd hence on food security, for 
)n~ or ~ore West African countries. Thi~ .... ill extend previous work by including the 
!£fects of on-far::l storage and m:trketed ~urplu5 respon:.e, whlle recogni~ing that: these 
:rops are less than perfect substil:utes for other cerea!!;. The other the!li!> (Roth's) I 

Ihich is in the problem iefinition stage, will lik~ly address long-run implications for 
:cchnology adoption and growth in sorghum/millet production of current agricultural, 
:radc and aid poliri~~. 



PROJECT NAME: 

PROJECT LEADER: 

INT~ORHIL PROJECT SUMMARY - 1981-82 

Breeding for Productivity 

F.R. MILLER 

PROJECT PERSONNEL: W.J. JORDAN, P. MORGAN, and R. CREELMAN 

PROJECT NO. TX-21 

Graduate students: N. Ochanda (Kenya), S. Da (U. Volta), A. Abdalla (Sudan), L. 
Tr~ore (Mali), A. Valdes and P. Jasa (Mexico), H. Saadan (Tanzania), L. Smith 
(Texas), J. Mann (Colorado/Tanzania), J. Raab (Indianna), B. McIntyre (Canada)," 
Anne Alegre (France), R. Monk (Texas). Y. Kebede (Ethiopia) and J. Pao (Tawian). 

OVf.RSEAS LINKAGES: Positive interaction and cooperation has been established with co-workers 
ir. Mexico, Salvador, Honduras, Mali, U. Volta, Tanzania, Ethiopia, and ICRISAT. F2 and other 
early germination breeding materials as well as trials of advanced hybrids and a broad ar
ray of experimental lines and hybrids possessing high yield capability and agronomic de
sirability were provided to programs in the above mentioned countries and others. A clearer 
understanding of which materials from among our elite lines that express high yield poten
tials i~ diverse environments is evolving. The 'Sorghum in the Eighties' meetings spon
sored by ICRISAT-INTSORMIL was successful in demonstrating cooperation beeween breeders 
and food scientists. Breeding for specific characteristics identified from the International 
Food Quality Trials (IFQT) ~ill reduce many errors in selection programs where the end pro
duct goes into traditional sorghum foods. The de\elopment and use of color prints describing 
major pericarp genes and their effects will permit breeders and food scientists all to relate 
to specific genotypes. 

An INTSORMIL funded breeder was placed in Honduras to work on the incorporation of 
food quality and high productivity for that country and to spread breedin~ material through
out Latin America. Exchange of breeding materials from a country-to-country rolling se
lection program has begun. Over )500 F5 selections from Guatamala have been returned and 
450 F) selections iram Mexico will be evaluated in food quality, disease/insect and adapta
tion nurseries in Texas. 

As soon as word came that additional zerazeras from Gambella had been collected by 
[CRISAT, Ethiopia and Sudan workers these important materials were obtained for conversion. 
Seventeen graduate 9tudents (12 international) have been strongly involved in the program 
with projects relating to sorghum productivity beneficial to the international situation. 
These people will likely be our great~~~ contribution to developing agriculture. 

MAJOR OBJECTIVES: 
1. Develop sorghums with wide adaptation and stable yields. 
2. Determine effects of photoperiod and especially temperature on growth and development 

as related to productivity. 
3. Det~rmine the relationship between yield and photosynthetic activity. 
4. Assessment and utilization of physiological measures of drought resistance to improve 

sorghum. 

SIG~IFICANT RECE~T FINDINGS: Sorghums possessing high potential have been identified from 
plantings acros~ USA, Mexico. Latin America, South America and parts of Africa. Numbers of 
seeds/panicle are most sensitive to environmental stresses and only maximum stresses af
fect seed size. Selection for high numbers of kernels/panicle is extremely critical in 
local breeJinR programs. Tropically adapted (TA) types with high yield potential have 
proven superior in Mali, U. Volta, Su~an, Ethiopia, as well as Central and South America. 
C0rrections in food quality characteristics and some disease properties remain. When hy
briJs go in Sudan ATx62J, etc. will be the female used. The ~ame is true for many 
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other tropical areas. White seeded, tan plant color breeding lines (~4000 selections) were 
selectea from populations evaluated for t& quality. NaOH screening has shown that de
sirable tortilla color can be selected on plants possessing ~or~. Using an elite 
food type population, combining critical disease screening locations, and the rolling 
selection process, a program of combining all these traits with high yield and adaptation 
in Texas (2 locations), Georgia, Puerto Rico, Honduras and Mexico has been developed and 
initiated. Ger:::mplasm previously identified as superior, zerazera (class 39-1), was col
lected in Gambella, Ethiopia and immediately put into the productivity breeding program 
(67 items). Materials from China (89 items) have been found to be extremely susceptible 
to downy mildew even though cold tolerant. Epicuticular wax (EW) loads increase in re
sponse to water stress. Lines with high or low EW across environments have been identi
fied. Behavior of high and low EW in hybrid combination suggests genetic improvement in 
high EW. These materials behave similari.ly in Texas. Latin America and Mali. Lines 
with high heat (HT) or desiccatio~ tolerance (DT) have been identified. Cultivar rankings 
for these two traits suggest these evaluations represent independent estimates of stress 
tol~rance. Selections have been made based on HT and DT evaluations. Sorghums selected 
with base temperatures (BMT) above 10.SC perform well in the temperate zone and those 
below IO.5C BM! perform best in Mexico and South Texas. Hormone balance which affects 
leaf form, floral initiation date and yeild also makes plants early or essentially pnoto
period insensitive. These same genes are affected by night temperatures. Post-flower
ing drought resisrance in a nonsenescing (NS) line suggested consistently lower trans
piration rate, stomatal conductance and leaf temperature (both senescent (S) and NS lines 
grown in same lysin~ters). Leaf water potentials of NS line was higher (by 1-2 bars) 
under similar stress conditions. Stomatal ~onductance in NS line less readily reduced by 
leaf water pot~tial losses suggesting involvement of osmotic adjustment. Longer leaf 
area duration and post flowering increases in stem sugar concentrations suggest greater 
photosynthetic ga:.ns in the NS line under similar conditions. 



