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A line x tester analysis was carried out in mulberry
(Morus spp.) under different salinity levels to deter-
mine the changes in the genetic interaction of various
morpho-biochemical characters. Five mulberry geno-
types, 3 females and 2 males, differing in salt tolerance
were selected for the study. Clones of these parents
along with clones of the F1 hybrids were planted in
earthen pots and subjected to different levels of salin-
ity (0.0%, 0.25%, 0.50%, 0.75% and 1.00% NaCl).
Data on morphological and biochemical characters
were subjected to line x tester analysis. The result
revealed significant variation among the parents stud-
ied. The prominence of non-additive gene effect under
control condition suggests the need for well chalked
out breeding program to exploit the non-fixable vari-
ance of components for improvement of plant height,
leaf size and leaf yield, chlorophyll and photosynthesis
in mulberry. However, under salinity stress a shift
from non-additive gene effect to additive gene effect
for the above said character further suggests the need
for a change in breeding strategy. The general com-
bining ability (GCA) analysis has identified English
black as the best combiner among the parents and the
specific combining ability analysis (SCA) found
crosses of English black X C776 and Rotndiloba x
Mandaiaya were good for Plant height and leaf size
and English black X C776 and Retundiloba x C776
were good for biochemical proline and chlorophyil
From the performance of parents and their crosses
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under different salinity levels and also under normal
cultural conditions it is concluded that in mulberry
different approaches are required to develop varieties
for the irrigated and saline conditions.

Key words: Mulberry- salinity- specific combining abil-
ity- general combining ability.

Introduction

Mulberry (Morus spp.) is a tree species that is being cul-
tivated for its leaves to feed silkworms in China, India and
other Asian countries where sericulture is practiced to
produce silk fibers. A good mulberry plantation is one of
the most critical factors that decide the success of seri-
culture as the cost of mulberry leaf production covers
more than 60% of the total cocoon production cost (Das
and Krishnaswami, 1965). Many new mulberry varieties
with higher leaf yield potential have been developed
recently (Chakraborti et al., 1999; Datta, 2000; Jalaja et al.,
1994; Vijayan and Chakraborti, 1998; Vijayan et al.,
1999; Yadav, 2004) most of these verities are good only in
areas where other food crops also grow well. Considering
the population explosion and loss of agriculture land due
to urbanization, industrialization and faulty irrigation, a
major food crisis could be envisioned in the near future. In
order to enhance the production of food materials, agri-
culture has to be expanded in all possible means. One of
the area which can help in this regard is the utilization of
saline soils which are not being properly used hitherto. A
rough estimate reveals that nearly 19.5% of the irrigated
agricultural lands are considered saline affected (Flowers
and Yeo 1995) and in each year, there is an addition of
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about 2 million ha of agricultural lands to salinity
(Choukr-Allah, 1995; Kalaji and Pietkiewica, 1993;
Syverstein et al., 1989; Tanji 1990). Since mulberry is
found to be moderately salt tolerant (Vijayan et al., 2007,
2008), mulberry cultivation can be expanded to saline
soils if varieties with greater resistance to salinity can be
developed. Keeping this in view, present study was under-
taken to work out the combining ability of a few plants
that has been selected through in vitro culture with dif-
ferent salt concentrations (Vijayan et al., 2003).

Response of plants to soil salinity is a complex phe-
nomenon governed by a number of genes (Akbar and
Yabuno, 1975, Akbar et al., 1985). Plant breeders often
resort to using several donor parents for contributing char-
acteristics to construct a phenotypically salt-tolerant vari-
ety through pyramiding of desirable genes (Yeo and
Flowers, 1984). To achieve this, knowledge on the genetic
basis of salt tolerance of the crop is a prerequisite and
assessing the combining ability of the donor parents is one
of the most commonly used method for this. The notion of
good combining ability implies the capacity of a parent to
produce superior progenies when combined with another
parent. In analyzing the combining ability data, the
breeder breakdown the average performance of each pro-
geny into components relating to general combining abil-
ity (GCA) as main effects and to specific combining abil-
ity (SCA) as interactions. GCA is the average perfor-
mance of a parent estimated on the basis of its salinity tol-
erance when combined with other parents. GCA effects
represent fixable (additive gene effects) genetic compo-
nents. SCA is used to designate cases in which a certain
specific combinations performed better on the basis of the
average performance of the parents involved. SCA effects
represent pre-dominance or non-additive gene action
(Sprague and Tatum, 1942).

