
Theoretical  and Applied Genetics 45, 192--196 (t 974) 
| by  Springer-Verlag 1974 

Estimation of Genetic Parameters in Barley (Hordeum vulgare L.) 

I. Ful l ,  H a l f  and  Quarter D ia l l e l  Ana lys i s  * 

B. D. CHAUDHARY, R. K. SINGH and S. N.  KAKAR 

H a r y a n a  Agr i c u l t u r a l  Un ive r s i ty ,  Hissa r  (India)  

Summary. Four exotic and four indigenous strains of barley were used for making diallel crosses. The sets of parents  
and crosses making full, half and quarter  diallel were analysed in a randomized block design for p lant  height, number of 
effective tillers, ear length, grain yield per plant,  100 grain weight and number of grains per ear. 

The three al ternat ives  of diallel were similar with respect to the est imates of degree of dominance, general combining 
abi l i ty  and specific combining abil i ty,  indicating tha t  all these three methods of diallel were equally efficient. However, 
as the number  of entries are minimum in quarter  diallel, i t  would be economical in terms of cost, t ime and labour to 
est imate genetic parameters  by  this method. Average degree of dominance was found in the range of overdominance. 
The ranking of parents  on the basis of their  a r ray  mean was similar to the ranking based on gca effects. Similarly, the 
ranking of crosses on the basis of per se performance was similar to the ranking based on sca effects. This suggests tha t  
the selection of best  general combiner or best  cross combinations may be easier and more effective through ar ray  mean 
for per se performance rather  than through high gca and sca effects, respectively. From among 56 crosses, IB-226 • 
• C-164 was the one which showed superiori ty for maximum number of characters followed by AB-I 2/59 • PTS-57. 
High sea effect for p lant  height, ear length, grain yield, 100 grain weight and number of grains per ear was the result of 
cross between parents  having high • low general combining ability, indicating addit ive • dominance type  of gene 
interaction.  For  number of effective tillers, high sca was produced by low • low general combiners, indicating domi- 
nance • dominance gene interaction. 

The  a p p l i c a t i o n  of d ia l le l  ana lys i s  in p l a n t  b reed ing  
to  screen good  combine r s  for  exp lo i t i ng  heteros is  w a s  
sugges t ed  b y  Sprague  a n d  T a t u m  (1942). Gri f f ing 
(1956) p r o p o s e d  the  ex tens ion  of the  d ia l le l  mode l  to  
t he  c h a r a c t e r i z a t i o n  o f  gene ac t ion  cont ro l l ing  a 
q u a n t i t a t i v e  t r a i t  a n d  sugges ted  four  poss ible  ways  
for a n a l y s i n g  the  dial lel ,  d e p e n d i n g  on the  mate r i a l s ,  
such  as (t)  pa ren t s ,  F l ' s  a n d  rec iproca ls  (2) p a r e n t s  
and  F l ' s  (3) Fl 'S  a n d  rec iproca ls  and  (4) F1's. W a t -  
k ins  et al. (1971) coined  the  t e rms ,  full, half  and  quar -  
t e r  dial lel ,  for t he  (1), (2) a n d  (4) me thods ,  r espec t ive -  
ly.  The  a im of t he  p resen t  s t u d y  was to  compare  
t he  eff ic iency of these  th ree  m e t h o d s  for e s t i m a t i n g  
t h e  gene ac t ion  a n d  to  i d e n t i f y  good  combiners  in 
ba r ley .  In  add i t i on ,  such a s t u d y  would  be useful  in 
f o r m u l a t i n g  eff ic ient  b r eed ing  p lans  for th is  crop.  

