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ABSTRACT

Six generations, viz., PI, P2, FI, F2, BCI and BC2 of crosses SPY 346 x SPY 351,2219 B x CS
3541 and Vidisha 60-1 x CS 3541 were grown at Indore. Significant differences were
observed among the generation means for root CEC. Estimates of six components of
generation means, viz., m, d, h, i, j and I were obtained for grain yield, 1000-grain weight,
and root CEC. Additive gene effects alone were important for root CEC of the cross Vidisha
60-1 x CS 3541. On the otherhand, nonadditive gene effects were predominant for root CEC
in the remaining two crosses. Only additive gene effects governed the inheritance of grain
yield in the cross Spy 346 x SPY 351. However, for the cross 2219 B x CS 3541, the estimate
ofh was many times higher than for other components. For1000-grain weight, predominant
gene effects were nonadditive.

Key words: Root CEC, gene effects, sorghum.

The concept of plant ideotype has proved valuable to the plant breeders while
restructuring the high yielding plants of wheat, rice, sorghum, etc. This ideotype was
confined mostly to the plant parts above the ground level. But roots playa crucial role in
plant life by supplying nutrients and water from the soil. The process by which roots take
up cations like eaH

, MgH etc. from the soil is known as cation exchange. The ability of
roots to bind cations at pH 7orother suitable pH,depending on methods ofestimation used,
is known as cation exchange capacity (CEC). Positive correlation of root CEC with grain
yield was reported by several workers [1-3]. The present investigation aims to understand
the gene action for root CEC of sorghum.

MATERIALS AND METHODS

Genotypes Spy 346, Spy 351, CS 3541, 2219 Band Vidisha 60-1 of sorghum were used
in the investigation. SPY 346 and Spy 351 are high yielding varieties released for general
cultivation in India. Corss Spy 351 x Spy 346 was identified as superior combination on the
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basis of its sca effect [4]. Vidisha 60-1, an indigenous cultivar, was found to be a desirable
general combiner for root CEC [4]. 2219 B is relatively early and dwarf, and is a very good
combiner for yield.

Generations FI, F2, BCI and BC2 of 3 crosses (SPV 346 x Spy 351, 2219 B x CS 3541, and
Vidisha 60-1 x CS 3541) were developed in the rainy season of 1985 at Indore.

In the summer of 1986, seeds of six generations of each cross were sown in cement pots
(10 cm in diameter and45 cm high). The experimental design was completely randomized
blocks with two replications. The numberof pots assigned per replication in each generation
of three crosses were: 3 for each parent and FI, 10 for F2, and 5 each for BCI and BC2. For
estimation of root CEC, samples of roots were taken when the plants were 60 days old, as
root CEC is reported to be maximum at this age [5]. Root CEC was estimated following
Drake [6].

Six generations of the crosses Spy 346 x SPY 351 and 2219 B x CS 3541 were planted in
the field during the rainy season of 1986 at Indore. The experiment was completely
randomized with two replications. Each plot comprised a single row, 3 m long, spaced 45
em apart. The plots used per replication were: 1 each in PI, P2 and FI, 6 in F2, and 3 each in
BCI and BC2. The observations were recorded on five competitive plants in each plot for
grain yield and 1000-grain weight.

The scaling tests A, B, C of Mather [7] were applied to generation means to test the
adequacy of the additive-dominance model. Data for root CEC, grain yield and lQOO-grain
weight were analysed following the procedure recommended for completely randomized
block design. When the generation means exhibited significant difference for the characters
studied, the perfect fit solutions of Mather and Jinks [8] were employed to calculate the six
components of generation means: m, d, h, i, j and 1.

RESULTS AND DISCUSSION

Scaling tests indicated that the additive-dominance model was satisfa.ctory for root
CEC in the cross Vidisha 60-1 x CS 3541 (Table 1). On the other hand, the simple
additive-dominance model was not adequate for the crosses SPY 346 x Spy 351 and 2219 B
x CS 3541. Dabholkar and Saxena [4] reported that additive as well as nonadditive
components of heritable variation were responsible for root cEC in sorghum. In the present
study, only additive gene effects governed the inheritance of root CEC in cross Vidisha 60-1
x CS 3541, whereas the estimate of h, reflecting dominance gene effects, was relatively larger
in magnitude for the crosses 2219 B x CS 3541 and SPY 346 x Spy 351. Negative sign of h
suggested that genes with lower root CEC were in general dominant. Component I was also
significant in both these crosses, which implied that dominance x dominance kind ofdigenic
nonallelic interaction was also responsible for the inheritance of this trait. Additive x
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additive kind of fixable nonallelic interaction determined generation means of cross Spy
346 x Spy 351. The sign of i, however, was negative which reinforced the negative
dominance gene effects.

