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PREFACE
 

This report is prepared in response to a provision in Work
 
Order number 4, Contract No. AID/afr-C-1139. the U.S. Agency
 
for International Development and the University of Missouri.
 

Central to the plan for the conduct of this project was
 
commitment to use the judgment of scientists who are signif
icantly involved in grain sorghum and pearl millet research
 
in the identification of constraints. The identification
 
of all scientists around the world so involved did not seem
 
an achievable goal. It is believed that an adequate and
 
representative sample was identified.
 

The conclusion drawn may be more meaningful if the methodology
 
is understood. The methodology is described in Section C.
 
More than twenty faculty members at the Universi t f ss ouri

. ..... -- . .... . - I . ... , .... . .. . .. . . ...... 

CoTUAha part iqclpted in the dit a ,jytherin hiha . Information 
was ireci-ly trou an estimated ISbtanescientists, 90 of150 
whom completed questionnaires. To brini, all of the information 
so gathered together and bring it to bear on the identification 
of constraint.s, a day long workshop of all the University of 
Missouri-Columbia participants was organized. With all of 
the available information at hand, these twenty-one scientists 
identified constraints, evaluated each on a quantitative 
scale of importance. and rated the level of knowledge about 
each. The result.s of that workshop are presented in table 
form in Sect ion C-3 of the report. If any one section can be 
said to be the most important single sect ion, thetn Section C-3, 
The Summary of Workshp Evluations by Interviewers and the 

t'err-ia; l e f T1tmt--t -- tee is-ti e Most. ortant sect ion. 
t---i.j7-Jiv,7, l ~_-71iiF eder study thi a table carL ful Iv 
an t he convt li!s of Sections A and B are interlpreted. It is 
further s;ug,;t ed that Section A, B. and C-3 mus t be used in 
tot. |I o achi eve proper interpre I at ion. 

The riader ;hou I(d kno(w that. the term; "Intervi ewer Rat inws , 
(as; In tle C-3 table heading) ; "interviewer judtments, " 
(hottom of" and particij)ants,' middle of0tf) pve 4), "workshop 
tge ')) ;are ust( interchangeal)lv, aiitd all refer to the 

workshiopi oil Come. 



A. The Principal Constraints
 

I. FERTILITY AND PLANT NUTRITION
 

1. Low fertili.ty of soils on which grain sorghum and 

millet are typically grown in less developed countries is a 

constraint to increased production. Although many of the 

responding scientists gave high ratings in the constraints 

instruinent to "fertilizer response," (see Items I-i to 1-5 

in Table C-2 of Section C2) the faculty members who inter

viewed researchers in the LDC's were repeatedly told that 

research in crop response to different levels of nutrients 

of the type typically done in the U.S. is not of high priority, 

nor is it likely to lead to major increases in production in 

the LDC's. Sufficient research has been done to know that 

both crops respond positively to fertilizer. Fertilizer use 

is not now sufficient to make research on different levels 

of nutrient application highly useful. Fertilizer is not 

available to a large segment of the typical producers of 

these crops, nor do they have money resources to expend in 

signif i.cant quatntit y on purchased inputs. Thus, especially 

in those sec ion., of the world where production Is primarily 

by subsistence farmer s , t-ypical fertilizer response research 

is not of hgh priority. An examinat ion of the individual 

response; rat fig thi:, conis!ra hit of high priority indicates 

that those respoldelt s; were re ferrigi, t o either the U.S. 

context. or cotim'rcI a Ia pr-oduct Ioi sys;tell III D(C' ' 

There w/a s a co(1ll lsi a 1;ong|ll sC I ent i stt s,; fle rviewed 

overseas that tht, pos;ibI Iity of" increasing ioi l fertility 

from no ii- l It , iIon-mon I , ,, no td trceii sliould rev-ei've 

http:fertili.ty
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attention. Research on nitrogen fixation had a high priority
 

in their judgment. Research to identify or develop genotypes
 

that more effectively extract and/or utilize limited
 

nutrients available is an example of the type of research
 

that would seem 
to have merit in this connection.
 

Section I of Table C-3 in Section C3 summarizes the
 

judgment of all of the workshop participanLs on how the
 

various components of the fertility and plant nutrition
 

problem relate one to the other in reference to the research
 

project. Items 
1, 2, and 3 under I in that table reflect
 

the high priority given to developing techniques of increasing
 

and/or maintaining fertility through non-monetized means.
 

Fertilizer response as such, soil test calibration, secondary
 

nutrients, chemical properties of soils, and physical
 

properties of soils were considered relatively less important
 

as components for this research proposal. 

Two exceptions to the foregoing are recognized. In
 

the irrigated areas, and where commercial sorghum production 

is important, there may be opportunity for productive research 

on fertilizer response. And, in some sections where irrigation 

is practiced, research on the salinity proble may have 

relatively high payoff. Thi;s, if a U.S. i.nst itution has or 

can establish a fuincttonal linkae with a research or out

reach insttitut ion in an L)C where efither of t-hese two conditions 

prevail , -ind (8-/ PM prodic t ion In such ar'va, is economi cally 

imtport i it o flt,i o 'rIt'rnepl111ilts t populat Ion, stuchof' 1he 

retarch may be an appropri ate part of collaborative research. 
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II. 	 CULTURAL PRACTICES AND MANAGEMENT
 

2. Water related concerns, especially less than
 

optimum soil moisture supplies, but also water management,
 

water storage , etc. constitute a constraint to increased
 

production. The tabulation of responses of all scientists
 

responding to the constraints instrument indicate a very
 

high rating of these concerns. (See Item 11-5 of Table C-2,
 

in Section C2).) However, the combined judgment of the
 

interviewers indicates less significatice attached to researc
 

on irrigation. See Section II of Table C-3 in Section C3.
 

This is for the same reasons as cited in the first paragraph
 

of I above, and it relates most directly to the small,
 

subsistence producer growing grain sorghum and pearl millet
 

under marginal moisture conditions.
 

Again, U.S. institutions with functional linkages with
 

research or outreach institutions serving LDC areas where
 

significant production on irrigated land prevails may
 

appropriately propose a research contribution to this
 

collaborative 	program.
 

Breeding for low moisture tolerance is treated under
 

Item IV of this section.
 

3. The difficulty of stand establishment is a con
straint to increased product ion, to improved efficten 

productioni and to llantin;. ;andedIn1 the combined 

Judgmient of the int,ervi.ewers, the relatively high rat itt 

given to !.ime, rate, and( deptl of seedi ng (Item 11-I1 in 

Table (2-2 of Sec ion C2) rel at en primarily to the problem 

of gett tng a tLand. See It em II -1 of Tabl( C-3 in Section C3, 
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Another important problem in stand establishment is seedling
 

vigor. As with low moisture tolerance, seedling vigor may
 

be an appropriate concern in the breeding portion of
 

Section IV, and it also mr be of concern to pathology
 

researchers.
 

4. Pests--rodents, animals, birds--constitute a
 

constraint to the production of grain sorghum and pearl millet.
 

Both the scientist response on the constraint instrument and
 

the combined judgment of the interviewers underscore the
 

importance of the constraint. See Item 11-2 of Table C-3
 

in Section C3. Birds are an especially serious constraint 

to GS/PM production in many LDC's around the world. 

5. Weeds complicate stand establishment and reduce 

yields. Weed control ranks in the intermediate priority 

category in that only 16 scientist responses Indicated it 

of high priority, in compari son to 31 and 49 responses 

putting seeding and water relat ed probl ems in that category. 

However 75 per cent of the respon;es oin grain sorgihum and 

all re,'sIl nse; on mlllet, hlbeit a small total, rated weed 

control a hig priority fotr ""esearch. Strfga Colst itt e 

in especially sigi ficant proble.m in Africa, whi chl probably 

can I)e rhore, ap ) ror.tel Iv*ddre ;: ed t h ro)tJ+g.h br eding 

programs han tirougl cii t taralI prl I'e. 

It(-ll II 4 ill 1lbl. (- i (d cf io (: ilidleat en tile 

COHmb Itid Iuz},rI t rhe. ervlw. I iif - colilot'fm tin e1 r wed [tl) 

llipo t li S lI 01111 uI' olltrut ,iii flel, tllf t ill vi lid tlt l{ l lf.In 

retivartll' h i I r ,ct, d, 
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6. Risk constitutes a restraint to increased production 

of grain sorghums and pearl millet in regions where it is 

produced on a subsistence basis for human consumption pri

marily by the family producing it. ScIentists in develop

ing countries indicated that stability of yield is of greater 

concern to subsistence producers than is maximum yield. 

Double cropping and inter cropping are seen as practices 

that may lead to both increased yield and increased stability 

of yield. The desire to get a meager yield in the worst 

years outweigh!; the desire for high y ields in other years 

if the higher y i e ld is accompanied by crop fa ilures in some 

years. With these cons iderations in mind, workshop parti

cipants5 (as shown in Iter 11-3 of Table C-3 of Section C3) 

gave research on effective inter croppiing and double cropping 

higher r(,.e;irch priority than did the respondent s viewing 

them as ihndependtlnt cut tural I pract Ices. The ignI ificaince 

of tIii l;problv iland tht maiiner ill Which it rt lat e: to the 

production ..MrAYetv varv marke dlv between the very sumall 

farmer and l.a rgtw t.rc .il fiin ,r,the inu 

I I I. EN(,INELIRI W; AN) rI.ECIIANI ZATI ON 

I .Lack ()I t1cn v fo 1-Iand ,rt6parat ion land cul

tLIva'ti it'S! 1 11 )-, ngI in .Ohwt. IOcwa I it t iat iotit ,Iilct 

Nei th tr t lie' TI tI l14' t Vl ii Iris! rtlltl'?it norSj)lhtle'lt oras 

the coIll liId t1lJli.11.le t ()I Ili, tilt 4I'vi(w sIr; rtiditr.1t' t li ,-; alls 

it high+I priri t-: v:,.lrcli .11,.-4 Ir tmi t l.lC coridi I tit 

ll1.( a.1 , It 11H . I- v 1 I t al tl( witt .1 r I) IMl4;4, 

con it rictt 1t1p1 IvI 4ot1 ii uv1r art I I l .t av o£1r,,a1 ,.r a I i l, hll141 

for utlun tap t Iion W hthI tlit- i ii. Ill I-I 1ig Jl t .()I1and tselvinai i 


http:rtiditr.1t
http:t1lJli.11.le
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section, respondents to the constraints questionnaire gave
 

farm storage priority as high as or higher than any other 

item in the section. Workshop participants rated faim 

storage as important in some situations and indicated that 

some additional research could be advantageous although not
 

of high priority.
 

For cormercial storage, the situation varies widely
 

by regions and 
 crops. It is largely irrelevant for millet
 

in most regions. Technology transfer through development
 

programs appears to be more appropriate than a research
 

program.
 

The workshop group suggested that for those tropical
 

regions where storage of grain is a major 
 const raint,
 

grain sorghum and pearl millet might well serve as a focus
 

for the study, but any such proposal should include other
 

as well.I
crops 

IV. BR,EI)IN;, VARIETAl. IMPROVEMENT AND DEVE'LOPMENT 

9. R in kl; ass c i: t ed wit unt .1lev product ion constitute 

al major CnOist r.lint In gtatri_ soyLgluim and(1 pear I li let pro!uct ion 

and+tit ilif.C It min. ,!;:;t lit t (f pi-mtUct i,;) of( ) th l caI l 

var ittiv,. anid ai; pzj) )!Stid flew va.1 r t-ict-; S ict'dlsn ((4 be Ad(dr4 sed 

throughi t)aI .11 bri' inry It WI: IIC l d ',?I4.ll O0 i le sc iviltI ;ilit; 

intervil-w'di- d1(1()ond I)' woi+.). grtlp 1 hat -t- i'C0 1i1cs,tCo 

11dve rs;itCi(e Ifa) t-l-iIIC IISI. *Svv a wi Cl i i tab 0111£'le .dri 

wa v r)f 11ii- It jmrtit, .' ih .a ulV.'i., il Iw . ihu ilaibl. ilflrt il( 

! ti , i,fol l, '()1t ll'. , pl ilmll ja ('l'l l 1r.1 p)I'I ' itl;.t:t dileasles , 

at rIgs, b)1 P11, ind1( Weail hi ip, 4I g.i Ii Thic I~iV IneM VOf tile 

lVe 't triC V,ui111 SS l °Il' byI t'(Cil '*I|l C( aIn, IlC, Ii . ofv()e'rl'. 

jatalgu o tIt(- hap I l'a11 'I' lla(i rh Tft cl Ia t s I us I 1'gla .iI 
1114,111,a14~. 1 w o I f ill C u a 
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Quality acceptable for human consumption in LDC's must
 

be maintained. Breeding work should be coordinated with basic
 

research in orher disciplines.
 