Material and Method 
Eight  diverse strains, four exotic (AB-12/59; EB-1556; 

PTS-57 and A-59) and four indigenous (BG-I, K-572/10; 
IB-266 and C-164), were used for making diallel crosses 
including reciprocals. The fifty-six crosses together with 
eight parents  were sown in randomized block design with 
four replications at  the  experimental  farm of the Depart-  
ment  of Genetics, Ha ryana  Agricultural  University,  
Hissar.  Normal agronomic practices were followed. Ob- 
servations were recorded on five randomly selected plants  
in each replication for (i) p lant  height, (if) number of 
effective tillers per plant,  (iii) ear length, (iv) number of 

* P a r t  of a P h . D .  thesis submit ted  by  senior author to 
Haryana  Agricultural  University,  Hissar.  

grains per ear, (v) 100-grain weight, and (vi) grain yield 
per plant.  

The combining abi l i ty  analysis was done on the basis 
of plot  means using the statist ical  genetic model proposed 
by Griffing (1956) as follows: 

1 
Y~j~ = ~ + gi + gj + sij + ~,.j + b2 ~ Z e~,',,, 

where, 
Y i j k  ~ kth observation on i • jth genotype 
m = population mean 
gi, gi = general combining abi l i ty  effect of i, j parent  
sij = specific combining abi l i ty  effect of i • jth cross 
rq = reciprocal effect (only in method 1 ) 
eqkl = random error associated with i jkl  th observation 
b = number of blocks (4) and 
c = number of observations in each plot  (5). 

The combining abi l i ty  analysis and the interpretat ion 
of variance components due to gca and sca was done 
according to Griffing 0956) method I, 2 and 4, model 1. 

Results 

The var iances  due to  genera l  and  specific combin-  
ing  a b i l i t y  (Table 1) were h igh ly  s igni f icant  for all  
the  s ix  cha rac te r s  unde r  al l  the  th ree  m e t h o d s  of 
dial lel ,  i.e., full, half  and  quar te r .  The s ignif icance of 
bo th  genera l  and  specific combin ing  a b i l i t y  mean  sum 
of squares  i n d i c a t e d  the  role of b o t h  a d d i t i v e  a n d  
n~n-add i t i ve  t y p e s  of gene ac t ion  in the  p resen t  ma-  
terial .  I n t e re s t ing ly ,  the  r e l a t ive  p ropo r t i ons  of mean  
sum of squares  due to  gca  a n d  sca were more  or less 
the  same in all  the  th ree  ana lyses  of dial lel .  
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Table t.  Combining ability analysis in three sets ofdiallel experiments together with the degree of dominance 

Mean sum of squares* 

Types of diallel Source D.F. Plant Ear Number of Grain t00-grain Number of 
experiment height length effective yield weight grains per ear 

(cm) (cm) ti l lers (gin) (gin) 

Ful l  diallel  gca 7 151.50 2.05 58.07 543.64 0.33 206.89 
sca 28 82.68 t.78 140.95 787.87 0.15 108.66 
error 189 2.28 0.24 2.t8 5.32 0.03 0.99 

2 a,/aa 5.t4 22.68 7.15 t 5.60 3.23 4.88 

Half  diallel gca 7 87.I3 t.13 28.22 264.50 0.t9 t17.18 
sca 28 48'.34 1.1t 74.80 447.45 0.08 59.47 
error 105 2.28 0.24 2.18 5.32 0.03 0.99 
~r~/a~ 5.94 216.00 7.80 12.08 2.41 5.07 

Quarter  diallel gca 7 83.93 t .40 33.61 206.27 0.t 7 96.40 
sca 20 37.02 1.42 t 52.61 468.59 0.08 44.93 
error 81 5.62 0.05 4.44 5.38 0.01 0.93 
~/~21 2.00 t46.67 3,67 5.57 2.14 �9 2.90 

* All mean sum of squares were significant at 5% level. 

