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Summary. D w a rf  varieties have had  virtually  no  im pac t 
on the p ro d u c t io n  o f  pearl millet,  in c o n tra s t  to  (he case 
o f  w hea t ,  ricc. a n d  so rghum . T h is  research co m pared  tall 
and  d w a r f  near- isogenic  F ,  hybrids  to  a t t e m p t  to  deter­
mine i f  there w ere de le terious efiects o f  the d 2 dw arfing  
sjene th a t  m ight accoun t fo r  the lack ol re lease /cu lt iva­
tion o f  d w a r f  pearl millet cultivars. D w a r f  isohybrids  on 
average  yielded less than  the tails, because ol a sm aller  
average  seed size com bined  with a sim ilar g ra in  n u m b er  
per unit  area. T here  was. however,  a larger con tr ib u t io n  
o f  b ack g ro u n d  genetic variation  (po l l ina to r ,  male-sterile, 
an d  in te rac t ion  effects) to  hybrid  varia t ion  for nearly  all 
charac te rs  m easured ,  inc lud ing  seed size, than  there  was 
o f  the d w arl in g  gene. Selection o f  d w a r f  pa ren ts  cap ab le  
o f  p ro d u c in g  hybrids  w ith  equal seed size and  yield to  
tha t  o f  tall pa ren ts  shou ld  n o t  be difficult.

Key words: Pearl millet -  D w arf ing  gene -  P a ren ta l  ef­
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Introduction

D u rin g  the last 20 years , dw arf ing  genes have h ad  a large 
im pac t on  the breeding o f  w heat and  rice w orldw ide, and  
o f  so rg h u m  in tem pera te  zones. In all three cereals, 
dw arf ing  genes have p rov ided  pro tec tion  from  lodging, 
and  have  allowed the  product ive  use o f  high levels o f  
inputs .  In  the case o f  so rg hu m , d w a r f  hybrids  have  m a d e  
m echanical harves ting  possible. In w heat,  in add it ion  to 
these benefits , the Rhi series o f  d w arf in g  genes has  bene­
ficial p le io trop ic  effects on yield p o ten t ia l  th ro ug h  in­
creases in grain n u m b e rs  per  spike o r  in tiller n u m b e r  
(G ale  and  Youssefian 1985).
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D w arf ing  genes have been k n ow n  in pearl millet [Pen- 
n isc iw n  gluuciini (L.) R. Br.] fo r  m o re  than  20 years 
(B u r ton  an d  F o r tso n  1966) an d  have  been used, a t  least 
experimentally ,  by p lan t  b reeders  fo r  a lm o s t  as long 
(Bakshi et al. 1966; C h a n te re a u  and  Etasse 1976; L a m ­
bert 1983; T h a k a re  a n d  M u r ty  J972). To the a u th o rs '  
knowledge, however,  d w a r f  varieties or hybrids  have  had 
virtually no  im pac t on the p ro d u c t io n  ol the crop, in 
co n tra s t  to the h is tory  o f  d w a r f  varieties o f  w heal,  rice, 

o r  so rg hu m .
R ep o r ts  f rom  West A frica  o f  co m p ar iso n s  o f  d w a r f  

and  s ta n d a rd  height varieties indicated  yield advan tages  
o f  5 % - 1 5 %  in the dw arfs  (L a m b e r t  1983). H owever,  
these varieties had  p rob lem s o f  greater  disease suscepti­
bility a n d  p o o r  grain filling (N ian ged o  and  O uen dcb a  
1987). a n d  have never been g row n by farm ers .  C o m p a r i ­
sons o f  d w a r f  and  tall vers ions o f  a set o f  seven c o m ­
posites o f  bo th  Ind ian  and  A frican  origin indicated no 
overall yield ad van tag e  to the dw arfs  ( K .N .  Rai. per­
sonal com m un ica t io n ) .  In Ind ia ,  where m ore  than  40 
varieties and  hybrids have been released since the 1960s, 
only a single d w a r f  cu lt ivar  has been released, w hich  was 
never widely grown.