The scientists interviewed gave breeding for resistance
 

to diseases and insects, and tile introduction of new cultivars 

the highest priority ratings in this section. The workshop 

group designated breeding for productivity, resistance, and 

quality to be of the highest level of importance (a 4 rating) 

in every region except Latin America, Level of knowledge and 

programs underway scores vary by region. The state-of- the

arts is more advanced in breeditng programs than in other of 

the constraint categories sed in the questionnaire because 

of attention received in the past decade. Even so, this area 

of research remains a most fruitful avenue for addressing the 

kinds of const.raints ;uggested above. 
10. Genetic, cytological and physiolo al studies are 

neral lxdeficient for both grain sorghtm and pearl millet, 

and constitute a malor constaint to pro ress in breeding. 

Bas;i, te:Warch in these disciplIne, will contribute to 

eff i c ienc y and advancement () f breed i ng )rograms. 

FIailure to collectp__a.!d preserve re plasm , particularly 

native ,t ri tn and wi ld.r1at ive- not :i(.(Lut_ rpresented 

in .p~rset. col lIct I ons wI 11 con,I it ut.v a tiaJor rest raimt to 

f uture breedi in; act lv le . Many local It ra itis and wI 1( 

re 1dt I ve- are not Iqua t ely represent ed in current major 

collect ionsl. 1 ifl t ing the gelletic, cytologic, phylliological 

and breeding reiarLh. 
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11. Lack of seed multiplication and distribution
 

programs is a major constraint to making improved varieties
 

available to farmers. This constraint was rated of highest
 

importance in Africa, Asia, and the Middle East, and only
 

one step lower for India and Latin America, with justification
 

for a major thrust in research indicated. The essential
 

problem is lack of viable policies and institutional structures
 

to assure farmers access to improved varieties. These include
 

adequate testing of new strains in farmers fields to insure
 

that growing the new variety does rit involve greater risks,
 

providing inputs, including credit, to acquire new seed,
 

and educational efforts at the village level.
 

V. ENTOMOLOGY
 

12. Insect damage, both during growth and after harvest,
 

limii the supply of grain sorghum and pearl millet available
 

as a food source. The insect problem is less serious in
 

millet than in sorghum. The major insect pests in sorghum
 

are shoot fly, stem borer, and midge; in millet, the shoot
 

fly and midge. There are many more insect pests of significance.
 

In the interviewer workshop, research on the biology of 

economically important insects and research on control through 

cultural, chemical and biological means were rated of greater 

importance in some regions than in others a- indicated in
 

Table C-3.
 

Although the importance of insects as vecLors of
 

diseases or as; predispos;ers of the plant to disease was not 

treated specifically in the questionnaire, there is no in'ent 

to exclude Lhis aspect from consideration for research. 
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VI. PLANT PATHOLOGY
 

13. Diseases reduce output of grain sorghum and pearl
 

millet, and cause variation in production from year to year.
 

Downy mildew and head molds are major diseases of sorghum;
 

anthracnose, rusts, ergot, and smuts are important, varying
 

somewhat by year and geographic area. Downy mildew and ergot
 

are especially important in millet, with stalk rot and rusts of
 

slightly less significance. Striga, mentioned under the
 

section on weeds, is an especially serious threat to both
 

sorghum and millet in Africa.
 

Introduction of new cultural practices or of new varieties
 

may be accompanied by new disease problems. Pathology research
 

needs to be collaborative with plant breeding research.
 

Sources of resistance to many diseases are not now available,
 

and do not appear to be present in local varieties, especially
 

with millet. Chemical control is utilized by larger commercial
 

growers, but not by the small farmer producing for subsistence
 

purposes.
 

14. The limited germ plasm collection is a constraint
 

to the most effective breeding program. A major effort is needed to
 

assemble and preserve (1) local strains of both grain sorghum
 

and pearl millet from all parts of the world, and (2) wild
 

relatives which may have useful genes to a breeding program,
 

especially aimed at building disease resistance.
 

VII. UTILIZATION
 

15. The bitter taste and reduced nutritional value
 

associated with high tannin and the floury entdosperm 

of some types of grain sorghums are major constraints 
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affecting the utilization of grain sorghum. Grain sorghum/
 

pearl millet are superior to other cereal grains in yield
 

stability in the semi-arid tropics. Nevertheless, utilization
 

of grain sorghum/pearl millet for human food will not expand
 

or even be maintained at existing levels as purchasing power
 

in these regions of the world increases unless high quality
 

grain types are developed that can compete with wheat and
 

rice in consumer acceptance. Much of the reluctance to use
 

grain sorghums as a human food, unless forced to, may be
 

associated with palatability, digestability, and texture of
 

the grains. If human food is a primary objective in the
 

production of grain sorghum/pearl millet, then the development
 

or the retention of acceptable taste in any new varieties
 

developed through breeding programs must be given the highest
 

priority.
 

The evidence indicates there is sufficient genetic
 

variability in sorghum and millet grains to successfully
 

develop acceptable grains with desirable characteristics
 

that can achieve a prestige equivalent to other cereal
 

grains. This evaluation of this constraint was supported
 

both by the respondents to the questionnaire as well as the
 

UMC workshop group.
 

VIII. SOCIAL AND INSTITUTIONAL FACTORS
 

16. Poor communications systems are a major constraint 

limiting the adoption of new technology which might increase 

grain sorghum and millet production. This is particularly 

true of those systems designed to reach small, low-income 

farmers who grow grain sorghum and millet. There was an 
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almost universal recognition by questionnaire respondents 

that outreach systems in most LDC's are inadequate for the 

task. If new technology is developed to overcome some of 

the technical constraints, and if commnications research 

and experimental programs have not been completed to con

municate new technology to small farmers, a high probab1lty 

exists that coimnercial ,)roducers will ut i li the improved 

technology and small producers will not. This may effectively 

reduce market price and place the small producer in a poorer 

position for that portion of his crop he does. sell. There

fore, it is important that research be designed and conducted 

which has as its primary purpose; the determina ion of present 

communications systems, examinat ion of factors aissociat ed 

with adoption of innovation; by smal l farmer s, and conduct of 

experimertal work on new systems of COIIuIIuni1icat ion. 

It is clearly rccogni:ed that these constraints are 

culture specific and it will be necessary to repeat the 

research in a number of place; to Isure adeql,t.e coverage, 

17. Lack of r ik- t aki e,!; a maj)_r 

inhibitor in the adoptionofanyimpproved technmolog1y. 

Small farmers who grow grain ;orghum or millet fo)r their 

own use have very small amotms of risk capital, If any at 

all. Further, new techno logy frequently fill roduces ; "k 

of family survival In that it carries ;an uncerta,int y of 

disease, insect. , or weat ter response thai mayin some 

circumstance yield tIot al faillure, T1he. sb Ii ene farmern'n 

perception of the rink Involved, rather than the actual 

rink involved, I" the det erminantI of whether or not ie 
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adopts the now technology. Ifproduction is to be increased 
by the introduction of new technology, especially that which 

requires monetary investment, research into ways to reduce 

the amount of risk capital necessary for adoption of improved 

technology, and ways to reduce risk associated with its use 

assumes significant proportions. 

18. Grain sorghum and millet are in most parts of the 

world rearded as "inferior" or "low status" srains. This 

may serve as a major constraint to the increase of production. 

Kany of the respondents had the feeling that if small farmers 

could, they would prefer to grow what they regard as a 

superior grain such as maize, wheat or rice, and if they 

could increase yields of graiu sorghum or millet they might 

cut back on total acreage and thus have the same total pro

duction, but on a smaller area. Therefore, research to 

establish the basis of the low image that OS/PH have may 

be important to addressing the problem. Is it bitter taste, 

longer processing time, lower quality soils on which the 

grain is grown, or other factors? How can this Image be 

changed to encourage the increased use of grain sorghum or 

millet? 

Again, this constraint likely is culture specific and 

would need to be addressed in various settings. 

19. The exact role of arain sorghum and millet In the
 

culture. Includint food Production isonly suwerficidlv known,
 

Closely associated with 16, 17 and 18, as well as wLth the
 

constraints listed under nutrition, social factors related
 

to production and utilization of sorghum and millet need to be
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better understood. For example, use of kafir beer throughout
 

large portions of Africa as a social beverage is an important
 

end use of grain sorghum. What would happen as a result of 

increased grain sorghum productivity in these portions of 

Africa? Would additional kafir beer be produced or would 

the grain sorghum be used as a human food, a livestock feed, 

or would total production not be increased? 

20. If attemp2s are made to introduce grain sorghvim 

or millet as new crop, a whole new s;eries of social constraints 

will be developeT,!d. Social constraint.; described above are 

involved where grain sorghum and/or pearl millet are a part 

of the indi genou; culture. However, in significant areas to 

which g rai n sorghum or millet are ,,a pted it is not currently 

being grown. If current effortsI.o dew.0 lop a Cold tolerant 

grain ;orghumit in Mexico are pur';ued to fruition, then research 

on social factors of Introducing a new grain into a culture 

need to be pursued with .';ome dil igence if social factors are 

not to become fijor constraints. Ssuch pot ent ialI Constraints 

Incltde t host' t'sL''|i e ;il)ovv ',Ilch as; coimiu I llcat jon;, risk-;, 

status of ti crop, compatibhility with the, exi;t c lture, etc. 

21. Il:ad'qu.,t price po0licices an I titi f f 'l t plan's 

for the tit i 1t:.at J )onlof Incrt';i;'ti rodluct lon of sor htnwiland 

millet, It p oducti , itn cr';se:.' qlicklIv above usual on- Ifarm 

cOnllllpi leve t he .lab : wi byon l!;, tmlr l, sorp Iits ll inclreasie 

it lilt( I i'ryI r rce t1)4-Ir I'× exar e , ,otIlehI I ip III Af'ical 

011nt1 rie whet I. irp; 1 it t 4.' a!. 2'' percent of I pieroduct ioinl 

1141 11 )I - ' l .tIII tI(.' r , Il i i't b .I III( t)(I(- I i1 '4 duc t 1 11 icl( 4 liltv 

or 10 pv rer', I It I Igl~I l)~t 1I, t hv' alliu t l 11111r1+.-, etd l ibt't tIlI 
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of the increased production might be marketable surplus.
 

Hence, for subsistence and small farm production systems, a
 

potential set of "second generation" problems of significant
 

proportions exists.
 

Even before "second generation" problems emerge, there
 

exists the constraint of price policy designed to provide
 

cheap food for consumers rather than incentives for producers.
 

Many respondents indicated that price incentives to producers
 

must be provided if countries are to break out of the hand
 

labor, semi-subsistence production systems now found in much
 

of Africa and Asia. This is of much less import in Latin
 

Ame; ica. However, incentive prices could lead to more
 

production than needed for direct human consumption, because
 

other food grains are preferred to sorghum and millet in
 

almost all countries, i.e., only limited national markets
 

exist. If economic development proceeds, however, food
 

consumption patterns will shift to include more animal
 

protein in the diet. In this case, sorghum and millet could
 

shift from use primarily as a food grain to a feed grain.
 

One of the best converters of these crops to animal protein
 

is poultry. Poultry production and consumption is subject
 

to few religious constraints, would be a valuable addition
 

to many LDC diet:,, requires a minimum of refrigeration, and
 

is relatively efficient in converting feed to meat. Poultry
 

can be produced in small flocks, is a familiar enterprise
 

for most farmers in the world, is capable of consuming 

sorghum and millet withaut grinding, and requires relatively 

little capital investment when produced on a small scale. 

In thi.; res;pect, poLential for utilizing GS/PI- for 

manufacturing proces;ed foods should be explored. If such 

an alternat ive u1SeS could generate demand by income groups 

other than the poorest segments of society, new production 

opportunitieS might result for GS/PM as a cash crop by 

small producers. 
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A straegy for agricultural development, including the increase(
 

production of GS/PM and shifting of their use from direct food
 

to new forms of processed food or feed grains was not found
 

in most LDC's. Suffice it to say, major constraints exist
 

in the areas of price policy and product utilization, e.g.
 

systems of production/nutrition improvement.
 

