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T h i s c h a p t e r d o c u m e n t s t h e b e n e f i t s f rom p e a r l m i l l e t g e n e ti c
e n h a n c e m e n t research conduc ted by t he In ternat iona l Crops Research
I n s t i t u t e for t he S e m i - A r i d T r o p i c s (ICRISAT) i n p a r t n e r s hi p w i t h
n a t i o n a l a g r i c u l t u r a l r e s e a r c h s y s t e m s (NARS) . ICRISAT-NARS
research efforts and t he resu l t an t impac t s are s u m m a r i z e d , recogn iz -
ing that m a n y i m p r o v e d pear l mi l le t cu l t i vars are t h e jo int p r o d u c t s
of the p a r t n e r s h i p . Benef i ts from pea r l mi l le t i m p r o v e m e nt resea rch
are m e a s u r e d i n t e rms o f y i e l d ga in , r e d u c t i o n s i n p r o d u c t i on cos t
a n d i n c r e a s e s i n p ro f i t ab i l i t y . T h i s s t u d y d o c u m e n t s t he re c o r d o f
pear l m i l l e t g e r m p l a s m i m p r o v e m e n t in t he form o f o p e n - p o l li n a t e d
var ie t ies (OPVs) and h y b r i d s re l eased by na t i ona l p r o g r a m me s . Data
based on farm- leve l s u r v e y s and s e c o n d a r y sou rces are u s e d to gen-
erate p r o d u c t i v i t y a n d o the r i m p a c t m e a s u r e s . T h e resu l t s i n d i c a t e
tha t p e a r l m i l l e t fa rmers a d o p t e d i m p r o v e d var ie t ies based on ear ly
m a t u r i t y , y i e l d a n d p ro f i t ab i l i t y g a i n s . Ear ly m a t u r i n g pe a r l m i l l e t
cu l t i vars have p roven par t i cu la r l y des i rab le in d rough t -p rone reg ions
w h e r e food secur i ty is a severe p rob lem. Lastly, t h i s chap te r p resen ts
an e x a m p l e o f S o u t h - S o u t h resea rch spi l lover, w h e r e resea rch p r o d -
u c t s d e v e l o p e d a t ICRISAT f o u n d a p p l i c a b i l i t y a n d a d a p t a bi l i t y
across I nd ia and s u b - S a h a r a n Afr ica. The resu l ts h i g h l i g h t t he cr i t i -
cal role that an in te rna t iona l research ins t i tu t ion s u c h as ICRISAT has
i n e n a b l i n g r e s e a r c h s p i l l o v e r s a c r o s s n a t i o n a l a n d c o n t i ne n t a l
b o u n d a r i e s .
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Introduction

Pearl mi l let (Pennisetum glaucum) is a highly drought-tolerant cereal crop
and an impor tan t food grain. It is general ly g rown as a ra infed crop on
marg ina l lands wi th few inputs and l itt le management . Pearl mi l let pro-
vides food for mi l l ions of people l iving in the arid and semi-arid regions
of the Ind ian subcont inent and Africa. It is g rown as a food crop in tropi-
cal Africa and India, wi th most product ion concentrated in Sahel ian west
Africa and nor thwestern India. These regions are characterized by h igh
temperatures, short growing season, frequent drought, and sandy and infer-
ti le soils. In addit ion to its use for food, pearl mi l let has a high feed value
for poul t ry and is a good source of energy and nitrogen in ruminan t diets.

Accurate statist ics on the area, p roduc t ion and product iv ity of pear l
mi l let are not avai lable, as pearl mi l let stat ist ics are often grouped w i th
other m i n o r mi l le ts . Accord ing to Dendy (1995), pear l mi lle t accoun ts
for on ly 3.5% of wor ld cereals area and about 1% of the total cereal pro-
d u c t i o n . However , i t i s an ex t reme ly i m p o r t a n t c rop in t he arid and
semi-ar id zones, where i t is difficult to grow other crops. Har inarayana
et al. (1999) repor ted that pearl mi l le t is cu l t ivated in over 30 countr ies
of Asia and Africa on a total area of 24.2 m i l l i on ha and p roduc t i on is
a round 16.3 mi l l ion t. Of th is, near ly half is in Asia, w i th Ind ia account-
ing for 10.4 mil l ion ha, or 4 3 % of the total wor ld area. ICRISAT and FAO
(1996) p rov ided in format ion on total mi l le t area, p roduc t ion and y ie ld
and men t i oned the propor t ion of pear l mi l le t p roduc t ion to total mi l le t
p r o d u c t i o n for the pe r i od 1992 -1994 . For the p resen t s tudy, we have
c o m p i l e d in fo rmat ion on total m i l l e t area, p r o d u c t i o n and yie ld from
FAO (1998) and repor ted annua l averages for 1996-1998 (Table 10. l ) .

In I nd ia , t h i s c rop is g r o w n in t he d r ie r a reas o f t he cen t ra l an d
w e s t e r n reg ions . F ive s ta tes (Ra jas than, M a h a r a s h t r a , Gujarat , U t ta r
Pradesh and Haryana) account for near ly 9 0 % of the na t iona l pear l m i l -
let area. Western Africa accounts for near ly 4 5 % of wor ld pear l m i l le t
area. The crop is g rown in 17 countr ies in this region, bu t five countr ies
(Niger, Nigeria, Burk ina Faso, Mal i and Senegal) account for near ly 90%
of the total cu l t ivated area in the region.

Pear l mi l le t grain y ie lds are low, largely because of the harsh env i -
r o n m e n t s in w h i c h i t i s g rown and also because farmers do no t invest
in pu rchased inpu ts . Yields range from over 1 t ha-1 in some count r ies
to as l i t t le as 240 kg ha-1 in Bo tswana and Namib ia (Table 10.1).

Genera l ly , y ie ld g row th has b e e n poor, a n d p r o d u c t i o n i ncreases
have come largely th rough area expans ion ra ther t han h igher p r o d u c -
tivity. However , pear l mi l let area in Ind ia is s tead i ly decreas ing (Kelly
and Pa r thasa ra thy Rao , 1993). S ince 1 9 6 0 - 1 9 6 5 abou t 0.9 m i l l i o n ha
have gone out of pear l mi l let cu l t i va t ion , par t i cu la r l y in Gujarat, Ut tar
Pradesh , Haryana, Tami l Nadu , A n d h r a P radesh and Pun jab .
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Table 10.1.  Area, production and productivity of millet in Asia and Africa.
1996-1998.
Table 10.1.  Area, production and productivity of millet in Asia and Africa.
1996-1998.

