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'hrenty pearl  m i l l e t  cu l t iva rs  g ram durinq two rainy seasons 
over tvo f e r t i l i t y  levels  were examined for  dry matter 
production, grain yield and nitroqen related physiological 
t r a i t s .  Differences between the two f e r t i l i t y  levels  were 
subs tan t i a l  for  a l l  characters  s tudied.  Cult ivars  did not 
d i f f e r  s i q n i f i c m t l y  in t h e i r  nitrogen uptake but did d i f f e r  
i n  t h e i r  a b i l i t y  t o  use nitroqen. The cu l t iva r  x f e r t i l i t y  
in te rac t ions  fo r  grain yield and eff iciency of qrain produc- 
t ion per uni t  of N uptake indicated tha t  response t o  f e r t i l i t y  
i s  a matter of responsiveness in q ra in  production e f f i f i e n c y .  
Genotypic va r ia t ion  in the eff iciency of N u t i l i z a t i o n  rather  
than i n  uptdkc uas responsible for  va r ia t ion  in qrovth and 
grain yield.  The usefulness of such genotypic v a r l a t i o r ~  in 
crop i m p r o m n t  i s  discussed. 

There i s  an increasing worldwide i n t e r e s t  in a l t e r i n q  cropa 
gene t ica l ly  t o  obtain higher grain yields  under mineral s t r e s s  problem 
s o i l s .  Agricultural researchers a re  consciously direct inq s tudies  
towards a lw cost genet ic  approach to  a l l e v i a t r  mineral s t r e s s  
re la ted  prob1e.w (Fox 1978, C h i c h e ~ t e r  1981, Clark 1981). For an 
important crop of the Semi-Arid Tropics (SAT) such as pearl mi l l e t  
[~enniseturn mericanum (L.) ~ e e k e ]  a s imi la r  approach by crop s c i e n t i s t s  
is very appropriate mince i n f e r t i l e  s o i l s  a re  one of the cannon fea tu res  
of African and Asian mi l l e t  g rwinq  areas. Jones (1971) reported t h a t  
f o r  295 well  drained West African savanna s o i l s ,  the man nitroqen ( N )  
content of the t q ~  s o i l  was 0.05 per cent  with a l w e r  l imit  of 0.008 
per cent1 these s o i l s  are  a l s o  lw in organic matter. 'S imi la r ly  the 
Al f i so l s  (Luvisols) of pulninsular  India a re  character ised by N and 
phosphorus deficiency,  coupled with la* organic matter (Swindale 1982). 
About 95 per cent of the world's pearl m i l l e t  i s  beinq produced from 
Such r o i l s ,  generally without the addi t ion of f e r t i l ~ r e r  N. h e  m i l l e t  
crop product im r e l i e s  t o  a large extent  on the m i n e r a l ~ t e d  N from 
orqanic residues t h a t  i s  avai lable  p r i m r i l y  as  an i n ~ t i a l  fluah a t  the 
*inning of the ra ins  (blondel 1971). We a s s m e  under such condition8 
bo th  the a b i l i t y  t o  forage fo r  t h i s  N a s  i t  i s  leached dam the s o i l  . 
P r o f i l e  and thc a b i l i t y  t o  e f f i c i e n t l y  use l imited mounts  Of N a r e  
i.portant. N rva i l ab le  from rhizosphere N f ixa t ion  m y  a l s o  nake m 
h p o r t a n t  contribution (Dart 6 Wani 1982). The search fo r  c u l t i v a r l  
With both c h a r ~ c t e r i s t l c s  needs t o  be in tens i f i ed .  In t h i s  paper, we 
have exmined I )  the qenet ic  va r ia t ion  in p a r 1  mi l l e t  fo r  N uptake, 

i i )  thc r e l r t i a r h i p  of N uptake and eff iciency t o  dry matter 
Production and grain yield.  

e u h i t t a d  u C.P. no, 97 by the International Crops -search Inmti tute  
for th h i - k i d  Trapic8 (ICRISAT). 
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Mntr parl m i l l e t  c u l t i v a r r  warm qroun i n  ~ l r t m o i  durihg 1978 
.rd 1980 rainy r m a W S  a t  XRIShT c e n t e r  naar Hydmrabd, f n d h  