22. Poor-market information constrains efficient
 

production and utilization of sorghum and millet. Especially
 

among small farmers, who market infrequently and have a
 

limited amount of information and transportation available,
 

this is a problem. It not only limits supply response to
 

incentive prices but alsc adds to problems of uncertain and
 

uneven income flows that farmers who are attempting to break
 

out of subsistence production must face. Likewise, consumers
 

are at a disadvantage because supplies do not flow to areas
 

of greatest need due to lack of market intelligence. As is
 

true of the constraints discussed above, this is less of a
 

problem in Latin America than in the other regions.
 

23. Inadequate market organization and performance
 

serve as an obstacle to improved production and utilization
 

of sorghum and millet. In many Asian and African countries 

marketing systems traditionally have been inefficient and 

poorly organized. Hence, governments elected to intervene. 

However, results seldon have real ized Initial expectations. 

In some cases, prl.ce, are not. announced Sufficiently far in 

advance to act as incenttives. In o tier casesa;, the gov(rnnent 

marketing channels have not. at. tracted enough sorghum and 

millet, to just ify (hivr conl Inuat ion. In) nitIll other cases 
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the government channels have not been responsive to changing
 

situations. In almost all countries there is discontent
 

with the way in which markets for sorghum and millet are
 

organized and performing. This includes not only markets
 

for the grains themselves but also for the inputs that must
 

be purchased for these crops if their production is to be
 

classed as anything above primitive.
 

IX. OTHER CONSTRAINTS
 

24. The shortage of trained mangower for conducting
 

research on all aspects of food production, marketing, and
 

utilization in LDC's and for staffing the educational
 

institutions (including extension programs) constitutes a
 

major constraint. The problem of limited facilities is a
 

closely related problem, in some cases only slightly less
 

severe. The problem assumes greater importance in Africa
 

and Asia than in the other designated regions, but is
 

significant in all LDC's. Surely, productive studies into
 

the question of how best to contribute to the development
 

of the manpower and institutional facilities needed have
 

not been exhausted. It would seem highly in order that a 

total collaborative research program include components 

intended to contribute to the instiLutionalization of 

appropriate research in the LDC' s to sustain the continuing 

adaptive research growing out of the program, to contribute 

to the pool of t raied mranpower In (he I.DC's , and to provide 

for fimproved df.';;emi na tlIon of tie result-- of the research to 

farmers; and/or other individual.-i in a posit ion to make use 

of those results. 
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B. Most Urgent Research Needs
 

The number of scientists and institutions conducting
 

research directly related to grain sorghum and pearl millet
 

is limited, in the U.S., at International Research Centers,
 

and in LDC institutions. The number conducting research
 

especially applicable to the small subsistence farmer in
 

LDC's producing grain sorghum or pearl millet for human
 

food is even more limited.
 

Throughout the preparation of this report, recognition
 

was given to the mandate that USAID should focus on
 

the rural poor in the LDC's. The listing of most urgent
 

research needs is not intended to be used separate from
 

the listing and discussion of constraints, but rather the
 

two should be used togethe.
 

1. Plant Breeding and Genetics. Expanded work in 

plant breeding may be the avenue through which more 

constraints can be addressed than any other single category
 

of research. The research, to be most productive, will be 

effectively integrated with research in plant pathology, 

entomology, human ntrition, animal nutrition, co-isumer 

acceptance, sociological and cultural factors, plant 

nutrition, and product ion systems, at the least , and likely 

with other kinds of research in particular areas or sI tAttions. 

A comprehensive plant breeding research program that 

includes select ion for Increa sed product vit y tirough bet t.er 

response to high level of tuit.rients, improved capacity to 

extract 1tmitedi nutrients, more efficient. use of limited 

nutrientsi , more efficilent utn of limited itlStftre, toleralnce 
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for limited moisture, resistance to diseases, resistance to
 

insects, and resistance to pests especially, birds, etc.;
 

for increased nutritive value, both caloric and protein, and
 

including digestibility; for greater consumer acceptance,
 

with taste in the forefront but not to the exclusion of 

color, texture, etc. ; and for adaptability to improved 

cultural and production systems seems indicated. Such a 

program could and should build on the excellent progress 

made to date in grain sorghum and pearl millet breeding. 

A major advantage of a research program of the scope envisioned 

is the possibility of integratlng effect ively into one program 

all of the concern!; suggested by thhe above li :tiny,. 

2. Research on Cultural Priactices. Research in this 

area may offer the best p ros)ect for non-monetiz:ed illno

vations or new technologies that require rela tively little 

'api tal invest ent Item:; that st and out in hi:; area are 

those as;sociat ed with stand est bl i shrient . weed cont rol , 

cropping ;ys tems and/or product ion sy:-;tems, and pest control. 

The different needs of t he d iff('rent product ion/con:;umpt ion 

syst:ems descrilbed in Appendix B. the varti t iol ill 'of I;. 

rainfal 1., an(d c I itnit (-; and (i ff,.r ibc,, in iiva 1;1ble t chllology 

(Irrigat ion, warl,.t:s , fe.rti l .. V , et(c.) will neevd to b" len 

into ;ICC0I11 ill J1;mni1111 a' 0 1r(sIe o ai Wetetd 

controlr Ii 1o -!h,c JI.i I IAv tin c.i .iiniI iI'iacin t AsI. icen 

that enhuance it.tb ,.ve' wit , mIs :acrLiicv o)fYi eIl i iv ,v. 

hti gh yi l CI1li) 1 1I I I It.c.t a. r , ue wti t o be o r ItIIhr. 


priority 11 l.I)(C. generally.
 

3. l'li,t,t thit hJt2ireh lntegrnt icm of plalnt
, i 
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pathology research with plant breeding research is an 

important part of the pathology contribution. But the 

reduced yields due to diseases is so important that an 

extensive research program directly focused on tile identi

fication of the economically important disease pathogens, 

and the developnient of disease control method,;, cultural 

and chemical, i s indicated. At,,ain, a comprehensive program 

will account for the wide viriat ion throughout the LDC's in 

important diseases, farmfing. sy.stems, available technologies, 

market orientaltionS, etc. 

4. En1torsoo ical Research. Production losses from 

insects,, diseae,;vs, and pest s are e;tImaited to be as high 

as 60 perctn'lit ill rme e itvs . tration of tht- entotnologyt C I nte 

research wit h p.tnt bretedin, r,wearch, ,;pe,ciAlv res..istalnice 

to Inset .t.Re i ll lt , I' 17 It .ircha mnto) 'he biology 

of t-c( tlloll lyI ltvisort ilnlt insect :i st hidicilt I nsvect.; 

that I'C d,,ti,.iIu., hoIi ICI h rt I and post -ha .V Ishould rvti't 

be stuld it.d (ot 1 r' 1 r5t1 loil(s halt . re't. ctmi!i i 1v, and 

ecologi.cal 1-l ,Idt 1l111.110 a ,. ti..d .d. I1i0o i li tl l of 

inset-t 111.1y lterinpo. inl till-h 11111-c.iite gi t 


dctift ()1 gVlt I ti .rui( 'lit'.l[ .! pe)i 2 l1lI I I I1l i II 1 n.11) food i 

Actc't, l bl t'l, ii " Ill Ihc, l l n't .I 1il,(- .1 lli I l t r 

le rilrit Ii i I I i 11ii it , it ii j-.11. .1i11 Iri,1, l)4-'c Iv'l ili lI I 

l4l ratll' hi l iled ,i 1 [,,Iwill :.iI~Io'×o,, i~ iii '.I'I l1IIttIli i apu ti 

il I fra11%i ilt" Ilv d 1 d I 11111 ' nea rv sar I (t!i teI 

hti I e ! s. e vI, . lltc' f i,.,, v if ,t Itoet, ,1 I€' it-t tw t .Oil 
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characteristics in need of research are (a) appearance, flavor,
 

cooking quality, texture, etc.; and (b) nutritional charac

teristics such as digestability, caloric and protein content,
 

toxicity, etc. For research in other areas to realize its
 

potential in production response results, grain quality
 

research is a necessary accompaniment.
 

6. Storage. Post harvest losses of all grains in
 

LDC's is a major concern within the entire concern for
 

improving world food supplies. Storage, per se, may seem
 

to be, from this study at least, less important a concern
 

for grain sorghtun and pearl millet than for other grains 

important to LDC's. Nevertheless, post-harvest losses are 

of such significance that research to develop improved 

storage to protect the grain seems to be indicated. If in 

fact, the total research program leads to increased produc

tion of these grains., satisfactory storage will become even 

more iliportant . 

7. Development of Improved Hcthods of Technology 

Conrnun i car ion. If tihe research is to be useful, the results 

must he- coi:uminicatetd to the ultimate user, largely the 

producer o)r the handltr or t hi' )oIVOun.,er. al1though frequently 

an(I t() lil twincit..;tng dle'p'r'c'' Hit' ,ovrntit'Ilt official may be 

tih' tarlgel (d1 the twuu l tl ffe ct iW ofi l:lltlti 1ht i)lo1e,; 

techiol ),y cu(1tiiiiuu i .i |) !i? 11 prt'vai I in of t.he lessfon 111Unch 

deve l pd wrld, .l bI) ght here It wid1ie var lait ion between 

Ci (l I. i vn , lm111. tilaft ivw* r, ,'.r l i t( ltilprlolvi.( ill llet ill 

iby.+ c, 

pivt-re i I' l proe co c > , 

1 t4 'isI 1-d I )I 1IO N 114'4'd i t ; I nivaill'CciUtiditV St'pcifC 

yet it CO | vi. 'uill' (1 ' .1l+l onil a olnlt l I)I iii 
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will include research on this vital component, as well as a
 

plan for disseminating the results of the major body of the
 

research. Again, such programs should account for the wide
 

variation in circumstances surrounding the producers and
 

consumers in the different kinds of production/utilization
 

systems described in Appendix B.
 

8. Trained Manpower. There is general agreement that
 

the ultimate impact of research on LDC production will reach
 

its potential only if the scientific base, in trained man

power and institutional support, is developed within the
 

country to continue the research and education effort on
 

an applied basis, at least. Research into procedures and
 

modes by which external resources may be employed to impact
 

this problem more effectively should yield valuable results.
 

Research programs in general dealing with improved food
 

production in LDC's might well include a component intended to
 

contribute to the pool of scientifically trained manpower. 

This may well be a major advantage of a worldwide collaborative 

effort. The problem is not commodity spccific, but a com

prehensive comnodity program should have such a component. 

9. Market Development--Market: Ory,;ni zation and 
Performance, and Ilarket Inforn',it ion. Effective markets for 

both product. and input:s are limit.ed and limiting throughout 

mos t of the L,)C' s and for mos t food commoditie s. Much of 

the grain sorghum and pearl millet- produced for direct. 

hur 11 Con s tplpt tI n iver p a:i ;ve s t hrough 11 marllk( t . Yet, if 

incren.ed product Iol is achieved, and If It is to aug;ment 

the food i1upply of all of the people of iiny country, Home 

http:incren.ed
http:limit.ed
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kind of market system will be involved. The potential for
 

research into market organization and structure for food
 

grains in LDC's is great and yet to be achieved.
 

10. Government Policies, Especially Price policies.
 

In most LDC's the central government performs a key
 

role in directing and motivating both the production and
 

marketing systems. It influences, if not controls, motivation
 

of the principals in the system, the movement of product, the
 

availability of inputs, the incentives for production, etc.
 

Many governments search for ways to improve their performance
 

in this respect to accomplish national goals. Collaborative
 

research between U.S. and LDC scientists can be expected
 

to serve such government officials, as well as to develop
 

the capacity of indigenous scientists to continue to render
 

such service to government on a sustaining basis.
 

11. The socio-cultural complex surrounding acceptance
 

and Use of Grain Sorghum and Pearl Millet as Human Food.
 

These commodities are widely known as low status commodities.
 

Even though they have advantage in production in marginal 

situations, they are commodities of last resort after all
 

others have failed. If biological breakthroughs are achieved 

so that the production advantage is enhanced, then these 

socio-cultural constraints to expanded use or to adoption 

in new areas assumes greater importance. Some imaginative 

research addrcssin, these problems; could just i fv i nvest ments 

in bio)1()log ( l ->1:e;tlrch bV eiih;inci t it s usefulness. 