The  e s t i m a t e s  of ave rage  degree  of d o m i n a n c e  
( @ / ~ )  i nd i ca t ed ,  in genera l ,  o v e r d o m i n a n c e  for al l  
the  s ix  charac te r s .  This  was t rue  for al l  t h r ee  dial lels .  
Fu l l  d ia l le l  ana lys is ,  wh ich  p r o v i d e d  an  e s t i m a t e  of 
t he  r ec ip roca l  effects ,  i n d i c a t e d  non-s ign i f i can t  reci-  
p roca l  d i f ferences  for t 00-grain  weight  a n d  n u m b e r  of 
g ra ins  pe r  ear.  O the r  cha r ac t e r s  showed,  however ,  
s ign i f ican t  r ec ip roca l  effects.  

In  o rde r  to  f ac i l i t a t e  compar i son ,  the  p a r e n t s  in- 
vo lved  in the  d ia l le l  crosses were r a n k e d  f i r s t ly  on 
the  bas is  of gca  effects  a n d  second ly  on the  bas is  of 
a r r a y  means  for  each  c h a r a c t e r  s e p a r a t e l y .  The  
h ighes t  gca  effect  for  p l a n t  he igh t  (Table  2) in all  the  
t h ree  ana lyses  of d ia l le l  was shown b y  C-164, whereas  
t he  lowest  gea  effect  was r eco rded  for  B G - t  in full  
a n d  half  dial le l .  I n  q u a r t e r  dial le l ,  the  lowest  gca 

effect  was shown b y  PTS-57.  C o m p a r a t i v e  e s t i m a t e s  
for t he  t h ree  ana lyses  of d ia l le l  i n d i c a t e d  t h a t  all  
t h r ee  were s imi la r  w i th  r e g a r d  to  the  p a t t e r n  of gca  
effects.  R a n k i n g  of t he  p a r e n t s  was found  to  be 
i den t i ca l  in full  and  half  dial lel .  

F o r  n u m b e r  of e f fec t ive  t i l le rs  (Table  2), t he  l a rges t  
e s t i m a t e  of gca  e t fec t  was r eco rded  for B G - I  in full  
a n d  q u a r t e r  dial lel ,  whereas  i t  was g rea t e s t  for IB-226  
in half  dial lel .  S imi la r ly ,  t he  lowest  e s t i m a t e  0f gca 
effect  in full  and  q u a r t e r  d ia l le l  was for C-t64,  b u t  in 
half  d ia l le l  i t  was for the  p a r e n t  A-59. R a n k i n g  of 
p a r e n t s  in full  a n d  q u a r t e r  d ia l le l  was more  or less 
s imi lar ,  whereas  in half  diaUel the re  was cons ide rab le  
va r i a t i on .  

The  h ighes t  gca  effect  was  r eco rded  for IB-226  
and  lowest  for B G - t  in all  t he  t h r e e  ana lyses  of d ia l le l  

Table 2. General combining ability effects in three sets of diallel experiments 

Type of 
Character diallel AB-t2/59 EB-1556 BG-t PTS-57 A-59 K-572/10 IB-226 C-164 

experiments 

P lan t  height Ful l  --1.81 3.77 --3.60 --2.91 --0.71 1.85 --1.26 4.67 
(cm) Half  --3.03 3.05 --4.11 - - t .99  --0.41 2.39 --0.65 3.93 

Quarter  - t . 2 5  3.73 - 3 . 2 9  - 3 . 3 2  - 0 . 8 8  1.33 - 1 . 4 2  5.09 
Ear  length Full  0.16 0.13 --0.49 --0.32 --0.06 0.21 0.68 --0.02 
(cm) Half  0.26 0.t3 --0.56 --0.30 0.2t --0.14 0.48 --0.07 

Quarter  0.29 0.21 - 0 . 5 5  - 0 . 5 2  0.28 - 0 . 1 7  0.60.  - 0 . 1 3  

Number  of Ful l  --0.59 - -1 . t 2  3.24 --1.41 --0.99 O.64 2 .38  --1.95 
effective tillers Half  --0.84 --0.61 2.t6 - - t .41  --1.74 1.t9 2.46 - - t . 24  