Coun t r y
Area

(10 3 ha)

Produc t ion

( 1 0 3 t)

G ra in
y ie ld

(kg ha - 1 )

% share of pear l
mil let to total

mil let p roduc t ion a

A. As ia
1 Ind ia 13 ,433 .3 10 .713 .0 7 9 7 58
2 M y a n m a r 224 .2 149.5 6 6 7 85
3 Pak is tan 407 .6 189.4 4 6 6 97
4 Y e m e n 97 .7 59 .6 6 0 4 100
Subto ta l 14, 162 .8 11,111.5 7 8 4

B. W e s t e r n Af r ica
5 B e n i n 3 6 . 9 2 8 . 3 7 6 6 100
6 Burk ina Faso 1,203.1 673 .0 5 5 7 99
7 Co te d' Ivo i re 92.7 63 .6 6 8 6 85

8 C a m e r o o n 70 .0 7 0 . 9 1,013 100
9 Cen t ra l A f r ican Repub l ic 11.3 11.3 1,000 87
10 C h a d 697 .3 2 9 0 . 5 4 1 4 100
11 G a m b i a 67 .5 64 .6 9 6 8 97
12 G h a n a 170.1 166 .3 9 8 0 100
13 G u i n e a 10.5 8.1 7 7 5 95
14 Gu inea -B i ssau 2 9 . 6 2 6 . 4 8 9 0 100
15 Mal i 1,052.3 747 .7 7 2 5 95
16 Maur i tan ia 18.6 3.7 181 100
17 Niger 5 ,200 .0 1,752.7 3 3 7 100
18 N iger ia 5 .447 .3 5 .836 .3 1,071 98
19 S e n e g a l 8 7 1 . 4 4 8 4 . 8 5 5 3 100
2 0 S ie r ra L e o n e 2 4 . 0 19 .6 8 1 8 100
21 Togo 100.1 48 .5 4 8 5 100
Subto ta l 15 ,102 .7 10 ,296 .3 6 8 2

C. Sou the rn and Eas te rn A f r i ca b

22 A n g o l a 184.6 84 .3 4 5 3 80
2 3 B o t s w a n a 8.3 2.3 2 6 4 100
24 Ma law i 37 .5 18.6 4 9 7 40
2 5 M o z a m b i q u e 92 .8 4 6 . 4 4 9 9 80
2 6 Namib ia 2 6 8 . 8 66 .2 2 4 0 100
2 7 S u d a n 2 ,465 .8 736 .7 2 9 4 100
28 Tanzan ia 311.2 2 8 7 . 3 8 9 4 70
2 9 Z a m b i a 7 9 . 0 5 9 . 4 751 40
3 0 Z i m b a b w e 2 6 0 . 7 9 4 . 4 3 5 6 70
Subto ta l 3 .708 .7 1,395.6 3 7 6

TotalC 32 ,974 .2 2 2 , 8 0 3 . 4 6 9 2

a Percentage share of pearl millet to total millet production is taken from ICRISAT/FAO
(1996) and relates to 1992-94.
bKenya (1400 t) and Ethiopia (5000 t) are also reported to be producing pearl millet
(Harinarayana et al., 1999).
c ln addition, pearl millet is grown on limited areas in Australia, Korea and USA (estimated
around 1 million ha) for forage (Harinarayana et al., 1999).
Source: FAO Statistical Data Base (1998).
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Research Methodology

This s tudy draws on a three-pronged approach (Fig. 10.1) to t rack usage
of pear l mi l le t paren ta l l ines. First , ICRISAT records p rov ided data on
the distr ibut ion of elite materials, hybr id parents and released open-pol -
l i n a t e d va r i e t i es (OPVs) from the ICRISAT b reed ing p r o g r a mm e to
NARS seed mu l t i p l i ca t i on agenc ies (publ ic o r pr ivate) . Th i s ana lys is
was carr ied out for the per iod 1986-1998 . Second, quest ionna i res were
sent to 160 c o m p a n i e s dea l ing w i t h so rghum a n d pear l mi l le t seed. A 
total of 49 compan ies (of w h i c h 37 deal t w i th pear l mi l let) r es p o n d e d .
They p r o v i d e d i n fo rma t ion on t h e n a t u r e , ex ten t and i m p o r ta n c e o f
ICRISAT breed ing mater ia ls in the i r breeding and seed p roduc t i on pro-
g rammes. Th i rd , on-farm surveys were carr ied out in Ind ia (1683 farm-
ers), Ma l i (345 fa rmers) , N a m i b i a a n d Z i m b a b w e . I n f o r m a ti o n w a s
gathered on adopt ion of different pear l mi l let cul t ivars, farm and farmer
charac te r i s t i cs , farmer p re fe rences for specif ic t ra i ts in the i m p r o v e d
cul t ivars, and const ra in ts to the cu l t ivat ion of improved var iet ies.

In I nd ia , a to ta l of 1683 farmers f rom 154 v i l lages in f ive s ta tes ,
n a m e l y M a h a r a s h t r a (360 farmers) , Ra jas than (331), Gu jara t (419),
Haryana (237) and Tamil Nadu (336) were selected. Improved pearl mi l -
let cu l t i va rs w e r e ca tegor i zed i n to f ive g r o u p s : ICRISAT c ul t i v a r s ,

Approach 1 :
Data on distribution of

breeder seed from
ICRISAT

Approach 2:
Records and survey

data from private and
public seed companies

Approach 3:
Reconnaissance

surveys

ICRISAT
Breeder seed

Public/private
seed companies

HYV

By variety

Certified
Seed

• Production
• Market
• Carry over
• Distribution

Farm-level
adoption

Farmers Farmers Farmers

Sites

% Area

Farmers Farmers Farmers

F i g . 1 0 . 1 .  T h r e e a p p r o a c h e s t o t rack t he a d o p t i o n a n d impac t o f i n v e s t m e n t s i n

pear l mi l le t research at ICRISAT.
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NARS-Pub l i c sector cu l t i vars w i t h ICRISAT mater ia ls , Pr iva te sector
cult ivars w i th ICRISAT mater ia ls, NARS-Publ ic sector cul tivars w i thou t
ICRISAT mater ia ls and Pr ivate sector cul t ivars w i t hou t ICRISAT mate-
r ials. Some farmers were not able to name the variety w h i c h they grew,
but were sure i t was an improved cult ivar. In such cases we have men-
t ioned the cul t ivar as unident i f ied.

