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ABSTRACT

Bieler. P., Fussell, L.K. and  Bidinger, F.R ., 1993. G rain growth o f  Pennisetum  glaucum  (L .) R.Br.
under wcll-walered and drought-stressed conditions. Field Crops Res.. 31: 41-54.

The objective o f this study was to investigate th e  possibility o f relationships between grain growth 
param eters and  drought response. G ra in  growth param eters o f  m ore than  70 m illet lines were assessed 
under well-watered and  postflowering drougln-stress conditions in two field trials a t the ICRISAT 
Sahelian Center, Sadore, Niger. All the  grain growth param eters based on therm al tim e varied more 
than  two-fold between lines in both m oisture environm ents. Single grain mass o f the lines ranged from 
4 .3 -10 .9  mg under well-watered conditions and  3 .4 -9 .4  mg under drought stress. W hen averaged 
across trials, 51 % o f  the accounted variance o f  final grain mass could be explained by differences in 
the grain growth rate u nder well-watered conditions, while differences in the  duration  o f the linear 
grain growth phase accounted for 37% o f the variation  in final grain mass.

Drought stress reduced the linear grain growth phase and, as a consequence, reduced final grain 
m ass by up lo 25%. Lines with long grain filling periods under well-watered conditions had larger 
reductions in the grain filling period and  in final grain m ass u nder stress. In general, there was little 
effect o f  drought stress on the grain growth rate. How ever, because o f  the negative correlation o f grain 
growth ra te  and linear grain growth phase, lines with higher grain growth rates in well-watered con­
ditions had  sm aller reductions in grain filling period under stress. G rain  growth ra te  accounted with 
38% for the m ajor part o f  the  variation  in grain mass u nder stress conditions.

G rain  growth param eters in well-watered and drought-stress conditions were unrelated  to  drought 
tolerance as expressed by a drought response index, and  were indicators o f  neither susceptibility nor 
tolerance to stress. H ow ever final grain mass was highly correlated to  yield under stress. A feasible 
risk-reducing strategy in the likelihood o f  postflowering stress is to select pearl m illet lines for drought 
escape with a high grain growth rate com bined with a relatively short grain filling period.

IN T R O D U C T IO N

Pearl m ille t {Pennisetum glaucum  ( L . ) R .B r.) is th e  p red o m in an t cereal o f 
th e  d rough t-p rone Sahelian  zone o f W est A frica. A nnual ra in fa ll in  th is zone 
(3 0 0 -6 0 0  m m ) is charac teristically  variab le  an d  und ep en d ab le  (S ivakum ar,
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1986), an d  has been persisten tly  below  average across the  zone since th e  late 
1960’s (F o rest, 1982; S ivakum ar, 1987). M ore im portan tly , rainfall during  
the  m on th  o f  A ugust w hen the  soil profile norm ally  fills, sto ring  w ater for the 
grain  filling perio d  o f  the  crop  during  S ep tem b er/O cto b er, has declined  by as 
m uch  as 40%  in  som e locations (S ivakum ar, 1989). As a consequence, pearl 
m illet grown in  the  Sahelian  zone is frequently  subjected  to  d rough t during  
grain  filling.

Pearl m illet is severely affected  by d rough t occurring  during  the  grain filling 
stage w hich can reduce gra in  yields by up to  50% (M ahalakshm i and  B idin­
ger, 1985; Fussell e ta l . ,  1991). Fussell et al. (1 9 9 1 ) found  th a t reduced  grain 
yields from  postflow ering d rough t stress w ere p rim arily  d u e  to  reduced  grain 
num bers p er panicle  an d  grain  m ass. R eduction  in gra in  m ass, caused by 
drough t stress during  the  grain  filling perio d  (G F P ) , can be due e ither to  a 
reduction  in  grain  grow th ra te  (G G R ) a n d /o r  length o f  G F P . T he  process o f 
gra in  grow th an d  the  role o f  these  gra in  grow th p aram eters  in drought re­
sponse o f  pearl m illet have n o t been  e lucida ted  in  th e  lite ra tu re .