12. Risks, per se, Constitute a Cons, nto adoption 

of New Technology Such as to Warrant Research Attention. The 
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risk of unstable yield or occasional crop failure associted
 

with adoptine new technology or new varieties is important
 

to the subsistence farmer. Both that risk and the risk of
 

investing in purchased inputs with uncertain outcomes (both
 

in production and in markets) is important to the market
 

oriented producer. Most of the research cited above can be
 

expected to contribure to decreased risks. Yet increased
 

attention is being given to risk reduction, per se, and
 

imaginative research in this area could have high pay off.
 

13. Nutrition. Although nucrition is highlighted in
 

connection with grain quality (p. 20) and in connection with
 

breeding (p. 17), nutrition research is of such importance
 

that special mention is warranted. The importance of
 

nutrition research associated with all research efforts to
 

improve the world's food supply is recognized. Consideration
 

is being given by AID and JRC to a general nutrition study
 

as a priority. Certain types of nutrition research are
 

inextricably related to the specific connodity under c-on

sideration, in this case, grain sorghum and pearl millet.
 

No judgment as to the relative efficiercy and effectiveness
 

of nutrition research in the context of a total nutrition
 

study as compared to commodity specific studies is being
 

made at this time.
 

14. Farming Systems - Farm Management Reference is 

made in earlier sect-ins to the importance of research 

related to how grain sorh.hurm and pearl millet fit. into the 

tot al farminng s y:stem if they are to b e produced at all. 

Re eitrch on practice and benef its of intei- C .opt)inIIS and 

c(ntinued P), 23a 
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double cropping has been mentioned, and is a part of this
 

research thrust. There is an important role fox farming
 

systems research to play in assurine that the other research
 

output has relevance to t.e producer, especially the Small
 

farmer who cannot afford to test and experiment.
 

15. A Central or Unified Data Management System;
 

Creation of an International Data Base. There is already
 

underway an increase in the amount of information regardiag
 

grain sorghum and pearl millet, some in U.S. institutions.
 

some in the International Research Centers, and some in
 

the LDC's through both national and international research
 

programs. Some of it is published nnd some is not. There
 

should be developed a system of collection, storage and
 

retrieval that will assure that all data is made readily
 

available to all researchers and to extension education
 

personnel around the world. The significant role of
 

ICRISAT as an international center for grain sorghum and
 

pearl millet research information is noted. The compre

hensive and extensive itature of a collaborative research
 

program such as is comtemplated in this project should
 

offer a unique opportunity to create a truly international
 

data base, and with either a single system or a unified
 

management system, make that data available to all scientists
 

throughout the world.
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C. The Methodology Utilized
 

1. Overall Summary
 

The basic elements of the methodology utilized were
 

established at the meeting of the ad hoc planning committee1
 

constituted under the terms of the scope of work for devel

oping a proposed Collaborative Research Support Program
 

(CRSP) on Grain Sorghum/Pearl Millet (GS/PM).
 

The methodology involved three general steps:
 

(1) Survey questionnaires were administered to know

ledgeable scientists for quantified information on (a) constraints
 

to GS/PM production and utilization in less developed countries
 

(LDC's), and (b) the present level of scientific knowledge
 

concerning such constraints.
 

(2) Site visits to selected institutions with a manifest
 

interest in GS/PM research programs to gain qualitative
 

insights not possible from quantified questionnaire responses.
 

(3) A day long workshop of an institution-wide internal 

committee of scientists (composed of interviewer/site visitor 

scientists and other knowledgeable UMC scient ists colliaboratinq 

in the planning effort) to interpret, intoqrate, and -,ummairize 

the results of steps (1) and (2). 

(A) Selection of Scientists to he Contacted 

The sample of scientisnts to be contacted or interviewed 

were selected as lollown: 

1 Made up of know]edq(eable scientist from the UnIvernit.y or 
Missouri, Columbia, and U.S. inst, itutions with known fit rong 
research programs in the subject matte r, p1us dvitiqua tid 
liaison personnel with IBIFAD, J 1C, and AID, and a r('l'retien
tative of ICIRSAr. 
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1. A letter was semnt to the directors of 
 9 

......
 

all experiment stati±ons and the administrators of research 

inall eligible institutions listed by BIFAD inquiring of 
herinterest- n participating -in--the--program-Of those---
who expressed interest# we requested the names of faculty 

who would represent the interest of that institution ina 
research program related to GB/PM production and utilization 

in the Lose Developed Countries. 

2. The ad hoc planning committee compiled 

a preliminary list of names of scientists which committee
 

members felt might be missed in stop lo above.
 

3. In the survey questionnaire# respondents
 
were asked to name other scientists who had an interest in
 

and knowledge about the subject matter.
 

4. Contacts during site visits were not 

limited to scientists whose names appeared or. the list in 
fact interviewers were enrourage to seek out other know

ledgeable persons.
 

(0) Selectiont ofBites for Visit
 

The selection of Institutions for personal visits by 

scientist interviewers wa* based on the collective judgment
 

of an eight-member UIC internal planning group made up of 
selected members of the instituton-wide internal committee 
of scientists. To make the selection# this planning group 

evaluated (1) responses to the lUtters sent to directors 
and administrators of research, (2) the level of expendi
tures for Gs/Pnagricultural researoh by responding initi
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tutions (based on budget data from "Inventory of Agricultural
 

Research," FY 1975, USDA, Volume II, Table II, B, pages 36-63)
 

(3) location of selected persons from the list of scientists
 

judged to be sufficiently knowledgeable and expc--ienced to
 

merit personal interview in order to gain qualitative insights
 

not possible from mere administration of the survey instrument,
 

and (4) time constraints to which this planning process is
 

subject.
 

The institutions visited for purposes of gathering
 

constraint questionnaire information and of learning about
 

research underway are listed in appendix A. 

Site visit--; first were made to an initial selection of 

U.S. institutions;. Based on individual judqment of inter

viewers, the questionnaire was (1) administered by the 

interviewer in his visit with a particuliar scientist, 

(2) ex,)ld in&,d il soe deta il to the scient:ist and left with 

him for comple(tion .ind retir n by mail, or, (3) left with one 

of the scient ;ists (or ,*Iministrtor;s) contacted in the site 

visit- to hb- J).u.'wed oi (and expl ained) to the scientist who 

was to('olll'te it.. 'Thi Iprocedure resulted in 90 responses 

from .e izt i ;t:;. 

l1poii nreip tion of tho first qi-oup of visits, the internal 

plan ,iq ,Irm1h I.,id' further -e; of U.S. in.sti ttitionsIl (lct ions 

for n it.. vi -;i t id !;o Ieectedt If()tr#-iqn i tit. t ion"; aind( aqt!nciCoa 

in ID,)('! to be- VI:; Iteii. t (-viv w. an(1 t;it visiti; were 

complIet,'d by lec,-,1l1wr 16, 1971. 
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(C) Workshop Procedure
 

As interviews and site visits were completed, the infor

mation on the constraints questionnaire was collated and
 

summarized. Three additional kinds of information were
 

available among the University of Missouri group, namely:
 

(1) A great deal of information was gained from the site
 

visits outside the constraints questionnaire; (2) several
 

interviewers used the constraints questionnaire to summarize
 

interviews, drawing quantitative conclusions based on their
 

overall impressions and understanding resulting from the
 

interviews and site visits; and (3) various members of the
 

group studied different written materlals, both published
 

and unpublished, ri.levant to the subject. In addition to
 

that, one faculty member participated in the five day world

wide conference on millet held at ICRISAT at the outset of
 

the study, and collected report manuscripts of a similar
 

conference on grain sorghum.
 

In total, twenty-one University of Missouri faculty
 

members representing eight subject matter departments were
 

involved in questionnaire interviews, site visits, literature
 

review, and seminar discussions.
 

The day long workshop (December 20) was organized to
 

provide a vehicle for bringinq together the understandings 

of these faculty members and to apply their combined judgment 

to the relevance and significance of the constraints identified 

and under con;ideration. 

This collective judgment of the workshp group is 

described in Section C., 3. of this interim report, entitled 
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"Summary of Workshop Evaluations by Interviewers and
 

Internal Scientist Committee."
 

(D) Evaluation of Methodology Utilized
 

Experience in implementing the methodology described
 

has resulted in some conclusions as to its strengths and
 

weaknesses. Many of the weaknesses can (and will) be
 

corrected in the ensuing planning period. It is the judgment
 

of the planning institution that the results described in
 

this interim report are, in general, an accurate represen

tation of the problems and priorities to be addressed by a
 

CRSP on GS/PM production and utilization in LDC's.
 

The substantial merit and strength of the methodology 

utilized is that it achieved as near complete coverage of the 

knowledgeable scientific community worldwide as reasonably 

could be expected with existing limitations of time and 

resources. It further permitted an extensive expert opinion 

weighting of all responses which can be expected to have 

achieved a composite which balances quantitative and quali

tative data into an integjrated result. 

To maintain a perspective in the planninq process which 

appropriately balanced relative emphasi s on the biololical 

aspects of GS/PM resea rch, on the onel hand, anid research 

related to socio-econom.ic a: iect.; ol (;'./I'M pr(,)uct i (n/ut ili

zation, on the other, cons ide rai l,, effort. was * xp,,'ndd to 

assure joint participat0ion of s;ocial Od )inoloqlical scien

tists in internal nniii act iv it vi sitthe al, q i ,;, sit4. iid 

interviews. ,;ite vi sits always wert mad, by at 1,ast two 

scientists, one i social scientii;Lt ind th, othr it bioloqieni, 

http:socio-econom.ic
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scientist. Despite these efforts, the number of biological
 

scientists in the respondent list is considerably greater
 

than the number of social scientists. This bias reflects,
 

to a considerable extent, the commodity focus of the research
 

planning involved, i.e., biological sciences research fre

quently is commodity-focused while social sciences research
 

tends to be people oriented. This bias is reflected in the
 

more precise categorization of biological constraints as
 

compared to the socio-economic and institutional constraints.
 

The usefulness of the responses to the survey instru

ment would have been enhanced had the respondents been
 

instructed to 	specify the type of production and utilization
 

system 2 to which their responses were applicable. Since
 

this was not done, applicability had to be imputed by the
 

workshop group based on country or region specified by the
 

respondent, and personal knowledge by workshop members as to
 

the production/utilization system with which the particular 

respondent had experience or was otherwise familiar. An 

effort will hbe made to further overcome this weakness by 

categor ixi nq que;t ionna ire responses accord ing to produc

tion/utiliza tion s;y;t:em; and re- suinmarizing the data on that 

basis for inclu;ion in the final report. 

The int.ern ,1plam ing group is of the judgment that 

this will not. 	 :;ini I icantly affect the )riorities estab

work shop.lihed by th, 

,ral typvs 

If time had permit-tfd, a pre-tet of the survey insti iment 
might have obviated th i nihortcomi n. 

2'ghrer, a of systems are described in appendix B. 
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Although the above discussion so implies, it should be
 

expressly noted that there were cases of apparent inconsis

tencies in data and information that the application of the
 

methodology described generated. These were resolved in
 

the workshop. Where such apparent inconsistencies appeared
 

to be significant and/or difficult to resolve, they are noted
 

in the discussion of principal constraints and urgen research
 

needs sections of this Interim Report.
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2. Summary of Constraints Questionnaire Results
 

Appendix C lists the scientists who responded to the 

questionnaire. It also shows (a) their institutional 

association, (b) the countries or regions to which they 

indicated their responses applied, (c) whether they res

ponded to questions related to grain sorghum or pearl millet 

or to both, (d) the constraint categories (Roman Numeral 

Headings as shown in the questionnaire in appendix Q8 which 

they addressed, and (e) the specialty or discipline of the 

scientist responding. The summary in appendix C suggests 

that GS/PM production/utilization research manpower emphasis 

presently is on biological sciences expertise, as compared 

to social sciences expertise. It also suggest; that much 

less is known about and much less research pre;ently is 

directed toward the social, economic and institutional 

factors constraining (S/PM production/ut iization in IMDC's. 