Human Resources Involved

Human resources involved in pearl mil let genetic enhancement research
in Asia and Africa are reported in Table 10.2. At ICRISAT, about five mi l -
let b reeders are loca ted in As ia a n d Africa. F i f teen o the r scien t i s ts ,
inc lud ing agronomists, crop physiologists, genet ic resources special ists,
entomologists, pathologists and social scient ists are generat ing informa-
t ion for effective use by the breeders. In India, about 150 pear l mi l le t sci-
en t is ts in the pub l i c a n d p r i va te sector are wo rk i ng on th is c rop .
However, in African countr ies few scientists work on this crop. Many are
devoted to more than one crop; often mi l let and sorghum are combined.

The Research Process

Pre-breeding research

Collect ion, character izat ion and ma in tenance of landraces are essent ia l
for crop improvement , and these activi t ies have been a h igh pr ior i ty at
ICRISAT. As of December 1999, 21,392 pearl mil let germplasm accessions
from 50 countr ies conserved at ICRISAT. After col lect ion and assembly,
ICRISAT and its NARS par tners conduct evaluat ion tr ials to identify the
useful traits available in the assembled germplasm. This informat ion has
been d i ssemina ted to researchers w o r l d w i d e t h r o u g h repor ts , j ou rna l
papers and other fora. In response to requests from users , ICRISAT has
distr ibuted 94,818 pear l mi l let germplasm samples to 74 countr ies: 6 9 %
were d is t r ibu ted to Asia, 2 7 % to Africa, a n d 4% to o ther con t inen t s
(Genetic Resources Unit , ICRISAT, 1999, personal communicat ion) .

ICRISAT's evolving focus

Research at ICRISAT began in 1972 wi th greater e m p h a s i s on app l i ed
ra the r t h a n bas ic research . T h e focus w a s on gra in y ie ld and do w n y
m i l d e w res is tance and exp lo ra to ry research on ergot, smu t , a n d rus t
res i s t ance a n d d rough t t o l e rance . Equa l e m p h a s i s w a s g iven t o t he
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T a b l e 10 .2 .  N u m b e r o f pear l mi l le t sc ien t i s t s in d i f fe rent c o u n t r i e s ( 1 9 9 9 or

la test yea r ) .

T a b l e 10 .2 .  N u m b e r o f pear l mi l le t sc ien t i s t s in d i f fe rent c o u n t r i e s ( 1 9 9 9 or

la test yea r ) .

Coun t r y

Re fe rence

year BSc M S c P h D Total

Eas te rn and Cent ra l Afr ica*

Burund i 1998 1 2 3

Eri t rea 1998 4 1 5

Ethiopia 1998 15 26 9 50

K e n y a 1998 4 14 18

R w a n d a 1998 3 3

S u d a n 1998 1 7 20 28

U g a n d a 1998 4 2 6

Sou the rn A f r i ca*

A n g o l a 1999 2

B o t s w a n a 1999 1 1 2 4

Leso tho 1999 1 1

Ma law i 1999 1 2 3

M o z a m b i q u e 1999 2 1 3

Namib ia 1999 1 1 2

Swaz i l and 1999 1 1

Tanzan ia 1999 1 3 2 6

Z a m b i a 1999 3 1 4

Z i m b a b w e 1999 1 2 2 5

West A f r i ca

Ben in 1991 2

Burk ina Faso 1991 13

C a m e r o o n 1991 5

C h a d 1991 4

Cote d ' lvo i re 1991 4

G a m b i a 1991 4

G h a n a 1991 5

Gu inea B issau 1991 19

Mal i 1991 10

Maur i tan ia 1991 4

Niger 1991 17

Niger ia 1991 6+11

Senega l 1991 4

As ia

India 1998 150

Note: *Scientists working in Eastern and Central Africa, and southern Africa are involved in

both sorghum and millet research.

Source: For Asia and southern Africa, ICRISAT Impact Monitoring Survey, 1998-2000;

For Eastern and Central Africa, Association for strengthening agricultural research

in Eastern and Central Africa, ASARECA (1998):

For West Africa, Anand Kumar (1993).
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d e v e l o p m e n t o f f in ished p roduc t s (cul t ivars) and i m p r o v e d b reed ing
m a t e r i a l s / p a r e n t a l l i nes . D e v e l o p m e n t o f i m p r o v e d b r e e di n g a n d
screening methodo log ies was an integral part of app l ied research (Rai
and Hash, 1994).

In the 1970s, b reed ing of open-po l l i na ted var ie t ies (OPVs), ra ther
than hybr ids , was emphas ized . This was because ICRISAT had a com-
parat ive advantage over NARS, in te rms of conduct ing large-scale inter-
popu la t i on i m p r o v e m e n t p r o g r a m m e s across mu l t i p l e locations . T h e
I n d i a n NARS h a d weak o r no p r o g r a m m e s in OPV b reed ing in the
1970s. Popu la t ion breed ing p roduc ts (i.e. improved composi tes , open-
pol l inated variet ies, ear ly-generat ion progenies) were perce ived to have
the addi t ional advantage of s t rengthening NARS hybr id p rogrammes by
p rov i d i ng i m p r o v e d g e r m p l a s m for de r i v ing hyb r i d pa ren t s . I nd ian
NARS h a d a d e q u a t e capac i t i es t o deve lop ma le -s te r i l e l i nes. H e n c e
ICRISAT devoted itself to p roduc ing restorers, and took to male-ster i le
l ines breed ing at a formal project level in the late 1970s.

Since the early 1980s, there has been a cons iderab le i m p r o ve m e n t
in the research capabi l i ty of NARS in pear l mi l le t research, especia l ly
in the Ind ian subcon t i nen t . Th is has led to a reorder ing of ICRISAT's
pr ior i t ies. There was a shift in emphas is towards strategic research fol-
l owed by con t inued emphas is on grain yield and d o w n y m i l d e w resis-
tance . A l m o s t al l efforts w e r e d i rec ted t o w a r d s t he d e v e l op m e n t o f
i m p r o v e d b reed ing ma te r i a l s / pa ren ta l l ines (except for a few exper i -
men ta l var iet ies deve loped in pa r tne rsh ip w i t h NARS). Specia l effort
was m a d e to fur ther re f ine b r e e d i n g a n d sc reen ing m e t h o do l o g i e s ,
i n c l u d i n g t he a p p l i c a t i o n o f b i o techno logy , and re la t i ve ly g rea te r
emphas is than in the past on escaping drought th rough ear ly matur i t y
(Rai and Hash, 1994).