Quarter  - 1 . o 7  - 1 . 1 5  4.20 --1.72 - 0 . 3 4  - 0 . 4 9  3.22 - 2 . 6 6  

Grain yield Ful l  - -0.06 0.47 9.03 --3.44 --2.33 --1.94 7.24 --9.10 
(gin) Half  --0.31 2.38 5.93 ~ 2 . 6 5  --4.71 --0.72 7.60 --7.53 

Quarter  - 0 . 6 6  0.48 to.74 - 5 . 2 9  - o . t 8  - 4 . 4 0  9.51 -10.19 

too-grain weight Ful l  - -0 . t6  --0.28 --0.04 0.04 0.06 0.09 0.09 0.12 
(gin) Half  --0.15 --0.28 --0.06 0.O4 0.05 0.10 0.08 0.10 

Quarter  - o . 1 6  - 0 . 2 9  - o . 0 1  0.04 0.08 0.1o 0.09 o.15 

Number  of grains Ful l  2.07 6.93 1.39 - - t . 52  - - t .14  - -2 . t 0  --0.33 --5.30 
per ear Half  2.25 6.80 0.53 --0.93 - - t . 66  --2.28 --0.06 --4.66 

Quarter  2.25 6.89 1.78 - 2 . 2 3  - 0 . 7 6  - 2 . 3 t  - o . 1 5  - 5 . 1 5  
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for ear length (Table 2). Rankings in half and quarter 
diallel were identical, while in full diallel these ranks 
shifted by just one position. 

For grain yield (Table 2), the largest gca effect 
was observed for BG-t in full and quarter diallel, 
whereas in half diallel the best combiner wag found 
to be IB-226 followed by BG-I.  Parent C-t64 w a s  
the poorest combiner in all the three analyses of 
diallel. The ranking pattern was almost the same 
for all three analyses. 

As evident from the data in Table 2, C-t64 had the 
highest effect for 100-grain weight.  The lowest gca 
effect was recorded for EB-1556 in all the three cases 
of diallel. For number of grains per ear, the highest 
gca effect was noted for BG-I and the lowest for 
C-164 (Table 2). Ranking pattern of the parents was 
similar in all three diallels, both for 100-grain weight 
and number of grains per ear. 

To make  an overall comparison of these three 
alternative methods  of diallel, the ranks over all the 
characters were pooled for each of the strains under 
these analyses,  separately. The rankings of parents 
in each diallel were then compared with the ranking 
based on the array means of the parents (Table 3). 

T a b l e  3. Ranking of parents based on their array mean 
and gca effects in three diallel experiments 

Parents  Array  Full  diallel  Half  diallel Quarter 
mean  diallel 

A B - ~ 2 / 5 9  4 5 4 5 
E B - 1 5 5 6  3 3 2 3 
B G - I  2 2 3 2 
P T S - 5 7  8 8 8 8 
A - 5 9  6 6 7 4 
K-572-10 5 5 5 6 
I ] 3 - 2 2 6  t t 1 t 
C-t  64  7 7 6 7 

rs (Array mean:  Ful l  diallel) = 1.00 
rs (Array mean:  Hal f  diallel) = 0.95 
rs (Array m e a n : Q u a r t e r  diallel) = 0.93 

Pearson's product moment  correlation coefficient 
(Spearman's formula) was used to est imate the rank 
correlation (Snedecor, t946). High rank correlation 
(r~) values in each case clearly indicated that the 
pattern of ranking based on gca effects was the same 
as the one based on array means and all the three 
alternatives of diallel were equally efficient in estimat- 
ing the gca effects. The rank correlation was 1.00, 
0.95 and 0.93 for full, half and quarter diallel, re- 
spectively.  