Further, significantly simall cr number; of scientists have 

knowledge of pearl mill et proO 'ction/uti 1ization an compared 

to grain sorghum, and ;ignificantly fewer have knowl edge of 

constraints in the Middle VIst , South Africa and Asi a .a:; 

compared to other area; ) I I dle incq world. I' nally,Cv,,l()*1 

tile data staglqsL; that mally s i.'nti:t:; s t Ve reseairch expe

rience that is l imiited A to U.;. This implie;Ch Chat I 

cor; i( ,'rlI 1(. s it-lit i I iclh (W(a I eso;a; ce blse with ;)(e

cialinzed 'xpertise in graian s;O(;rl111m and pearl Ii I let, i iarch 

in yet to he Cpe ,l for foc;uing on the(, all eviaat iontai o)f 

conntraint an; they are applicabl, to 1,)(' (:(nldit ita;. 
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More than one alternative was tested for summarizing
 

the data obtained from the survey questionnaire. Data from
 

a selected set of questionnaires (40 responses) was summarized
 

on a three-level priority scale. This was done on both a
 

worldwide and on a recionalized (by ICRISAT reqions) basis,
 

for each constricting problem listed on the questionnaire. 

Priority levels were based on the sum of the response ratings 

given for (a) importance of the constraint and (b) level of 

present knowledge and proqrans accord ing to the qradu at ion 

scheme specified in the quest ionnia ire (see appendix F, page 2 

for a definition of the graduation scheme). Priority ratinqs 

were established as follows: 

M: If the sum of' the (a) and ( b) ratings was 6 or 

more, the constrictinq problem was deemed to be d hi 1h 

priority reseairch area requirinq considerable resources. 

1. If the sul of (a) and (b) ratinqsg was 4 or 5, the 

constr i ct i ng problem was deemed to be an i utermed iate prio rit 

research area ruquitlrinq some resourc es. 

I If the sum of (a) and ( b) rat inqs wa; or less, 

the constrict iynq problen was dtemd to be a low rrity research 

area, bul om)i' t hat mi (lh t be i''portr ant I n some loval casesd . 

'Tabe C-2 show i sutmtmary of dti fro thi 40 selected 

que(tionna ires I ,r all ,,ii ,su; comninl. (sv page 3) 

An vx.amlinsit ion of tlhi s suminary indicat. i'S ,n sidp(.rTable 

divelr:si ty of o)pinion0 .an t( Illie r :tir 1h inla)0Jt mmm ( if I&IhI 

Varioul cgisLtroII , tI s. ;wuqmeo ' (,li!; itlitd ri't Imit. every coimmitraint 

HUMi~e wan of high11 priur ity for researvh, wh ii , by thi "amit 
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token, nearly every constraint listed also was rated low
 

priority by one or more persons.
 

Such a range of opinion is to be expected from respondents
 

with a wide sp-2ctrum of scientific specialties and geoqtranhic
 

interests. Nevertheless, the summary of responses can
 

and did serve as a clear guide for focusing the deliberations
 

of the workshop participants in developing a final list of
 

proposed high prio'ity research areas for a CRSP. This is
 

especially true when the summary of ratings is viewed within
 

the context of the accompanying comments made by respondents, 

both in writing on questionnaires. and verbally to the inter

viewers/site visitors at the time of their visits. 

Based on the a .sumption that a relatively high number 

of ratings of high Ipriority is a more reliable indicator of 

relative research iriportance than a relatively low number, 

all grain sorqhum ccnstraints where M equals 15 or more, and 

all pearl millet constraints where M equals 4 or more were 

selected from Table C-2. The resulting list of high priority 

research areas is as follows:
 

Grain Pearl
 

Constricting Problem Sorghum Millet
 

I. 	Fertility and Plant Nutrition 

1 .	 l'ertili ,r P :;prm:;' X X 

2. 	Secondary Micr() Nutrients XM X 

3. 	Chomical and/or I'hys icaIl Properties
 
of ,;oil X 
 X 

4. 	 l:conomic s of .'ert 1iz(r RoponneD X X 
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Grain Pearl
 
Constricting Problem Sorghum Millet
 

II. 	 Cultural Practices and management
 

1. 	Seeding: Time, Rate, Depth, etc. X X
 

2. 	Weed Control X X
 

3. 	Water: Control, Storage, Quality X X
 

4. 	Harvest: Losses, Quality, etc. --- X
 

5. 	Intercropping x x
 

6. 	Pest Control X --

7. 	Meteorological Factors: Growth
 
& Yield X X
 

III. Engineering and Mechanization
 

IV. 	 Breeding, Varietal Improvement and
 
Development
 

1. 	Introduction of Cultivars X X
 

2. 	Breeding for Resistance
 

a. 	to diseases (pathogens) X X
 

b. 	 to insects x --

c. 	 to birds X --

3. 	Breeding for Quality (protein) X -MM 

4. 	Breeding for Productivity
 

a. 	yield x x
 

b. 	seedlinq vigor x --

c. 	plant characteristics --- X
 

5. 	Seed Multiplication and Distri
bution X X
 

V. 	 EntoroLojy 

1. 	 Ident if icat ion and Damaqte 

a. 	 stem boring!i inuectit X X
 

b. 	 gjrain head insectu x x
 

2. Control of Insectn 	 X X
 



- 35 -


Grain Pearl
 
Constricting Problem Sorghum Millet
 

VI. Plant Pathology
 

1. 	Disease Identification and Damage
 

a. 	downy mildew x x
 

b. 	red stalk rot and anthracnose X --

c. 	ergot --- x
 

d. 	smuts --- X
 

e. 	headmolds x --

2. Control of Disease (combined) 	 X X
 

VII. Utilization
 

1. 	Constraints to Acceptance
 

a. 	palatibility X X
 

b. 	tannins, lysine, etc. X X
 

c. 	mycotoxin problems --- X
 

2. 	Constraints in Industrial Pro
cessing ---
 X 

3. 	Nutritional Constraints
 

a. 	 protein problems --- X
 

b. 	digestability problems --- x
 

VIII. Social and Institutional Factors
 

1. Social Factors 	 x x
 

2. Institutional Factors 	 X X
 

3. Transportation 	 x --

4. Storage 	 x X
 

5. Marketing 	 x x
 

IX. Other Constraints 	 X X
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A comparison of the above ratings with the ratings of the
 

workshop group demonstrates a high degree of agreement.
 

The one constraint category where an apparent inconsis

tency stands out is in the Fertilizer and Plant Nutrition
 

category. Here, the respondents to the questionnaire rate
 

four constraining problems as high priority research areas,
 

whereas the workshop group, based on site visits and personal
 

interviews, did not feel that these were such high priority
 

research areas. An examination of the individual (40 selected)
 

questicnnaires explains, at least in considerable aegree, this
 

variance. For example, 23 of the 29 responses rating ferti

lizer response as a high priority research area for grain
 

sorghum were referring to the U.S., Latin America and East
 

Africa. Twelve of the 15 high priority responses for pearl
 

millet for the same constraint were referring to tae same
 

three regions. Thus, these respondents were undoubtedly
 

using as a reference base the commercial production of these
 

crops for livestock feed. Fertility and plant nutrition is,
 

perhaps, the constraint category with most notable differences
 

in priorities for research for the different production sys

tems (described in appendix 1). The workshop group assigned 

relatively less importance to research in fertility and plant 

nutrition, ! xct L for largly90 non-monetized alternatives, 

because of the relative1y much q reater imiportance of' subsis

tence and ;mall farmier (;S/PM production and utilization by 

the poorest population sub-groups for direct consumption 

as compared to the mode for the U.;., most of Latin America 

and significant portions of last Africa. 
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Summary of the data by ICRISAT regions tended to
 

r.-confirm the conclusions on priority of research drawn from
 

the data summarized for all areas combined.
 

Another selected set of about 30 questionnaires was
 

collated in a different manner. The A and B ratings by
 

respondents for each constricting problem were totalled
 

and then averaged for each region and/or country designated
 

by the respondent. This collation method shows (a) the
 

number of scientists responding to each constricting problem,
 

(b) the ICRISAT region and/or country of his response, and
 

(c) the average rating of the constraint importance (A) and
 

the average rating of the level of nowledge (B) for that
 

constraint. Examination of this metiod of collation revealed
 

no particular inconsistencies with the results shown in
 

Table C-2. It did help to explain some of the variations in
 

constraint importance depending on whether the respondent was
 

referring to a country's specific problem or to generalized con

cern in several LDC's.
 

Because of the size of the tables summarizing question

nair-e data by regions and countries, they are not reproduced
 

in this report, but can be made available for examination on
 

request.
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TABLE C-2. Number of Responses By Constricting Problem and Priority
Rating, All Areas Combined, University of Missouri Constraints Survey
of Grain Sorghum/Pearl Millet Research Needs, 
Selected Questionnaires,

December 1977.
 

Constricting

Problem 
 Sorghum Pearl Millet 

M S I M S I 
I. FERTIL.TY 6. PLANT NUTR1TION 

1.Fertili;er Response 29 22 5 15 4 0 

2. Secondary & Micro Nutrients 18 3 3 10 0 0 
3. Chemical and or Physical

Properties of Soil 16 5 0 6 1 1 
4. Soil Test Calibration & Technique 5 7 1 2 4 1 
5. Economics of Fertilizer Response 17 7" 3 7 0 ) 
6. Toxicity 2 0 0 0 0 0 

II. LJURAL PRACICES & t'ANACGF2M 
1. Seeding: Time, Rate, Depth, etc. 31 18 13 5 4 4 
2. Soil Preparation 4 2 4 2 0 2 
3. Weed Control 16 S 1 8 0 0 
4. Fertilizer Placement -3 5 - 0 
5.Water: Control, Sr.oraj;e, Quality 49 19 4 4 2 
6.Harvest: Losses, Seed (Qulity,

Timeliness, Cost, tW, uhods 10 7 11 2 4 
7; IMltiple Cropping:
 

a. Double Cropping 4 2 3 1 0 
b. Inter Cropping 7 5 I 4.....3 .0 

8. Pest Control (birds, etc.) ' 3 1 1 2 0 
9. eternloical factors 
a. Growth & yield 
 L.4 ..2L 
 11
b. Effect on seed quality 
 6 3 2 1 0 2 

(1) M- High priority research area requiring cons ider,Ile re;ourcC..(2) S- Intermediate priority research area requiiring !;ome resources. 
(3) 1- Low priority but may be important in some c:,.es, 
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December 197g
 

III.* EIMEUWM AM IIZPWTU 
1.Macb~narifEvaluatlcri &Dow1op~inc 

a. 	 lanw t~ime, plmthj&
OCtttit 
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d. 	turva tlim 
'a. 	2~W lSportatiocu14 
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TABLE C-2. Number of Responses 1.y Constricting Problem and Priority

Ratinp, All Areas t'ombined, University of Missoari Constraints Survey
of Grain Sorghum/Pearl Millet Research Needs, Selected Questionnaires, 
December 1977. 

Constricting 
Proble .m Sor 'um p__earl Millet 

V. au,LO(N 
I. Mk.'ntification & Dw.uage6 

a. Scl Inncctq 
b. S-edit :, 

4 
9 

Sl 

3 

I 

6 
S 

N1 

0 
1 

S 

1 
0 

I 

2 
2 

C. Fol.I c ;.c ,; 

d. St,_n Ikriiiy :, ,cs 
C. z'ail W.1dl .ect s 
f. Sti ed tr tin 

2. Coxtiol of 1:i, t, 

3. FA.zoncic.; (,t ,tol 

4. Ident.i fv tcIke;I 1nsects 

9 -

15 

lol 

12 

13 

6 

3 
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2 

0 
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TABLE C-2. Number of Responses by (:onstricting Problem and Priority 
Rating, All Areas Combined, University of Missouri Constraints Survey 

of Grain Sorghum/Pearl Millet Research Needs, Selected Questionnaires,
 
December 1977.
 

Constricting
 
Problem 


V!I. [trl'lt ATION 

i. Constraints in Processing 
a. In Home 


b. Industrial Processing 

2. Constraints in Acceptance 

a. Palatability 


b. Tannins, Lysine, etc. 

c. Fortifications 


d. Mycotoxin Problems 


3. Nutritiunal Constraints 
a. Protein Problcsm', 

b. Digestability Pr,)blcus 

VIII.SOCIAL & INSTITUTIONAL FACTORS
 

A. Social Factors 


B. Institutional Factors 


C. Trainsportation 


D. Storage 

P. Marketing 

IX.OTHIER CONSTRAINTS 


SorgIm 

VM _ SLr_ 

4 2 


7 4 


2___ 0 

2-$ 4 


4T 

8 1 


4 1 

.
 