Breeding for res istance to biot ic and abiotic stresses focused main ly
on downy m i l d e w resistance, There was very l imi ted research on ergot,
smut and rust d iseases (Hash, 1997). In India, d o w n y m i l dew has been
the major constraint to p roduc t ion since the 1960s, short ly after hybr ids
were w ide ly in t roduced . Since then i t has been a major research focus
by bo th ICRISAT and the na t iona l p rog ramme (Nene and Singh, 1976;
Dave, 1987; Rai and Singh, 1987; Shetty, 1987; Singh et al., 1987, 1993).
Hash (1997) rev iewed the h is tory of downy m i ldew research. From the
p u b l i s h e d reco rds a n d from the p e r s o n a l e x p e r i e n c e in i t ia ll y o f D.J.
A n d r e w s and Hugh Doggett, i t was clear that West Afr ican ge rmp lasm
prov ided the best sources of genet ic diversi ty for two major y ie ld com-
p o n e n t s (large head v o l u m e , large seed size) and h igh levels of res is-
tance to downy m i ldew and smut. ICRISAT breeders were successful in
i nco rpo ra t i ng d o w n y m i l d e w res i s t ance genes i n n e w cu l t i vars tha t
h a v e a l l o w e d th is very se r ious th rea t to be b rough t unde r cont ro l in
India - at least for the t ime being (Hash, 1997).
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Breeding for drought resistance received less pr ior i ty because of the
comp lex n a t u r e of t he t ra i t and d i f f icu l ty in assess ing the ex ten t o f
genet ic var iat ion for drought res is tance, and non-ava i labi l i ty of a s im-
ple and rel iable screening procedure. Another reason was that p roduc ts
arising from a drought-resistance breed ing p rogramme at one site were
not easi ly appl icable to other drought env i ronments .

In shor t , in the 1970s the e m p h a s i s was on b reed ing OPVs. In the
1980s the emphas is shi f ted t owa rds hyb r id paren ts . In the 1990s, t he
focus was on upst ream research in add i t ion to the p roduc t i on of restor-
ers a n d ma le -s te r i l e l i nes , i n c l u d i n g t he d e v e l o p m e n t o f m ol e c u l a r
marker-ass is ted p roduc ts .

In the 1990s, ICRISAT made expl ic i t the del ineat ion of six research
domains def ined in Table 10.3.

Research Products

Intermediate products

ICRISAT h a s p rov ided pa ren t mater ia l to pub l i c and p r i va te pa r tne rs
s ince its i ncep t ion . These i nc l ude seed paren ts , i.e. A /B l ines as we l l
as po l len parents , i.e. R- l ines. A list of var ie t ies /hybr ids from ICRISAT
p a r e n t m a t e r i a l s e n t e r e d i n t o t he A l l I n d i a C o o r d i n a t e d M i ll e t
I m p r o v e m e n t Project (AICMIP) advanced tr ia ls is g iven in Table 10.4.

Table 10.5 l ists the quant i t ies of pear l mi l le t b reede r seed d is t r ib -
u ted by ICRISAT to pub l i c and pr ivate seed mu l t ip l i ca t ion agencies in
Ind ia du r ing the per iod 1987 -1998 . Th is supp l y has b e e n substan t ia l ,
w i t h t r e n d s s h o w i n g an i nc reas i ng n u m b e r o f r e q u e s t s . Table 10.5
reflects the re lat ively h igher p ropo r t i on that is supp l i ed to the p r iva te
sector; for hybr id parents as wel l as OPVs. Among hyb r id paren ts , 81A,
81B, 841A, 841B, 843A and 843B are the most frequently requested, and
therefore supp l i ed , to research agencies, bo th pub l i c a n d pr iva te . T h e
smal l a m o u n t s o f hybr id pa ren ts , 834A and 834B, t ha t we re s u pp l i e d
dur ing 1991-1995 were rece ived by the pr ivate sector. The vo l umes of
841A and 843A supp l ied in recent years have been increas ing, rep lac -
ing 81A a n d 81B, w h i c h d o m i n a t e d ear l ier . I t i s no te w o r t h y tha t t he
quan t i t y requ i red rema ins h igh , bu t t he respons ib i l i t y for p r o d u c t i o n
and s u p p l y of breeder seed of 81A a n d 81B was t u r n e d over to p ub l i c
sector seed corporat ions in Ind ia in 1995.

Table 10.6 shows the ex ten t of d i s t r i bu t ion of g e r m p l a s m l ines in
sou the rn Afr ican count r ies t h rough the SADC/ICRISAT S o r g hu m a n d
Mi l le t I m p r o v e m e n t P r o g r a m m e (SMIP), c o o r d i n a t e d by ICRISAT.
A b o u t 40 ,000 pear l m i l l e t g e r m p l a s m l i nes w e r e d i s t r i bu ted to e ight
sou thern African countr ies, notably Z imbabwe, Ma law i and Botswana.
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Tab le 10.4.  List o f var ie t ies /hybr ids en tered into the A l C M I P a d v a n c e d tr ials f r om

ICRISAT parent mater ia ls .

