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ABSTRACT 
F,.progenies from an 8 x 8 full diallel cross were studied for 

the inheritance of h i t  yield and fruit and seed characters 
which are important in peanut (Arachis hypogaea L.) quality 
breeding. Substantial genetic variaton was observed for most 
characters among parents and crosses. Presence of significant 
heterotic crosses for several characters was an indication of 
genetic diversity present among the parental lines. Whereas 
fruit and seed traits were controlled largely by additive genetic 
effects and fruitdplant and fruit weighdplant by nonadditive 
genetic effects, for shelling percentage both were equally im- 
portant. Estimates of general combining ability (gca) for ICGV 
86564 was best for various fruit and seed traits. Other 
genotypes with good gca were ICG 2379 and ICG 3043 for h i t  
weight/plant and ICGV 87123 for shelling percentage. ICG 
4906, ICG 7360, and ICGV 86564 showed significant maternal 
effects for various traits. Significant maternal interaction effect 
was evident for more than six traits in six crosses. A positive as- 
sociation among fruit and seed traits, and of fruit weighdplant 
with h i t  number and with fruitheed lengfh and width should 
result in progenies with larger fruidseed size coupled with in- 
creased yields. 

Key Words: Groundnut, maternal effects, diallel, correlation, 
hybrid vigor. 

Desirable traits in India for confectionery peanut 
(Arachis hypogaea L.) are large elongated seed with tap- 
ering ends, pinutan seed coat, ease in blanching, high 
sugar content (sucrose), and less than 1% free fatty 
acids. Development of high yielding cultivars with 
these traits is the main objective in the confectionery 
peanut breeding program at ICRISAT. 

Several researchers have studied the genetic variation 
of quantitative traits including fruit yield, and h i t  and 
seed characters in peanut (3, 8, 9, 11, 12, 13, 16, 17, 
18). However in most of these studies, with the excep- 
tion of Godoy and Norden (8) and Isleib and Wynne 
(ll), the parental lines did not represent the large gene- 
tic variation available for confectionery traits. Study of 
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the inheritance of fruit and seed traits in crosses involv- 
ing genotypes with larger variation for confectionery 
traits was considered desirable to gain a better under- 
standing of the genetic systems controlling inheritance 
of these traits. 

The objectives of present investigation involving 
germplasm and stable breeding lines with large vari- 
ation in fruit and seed traits were to (i) characterize the 
nature and magnitude of gene action controlling fruit 
yield and fruit and seed characters, (ii) determine the 
potential of individual parents in producing superior 
lines, and (iii) determine the genetic relationship among 
these traits. 

Materials and Methods 
Eight genotypes, ICG 4906, ICG 2379, ICG 3043, ICG 6150, ICG 

7360, ICGV 86564, ICGV 87123, and ICGV 86857 with large 
phenotypic variation for fruit and seed traits were used as parents in 
the study (Table 1). Of these, ICG 4906, ICG 2379, ICG 3043, and 
ICG 6150 are land races, ICG 7360 a high protein line originally 
selected from a population of PI 262020, ICGV 86564 a high yielding 
breeding line with jumbo pods, ICGV 87123 a recently released cul- 
tivar in India, and ICGV 86857 an interspecific tetraploid derivative 
possessing a high degree of resistance to rust (Puccinia arachidis) and 
moderate late leafspot (Phaeoisariopsis personata) resistance. 

These parents were crossed in a complete diallel generating 56 F, 
crosses. The crosses in F, generation and eight parents were grown in 
Alfisols in a randomized complete block design with three replications 
at ICRISAT Center in the 1985-86 postrainy season. Plot size was one 
4-meter long row with 60 x 15 cm inter- and intra-row spacing. Re- 
commended agronomic practices to produce good quality peanuts 
were followed which includes irrigation, basal dose of 26.2 kg P ha-', 
application of gypsum 400 kg ha-' at the time of full flowering, and pro- 
tection against insect pests. 

Observations on mature h i t  weight (fruit weighdplant) and 
number (fruitdplant) were recorded on ten randomly selected com- 
petitive plantdplot after drying to an 8-1096 moisture level. Sub- 
sequently, fruits were bulked, and a random sample of 20 fruits were 
drawn to record h i t  weight (g), and h i t  length and width (mm). 
These 20 fruits were further shelled to record seed weight (g), and 
shelling percentage. Twenty randomly selected seeds were taken to 
record observations of seed length and width (mm). 
Statistical Analysis: 

Statistical analysis was performed on plot means. Diallel analysis to 
estimate various effects and interactions followed the model described 
by Topham (19) which allows the estimation of maternal effects and 
their interaction besides estimating general (gca) and specific combin- 
ing ability (sca) effects. The model is based on method I, model 1 of 
G M n g  (10). The model is fixed and based on a ~~cornbinations in- 

Peanut Science (1989) 16:14-20 



HETEROSIS AND COMBINING ABILITY 15 

Table 1. Description of eight peanut genotypes used in diallel crosses. 