T here exists genetic varia tio n  in  pearl m illet fo r single grain m ass (B urton  
an d  Pow ell, 1968), w hich varies from  3.5 to  16.0 mg g ra in -1 (R ach ie  and  
M ajm udar, 1 9 8 0 ) .Fussell an d  Pearson (1 9 7 8 ) described  the  grain  filling pe­
rio d  in  pearl m ille t in  term s o f tw o phases: an  in itia l short lag phase (L P ) 
when little  dry w eight accum ula tion  takes p lace an d  presum ably  cell d iffer­
en tia tio n  occurs, an d  a  subsequent lin ear g ra in  grow th phase (L G G P ). These 
au th o rs fo u n d  th a t  differences in b o th  the  length o f  the  gra in  filling period  
an d  the  grain  grow th ra te  in  the  L G G P  were correlated  w ith grain m ass d if­
ferences betw een pearl m ille t lines. H ow ever, th e  G G R  accounted  for m ost 
o f  the  varia tio n  (91%  vs. 8% ). P heno typ ic  differences for these param eters  
were found  to  be m ore genetic th an  en v ironm en ta l in  rice ( Oryza saliva  L .) 
(Jones et al., 1979) an d  w heat ( Triticum aestivum  L .) (B ruckner and  F roh- 
berg, 1987), suggesting th a t these param eters  could be used in  a selection 
program , i f  th is  w as w arran ted . F o r w heat, B ruckner and  Frohberg  (1 9 8 7 ) 
proposed  th a t a h igh G G R  w ith  a relatively sh o rt d u ra tio n  was a desirable, 
risk-reducing strategy for postflow ering stress.

T he objectives o f  th is study  were: (1 )  to  exam ine the  ex ten t o f  genotypic 
differences in gra in  grow th o f pearl m illet in  w ell-w atered an d  postflow ering 
drought-stressed conditions; (2 )  to  ascertain  th e  relationships o f grain growth 
param eters  to  yield an d  y ield  co m ponen ts u n d e r w ell-w atered an d  stressed 
cond itions, in o rd e r to  u n d erstan d  th e ir im portance  in yield determ ination ; 
an d  (3 )  to  investigate  possible re la tions to  d rough t tolerance.

M A T E R IA L S A N D  M E T H O D S

E xper im en ta l  design a n d  crop m anagem ent

Tw o postflow ering drought-screening field tria ls were conduc ted  at the 
IC R ISA T Sahelian  C enter, Sadore ( 1 3 ° N ,2 ° E )  in  N iger during  the  ho t dry-
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season (F e b ru a ry -M a y ) in  1988 and  1989. T he experim ental design was a 
m odified  sp lit-p lo t. w ith  m ain  p lo ts (irrig a tio n  trea tm e n ts )  rep licated  th ree  
tim es an d  sub-p lo ts (m ille t lines) repeated  tw ice w ith in  each m ain  plot. Irri­
gation trea tm en ts , th rough  o verhead  sprink lers, consisted  o f a well-w atered 
con tro l an d  a postflow ering stress. Both irrigation  trea tm en ts  received regular 
irrigation  on a 4- to  7-day cycle (38  m m  per irrig a tio n ). F o r the  stress trea t­
m ent, irrigation  was d isco n tin u ed  w hen 50% o f  the  lines reached  50% flow­
ering, sim u la ting  an  early ending  o f  the  rains.

P lots consisted o f  four rows, 0.75 m  apart, o f  14 (in  1988) and 12 (in  1989) 
hills spaced a t 40 cm. D iscard ing  th e  first hill as b o rder, only the  First five 
hills in  the  tw o m idd le rows w ere used  for grain grow th sam pling. T he rest o f  
the p lo t was used  to  determ ine the  yield p aram eters . F u rth e r deta ils  o f  these 
tria ls an d  co n d itio n s  u n d er w hich they  were conduc ted  are fully described  in 
the  p rev ious p ap e r (Fussell et al., 1991).

Forty-Five m illet lines were included  in  b o th  Field tria ls  b u t 42 an d  41 lines 
w'ere inc luded  in the  analysis in  1988 and  1989, respectively. T he genetic m a­
teria l grow n in  these tria ls was advanced  b reed ing  lines, released varie ties and  
local land  races from  W est A frica, represen ting  a d iversity  o f  m orphological 
characteristics. E n try  com position  o f  the  tw o tria ls varied  between=-years.