In mulberry, baring a single report on the combining
ability for leaf yield characters in eight genotypes under
irrigated conditions (Vijayan et al, 1997), no report is
available on genetic basis of characters under any cultural
conditions. Under this circumstances, it is utmost impor-
tant to work out the genetic influence on important agro-
nomic characters under sanity to take the first step
towards developing salt resistant mulberry varieties.

Materials and Methods

Five mulberry genotypes, comprising 3 tolerant, ‘English
black’, ‘Rotundiloba’ and ‘C776’ and 2 susceptible ‘Tol-
lygung’ and ‘Mandalaya’ were used for a line x tester
analysis. Among these genotypes ‘English black’, ‘Rotun-
diloba’ and ‘Tollygunj’ were considered as lines and

‘C776 and ‘Mandalaya’ as testers. Crosses were made
during the normal flowering seasons. Seedlings were
raised from these cross combinations and allowed to grow
for one year with recommended cultural practices (Ray et
al., 1973). After one-year of growth, saplings were raised
from stem cuttings of both the hybrids and their parents in
a nursery bed. When the saplings attained six-month old,
five randomly selected saplings from each set were
planted in earthen pots containing about 35 kg of well-
sieved sandy loam soil thoroughly mixed with Farm Yard
Manure (60 : 40) and treated as it as one replication. In this
way, three replications were made and the pots were
arranged in Randomised Block Design. In the initial three
months, the saplings were maintained under normal cul-
tural practices. Thereafter, the plants were subjected to
salinity by applying solutions of NaCl with different con-
centrations (0.0, 0.25, 0.5, 0.75 and 1.0% NaCl). The elec-
tric conductivity (EC) of the soil saturation extract was
monitored at one day interval. Once the EC of the soil
extraction was found equal to the EC of the applying
NaCl solution (1.58, 6.5, 10.1, 14.1, 19.2dS m! respec-
tively for 0.0, 0.25, 0.5, 0.75 and 1.0% NaCl ), the same
EC was maintained by monitoring the EC at one day inter-
val. Under this salinity level, the plants were pruned at 10
cm height from the ground and data on height of the long-
est shoot, single leaf size and leaf weight were recorded on
the 60th day from the pruning as reported earlier (Vijayan
et al., 1997). Single leaf weight was calculated by weigh-
ing the 7%, 8™ and 9 leaves from each twig, as these leaves
were found to be physiologically mature and very healthy
(Das et al., 1999). Total leaf yield was also recorded by
plucking the leaf on 60™ day after pruning.

For all biochemical studies, 5" leaf from the top of each
twig was collected on the 60™ day since pruning. Chlo-
rophyll and proline content of the leaf were estimated fol-
lowing the methods of Arnon et al. (1949) and Bates et al.
(1973) respectively. Mineral content of the leaf was esti-
mated from leaves, 9™ - 11" positions from top of the twig,
dried at 80°C for 48 hours in a hot air oven and digested
with tri-acid digestion mixture (Nitric acid, Perchloric
acid and Sulphuric acid in 10:4:1 ratio). The amounts of
Na+ was measured using NaCl as standard, in a flame
photo meter.

Combining ability of the parents were calculated using
Kempthorne’s (1957) methods. Total variance among the
hybrids was further partitioned into variance due to lines,
testers and their interactions.