. PROJECT NAME: Breeding for Disease and Drought Resistance PROJECT NUMBER: TAM-22 
and Increased Genetic Diversity 

PROJECT LEADEH: D. T. Rosenow 

PERSONNEL: L. E. Clark, K. F. Schertz, Roberta H. Smith, C. W. Wendt (Investigators) 
C. A. Woodfin, A. J. Hamburger (Research Associates), Shanna1ya· 
Bhaskaryn (India) (Post Doc.), N. Ochanda (Kenya), (Grad. Student). 

OVERSEAS LINKAGES: 

Major collaborative efforts exist with Mexico (disease and drought), Honduras 
(disease), Sudan (drought and disease), ~a1i (dro~ght) and Egypt (drought). These 
involve germp1asm exchange, on site disease and/or drought evalUation, visits by 
INTSORMIL scientists with evaluation of material, and discussion and development of 
screening and selection techniques. Other countries where major shipments of 
sorghum ~ermplasm was sent for evaluation and use include Niger (disease), Phi1-
ippiries (disease), Colombia (disease), Brazil (disease and drought), Venezuela 
(disease!, Argentina, Mauritania (variety use), and Somalia (hybrid and variety 
use). INTSORMIL developed sorghums were identified with high levels of drought 
tolerance in Sudan. These, along with dfsease resistant types identified in sev
eral countries should contribute to the development of improved locally adopted 
sorghums through breeding. A cooperative study with ICRISAT has been started to 
identify parents for use with new cytoplasmic sterility systems. This will promote 
the development thro~gh breeding of more diverse and productive hybrids. 

Rosenow.served as team leader for the initial INTSORMIL visit to Mexico, which 
initiated the development of a Memorandum of Agreement with INIA which now lacks 
only a signature. He also was a member of the INTSORMIL t~am which in the Fall of 
1981 resulted in two signed Memorandum of Agreements in Sudan. He worked on colla
boration with breeders with prirnary emphasis on germplasm eych",ilgr. and drought 
tolerance. This was followed up by a return visit in November, 1982, with a de
tailed look at INTSORMIL and Sudanese materials at four major sorghum nursery 
sites, and d~velopment of plans for future collaborative efforts on breeding and 
drou~ht selection techniques. Rosenow also evaluated sorghum germp1asm in Mali, 
part cipated in and presented papers at the Sorghum Disease Shortcourse for Latin 
Ame~'car \vorkers at El Batan, Mexico, and presented papers at the Sorghum Grain 
Qua. ty and Sorghum in the Eighties Symposia at Hyderabad, India . 

. MAJOR OBJE cn VES : 

1) Screen and evaluate sorghum gennp1asm for disease resistance and drought 
to le ran ce. 

2) Develop disease-resistant, high yielding cu1tivars with resistance to such 
diseases as downy mildew, grain mold (weathering), anthracnose, head blight, 
leaf blight, rust, zonate, charcoal rot, and viruses. 

3) Develop through breeding and selection, agronomically desirable types with 
superior drought tolerance. 

4) Identify cytoplasms that differ from milo in sterility response. 
S). Using tissue culture techniques, select for variation in vitro for drought 

and nutrient tolerance. 



SIGNIFICANT RECENT FINDINGS: 

Several breeding and converted lines were identified in Puerto Rico as 
having excellent anthracnose and rust resistance. A random mated population 
developed cooperatively with Georgia and Puerto Rico is ready for release. 
This gerrnplasm should be useful in areas of Central and South America where 
anthracnose is a serious disease. Large disease screening and breeding nurseries 
in Texas led to the identification in 1981 of new sources and breeding materials 
with resistance to downy mildew, head Slllut, grain rrold (weathering), rust, zonate 
leaf spot, and grey leaf spot. Emphasis on selection was on tall, white seeded, 
food type sorghums for potential use in DC's. Trials elsewhere providing good 
data were.Georgia (anthracnose and grain n~ld), Puerto Rico (anthracnose and 
rust), Philippines (grey leaf spot), Mexico (leaf blight, rust), and Mali (sooty 
stripe). A large amount of disease resistan,t and high yielding gennplasm was 
planted in Honduras for evaluation later this Spring. 