For grain yield, it was observed that only additive effects of genes were important in
the cross SPY 346 x SPY 351. On the other hand, components h, i, j and I were significant
and larger in magnitude than d for the cross 2219 B x CS 3541 (Table 1). The sign of I was
opposite to that of h, implying duplicate type of nonallelic interaction. Nonadditive gene
effects were thus predominant for grain yield of this cross. This is contrary to the results
reported earlier [9-11]. On the other hand, Liang and Walter [12] and Goyal and Joshi [13]
reported dominance gene effects to be important for grain yield. Differences in gene effects
for a given trait could arise due to differences in the history of origins ofdifferentgenotypes.

Table 1. Scaling tests and the components of generation means for three characters of sorghum

Cross Results of Estimates of
scaling tests m d h i i 1

A B C

RootCEC

SPY 346 XSPY 351 •• •• •• 29.8.:1:3.7" 2.8.:1:0.4" -3.49.:1:8.2'" -8.3.:1:3.7 0.7.:1:1.7 26..9'"

2219 Bx CS3541 - •• .. 20.6.:1: 1.2'" ~.5.:1: 0.1'" -6.2.:1:2.9" -2.9.:1:1.3 ~.3.:1:0.7 7.1'"

Vidisha 60-1 X - - - 16.8.:1:1.7'" 1.3.:1:0.2" 4.6.:1:4.1 2.3.:1:1.7 ~.3.:1:1.1 -3.5
CS3541

Grain yield per plant

SPY 346 X SPY 351 - - - 29.1.:1: 14.4" 4.1.:1: 1.5" 54.1.:1:37.6 21.0.:1: 14.3 -1.9.:1: 11.1 -20.2
2219 BX CS3541 •• - •• 4.7.:1: 7.2 1.7.:1:0.6" 80.6.:1:17.7'" 35.3.:1:7.2" 17.3.:1:4.6'" -24.2"

lllOO-GIain weight

SPY 346 X SPY 351 •• .. •• 22.7.:1:1.0'" 1.3 .:1:0.1" -7.3.:1:2.3'" -1.9.:1: 1.1 -1.2.:1:0.4'" 9.8'"

2219 BX CS3541 •• •• - 23.1.:1:0.4'" 0.9.:1:0.0" -2.8.:1:1.6 -1.5.:1:0.8 3.8 .:1:0.2'" 4.3-

.p = 0.05, "'p = 0.01.
""

Predominant kind of gene effects for tOOO-grain weight were nonadditive (Table 1) in
case ofboth the crosses, viz., Spy 346 x Spy 351 and 2219 Bx CS 3541. Although the estimate
of d was significant for both crosses, it was relatively smaller in magnitude than the
estimates of parameters specifying nonadditive gene effects. Opposite signs of h and I for
SPY 346 x Spy 351 suggested duplicate type of digenic nonallelic gene interaction for this
character.

Since onlyadditive gene effects governed the inheritance ofgrain yield in the crossSPY
346 x Spy 351, pedigree method of handling the segregating material would be an efficient
breeding procedure. Likewise, conventional breeding procedure would be appropriate for
isolating segregates with high root CEC from the segregating Il.'Ulterial ofcross Vidisha



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 6
1.

24
7.

22
8.

21
7 

o
n

 d
at

ed
 2

7-
Ju

n
-2

01
7

August, 1991] Gene Effects for Root CEC of Sorghum 259

60-1 x CS 3541. Because nonadditive gene effects predominated for the three characters in
cross 2219 B x CS 3541, conventional breeding procedure would not be desirable to handle
segregating population. Sorghum breeders in the country have already exploited the
nonadditive kind of gene effects observed in this cross by releasing a high yielding hybrid,
CSH 6 (2219 A x CS 3541).
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