Othar Eotanlcal Fru l t ’  Fru l t ’  Fru l t ’  Seed’ Seed2 Sad‘ F r u l t d  F r u l t  8blL1ng1 
Genotypae Idant l  t y  Orlgln var. ra lght  langth r l d t h  weight Langth r l d t h  p lant  WalQht/ [ X I  

[Ql [m1 [m1 [ e l  ( I 1  [ I 1  P Lant [ Q I 

IC6 4908 

ICG e978 

I C G  3043 

I C G  8150 

I C O  7380 

ICGV 86564 

ICGV 87123 

Icov 88857 

Ah Eracta 

NC Ac 16888 

How 

NC Ac 2813 

101/86/1 

Ah 114 

K: Ac TI7 
X 

RDbut 33-1- 
1 %&el 

& hvpoaaaa 
x A- cardanaell 

SE [Ll 

cv (21 

S r l  Lanka 

Eo l lv la  

Ind I a 

Argentlna 

Zllbsbre 

Ind I a 

Ind la  

Indla  

Var. hvpmaea 8 

Var. hvDwa8a 44 

Var. hvDwab8 43 

Var. hvmmaea 48 

Var. f a e t l a l a t a  33 

Var. hvDwaea 57 

Var. vulaarie 32 

Var. hvDoaaea 35 

3 

8.2 

338 

68 E 

767 

7 80 

509 

81 8 

500 

880 

25 

1 8B 

301 

328 

336 

321 

344 

23 8 

288 

10 

8 

32 

28 

32 

22 

41 

23 

28 

3 

178 

284 

370 

401 

m 4  

404 

271 

300 

14 

138 

220 

1 E8 

207 

200 

231 

188 

198 

8 

33 

24 

26 

27 

18 

16 

28 

31 

11 

11 

41 

38 

48 

3e 

31 

25 

38 

18 

89 

73 

88 

87 

88 

73 

70 

73 

4 

4.0 3.3 13.0 5.0 5.0 28.0 29.0 8.0 

1. Recorded on 20 randomly selected mature fruits from the pod bulk of the 10 randomly selected plantdplot. 
2. Recorded on 20 randomly selected sound mature seeds obtained from the pods used for recording fruit traits. 

volving ‘p’ parents and is described as follows: 
Y = u + gl + gJ + ml + sII + nII + ell 

where Y,, represents the total for the cross between the ith female and 
the jth male, 

u = general mean, 
g,and gJ 

ml 
s 

n 

e 

= the ith and the jth parental effects, 
= the ith maternal effects, 
= the genic interaction (sca) between the ith and jth 

= the interaction between the ith maternal effect 

= an error associated with ith and jth cross. 

parental effects, 

and the jth paternal effect and, 

The parental and maternal effects in this model are the main effects 

with a condition that g, = 0 and mi = 0, whereas the 

other two parameters, siJand n.., are components of the first order in- 
teraction. Further, the condidon imposed in this model is that mat- 
ernal interaction ‘n..’ between the 7th’ maternal parent and the ‘jth‘ 
pa Lernal parent ana Inji’ the interaction between the ‘jth‘ maternal 
pdrent and the ‘ith’ paternal parent is equal in size but in opposite 

signtogiven.. + n.. = 0, i.e. s..= s a n d  g s. .= Z s .  = 

o = g n.. = g nlJ. 

1 1 

IJ J l  IJ J’ i = l  IJ j = l  IJ 

i = l  j = I  

The various parameters for each variety were estimated as follows: 

u = Y.. /p2 

ml = (Yl.-Y.l)/p 

g ,  = (Y1.  + Y.1)/2p-mf/2-u 

S1J = t Y l j  +Yj1)/2-gl-gj-m1/2-mj/Z-u 

“lj = Y l j - S l j - g l - g j - m l - u  

The genic interaction effect equals to sca effect as described in Grif- 
fing’s (10) model. Maternal and parental effects thus estimated are 
used to derive gca effects to determine the potential of the parent cul- 
tivar in a breeding program following the formulae: gi + mi2, which 
is the same as the gca effects estimated by Gritfing’s method (10). 

Following Al-Jibouri el al. (1) the genotypic and phenotypic corre- 
lations were calculated as follows. 

Genotypic ‘r’ = aP1.2 

(UP,’) (up:) 
where u P,,2 is the genetic covariance between two traits, UP,’ is the 
genetic variance of the first trait, and UP: is the genetic variance of 
the second trait; and 

Phenotypic ‘r’ = UPhl., 

(uPh,’) (uPh,’, 
where u Ph,, is the phenotypic covariance between two traits, and 
aPh,’ and UP\: are their respective phenotypic variances. Percent 
heterotic effects were estimated by the mean deviations of F, pro- 
genies over the better parent in each cross. 

Results and Discussion 
Highly significant differences among the crosses and 

parents were observed for all nine traits recorded. 
While the F, progenies differed significantly for all 
traits, the differences among the parents for hits/plant, 
fruit weightiplant, and shelling percentage were not sig- 
nifican t . 

The estimates of mean squares of main effects and 
their interactions are presented in Table 2. Both main 
effects (parental and maternal) and their interaction ef- 
fects (genic and maternal) were highly significant for 
fruit weight, fruit length, fruit width, seed length, and 
seed width. While for seed weight and shelling percen- 
tage, genic and maternal interaction effects and parental 
effects were significant, for fruits/plant and fruit weightl 
plant, maternal effects as well as the interactions due to 
genic and maternal effects were significant. Partitioning 
of genetic variance into components of gca and sca re- 
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Table 2. Analysis of variance of various effects and components of general (gca) and specific (sca) combining ability variance for nine characters 
in 8 x 8 full diallel cross F, progenies in peanut. 