In Sudan, at Wad ~'edani and Gadambal'ja, linp.s and hybrids identified in 
Texas as being tolerant to post-flowering drought stress performed very well. 
The line SC35 and its hybrids were particularly uutstanding. At El Obeid, under 
sandy soil and marginal rooisture, several INTSORtHL developed lines showed out
standing prIJmise. It appears that materials developed in our drought breeding 
program can have direct application in Sudan. Post flowering drought tolerance 
is an important trait in Mali. and U.S. developed germplasm with such tolerar.ce 
should be useful there. In India, 13 U.S. developed charcoal rot (post-flowerin9 
drought tolerant) resistant lines showed excellent charcoal rot resistance under 
field evaluation. 

The large field screening drought breeding program in West Texas identified 
several new converted sorghum lines with good drought tolerance. A large number 
of selections were made at Chillicothe. Halfway, Lubbock, and Big Spring in F3 
and F4 breeding progeny involving pre- and post-flowering drought tolerant lines. 
Lines and hybrids of known stress reaction were evaluated under a line source 
sprinkler system at Chillicothe. The gradient provided good differential in 
yield and lodging response. Lines and hybrids known to possess goodpost-flower
ing drought response under field conditions exhibited no lodging whereas materials 
wi th pas t-fl oweri n9 response lodged severely. Thus, the gradi ent appears well 
suited for eval uating for' both pre- and post-flowering response, and should be 
useful as a selection tool for drought in U.S. as well as the DC's. A rainout 
shelter containing three replications of 77 lines rrovided severe moisture stress, 
with only 6 lines producing fertile heads. These 6 lines have shown excellent 
pre-flowering drought stress tolerance under field conditions. It appears that 
rainout shelters can be successfully used to screen for pre-flowering drought 
tolerance, and that up to 400 entries could be screened per shelter. 

Excellent callus growth has bpen obtained on three genotypes grown on 
aluminum-containing medium ranging from 0-400 lJM Al. Tl1ese, as well as genotypes 
on NaCl selection medium have not yet been regenerated. Evaluation of invitro
derived lines for wax and heat tolerance has been completed but not yet analyzed. 
Twenty-four lines from the Sorghum Conversion Program have been identified that 
have cytoplasms that induce male sterility. Some of these differ from the cyto
plasm that is used to nearly all hybrids and others are being tested, using Fl 
sterility response and mitochondrial DNA analysis. A cooperative study was 
startpd with M. J. Vasuc"'va Rao, ICRISAT, to utilize these diverse cytoplasms 
in broadening genetic diversity. 
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PROJECT NAME: Breeding for Insect Resistance and Nutrient Use 
Efficiency 

PROJECT NO.: TAM-23 

PROJECT LEADER: J. W. Johnson (0. T. Rosenow - Acting) 

PERSONNEL: A. B. Onken (Inv~stigator), J. Jones, V. Riggs (Technicians), M. Lavelle 
. (Student Worker) 

OVERSEAS LINKAGES: Collaboration with scientists in Egypt, Mexicc, and Honduras has 
resulted in significant technology transfer, and has led to sound cooperative associ
ations. On a site visit to Egypt, the greenb.ug was identified to be the cause of 
severe damage to local sorghum varieties. As a result, greenbug as well as drought 
resistant sorghum lines were sent to Egypt and evaluation and breeding rrethodology 
were coordinated with Egyptian sorghum breeders. Tnis should allow the incor;;oration 
of greenbug resistance into locally adapted and desired sorghum varieties. Sorghum 
midge resistant nurseries and specific tests were supplied to scientists in tlexico. 
Data from duplicate nurseries and tests from Texas are similar. Insect resistant 
sorghum lines were supplied to the Texas/INTSORMIL scientist stationed in Honduras and 
crosses to local varieties are beillg made. Insect resistant gennplar.m was also sup
plied to cooperators in Sudiln, Mali, Uruguay, China, Argentina, Botswana, India, 
VenE:zuela, and Taiwan. 

A. B. Onken served as team leader in th~ si gning of a Memorandum of Agreement 
between INTSORMIL and the Institute of Rural Economy of the M«lian Ministry of Agri
culture for conducting joint research programs in cultural techni·ques, breeding, 
soils, agro-meteorology, and training. Linkages were also established with Or. John 
Scheuring ~nd Mr. Phi 1 Serafini, ICRISAT, Mali. Fifteen Malian sorghum lines, four 
sorghum hybrids, and three millet linp.s are being screened for nutrient use efficiency 
at Lubbock. Profile soil samples from a Malian experiment station are being shipped 
to Texas for basic chemical and physical analyses. A neutron probe has been provided 
to Malian sr:ientists for use in their drought research program. A technical training 
mission to Mali in the use of neutron probes has been completed. 

MAJOR OBJECTIVES: 

1) 
2) 
. 3) 

4) 

5) 
6) 

Obtair, germplasm to be evaluated for resistance to arthropod pests. 
Determine the inheritance of insect resistance . 
Develop and relaase high yielding, agronOOlically improved sorghums resistant 
to selected insects, with emphasis on the sorghum midge and greenbug. 
Identify and define potential sources of more efficient plant nutrient extrac
tion and/or utilization in sorghum. 
Develop agronomically elite sorghums with improved nutrient use efficiencies. 
Develop new methods for determining nutrient use efficiencies and to study 
responsible mechanisms when appropriate. 