This research was u n d e r tak en  to  m o re  critically ex­
am ine the effects o f  the cl2 dw arf ing  gene (B urton  and 
F o r tson  1966) on g row th  and  yield in a seL ol near- iso­
genic ta l l /d w arf  I-, hybrids  o f  pearl millet. T h e  specific 
pu rp ose  was to de te rm ine  if there  is any  evidence o f  
adverse effects associated  with the d2 gene, which might 
be responsible for the lack o f  im pac t  o f  dw arf  cult ivars 
on  pearl millet p roduc t ion .

M aterials and methods

Hybrids

The near-isogenic tall/dwarf hybrids were made by crossing four  
pairs of near-isogenic tall ( 2 ^)/'<J\viirf {d2d 2) inbred lines on



Tabic 1. Mean. ranges, and standard error for the 32 hybrids, and Ihe mean effects o f  [lie various com ponents  o f  Ihe hybrids for 
growth, yield, and yield com ponents

Stem hi. 
(cm)

Biomass  
(g m - J )

HI
<"o)

Grain yield 
(g m - ’ )

Grain no. 
(It)- - m “ ’ )

Grain mass  
(mg grain "" 1)

Flowering
(days)

Hybrid

Mean 150 785 37.7 289 37.6 7.95 44.7
R a nee 10 4 -1 9 6 6 1 3 - 9 8 5 32 .1 -4 2 .1 2 3 6 - 3 3 7 2 7 .2 - 4 9 .6 5 .0 0 - 1 0 .6 8 3 9 .9 -5 0 .8
S l i J ‘ 0.79 2.7 0.53 1.8 0.65 0.245 0.26
/•-ratio *** *** *** *** *** *** ***

Height class
Tall 177 846 36.8 303 37.1 8.40 44.9
Dw arf 122 724 38.7 276 38.0 7.51 44.5
/ -r a t io *** *** *** NS *** ***

A lines

843 A 141 741 38.4 278 32.9 8.74 41.3
81 A 159 - 852 35.6 297 46.1 6.50 49.0
833 A 148 789 37.3 289 37.2 7.81 45.1
842 A 152 760 39.7 293 34.4 8.73 43.5
/"-ratio ★ * * *** *** «* * 4: ♦ ■h* ***

R lines (pairs)

ECIL-33-6-2-3/2 160 826 39.3 317 36.0 9.01 44.7
EC1L -159-4-4-7/8 137 732 37.5 271 38.6 7.11 44.4
M Cl L -3 1-5-2-2.12 145 743 38.3 279 42.4 6.71 44.1
NCI L -143-4-5-3/6 158 838 35.9 291 33.4 8.97 45.7
/"-ratio *** *** *** *** *** *** ***

CV % 5 II 9 13 14 9 2

:l SE o f  individual hybrid values
**, *** Significant at the 0.01 and 0.001 levels o f  probability, respectively, by F-test

lour dw arf  ((/-,£/,) male-sterile lines (Table I ). The near isogenic  
inbred lines were derived from progenies, segregating for the i!2 
gene, from a backcrossing program to produce dw arf  versions o f  
standard height composites. Tall plants in progenies segregating  
for d war I'll ess were selled each generation from the BCj F ,  to 
B C 3 F 7. Pbenolypically similar tall and dwarf plants were se­
lected in segregating progenies in the F B generation, and were 
advanced by an additional generation o f  selling. Crossing four 
tall/dwarf pairs o n to  lour dwarf phenotypically diverse male-  
sterile lines produced 16 pairs o f  tail (/>-,(/;) and dw arf  (dzd 2) 
hybrids. Hybrids were used in preference to the original inbred 
lines (which have significant inbreeding depression) as the 
dwarfing gene, if  used commercially, would most likely be in F ,  
hybrid form. The consequences o f  the tails being heterozygous  
rather than hom ozygous at the locus are not known, bill 
comparisons o f  hom ozygous and heterozygous tall hybrids in 
sorghum indicated no overdoniinance effects (Campbell el al. 
1975).

E m  h id lion

The 16 pairs o f  hybrids were grown in replicated field trials at 
the ICR I SAT Center during the rainy seasons o f  1985. 19S6. and 
1987 in a randomized block design, without blocking by height.  
Individual plots  were four (1 9 8 6 -1 9 8 7 )  or six (1985) rows o f  
0.75 x 4 . 0  m. All observations were taken on a 3.0-m length o f  
Ihe center two rows (1 9 8 6 -1 9 8 7 )  or the center four rows (1985). 
Plots were well fertilized ( 8 5 - 1 0 0  kg N  h a ' 1 plus 2 0 - 2 5  kg 
P h a - 1 ), and were overplanlcd and thinned to a uniform plant 
stand o f  12 plants m 2. Weed control was by cultivation and a

single-hand weeding; no significant disease or pest incidence  
occurred in any year.

