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Genetic Basis of Seed Setting in Alfalfa 
S . M .  Singh 
Department of Biology Dalhousie University Halifax, N.S. (Canada) 

Summary. The genetic basis of seed setting was evaluated in seven clones of alfalfa selected under predominantly 
self-pollinating conditions. They were hand crossed in all possible combinations. Their compatibility was studied 
by the percentage of flowers forming pods and number of seeds per pod during crossing. The variances for GCA, 
SCA and reciprocal effects were significant for percentage of pod set with a narrow sense heritability of 64 %. 
This suggested maternal influence of clones on percent pod set, controlled primarily by additive genetic compo- 
nents. GCA was the only significant component for number of seeds per pod with a narrow sense heritability of 
71%. There were wide differences between the clones in their relative magnitude of GCA, SCA and reciprocal ef- 
fects for both traits used as compatibility indexes. Performance of the diallel crosses was judged by studying 
seed yield and its related characters, namely seeds per pod, dry matter per plant, frost resistance, plant vigor 
and plant height. Although GCA and SCA variances were significant for all characters, reciprocal differences in 
general were absent. The SCA values were very high as compared to GCA. Narrow sense her~tability values were 
very low while broad sense heritability were much higher. This suggested that almost none of the variation was 
due to additive genetic components and all the variability is controlled by interactions of a digenic, trigenic and 
quadrigenic nature and heterzozygosity. Heterosis was evaluated by comparing the seed yield of single crosses 
with their mid-parent and high-parent, and very high values were observed. Thus selection Of better genes may 
not be feasible and further improvement in selected clones may have to be brought about by utilization of various 
interactions and heterosis. An attempt was made to find combinations of characters that may be used for the se- 
lection of seed yield but none were found to be satisfactory. 
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In t roduct ion  

Seed yield is a complex character in any crop, and is 

even more so in alfalfa. In the northern Canadian cli- 

mate, alfalfa has gained popularity as a forage crop, 

but low seed yield does not ensure adequate supplies 

of seed at reasonable prices. This is generally attri- 

buted to a scarcity of cross-pollinating bees. These 

serve the function of tripping (release of the Staminal 

Column), considered necessary for successful ferti- 

lization ( A r m s t r o n g  and White,  1935) as it c a u s e s  s t i g -  

mata l  rup tu r ing  al lowing the pollen tube to grow.  Auto-  

gamous  ( s e l f - f e r t i l i z i n g )  plants  avoid this  p r o b l e m .  

H e t e r o z y g o s i t y  and combina t ion  of be t t e r  genes  a r e  

r e cogn i zed  as the two genet ic  components  of v i g o r .  

Self  f e r t i l i z a t i on  may t h e r e f o r e  r educe  v igor  and yield 

by reduc ing  h e t e r o z y g o s i t y .  This r e p o r t  dea l s  with the 

study of gene t ic  bas i s  of seed  se t t ing  in c lones  that 

were  s e l e c t e d  fo r  high seed yie ld  under  p redominan t ly  

s e l f -po l l i na t i ng  condi t ions .  

Materials and Methods 
f 

The plant material originated from crosses between 
variety 'Ferax' and artificially produced tetraploid 
'Alaskan Falcata'. The resulting progeny were se- 
lected for seed setting and vegetative growth for a 
number of generations. The selected plants were in- 
tercrossed and the progeny were subjected to several 
cycles of selection for high seed and forage yield. Per- 
cent cross pollination in the field was checked in each 
of these years by the use of two male-sterile lines, 
20-DRC and MST-I by taking the percent of flowers that 
set pod. Open pollinated seeds of 140 selected lines 
were tested in a field trial. Seeds from forty-one lines 
that produced lligh seed and forage yields were again 
field tested with variety 'Grimm' as a check. Seven 
high seed and forage yielders were selected from this 
test. They were used in complete diallel crossing after 
emasculation. Percent pod set arid number of seeds 
per pod set during crossing was recorded on each fe- 
male parent. Raising of the diallel cross progenies and 
the field plan has been described in Singh and Lesins 
(1971b). Measures of seed setting on single plants 
were obtained in the following ways: 

I. Number of seeds per pod - obtained from one 
hundred pods randomly collected from each plant at the 
time of harvesting. 

2. Seed yield per plant (gm) in the second year of 
establishment ( 1969 ). 
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Table 1. Percent pod set in the fields of Edmonton, Alberta, Canada 

% pod Set in different years 

Material 1958 1962 1963 1964 1967 1969 Average 

2 0 - D R C  ( m a l e - s t e r i l e )  2 . 1  2 . 1  4 . 1  7 . 5  0 . 7  1 .2  2 . 9  
G r i m m  ( v a r i e t y )  - 9 . 5  1 7 . 2  1 6 . 6  6 . 8  9 . 2  12 .3  
S e l e c t e d  I i n e s  2 3 . 0  2 4 . 2  2 5 . 5  2 9 . 5  2 1 . 2  3 5 . 2  2 6 . 4  

3. Seed yield per plant (gm) in the third year of 
establishment ( 1970). 

Individual plants were also scored for vigor and 
frost resistance in the second year on a scale of 1 - 9, 
9 being most vigorous and frost resistant. Plant height 
(cm) was taken at maturity. Individual plants were 
harvested and placed in bags for drying and the dry 
weight was taken when they were free of moisture. 