Specific combining ability (sca) effects were ob- 
tained for all the three analyses of diallel and the 
ranking patterns of crosses obtained on the basis of 
sca effects were compared with the ranking based on 
their per se performance, using rank correlation. 
The rank correlations between two parameters were 
0.89, 0.91 and 0.87 for full, half and quarter diallel. 
These results indicate that all three analyses of diallel 
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were equally efficient for est imating sca effects and 
good combinations could also be predicted by  the 
per se performance of the crosses. 

For  a be t ter  comparison, a sample of the five best 
crosses was selected both  on the basis of per se per- 
formance and on the sca effects of full diallel (Table 4). 
From this table it is evident tha t ,  out of five crosses, 
only three crosses for plant  height, two for ear length, 
five for grain yield, four for number  of effective tillers, 
two for 100-grain weight and three for grains per ear 
were in common under these two criteria of selection. 
The crosses which were common occupied, however, 
different positions. For example,  cross 6 • 7 occupied 
second position when per se performance was con- 
sidered but  it was at the fifth position when sca effects 
for grain yield were considered. The crosses which 
were superior for grain yield did not show superiori ty 
for the component  t rai ts  also. These points clearly 
suggest tha t  the best performing crosses m a y  not 
necessarily be selected by  sca effects. The sca effects 
indicated tha t  there was no cross combination which 
was consistently good for all the characters.  How- 
ever ,  cross IB-226 • C-164 was the one which showed 
superiori ty for the greatest  number  of characters.  

The following list gives the best cross combinations, 
with the general combining ability effects of the pa- 
rents involved in these crosses: 

Characters Plant  height Ear  length Effective 
tillers 

Crosses BG-t  •  BG-I  • AB-12/59 
• IB-226 X PTS- 57 

gca effects - -3 .60•  - -0 .49•  - -0 .59 •  
- - t .41  

Grain yield t 00 grain weight Number  of grains 
per ear 

IB-226•  K-572] t0•  E B - 1 5 5 6 •  
7.24• --9.09 0 .09 •  6.93 • t.38 

From these data ,  it is evident that ,  except for number  
of effective tillers where a cross between l ow•  
general combiners produced high sca effects, in all 
other cases the crosses between high • low general com- 
Nners  were the best. 

�9 D i s c u s s i o n  

The diallel model proposed b y  Griffing (1956) is 
such tha t  the variance components  such as a ~  and 
a ~  obtained from a diallel analysis may  be inter- 
preted genetically. I t  is possible, assuming no epista- 
sis, to have the est imates of addit ive genetic variance 
( ~ )  and the dominance variance (a~). Average 
degree of dominance m a y  thus be determined as the 
rat io of ~ aD/aa. In  the present study, it was observed 
tha t  average degree of dominance fell in the range of 
over  dominance. This was true for all the characters 
as well as under all the three diallels studied. A criti- 
cal survey of the l i terature on degree of dominance 
in bar ley indicated a range between part ia l  to over- 

dominance. These est imates do not, however, seem 
to be reliable as the methods applied for these estima- 
tes have been faulty. For  example,  some workers, 
such as Gulati et al. (t969) and Yap et al, (1971), have  
reported the degree of dominance measured as the 
rat io of mean sum of squares due to sca to the mean 
sum of squares due to gca. Considering tha t  : 

E(MSSgca) = g~ + g~ + (p + 2) g~ 
and 

E(MSS~ca) = a~ + a~ 

a rat io of E(MSS,  c~)/E(MSSv~ ) would not be the 
est imate of degree of dominance. Clearly, it is only 

1 a ]  and a~, respec- and as ~ which is equal to the ag 
tively, and not  the MSSgc~ and MSS~c~. In some 
other cases, the average degree of dominance h a s  
been determined as a~/a~ (Upadhyaya  et al., t967)'  
This est imate is also not appropriate ,  because, if we 
consider tha t  : 

~ a ~ + ~  

and 

o~A + "'" 

and the genetic variance in the base populat ion is 
equal to 2a~ + a~. The degree of dominance would, 
therefore, be equal to a~/2 a~ ra ther  than  a~/a~ as 
has been the case in the l i terature cited above. Com- 
parison of the est imates of the present investigation 
with those of the l i terature seems, therefore, meaning- 
less. 