Observations

D ate  o f  flow ering fo r in d iv id u a l plo ts was d e te rm in ed  w hen 50% o f  the  
stigm as h ad  em erged on 50% o f  all th e  inflorescences in  the  p lo t (M aiti and  
Bidinger, 1981). Indiv idual inflorescences o fb o th  m ain  stem s and  tillers were 
tagged on th e ir  d a te  o f  flow ering. T he  inflorescences were d iv ided  in to  tw o 
g roups fo r m o n ito rin g  o f gra in  grow th on the  basis o f  m ean  tim e  o f  flowering 
o f a plot. T he First group (E F ) consisted  o f  inflorescences flow ering before 
the  m ean  flow ering tim e o f  the  p lo t an d  the  second group (L F ) o f  infloresc­
ences flow ering afte r th is tim e. T h is separa tion  was u n d ertak en  to  observe 
any differences o f  grain grow th characters fo r early  and  late inflorescences 
w ith in  a line u n d e r b o th  w ell-w atered and  drought-stress env ironm ents.

Sam plings were staggered across the  rep lica tions such th a t one sam ple was 
taken  per line an d  tre a tm e n t from  e ith e r o f rep lications 1 to  3 o r 4 to  6 for 
each day resu lting  in  a set o f  d a ta  w ith  tw o rep lications. F o r E F an d  LF, sam ­
ples o f  at least 100 grains were taken  m idw ay along the  inflorescences daily 
from  day 5 to  day 19 afte r the  flowers were tagged in  the  w ell-w atered control 
an d  from  day 5 to  day 16 in the  stress tre a tm e n t in  1988. In  1989, daily sam ­
pling was reduced  (day  6 to  day 17 in  the  w ell-w atered con tro l and  day 6 to 
day 14 in the  stress tre a tm e n t) . These sam pling  periods approx im ate  the 
L G G P  in each trea tm en t. F u rther, a to ta l o f  18 sam ples per line an d  replica­
tio n  group (six  panicles per rep lica tio n ) w ere taken  random ly  a t 25 days after 
flowering (i.e . m aturity ; M aiti and  B idinger, 1981) in  each trea tm en t to  de­
te rm in e  final grain m ass afte r the  end o f  gra in  filling. Inflorescences were
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sam pled  once only. G ra in  sam ples w ere oven-dried  fo r 24 h  a t 70°C , han d - 
th resh ed , coun ted  an d  th e ir 100-grain m ass determ ined .

Data analysis

T he gra in  grow th an d  developm en t w ere b ased  o n  th e rm a l tim e . T he use o f  
therm al tim e  was necessary fo r line com parisons, as d u ra tio n  o f  pearl m illet 
gra in  developm en t is d e term in ed  p rim arily  by tem p era tu re  (Fussell et al., 
1980; O ng, 1983) an d  th ere  w ere v aria tio n s in  tem p era tu re  betw een  and  
w ith in  the  seasons. F o r tem p era tu res  below  th e  o p tim u m  for g ra in  grow th, 
therm al tim e  ( 0 2) was calculated  as:

&l =  t ( T l - T b) (1 )
/=!

w here T t is m ean  tem p era tu re  for th e  ith  day an d  Th is th e  base tem p era tu re  
below  w hich gra in  grow th is zero. F o r sup ra -o p tim al tem p era tu res , th erm al 
tim e (<92) was calculated  as:

@2 = t ( T m - T , )  (2 )
(= 1

w here T m is the  m ax im um  tem p era tu re  above w hich grain  grow th  ceases. By 
expressing eq u a tio n  (2 )  as:

&i =  i ( T m - T i) 0 l /@1 (3 )
/= 1

w here 0 j/6 > 2=  ( T 0— Tb) / { T m — T0) an d  T0 is the  o p tim u m  tem p era tu re  for 
g ra in  grow th, th erm al tim e  can be accum ulated  as °C day using equations (1 ) 
a n d  (3 ) .  T h erm al tim e  w as calculated  using a T h o f  10 D C ( Ong, 1983), a T a 
o f  33 aC (F ussell e t al., 1980; Ong, 1983) a n d  a T m o f  45 °C . B oth  T0 an d  T m 
have n o t been accurate ly  de term ined  fo r gra in  developm en t in  pearl m illet. 
T he  ca rd in a l tem p era tu res  used are su p p o rted  by th e  findings fo r o th er de­
velopm en t processes o f the  crop (G arc ia -H u id o b ro  et al., 1982; Ong and  
M o n te ith , 1985) a n d  th e  o bservation  th a t T b is nearly  co n stan t fo r a range o f 
developm enta l processes in  at least one line o f  pearl m illet (O ng  an d  M on­
te ith , 1985) a n d  was assum ed to  be the  sam e fo r gra in  filling. A ir tem pera­
tu res were reco rded  a t the  m eteorological s ta tio n  at Sadore.