Year of

first ent ry Var iet ies Hybr ids

1978 /79 ICH 154, 165, 105

1985 /86 I C M H 423 , 4 5 1 , 8 3 7 2 9 , 5 0 1 , 8 3 2 0 2 ,

8 2 6 0 1 , 83506 , 8 3 4 0 1 , IARI 1 , R H R B H

3 7 9 , 372 , 373 , 3 4 8 , H H B 5 0 , 56 , 59 ,

A H B 156, 163, P N B H 4 

1986 /87 ICH 4 5 1 , H H B 57, 6 0 , 6 1 , 6 2 , 6 3 ,

I C M H 8370 , 8 4 1 2 2 , 8 4 9 1 3 , R H R B H

8 6 0 1 , 8602 , 8603 , 8 6 0 4 , G H B 184,

A H B 2 1 2 , 2 5 1 , 502

1 9 8 7 / 8 8 ICMS 8010 , 8283 , 8253 , IARI 1 , I C M H 8 5 1 0 9 , 8 5 2 3 1 , 8 6 2 1 7 ,

D P B P 8 5 1 , ICMV 8 3 1 0 4 , 8 7 0 0 4 , R H B 33, 3 4 , 35 , 2 2 , 2 4 , 27 ,

8 7 4 0 2 , 84108 , 8 7 9 0 1 , 2 8 , 30 , R H R B I 8 6 0 5 + B 1 6 , 8607 , H H B

I C M V - F 8 4 4 0 0 , R C B - I C 8 6 1 ,

D P B P - I C 862 , RCB- IC 8 6 1 ,

6 4 , 6 1 , 68, P N B H 6 , A H B 6 1 5 , 6 1 9 ,

6 2 3 , G H B 179, 1 8 1 , 2 0 5 , I C M P 451

1988 /89

R C B - I C 9 

ICMV 8 5 3 2 8 , 8 6 1 0 4 , 8 6 1 2 0 ,

8 7 9 0 2 , 8 8 9 0 7 , I C M P 8 8 1 3 0

I C M H 8 7 0 0 3 , 8 7 0 0 4 , 8 8 0 8 8 , 85118,

8 7 3 5 3 , 8 8 9 5 1 , P H B 122 . R H R B H 122,

R H R B H 8 7 0 1 , 8 7 0 2 , R H B 50 , 54 , 5 8

1991 /92 I C M V 87111 , 88402 . 8 8 9 0 8 ,

8 8 9 0 4 , 87107 , 89410 , R C B -

I C 8 9 1 , 8 9 2 , 9 0 1 , 902, 9 1 1 ,

P U S A 23 , H H B 67, 9 0 , 9 2 , I C M H

8 8 7 3 5 , 8 9 9 9 8 , 8 9 0 2 4 , 9 0 9 5 2 , A H B

8 3 8 , 840, 919 , 1068 , 1203 , G H B 228 .

E C C 6 2 3 5 . 263 , 3 1 4 , R H B 57 , 85 , 86 , 87 , 89 ,

1992 /93 C Z - I C 923 , 922 . 924, G I C V

91123, 8 8 9 2 1 , 9 2 1 9 1 , P C B -

IC 148, RCB- IC 912 , 9 2 6 ,

9 0 , 9 1 , 92 , 93 , 9 4 , P N B H 1 1 , 14 , P H B

133 , 136, C Z H 859-1

H H B 88, 94 , 95 , 96 , 99 , 100, C Z H

8 4 8 , P U S A 350 , P H B 138, R H B 95,

96 , 97, I C M H 9 1 2 0 5 , A H B 1073 ,

1993 /94

924 , 925

A I M P 9 2 9 0 1 , G I C K V 9 2 4 7 4 ,

9 1 7 7 3 , 9 2 1 3 0 , C Z P - I C - 3 1 5

G H B 2 7 4 , P N B H 17, IBH 5527 , 5 5 3 4

P U S A 620 , 6 1 3 , 6 0 5 , 6 2 3 , P N B H 18,

19 , 20 , 2 2 , 23 , 25 , R H B 98 , 99 , 100,

1 0 1 , P H B 1 4 1 , C Z H 9 2 1 . 922 , D B D H

1, H H B 69, 105, 106 , 107 , 108

1 9 9 4 / 9 5 RCB- IC 224 , G I C K V 9 3 1 9 1 ,

9 3 4 7 1 , 9 3 7 5 2 , 9 3 7 7 1 , ICMV

9 3 8 4 2

1 9 9 6 / 9 7 l C M H - 3 5 6 , P U S A 3 2 2

Source: Bantilan and Deb (2000) prepared from All India Coordinated Millet Improvement

Progress Report.
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Tab le 10.6 .  N u m b e r o f pear l mi l let g e r m p l a s m

lines d is t r ibuted to the S A D C count r ies .

Count ry No . of l ines d is t r ibu ted

A n g o l a 9 7

B o t s w a n a 3,000

Leso tho -

Malaw i 5,000

M o z a m b i q u e 2 0 0

Namib ia -

South Af r ica 100

Swaz i l and -

Tanzan ia 6,000

Z a m b i a 1,200

Z i m b a b w e 24 ,000

Total 39 ,597

Source: SMIP (1999).

In add i t i on to the in format ion gathered from breeder seed records ,
we a lso s u r v e y e d p r i va te c o m p a n i e s i n I n d i a u n d e r a s t u d y j o in t l y
u n d e r t a k e n by ICRISAT and Rutgers Un ivers i t y to d iscover the use of
ICR1SAT breed ing mater ia ls by the seed sector in Ind ia. Resul ts of the
survey are p rov ided in Tables 10.7 and 10.8. Th i r ty -seven compan ies
invo lved in pear l mi l le t p roduc t i on r esponded to the survey ques t ion -
nai re . Of these 37 compan ies , 34 are us ing ICRISAT breed ing mater ia ls
in the i r p rog ramme. Abou t two- th i rds use ICRISAT mater ia ls d i rec t ly
as hyb r id parents , parents in crossing and for select ion, One-quar te r of
the c o m p a n i e s are d i rect ly p r o d u c i n g ICRISAT var ie t ies (Table 10.7).
More than half of these compan ies feel that ICRISAT con t r ibutes m o r e
than 5 0 % of the i r mater ia l in the i r b reed ing p r o g r a m m e (Table 10.8).
In terms of the level of impor tance of b reed ing mater ia ls ob ta ined from

Tab le 10 .7 .  Use of ICR ISAT b r e e d i n g mater ia l in the pr ivate sec tor

resea rch p r o g r a m m e .

M o d e o f us ing

ICRISAT b reed ing mater ia l

N u m b e r of

c o m p a n i e s P e r c e n t a g e

By se lec t ion f rom ICRISAT mater ia l

As pa ren ts in c ross ing

U s e d d i rect ly as paren ts o f hybr ids

U s e d d i rect ly as var ie t ies

24

2 2

20

8

71

65

59

24

Note: Total number of companies using ICRISAT breeding material = 34.
Source: ICRISAT-Rutgers University Study.
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Tab le 10 .8 .  Cont r ibu t ion of ICRISAT pearl mi l let b reed ing

mater ia l .

Tab le 10 .8 .  Cont r ibu t ion of ICRISAT pearl mi l let b reed ing

mater ia l .