I 1 0 


24_ 6 


25 1 


23 2 


31 3 


18 1 


75 16 
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M 
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6 
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2 
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0 

2 


Millet 

I
 

4
 

14
 

3
 

0 

T 
0 

0
 

0 

5
 

0
 

0
 

4
 

2
 

2
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3. Summary of Workshop Evaluation by Interviewers and
 

Internal Scientist Committee.
 

The data base for the derivation of the constraints
 

was collected from three general sources (1) literature of
 

the field including CRIS project reports; (2) completed
 

constraint questionnaires filled out by leading scientists;
 

and (3) observations and other information collected by
 

several teams of scientists in their visits to research
 

institutions in this country and to selected international
 

and national research centers in other countries.
 

This large, diverse, and sometimes conflicting set of
 

information had to be brought together into a coherent body.
 

To accomplish this, two steps were taken: (1) All appro

priate data, including copies of the constraints forms,
 

were shared with the internal scientists, for their area of
 

responsibility, and (2) an all day workshop was attended
 

by members of the teams and other UMC scientists collaborating
 

in the planning effort (20 persons in total). The constraint
 

form was used as a guide for the workshop deliberations. 

Countries of the world were divided into the ICRISAT
 

regions, plus the U.S.A. Using this two way classification
 

scheme, each of the major topical areas was discussed by 

first presenting the results of the constraints questi.onnaires 

and then by presenting the observa t.ions of s ite vi sit teams. 

Each di.scuss ion oft a topical area was led 1y a scient:lst, 

from that area. As a reusilt of the discuss ions , the wordi ig 

of the cons traLits used on the quest Lonna ire was mod fled 
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to better describe actual problems. Then each con

straint was assigned a numerical value in each of two columns
 

for each of the major regions. The number in the A column
 

is a 	code for the rating of the importance of the problem
 

or constraint, and the number in the B column is a code for
 

the level of present knowledge and programs underway. The
 

key to this graduation scheme is:
 

A. 	 The importance of the problem or constraint
 

1. 	 Problem or constraint of little importance
 

2. 	 Problem or constraint of only periodic
 
importance
 

3. 	 Problem or constraint important in some
 
local situations
 

4. 	 Problem or constaint of wide-scale importance
 

B. 	 Level of present knowledge and programs underway
 

to gain necessary knowledge
 

0. 	 Problem or constraint solvable by transfer 
of technology, a crop production or develop
ment program required 

1. 	 Local information satisfactory, some other 
studies maybe advantageous 

2. 	 Strong program underway that should generate 
neces;ary knowledge, may need some refinement 

3. 	 On 1y prelimin;ary infformat ion available, major 
thru;t f; requ ired 

4. 	 No local I nformat ion av ilable, a need to 
initia-tu new or relative new re;carch effort 

For most of the con,;tra I t 1;,nallntimtnls ag1,reement was 

reached, both fOI" t he r-ankilg of impo-rtanc(, and for the 

1evtl of knowlIedg,. Folr ti' ri ll r, ;agreeelnt Was .del sit 

fit alnt . 1.i . The I of the w.) ksho) i'iit atrS shown-i?( 	 In 

Labular form on page:; 4A t.o 431 . 



C-3 	Su:--rarv of Interviewer Ratings of: (A) Principal Constraints to Production and Utilization of
 
Grain Sorghum and Pearl Millet as food sources, and (B) Level of Knowledge Regarding Those
 
Constraints, by Regions Established by ICRISAT plus USA, Rated as per Graduation Scheme Attached.
 

Page 1 of 5 Pages.
 

West East South Middle South
 
Africa Africa Africa Asia East America India US
 

Constraint Category 	 A B A B A B A B A B A B A B A B
 

Fertilty !ant Nutrition 

F1:!';itr.gerixation 4 4 4 3 4 4 4 4 4 2 4 2 4 2 

. -... -e, Ferti.it- 'ainten
anc e
 
a 4 3 4 3 3 3 3 3 3 3 3 2 3 2 1 2
 
b. 	Organic residue nanage

nent 4 3 4 3 3 3 3 3 3 3 3 2 3 2 1 2
 
c. 	Sci1 erosion/water manage

,3
nent 	 4 3 3 4 3 3 3 3 3 4 3 3 2 1 2 

3 	Use of VManufactured Fertili
z r 

a. Variable vields, year to 
'ear 4 3 4 3 4 3 4 3 4 3 4 2 4 2 2 1 

T.Lack of narket and inade-
Ouate infrastructure 4 3 4 3 3 3 3 3 3 3 2 2 2 2 1 i 

(4) 	Fertilizer Pesrcnse and Soil
 
Test Calihraticn 1 1 1 1 1 1 1 1 1 1 3 2 1 1 2 2
 

S S.eccnary Nutrients 	 1 3 1 3 1 3 1 3 1 3 3 3 1 3 3 3 

6. Chenical -1Physical Proper- I 
t:es c- Soi1 including Salin
ity, Aidity, etc. 1 3 1 3 1 3 3 3 3 3 3 3 2 33 2 

http:Ferti.it


C-3 S-',ar. of Interviewer Ratings of: (A) Principal Constraints to Production and Utilization of 
Grain Sorz . and 'Pear! illet as food sources, and (B) Level of Knowledge Regarding Those 
Constraints, by Regions Established by ICRISAT plus USA, Rated as per Graduation Scheme Attached. 

Page 2 of 5 Pages. 

:est East South Middle South
 
Africa Africa Africa Asia East America India US
 

Ccnstraint Cateorv A B A B A 
 B A B A B A B A B A B
 

--ra ....e. anace-ent
 

a z=-' ' ::--I Cf 

Z .. 4 3 4 3 4 3 4 3 2 2 4 3 3 2
33 4 - 4 3 4 2 4 2 2 2 4 2 3
 

*2*ir, R: e ' . d A ia 

S .4arves- 3 	 4 3 4 3 3 3 3 4 3- 4 
-. -'u -- -  -p C .-ter

-- --- 3 3 3 3 3 3 3 3 3 2 3 2 2 2 

" e_-
 3 3 3 3 7 3 3 3
 

i... .e - chanization 
"!"C:rra:a Etcrag e


"a3 	 0 2 0 0 3 0 2 0 2 0 3 0 1 0
 

3 0 - 2 0 . . . . . . 2 0 - 

n. _e elcpnent and
t:" ad0 naa-i3 0 3 0 3 0 3 0 3 0 3 0 1 0
 

=a
Frn Stcrage 

a. 	Scrghu- 3 1 3 1 3 1 3 1 2 1 2 0 
e 3 1 3 1 3 1 3 1 3 1 3 1 2 1 

(1 g Sorghum)z 	 - -  3 0 - - 1 0 
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APPENDIX A
 

Institutions Visited by University of Missouri Faculty
 
University of Missouri Constraints Survey
 

of Grain Sorghum/Pearl Millet Research Needs,
 
November & December, 1977
 

1. ICRISAT Headquarters, India
 
2. Indian Agricultural Research Institute, India
 

3. All India Sorghum Project, India
 
4. All India Millet Project, India
 
5. National Institute of Nutrition, India
 
6. Andhra Pradesh Agricultural University, India
 

7. Indian Council for Agricultural Research, India
 

8. USAID/India, India
 
9. Maharashtra Agricultural University, India
 

10. ICAR, New Delhi, India
 
11. Punjab Agricultural University, India
 

12. Technical Service Association, Pakistan
 

13. Yousafwala Maize & Millet Research Institute, Pakistan
 

14. Barani Project, Pakistan
 
16. Agricultural Research Council, Pakistan
 
17. Cereal Research Institute, Pakistan
 
18. FAO Office, Syria
 
19. Arab Center for Study of Arid Zones, Syria
 

20. USAID/Syria, Syria
 
21. University of Khartoum, Sudan
 
22. USAID/Sudan, Sudan 
23. Ministry of Agriculture, Sudan 
24. Katumani Branch Research Station, Kenya 
25. FAO Office, Kenya 

and Forestry Research Organization,
26. Fast Africa Agricultural 
Kenya 

27. USAID/Kenya , Kenya 
28. Ministry of Agriculture, Kenya
 
29. USAID/Senegal , Senegal 
30. Bambey Re,;ea rch Stat ion, Senegal 
31. ISRA, Sectga 1
 
32 ICRISAT' Office, Senegal
 

Research Center, Brazil33. FNIBRAIA :at orial Corn and Sorghum 
34. Iini;tituto Nacionail de Alimentacao e Nutricao, Brazil 

35. 	 Lmpre.;a lrailcira de As.i;itencia Tecnica e Fxtesso Rural, 

Itra-.i1 
36. Univer ,;ityv l'dt al of llrai.vilia, Bra,il 
37 . I',MI1i1AiA 11;-adquarters., ltrat;il 

38. Pernambuco I PA, IIrazil 
39. Int;tituto C(olombiiio Agrop( uario, Colombia 
40. CIAT Ihcadquarteir,, Colombia 
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41. Centro Nacional de Technologia Agropecuaria, El Salvador
 
42. CIMMYT Headquarters, Mexico
 
43. National School of Agriculture, Mexico
 
44. University of Nebraska, USA
 
45. Texas A&M University, USA
 
46. Mississippi State University, USA
 
47. University of Arizona, USA
 
48. Purdue University, USA
 
49. Oklahoma State University, USA
 
50. Kansas State University, USA
 
51. Texas Tech University, USA
 
52. United States Department of Agriculture, USA
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APPENDIX B
 

Current Production/Utilization Systems
 

In the process of identifying problems and research
 

needs in grain sorghum and pearl millet production, marketing
 

and utilization in LDC's, it became apparent that the impor

tance and nature of constraints and research needs are
 

different for different types of grain sorghum/pearl millet
 

(GS/PM) production/utilization systems. There of course is
 

considerable variability in such systems between regions of
 

the world, from country to country, and from area to area
 

within countries, as well as from farm to farm. Nevertheless,
 

based on a review of information from knowledgeable experts
 

1) in GS/PM production/utilization and 2) in agricultural
 

development in LDC's, it appears that these many systems
 

can be broadly grouped, for identification of urgent research
 

needs, as follows: 

1. 	 Subsistence production which is directly consumed
 

primarily by the producing family.
 

2. 	 Small farm production where a significant part of 

the production is fairly consistently marketed as 

a food grain. 

3. 	 Medi um/large farm cormunercial production marketed 

primarily a; a feed grain. 

Examination of the dis ingtulshting characteristics of 

thene three (;/ I'M product ion/Ut ilil at.i lo sys etems rather 

clearly demonist rates he diflference In research needs for 

addr(,s.-I tig conitiraint, ri(iated to GS/WIH production/utilization 

within tach sytem group. 
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It is estimated that nearly 75 per cent of LDC grain
 

sorghum production worldwide falls into the first two systems
 

listed above, whereas perhaps as much as 90 per cent of
 

pearl millet production falls within those systems. In most
 

countries of Africa, India, and Asia more than three-fourths 

of total production of grain sorghum is utilized for direct 

human consumption, while in Latin America, an estimated 

90 per cent is utilized for livestock feed. In the case of 

pearl millet, the grain is produced almost entirely for 

direct human consumption in all LDC's, while the forage is 

used for livest ock and other uses. Table B-I (attached p. 53) 

shows the above estimates by ICRISAT region. 

The following discussion stwunarizes the particular 

characteristics in each system group that. surfaced a, being 

important determinants of tihe ur'getcy of research addlres .ing 

constraints affecting that system. 

