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ABSTRACT 

Sharma, D. and Saxena, K.B., 1983. Genetic analysis of sonre leaf characteristics in 
pigeonpea [Cajanus cqian (L.) Millsp. 1. Field Crops Res. ,  7 :  257-263 .  

A diallel cross involving nine parent types, representing three diverse agronomically 
promising cultivars each divided into early, medium and late maturity groups, was used t o  
study the inheritance of leaf area, leaf weight, specific leaf weight, petiole length and 
petiole weight in pigeonpea (Cajanus cajar~ (L.) Millsp.). Estimates of genetic parameters 
suggested a primary effect of additive gene action for all the characteristics studied. 
However, dominance was also significant for specific leaf weight and petiole weight. 
Ratios computed using these genetic parameters indicated the presence of partial dorni- 
nance and unequal distribution of positive and negative alleles in the parents. The conela- 
tion between Wr + Vr and Yr was positive and significant only for petiole weight. This 
together with the  position of the  parents along the regression line clearly showed that 
high petiole weight was under the control of recessive genes. I n  the case of specific leaf 
weight and petiole length the  correlations were non-significant but the  position of parents 
along the regression line gave some indication that large and heavy petioles were con- 
trolled by recessive genes. 

INTRODUCTION 

Considerable genetic variation exists for leaf characteristics in pigeonpea 
(Cajanus cajan (L.) Millsp.). Recently, Rawson and Constable (1981) suggest- 
ed that selection for large leaves along branches should result in high yield. 
Leaf area per plant (Singh et al., 1977) and specific leaf weight and leaf 
fresh weight (Saxena and Sharma, 1981) were found to have positive but 
moderate association with seed yield (r = 0.47**, 0.491' and 0.421, respec- 
tively). Specific leaf weight in alfalfa (Pearce e t  al., 1969) end leaf blade size, 
petiole length and petiole weight in soybean (Auckland and Lambert, 1974) 
were recommendc(Ds selection criteria for fodder and seed yield respective- 
ly. For effective&.s of selection for various leaf characteristics it is irn- 



pe: Xive t o  have information on  the genetic control of the traits. In pigeon- 
peas information on this aspect is completely lacking; therefore, a study 
was undertaken t o  determine the genetic nature of some important leaf 
components. 

MATERIALS AND METHODS 

Nine cultivars, representing three agronomically promising cultivars each 
from early, medium and late maturity groups, and their hybrids in all possi- 
ble combinations, excluding reciprocals, were grown in two replications in a 
randomized complete block design. The experiment was conducted in ver- 
tisol a t  ICRISAT Center, Patancheru during the 1975 rainy season. Four 
rows, each 5 m long, constituted a plot. Spacing between and within rows 
was 150  and 30 cm, respectively. Ten plants in each plot were selected at 
random for sampling. Our earlier ot)servations (unpublished) indicated that 
measurements of leaf characteristics from mature leaf samples, obtained 
from different parts of the  pigeonpea plant a t  flowering, did not differ sig- 
nificantly. Therefore, a sample of five fully developed leaves was taken at 
random from each plant a t  the time of flowering. The samples were placed 
in moist polythene bags t o  avoid desiccation and immediately processed to 
determine leaf fresh weight (me), petiole length (cm) and petiole fresh 
weight (mg). Leaf area (cm2) was estimated using an automatic leaf area 
meter (Model AAM-7). Thereafter, the samples were transferred t o  glassine 
bags and dried at  80°C for 40 h before recording dry weight of leaf and 
petiole. Specific leaf weight (mg/cn12) was calculated, dividing the sample 
leaf dry weight by sample leaf area. Genetic analyses of the diallel data were 
performed according to  Jinks (1964) and Hayman (1954a, b). Heritability 
in the narrow sense was estimated from the mean variance of arrays (Crum- 
packer and Allard, 1962). 

RESULTS AND DISCUSSION 

Mean performance of the parents and analysis of variance involving 
parents and F,'s exhibited considerat~le variability for all the leaf characteris- 
tics (Table I). Variance of Wr-Vr was also analysed for line and block differ- 
ences. Non-significant line effecta for all the leaf characteristics (Table I )  
indicated validity of the assumptions involved in a diallel cross analysis. 