Percen tage cont r ibut ion

f rom ICRISAT

N u m b e r of

c o m p a n i e s

Direct ly re leased f rom ICRISAT (100%) 9

7 6 - 9 9 % 4

5 1 - 7 5 % 4

2 6 - 5 0 % 16

Up to 2 5 % 5

No contr ibut ion f rom ICRISAT 6

Deta i ls not p rov ided 19

Note: Total number of cultivars released/developed/sold by these
companies is 63.

Source: ICRISAT-Rutgers University Study.

Note: Total number of cultivars released/developed/sold by these
companies is 63.

Source: ICRISAT-Rutgers University Study.

Note: Total number of cultivars released/developed/sold by these
companies is 63.

Source: ICRISAT-Rutgers University Study.

different sources, out of 35 compan ies wh i ch responded, 28 ment ioned
ICRISAT as a very impor tan t source wh i l e six o thers m e n t i o n ed i t as
one impor tan t source.

Varietal production

ICRISAT has a lso deve loped OPVs and hyb r ids . In 1982., an JCR1SAT-
bred, d o w n y m i l d e w res is tant , open-po l l i na ted variety, WC-C75. p ro -
duced grain and stover y ie lds equal to the best avai lable hybr id at that
t ime (BJ 104) and was re leased in India. Th is var iety p rov ided a t imely
a l te rna t i ve to t he suscep t i b l e BJ 104, a n d to l o w - v i e l d i n g loca l lan-
draces. The rapid mul t ip l i ca t ion of VVC-C75 and its adop t ion by farm-
ers he lped to prevent a dec l ine in pear l mi l le t p roduc t ion . In 1986, an
ICRISAT downy m i ldew resistant hybr id, ICMH 451 (also known as MH
179) was released. I t outy ie lded all other var iet ies and hybr ids re leased
earlier, and its seed p roduc t ion was relat ively easy and profi table.

Table 10.9 shows the tempora l d is t r ibut ion of pear l mi l le t cul t ivar
releases by origin in different countr ies. The average number of released
var ie t ies pe r a n n u m has i n c r e a s e d over t ime , espec ia l l y in Ind ia . In
southern Africa, most releases came only after the SADC/ICRISAT SMIP
was l aunched in 1983.

Re leased cu l t i vars , acco rd ing to the i r ped ig rees , are classi f ied as
ICRISAT cross, ICRISAT pa ren t and ICRISAT n e t w o r k (i.e. cul t i vars
deve loped by nat iona l p rog ramme or ge rmp lasm mater ia ls released as
superior varieties through ICRISAT network trials), There was no release
based on ICRISAT material prior to 1982. Out of 49 releases wor ldwide in
the 1980s, 23 releases were of ICRISAT origin; out of 59 re leases in the
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1990s, 52 were of ICRISAT origin. Two po in ts can be noted. First, par t ic-
u la r l y in Africa, m a n y o f t he re leased var ie t ies w e r e developed by
ICRISAT. Second, as NARS breeding programmes grew stronger in India,
ICRISAT parents (rather than finished material) grew more in importance.

Adoption of Improved Cultivars

Adop t i on rates of improved pear l mi l let cul t ivars in different count r ies
are p r o v i d e d in Table 10.10. I n te r - coun t r y c o m p a r i s o n o f a do p t i o n
shows that adopt ion rates vary from 5% to 6 5 % . In Ind ia , the adopt ion
rate is 6 5 % and in Namibia, i t is near ly 5 0 % . Adopt ion rates are a round
2 0 - 3 0 % in Zambia, Mal i , Z imbabwe and Botswana.

Figure 10.2 shows adopt ion t rends in different d istr ic ts of India for
the per iod 1966-1994, based on distr ict - level data ob ta ined from p u b -
l ished sources. Adopt ion of improved pear l mi l let cult ivars has increased
significantly over t ime, start ing from very low adopt ion levels in the late
1960s. In 1992 -1994 , a d o p t i o n was over 8 0 % in m o s t d is t r ic ts in
Maha rash t ra (central Ind ia ) , Gujarat (western Ind ia) a n d Tami l N a d u
(southern India). About 40 districts of India had at ta ined more than 8 0 %
adop t i on ra tes. Increas ing adop t i on over t ime was in f luenced by t he
development of downy mildew-resistant varieties at 4- to 5-year intervals.
Widespread adopt ion has led to major y ie ld gains, as d iscussed later.

I n d i a n farmers w e r e asked to r a n k t he t ra i ts t h e y l i ked in t h e
improved cul t ivars they are growing. High grain y ie ld ranked f i rst in al l
states, wh i l e h igh fodder y ie ld ranked second in Maharasht ra , Haryana
and Gujarat (Table 10.11). Other farmer-preferred traits were short du ra -
t ion, d isease (downy mi ldew) resistance, drought res is tance, good taste
and large grain size (Bant i lan et al., 1999a,b). Tamil N a d u farmers ci ted
18 dif ferent factors that in f luenced t h e m to adopt i m p r o v e d cu l t i vars ,
but about 60% cited h igh yield, 10% cited resistance to drought and 9%
cited seed avai labi l i ty (Ramasamy et al., 1999).

Adop t i on of imp roved cul t ivars in th ree regions in Mal i rose from
12% in 1990 to 2 3 % in 1995 (Yapi et al., 1998). Across the three s tudy
regions in Mal i , the m a i n reasons for adop t i on of n e w mi l le t var ie t ies
are ear l iness (91%), product iv i ty (72%) and food qual i ty (33%). These
reasons vary in order of impor tance in the three regions, perhaps due to
rainfal l dif ferences.

Abou t 5 0 % of the to ta l pear l m i l l e t area in N a m i b i a is u n d e r o ne
pear l m i l l e t variety, Okashana 1, deve loped by ICRISAT (Rohrbach e t
al., 1999). Reasons for the h igh adopt ion were: (i) strong assistance from
an in te rna t iona l research cent re such as ICRISAT; (ii) c lose co l labora-
t ion of researchers w i t h farmers; and (iii) comp lemen ta r y inves tmen ts
in seed p roduc t ion .
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Fig . 10 .2 .  Ra te of adop t ion (%) of imp roved pear l mi l let cu l t ivars in India.

In brief, reasons for high adopt ion of improved pearl mi l let cult ivars
are: h igh y ie ld, shor t dura t ion, r educed farmer r isk d u e to ear ly ma tu -
r i ty a n d d o w n y m i l d e w res i s tance ( Ind ia) , a n d ava i lab i l i t y o f seeds
through pr ivate and pub l ic seed sector.
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Tab le 1 0 . 1 1 .  Trai ts of imp roved pear l mi l let cul t ivars l iked by f a rme rs of se lec ted

s ta tes of India.