Data were recorded on flowering, plant height, biomass,  
grain yield, and yield com ponents  in all 3 years. Analysis o f  all 
data was done  according to the field design, considering repli­
cate as contained within year, and partitioning the sums o f  
squares for hybrid (31 clj) into effects oTheight ( I iif). male-ster­
ile. and pollinator pair (3 (// each), and the various interactions 
am ong these effects. The effects o f  the cl2 gene on the measured  
variables were assessed by comparing the proportion o f  the 
sums o f  squares for hybrids that was attributable to height, as 
opposed to that attributable to parental elTects and interactions 
o f  height and parental effects.

Results and discussion

D ifferences in tall and d w a rf isohvbruls

Ind iv idua l trial m ean  yields were 2.63 tons  h a -1 in 1985, 
3.42 tons h a -1 in 1986, and  2.62 tons h a -1  in J 987, which  
are n o rm al values fo r  non- i r r iga led  experim ent s ta tion  
yields. Ind iv idual hybrids  dif fered significantly for all 
charac te rs  m easured  (Table 1).

T h e  effects o f  the alleles a t  Ihe D 2ld 2 locus (hence­
forth  called height class) were s ignificant for all variables 
m easured  excep t  grain  n u m b er  m -2  (Table I). Som e o f  
Ihe d ifferences between the tails and  dw arfs  were ex­
pected (lesser s t raw  length and  total b iom ass, and  a



higher  ha rves t  index (H I)  in the dw arfs  (Table I) from 
results o f  similar c o m p a r iso n s  in w h ea t  (review by G a le  
a n d  Yousseflan 1985). barley (Ali el al. 1978), and  so r ­
g hum  (VVindschcffcl e t a l .  1973). Similarly, the sm aller  
indiv idual grain mass found  in the d w a r f  millet hybrids  
has been widely repor ted  in d w a r f  lines o f  o ther  c rops  
(e.g.. G a le  and  Y oussellan  1985: Ali et al. 1978; Cam pbell  
et al. 1975).

G ra in  num bers  per unit area  were n o t  d ifferent in the 
tall and  d w a r f  hybrids (Table 1) an d .  as a consequence , 
grain yields were s ignillcanlly  less in the dw arfs  than  in 
the tails, following differences in grain  mass. Millet a p ­
pears  to differ from  w heat  (G ale  a n d  Youssefiun 19S5) 
and  possibly barley (Ali et al. 1978). in which increases in 
grain n u m b e r  in d w a r f  lines, achieved e ither by increases 
in grain  n u m b e r  per spike (m ainly  in w in te r  w hea t)  o r  in 
spike n u m b e r  (spring w h ea t  and  barley),  offset the d e ­
crease in individual grain mass. S o rg hu m , on the o th e r  
han d ,  app ea rs  to be m o re  similar to millet, as m o s t  re­
ports  indicate  a sm aller grain size w i th o u t  a c o m p e n s a t­
ing increase in grain  n u m b e r  in d w a r f  isolines/hybrids 
(C am pbell  e t a l .  1975: C assad y  1965; S cherlz  1973).

W hy there is a m uch m ore  consis ten t increase in grain 
n u m b ers  associated  with the Rht { or R I i i 2 alleles in w hea t  
(versus the tall rht allele) than  there is in d w a r f  so rg hu m  
o r  millet is no t c lear from the li te ra ture .  Increases in grain 
n u m b er  per spike in w in ter w h e a t  m ay  be due  to its 
hav ing  an inde te rm in a te  n u m b er  o f  floret p r im o rd ia  per 
spikelcl. which m ay  m a k e  w hea t  m u ch  m o re  responsive, 
a t  least un d er  some env iro nm en ta l  condit ions ,  to  a redu c­
tion in co m p e t i t io n  between spike an d  stem d u r in g  the 
la ter  p a r t  o f  stem e longa t ion ,  w hen  the florets are devel­
op ing  and (Inal floret n u m ber  is being d e te rm ined  
(B rook ing  and K irby  1981: Bush and  E van s  1988). C rop s  
with a p rede te rm ined  floret n u m b er  p e r  spikelcl. such  as 
barley, so rg hu m , and  millet,  m ay  be less likely to respond  
in this fashion to a change  in pa r t i t io n in g  belwccn stem 
and  spike/panicle.