Mean values of the plants for each character were 
used for analysis of variance as randomized block de- 
sign to test the differences among the genotypes. Cor- 
relations were established between seed yield and other 
characters studied using the formulae suggested by 
Fisher (1954) and AI-Jibouri, Miller and Robinson 
(1958) and a path of causal relationships was develop- 
ed. Sums of squares were partitioned into general 
(GCA), specific (SCA) combining ability and reci- 
procal effects, following the method suggested byGrif- 
fing (1956). An attempt was made to assess the broad 
and narrow sense heritabilities and performance of 
single crosses were compared with mid-parent and 
high-parent for seed yield and dry matter per plant. 
This comparison was taken as an indicator of the he- 
terotic effect (Falconer, 1960). 

Results and Discussion 

Pollination 

The flowers of alfalfa are suited to insect pollination. 

In areas of its origin, cross pollination by bees may 

be considered prevalent. Its spread in new areas, es- 

pecially where bees are not all that common, causes 

a problem with adequate pollination. A survey of cross 

pollination in Edmonton, Alberta, Canada, from 1957 

to 1969 gave the results presented in Table 1. Percent 

cross-pollination is checked by growing male-sterile 

plants randomly in the field. Inflorescences were vis- 

ited at the time of flowering and tagged with their num- 

ber of flowers. They were harvested at maturity and 

percent of flowers forming pods were calculated. Per- 

cent pod set on male-sterile lines was taken as an in- 

dicator of cross pollination, as they will not form pods 

without cross pollination. The average percent cross 

pollination in the Edmonton area, although varied from 

year to year (7.5 % for 1964 to 0.7 % for 1967) was found 

to be only 2.9 %. Significantly higher pod set in the se- 

lected clones (Table I) indicated their high self-com- 

patibility seeds per flower may be used as another in- 

dicator of self-compatibility which was found to be on- 

ly 0.058 for the male-sterile as compared to 0.764 

to 0.586 for the selected clones and0.142to 0.234 

for 'Grimm'. This would suggest that there is a low 

percentage of cross-pollination in the Edmonton region 

and selection for high seed yield will select plants with 

high self-compatibility as indicated by Lesins (1961). 

Compatibility 

Compatibility of the selected clones was further studied 

by crossing them in all possible combinations. The 

two indexes of compatibility used were percentage of 

flowers producing pod (CI-I) and seeds per pod set 

(CI-2) (Singh and Lesins 1971a). The analysis of var- 

iance produced a genotypic variance of 54. 535 with an 

F-value of 5.093 for percent pod set and 5.011 with 

an F-value of 5. 219 for number of seeds per pod. Both 

F-values were significant at the 1% level of probabil- 

ity, and this suggests significant genetic variation in 

the parental clones for the two traits. The diallel ana- 

lysis for the variances due to general combining abil- 

ity (GCA), specific combining ability (SCA) and re- 

ciprocal effects (RE) for the two indexes of compati- 

bility are given in Table 2. It indicates that although 

the GCA variances are significant for both percent pod 

set and number of seeds per pod, the variances due 

to SCA and reciprocal effects are significant for the 

percent pod set only. 

Estimates of general and specific combining abil- 

ity effects and reciprocal effect were calculated for 

the significant components of Table 2 and are given in 

Table 3. The significant differences in general com- 

bining ability for percent pod set of clones 242, 201 
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T a b l e  2.  M e a n  s q u a r e s  d u e  to  G C A ,  SCA a n d  r e c i p r o c a l  e f f e c t s  ( R E )  f o r  t he  
two i n d e x e s  of  c o m p a t i b i l i t y  

C o m p a t i b i l i t y  V ( G C A )  V ( S C A )  V ( R E )  R e s i d u a l  
i n d e x  

7~ P o d  Se t  - [ C I - 1 ]  4 6 8 . 4 0 0 ~  9 1 . 5 8 0  ~ 9 0 . 2 0 0  ~ 1 0 . 7 0 6  
N o .  of s e e d s / p o d  - [ C I - 2 ]  3 . 9 8 6 ~  0 . 5 5 7  0 . 7 4 5  0 . 9 6 0  

D . F .  6 14 21 41 

~e s i g n i f i c a n t  a t  1 7~ l e v e l  of  p r o b a b i l i t y  
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T a b l e  3.  E s t i m a t e s  of  GCA e f f e c t s  ( ~ i ( C - I ) ) ,  SCA e f f e c t s  ( S i j ,  u p p e r  d i a g o n a l )  a n d  r e c i p r o c a l  e f -  
f e c t s  ( ~ i j ,  l o w e r  d i a g o n a l )  f o r  p e r c e n t a g e  of  pod s e t  ( C 1 - 1 )  a n d  GCA ( ~ i ( C 1 - 2 ) )  f o r  n u m b e r  of  s e e d s  
p e r  pod of  s e v e n  p a r e n t a l  c l o n e s  a n d  t h e i r  c r o s s e s  

C l o n e  
No .  5 16 34 63 67 201 242 ~ i ( C I - 1 )  ~ i ( C I - 2 )  