Tab le 1 0 . 1 1 .  Trai ts of imp roved pear l mi l let cul t ivars l iked by f a rme rs of se lec ted

s ta tes of India.

R a n k s prov ided by t he f a rme rs o f

Trai ts Maha rash t r a Ra jas than Gujara t H a r y a n a Tamil N a d u

Re fe rence year 1994 1996 1995 1996 1994

Gra in y ie ld 1 1 1 1 1

Fodder y ie ld 2 4 2 2

Shor t dura t ion 2 6 3

Disease res is tance 3 5 3 4 3

Drough t res is tance 2 3 5 5 2

Bet ter taste 4 7 4

Bo ld grain s ize 5 6 4

Source: Bantilan et al. (1999a,b, 2000a,b) and Ramasamy et al. (1999).

Constraints to adoption as reported by farmers

Ind ian farmers were asked to cite and rank the const ra in ts they face in
adop t ing imp roved pear l mi l le t cu l t ivars . The major cons t ra in ts were
non-avai lab i l i ty of seed, low fodder y ie ld of ex is t ing cu l tivars , lack of
awareness, high water requ i rement for improved cul t ivars, poor exten-
s ion serv ice , a n d p o o r gra in a n d fodder qua l i t y (Ban t i l an e t al., 
1999a,b).

The mos t signif icant const ra in ts to adopt ion c i ted by Mal i farmers
are lack of in format ion about the existence of n e w var iet ies (49%). lack
of seed (33%) and poor soil (26%) (Yapi et al., 1998). Lack of informa-
t ion a n d seed are the mos t impo r tan t cons t ra in ts in all t h ree reg ions ,
wh i l e poor soil is only a p rob lem in Mopt i . In Segou, there is a strong
preference for local var iet ies. The need for fert i l izer is the mos t impor -
tant const ra in t in Koul ikoro.

Dimensions of Impacts

Improvement in efficiency in NARS research

As al ready noted, progress in the release of n e w var iet ies has increased
signif icant ly as a resu l t of ICRISAT suppor t to NARS. Use of ICRISAT-
deve loped mater ia l that can be tested by NARS has r e d u c e d research
lags - for example, the var iety Okashana 1. earl ier deve loped and tested
by ICRISAT in India, u n d e r w e n t only 3 years of adapt ive testing before
being re leased in Namib ia , thus greatly reduc ing the t ime and expense
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of d e v e l o p i n g a n e w va r ie t y from sc ra tch . A n o t h e r major factor in
improv ing NARS research efficiency has been large-scale t ra in ing a n d
capaci ty bu i ld ing efforts by ICRISAT. For example , in southe rn Africa,
wh i ch lacked trained research staff, over 650 scient ists and techn ic ians
have u n d e r g o n e t ra in i ng p r o g r a m m e s or rece ived s c h o l a r s hi p s for
h igher educat ion .

Impacts on yield

District-level yields data for 1992-1994 and 1966-1968 from 238 districts
in India were compared in order to est imate the impacts on yield. Yield
has increased in almost all the distr icts. For example, in the late 1960s,
most distr icts of Maharasht ra and Gujarat recorded y ie lds less than 500
kg h a- 1 a n d s l ight ly h igher than 500 kg in Tami l N a d u and Ha ryana .
However, in the 1990s, this had increased by 500-1000 kg ha- 1 in Gujarat,
Maharasht ra and Haryana (Table 10.12). Yield increases have been par -
t icular ly large in some distr icts where adopt ion levels are high.

Results of farm surveys show that in all Ind ian states, improved cul-
t ivars give h igher grain a n d fodder y ie lds than local var iet ies. The per -
centage increase is h igher for grain y ie ld than for fodder yie ld.

A d o p t i o n o f n e w m i l l e t var ie t ies in Ma l i i n c r e a s e d pea r l m i ll e t
y i e l ds f rom 570 kg h a- 1 w i t h t he best loca l var ie ty to 930 kg h a- 1 for
imp roved variet ies (Yapi et al., 1998). These y ie lds are cons is tent w i t h
those found in prev ious s tud ies. Shetty et al. (1991) no ted that, in Mal i
mi l let , y ie lds vary from 300 kg ha- 1 in t he Sahel ian zone to 700 kg h a- 1

in the zone w i th most rainfal l in the sou th , compared w i th on-s ta t ion
y ie lds of 1 5 0 0 - 2 0 0 0 kg ha- 1 . On- fa rm y ie ld es t ima tes by Yapi e t al. 
(1998) seem consistent w i th these data. Wi th p roduc t ion at these levels,
farmers are able to feed the i r famil ies a n d have surp lus grain to market .
Growing improved var iet ies assures food secur i ty and reduces p r o d u c -
t ion r isks l inked to late season drought (Yapi et al., 1998).

Tab le 1 0 . 1 2 .  Impact of improved pear l mi l let cu l t i vars on pear l mi l let y ie ld in

di f ferent s ta tes of India, 1 9 7 1 - 1 9 9 4 .

State

A v e r a g e y ie ld leve l (kg ha - 1 )

1 9 7 2 - 7 4 1 9 8 1 - 8 3 1 9 9 2 - 9 4

Y ie ld ga in (%)

c o m p a r e d t o 1 9 7 1 - 7 4

1 9 8 1 - 8 3 1 9 9 2 - 9 4

Gu ja ra t

H a r y a n a

Ra jas than

641 1380

5 7 8 725

2 6 5 3 7 3

1534

1309

5 5 7

115

25

41

139

126

110

Source: Deb et al. (2000).
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Impacts on cost of product ion and farm profit

Resul ts from cost of cu l t i va t ion data showed that t he average cost of
pea r l m i l l e t p r o d u c t i o n pe r t o n n e , i n 1 9 9 2 - 1 9 9 4 c o m p a r e d w ith
1972 -1974 , has dec l i ned by 3 5 % , 4 2 % and 59% in Gujarat, Haryana
a n d Rajasthan in Ind ia , respec t ive ly (Table 10.13). Farm- leve l su rveys
in Ind ia s h o w e d that i m p r o v e d cu l t i vars have more t h a n 4 0 % lower
costs of p roduc t ion est imated on a full-cost basis (Table 10.14).