1 7 ~ ) .  ~ v a t l r b l e  s o i l  N -4s not measurad tn 19784 i n  Nee that. .,, , r p r c ~ i m a t e l y  50 h f i a  of NO, N accmula ted  in  the  p r o f i l e  (120 a) 
at  !5e b q ( n n i n q  of the ra iny  season. Nearly SO per cent  of  this 
;:,( , t y  was in the top 20 ,layer. 'Ilro f e r t i l i t y  t r e r t a m ~ ,  i )  high 
! , , t , l i ty  ( t Q 1  100 N and 25 and i l )  lcu f e r t i l i t y  (W) 20 Kq N ,,, .a q q  ~ , h ,  -re c rea ted  by appl ica t ion  of inorganic f e r t i l i z e r s .  ,,,,, these experimental condit ions,  N was assumed t o  be the most 
,;m,t,nq nu t r ien t  in IE and t o  k in  adequate supply in  W. ~ l c h  
! r , t i l i t y  treatment was rep l ica ted  four  t-imes. Cul t ivars  were 

within the  main p l o t  f e r t i l i t y  t reatments  i n  4 rows of  
, + * $  4 m (19781 o r  0.75 1 9  m (1980). P lan t  population u u  maintained 
.t ~ 1 ~ , 0 0 0 h r .  

a t  Clouerinq and maturi ty  Stages,  p l a n t s  in  quadrats of 1.2 m2 ,,. a t  qround l e v e l ,  plant  p a r t s  separated,  d r ied  a t  80 OC f o r  72 
.: u r ~ ,  weighed, and ground t o  pa¶# throuoh a 20 mesh screen. N 
.*centrat ion in the dry matter  was est imated by the standard micro- 
, .?lriahl method. Grain y ie ld  was determined I r a  2.5 .' i n  1978 and i n  
;,qg f r m  9 m a .  TWO e f f i c i e n c y  r a t i o s ,  1) HE N-to ta l  d ~ /  matter por u n i t  
of  t o t a l  N taken up, and 2 1  HEC-grain y i e l d  p i t  unit of t o t a l  N taken up 
HI. calculated.  

.;rmth, nitrogen uptake and u t i l i z a t i o n  

Differences between the two f e r t i l i t y  l e v e l s  were r u b s t a n t i e l  f o r  
r l l  charac te r r  s t u d i e d ,  ranging from more than 200 per cen t  fo r  N uptake 
to  approximately 70 per cen t  i n  t o t a l  d ry  matter  production (sme ~ a b l a  1). 

m r c r i p t i v e  statistics f o r  c rop  growth, g r a i n  y i e l d  and nitroqen uptaka 
p r r a m t e r r  f o r  20 p e a r l  m i l l e t  c u l t i v a r s .  Values a r e  bared ar observa- 
t lonr  I r a  four  r e p l i c a t i o n s .  

r.Q fu 
Character Year 

nean Range Mean Rang. 

Total DW g m-' 

Grain y i e l d s  i n  t h a  W t r a r t s a n t  Vera s i m i l a r  t o  thr a m r a p e  dryland 
e w e r b e n t  s t a t i o n  t r i a l s  (2.5 t/lu) and LP y i e l d .  s i n l l a r  bo 1.3 t / h a  
recorded in  tb adapta t ion  t r i a l 8  on fermsrs' f i e l d a  (Sfngh, (3. 6 Naidu, 
t -v . ,  u n p u b l i s h d  work, pramentad a t  A l l  Ind ia  C o o r d i n a t d  W l l a t  



I ap rwcman t  P r o j e c t  m a 1  m e t i n g ,  CaFsbatore ,  Lndia, 26-29 A p r i l  1982) .  
T o t a l  c r o p  g r o v t h  under LS uaa la88 Fn 1978 than i n  1980, probably  due to 
a x c a s s i v e l y  wet condl t icms In 1978, in which 1007 m r a i n f a l l  was r ece ived  
i n  t h e  June-Septuaber cropping pe r iod  compared t o  727 nrm i n  t h e  BUM pried 
in 1980. Grain  y i e l d s ,  however, m r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  between 
y e a r s .  