L inear regressions were fitted  to  the  grain sam ple d a ta  taken  during  the  
L G G P  to  d e term in e  th e  G G R  a n d  th e  length  o f  LP (a fte r th e  m e th o d  o f Jo h n ­
son an d  T anner, 1972). T he G G R  was expressed as m illig ram s per gra in  per 
°Cday. Lag phase was derived  by setting  the  regression o f  the  L G G P  to  a 
gra in  m ass o f  zero, an d  expressed as °C day from  flowering. D u ra tio n  o f G FP
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was calcu lated  by setting  th e  regression to  the  final gra in  m ass determ ined  
from  the  m atu rity  sam ple. L in ear g ra in  grow th phase (L G G P ) was derived 
as the p erio d  from  the  end o f  L P to  end  o f  G F P  (i.e . G F P  —L P ). F o r both 
irrigation  trea tm en ts , the  sam ples for E F an d  L F  were in itia lly  kept separate 
an d  th e ir  grain grow th charac teristics analyzed. F inally , th e  tw o sam ples were 
com bined  to  calculate m ean line grain grow th a ttribu tes in bo th  environm ents.

R elationships betw een grain grow th characteristics and  yield a ttribu tes were 
determ ined  using correlation analysis. In  add ition , th e ir  correlation  to  drought 
to lerance ( th e  d rough t response index [ D R I ] ) and  tim e to  flow ering were 
calcu lated  for the  sub-sets o f  34 lines analyzed  in b o th  years. T he  D R I is based 
on  the  assum ption  th a t gra in  yield u n d e r stress is a function  o f  po ten tia l yield, 
tim e to  flow ering and  a d rough t response, an d  is fu rth e r explained in Fussell 
et al. (1 9 9 1 ).

R E SU L T S

Grain growth under well-watered conditions

T here  was considerab le genotypic variab ility  for th e  com ponen ts o f  the d u ­
ra tio n  o f  gra in  filling (L P , L G G P , G F P ) , th e  G G R  an d  the  final grain m ass 
u n d e r w ell-w atered cond itions, in b o th  years (T ab le  1). T he  length o f  G FP  
and  L G G P , and  the  G G R  varied  nearly  tw o-fold betw een lines in bo th  years, 
while the  length  o f  LP varied  u p  to  three-fold . T h e  overall range o f 2 6 5 - 
49 5°C day  fo r G F P  represen ts 13 to  22 days (a t m ean tem p era tu re  o f 3 0 - 
3 2 °C ) and  is consisten t w ith  p rev ious studies (Fussell an d  Pearson, 1978; 
Fussell et al., 1980; Ong, 1983; B ishnoi et al., 1 9 8 5 ) .T here  was no significant 
d ifference betw een the  lines m eans for L G G P , G G R  and  final gra in  m ass 
betw een the  tw o years. F or th e  m ean  final grain m ass o f  all lines, there  was 
significant varia tio n  in 1988 only. In  1989, m ean  L P  an d  G F P  were slightly 
longer th an  observed  in  1988.

T he tim in g  o f  flow ering o f  a single inflorescence in  re la tion  to  th e  d is trib u ­
tio n  o f  flowering w ith in  a line h ad  a significant influence on grain grow th 
param eters  u n d e r w ell-w atered cond itions only in  1989 (T able 2 ) .  G ra ins o f 
EF had , on  average, longer L P (sign ificant a t P cO .O l only in  1989). The 
average L G G P  fo r the E F  was the sam e as the  LF. As a result, the  m ean  G F P  
fo r all lines was slightly longer for the  L F  in  1988, b u t significantly  sho rter in 
1989. T he G G R , m eaned  across all lines, was n o t significantly  affected by 
sam pling inflorescences from  the  first o r second h a lf  o f th e  flowering d is tri­
b u tio n . U n d er w ell-w atered co nd itions only fo u r o u t o f 42 lines in 1988 and 
th ree  o u t o f  41 lines in  1989 h ad  a significantly  low er G G R  for LF. H ow ever, 
the  final grain m ass was significantly  reduced  in  th e  L F  in  b o th  years.