5 6 . 7 9 1  8 . 1 5 4  - 2 . 5 3 8  - 0 . 0 5 8  - 2 . 1 7 1  - 1 0 . 1 8 0  
16 6 . 3 2 0  - - 6 . 8 9 2  1 0 . 1 1 4  - 0 . 7 8 0  - 0 . 4 9 3  1 . 4 5 2  
34 - 0 . 4 6 5  1 1 . 5 9 5  - - 2 . 7 0 7  0 . 4 2 7  1 . 6 9 9  - 0 . 6 8 2  
63 6 . 5 6 0  - 4 . 5 5 0  - 4 . 6 9 0  - 7 . 4 3 5  - 7 . 4 2 3  9 . 9 8 9  
67 - 0 . 0 4 5  - 7 . 8 6 0  - 5 . 5 9 0  - 4 . 2 8 5  3 . 3 1 1  4 . 5 3 4  

201 - 2 . 2 9 0  - 1 2 . 3 9 0  - 4 . 2 3 0  - 4 . 6 1 5  - 6 . 7 0 0  - 5 . 0 7 6  
242 4 . 1 7 5  - 8 . 6 6 0  - 1 . 3 9 0  1 1 . 1 6 0  - 1 4 . 4 3 0  0 . 3 4 0  - 

- 6 . 2 9 8  
5 . 5 9 8  

- 7 . 9 6 9  
2 . 0 1 8  

- 7 . 0 6 6  
6 . 5 3 1  
7 . 1 8 3  

0.295 
0.283 

-0.513 
-0.081 
-0. 349 
0.302 
0.265 

0 . 4 1 2  = s t a n d a r d  e r r o r  of  
0 . 5 0 4  = s t a n d a r d  e r r o r  of  
1 . 1 4 5  = s t a n d a r d  e r r o r  of 
0 . 3 4 3  = s t a n d a r d  e r r o r  of  

SCA e f f e c t s  of  C I - 1  
r e c i p r o c a l  e f f e c t s  of C I - 1  
GCA e f f e c t s  of  C I - 1  
GCA e f f e c t s  of C I - 2  

and  16 a r e  p o s i t i v e  and  q u i t e  h i g h .  C l o n e s  5,  34 a n d  

67 h a v e  n e g a t i v e  and  low GCA v a l u e s  a n d  a r e  t h u s  e x -  

p e c t e d  to p r o d u c e  a l ow  p e r c e n t a g e  of  pod s e t .  D i f -  

f e r e n c e s  in  t he  s p e c i f i c  c o m b i n i n g  a b i l i t y  of  s i n g l e  

crosses are also very pronounced for this character. 

Crosses 16 • 63 and 63 • 242 with a high SCA value 

should produce more pods per I00 flowers than ex- 

pected on the basis of GCA estimates of the clones. 

The opposite is true for crosses 5 • 242, 63 • 67 and 

63 • 201. It could be noted that clones with the lowest 

GCA, when used in crosses, do not produce crosses 

with the lowest SCA; also, clones with the highestGCA 

do not produce crosses with the highest SCA. One could, 

therefore, conclude that single crosses showing a high 

SCA did not necessarily have parental clones with a 

high GCA and vice versa. This would be expected if 

there are appreciable amounts of additive and non-ad- 

ditive genetic components determining the expression 

of the trait. The significant reciprocal differences for 

percent pod set should be evaluated as the deviation 

from zero. Some of the combinations giving the higher 

values for reciprocal effects are 242 • 67, 201 • 16, 

34 • 16 and 262 • 63. Reciprocal cross differences 

for parental clones produced a significant t value for 

clone 34 (t = 3,519, table value of t = 2.571). The t 

value for other clones was not significant. The per- 

cent pod set, therefore, may be ex-pected to be in- 

fluenced by the female parent. 

The GCA effects of the parental clones for number 

of seeds per pod (CI-2) are also given in Table 3. The 

magnitude of the difference between the highest (0. 302 

for clone 201) and the lowest (-0.513 for clone 34) is 

only O. 815 suggesting that these clones are fairly ho- 

mogenous, although the GCA variance for this index 

was significant. It was also found ~that the~clones of 

higher GCA value did not necessarily produce crosses 

with high SCA and vice versa. It could be pointed out 

that the variances for SCA and reciprocal effects of 

this trait were not significant (Table 2). 

In conclusion, the two indexes of compatibility 

seem to have a high additive genetic variance on the 

basis of combining ability estimates. This is confirmed 

by the high estimates of their narrow sense heritabil- 

ities (67.8 ~ for percent pod set and 71. I ~ seeds per 
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Table 4. The combining ability analysis of the characters studied in the diallel 
crosses 

Characters 

Sources of variation 

GCA (2g) SCA (v2s) RE (~2r) Redidual 

Seed yield (gm)  1969 
Seed yie ld  (gm)  1970 
Seeds per  pod 
Dry  m a t t e r  per  plant (kg) 
F r o s t  r e s i s t a n c e  (1-9)  
Plant  v igor  (1-9)  
P lan t  height  ( cm)  