C u l t i v a r s  d i d  n o t  d i f f e r  s i q n i f i c a n t l y  i n  the N uptake ,  b u t  d i d  
d i f f e r  both f o r  t o t a l  d ry  ma t t e r  and g r a i n  y i e l d s  produced. These 
d i f f e r e n c e s  were expla ined by s i g n i f i c a n t  d i f f e r e n c e s  among c u l t i v a r s  
i n  NE and HE (Table 2 ) .  C u l t i v a r  x f e r t i l i t y  i n t e r a c t i o n s  were no t  
s i g n i g c a n t  fo$ N u p t d e ,  t o t a l  d v  n t t e r  o r  NEW bu t  were f o r  bo th  
g r a i n  y i e l d  and NEC. Thi s  s u g g e s t s  t h a t  response t o  f e r t i l i t y  was 
p r i m a r i l y  a  r a t t e r  of responsiveness  i n  NEC r a t h e r  t han  i n  e i t h e r  N 
up t ake  a b i l i t y  o r  %. 
TABLE 2  

F r a t i o s  f o r  y e a r ,  f e r t i l i t y  and c u l t i v a r  f o r  dry weigh t ,  g r a i n  y i e l d  
and N uptake  and #e e f f i c i e n c y .  

Source df 
Grain T o t a l  N 

w t .  y i e l d  up take  
N E ~  N E ~  

Year ( Y )  1 8.3. 4. lNS 47.9 76'. 159** 

F e r t i l i t y  (F) 1 207.. 139.. 315.. 73.. 35** 

F x Y  1 42.. 9.1' 7344 0 .3  NS 16.. 

C u l t i v a r  (C) 19 4.4.. 9.6.. 1.3NS 3.7.. 8.7.. 

F x C  19 1.1 NS 2.7.. 1. 2NS 0 . 8 ~ '  2.2** 

*, * *  s i g n i f i c a n t  a t  0.05 and 0.01 l e v e l s ,  r e s p e c t i v e l y  
NS Not s i g n i f i c a n t  

Year X c u l t i v a r  i n t e r a c t i o n s  were s i g n i f i c a n t  f o r  a l l  parameters  
e x c e p t i n g  N uptake .  The F  r a t i o s  f o r  c u l t i v a r  x yea r  i n t e r a c t i o n s  were 
g e n e r a l l y  l a r g e r  than t hose  f o r  c u l t i v a r  x f e r t i l i t y  i n t e r a c t i o n s  
(Table  2 ) .  Year x f e r t i l i t y  x c u l t i v a r  i n t e r a c t i o n s  were no t  s i g n i f i c a n t  
f o r  any of t h e  parameters ,  i n d i c a t i n g  t h a t  wMle  c u l t i v a r  performancr warn 
a f f e c t e d  by y m r  d i f f e r m c e s ,  c u l t i v a r  response  t o  f e r t i l i t y  d i d  n o t  
d i f f e r  between y s s r s .  

E f f i c i e n c y  vs uptake  

The l a r g e r  c u l t i v a r  d i f f e r e n c e s  f o r  e f f i c i e n c y  of  H u t i l i z a t i o n  
than  f o r  N u p t ~ k e  muqgested t h a t  t h e  former r a t h e r  thAn t h e  l a t t e r  Was 
r e l a t e d  t o  d i f f e r e n c e s  i n  c u l t i v a r  y i e l d i n g  a b i l i t y .  Th i s  conc lus ion  
was t e s t e d  by us ing  N uptake  and ef f ic i ' ency ( i n  l o q a r i t h m i c  form) as 
independent v a r i a b l e s  i n  r e g r e s s i o n  n o d e i s  of t o t a l  c rop  dry weight  .nd 
g r a i n  y i e l d ,  w i t h  t h e  o b j e c t  of c m a r l n g  thr r e l a t i v e  c o n t r i b u t i o n s  of 



Atha 4 e f f i c i e n c y .  Resu l t s  support the conclusion t h a t  the v a r i a t i o n  ,, . f f i c i m c y  of U s e  o f  N is p r h r i l y  r h S P O ~ i b l 0  for  var ia t ion  in  g r a i n  
:,id., a t  b o t h h i g h  and low l e v e l s  of f e r t i l i t y  (accountlnp f o r  79 ~ e r  

',,t of the  v a r i a t b n  in g r a i n  y i e l d )  (Table 3 ) .  For t o t a l  crop d r y  
,,tu production h o m e r ,  v a r i a t i o n  i n  both uptake and e f f i c i e n c y  
.-ontr&uted approximately i n  q u a 1  measure. 