T he re la tionsh ips o f  grain grow th p aram eters  to  each o th er and  to  certain  
yield a ttrib u tes  u n d er w ell-w atered cond itions were exam ined  using sim ple
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TABLE 2

Means o f grain growth param eters from inflorescences o f ihe first and second half o f  the flowering dis­
tribution in well-watered and stress treatm ents. Postflowering drought screening trials. ISC, dry seasons 
1988 and 1989

Grain growth trait Well-watered Stressed

EFa mean LF“ mean F,a EF mean LF mean f 5

1988
Lag phase ( = Cday) 74 68 ! .79 73 60 10.9”
Linear grain growth phase 

<eCday)
267 277 0.60 230 221 0.69

G rain filling period 341 345 0.14 303 281 9 2**
(=Cday)
G rain growth rate

(m g grain-1 =C day- 1 )

0.028 0.027 1.77 0.028 0.025 5.65

Final grain mass 
. (m g g ra in - 1 ) 

1989

7.16 7.06 9.1* 6.05 5.09 60.6**

Lag phase ( =Cday) 110 78 52.7** 101 64 19.8”
Linear grain growth phase 

( cCday)
302 294 0.63 273 252 1.74

G rain filling period 411 372 31.1** 373 316 39.9**
T C d ay )
G rain growth rale

(m g grain-1 cCdav_ l )

0.027 0.025 8.01 0.024 0.021 7.64

Final grain rrfass 
(m g grain- 1 )

7.82 6.96 54.7** 6.06 4.58 113"

aE F =  first half o f the flowering distribution, LF =  second half o f the flowering distribution. Fs =  variance 
between samples.
* P < 0 .0 5 ;M/, < 0 .0 I.

co rre la tion  analysis (T ab le  3 ) . T he  length o f  L G G P  and  G F P  as well as the  
G G R  were positively correlated  w ith final grain m ass; lines w ith a h igher grain 
m ass h ad  longer L G G P  an d  faster G G R . Long L G G P  w ere associated  w ith 
sh o rt L P an d  low G G R  (th e  la tte r only in  1989). Y ield  a ttrib u tes, such as 
gra in  yield p er panicle , th resh ing  percentage and  gra in  yield itse lf were u n re ­
la ted  o r inconsisten tly  re la ted  across years to  th e  grain  grow th param eters.

G enotyp ic differences in  final gra in  m ass in  w ell-w atered co nd itions were 
those associa ted  w ith  d ifferences in  G G R  in  the  lin ear phase o f  grain grow th 
an d  length o f  L G G P . T his was show n w ith  m u ltip le  lin ear regression analysis. 
W hen averaged across the  tw o years, 51% o f  the  accoun ted  variance o f  final 
gra in  m ass could  be explained  by differences in  th e  G G R  in the  linear phase, 
37% by differences in  L G G P , w ith  only 9% a ttr ib u ted  to  LP differences.

Grain growth under postflowering drought stress

T he ex ten t o f  genotypic varia tio n  for gra in  grow th p aram eters  observed  u n ­
d er w ell-w atered cond itions was m a in ta in ed  u n d e r postflow ering drought
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stress w hich reduced  average final grain m ass by 21% in 1988 and  28% in 
1989 (T ab le  1).

T otal G F P  an d  L G G P  were significantly  reduced  by postflow ering drought 
stress, w hen co m p ared  w ith w ell-w atered co nd itions (T ab le  1). In  b o th  years 
average G F P  was sho rtened  by betw een 47 and  51®Cday (i.e. m ore th an  2 
days) due to  the  im posed  stress. M ean G G R  (all lines) was n o t affected by 
drough t stress in 1988 (co m p ared  to  the  w ell-w atered control. T able 1). 
H ow ever, in 1989 drought stress significantly  (P c O .O l)  reduced  the  m ean 
G G R  by 15% (T ab le  1). N onetheless, only th ree  o f  the  41 lines show ed a 
significantly  (P < 0 .0 5 )  low er G G R  u n d er d rough t stress in  1989. an d  there  
was only one such line in 1988. In 1988 high G G R  were positively  (P < 0 .0 5 )  
associa ted  w ith  the  early flow ering lines, w hich also h ad  heav ier grains. These 
trends, ev id en t though  n o t always significant u n d e r w ell-w atered conditions, 
were enhanced  u n d er postflow ering d rough t stress.