178.850"* 1936.890"* 22.650 43.990 
12.440 4158.120"* 8.250 24.770 
0.610"* 48.080** 0.020 0.130 
0.005** 0.708** 0.002 0.002 
0.286** 295.140"* 0 .019 0.043 
0 .191" *  256.970** 0 .312" *  0.047 

416 .489"*  54534.500** 12.280 30.743 

D.F. 6 21 21 144 

** significant at 1 ~ level of probability 

pod).  They r e p r e s e n t e d  84.4 ~ and 88 % of the i r  broad 

sense  he r i t ab i l i t y  va lues  r e s p e c t i v e l y .  The two indexes  

s tudied h e r e  a r e  quite he r i t ab l e  with an app rec i ab l e  

amount  of addi t ive  gene t ic  componen t s .  In studying the 

compat ib i l i ty  of the c lones ,  one may p r e f e r  to use  p e r -  

cent  pod se t ,  as  i ts  SCA and r e c i p r o c a l  e f fec t s  were  

s igni f icant  and this  index is expec ted  to be s e n s i t i v e  in 

d is t inguishing d i f f e r e n c e s  in compa t ib i l i ty  r e l a t i onsh ips  

of~ the c lones .  

Genet ic  Ana lys i s  and P e r f o r m a n c e  of Dia l le l  C r o s s e s  

Preliminary analysis of variance estimated the geno- 

type and replication effects. It was found that the geno- 

typic differences were highly significant (P = 0.01) 

for all the characters and accounted for a major por- 

tion of the total phenotypic variation. Further analy- 

sis, therefore, was performed to evaluate combining 

ability, heritability and heterosis for seed yield. An 

attempt was also made to evaluate association and 

causal paths of seeds per pod, dry matter per plant, 

frost resistance, plant vigor and plant height as con- 

tributors to seed yield. 

a. Combining Ability 

Table 4 contains variances for GCA, SCA and reci- 

procal effects (RE) and suggests that the GCA and 

SCA variances are highly significant for all the char- 

acters considered in this study. The reciprocal ef- 

feet, however, is significant for one character only, 

namely, plant vigor. There are two generalities that 

could be drawn from this table: I. Reciprocal effects 

are not common. 2. The value of SCA variance for 

each character is higher than the value for GCA. The 

latter may provide an indication of the preponderance 

of genetic factors contributing to the specific combi- 

ning ability of each of these characters. It may be 

pointed out that there was very little cross pollination 

in our field conditions and the clones tested here were 

selected for high seed and forage yield under predo- 

minantly self-pollinating conditions. Increased seed 

yield in the process of selection may, therefore, be 

assumed to be due to the merger of the most favorable 

alleles rather than the temporary effect of heterozy- 

gosity. Under these circumstances, high SCA values 

would be expected, as selection would fix the additive 

genetic components of GCA for characters influenced 

by selection. All the characters studied here show the 

same pattern. It is expected that because the earlier 

selection was based on seed yield and other characters 

are correlated to it (see Correlations), all the char- 

acters may be expected to produce similar results. 

The general absence of reciprocal effects are in agree- 

ment with other reports (Bolton ( 1948), Davis and 

Paten (1962) and Davis and Gartner (1966) ). 

Estimates of GCA (~i) and SCA (~ij) for seed 

yield in i969 and 1970 of the clones studied are given 

in Table 5. It shows that clone 242 had the highest val- 

ue of GCA in 1969 (6.87) and clone 34 the lowestval- 

ue (-4.29), but the differences between the GCA's of 

different clones in 1970 were much less (range, 1.25 
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T a b l e  5.  E s t i m a t e s  of GCA ( ~ i )  and  SCA ( S i j )  f o r  s e e d  y i e l d  of  s e v e n  
c l o n e s  a n d  t h e i r  d i a l l e l  c r o s s e s  

C l o n e  g i j  f o r  c l o n e  n o .  
Y e a r  

16 34 63 67 210 242 ~i 

5 a 0 . 8 4  0 . 5 3  - 0 . 3 7  - 3 . 5 2  1 . 2 5  9 . 8 7  - 1 . 1 0  
b - 1 . 7 6  1 . 3 6  1 . 4 9  0 . 1 9  2 . 7 1  9 . 9 8  0 . 5 6  
c - 0 . 4 6  0 . 9 5  0 . 5 6  - 1 . 6 6  1 . 9 8  9 . 9 3  - 0 . 2 7  

16 a - 2 . 4 9  - 1 . 2 1  8 . 0 7  3 . 1 9  5 . 9 7  0 . 4 3  
b 2 . 2 5  0 . 0 9  5 . 6 0  1 . 4 9  1 . 1 2  - 0 . 4 4  
c - 0 . 1 2  - 0 . 5 6  6 . 8 4  2 . 3 4  3 . 5 5  0 . 0 1  

34 a 9 . 1 9  1 . 2 7  - 3 . 1 1  1 . 3 1  - 4 . 2 9  
b 8 . 8 4  - 0 . 4 7  2 . 1 4  - 3 . 4 9  1 . 2 5  
c 9 . 0 2  0 . 4 0  - 0 . 4 9  - 1 . 0 9  - 1 . 5 2  