Source o f  varlanca 
Maan equaree 

d-fm 
Frult '  Frul t '  Frul t '  Seed' Seed2 Seed2 F r u l t d  F r u l t  uelght/ Shelling' 

re lght  lartgth r l d t h  re lght  Latgth r l d t h  plant  plant (%) 

Perantal ef facte [g] 7 1073** 11698P* 10989** 637** 26398** 3712** 402 1287 1 7 F *  

Ganlc 1ntc)ractlon [ e  I 28 26+* 1389** 374.. 20.0 318.0 116+* 208.0 281.. 21" 

Maternal a f fac t  (4 7 17** 1182+* 4 1 P *  7 364** 8S** 453** 348+* 10 

Maternal Intarectlon [n  I 21 15." 180@* 1 7 P *  ll** 221.. 124.. 156'* 1670 1 B+* 

Reeldua 1 128 4 21 Q 34 3 83 es 46 83 5 

f J  

f J  

Var. [gcal 87 7234 886 33 1683 230 22 75 11 
Var. [eca] 22 1160 340 18 266 87 183 197 18 

1 and 2 - refer as described in Table 1. *, ** - significant at 0.05 and 0.01 probability, respectively. 

vealed largely additive genetic effects for all six fruit and 
seed characters. Nonadditive genetic effects were more 
important in the cases of fruitdplant and fruit weight/ 
plant. For shelling percentage, both additive and non 
addditive genetic effects were equally important. 

Several studies reported primarily additive genetic 
effects for fruits/plant, fruit length and width, fruit 
yield, and shelling percentage (12, 13, 16, 17, 21). In 
other studies both additive and nonadditive genetic ef- 
fects were reported as controlling the expression of fruit 
length, fruit and seed weight, fruits number, and fruit 
yield (9, 15, 16). From a study of 6 x 6 diallel cross 
based on random model, Wynne et al. (20) reported 
largely additive variance for fruit length and nonaddi- 
tive variance for h i t  number and fruit yield. Fruit 
yield was controlled by nonadditive genetic effects in 
the studies conducted by Sangha and Labana (16). Such 
reported variation in the inheritance of these traits may 
be due to differences in the mating system, in the 
method of analysis (random or fixed model) and/or in 
the parental material that was used in these studies. 

The results obtained from the present study indicated 
the strong influence of maternal and maternal interac- 
tion effects as well as genic effects in the expression of 
various fruit and seed traits. The traits in the present 
study represent two separate generations. The expres- 
sion of fruit traits is controlled by F, genotype and its 
interaction with the cytoplasm of the female parent of 
the cross. Whereas the seed traits are governed by F, 
genotypes and their interactions with the female cyto- 
plasm. However, the expression of F, genotypes of seed 
is further conditioned by the mother plant (F, plant) 
which provides nutrients for the development of em- 
bryo (seed). 

The parental and maternal effects were estimated for 
each genotype in order to determine their relative im- 
portance (Table 3) along with the gca effects of the 

genotypes. Significant maternal effects were observed 
for seven characters in ICG 4906, for five in ICG 7360, 
and for four in ICGV 86564. Other genotypes showed 
maternal effects significant for one or two characters 
only. Similarly ICG 4906 and ICGV 86564 had signifi- 
cant parental effects for eight and seven traits, respec- 
tively, followed by ICG 7360 and ICG 3043 which had 
parental effects significant for six traits. It is interesting 
to note that in case of ICG 4906, maternal and parental 
effects were significant for fruitdplant, fruit weight/ 
plant, fruit length and width, and seed length and 
width, followed by ICGV 86564 for fruit weight, fruit 
width, and seed weight, and ICG 7360 for fruit length, 
fruit width, and shelling percentage. 

Prominant crosses with significant maternal interac- 
tion effects were ICG 7360 x ICG 4906 and ICG 6150 
x ICGV 86564 for eight characters; ICGV 86564 x ICGV 
86857 for seven characters; ICG 4906 x ICG 2379, ICG 
4906 x ICG 3043, and ICG 4906 x ICGV 86564 for six 
characters (Table 4). Presence of significant maternal in- 
teraction effects for several characters in many crosses 
revealed the importance of a combination of a nuclear, 
cytoplasm, or physiological interplay between the pol- 
len parent and the seed parent as suggested by Topham 
(19). Earlier report on the significance of non-reciprocal 
maternal effects were reported for fruit length and h i t  
weight by Layrisee et al. (12). 

Heterosis, expressed as percent increase over the 
better parent, was significant for most characters in sev- 
eral crosses (Table 5). Significant negative heterotic ef- 
fects were observed for fruit/seed weight and for fruit/ 
seed length and width. Additive genetic effects were 
predominant for these traits. For fruitdplant and fruit 
weightlplant, several crosses showed significant positive 
heterotic effects, probably due to predominance of non- 
additive genetic effects. Presence of appreciable amount 
of heterotic effects for most of the characters in these 
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Table 3. Parental (g) and maternal (m) effects and general combining ability effects (gca) for nine characters in 8 x8 8 full diallel cross F, pro- 
genies in peanut. 