C om parison  o f  gra in  grow th param eters  from  E F  an d  L F sam ples shows a 
reduction  o f all in the  LF com pared  w ith  the  E F  u n d e r postflow ering stress 
(T able 2 ) ,  as expected. F inal gra in  m asses w ere reduced  in  th e  la te r infloresc­
ences because o f  sh o rte r LP an d  L G G P . H ow ever, the  m ean  G G R  (all l in e s ) 
was n o t significantly  d iffe ren t betw een E F  an d  LF w ith  only five ou t o f  42 
lines in  1988, an d  eight ou t o f  41 lines in  1989 having  a low er G G R  for inflo­
rescences from  the  second h a lf o f  the  flow ering d istribu tion .

A lthough postflow ering d rough t stress conspicuously  reduced  G F P , m u lti­
ple lin ear regression analysis ind icated  th a t v a ria tio n  in G G R  still accounted 
fo r th e  g reater p ro p o rtio n  o f  final grain m ass d ifference am ong lines. W hen 
m eaned  across years, G G R , L G G P  an d  LP accoun ted  for 38%, 34% and  6% 
o f  th e  variab ility  o f  the  final gra in  m ass u n d e r stress, th is  being very sim ilar 
to  th a t  o f  the  w ell-w atered trea tm en t.

Several o f  th e  in terre la tio n sh ip s  betw een grain  grow th p aram eters  an d  final 
gra in  m ass found  u n d e r w ell-w atered co nd itions were m a in ta in ed  u n d er post- 
flow ering stress cond itions (T ab le  3 ). S im ple co rre la tion  analysis confirm ed 
the  overall im p o rtan ce  o f  L G G P  an d  G F P  in  d e term in ing  final grain mass. 
T he  v aria tio n  in genotypic response to  stress was re la ted  to  the  tim e  o f flow­
ering o f  a line th rough  the  negative associa tion  o f tim e  o f  flow ering w ith LP 
(T ab le  3 ) . As one m ight expect final gra in  m ass was significantly  (P c O .O l) 
co rre la ted  w ith  th resh ing  percentage, gra in  y ield  p e r panicle  an d  grain yield 
u n d e r postflow ering d rough t stress. G ra in  filling p erio d  was highly correlated  
to  grain  yield p e r panicle  in the  stress. H ow ever, the  re la tionsh ips o f  both  
grain  m ass an d  G F P  to  yield a ttrib u tes  was largely an  expression o f  drought 
escape, as th e  corre la tions were m uch  reduced  w hen the  d a ta  were analyzed 
using partia l correlation  analysis, ho lding flowering date  constan t. O ther grain 
grow th param eters  were m ostly  u n re la ted  o r inconsisten tly  re la ted  to  these 
yield attribu tes.
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TABLE 4

C orrelation o f  drought response index (D R I ) to grain growth param eters an d  yield attributes. Post- 
flowering drought screening trials, ISC, dry seasons 1988 and 1989

G rain  growth rate 1988 1989

W ell-
watered

D rough t-
stressed

W ell-
watered

D rought-
stressed

Lag phase ( 'C d a y ) - 0 .1 0 - 0 .1 2 - 0 .1 4 - 0 .1 2
L inear grain growth phase 0.14 0.12 - 0 .1 3 0.12

( - C day)
G rain  filling period  ( 'C d a y ) 0.11 0.09 - 0 .2 0 0.08
G rain growth rate - 0 .0 3 0.02 0.06 - 0 .0 4

(m g gra in -1 =C day- 1 )
Final grain mass (m g gra in - 1 ) 0.09 0.18 - 0 .0 5 0.24
Panicle grain yield - 0 .1 2 0.62” 0.26 0.78”

(g panicle- 1 )
Threshing percentage (% ) - 0 .1 2 0.48** - 0 .0 3 0.44*“
T im e to flowering ( d ay s) - 0 .0 7 0.12 0.08 0.07
G rain  yield ( g m - 2 ) - 0 .1 0 0.69** 0.03 0.71”

**P<0.0I

TABLE 5

R elationship betw een certain param eters o f  grain growth and the  reduction  in grain filling period and 
grain mass as a result o f postflowering drought stress. Postflowering drought screening trials. ISC, dry 
seasons 1988 and  1989