The ranking pat tern  for gca effects in full diallel 
was identical to the ranking of the parents  based on 
the ar ray  mean. For  the half and quar ter  diallel 
also, the ranking pa t te rn  on the basis of a r ray  mean 
was similar to the ranking pa t te rn  for gca effects. 
In fact, the methods for es t imat ion of a r ray  mean 
and gca effects were more or less similar so tha t  the 
results are apt  to be similar. To avoid more statis-  
t ical computat ion,  it is recommended tha t  the a r ray  
means should be preferred to gca effects. 

High rank correlations between sca effects and the 
per se performance of crosses (0.89 for full, 0.91 for 
half and 0.87 for quarter  diallel)indicated tha t  rank- 
ing of crosses on the basis of sca effects and per se 
performance was similar. However,  when the five 
best crosses were selected on the basis of per se per- 
formance and sca effects separately,  it was found 
tha t  the crosses were not  necessarily the same in bo th  
cases. There were only a few common crosses (two 
to four) selected on the basis of per se performance 
and sca effects, except for grain yield where all the 
five crosses were same. This means tha t  the choice of 
the best cross combinat ion on the basis of  high sca 
would not necessarily be the one which would give 
the highest per sa performance also. Because the 
per se performance is the realized value, while the 
sca effect is an estimate,  the former should be given 
preference while making the selection of cross c o r n -  

Theoret. Appl. Genetics, Vol. 45, No. 5 
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binations. I t  should also be borne in mind that  the 
sca effect is a measure of the deviation of _F 1 per- 
formance over the parental performance, so that  for 
a given hybrid performance the sca effect may be 
high or low depending upon whether the parental 
performance is low or high. Thus, high sca would not 
necessarily mean a high performance by the hybrid. 
Keeping these points in mind, the estimation of sca 
effects seems to be superfluous as no additional in- 
formation is obtained by doing so. Similar observa- 
tions were also made by Singh el al. (1974) in pearl 
millet. 

Sca effects, when analysed in correlation with gca 
effects, indicated epistatic gene action. For plant 
height, ear length, grain yield, t00 grain weight and 

�9 number of grains per ear, the crosses exhibiting high 
sca effects involved parents with h igh•  gca 
effects. Obviously an add. • dora. type of gene inter- 
action seems to be operative here. For the remaining 
characters, high sca was associated with low•  
gca effects, indicating a non-additive type of gene 
interaction. 

The three methods of diallel analysis appeared to 
be equally efficient, as indicated by the fact tha t :  
(i) a similar picture regarding degree of dominance 
(a~/a~) was observed in the three kinds" of diallel; 
(ii) the ranking pattern for gca effects of parents was 
similar in all the three analyses; and (iii) the ranking 
of crosses on the basis of sca effects was also similar 
in the three analyses of diallel. These findings sup- 
port the view that  all the three methods of diallel 
provide similar results. 

For a given set of parents (n) to be analysed in 
a diallel system, the number of entries to be handled 
~is lowest [n(n - -  t)/21 for quarter diallel, compared 

with full and half diallel. The quarter diallel would, 
therefore, involve less time and labour both in plan- 
ning and computation. The inclusion of parental 
generations seems to have caused an upward bias in 
the estimates of combining ability variances because 
the degree of dominance was more or less similar in 
methods I and 2, whereas it was considerably lower 
in method 4. This clearly confirms the statement of 
Griffing (t956) that methods t and 2, in which the 
parents are considered, provide biased estimates of 
combining ability variances. This suggests that,  in 
order to have precise and unbiased estimates of these 
variances, method 4 should be preferred to methods 
I and 2. 
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