Genotype Ef fec ts  
~ ~ ~~ ~~ ~~~~~~ ~~ 

F ru l t ’  F ru i t ’  F ru l t ’  Seed’ Seed‘ Seed‘ F r u l t d  F r u l t  Shell ing” 
weight length wldth weight length width p l a n t  welght/plant [ X I  

I C G  7360 

I C G  4008 

I C G  2379 

I C G  3043 

I C G  6150 

ICGV 88664 

ICGV 87123 

ICGV 88857 

Parente l  e f f e c t  
Maternel e f f e c t  
gca e f f e c t  

Parenta l  a f f e c t  
Maternal e f f e c t  
gca e f f e c t  

Parenta l  e f f e c t  
Maternal e f f e c t  
gca e f f e c t  

Parenta 1 e f f e c t  
Maternal e f f e c t  
gce e f f e c t  

Parenta l  a f f e c t  
Maternal e f f e c t  
gce e f f e c t  

Parenta l  e f f e c t  
Matarnel e f f e c t  
gce e f f s c t  

Parenta l  e f f e c t  
Maternal e f f e c t  
gce a f f e c t  

Parenta l  e f f e c t  
Maternal e f f e c t  
gca e f f e c t  

SE perente l  [g) 
SE meternel [m]  
SE gce e f fec te  [gl] 
SE gce e f f e c t s  [g’ -g ] 

I J  

- 0.g 
3 .P 
0.5 

-16.9** 
- 3ml* 
-18.4** 

Sm1** 
0.6 
5.4** 

1.7. 

1 me* 

3.2.. 

2 m5** 

8.1** 
2.7* 
B .4** 

Om0 
- Om9 

- Om1 

- 1.23 

- 0.4 

- Om3 
- 1.0 
- 0.8 

Om6 
0.9 
0.6 
0.7 

- 27.5+* 
26.1** 

- 14.9 

-161 m3** 
- 22.2. 
-1 7 2.3** 

- 3.9 
- 4.8 
- 6.4 

52. g** 
1 8 . 8  
62.3** 

71.7** 

6 8 . 8 *  

92.B. 
13 .4 
W.6** 

- 37.8.. 
- 17.4. 
- 48.93 

1 3 . P  

- 6.20 

- 6.7 
9 m7** 

4.9 
6.9 
3.4 
5.2 

22. D.* 
10.4** 
27.2+* 

-47.8** 
-15.2** 
-65.4** 

lo.** 

6.8.* 

13.4** 

12.2+* 

13.9** 

12.6+* 

8 3** 
16.5** 
16.6** 

-21.3** 
4.8 

-18.8* 

0.5 
- 3.5 
- 1.2 

1 .B 
2.7 
1 m3 
2.0 

- 7 . w  

- 2.4 

- 2.8 

- 2 . v  
0.3 

- 1m8* 

-11.4** 
- 2.1 
-1 2.4** 

4.P* 
0.9 
4.6** 

0.5 
- Om1 

Om5 

1.4 
- 1.3 

0.7 

6 . P *  
2 . P  
7 .F* 

1 m1 
0.7 
1 m4’* 

0.1 
- Om7 
- 0.2 

0.6 

0.4 
0.7 

Omg 

- 9,3** 
4.4 

- 7.1** 

-73.4** 
- 8 . P  
-77.8* 

- 2.7 
- 4.9 
- 5.2** 

16 m7** 
17 m3** 
24.3** 

41.6** 

41.3** 

44.P. 
5.5 

47.6** 

-20.1** 
- 0.1 
-20 o+* 

- Om7 

3 m5 
-12.8 
- 2.9 

2.6 
3 m7 
1.8 
2.8 

- 4.2. 
4.8 

- 1.8 

-2B.7** 
- 8.80 
-34 1 ** 

lo.** 
5.1 

13.4** 

- 1.8 
- 2.7 
- 3.215 

1.2 
- 0.g 

Om8 

12.6** 

13#* 

6.5** 
1 m7 
7.4*+ 

4.7. 

3 .e*  

1 me 
2.5 
I m2 
I m8 

2 m7 

- 2.1 

- Om7 
- 0 . e  
- 6.1** 

- 4m6* 
20.1** 
5m4** 

2.8 
- 5.2 

Om3 

5.7. 
- 6.7 

2.4 

3 me 
-11 .gc* 
- 2.0 

10.9** 
4.7 

- 8.5** 

2.1 
- 1.0 

1.6 

1.6 
8.6 
5 m g** 

2.2 
3 .l 
1 m6 
2.4 

- 8.0’ 
2.6 

- 6m7** 

-23. Bs* 
1Om1* 

-18.7** 

9 m 5 *  
- 0.6 

B m P *  

12.3** 

8.1** 

6.9 

- 8.4 

-1Omg* 
1 m5 

- 6.8 
15.80* 
1 .o 

5 m7 
- 7.8 

1.7 

3 m 1  - Om4 
e.g 

3.0 
4.3 
2.1 
3 m2 

- 4.5** 
- 2 . e  
- 5.8+* 

0.6 
0.0 
Om8 

1 m e  

0.7 
2.F* 

- 1.4 
- 0.6 
- l.P* 

2.2. 
- 1.1 
- 2.7** 

1 m 0  
Om8 
1 m e *  

3.6. 
2.7. 
4.e. 

1 m 0  
0.4 
1 m e *  

0.8 
1 m l  

Om5 
0.8 

1 and 2 - refer as described in Table 1. *, ** - significant at 0.05 and 0.01 probability, respectively. 

crosses was an indication of the fact that the parental 
lines involved in this study were genetically diverse. 
Further, significant differences in heterotic effects be- 
tween straight and reciprocal crosses indicated the in- 
fluence of cytoplasm and its interaction with nuclear 
genes in the manifestation of hybrid vigor. Heterosis for 
yield and its components in peanut was also reported by 
earlier workers (2, 3, 4, 7, 11, 18). 