SIGNIFICANT RECENT FINDINGS: 

Grain sorghum germplasm with high levels of midge resistance derived from AF28 was 
released and distributed. F1 hybrids involving parents with two sources of resistance, 
TAM2566 and AF28, had a higher level of resistance than either parent, indicating com
plementation of resistance when two different sources are combined. Tropically ddJpted 
female lines with high levels of midge resistance are needed, and some F3 progeny rows 
showed excellent potential. Three new midge resistant B-lines and seven new midge re
sistant restorer lines were selected for release. Th~se include lines derived from 
three new sources, SC237, SC4l4, and SC424. Midge ratings on all fu"ily converted lines 
were published. Several commercial hybrids in the U. S. are using previously released 
midge resistant parental lines developed and released in this program. I 
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SIGNIFICANT RECENT FINDINGS (CONTINUED): 

In Egypt biotype C greenbug caused significant leaf damage. and biotype C resis
,tant genotypes developed in the U. S. showed good resistance. In Texas. four lines. 
PI264453, PI220248, Capbam. and TAM Bk-42, were identified as having high levels of 
resistance to the new greenb'Jg biotype E. Agronomically iqJraved biotype E resistant 
selections were made in F populations, which was the first cycle to produce tropi
cally adapted, biotype E fesistant lines. Biotype E resistance was determined to be 
a silTlJ1y inherited dominant character. Ten new biotype C resistant lines (3 PB pairs, 
and 7 restorers) were selected for release. 

Twenty-four elite breeding lines were screened in low N field plots for Nitrogen 
use efficiency. Five of these lines were identified as being significantly superior 
to two other lines. The superior lines were: SC630-11E, MR4(4606), R6956, Tx2536, and 
BTx623. Several of these have. excellent potential in developing countries. The 
lines MR4(4606), i\6956, and BTx623 are tropically adapted and have good yield poten
tial as well as resistanceto many diseases. The line SC630-11E has good weathering 
resistance and BTx623 is a widely adapted female that will be used to produce hybrids 
in OCIS. 

Twelve elite br~eding lines were screened for P using efficiency (mg dry matter/mg 
P taken up) in nutrient solution culture in the greenhouse. Three lines were found to 
be significantly superior to two others. The superior lines were Tx2536, SC414-14, and 
SC175-14. Both .SC414-14 and SC175-15 are widely adapted, possess midge resistanc~, and 
have good yield potential in the tropics. It is noteworthy that Tx2536, which is knc''1n 
to produce well adapted hybri ds throughout much of the world, scored well in both Nand 
P use efficiency tests. Previously reported research has indicated a possible inverse 
relationsh~p between Fe and P use efficiencies. These same lines have been previously 
(1980) screened for Fe u!;e efficiency and there appears to be no relationship between 
their ratings for Fe use efficiency and P use efficiency. An inverse relationship was 
found between P concentration in the leaf tissue and P use efficiency. 

Four breeding lines were selected for high and low N use efficiency based on pre
vious research and grown at four levels of N in nutrient solution culture in the green
house. Separatio'1 of genotypes for N use efficiency (mg dry matter/mg N taken up) was 
greatest at the lowest N rate. Concentration of N in leaf tissue was inversely propor
tional to the N use efficiency. Nitrogen use efficiency increased with decreasing N 
concentration in the nutrient solution. 

I 
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PROJECT NAME: Sorghum and' Millet Pathology 

PROJECT LEADER: R. A. FreJeriksen ,- . 

PROJECT NO.: TX-24 

PERSONNEL: G. Odvody, J. Craig. R. Toler. L. Reyes (INVESTIGATORS); L. Castor, 
D. Tuleen, O. Ziv (POST DOCTORATES); G. Forbes, H. Howell, G. Wall 
(El Salvador). M. Natural (Philippines), L. Giorda (Argentina). 
(GRAUUATE STUDENTS); D. Collins, P. 'Berger, C. ~mpf (TECHNICIANS). 

OVERSEAS LINKAGES: Sorghum Diseas6o~ A Wor~d Review. a joint project of INTSORMILI 
ICRISAT and Texas A&N Uni vers i ty, served as the text for the Sorghum Di sease Short
course for Latin American workers at El Bataan, Nexico. This shortcourse, given in 
Spanish, reviewed the etiology and control of all major Latin American diseases of 
sorghum. Field trips, disease.d~dgnosis, disease ratings, and selected demonstrj
tions were included. A proceedings in Spanish/english was prepared. The shortcaurse 
involved most INTSORMIL patho1ogi3tsand other specialists, and will serve as an im
portant model for similar shortcourses. Another shortcourse, leading toward the de
velopment of a sorghum/millet disease management manual is planned for S~ptember 1983 
In Upper Volta. INTSORMIL disease nurseries including the International Disease and 
Insect Nursery, Sorghum Downy Mildew Virulence Nursery, Downy Mildew Resistant Con
verted Line Test, Uniform Head Smut Nursery, Converted Line Anthracnose Test, Inter
national Sorghum Anthracnose Virulence Nursery, and International Sorghum Virus Nur
sery were grown cooperatively at key sites in Argentina, Brazil, Colombia, Egypt, 
France, India, Mexico, Philippines, Sudan, and Venezuela. A data logger for acquisi
tion of remote weather data was placed at Ocot1an, Mexico in conjunction with collab
orative studies on disease progress and yield losses. A major collaborative 
project with Sudan was established and evaluated after 1 year of operation. 
Sorghum pa~ho1ogy and breeding projects in Egypt were reviewed in depth. Several 
LDC scientists, students and research staff received training in procedures for 
working with sorghum downy mildew. 