Yapi et al., (1998) reported that improved varieties reduced product ion
costs in Mali by 3 8 % (US$38 t- 1 ) . compared wi th local mi l let var iet ies.
The absolute product ion cost per hectare was h igher for improved vari-
eties because of add i t iona l i npu ts , but the higher product iv i ty still pro-
vided economies. Improved cul t ivars have increased farm profit in Mali
by 6 3 % . The net income of Ind ian farmers, computed on a var iable cost
basis, increased by up to five t imes (Table 10.14).

Returns on research

Several s tudies have est imated the re turns from pear l mi l let research in
Mal i . Namibia and Zimbabwe. Considering research and extension costs,
the net present va lue of benefi ts from research on improved variet ies of
mi l le t in Mal i was est imated at US$25 mi l l ion, represent ing an internal
rate of return (IRR) of 50% (Yapi et al., 1998). Internal rates of re turn for
pear l mil let research in Z imbabwe from SDMV 89004 were est imated at
4 4 % . Farm-level studies in Namibia showed that the internal rate of return
to pear l mil let research was 50%, w i th a net present va lue (NPV) of this
research of more than US$10 mil l ion in 1998 (Rohrbach et al., 1999).

Spillover impacts

An impor tant objective of in ternat ional agricultural research inst i tut ions
is to determine the extent to wh i ch research under taken at one locat ion

Tab le 10 .13 .  Impact of imp roved p e a r l mi l let cu l t ivars on cos t of p roduc t ion of

pear l mi l let in India, 1 9 7 1 - 1 9 9 5 .

A v e r a g e cost (Rs t - 1 )

Cos t reduc t ion (%)

c o m p a r e d t o 1 9 7 2 - 7 4

Sta te 1 9 7 2 - 7 4 1 9 8 1 - 8 3 1 9 9 2 - 9 4

2464

2488

1593

1 9 8 1 - 8 3 1 9 9 2 - 9 4

Gujara t

H a r y a n a

Ra jas than

3814

4 2 7 7

3898

2 6 6 5

2881

1676

1 9 9 2 - 9 4

2464

2488

1593

30 35

33 4 2

57 59
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may impact on other reg ions of interest. ICRISAT has , as a pol icy, dis-
t r ibuted a w ide range of parenta l mater ia ls to b reed ing p rogrammes in
the NARS and pr ivate seed indust r ies throughout the semi-arid t ropics.
Th is has con t r ibu ted to e n h a n c e d techno logy spi l lover . For examp le ,
ICMV 221, Okashana 1 and WC-C75 were original ly bred for India, bu t
ICMV 221 was also re leased in Kenya and Uganda.

An o p e n - p o l l i n a t e d var ie ty (ICTP 8203), d e v e l o p e d at ICRISAT-
Ind ia from Togo p o p u l a t i o n s ; was i n t r o d u c e d to N a m i b i a n fa rmers
th rough the SADC/ ICRISAT S o r g h u m a n d Mi l l e t I m p r o v e m e n t
P rog ramme (SMIP) a n d t he efforts o f the Ross ing F o u n d a t i o n du r i ng
1986/87 and 1987/88 along wi th a total of 50 variet ies on demonst ra t ion
trial. Farmers l iked this var iety when they saw i t in the demons t ra t ion
field. In 1989, the Ross ing F o u n d a t i o n d i s t r i bu ted large quan t i t i es of
seed of ICTP 8203 u n d e r t he n a m e of O k a s h a n a 1. O k a s h a n a 1 n o w
occupies about 50% of the pearl mil let area in Namibia (Rohrbach et al. ,
1999). Okashana 1 (ICMV 88908) was re leased in Ma lawi , Namib ia and
Botswana. In Z imbabwe , p r i va te seed compan ies p roduce and marke t
Okashana 1, though it is yet to be formally re leased.

Similarly, WC-C75 was re leased in Zambia. Kaufela was developed
for Zambia but also re leased in Botswana, Tanzania a n d Mozamb ique .
Okoa and Shibe were or ig ina l ly se lec ted for Z i m b a b w e bu t Okoa was
also released in Botswana and Shibe in Tanzania (ICRISAT, 1996, p. 30;
M o n y o , 1998). T h e s e i n d i c a t e that the genet i c ma te r i a l u s e d in t he
d e v e l o p m e n t o f these cu l t i va rs has w i d e adap ta t i on , suggest ing tha t
t he re are i m p o r t a n t sp i l l o ve r s f rom ICRISAT gene t i c e n h a n ce m e n t
research in pear l mi l let .

Conclusions

This chapter d o c u m e n t s the benefi ts genera ted from genet ic enhance -
men t research in pearl mi l le t in sub-Saharan Africa and Asia. The pear l
mi l le t breed ing p rogramme at ICRISAT, in par tnersh ip w i t h NARS, has
released 75 n e w var iet ies and hybr ids dur ing 1981—1998. ICRISAT h a d
also developed hybr id parents and supp l ied mater ia ls to its publ ic - and
private-sector par tners th roughou t India and Africa. Dur ing 1981-1998,
al l r e leased cu l t i va rs in the s t u d y coun t r i es (except Ind ia) w e r e
ICRISAT-derived (either ICRISAT bred, or deve loped from ICRISAT par-
ents or obtained th rough ICRISAT networks) . The increased dominance
of ICRISAT parent -mater ia l -based releases ind ica tes the impor tance of
ICRISAT's role in the deve lopmen t of parent mater ia ls and other inter-
med ia te b reed ing p r o d u c t s . The avai lab i l i ty o f h i gh qua l i ty ICRISAT-
deve loped parenta l mater ia ls and their use by pr ivate and pub l i c sector
pear l mi l le t b reede rs h a v e subs tan t i a l l y s h o r t e n e d t he resea rch a n d
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deve lopment t ime and resul ted in increased efficiency of NARS breed-
ing p r o g r a m m e s . A m o n g the i m p r o v e d cu l t ivars adop ted in fa rmers '
fields, a signif icant p ropor t ion are ICRISAT-bred or based on ICRISAT
mater ia ls . Adopt ion of pr ivate-sector cul t ivars wi th ICRISAT parentage
is also increasing.

ICRISAT research has he lped to increase yield, reduce p r o du c t i o n
costs, a n d improve the efficiency of b reed ing p rog rammes throughou t
the wo r l d . Countr ies w i th less we l l - endowed research facil i t ies, espe-
cial ly in Africa, have benef i ted mos t from ICRISAT-bred cu l t ivars and
th rough research spi l lovers.
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