General combining ability effects were estimated to 
determine the breeding potential of each parent (Table 
3). A breeding line, ICGV 86564, had the best gca for 
length, width, and weight of the seed and h i t .  ICG 
2379 and ICG 3043 had the best gca for h i t  weight/ 
plant. ICGV 87123 had the best gca for shelling percen- 
tage. The best combiners for fiuitslplant were ICG 4906 
and ICGV 86857. 

fruit and seed weight which revealed that selection for 
large fruit size should result in progenies with higher 
fruit and seed weight. Fruits/plant and fruit weight/ 
plant were positively associated (P = 0.01). Similar as- 
sociations between fruit and seed size and number of 
fruits and fruit weight/plant were also reported from 
other studies (6, 12, 14). The positive association be- 
tween fruit weightlplant and fruitdplant, and of h i t  
weightlplant with all fruit and seed characters 
(P = O.Ol) ,  which was also reported by other workers (5, 
13), indicated that selection for higher fruit weight or 
seed weight should lead to progenies with higher 
number of fruits and fruit yield. Fruitdplant on the 
other hand was negatively associated with all fiuit and 
seed characters. Shelling percentage was negatively as- 
sociated with fruit length (P = 0.05) and width (P = 0.01) 
and positively (P=O.Ol) with seed weight and seed 

Character association among fruit and seed traits and 
with fruit yield per se were determined (Table 6). Fruit 
length and width and seed length and width were posi- 
tively associated (P = 0.01) with each other and also with 

width indicating that selection of progenies with higher 
seed weight and width may improve the shelling per- 
centage. However, it is difficult to explain why h i t  
width was negatively correlated with shelling percen- 
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Table 4. Maternal interaction effects (n,) for nine characters in 8 x8 8 full diallel cross F, progenies in peanut. 

Croeees Frult' Frult' Frult' Seed' Seed2 Seed2 F r u l t d  Frul t She1 Llng' 
welght length width weight Length width p l i n t  we lght/p Lint [ X I  

ICO 7380 x ICO 4808 
ICG 7360 x ICG 2370 
ICG 7380 x IC6 3049 
ICG 7380 x ICG 8150 
ICB 7380 x ICeV 88584 

11 .m** 
2.38 

- 0.68 
1 .12 

- 1.37 

0 .as+* 
I m32 

- 3.0P* 
- 2.89. 
- O m 4 2  

- 4.1@* 
- 1.80 
- 0.04 
- Om37 
- Om38 

0.22 
0.88 
Sml3* 

- 1.01 
- 1.85 

Om28 
- 1.02 
- 8.31** 
- 4.34- 
- 0.78 

3.53** 
4mn** 
I .61 

- + 1.23 

71 . I@* 
32.06. 

-84.71** 
20.31** 
2 8 . 0 P  

101 .w* 
21.06 

-10.04* 
-37.2l* 
13 .52  

-20.18- 
- 6.04 
- 1.04 
- 4.83 
-2Om*+ 

-4O.OeS* 
30.27** 
11 w e 7  

4.36 
11.52 

8.44 
- 0.38 
-21.33* 
- 4.68 
-24.08+ 

8.01 
47.75- 

Om00 

- + O m 0 7  

34m84** 
17.41** 
17.71- 
5 .58 

- 4.08 

- 3.30 
15.1w* 

-1 4.89** 
-15.44- 
- 0.30' 

-26 54** 
-11.71** 
-IOm37** 
- 1.21 

2.00 

-58 mOgS* 

- 4.81 
1.18 
3.04 

- 0.77* 

-10.44** 
- 0.77 
- 0.81* 
- 7.64 
- 3.84 

8 . W  
17.33** 
Om17* 

- + 3.57 

8.W* 
- 1.36 
- 2.32 
- 0.82 
- 2.10 

2.07 
- 1.20 
- 2m7P 
- 1.37 

0.61 

- 2.59. 
- 1.76 
- 0.64 
- 0.78 

Om00 

0.70 
- 0.25 

2 .84* 
- 2.21 
- 1.63 

- 0.38 
- 1.06 
- 6.06- 
- s.og+* 
- 0.17 

2 . e  
4.08- 
1 m70 

2 1.18 

28m33** 37.18r* 
11.86 - Om14 

-3S.2k* 8.27* 
1.87 0.36 
4.48 - 1.14 

28.W** 
1 .s2 

- 7.06 
6.64 

- 8.58 

- 0.01 
-36m8P 

28.70- 
33.88** 
20.16+* 

1 1 . e  
24m8P* 
I8mOW 
- Om65 
- 1.84 

- 1.60 
- 1.78 
- 7.66 

4.64 
- Om28 

-16. 54** 
1 7  m31** 
-es.38** 
-22 .se* 
-13 .88+* 

8.34 
3.28 

-18.17** 

- + 4.12 

0.80 
2 .47 

lOm30 
7.31 

-10.38 

I 1  .w 
O m 5 4  

11 m 4 8  
2l m 4 9 . *  
Om71 

- 1.77 
10m8P* 
10.80 

- 6.60 

- E.08 
6.08 
I .12 

10.41 
-13.3e 

7.81 

-11 m18 
-13mW 
-49.81** 
- 7.76 
- 8.m 

26.88- 
tZ.O4** 

-17 85** 

- + 6.60 

7 .w* 
- 5.84** 
- 3.88* 
- 3.41* 
- Q m P 3  

- 0.26- 
- 4m71** 

Om86 
2.38 
3 . W  

I m 6 5  
- 0.58 

0.18 
- 1.oe 

2.98 

0.84 
- 2.08 

0.48 
- 3.09. 
- Om08 

- 1.38 
- 1.78 
- 3 . w *  
- 8.7P* 

0.64 

0.61 
I .08 
0.w 

2 1.48 

ICG 7380 X ICBV 87123 
Ic8 7380 x I C W  88857 
IC6 4806 x IC6 2370 
IC6 4808 x IC6 3049 
IC6 4806 x ICO 8150 

0.OP - 0.48 
14.31** - 6.71 

- 2.00 14mOW* 
-20.06** - 4.41 
- 2.12 4.60 

41.54" - 4.83 
- 8.52 - 8.33" 