63 a 3 . 5 0  5 . 5 5  - 0 . 4 9  - 0 . 0 4  
b 3 . 2 7  1 . 2 2  0 . 4 5  - 0 . 1 4  
c 3 . 3 4  3 . 3 9  - 0 . 0 2  - 0 . 0 9  

67 a 0 . 6 7  1 . 7 0  - 2 . 9 3  
b 2 . 5 8  3 . 1 5  0 . 6 1  
c 1 . 6 3  2 . 4 3  - I . 1 6  

201 a 5 . 2 0  1 . 0 5  
b - 0 . 8 7  - 1 . 6 9  
c 2 . 1 6  - 0 . 3 2  

242 a 6 . 8 7  
b -0.13 
c 3.37 

( a  - 1969 b - 1970 c - a v e r a g e )  
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to  - 1 . 6 9 ) .  I t  m a y  b e  p o i n t e d  ou t  t h a t  the  p l a n t i n g  was  

done  in  e i g h t  r e p l i c a t i o n s .  F o u r  r e p l i c a t i o n s  w e r e  

s t u d i e d  f o r  t he  s e e d  y i e l d  in  1969 a n d  t h e  o t h e r  f o u r  

in  1970 .  The d i s c r e p a n c y  b e t w e e n  the  two y e a r s ,  t h e r e -  

f o r e ,  m a y  b e  a t t r i b u t e d  to t h e  d i f f e r e n c e s  b e t w e e n  t h e  

s e c o n d  and  t h i r d  y e a r  of g r o w t h  and  s e a s o n a l  d i f f e r -  

e n c e s  b e t w e e n  t he  two y e a r s .  The  SCA v a l u e  f o r  5 X 242 

i s  9 . 8 7  ( 1 9 6 9 )  and  9 . 9 8  ( 1 9 7 0 ) ;  f o r  16 x 67 ,  8 . 0 7  

( 1 9 6 9 )  and  5 . 6 0  ( 1 9 7 0 ) ;  f o r  34 x 63 ,  9 . 1 9  ( 1 9 6 9 ) a n d  

8 . 8 4  ( 1 9 7 0 ) ;  63 x 6 7 ,  3 . 4 0  ( 1 9 6 9 )  a n d  3 . 2 7  ( 1 9 7 0 )  

and  63 X 242 ,  - 0 . 4 9  ( 1 9 6 9 )  and  0 . 4 5  ( 1 9 7 0 ) .  The e x -  

c e p t i o n  f r o m  t h i s  p a t t e r n  i s  the  c r o s s  201 x 242 w h e r e  

SCA in  1969 i s  5 . 2 0  a s  c o m p a r e d  to - 0 . 8 7  f o r  1970 .  

The e s t i m a t e s  of SCA,  in  g e n e r a l ,  a r e  h i g h e r  t h a n  t he  

GCA v a l u e s .  Such  r e s u l t s  a r e  e x p e c t e d  i f  t he  c l o n e s  

h a v e  b e e n  p r e v i o u s l y  s e l e c t e d ,  and  c o r r o b o r a t e  t he  

f i n d i n g s  of E v a n s  e t  a l .  ( 1 9 6 9 ) ,  K e h r  ( 1 9 6 1 ) ,  S i n g h  

and  L e s i n s  ( 1 9 7 1 )  in  a l f a l f a ,  and  S p r a g u e  and  T a t u m  

( 1 9 4 2 )  in  m a i z e .  I t  i s  a l s o  e v i d e n t  f r o m  t h e  t a b l e t h a t  

s i n g l e  c r o s s e s  h a v i n g  h i g h e r  v a l u e s  f o r  SCA do no t  

n e c e s s a r i l y  h a v e  p a r e n t s  of  h i g h e r  GCA a n d  v i c e  v e r s a .  

I t  m a y  b e  p o i n t e d  ou t  t h a t  in  d i p l o i d  o r g a n i s m s ,  

g e n e r a l  c o m b i n i n g  a b i l i t y  i s  r e g u l a t e d  by  t h e  g e n e t i c  

c o m p o n e n t s  t h a t  a r e  a d d i t i v e  a n d  f i x a b l e  w h i l e  s p e c i f i c  

combining ability is due to the genes ' dominance and 

epistatic interactions. The explanation in autotetra- 

ploids like alfalfa, however, is not so simple. Levings 

and Dudley (1963) presented a detailed account of the 

genetic nature associated with general and specific 

combining ability in autotetraploids. Here the GCA in- 

cludes 1/4 2 additive (A), 1/36 2 digenio (D), 

1/16 2due toAxA,  1/44 2duetoAxDand1/1296 2 

due to D x D. Similarly the SCA includes 1/6 ~2D, 

1 / 1 2  2 t r i g e n i c  ( T ) ,  1 / 3 6  2 q u a d r i g e n i c  ( F ) ,  I /8r  

A X A ,  7 / 7 2  2 A X D  a n d  3 1 / 6 4 8  2 D x D .  I t  m a y  b e  

p o i n t e d  ou t  t h a t  no t  a l l  t h e  c o m p o n e n t s  of  GCA a r e  f i x -  

a b l e  and  t h e r e f o r e ,  e v e n  a f t e r  s e l e c t i o n ,  s i g n i f i c a n t  