PROJECT OBJECTIVES: 
Identify, catalogue, and evaluate sources of disease resistance in sorghum and 
millet. ' 

1.) 

2.) Develop effective screening techniques for detection and incorporation by breed-
ing of superior plant resistance 1ev~ls. . 

3. ) 
4. ) 

5. ) 

6. ) 

Study disease etiology 0;' factors associated with the cause of plant disease. 
Explore the use of cultural, chemical, and biological control measures as an ad
junct to control by disease resistance. 
To collect and evaluate populations of plant viruses for their range or changes 
in virulence and to develop disease diagnostic systems. 
Determine mechanisms of disease resistance. 

SIGNIFICANT RECENT FINDINGS: Naturally occuriing disease epidemics permitted the 
identification of several sorghums with high levels of resistance to grey leaf spot, 
sorghum downy mildew (SDM), head smut and grain mold. A local lesion screening tech
nique will permit evaluation of resistance of individual plants to downy mildew in 7 
days, as compared with 21. The SDM pathotype at Moluco, Mexico appears to be patho
type 1, but pathotype 3 has been found at 2 locations in Texas. Resistance to SDM in 
sorghum remains as a program of mutual interest with ICRISAT. Techniques were devel
oped for obtaining spores of Ceraoapora sorghi, permitting the management of grey leaf 
spot under more controlled conditions. Acremonium wilt in the U. S. is similar to the 
wilt of sorghum described in Egypt. 

Under a three-year simulated crop rotation system soil-borne (oospores) and SDM 
incidence declined to levels significantly less than those obtained under susceptible 
sorghum rnonoculture. Deep plowing (30 cm) reduced oospore populations in the SDM
critical area of the soil profile (15 cm) and significantly reduced SDM incidence the 
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following season. 
The systemic fungicide meta1axy1 gave complete control of SOM when utilized 

as a seed treatment and was an effective eradicant of SOM in systemically infected 
sorghum plants when utilized as a foliar applicant. 

A standardized charcoal stalk rot screening technique for use in germp1asm 
evaluation is being developed which will provide for more predictable, more natural, 
soil-mediated charcoal root and stalk rot development. ~t arid-season, sorghum plants 
from seed treated with a bacterial protectant had significantly 19ss root infection 
and damage caused by Pythium graminicoZa than plants from nontreated seed but at 
harvest there were no differences betwp.en treatments. 

Antisera to Panicum mosaic virus and maize dwarf mosaic virus (MOMV) strains 
0, E, F, and B were produced in quantities sufficient to supply other countries. 
An'C1sera are being used 1n fv'texico to aid in the identification of unknown viral patho
gens'inthe nursery. A new virulent virus obtaine,j from sorghum is being described. 
Biotype E of Schizaphis grc:minum was an effective vector of MOMV and has an extended 
virus retention period. 

Collaborative work in Egypt has led to the discovery of both an inoculation tech
nique for evaluating sorghums for resistance to long smut and the identification of 
a few resistant converted sorghums. Equally important has been the identity 07 un
usually susceptible germp1asm. 



INTSORMIL PROJECT SUMMARY 

PROJECT NAME: Sorghum Entomology PROJECT NUMBER: TAM 25 
Project Leader: George L. Teetes PERSONNEL: F. E. Gilstrap (Co-investigator)., 

P. S. Menefee (tech.). F. R. Baxendale. K. O. Melton. G. J. Hallman, 
O. G. Hall, C. L. Lippincott. J. Waquil (Brazil). A. Jali1 (FOD.-Bang1adesh), 
T. J. Kring, G. W. Brooks, R. W. Jones r 