For all the leaf characteristics studicd, significant values of additive ef- 
fects (D) (Table 11) indicated a preponderance of additive gene action, 
which was supported by relatively high estimates of their narrow sense 
heritability (60-88% ). Dominance components of genetic variation (HI, H z )  
were found t o  be important only for specific leaf weight and petiole weight. 
Significant F values (covariance of additive and dominance effects) for 
specific leaf weight, petiole length and petiole ggested non-symme- 
trical distribution of dominant anti the parents. The 

TABLE I 

Mean performanke o f  parent plant types and analysis o f  variance for various leaf charac- 
teristics in pigeonpea 

Parent Leaf area Leaf fresh Specific Petiole Petiole fresli 
(cm2) weight leaf weight length weight 

(mg) (mglcm') (cm) (me) 

Pant A-2 
Baigani 
Pusa Ageti 
ST-1 
ICP-6997 
ICP-7 035  
ICP-4726 
ICP-4 7 1 1 
ICP-4 7 4 1 

LSD 5 %  7.76 106.5 0.86  0 .73  17.29 
CV% 16.28 13.47 9.77 10.20 19.42 
Mean square (44  d.f.) 
(F, 's + parents) 102.74** 51602** 1.51** 0.52* 603.4** 
Mean square (8 d.f.) 
( Wr-Vr) 35.92 1280.93  0 .012  0 .014  0 .18  

-- - .- 

*, **  Significant at 5 %  and 1% levels, respectively. 

quantity ( l f l / ~ ) ' m  which measures mean degree of dominance over all loci, 
was less than unity for all the characteristics, indicating partial dominance 
for gene action. The estimate of 1!2/4N1 (av. value of positive and negative 
alleles) could be calculated only in the  case of petiole weight where HI and 
H2 were significant. The estimated value of 0.21 approached the expected 
ratio of 0.25, suggesting an equal distribution of positive ( u )  and negative 
(v) alleles of genes in the parent plants that exhibited dominance. For 
specific leaf weight, petiole length and petiole weight, the ratio K D I K R  
(proportion of dominance and recessive alleles) exceeded unity, which in- 
dicated a preponderance of dominant genes in the parents. The value of 
h 2  which indicates the extent of do~n i~ lance  effects of the genes was sig- 
nificant only for petiole weight. An h2/H2 value of 0.3 for this characteristic 
indicated a slight excess of recessive genes, which cocild be an underestimate, 
either because dominance effects of all genes concerned may not have been 
equal in size and direction, or because the distribution of genes was correlat- 
ed (Jinks, 1954). Complementary interactions also depress this ratio (Mather 
and Jinks, 1971). Values of environmental effect (E)  were significant for all 
the leaf characteristics studied, indicating high environmental influence on 
the expression of leaf characteristics. 

The correlation between order of dominance (IVr + Vr) and parental 
measurement ( yi.()Nas significant and positive only for petiole weight 



(Table 11). This suggests that high petiole weight was under the control of 
recessive genes. The correlations for the other traits were non-significant, 
indicating that dominance was operating in both directions for these char- 
acteristics. 

In the Wr--Vr graph, the slope of the regression line for all the traits 
did not deviate significantly from unity, indicating absence of significant 
epistasis. However, the b values for leaf area and specific leaf weight did not 
differ from zero either. This suggests that the error values for these charac- 
ters are high; i t  is difficult t o  draw definite conclusions about their genetic 
nature from a Wr-Vr graph based on a small sample size as used in this 
study. Partial dominance for all the ~h~wacterist ics except petiole length was 
indicated by positive interception of the W r  axis with the regression line 
(Fig. 1). In the case of petiole length, dominance seems to be important, 

Leaf Arna 

Wr 

I S p e c i f l c  L e a f  I I ' r > t t o l v  I ~ n y t h  

Fig. 1. Regression of r-Vr for various leaf characteristics ( 1 ,  Pant A-2; 2, Baigani; 3, 
Pusa Ageti; 4,  8 ~ - 1 d  1 ~ ~ - 6 9 9 7 ;  6 ,  ICP-7035; 7 ,  ICP-4726; 8,  ICP-4711; 9. ICP-4741). 
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Natural Occurrence and Salient Characters 
of Nonnodulating Chickpea Plants 

0- P-  Rupela* 

Nonnodulating (Nod-)  lines a re  a valuable reference for assessing 
the amount of biologically fixed N, in a l q u m e ,  Chance observation 
of a Nod- plant in chickpea (Cicer arierinum L,) accession ICC 435 
encouraged us to study the frequency of n a t u d !  occurrence of this 
trait, Six hundred forty to 36260 plants of each oT 11 chickpea acces- 
sions, field-gram under conditions favoring good nodulation, were 
uprooted for nodulation observations at  22 and 112 days after sowing 
(DAS), Plants identified as Nod-. a t  22 DAS were potted to produce 
seeds and those a t  112 DAS had physiolegically mature seeds, P m e -  
nies of apparent N o d -  plants were inoculated M t h  chickpea Rhiro- 
bium strain I C  59 and growrr in pots for 28 d for  confirmation, The  
frequency of N o d  - plants in four accessions (ICC 435, 4918, -5003 
and -4993) ranzed from 120 to 490 per million, One  Nod- plant from 
each of the four accessions was used for reconfirmation studies in the 
postrainy season 1987-19SS and for agronomic evaluation in subse- 
quent studies under field conditions, The  Nod- selections were indis- 
tinguishable from their respective parent accessions for plant gro-h 
except for nodulation, and most yielded similarly to their Nod * acces- 
sions when supplied n i th  SO to 100 kg N ha - ', O n  a low-N field d t h o u t  
fertilizer N, the Nod- plants were light green, g..ew poorly, had a 
short internodal distance with small leaves and leaflets, and  had red- 
dish-brovvn pigment on mawins of leaflets, rachis, and sometimes 
branches, 