GCA m a y  b e  o b s e r v e d .  I t  i s  s u s p e c t e d  t h a t  in  t he  

c l o n e s  s t u d i e d  h e r e ,  f u r t h e r  i m p r o v e m e n t  by  s e l e c -  

t i o n  m a y  no t  b e  f e a s i b l e  a n d  a l l  t h e  f i x a b l e  c o m p o -  

n e n t s  of  GCA h a v e  a l r e a d y  r e s p o n d e d  to e a r l i e r  s e -  

l e c t i o n s  r e s u l t i n g  in a n  i n c r e a s e  in  s e e d  y i e l d .  

b. Heritability 

The estimates of heritability were made to further as- 

sess the genetic components involved in the expres- 
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Table 6. Heritability estimates of various characters 

Characters 

heritability 

Broad sense Narrow sense Expected 
( 2G/ 2p) ( 2A/ 2p) genetic gain 

Seed yield (gm) 86.05 8.20 0. 168 
Seeds per pod 75.37 1.23 0.026 
Dry matter per plant (kg) 71.90 0.61 0.013 
Frost resistance ( 1-9 ) 84.49 0.09 0.002 
Plant vigor (I-9) 81.89 0.07 0.002 
Plant height (cm) 88.08 0.70 0.014 

sion of phenotypic variability of seed yield and other 

characters contributing to it as shown in Table 6. In 

general, the broad sense heritability is high (71.9 7O 

for dry matter per plant to 88.08 7O for plant height). 

In contrast, the narrow sense heritability is very low. 

Its value for most characters ranges from 0.07 to 

1.23 with the exception of seed yield, which has a 

narrow sense heritability of 8.20. The narrow sense 

values, therefore, account for an almost negligible 

amount of phenotypic variation for all characters and 

9.53 7O for seed yield. Therefore, the expected genetic 

gains, as shown in the table, are also very low. These 

findings complement the conclusions drawn from com- 

bining ability studies and suggest that most of the var- 

iability observed here is of the non-additive genetic 

nature. 

than that in other reports dealing with inbreeding de- 

pression and heterosis in this species, which may be 

attributed to the selection of clones for several gen- 

erations. It may be pointed out that all the parental 

clones were low in seed yield. Clones 67, 63 and 34 

were among the low yielders, but they showed the 

highest heteresis. On the other hand, clone 242 has 

the highest seed yield of all the clones and crosses 

involving 242 as one of the parents, were also among 

Table 7. Seed yield per plant for self parents and 
single cross progenies and as 7O of mid-parent and 
high-parent 

Line/Progeny 

5 
16 
34 
63 

c. Heterosis 67 
201 
242 

Seed yield of the single crosses was compared with 5 x 16 
5• 34 

their mid-parent and high-parent values as shown in 5 x 63 

Table 7. This comparison was taken as heferosis (Fal- 5 X 67 
5 X 2 0 1  

coner, 1960). As evident from the table, all crosses 5 • 242 

showed heterosis over the mid.parent and high-parent. 16 X 34 
16 x 63 

The heterotic effect over mid-parent ranged from 16 X 67 

198.5~ for34• to 858. 5 7o for 63• Othercros- 16• 
16 x 242 

ses had values that ranged between 2007O and 400 ~. 34 X 63 

On the average, single crosses were 372 ~ better than 34 X 67 
34 x 201 

their mid-parents. Comparison of the seed yield of 34 X 242 

crosses with their high-parent also gave similar re- 63 x 67 
63 x 201 

sults and the yields of single crosses were higher than 63 • 242 

t h e i r  h i g h - p a r e n t  ( r a n g e  = 137 7O f o r  5 x 67 to 577 7o f o r  67 • 201 
67 X 242 

63 X 67). Ontheaverage, crosses were 287 x 5xbetter 201 x 242 

than their high-parent for seed yield. The degree of 

heteresis observed in this study is relatively higher 

Se e d  y i e l d  p M i d -  p H i g h -  
( g m )  p a r e n t  p a r e n t  

8 . 8 1 5  - - 
6 . 1 3 2  - - 
4 . 3 7 2  - - 
3 . 4 7 5  
2 . 2 0 0  
9 . 0 0 7  
9 . 7 9 7  

1 9 . 7 9 6  2 6 4 . 9 0  2 2 4 . 5 7  
1 4 . 7 7 0  2 2 4 . 0 2  1 6 7 . 5 5  
1 8 . 1 1 5  2 9 4 . 7 9  2 0 5 . 5 0  
1 2 . 0 7 6  2 1 9 . 2 8  1 3 6 . 9 9  
2 0 . 8 2 2  2 3 3 . 6 6  2 3 1 . 1 7  
3 5 . 2 6 7  3 7 8 . 9 7  3 5 9 . 9 7  
1 3 . 2 8 1  2 5 2 . 8 7  2 1 6 . 5 8  
1 8 . 8 1 1  3 9 1 . 6 7  3 0 6 . 7 6  
2 5 . 2 0 0  6 0 4 . 8 9  4 1 0 . 9 5  
2 4 . 2 9 8  3 2 1 . 0 1  2 6 9 . 7 6  
3 2 . 9 0 0  4 1 3 . 1 0  3 3 5 . 8 1  
2 4 . 4 9 2  6 2 4 . 3 1  5 6 0 . 2 0  
1 3 . 6 7 9  4 1 6 . 2 8  3 1 3 . 2 8  
1 3 . 2 7 7  1 9 8 . 4 9  1 4 7 . 4 0  
2 3 . 5 1 7  3 3 1 . 9 7  2 4 0 . 0 4  
2 0 . 0 6 3  8 5 8 . 4 9  5 7 7 . 3 5  
2 4 . 6 0 5  3 9 4 . 2 4  2 7 3 . 1 7  
2 5 . 9 7 3  3 9 1 . 3 9  2 6 5 . 1 1  
1 8 . 3 8 1  3 2 8 . 0 5  2 0 4 . 0 7  
2 5 . 2 6 7  4 2 1 . 2 5  2 5 7 . 9 0  
3 2 . 7 4 9  3 4 8 . 3 2  3 3 4 . 2 7  