OVERSEAS LINKAGES: Collaboration with scientists in Mexico, Honduras, 
Costa Rica. Brazil. Kenya, Senegal, Mali, Sri Lanka. India, and ICRISAT has 
been effective and mutually beneficial. Research is on-going in Mexico with 
Jesus Vargas where duplicate experiments are conducted on sorghum midge. an~ 
results agree with that obtained in Texas. Teet.es served as team leader of a 
site visit team to Honduras that resulted in signed collaborative agreements 
and the stationing of an M.S. graduate student advised by Gilstrap to evaluate 
Ooru taeniatum as a predator of fall armyworm at the Escue1a Agricola Pan
americana. and the stationing of a Texas A&M breeder/agronomist at the 
La Lujosa Exp. Sta. Gilstrap sent a parasite of Chilo sp. stem borers in 
Pakistan to the Costa Rican Min. of Ag. for release against the sugarcane 
borer. Continued collaboration with Brazilian scientists has resulted in 
graduate student training and joint development of midga resistant sorghums. 
Collaborative research on borer pests of sorghum has been activated with 
Seshu Reddy of ICRISAT in Kenya (ICIPE) and Teetes will be a participant in a 
workshop on "Bases of Plant Resistance and Crop Borers" in Sept., 1982 in Kenya. 
Gilstrap is major advisor to O. Youm, an M.S. student from Senegal studying 
parasitism of aphid~, and returning to Senegal in 1984 with the US/Senegal 
program of biological control of aphids. Gilstrap obtained identification for 
two species of parasites attacking Acigon.! sp. stem borer for Mali scientists. 
Gilstrap is major advisor t~ B. Dayawathie, a Ph.D. Student now in Sri Lanka 
conducting her .research on IILife Table Analyses to Evaluate Parasites of the 
Rice Stem Borer, Tryporyza incortu1as. An on-site consultation was made in 
Oct. 1981. A handbook on sorghum insect identification is in the printing 
stage, is a joint effort of INTSORMIL, ICRISAT and TAES, and contains (;olored 
pictures of pests and their dal~age. descriptions, biology and control m~asures 
and will be printed in English, French, and Spanish. Gri1strap collected 
phytoseiid pre~ators attacking spider mites of sorghum/millet in India for 
identification, which will serve as the basi~ for exchange of mite predators 
between India and Texas. Texas entomologists participated and presented papers 
at the Sorghum in the 80 l s Symposium in Hyderbad in Nov., 1981. Requests for 
publications and methodology were received and sent to 27 scientists in six 
LDC's. An International Sorghum Insect Workshop is planned for March, 1983 
sponsored by INTSORMIL, ICRISAT and the 'Rockefeller Foundation. Negotiations 
are underway for graduate training of students· from Sudan. 

MAJOR OBJECTIVES: (1) To identify and evaluate sorghums resistant to insects, 
determine resistance mechanisms, investigate plant-pest ecological responses 
and determine economic injury levels. 
(2) To identify and evaluate indigenous and/or exotic natural enemies of 
surghum midge, aphids. mites, and several lepidopterous pest species as 
potential biological control agents. 
(3) To determine the biology. systematics, behavior and abundance of sorghum 
insect pests and associated predators and parasites as support of pest control 
schemes for adaptation to LOC conditions. 
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SIGNIFICANT RECENT FINDINGS: Sorghum midge resistant sorghums have the same 
level of resistance in all countries where the material has been evaluated as 
they do in Texas where they were developed, but must be adapted to local 
conditions, esp. diseases, panicle bugs, other pests and conditions. Several 
seed companies are using midge resistant lines developed in Texas for hybrids 
to be sold in 1982. Lines developed from AF-28 discovered in Brazil, 
synergizes the resistance from TAM 2566 discovered in Texas. in hybrid compin
ation. The economic threshold of midge resistant hybrids is at least five 
adults/panicle compared to one for susceptible hybrids. Midge resistance is 
multiple, minor gene resistance, influenced by environmental and midge 
density, but should be stable against biotypes. Midge produce 50% fewer 
progeny from resistant than susceptible hybrids up to an unidentif~ed density 
threshold. Moisture, and/or high RH, moderate temperatures (80-90 F), day 
light and host availability favor midge diapause termination and increased 
abundance. These data can be used to explain regional and temporal severity 
of midge and is being used to develop a computerized, biophysical model to 
simulate midge population dynamics for predictive purpose and will have 
utility in explaining why the midge reaches damaging proportions in some areas 
of the world. Four species of midge parasites were identified and their 
biology and nature of parasitism determined. Midge parasite dynamics on 
Sorghum halepanse are significantly different from those on cOlT1T1ercial sorghum. 
Economfc thresholds of panicle feeding bugs were developed and the methodology 
used has direct application to the recent increase in panicle bug damage to 
tight-headed sorghums in India and Africa. 

A greenbug biotype change was confirmed and lines re3istant to biotype 
C and E were evaluated. Greenbug resistant sorghums are susceptible to 
shoot fly and stem borers in India. Seed of "glossy" sorghums resistant to 
shoot fly are being sent from ICRISAT for screening against aphids. Four 
lines from Texas were resistant to the sugarcane aphid in Taiwan and seed of 
these and others have been sent to China. Greenbug on wheat, the winter host 
of the sorghum greenbug experienced a low level of parasitism throughout the 
duration of infestation, and hyperparasitism did not appear to limit primary 
parasite population growth. Parasitism distribution is not aggregated within 
the aphid population, but the aphid population is significantly aggregated 
within the field. A significant level of emigration by immature greenbug 
parasite stages via emigration of winged aphid hosts was sh~wn to occur and 
suggests that proper evaluation of parasite induced mortality must incorporate 
aphid dissection5. At least three species of phytoseiid predators of spider 
mites occur naturally in a sorghum/corn ecosystem and are tolerant to 
selected pesticides. 

Research results surrmarized here have been or are being published. 
Most research involves graduate student training programs ~t the M.S. and 
Ph.D. level. 