2.14 - 4.30 
- 8.12 1 .BE 
- 1 O m W  4.60 

If33 4008 x ICQV 88684 
IC6 4006 x ICOV 87123 
ICQ 4808 x ICGV 88867 
ICG E370 x ICG 3043 
ICB 2370 x ICG 8160 

ICG 2370 x ICGV 88684 
ICG 2370 x ICGV 87123 
ICO 2370 x ICOV 88857 
ICO 3043 x ICO 8160 
ICG 3043 x ICGV 88584 

-16.87** 8.66** 
- Om88 0.83 

5.31 8.8W* 
14.0@* -12.41** 
eO.S@* - 2.68 

ICO 3043 x I C W  87123 
ICO 3043 x I C W  88867 
ICO 8150 x ICGV 88584 
ICG 6150 x ICOV 87123 
Ice 8160 x ICOV 88867 

3.44 - 1.76 
27.27** 0.62 

-7.02 - 7mW 
3.27 - 7mOP 
2 m77 3.80 

I W  88664 x ICGV 87123 
ICQV 88584 x ICOV 88857 
ICGV 87123 x ICBV 88867 

Q m36 8.60 
40.35'* 0.8@* 
10.63* 3.77 

+ 4.07 2 3me7 
~ ~~ ~ 

1 and 2 - refer as described in Table 1. *, ** - significant at 0.05 and 0.01 probability, respectively. 

Table 5. Percent heterosis over better parent for nine characters in 8 x 8 full diallel cross F, progenies in peanut. 

Crosses Fruit' Fruit' Frult' Seed' Seed2 Seed2 F r u l t d  Frul t She1 Llng' 
welght Length width weight Length width plant welght/plint [ X I  

IC6 7380 x ICG 4808 
IG6 7360 x ICG 2378 
ICG 7360 x ICQ 3043 
ICO 7360 x ICG 8160 
ICG 7380 x ICOV 88684 

-68.4- 
- 4.5 
- 0.4 
-1O.l** 
-17 .P* 

-22.7** 
- l m l  

0.7 
- 3.8- 
-12.5** 

~. ~- 

-e9.6+* 
- 1 4 . P  
- 3.8- 
-1 e .5.* 
-10.8- 

-17 m7** 
O . P *  
2.8 
0.0 

- 1.8 

-87.6- 
-18.3- 
- Om2 
-27.6- 
-26 0'1 

-24.7** 
I .I 

- 1.1 
- 3m4* 
-14m7** 

-38 @* 
-11 .P* 
- 4.0- 
-IOm8+* 
1 3 . P  

6E .4** 
SO m7* 
70.7** 

77 .I* 
10,s 

ICG 7380 x I W  87123 
ICG 7380 x ICQV 88857 
ICG 4806 x ICB 7380 
ICG 4808 x ICG 2370 
IC6 4008 x ICO 3043 

7mP* 
- 2.8 
- 4.1 
-20.2- 
- P O  .7** 

- Om1 
6.7** 

- 4m1** 
-13.8* 
+Urn@* 

3.4 
6.P 

- 8.3- 
-21 .k* 
-e7.6.* 

E8 .8 
m . 4 -  - 8.0 
16.8 
E8 .7 

8.4 
17.7** 
- 0.0 
-47 m4** 
*m4** 

20 m4 
e8.6 

-30.8 
-17.7 
- 8.6 

1 .I - 8.0** 
2.6 

- 6.P. 
- 4.6- 

-64.3- 
-62.6** 
-38. ** 

- 3 3 . P  
-30. 9.* 
- OmO** 

87 m P *  
-64.8+* 
-33.7- 

d s m B . *  
Qa.7- 
I 1  m e *  

ICO a m  x 1c8 13150 
ICG 4008 x I W  88684 
ICG 4006 x ICBV 871Q3 

84.80 
18.8 
31 m7 

-91 m4 
E8 .I 
Q3.7 

-lOm8** 
- 4.8- 

8mI** 

Continued on next page 
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~~ ~~ ~~ ~~ ~ ~~ 

Cr08Be8 Frult' Frult' Fruit' Seed' Seed' Seed' F r u l t d  Frul t Shrl ling' 
weight length wldth weight length width plant might/plant [ X I  

ICG 4008 x I C W  888857 
ICG 2379 x IC6 7360 

ICO 2370 x IC6 4906 
ICG 2379 x IC6 3043 
fCl3 2379 x IC6 8160 
ICG 2379 x ICGV 88584 
IC6 2378 x I C W  87123 