M e a n ( c r o s s e s )  2 1 . 7 7 8  3 7 1 . 9 9  2 8 7 . 5 4  
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Table 8. Correlations involving seed yield and other 
characters 

Combinations 

P a r t i a l  C o r r e l a t i o n s  
( c o n t a n t s )  

S i m p l e  

C o r r e -  T 2 T 3 T 4 T 5 
l a t i o n s  

T 1 vs T 2 r * 
r g  * * **  

r p h  * * **  

T 1 v s  T 3 r * * * **  
r g  **  **  **  * *  

r p h  **  **  **  

T 1 vs T 4 r - - - 

rg * ** * ** 

rph * * ** ** 

T 1 vs T 5 r * - - - 

rg ** ** ** ** 

r p h  ** ** ** ** 

not significant 
* significant at 5 70 level of probability 
** significant at 1 7~ level of prabability 
Ti= seed yield; T2= seeds per pod; T3= dry matter per 
plant; T~= frost resistance; T6 = plant height 

the high yielders. Heterotic effects were also observed 

for dry matter per plant when single crosses were 

compared to the mid-parent and high-parent values, 

but it never exceeded 145 %. 

The heterotic effects observed in this study may be 

explained as follows. All the clones of this study were 

previously selected for several generations under pre- 

dominantly self-pollinating conditions. This would lead 

to some degree of homozygosity. The high degree of 

heterosis in such situations, therefore, would result 

from the interaction of better genes fixed in the se- 

lected clones and the effect of heterozygesity. The na- 

ture of interactions are, of course, expected to be of 

digenic, trigenic and quadrigenic nature because of 

the autotetraploid nature of the species. Furthermore, 

it may be suggested that interactions resulting from 

heterozygosity and better genes are the two essential 

components of yield in alfalfa. However, improvement, 

by selection of better genes, will not be feasible and 

further improvement in selected clones has to be de- 

rived from the utilization of interactions and heterosis. 

d. Correlations 

Simple, genotypic, and phenotypic correlations were 

calculated between seed yield and the other characters 

Fig. I. Interrelationship between seed yield and its 
contributors. 

Correlations significant at simple, genetypic and 
phenotypic levels 

.... Correlations significant at genotypic and phenoty- 
pic levels only 

T~= seed yield, Te= seeds per pod, T3= Dry matter per 
plant, T 4 = Frost resistance, T6 = plant height, T6 = vigor 

studied. It was f o u n d  (Table 8) that the estimates of 

simple, genotypic, and phenotypic correlations are 

significant for seed yield with seeds per pod, dry mat- 

ter per plant and plant height. Although frost resis- 

tance showed genetpyic and phenotypic association with 

seed yield, their simple correlation value was not sig- 

nificant. The correlations between seed yield and plant 

vigor were significant at the phenotypic level only. A 

set of partial correlations were tried (Table 8) to es- 

tablish the importance of one contributing trait over an- 

other but did not show differential results. The pattern 

exhibited by the simple correlations, therefore, was 

taken as the relationship between seed yield and its 

contributers. It is realized, however, that more traits 

should be studied in order to establish the cOntribu- 

tion of various traits to seed yield. On the basis of 

this study, using correlations of seed yield with all 

other characters, a cause and effect diagram was 

developed (Fig. I), which indicated that the direct con- 

tributors to seed yield are dry matter per plant, re- 

sistance to frost and seeds per pod. In this diagram, 

frost resistance also contributes to seeds per pod, 

plant vigor and dry matter per plant. Similarly, plant 

vigor contributes to plant height and dry matter. Some 

of the other traits, such as number of pods per plant 

(or an indirect measure of it), should, if possible, be 

included in studying the characters influencing seed 

yield, which was not done in the present study. Most 

of the associations observed in this study are biologi- 

cally obvious and may not need further explanation. 
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Table 9. Discriminant function and expected genetic advance in seed yield from 
the use of different selection indices 

Selection indices Discriminant function Genetic gain 

T 1 

T 1 

T 1 

T 1 

T 1 

T 1 

T 1 

T 2 y = 1 6 . 7 3 3 4 T  1 + 1 2 . 3 3 4 0 T  2 1 3 8 . 9 5  ( 1 0 0 )  ~ 

T 3 y = 1 6 . 7 4 4 5 T  1 + 5 1 . 4 8 7 7 T  3 1 3 8 . 9 2  ( 9 9 . 9 9 )  