INTSORMIL PHOJECT SUMMARY Jan. 15. 1982 

PROJECT NM1E: Food Quality and Nutrition PROJECT NO: TM126 
PROJECT LEADER: Dr. L. W. Rooney. Professor 
PROJECT PERSONNEL: Dr. J. M. Faubion. Asst. Professor. Dr. M. Morad. Research 

Associate 
GRADUATE STUDENTS: J. O. Akingba1a. Nigeria~ S. Bedolla. Mexico; Ms. C. Doherty. 

OVERSEAS LINKAGES: 

U.S.A.; S. S. Oat Upper Volta; Ms. C. Choto, E1 Salvador; 
Ms. P. Wongvorazathe. Thailand; Mr. Sadaan. Tanzania; Mr. O. 
Hahn, U.S.A.; Mr. R. Pf1ugfe1der. U.S.A. 

Collaboration with personnel in Mali. Upper Volta, Mexico and ICRISAT has been 
productive. The first International Symposium on Sorghum Grain Quality I'las held 
at ICRISAT in lIyderabad. India in October, 1981. The conference sponsored by 
ICRISAT-INTSORMIL was successful in part because of the International Food Quality 
Trials (IrQT) whic~ were conducted in 1979 and 1980. A clearer understanding of 
the wide variety of traditional sorghum food3 and how to determine the essential 
quality characteristics of basic foods emerged. Rooney traveled three times to 
ICRISAT (India) to review data from the IFQT. plan the quality Symposium and 
coedit the proceedings with D. S. Murty (ICRISAT). 

A sorghum food qual i ty workshop for Central American workers sponsored by 
INIA, ICRISAT/CIMMYT and INTSORMIL to be held at CIMMYT in Spring of 1982 is being 
finalized. The emphasis will be on potential of sorghum for tortillas. A guide
line for selecting for tortilla quality in a breeding program coauthored with 
Drs. A. Ireugas, INIA and V. Guiragossian. ICRISAT/CIMMYT was presented at the 
PCCNCA meeting in the Dominican Republic. A set of slides illustrating kernel 
characteristics and other selection indexes has been developed. As part of the 
collaborative research physical, microscopic, milling and cooking trials have 
been run on grain samples from Mali, Upper Volta, Mexico and India. 

We found that Td quality could be measured with a penetrometer. Scheuring 
(Mali) has used our ear1J findings to devise a mini-procedure for predicting T6 
quality. Milling and microscopic studies in our laboratory at Texas A&j·, have 
confirmed field trial s conducted in Mal i that show sorghums with a thick pericarp 
are most easily milled by hand pounding. Mr. S. S. Da, r:aduatp Student - Upper 
Volta, outlined how to measure To quality in a breeding program in the Sorghum 
Quality Symposium in India. He will be returning to Upper I/olta to apply these 
procedures in a breeding program. r,raduate Students are a major way of establishing 
worthwhile cooperative efforts that can have long term impact when they return home., 
~~JOR OBJECTIVES: 
1. Determine ho ... , sorghums are processed, prepared and consumed in traditional 

village foods and determine the grain characteristics that affect the organo
leptic properties of the traditional food products. 

2. Develop simple, practical laboratory methods for use in breeding programs 
to assess important grain quality characteristics. 

3. Determine physical, chemical and structural factorc; that affect the food and 
nutritional quality of sorghum and seek ways of modifying the properties or 
improving methods of processing. 

4. Determine t~~ factors t~at affect resistance to grain molds and field deteri
oration ill sorshum Jnd de'li:;e laboratory procedure$ to detect genotypes with 
resistance. 

SIGrIIF:UriT 1l[';rM{CH FINDIrlGS: 

L,1h pr'occdures for To .H1(1 tortilla productio/l 11.)Vt~ been H.lnddr'di;:C f i, Selec
tion in tllf:- field b,l!ied rm Vi~IJ,ll kernel Ch.n-,lcteristic;. i~ In effective. ~irnple 
W.1Y of selcctfrt'J for $ur'qhlJrIl qUJllty in prf!l iminal'y trials. The genetics of 



kernel chilrilctet"istics of sorghum have been i11ustrClted \'lith color slides and photo
micrographs. ~tilling properties can be detennined by milling 10 S of SO!"'~:lUIr. in a 
small laboratory mill. Then, the decorticated grain can be used for the micro To 
tests for measurement of To texture (Softness) and st"ic:(.'ness. Am:/losc cont211t 
and some gel consistency tests were not highly correlated with To texture and 
acceptability. The gelatinization temperature and specifc heat of sorghum starches 
from the IFQT I."ere not rela~ed to food quality. Rheological properties, ie vis
cosity, may be related to TQ quality. Particle size, variety, environment, pH and 
storage conditions affect To properties. A significant variety by pH interaction 
occurs. A variety that produces excellent acid To mJY produce poor quality alkali 
To. Local varieties are generally tolerant to pH changes. 