T h e  differences in indiv idual grain mass between the 
tall and  d w a r f  isohvbrids  were exam ined  in m o re  detail 
by p lo t t ing  indiv idual grain m ass  for b o th  tall and  d w a r f  
hybrids  against grain n u m b e r  per u n i t  a rea ,  as the la t te r  
is generally the m a jo r  d e te rm in a n t  o f  individual grain 
mass in m os t  cereals.  This  was clearly the case in these 
hybrids ,  as grain  n u m b er  acco un ted  for 71 %  ol the vari­
a tion  in individual grain  m ass  (Fig. 1). It is c lear from 
this plot, however,  th a t  the re la tionsh ip  o f  Ihe two vari­
ables differed in the lall and  d w a r f  hyb r id s  for grain 
n u m b ers  grea le r  th a n  a b o u t  34,000 m - 2 . M o s t  (but no t  
all) o f  the dw arfs  had  a grain mass o f  the o rd e r  o f  I m g 
per g ra in  ( l 2 % - 2 0 % )  less th an  th a t  o f  the tails over the 
range  o f  3 4 .0 0 0 -5 0 ,0 0 0  grains m " - .  T h u s ,  the yield d is ­
advan tag es  o f  the dw arfs  were specifically associated 
with a p o o re r  ability to fill grains in genetic b a c k g ro u n d s  
tha t  p rod uce  h igher grain num bers .
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Kij>. 1. Relat ionship o f  individual grain mass and grain number  
per unit area lor the tall <o ] and dwnrt'U) isogenic hybrids. Data 
arc means o f  3 years

R ela tive  contribution o j the dw arfing gene

In add it ion  to the effects o f  Ihe d w a r f  hab it ,  there were 
also significant effects o f  bo th  male-sterile  and  p o l l in a to r  
for all variables  m easured ,  as assessed by the m ean  effects 
o f  pa ren ts  over  the hybrids  m a d e  with them  (Table I). 
H ybrids  m ade  with 843A. e.g.. flowered earlier, p roduced  
less b iom ass, and  were low er yielding than hyb r id s  on the 
o the r  three m ale  sleriles. Similarly, hybrids  m a d e  with 
E C I L - 3 3-6-2-3/2 and  N C IL -143-4 -5 -3 /6  were taller, p ro ­
duced m ore  b iom ass, h ad  larger gra ins ,  a n d  outyielded 
those m ad e  with the o th e r  tw o po ll in a to r  pairs.

Since the d w a r f  hab it  represents  an a lte rna t ive  that a 
p lan t  breeder m ay  or m ay  no t  em ploy, it seemed m ost 
logical to  c o m p are  its effects d irectly  to those o f  his o th e r  
a lte rna t ive  -  the choice o f  paren ts .  T h is  was d o n e  by 
p a r t i t io n in g  the sum s o f  squares  (SS) for hybrid  in the 
A N O V A  a m o n g  the c o m p o n e n t  effects (Table 2). Height 
class, as expected, accou n ted  for  the m ajo ri ty  o f  v aria ­
tion  in stem  length (8 3 % ) a n d  b iom ass  (43% ). T he  effect 
o f  height class on harves t  index, how ever,  w as h a lf  o r  less 
than  the effects o f  bo th  paren ta l  g roups . In  add it ion ,  the 
in te rac t ion  o f  height class a n d  po l l in a to r  accoun ted  for a 
g rea te r  p ro p o r t io n  o f  the varia tion  in HI than did height 
class alone. T hus ,  a t te m p ts  to  m a n ip u la te  H I  (for ex am ­
ple) w ould  be likely to  be m ore  successful th rou gh  choice 
o f  p a ren ta l  lines than  by the use o f  the d 2 dw arf in g  gene.