T 4 y = 1 5 . 3 2 9 1 T  1 + 8 5 . 8 8 5 6 T  4 1 3 3 . 2 4  ( 9 6 . 3 7 )  

T 2 ,  T 3 y = 1 6 . 6 5 9 8 T  1 + 1 1 . 3 5 3 5 T  2 + 3 2 . 0 6 9 9 T  3 1 3 8 . 6 4  ( 9 9 . 7 7 )  

T 2 ,  T 4 y = 1 5 . 2 0 4 4 T  1 + 1 0 . 7 7 4 8 T  2 + 8 5 . 5 8 0 9 T  4 1 3 2 . 7 7  ( 9 5 . 5 5 )  

T 3 ,  T 4 y = 1 5 . 3 4 1 3 T  1 - 5 . 0 7 6 2 T  3 + 8 6 . 0 0 8 3 T  4 1 3 3 . 2 9  ( 9 5 . 9 2 )  

T 2 ,  T 3 ,  T 4 Y = 1 3 . 6 9 2 9 T  1 + 1 4 . 5 1 6 1 T  2 

8 3 1 . 3 4 2 3 T  3 + 6 4 . 4 0 5 4 T  4 1 3 6 . 0 6  ( 9 7 . 9 2 )  

where T~= seed yield, T 2= seeds per pod, Ta: dry matter per plant 
T4= frost resistance 
~ Value in brackets indicate relative efficiency of selection 

and 

The method of discriminant function was used to 

construct the selection indices involving various char- 

acters showing strong correlation with seed yield. 

Table 9 shows the selection indices, their discriminant 

functions and genetic gains along with the relative ef- 

ficiency of selection. It suggests that none of the char- 

acter combinations studied here could replace seed 

yield for the efficiency of selection for seed yield. How- 

ever, characters related to pod set in such an analysis 

may be a better indicator of seed yield than the char- 

acters discussed here. 

Acknowledgement 

The author is indebted to Dr. K. Lesins, who provided 
the material and helped in many ways during the course 
of this investigation. 

Literature 

AI-Jibouri, H.A.; Miller, P.A.; Robinson, H.F.: 
Genotypic and environmental variances and covar- 
lances in an upland cotton of interspecific origin. 
Agron; J. 50, 633-637 (1958) 

Armstrong, J. M. ; White, W.J. : Factors influencing 
seed setting in alfalfa. J. Agric. Sci. 2__~5, 161-197 
(1935) 

Bolton, 3.L. : A study of combining ability of alfalfa 
in relation to certain methods of selection. Sci. 
Agric. 2__8_8 , 97-126 (1948) 

Davis, R.L.; Gartner, A. : Effect of self-compati- 
bility on reciprocal differences and combining 
a b i l i t y  in  gedicago Sativa L.  C r o p  S c i .  6 ,  4 7 9 - 4 8 1  
(1966) 

Davis, R.L.; Paton, C.A. : Combining ability in al- 
falfa. Crop Sci. 2, 35-37 (1962) 

Evans, K.H.; Busbice, T.H.; Levings, C.S., Ill: 
Estimates of genetic variance in "Cherokee" al- 
falfa (Medicagv Sativa L. ) Crop Sei. 9, 228-231 
(1969) 

Falconer, D.S. : Introduction to quantitative genetics. 
The Ronald Press Co., New York. (1960) 

Fisher, R.A. : Statistical methods for research wor- 
kers. Oliver and Boyd, Edingurgh, 12th ed. (1954) 

Griffing, B. : Concept of general and specific com- 
bining ability in relation to diallel crossing sys- 
tems. Austr. J. Bio. Sci. 9, 463-493 (1956) 

Kehr, W.R. : General vs specific combining ability 
for four agronomic traits in diallel series among 
alfalfa clones. Crop Sci. I, 53-55 (1961) 

Lesins, K. : Mode of fertilization in relation to breed- 
ing methods. Z. Pflanzenzilcht. 45, 31-54 (1961) 

Levings, C.S. III; Dudley, J.W. : Evaluation of cer- 
tain mating designs for estimation of genetic var- 
iance in autotetraploid alfalfa. Crop Sci. 3, 532- 
535 (1963) 

Singh~ S.M.; Lesins, K. : Genetic nature of two in- 
dexes of compatibility in alfalfa. Canad. J. Genet. 
Cytol. 1._~3, 51-54 (1971a) 

Singh, S.M. ; Lesins, K. : Quantitative genetic nature 
of vegetative growth in alfalfa. Canad. J. Genet. 
C y t o l .  1..33, 7 5 - 8 0  ( 1 9 7 1 b )  

S p r a g u e ,  G . G .  ; T a t u m ,  I . A .  : G e n e r a l  v s  s p e c i f i c  
c o m b i n i n g  a b i l i t y  i n  s i n g l e  c r o s s e s  o f  c o r n .  J .  
Amer. Soc. Agron. 34, 923-932 (1942) 

Received September 19, 1977 
Communicated by J. Mac Key 

S.M. Singh 
Department of Biology 
Dalhousie University 
Halifax, Nova Scotia B3H 4Jl 
( Canada ) 