Results

Analysis of variance (ANOVA) was significant for most
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of the traits among lines and testers (Table 1-2). The mean
sum of squares between parents for plant height was sig-
nificant under control, 0.75% and 1.0% NaCl, whereas the
same for lines and testers were significant only under
higher salinity. The proportions of mean sum of squares
due to lines and testers were of lower magnitude than their
interactions under low salinity levels. The variance for
SCA increased with salinity. GCA/SCA ratio was less
under control conditions than those in different salinity
levels. Variations among the parents for leaf size under
different salinity levels were highly significant (p<0.01)
at all the salinity levels. While the variation between lines
and between testers decreased with salinity. Estimates of
components of variance for leaf size revealed that under
higher salinity the variance for SCA reduced significantly.
This is further corroborated by the low contributions made
by line x tester interaction for the total variance. The
ANOVA for leaf yield showed existence of highly sig-
nificant variations (p<0.01) among the parents and
hybrids under different salinity levels. Higher propor-
tional contribution of line x tester interaction and low
GCA/SCA ratio were observed for leaf yield in mulberry

under all levels of salinity.

ANOVA for proline, total chlorophyll and Na* content
in the leaf (Table 2) revealed that variance due to lines
was more prominent than due to testers. The variance
between parents was significant for all characters under
all salinity levels. The mean sum of squares for parents
and their interactions were significant in all the salinity
levels for total chlorophyll contents. The Na* content in
the leaf on the other hand showed an increase in the GCA/
SCA ratio under higher salinity.

General combining ability for plant height (Table 3) at
different salt concentrations showed that GCA of the salt
tolerant genotypes English black and C776 increased with
increasing salinity. However, in case of the susceptible
genotypes, Tollygunj and Mandalaya, the GCA decreased
with increasing salinity. Thus, English black and C776
were found to be the best general combiner for plant
height under saline conditions. In case of leaf size the
GCA was found decreasing with increasing salinity in all
genotypes. For leaf yield the GCA was higher in English
black under all salinity conditions.

Regarding the GCA of the genotypes for biochemical

Table 3. General combining ability effects on mulberry under different salt concentrations (Morphological characters)

Plant height Leaf size Leaf yield

Parents NaCl (%)

00 025 050 075 1.00 0.00 025 050 075 1.00 0.00 025 050 075 1.00
Lines
E.black -1.73* 199 098 0.12 143 20.52* 25.69* 15.53* 11.51* 12.65* 3.72 3.19 324 386 3.61
Rot. 0.07 013 0.07 -1.07 080 -7.58% -12.96 -1294 -9.17 -9.04 0.52* 041 -0.16 -135 -0.99
Toll. 1.67* -2.12 -1.05 095 -223 -1293 -12.73 -2.59 -2.34* 3.61* -424 -3.60 -3.09 -2.51 -2.63
SE 1.05 153 071 098 0.3 2.09 120 146 137 179 078 0.75 061 074 0.62
Testers
C776 -0.26 -149 -0.76 1.88 2.68 90.27** 487 870 353 292 -0.79 -0.77 -088 145 1.92
Mand. 026 1.49 0.76 -1.88 -2.68 -90.27** -487 -870 -3.53 -292 079 0.79 088 -145 -1.92
SE 0.74 1.08 050 0.69 037 1.48 085 1.03 1.I1 1.26 055 053 043 053 044

*, * *- significant at P<0.05 and p<0.01 levels respectively.

Table 4. General combining ability effects on mulberry under different salt concentrations (Biochemical characters)

Proline Total Chlorophyll Na* content in the leaf
Parents NaCl (%)
00 025 050 0.75 1.00 0.00 025 05350 075 1.00 0.00 025 0.50 0.75 100
Lines

E.black 0.23** -0.14* 0.97* -0.98 1.06 -0.20** 0.41**-0.19** -0.33 -1.39**-127.59 -147.79 -260.98 -262.24 116.57
Rot. -0.23%* -0.46 -0.84 1.03 0.0* 0.39** -0.12* 0.11%* 0.53%*-0.04** 29.00* 284.28* -139.19 97.34 -153.98
Toll. 0.00%* 0.60* -0.13* -0.04 -1.08 -0.19**-0.03** 0.08** -0.18** 0.43** 98.59 -136.48 400.17** 164.90 37.41