1. Subs istelnce I'9dc toi.iol /Cons 111 "t i on SvsteMU 

This group is chira/ct e-i 2,ed by t.ie non-mollet ized nature 

of the GS/PM )roduct iol./ut iI i-.it ion l' cet; ;. The 1)I ect ive, 


,of the pro)ducin, flami I iCS he.re i; to rt)tI)duL ;t7f icielt 

;at is yr 100(1 to)GS/PM t o t ir own ba.; i c tltidI.s 'I'hy t rV 

plant enolg,,l to( pr-o(uce blr ti iiI mum lnetd,; evenl il (whaLt 

their eXpjeri ence tel 1 tin would he) i it~i ci-,,p V l'.r 

Thus , ill a ',o( IJcl'op Yv0;)a , tll'y Call e-Xlpec(t to h/vi .1 gi'i; i 11 

surpl i:; :;alI ali V rlig Vt';Ir" tillV will I . dc(lilatc4fm- ,; ill ih 

(;S/PM (Inr 1le I,'t lnt l, Ilwl hl ye .lr tly will I)(, 

oil shon at IO ll,.illul aaII Very th;ad yeaV 1e- lace 5ev 1ou 

iuppI yy d Ic i (l1rc I , and est I In1 a Inlnut I-It i uII, 
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The poorest sub-group of this subsistence producer 

group is almost totally non-monetized, with no production of 

any crop for sale, while another sub-group produces, in 

addition to GS/PM for their own consumption, another cash 

crop for sale. For example, in areas of Central West Africa, 

groundnuts are produced as a cash crop by small farmers who 

raise GS/PH for home consumption, whereas inmuch of the 

more arid areas of North-West Africa, many subsistence 

families produce only pearl millet for their own consumption, 

and, if they have a surplus, trade with nomadic herdsmen for 

animal products. 

Some characteristics of this group that are important
 

to take into account in determining urgent research needs
 

aret
 

a* The risk structure is such that to be willing to 

adopt a production practice dissimilar to that 

with which the farmer is familiar, he must perceive 

it as no threat to his minimuim family subsistence 

needs. He is not readily willing to risk family 

survival. Thus, for him, yield stability, takes 

priority over higher yields per unit of land or 

labor used in the production process. 

b. Since the production/utilization process is non

monetized, there is no transactional basis for 

using cash inputs such as manufactured fertilizers 

and purchased seed. Research oriented toward 

improvement in use of cash inputs would be relevant 

to this subsistence group only as they move into 
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the money economy and begin purchasing cash 

production inputs such as fertilizer and pesticides. 

Even improved seed is not relevant to a non-monetized 

production system unle;s s it can be introduced 

periodically, permitting seed re-use for several 

years without desnroyin, the beneficial character

ist itcs of the improved seed. 

C. Market. structure probablv is not very important to 

this production svst em, since the marketing function 

is a di scornt inuous process that doe; not i1ove 

beyond loeal Ibarter markets . This is not to say 

that as a producer under this sytnem moves to a 

more market -o'ient ('d :syst irn, mlk('t struicture does 

not hee'OMIi illl] t dint . llOWetVVt , this Moves the 

producer into -inothvhe !;vs;t em. A simil;tr conl!usion 

probablv Can e t lraw for In:' i tiut ion.i1I rutrtture 

re Iat cid to input :;upp]I y and jroduet io)n credi I. 

However, to) thee t t t hat eosll trai It- aI1Iev 1a i 1 

p)rodut ollon I:et'ri'C oultpl lt i:; relevant t) thi; 

tly." t Ill,the il i titIt i011.11 :;trlet! rv for out reach 

i;an irml-rIanl p robl!em ared t) he addre ;ssed by 

ilpp+ ror .e 4,;'.' 'l 

d. (;iv'i t l q.1, 'V,,,it i. I P4'ly that r1)1;rth, re aIted 

to f''tl'.l l ,cl| , , I ; po<t'viltia lly th 'l).q 

titil l ttI t it.l ,t1lv 1p, (tti1 11 1 

U 75l I " I ltit II .l4!i lti.'t Iii i.ll( £ iis t Itilt joll.11 , i et IIV l, 

anlld I h I ' 1411, 14) , l1 :4'lU. i .i ''t'l S))' t illll' 

r Iro 11 t h l i+ to Iit Iti i lntt hlt-l- 11 ,4 ) t .i fi'll llll 1 l , 
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Finally, research designed to increase production
 

under this system, e.g., intercropping, nitrogen
 

fixation, etc., may have relevance.
 

2. 	 Small Farmer Market-Oriented Production/Domestic
 

Food Use System
 

This group produces for home consumption as in the case
 

of the subsistence group, but a producer in this group also
 

consistently expects to have production for sale. 
 Such
 

sales generally are within the local market, 
some being
 

bartered for other consumption items for the producer family,
 

but generally there are 
sales for cash. The production
 

which is sold moves 
through domestic channels for consumption
 

as human food for the rural non-farm and urban poor.
 

The actual production system for this group generally
 

is as primitive as is that of the subsistence producer, and
 

his risk orientation is similar. However, there is some
 

potential for adopt on by this group of producers of low

risk cash inputs in the production process, as well as 

cultural practices that improve labor use efficiency. In 

some cases, land avajiabi.lity may be a constraint (El Salvador, 

for example), but in other area.; of the world, labor probably 

is tht critical constraint at crucial periods in the pro

duction proces;. Likewise, m1oit re s10horta,,es; frequently 

limit Fro~lct i oi, 

Whilt i'. oI overri diig timporlCaice to members of t his 

group of pIiitce,,-;, it erm tl piodict Ion j)roci;s,,(0 th1 

appears to bc thei effect. whicli til, Itroduct fon if a change 

In the way (;;/lPM Iii prodic,Cd mlilay hliave oi lhe .1oal 	farmling 
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system of the individual farm/household firm. Shifts in
 

land use or labor utilization for one crop impacts on
 

production of other crops, non-farm labor use, consumption
 

patterns, etc., for the farm family.
 

This means that production research activities aimed at
 

resolving constraints for this group of farmers must be very
 

closely associated with farmer adoption. Thus, such research
 

must be closely integrated into the outreach structure of
 

the country aimed at this group, and that outreach structure
 

must incorporate a workable testing/feedback system from the
 

research institution to farmers and back again to the research
 

institution.
 

In addition to the characteristics described above for
 

the production aspects of the system, the marketing/utilization
 

aspects of this system assume considerable importance since
 

market structure often is not well developed. Effective
 

demand for what this group of farm families produces is
 

constrained by the ability of the marketing/utilization
 

system to reflect consumer demand for GS/PM as compared to 

substitutable producLs such as rice and wheat. To the 

extent that imperfections i.n the physical and institutional 

structure of the market dampen demand at the farm gate, to 

that extent,, supply response is l imited. Socio-cultural 

factors related to social itatu;S of GS/P1M, as well as nutri

tional annd related clharacterisI ic s of the l)Foduc , stuch a:s 

pal it i hi I it y .111(1 (Iigtt., ;,bi I it y, i;my be import ant. r(,;(,archable 

cont raiit s, albeit, oFten relatively sit e-specific, Research

able problems related to price policy and tist Itit lonl 
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structure usually are apparent. Again, the relationship and
 

interchange between the research process and application to
 

site specific situations gains considerable importance.
 

3. Commercial Production/Feed Grain Utilization System
 

The characteristics of this type of production/util

ization system in LDC's most closely parallels the U.S.
 

system, although there may be significant differences.
 

However, in terms of present importance to LDC's, this
 

system is significant only in Latin America and in some
 

countries in East and South Africa. Even in Latin America,
 

except for Mexico and Argentina, GS/PM are relatively minor
 

crops.
 

Improved output efficiency in the use of cash inputs
 

such as fertilizer, pesticides and improved seed are
 

important constraints for this system. In some countries 

where this system is not yet well establli shed, marketing 

structure and development may be important constraints. 

This system has only limited impact on the poorer 

segments, (whether rural or urban), of LDC populations, 

whereas the other two s ys tem; described impact heavily on 

these poorer segment s. 

In terms of relative Importance to GS/PM production/ 

utilizatLon in IIC':;, resealch activit te; which are aimed at 

resolving, con;t rai nt s I mit ed to th1i:; group general ly can be 

eXpecte d to, be ofI lowpr ri 0ori y than re;earc I Ict lvi t, I es 

aitmed at col.1tr lits obviotils Iyres()Ilviig ft wl i cli Impact 

aign ifficantly oni tlie other two groups, 
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Table B-i 

Estimate of Production of GS/PM, by End Use and in Total, 
for Countries Producing 50,000 Hectares or More, Grouped by 

ICRISAT Regions, 1976 (inThousands of Hectares) 
GRAIN SORGHU4 PEARL MILLET 

Total Human Livestock Total Hunan Livesto-i 
Food Feed Food Feed 

hectare %* hectare % hectare 7, hectare ' hectare % hectare Y 

W. Africa 7,830 19 7,047 90 783 10 10,608 31 9,548 90 1,060 10
 
E. Africa 10,150 25 7,612 75 2,538 25 3,833 11 3,450 90 383 10
 

S. Africa 351 1 176 50 175 50 555 2 500 90 55 10
 

Asia 	 705 2 564 80 141 20 1,047 3 942 90 105 10 
Mid Fast 711 2 356 50 355 50 - - - - - -

L. America 4,455 11 445 10 4,010 90 269 1 242 90 27 10
 
India 16,000 40 12,800 80 3,200 20 18,000 52 16,200 90 1,800 10
 

Totals 40,202 100 29,000 72 11,202 28 34,312 100 30,882 90 1,430 10 

Source: 	 Derived from Foreign Production, Supply and Distribution of 
Commodities (computer tape), National Technical Information 
Service, U.S. Department of Commerce, and UMC es;timates. 

*These percentages refer to per cent of total hectares for 
all LDC's 	listed.
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FOOTNOTES--EXPLANATIONS OF ABBREVIATIONS
 

1. W.A. -- West Africa 

E.A. -- East Africa 

S.A. -- Southern Africa 

AS. -- Asia 

M.E. -- Middle Fast 

L.A. -- Latin America 

IA. -- India 

U.S. -- United States 

2. I. -- Fertility and Plant Nutrition 

II. -- Cultural and Management Practices 

III. -- lngineering and Mechanization 

IV. -- Breeding, Va'ietal Improvement and Development 

V. -- Fntomology 

VI. -- Plant Pathology 

VII. -- Utilization 

VIII. -- Social and Institutional Factors 

IX. Othter (:ontraints 

3. G.S. - rain Sorghurn 

P.M. - - hear Mi 1lt 

4. Ag. Engineering Agricultural Fngineering
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APPENDIX D
 

Summary of Research Programs of ICRISAT
 

ICRISAT has a comprehensive, well planned research
 

program on the sorghum and millet crops in areas ranging
 

from production through utilization of the crops for human
 

food. A considerable amount of this research is don,: by a
 

network of ICRISAT staff located outside India where there
 

is cooperation and support in the research effort given to
 

national programs in many tropical countries.
 

ICRISAT research is directed toward the basic improvement 

of the sorghum and millet crops. Major focus is on breeding 

to improve stability of yield as well as prodluction potential. 

The collection and exchange of germplasm, as well as programs 

to regenerate and improve genetic variability, are central 

to the effort. Pathological, entomoiu?, i ,1 physiological, 

microbiological, biochemical, etc..research contributes to 

better understanding tihe naLture of the problems as well as 

backing up t.he breedi ng prog r ais. Many alternative aplproaches , 

in view of the import ance of ri.sk to te -miall falrmsller, are 

being investtigated, :mch is bacteria. nit.rogen fixation, 

"oefficient is.e of nut reint" plant t ypes, etc., that ml ght 

help stalhilt.,, Yie ld on ilie stibs;is;t,ice, fanisi. 11uch work 

on the imijor ,veIdl rbjtluc.r:s- -di:,ases, hi rd , insects 

1;t r igai, drouhtt , t c. - -:; unde rwa y. Alt ervnate Innsa of 

control , utich a;1; ctlturl I 1oIoap,c it I , and cheiscilli * wOll 

tit breeding,i . n,) . t' i r;tirid 

Hvi'lttrtc'l al *) Involve.:i uset. (f tiht, cro;): in prodtuct ilo 

nytielim , Nvw rettl t yji,,, at I tild I'd t hlat m11ght fit into 
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changing systems of culture, management, intercropping,
 

multicropping, etc. New equipment is being developed that
 

might have utility in the small farming system. Cultural
 

and management practices to better insure the farmer of
 

getting and maintaining stands are being explored.
 