:Mu 3 

;,, cent t o t a l  sum of squares  (SS) f o r  t o t a l  dry n i g h t  
, j  grain y i e l d  account& f o r  by NE and N uptake ( a l l  
r r r i a b l e s  i n  l w a r i t h m i c  fomr  regression model 
r - a & +  blxl + b2X2) 

t t o t a l  SS due t o  

w- N uptake Eff iciency of use 
(xl) NEm or  NEG (x2)  

t o t a l  dry weight 

Grain y i e l d  

Mean 20 7 9 

DISCUSSION 

Cul t ivar  d i f f e r a n c e s  in g r a i n  y i e l d  and c u l t i v a r  x f e r t i l i t y  
Lnteractiohe m e  expactad in thn prasan t  u p s r i m a n t  am it contained a  
range of c u l t i v a r s ,  f r m  improved landracas t o  h igh  yielding F hybrids .  
A p a r t  of these  i n t a r a c t i o n s  were c e r t a i n l y  due t o  the  somewha4 q r e a t e r  
respamivenesm of thn e l i t e  mate r ia l s ,  i n  terms of g r a i n  y ie ld  aa 
c v r e d  t o  t o t a l  dry mat te r ,  t o  higher  l e v e l s  of f e r t i l i t y .  This is 
c-istant with t h e  f i n d i n g  that t h e r e  wure no c u l t i v a r  x f e r t i l i t y  
b t a r a c t i o n s  f o r  t o t a l  dry mat te r  o r  He,,, b u t  there  r a r e  i n t a r a c t i o r u  
f o r  p a i n  y i e l d  and HeC. 

C u l t i v a r  d i f f e r e n c e 8  i n  e f f i c i e n c y  of N use r a t h e r  t o t a l  N 
UP- have beon repor ted  in o t h n r  crops. ~ ' ~ u l l i v a n  st a 1  (1974) 
~ b r a r v e d  t h t  f o r  the mm m u n t  of N i n  the p l a n t ,  N o f f i c i a n t  tomato 
l ine8 produced an avsrage of  40 par c e n t  more dry  ~ i g e  than d i d  
i n e f f i c i e n t  p l a n t s .  S h f l a r l y ,  a t  low l e v e l s  of n i t r a t e  in s o l u t i o n  
cu l tu re ,  a t  similar uptake levelm, one p l m  clone produced 39 p e r  c e n t  
dry mttar per mg &sorbed N than tha o t h e r  ( m r i o s  a t  a l  1979). 
Differencam i n  u t i l i z a t i o n  of  n u t r i e n t .  bshraen clone. were more 
VenWally found a t  lw l e v e l 8  of  a v a i l a b l e  nutriankm r a t h e r  than a t  



s u f f i c i e n t  l e v e l r  LTbarios e t  a 1  1979). S imi la r ly  gene t ic  v a r i a t i o n  Fn 
e f f i c i e n c y  parametars Ln tha presen t  u w h t r  ware of U g h u  ~ g n i t u d e  
u n d u  LP m a r a d  t o  HF (.Table 1) . 

The u i a t s n c e  of considerable  v a r i a b i l i t y  f o r  N ure  efficient/, 
e s p e c i a l l y  f o r  g ra in  y i e l d  and t h e  high degree of c o r r e l a t i o n  between 
HEC and g r a i n  y i e l d  ( r  - 0.75**, p < .01) suggest t h a t  d i r e c t  r e l e c t i o n  
f o r  N e f f i c i e n c y  may have value i n  i n p r o ~ m e n t  of y ie ld ing  a b i l i t y  under 
low f e r t i l i t y  condit ions.  I t  is worth inves t iga t ing  whether t h e  
genotypic v a r i a t i o n s  i n  HEC a r e  h e r i t s b l e ,  and i f  s o  whether i t  i r  
p o s s i b l e  t o  e x p l o i t  ouch var ia t iona  i n  crop improvament program. 
Select iont i  f o r  e f f i c i e n c y  a t  low l e v e l s  of N could be c a r r i e d  out  i n  
c o n t r o l l e d  condit ions e i t h e r  i n  s o i l  o r  i n  molution c u l t u r e  (such am 
continuous f l a v  c u l t u r e ,  &her st a1 19651, once it was es tab l i shed  that 
t h e s e  s e l e c t i o n  procedurer produce p l a n t s  t h a t  a r e  more e f f i c i a n t  under 
f i e l d  condi t ions .  

We acknowledge t h e  a s s i s t a n c e  of Ilr. D.S. U j u  and Mr. G.D. Prarada 
Rao i n  f i e l d  work and d a t a  ana lys i r .  We a r e  a l s o  g r a t e f u l  t o  our  
col leagues who c r i t i c a l l y  reviewed t h i s  paper. 
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