V ariation  in hybrid  gra in  yield and  yield c o m p o n en ts  
was m o re  strongly  inf luenced by var ia t ion  a m o n g  
p aren ta l  lines than it w as by differences in he igh t class 
(Table 2). G ra in  n u m b e r  differences in the hybrids  were 
prim ari ly  a result o f  male-steri le  line differences (64%  ol 
the SS). P o l l ina to r  differences were p r im ar i ly  responsible  
for differences in grain mass (47%  o f  SS) a n d  grain yield 
(35%  o f  SS). In te rac t io ns  between height class and  
p aren ta l  line were generally sm aller than  the individual 
effects o f  each, with the exception o f  a relatively large 
effect o f  po l l in a to r  x  height class on grain  yield (17%  o f
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Table 2. Percentages o f  the sums o f  squares lor hybrids accounted for by the various com ponent  sources o f  variance within hybrid

d f Sleni hi. Biomass HI Grain yield Grain no. Grain mass Flowering

Hybrid 31 100 100 100 100 100 100 100

Height class  ̂1 * * * ^  * * * | -) +** TQ  *** 1 ^  jjs ̂ j

A line 3  ̂** :fc OQ * * * * * * 6 *** 6 4 * # * 88***
R line 3 10*** * * :h I T  * * * 35 *** ->7 * * * * * * j  i *  *

A  x R lines 9 c  1 *** 4 s  * j | ***  ̂*** -q ***

I I 1 x A line 3 1 *** 1 6** 6 ** <  1 1 ** < 1  *
H t x  R line 3 <  1 ** 3 ] 5 + *; lr 17** | *** 4***
I It x A x  R lines 9 <  1 * i 3 4 *> | ** | ** +

* , » * , * * *  signif icant at the ().(b. 0.01. and 0.001 levels o f  probability, respectively, by /-'-lest

Ihe SS for  hybrid). Therefo re ,  despite low er m e a n  grain 
m ass and  gra in  yield in the d w a r f  isohybrids ,  the pa r t i ­
tion o f  variance  m akes  it clear tha t ,  by selection o f  
p aren ta l  lines, it is possible to p ro du ce  d 2 d w a r f  hybrids 
w ith  yields equal to  those o f  the Lull hybrids.  In  fact the 
h ighest yielding hybrid  in the trial w as a d w a r f  -  
842A x ECIL-33-6-2-2  -  with a grain  mass o f  m o re  than  
9 m g g r a i n " 1. W hile  the relative effects o f  male-sterile or 
p o l l ina to r  m ay  be specific to  the lines used, the general 
cffects o f  genetic b a c k g ro u n d  on  expression o f  the d 2 
gene are  clearly large.

L arge  effects o f  genetic b ac k g ro u n d  on the p e r fo r ­
m ance  o f  d w a rf  isolines have been widely repor ted  in 
o th e r  c rop s  (e.g.. Ali et al. 1978; C assad y  1965; M cC lung  
et al. 1986). and  specifically studied in w heat by Bush and  
E vans (1988). These a u th o rs  fou nd  large in te rac t ions  o f  
R lu  genes and n o t  only specific genetic b ac k g ro u n d ,  but 
also R hl genes and  en v ironm enta l  condit ions ,  w hich were 
expressed as differences in c ro p  g row th ,  stem length, ear 
n u m b er ,  grain n u m b er  per ear,  and  grain yield. T he  re­
sults o f  this s tudy  clearly su p p o r t  Bush a n d  E v a n s ’ ( 1988) 
f indings: in spite o f  a m ean  depressive effect o f  the d w a rf ­
ing gene o n  individual grain mass and  grain  yield, the 
effects o f  the specific p a ren ta l  co m bin a t ion ,  part icularly  
the in te rac t ion  o f  dw arf in g  gene and  p o l l ina to r  in the 
case o f  grain yield, clearly ou tw eigh the effects o f  the 
dw arf ing  gene on the hybrid  phenotype. T h is  is clearly 
il lustra ted  in Fig. 1, in w hich  two o f  the d w a r f  hybrids  
p ro du ced  bo th  a high grain n u m b e r  p e r  unit area  a n d  a 
grain size equal to  tha t o f  the best tall hybrids  (for their 
g rain  num ber) .  T hus, b reed ing  p ro g ra m s  on d w a r f  pearl 
millet should  be successful if they are  designed to lake 
a d v an ta g e  o f  positive in te rac t ions  between the d w a rf  
h a b i t  and  specific genetic b ack g ro u n d  which, these d a ta  
indicate ,  are large and  useful.
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