Research on grain quality, in-luding acceptability and 

cooking and eating quality, has high priority. This has 

utility in the breeding program as well as in the production 

research. The production and maintenance of quality both 

in the field and in storage is of concern. Nutritional 

and digestability studies hopefully can enable the prodtuction 

of foodstuffs that better meets overall human needs 

A well balanced social science research program 

directed to the human factor in the production and utili

zation of the sojrghum and millets in the .Semi Arid Tropics 

(SAT) is under way wi th plans for expansion. The staff 

includes at least three economi .st s and a s;oci al 

antir()ologis t . Indepth S.tIdit'S 

involving paired villages in three areas in India are 

heavily directed to the dticovery and assestnwlt of grass 

roots, social , cult ural and econoiinic col;; taint s oil the 

product.ion and ut flilI at ou of tli.se tw( cro . In addition, 

the case stiudies are designed to prov|I,.le .a cotltilluIng datia 

biise fbr indepth stildiv..; if and at th sih ,al t : , . 'I atitu 

Ire to ex)an( t ilhe to othel. re, a d 't,,ll!; o0s hc WorldI 

(.ene ;I I [ hr stl; (of t(i I I"Vt *WiI V l'1I t t dcih t Iiion 

up 'Il c Moreind tlil cI nt wi t InIug ,n(m s iindvi.r .ach. 

olpecific etltiplall :a tllder ,tC1h 1it-4. it i 1ll ows: 

http:prov|I,.le
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On the production side
 

1. 	The village level studies Just noted
 

2. 	History and economics of existing tank irrigation
 

constraints
 

3. 	Systems of waterharvesting and supplementary
 

irrigation constraints imposed by sail conditions,
 

topography and present systems of land ownership
 

and distribution
 

4. 	Group action and organizatitt for improved land 

and water management. The present systems of land 

ownorship 'and distribution are known constraints. 

The ultimate search is for watershed based ecol

ogical arrangements where group participation in 

the common good ispossible and is used. 

5. 	 Collaborative planning and evaluation experiments. 

6. 	The role of risk and uncertainty inSAT areas
 

concerning which a great deal has already been
 

written.
 

7. 	 Improvement of animal drawn implements and 

mechanization inthe SAT with emphasis on alle
viation of labor requirements in peak seasons 

and better utilization of scarce water resources.
 

On the marketinit side
 
written
1. harketing channels and marketing efficiency.
 

2. Derivation of demand and supply parameters for 

ICRISAT crops. 

3. 	 Measurement of conamer preferences for evident 

quality characteristics of ICRIAT crops, including 

sorghui and millato. 



- 62 

4. 	 Case study of rural marketing systems in a
 

selected district
 

5. 	 Spatial allocation of crops, inter-regional 

trade, integrated trade and aggregate produc

tivity.
 

A current list of publications issued by the ICRISAT
 

Economics Program which also includes anthropological

sociological research, carries 62 entries, most of very 

recent. date. The ca talog classificat ions of these entries 

are:
 

Research Resource Allocation
 

Product Ion
 

Ma Lk e t itng
 

General
 



APPENDIX E
 

Grain Sorghum/Pearl Millet
 
Identification of Constraints Interview
 

1. 	Respondent Institution
 

2. 	 Present Assignment
 

3. 	 Mailing Address
 

Phone
 

4. 	 Major Discipline(s)
 

5. 	 International Development Experience:
 

Countries Type of Experience Approx. Dates
 

6. 	 Suggestions of Other Scientists to Contact for this Purpose:
 

7. 	 Comments:
 

8. 	 Interviewee: 
 Dato
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DEFINITION OF GRADUATION SCHEME
 
Grain Sorghum/Pearl Iillet Reslearch Program Planning
 

In the blank space opposite "country" indicate the country
 
or countries to which your evaluation applies.
 

The A column in each case is for rating the significance of
 
the constraint by entering the number 1, 2, 3, or 4 according
 
to the four levels' given under section A below.
 

The B column is for recording the level of present knowledge,
 
again by indicating one of the numbers 0 to 4 according to
 
the definition given under item B below.
 

A. 	 The importance of Problem or Constraint
 

1. 	 Problem or constraint of little importance
 

2. 	 Problem or constraint of only periodic importance
 

3. 	 Problem or constraint important in some local
 
situations
 

4. 	 Problem or constraint of wide-scale importance
 

B. 	 Level of present knowledge and programs underway to gain
 
necessary knowledge
 

0. 	 Problem or constraint solvable by transfer of
 
technology, a crop production or development
 
program required 

I. 	 Local information satisfactory, some other studies 
maybe a dvan t ageon s 

2. 	 Stronj; program underway hat slhotld generate 
lcesi,;try knowledge, may need some reftnement 

3. 	 Only pre I i nformat ion majorliminary avatlable,, 
t0hrt1P t t, re!jilri 4-d 

4. 	 No local inforit ion awillable, i need to initnto 
new or relative new research effort 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting 
Problem 

Sorghum Pearl Millet 

_ountry 

I. 

__ __ _ _ _ 

FERTILITY & PLANT NUTRITION 

_ _ A B A B A IB A B 

1. Fertilizer Response . . .. . .. 

2. Secondary & Micro Nutrients 
3. Chemical and or Physical 

Properties of Soil 

4. Soil Test Calibration & Technique 

5. Economics of Fertilizer Response __ 

6. 

7. 

Comments 

II. CULTURAL PRACTICES & MANAGEMEN 
1. Seeding: Time, Rate, Depth, etc._ __ _I 

2. Soil Preparation 

3. Weed Control 
4. Fertilizer ;1acCtilnt . . ... . . 

5. WaLer: Control, Storage, Quality 

6. IKirve,;t: lxs;;es,
Tlit-,l l ess, Ck);t, 

Seed Qualfty,
MLNkt Xxl, 

7. Multiple Croppi,: 

11. Douible Cropping ... . . . . . . 

1). Inter (rnopp 4, .... . 

8. Pe;t (Gmt-rol (birds;, etc.) ---..... . 

10.
 

C"cuttint n 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting 
Problem Country 

Sorghum Pearl Millet 

A B A B A B A B 

Ill. ENGINEERING AND MECHANIZATION 

1. Machinery Evaluation & Development 
a. Land Preparation, Plonting & 

Cultivating 

b. Plant Protection 

c. Water Utilization 

d. Harvesting 

e. Transportation 

2. Storage 
a. Farm 

b. Camiercial 

3. Crop Drying 
4. 

5. 

Comments 

V. ETM14LOGY 
1. Identification & Demage
 

a. Soil Insects ... ... .. .. 

b. Seedlhu, Insectsi 

C. Fol tgeInsectLs 

d. St(n lkrin, htiectO . 

0. Cr1ifil tIIId IvII.-t ,11 

f. Gr ored Gil hn11ct, 

2. Oyt rol )f I le I... .. 

-II 
6. 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting 
Problem Country 

Sorghum Pearl Millet 

_ __ _ _ _ _ _ _ _ A B A B A B A B 

IV. BREEDING, VARIETAL IMPROVEIEN'r AND 

DEVEIDPMEff 

1.Introduction of Cultivars 
2. Competition of Cultivars 

3. Breeding for Resistance 
a. To Disease 

b. To Insects_ 

c. To Bird; 

d. To Other Pests 

e. To Drought 
f. __ _ _ _ _ _ _ _ _ _ _ _ _ 

4. Breeding for Quality 
a. Protein_ 

1. 'alatahiliyty 

C. 

5. Breedig,, for 
1. Yield 

PrOductivity 

b. Scedlfi4,, Vigor 

C. _'_llt(______'__'_tC-----

6. Brc..........y 

6. Bretcdin , 1-1,tluxlology 
-.. .................... . 

7. Cytology 
8., .d t~ihltr Ipl cat. iou 

9 . 

10.l 
....d Ir.I.... 1... ('I 

. 

h.on 

- - - - . _& 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting Sorghum Pearl Millet 

Problem Country 

A B A B A B A B 

VI. PLANT PATHOLOGY 

1. Disease Identification & Dmage 
a. Fungi

(1)Downy Mildew 
(2) Red Stalk Rot & Anthranose 

(3) Leaf Spot; & Rusts 

(4) Ergot 

(5) Snuts 

(6) lie icmolds 

b. 

c. 

d. 

Bacteria (Stripe) 

Viruses (MIIV)_ 
'kcwitodes (Ikxt Knot) 

e. Pfhnerog;anic Parasites 
Weed) 

2. Control of Disease 
a. Cultural Control 

(Witch 

b. 

c. 

Chnical C(trol 

Resai tance to Pathogns 

3. Econornics of Control 

4. 

5. 

Concts 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting 
Problem 'Country 

Sorghum Pearl Millet 

VII. 

_ _ __ 

UtiLIZATION 

_ _ _ _ _ _ A B A B A B A B 

I. Constraints in Processing 
a. In I1lli_ 
b. Industrial Processing

2. Constraints in Acceptance 
a. Palatability 

b. Tanntins, Lysine, etc. 

c. Fortificat ionls 

d. 
L . 

I" Valrieties Acceptance 
lMycotoxil Prol(lSle 

3. Nutriti onal onmstraints 
a. rotein lrobltv; 

b. Diest;tabilit.y Problu; 

C. 

4. Need for New o)od 
a. Fenktlntat i(n 

b. Mlixd f I lours 

lProducts 

Cciunt. t s 



___ 
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Grain Sorghum/Pearl Millet Research Program Planning

Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting Sorghum Pearl Millet
 

Problem [Countr
 

_ A B A B A B A B 
VIII.SOCIAL & INSTiTUTiONAL FACIDRS
 

A. Social Factors
 
1. Inadequate I'1derstanding of
 

Social Constraints
 

2. Insufficient Knowledg,,e re
 
Assessing & Adjusting to
 
Existirg Social Factors_ 

3. Orientation of Producers to
 
Subsistence Econcuiy--not to
 
K4irket Ecotmiq
 ,
, 


4. Lo Social Statu; of SorgphL/1lllet, 

5. Differences Bet&-en Etiludc Group 

6. Probhmvn of Wkn/W_.i'n Roles
1Proxl~ct ionh/lProces; lug 

in 
______-; 

B. Institutitnal Factors1...Unreli~d t ,,ttn -- -iiij7ii-1/,p,t1y SySt 

2. Availabiit v of Inputsi 
3. Cout of LWclj~e(! Input..; 

-4. Credit thwinvalahll, 
5. Iwkidt,q Leit 11101t;(ll i n1, -1i] %AV 

Systi (in-
6. Rerit Htut fw r,nu i'- Pol] fleuv al'l 


C. ?Ityxnnx ditIonl 
ilX~~ii, or]1.C, Tlul ti i l i CATiaw i 

2. 11.1adr~'p lt :i':vll- (V lhlicles) . .. 

4. 
_ 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting 
Problem [Country 

-Sorghum Pearl Millet 

VIII. 
__ ____ _ ____ 

- Continued-
___ ____ _ __ __ _ __ __ _ A B A 

-

B 
_ 

A [ B A B 

D. Storage 
1. Inadequate tom Storage 

(a) Moisture R-mvige 

(b) 

(c) 

Insect & Rodent Dmx.ge 
No Adequate Structure Desin, 

(d) 

2. Inadeqtute (Q -iercial 
(a) Moisture Rucnage 

Storage 

(b) In;cct. & ROdent. l),wipe 
(c) NO Adequate Struict-ure Des:ipil 

(d) 
E. Mairket It 

I-:TTI--dfined or No ?Itrketfi4u 

2. 

(inncle or Sy:;t-.n 

) Relial)le Sytm of Exch.u4,ie . 

3. NO Syst in for I4vwing, (ri-n 

4. h1akldVjtl.lt(e 
Syst 'm 

ul] it y & C'. 

5. V.et rlct ivt- (Qvrnvxint "'ol icit... 

6. 

7. 

2. irc ,ne,, . lilt) I... 

1. ,atw Val] 
1, C i' 'lt A:c 

1,-' 
n n !ut "...... 
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Grain Sorghum/Pearl Millet Research Program Planning
 
Graduation of Production and Utilization Constraints
 

and Level of Research and Development
 

Constricting 
Sorghum Pearl Millet 

Problem Country 

IX. OCIIER CONSTRAINTS 
A B A B A B A t 

1. Research & Education Limitations 
a. Trained Personnel Linited 

b. Inadequite 
Facilities 

Instituticn:. & 

2. 

c. 

d. 

e. 

Inadequate Finmacial Support 

Inappropriate Covenryii't Policie_ 

GS/PM Preclud froti Re,seau / 
Education Progr____ 

3. 
4. 
5. 
6. 
canets 

_/_____2. ________________________ 