ICG 2378 x ICGV 88867 
ICG 3043 x ICG 7380 
ICO 3043 x ICO 4906 
ICG 3043 x ICQ 2379 
IC6 3043 x ICO 8160 

IC6 3043 x IC6V 88664 
IC6 3043 x I C W  87123 
ICO 3043 x I C W  86867 
ICG 6160 x ICO 7360 
ICG 6160 x ICG 4908 

ICQ 6160 x ICO 2378 
ICO 8160 x ICG 3043 
ICG 6l60 x ICGV 88684 
ICG 6160 x ICGV 87123 
ICQ 6150 x ICQV 88857 

ICGV 88564 x ICG 7380 
ICOV 88684 x IC6 4908 
ICOV 88584 x ICO 2370 
ICQV 86664 x ICG 3043 
ICeV 88684 x IC6 6160 

ICOV 88584 x ICOV 87123 
ICBV 88664 x I C W  88867 
IceV 87123 x IC6 7380 
ICGV 87123 x ICG 4908 
ICBV 87123 x IC6 2378 

ICGV 87123 x ICB 3043 
I C W  87123 x ICO 6l60 
ICGV 87123 x ICW 88684 
I C W  87123 x ICGV 88857 
ICGV 88857 x ICO 7360 

ICGV 88857 x ICO 4006 
ICGV 88857 x ICG 2370 
ICGV 88861 x ICQ 3043 
ICOV 88857 x ICG 8150 
ICOV 88857 x ICOV 88584 

fCGV 88857 x Icrm 87123 

-44.2- 
0.84 

-56.6- 
16.7** 
3.4 

- 1.23 
12.3- 

- S.s* 
-1 0 . v  
-54.8- 

12.4** 
- 7 . v  

-21 .P* 
15.2+* 
12.4- 
-23.2- 
-6P.l** 

- 2.1 
-17.5+* 
- 2.1 
-13.P* 
-13.1** 

-22.5- 
-68.B- 

3.2 
-22.0- 
17.4** 

- O.l** 
-29 .P* 

67.4- 
-43.0- 
-11.7- 

1 5 . P  
-30. a** 
- 2.0 

2.6 
13.0** 

-43.6- 
0.0 

-10.2- 
1 6 . P *  
18.8- 

10.7" 

-20.1** 
4 .P  

-23.6- 
- 8.2- 
- 1.7 
- 6.F*  
- 3.8 

- 7.8- 
-22.2+* 
- 3 4 . P  
- 8.9- 

3.7. 

- 3 . F  
-16.0- 
- 5.4- 
- 0.17 
-34.8- 

- 7.2- 
1 .6 

- 0.3 
-15.p* 
- 3.1 

- S . e *  
-33.7- 
-13.8+* 
- 1.8 
- 3.1. 

-13.3** 
- 9.5- 

38.0- 

4.2. 

-17 A** 
-17.9+* 
-14.P* 
-10.2- 
- 1.2 

-27.3- 
- 4 . e  
- 8.8- 
- 9.6- - 0.3 

- 8.8** 

-11 84** 

-12.0- 
15.1- 

-20 .P+ 
3 .s* 
0.0 
1.1 

- 1.8 

- 2.2 
0 . W  

-28.2- 
4.4- 

- 0.9 

- 2.3 
- 8,3** 
- 4.8- 
- 0.8 
-27.2- 

2.7 
0.8 
0.8 

-13.1*+ 
- 5.7- 

- 2.2 
-25. p* 
-26. @* 
- 2.5 

0.7 

I 0 . 3 * *  
- 8.2- 
- ow** 
3 81 

- 0.8 

-12.6- 
1 6  .4** 
- 0.7- 

0.5 
11 .F* 

-18.0+* 
0.0 

- 6.4** 
- 8.1** 
- 4 . v  

3 .e+ 

-48.7- 
-24.7** 

-67.6** 
14.815 
3.1 

- 1.8 
- 8 . F  

- 8.8* 
-17.6* 
-62.2- 

6 .O 
-11 .l* 

-2a.9** 
- 4.8 
-12.3* 
-36 .6** 
-61.7- 

1.7 
-28.7** 
- 8.6 
- 1.4 
-1 2.4** 

-31.8+* 
-58.7** 

5.1 
- 3 O . P  
-28.8+* 

- 2.3 
-38.6- 

30.81* 
-37 .'I** 
-11 .l* 

- 4.8 
-31 .9++ 

6 .7 
7 .2 

- 7.0 

46.8- 
2.8 

-El .8*+ 
11.5+ 
-26 .a** 

16.0+* 

-1 8.7*+ 
6.81 

-21 . a** 
- 8.7** 
- 8.6- 
- 8.1- 

1 .8 

- 1.4 

-31.7** 
- 7.1- 
- 7.4** 

- 8.P* 
-15.3** 
-13.05" 
- 3.7* 
-34.6- 

-12.8- 
- 4.0** 
- 0.4 
-1 8 .3** 
-1 2 .a** 

-1 2 . 3** 
-31.8- 
-13.3** 

3.4* 
- 1.9 

-15.1- 
-14.8+* 

0.2- 
-14.4** 

2.8 

-18.1** 
-1 6 .@* 
- l S . P *  
- 6.0. 