Y ear R eduction in

G rain  filling 
period

G rain  filling 
rate

G rain  mass

W ell-watered conditions
G rain  filling period 1988 0.62'* - 0 .1 7 0.44**

( = Cday) 1989 0.68’'* - 0 .5 9 * ' 0.44”
G ra in  growth rate 1988 - 0 .2 3 0.04 - 0 .1 3

(mg gra in -1 1989 - 0 .3 7 ' 0.56** - 0 .1 3
sC day- 1 )

G rain mass 1988 0.27 - 0 .1 7 0.25
(m g gra in - 1 ) 1989 0.46** - 0 .1 4 0.47**

Stress conditions
G rain filling period 1988 — 0.52* 0.32* -0 .43**

("C d ay ) 1989 -0 .72** 0.43*' - 0 .5 6 ”
G rain  growth ra te 1988 0.10 - 0 .6 5 " - 0 .1 4

(m g gra in -1 1989 0.53** - 0 .7 4 ” 0.06
'C d a y - 1 )

G rain  mass 1988 - 0 .3 0 ’ - 0 .1 8 -0 .47**
(m g gra in - 1 ) 1989 -0 .42** 0.11 -0 .72**

mP<0.05;n P<Q.Q\.
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Grain growth a n d  drought response

To explore the  role o f  grain grow th p aram eters  in d rough t to lerance, corre­
lation  analysis o f  grain grow th param eters  o f  a subset o f  34 lines (w hich flow­
ered from  59 to  71 days afte r sow ing) to  D R I was ca rried  ou t fo r bo th  years 
(T able 4 ) .  N one o f  the  grain grow th p aram eters  an d  final gra in  m ass under 
bo th  w ell-w atered and  postflow ering d rough t cond itions were related  to 
d rought response (i.e . to  D R I ). T he re la tionsh ip  betw een gra in  yield in stress 
and G G R  in  1988 (T able 3 ) th u s appears to  be an  expression o f  drought 
escape, a consequence o f  the  positive  re la tionsh ips o f  bo th  yield u n d er post­
flow ering stress an d  G G R , w ith  early  flowering.

T here  were m eaningful re la tionsh ips betw een certa in  grow th param eters 
and  the changes in  G F P  and  grain m ass caused by postflow ering drought stress 
(T able 5 ). L ines w ith  long G F P  in w ell-w atered co n d itio n s had  significantly 
(P <  0 .001) larger reductions in  G F P  an d  gra in  m ass in  th e  stress. L ines w ith 
high G G R  u n d er w ell-w atered cond itions, how ever, were no t m ore likely to 
have larger reductions in  grain m ass u n d e r stress. T he ex ten t o f  the  reduction  
o f  G F P  was associa ted  ( r= 0 .7 9  in  1988 and  / '= 0 .7 0  in  1989) w ith the  reduc­
tion  in  grain m ass, as expected.

D IS C U S S IO N

Pearl m illet is know n to  vary  greatly  in gra in  m ass (B u rto n  an d  Powell, 
1968; R ach ie an d  M ajm udar, 1980), a find ing  th is  study  corroborates, w ith 
genetic m ateria l m ostly  o f  Sahelian  origin. D ifferences betw een lines in grain 
m ass were m ostly  due to  differences in  length o f  L G G P , and  to  a lesser extent 
to  differences in G G R , confirm ing  the  find ing  for a sm aller set o f  lines (F u s­
sell an d  Pearson, 1980). These differences were ev id en t in the  well-w atered 
b u t less so in  the  stress conditions. T he  m ag n itu d e  o f  the  v aria tions in  the 
various grain  grow th param eters  (m o re  th an  tw o-fold in  b o th  years an d  both  
m oistu re  en v iro n m en ts) appears sufficient for effective u tiliza tio n  o f grain 
grow th p aram eters  in a pearl m illet b reed ing  program , i f  there  were a reason 
to  do  so.