Sorghum can be used to produce acceptable tortillas. Commercial and tradi
tional procedures for preparation of maize tortillas in Mexico were documented. 
Sorghum requires less alkali, shorter cooking and steeping times than maize. Dry 
matter losses during optimum cooking and steeping of maize and sorghum are similar. 
The cooking time of sorghum varieties varies depending upon kernel texture (related 
to hardness), water absorption and other unidentified factors. Floury sorghums require 
less cooking time while cornous sorghums require the most. 

An al~ali test has been developed and used to select white kernels of sorghum 
with the least color. Several kernels of sorghum are boiled or heated in alkali 
and the color of the kernel and solution is subjectively rated on a 1-4 basis in 
comparison with standard samples. It is simple and can be modified for use in 
programs without laboratories. ' 

The combination of better sorghum varieties with simple processing techniques to 
improve sorghum and sorghum-maize tortillas could lead to a better acceptance of 
sorghum as human food in Central America. Blends of masa from commercial 'l'/hite sorghums 
and white maize produced acceptable tortillas up to 40% sorghum - 60% maize ratios. 
When yellow maize is the standard, much higher levels of sorghum can be incorporated. 
These findings have been documented by Dr. Ireugas, INIA, Mexico. Sorghums that 
have been pearled to remove the pericarp can be made into high quality tortillas 
that compare with white maize. Even commercial U.S. red sorghum hybrids produce 
tortillas of edible quality when they are pearled to remove the colored pericar~. 
Blends of pearled sorghum and maize produce i1·ij~11~1 accc!tal'~e tortil1as. Groun(., 
micronized pearl~d sorghum has been used as a substitute and in bl~nds with 
MASECA (an instant dry masa). Up to 30% of ground micronized sorghum (from a 
commercial red sorghum hybrid) was acceptable. Larger quantities of a white sorghum 
could be used. 

Phytin complexes with minerals i.e. Ca and P. in cereals. Phytin content 
of sorghum Has similar to that of other cereals and was located in the pericarp 
and aleurone layer. Levels of phytate phosphorous ranged from 0.17 to 0.38% (d.w.b.) 
accounting for 80-87~ of total phosphorous present in 30 sorghum samples. The 
effect of processing sorghum on nutritional value \'/as determined by using 'lin vitro" 
protein and starch digestibility procedures along with analyses for total phosphorous, 
total phytate phos~horous (phytin), iron, zinc, calcium and tannins. The effect of 
acid, alkali and neutral processing conditions on nutritional value of Tfi produced 
from four sorgh'lfn varieties was significant. All processing conditions int;:reased 
"in vitro" protein and starch digestibilities of the cooked freeze-dried To over 
that of the flour. Acid (lemon juice) cooking conditions increased the calcium 
content, reduced phytate phosphorous content and produced 1 igl.ter colored To. 
Alkali processing increased ash content of the sorghum and caused undesirable color 
chan~e~ especially for sorghums with a testa or red pericJrp. 

TIle low molecuL)r wcigllt phenol!; of ~or']hulT1s \·litllout a testa with varying 
de!)l'ees of mold rcsi5tance were Jetermined by H.P.L.C. The quantity of free 
phenols I'las hi~hest for sorghums with resistJnce to molds while rnOr"C susceptible 
vuictics II,J(! ,JiIJ;',~1' le'lel:. of bound I)!lcnol~. TI:I1.rT' O~ Il.orc o~ F::r~lic. S'Jllic 
P-hydroxybcnloic and P-coumclric acid in tile IlIcdi.1 inhibited Ilyph<ll growth of 
funglll 1~01.1tt.!S. Thf!~e studies cOlltinul! and phenolic ()cid~ will be rellltcd to 
nut r i t Ion a 1 v <l 1 u e <l s 'tIC 11 J 5 mold res i s t a" c e . 
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FORMAT FOR INTSORMIL PROJECT SUMMARIES 

Jjec t Name: Project Number: XI I TAM 31 

ersonnel: Dr. Dan H. Meckenstock 

Overseas linkages: 

Major objectives: 

Ministry of Natural Resources 
La Lujosa Experiment Station 
Choluteca, Honduras 

Counter Part: 
Ing. Francisco Gomez 
Jefe proyecto Nacional 

de sorgo 

,. Establish a physical support base for INTSORMIL 
in Honduras. 

2. Conduct cooperative research for INTSORMIL in 
Honduras. 

3. Rejuvenate the Honduran Sorghum breeding project by 
a. Training local scientists. 
b. Developing disease resistant varieties with 

to~till~ quality. 
c. Trans fer hyl.\'t"id production technology from U. s. 

Significant recent findinos: 
,. Physical suppor~ case was established at the La 

Lujosa Experiment station, in Choluteca, Honduras. 
Approximately 70% of my effort goes into restoring 
La Lujosa, and 30% into sorghum nurseries. 

2. ADIN, TAT, ISVA, and ISAVN nurseries were planted 
December 3rd, in La Lujosa. The ADIN was also planted 
in Comayagua (Oct 6), Juticalpa, and Donli (Oct 27). 

3. I am training two technicians and we are about to 
complete our first cycle. We were able to make some 
crosses with the local varieties nnd downy mildew 
~esistant lines from TAMU. Some TA hybrids were planted 
as demonstration plots, but it is too early to evalu
ate them. More experimental hybrids from TAr.U will 
be introduced for evaluation. 