9.0- 

-18.5* 
- 0.6 
- 6.@* 
14.8- 

0.41 

- 2.11 

-18.8+* 

-16.P. 
-11 .o- 

-28.7- 
0.4 

- 3.8 
- 6.2". 
- 5.3- 
- 7.6** 
- 0.3 
-16.B** 

1 .3 
- 5.12 

-16.** 
- 2.2 
- 3.7 
- 3.0- 

21.4- 

- 2.4 
-18.P* 
- 8.1- 

1.6 
- 2.1 

-1 6.4** 
-2s .P  

16.7** 
-12.6- 

- 2.8 
-14.e* 

0.8 
-17.2- 
- B.@* 

- 1.7 
- 3.8 

2.6 
0.8 

- 0.8 

1.1 

17.7** 
- 2.1 
- 2.8 
- 0.8 
- 8.3- 

2 87 

14.8 
78.7** 

O O . P *  
114.7** 
88.B++ 
12.3 
88.1- 

76 .P* 
14.7 

145.6- 
104.0- 
m .5** 

8O.F* 
116.9*' 
87.1- 
92.7** 
60 .4** 

60.fP 
93 .9** 

100.5+* 
6 3 . P  

70.P 

41 81 
113.3** 
-37.8 

21.4 
0 .7 
4E.e 

00.5** 

23.8 
-11 .a 

80.7** 
l25.@* 
48.2 

87 .l** 
7e.0- 
25.8 
31.2 
44.1 

52.7** 

117 81** 

41 8s* 

114881* 

- 0.2 
59.P 

11 83 
99.7** 
80 .3++ 

63.7- 

78 .B** 
70 83- 
63.4** 

1 1 Q .8** 
14.8 

118.1** 
59.3** 
86.8- 
e.0 

26.8 

-36. 

33 8B* 
64.7** 

68.4** 
22.8 

17 83 
3E.8 
66.8- 

108.3** 
-36.81 

1248@* 

72.8- 
21 .l 
81.2- 

107.0- 
76.8- 

4.2 
31 84 

186.2+* 
144.0- 
72.6+* 

m.2 
m.1* 
95.8 

0.6 
8Ba** 

87 .@+ 

- 3.7- 
-e9.9+* 

- Q.4 
- 0.7 
- 8.1- 
- 1.1 

3.7- 

0.8 

1 .6 
- 6 . P  
- 4 . P  

- 0 . F  
8 . P  

-1 0.4** 
-W.P* 
- 2.1 

- 1 2 . ~ *  

- 481** 
-14.P' 
- 4.0- 
- 0,3** 
- 8.2- 

-1 2.9. 
0.14 
1 .o 

-1 0.3** 
-1 1 84** 

7.4- 
-12.5** 
-17.7** 

lo.** 
0.7 

7 . F  
- 4.6- 

8 . P  
6.1** 

-1 8.6- 

- 2.7 
1 .5 

-18 80- 
- 4.7- 
- 0.8+* 

4.6- 
~ ~ ~~ 

1 and 2 - refer as described in Table 1. *, ** - significant at 0.05 and 0.01 probability, respectively. 

tage when seed width was positively associated with it 
and with the fruit width. 

The present study and those reported earlier indi- 
cated considerable genetic variation for most of the fruit 
and seed characters. The largely additive genetic effects 
for fruit and seed characters and a positive association 
among these traits and with seed weight suggest that 

selection for large fruit and higher seed weight should 
be effective in early generation. Selection for higher 
fruit weight and fruit number per plant may not be ef- 
fective in early generation due to the predominantly 
nonadditive genetic effects and should be deferred to 
later generations. In the present material, maternal ef- 
fects and their interaction with genic effects were also 
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Table 6. Genotypic (below diagonal) and phenotypic (above diagonal) correlations among nine characters in 8 x 8 full diallel cross F, progenies 
in peanut. 

Character 
~ ~~~~ ~ _ _  

Fruit’ Fruit’ Fruit’ Seed’ Seed2 Seed‘ F r u l t d  Fru i t  SheLLIngl 
weight Length width weight Length width p Lent weighlilplent [ X I  

Frul t weight 

Fru i t  Length 

Fruit  width 

Seed weight 

Seed Length 

Seed width 

Frul t d p  Lent 

Frult  relghtil 
p Lent 

0.88 

0.78 

0.06 

0.83 

0.91 

- 0.29 

0.60 

0.W 

0.82- 

- 

0.78 

0.78 

0.08 

0.67 

- 0.20 

0.66 

0.75+* 0 . B P  

0.78** 0.71** 

- 0.69** 

0.65 - 

0.77 0.74 

0.64 0.85 

- 0.22 - 0.24 

0.50 0.62 

~~ ~~~ ~~ 

0.79** 0.88.* 

0.96** O.SP* 

0.74** 0.!57** 

0.68** O . O P *  

- 0.8@* 

0.64 - 

- 0.24 - 0.26 

0.61 0.64 

- 0 . 1 e  

- 1.15 

- 0.1e 

- 0.14 

- 0.171 

- 0.15 

- 

0.33 

0 .w* 

0.40- 

0.36+* 

0.4P* 

0.39$* 

0 . 4 P  

0.6@* 

- 

0.09 

- 0 . w  

- 0.3p* 

0.37- 

- 0.16- 

0.37- 

0.09 

0.07 

- 0.20 - 0.37 0.27 - 0.21 0.32 0.13 0.16 - 

1 and 2 - refer as described in Table 1. *, ** - significant at 0.05 and 0.01 probability, respectively. 

important in several crosses. Among the genotypes 
studied, ICGV 86564, ICG 3043, ICG 2379, and ICGV 
87123 have good breeding potential, and populations 
derived between these genotypes should result in 
superior progenies with desirable traits. Crosses with 
the higher heterotic effects may produce desirable 
transgressive segregants in later generations. 
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