T h e  p rincipa l effect o f  postflow ering d rough t stress on grain  grow th was to 
reduce grain mass. This occurred prim arily  th rough  a reduction  in  G F P  ra ther 
th an  G G R  for a large m ajo rity  o f  the  lines tested . S im ilar findings have been 
reported  for m aize (Z ea  m a y s L . )  (O u a tta r et al., 1987a). T runcation  o fG F P  
could  have resu lted  from  a lim ited  assim ila te  supply  o r ( a n d ) a reduced  grain 
storage capacity. In m aize, restric ted  curren t pho tosyn thate  p roduction  caused 
by w ate r defic it was im p lica ted  as the  cause o f  reduced  gra in  m ass u n d e r post- 
flowering d rough t stress (O u a tta r  et al., 1987b). W ater defic it du rin g  the LP 
could  have reduced  the  grain  storage capacity , d e term in ed  by cell d iv ision  
du rin g  th a t phase  o f gra in  developm ent, as fo u n d  in  m aize (O u a tta r  et al.,
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19 8 7 a ). B ecause the  length o f  LP was little  affected  by the  d rough t stress im ­
posed , a restric ted  cu rren t assim ila te  supply  appears a m ore  likely exp lana­
tio n  for the  reduced  grain  m ass an d  early cessation  o f grain filling th an  a de­
creased storage capacity.

T he m ain ten an ce  o f  G G R  u n d er d rough t stress im plies th a t pearl m illet 
possesses robust ad ap ta tio n  m echan ism s to  ensure seed p roduction . Two 
sources o f  assim ila te  supply are  availab le to  m ain ta in  gra in  filling: firstly, cur­
ren t p h o to sy n th a te  from  pho tosyn thetic  ac tiv ity  after an thesis and , secondly, 
tran slo ca tio n  o f  s to red  ca rbohydra tes p roduced  before an thesis. Severe w ater 
stress is know n to  cause stom atal closure in  pearl m illet (B lack and  Squire, 
1979; Squire, 1979; H enson  et al., 1981) and , presum ably , a reduction  in 
p h o to sy n th a te  p rod u c tio n . H ow ever, a lack o f cu rren t assim ila tion  can be 
buffered  by m ob iliza tion  o f  sugars s to red  in  th e  stem s in  m any  cereal crops. 
Fussell et al. (1 9 8 0 ) and  P an d e  et al. (1 9 8 3 ) observed  th a t soluble sugars 
s to red  in  stem s p rio r to  gra in  filling in  pearl m ille t w ere m obilized  during 
grain  filling. In  m aize, un d er w ater-deficit cond itions, the  assim ilates stored 
before an thesis  w ere es tim ated  to  co n trib u te  2 6 -3 0 %  o f final grain w eight 
(Jurgens et a l ,  1978; O u a tta r  et al., 1987b). Q u an tifica tio n  o f  th e  co n trib u ­
tion  o f  s to red  stem  sugars to  final grain m ass u n d er e ith er well-w atered o r 
d rau g h ted  co nd itions has yet to  be done fo r pearl m illet.

C o nsisten t re la tionsh ips betw een gra in  yield u n d er d rough t stress and  grain 
grow th param eters  were fo u n d  only for G F P  a n d  grain  m ass. T h ere  are sim i­
la r repo rts  fo r w heat (Sayed an d  G adallah , 1983; B ruckner and  Frohberg,
1987). F u rth erm o re , there  were no  consisten t associa tions betw een grain 
grow th p aram eters  an d  D R I, suggesting th a t  n one  o f  the  grain  grow th p aram ­
eters m easu red  w ere expressions o f d rough t to le ran ce  o r susceptibility . T h e re ­
fore, selecting fo r gra in  grow th param eters  to  enhance postflow ering d rought 
to lerance in  pearl m illet appears no t to  be feasible.

H ow ever, exploiting  certa in  drought-escape features observed  fo r the  grain 
grow th p aram ete rs  does ap p ear a possible app raoch  to  im prov ing  yield un d er 
postflow ering d rough t stress. L ines w ith  sh o rte r G F P  un d er w ell-w atered con­
d itio n s h ad  sm aller reductions in  bo th  G F P  an d  grain  m ass u n d er stress. 
M oreover, lines w ith  h igher G G R  in  w ell-w atered cond itions h ad  sm aller re­
ductions in G F P . T herefore, a v iable risk-reducing strategy fo r areas p rone to  
postflow ering stress w ould  be to  select lines w ith  high G G R  com bined  w ith 
relatively sh o rt G F P . B ruckner an d  F rohberg  (1 9 8 7 ) p ro p o sed  a  sim ilar p a t­
te rn  u n d er postflow ering d rough t stress in  w heat. Selecting fo r high G G R  and  
sh o rte r G F P  by d irect m easu rem en t in  a large n u m b er o f  pearl m illet lines 
m ay requ ire  too m any  observations an d  no t be cost effective.
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