EREALS o r  o ther  non legumc c rops  a re  general ly  c used a s  references in s tudies  assess ing  amoun t s  
o f  biological N, f ixation in legumes ,  These ,  however ,  
m a y  not be satisfactory reference c r o p s  in most such  
s tudies  because  of  differences in plant g rowth  rates  
a n d  root ing patterns be tween  the  reference a n d  the  tcst 
c rops  < 14)- Also,  cereals  m a y  f ix  s o m e  N,, Therefore,  
nonnodulat ing l ines  o f  l egumes  a re  preferred a s  ref- 
e rences-  T h e  possibility of their use  in deve lop ing  host  
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plants wi th  restricted K ~ z i z r ~ h i t r r t z  specificity, which  
wou ld  circumvent  the problem of competi t ion f rom 
native rhizobia, has aILsc> been indicated (4)- ' I 'hc  .search 
for  Nod  - chickpezr plants began at I < ' K I S A ? '  Cente r  
(18" N lat) in I V 7 5  with  initiation c > f  research w o r k  
on biological  N, fixation _ Nc>nnodul:iting plants  w e r e  
occasional ly  obscrvcd dur ing  197C3 t o  1 9 8 0  in segre-  
ga t ing  F, and  F,  pc>pulations, but cc>uld not be saved  
d u e  to lack o f  sufficient knowledge axid expertise in 
sa lvaging the uprooted chickpea  plants-  Me thods  de-  
veloped in the  ear ly  1980s ( 2 -9 )  w c r c  used t o  rccovcr  
a N o d -  plant f rom a ge rmplasm accessi<>n IC'C-' 435, 
a landrace frc,m Bihar, India,  Progenies of this plant 
w c r c  conf i rmed t o  be  N o d -  and  were  c~ therwisc  s im-  
ilar t o  the  parent type ( 1 0 ) -  Unlike thc N o d -  g rc~und-  
nut (Aruc-his hypo~aea L - )  mutant  (5)- this N o d -  l ine 
(named  I C c  435M) did not s h o w  apparent  N-dcfi- 
c iency  s y m p t o m s  w h e n  grc>wn o n  t r ad l t~ona l  chickpea  
fields, sugges t ing  g o o d  soil-N scavenging  ability o f  
its root sy s t em-  T h i s  prompted us  t o  see if N o d  - plants 
cou ld  be recovered f rom othcr  genotypes-  Procedures  
to identify N o d -  plants undcr  field condi t ions  at  an  
ear ly  plant g rowth  s tage  and  at physiological  maturi ty  
w e r e  proposed based o n  earl ier  nodulation s tudies  a n d  
a re  descr ibed here,  Frequcncy o f  occurrence  o f  N o d -  
plants  and  their characterist ics a rc  a l so  disc:ussed, 

MATERIALS AND METHODS 
Large populati<,ns o f  1 1  ch ickpea  acccs s ions  (Tab le  1 )  

w e r e  g r o w n  o n  a Vcr t isol  (Kasi rcddipal l i  s o i l  scr ics ,  T y p i c  
Pel lus ter t )  f ield w i t h  ava i lab le -N conccntratic,n o f  - 19 mg 
kg-' soi l  in the  top 15 cm o f  the profi lc ,  a n d  ch i ckpea  
Rhizohium c o u n t  of 47CX) g -  ' d r y  soi l  as m e a s u r e d  by thc 
m o s t  p r o b a b l e  n u m b e r  p l a n t  i n f e c t i o n  t e c h n i q u c  ( 1  3) .  
S c r e e n i n g  fo r  N o d -  p lan t s  was cc>nductcd o n  f o u r  g e r m -  
p l a s m  acces s ions  a t  ea r ly  plant  g r o w t h  s tage ,  22 DAS, a n d  
on 1 0  acces s ions  ( inc lud ing  th ree  s tud icd  a t  22 DAS) a t  
phys io lc~gica l  matur i ty  a t  1 1 2  DAS (Table 1 ) -  F o u r  o f  thc 
total 11 accessions w e r c  Dcs i  type, charac te r ized  by l ight-  
t o  dark-brc,wr~ angu la r  s eeds ;  the o t h c r  s e v e n  w c r c  M e d i -  

AbbrevSations: DAS, days after %>wing; Ned*. ncxiulating; Nod-, 
nonnodulating- 
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