SE 0.04 0.08 0.12 022 024 0.01 0.02
Testers
C776 -0.18 -0.44 0.16 0.11 0.04 -0.17*

Mand. 0.18 044 -0.16 -0.11 -0.04 0.17*
SE 0.03 0.06 0.06 0.16 0.17 0.01 0.01

0.01 0.02 0.02

0.03 0.00*
-0.03 0.00* 0.12
0.01 0.02 0.02

21.84 3159 2644 3348 5521
-0.12  0.00

-0.00

-34.80 -229.18* -43.50 404.72* -347.69
34.80 229.18* 43,50 -404.72* 347.69
1544 2233 18.70 23.67 39.56

*, % significant at P<0.05 and p<0.01 levels respectively.
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Table 5. Specific combining ability effects on mulberry under different salt concentrations (Morphological characters)

Plant height Leaf sizel Leaf yeild

Crosses NaCl (%)

0.0 025 050 075 1.00 0.00 0.25 050 075 100 000 025 050 075 1.00
EBxC776 0.76** -1.01 -1.57 -0.55 0.16 16,98 17.31%*% 11,51%* 453 -1.63*% 8.39%* 4.72% 6.06%* 4.63** 3.13%*
EBx Man -0.76%* 1.01 1.57 055 -0.16 -16.98-17.31*%*-11.51%* 4.53 1.63* -8.39%* -4.72*% -6.06**-4.63**-3,13**
ROTx C776 -8.11*%* -2.87 0.18* -1.07 -0.31 -15.58 -10.35 -2.35%* -2.53 -224 -5.63 -5.51%%-2.56%*-1.52%*-3.17%*
ROTxMan 8.11** 287 -0.18* 1.07 0.31 1558 10.35 2.35%* 253 224 563 S5.51%% 2.56%*% 1.52%% 3.17**
TOL X C776 7.36%* 3.88 139 1.62 0.16 -1.43*% -6.93** .9.16 -1.99 3.87**-2.75%%(0.79** -3.50 -3.11 0.04**
TOL x Man -7.36** -3.88 -1.39 -1.62 -0.16 1.43* 6.93** 9.16 1.99 -3.87**2.75%**-0.79** 350 3.11 -0.04
SE 1.05 1.53 071 096 053 209 1.20 146 1.57 1.79 075 0.75 0.61 074 0.62

* * *_ significant at P<0.05 and p<0.01 levels respectively.

Table 6. Specific combining ability effects on mulberry under different salt concentrations ( Biochemical characters)

Proline Total Chlorophyll Na* content in the leaf
Crosses NaCl (%)
00 025 050 075 1.00 000 025 050 075 1.00 0.00 025 050 075 1.00

EB x C776 -0.29 -0.31% -0.18 -0.94%% 0,01%% 0.06%* -0.4%*%1-0.30%*-0.10%* 0.44** -104.29%* 72.59 104.39* 30.26 -173.41*
EB x Man 0.29 0.31* 0.18 0.94** -0.01%*-0.06** 0.4%¥*] 0.30%* 0.10%* -0.44** 104.29** -72.59 -104.39* -30.26 173.41*
ROTx C776  0.12 0.02** -0.23 2.03** 0.55 -0.03** 0.25 -0.19%* 0.32%* 0.14** -173.49 -156.40 -34.80% -68.34 60.61*
ROTxMan  -0.12 -0.02** 0.23 -2.03** -0.55 0.03** -0.25 0.19** -0.32**0.14** 17349 156.40 34.80* 68.34 -60.61*
TOLXC776 0.18 029 042 -1.09% -0.56 -0.03**0.06** 0.49** -0.23 -0.30 278.38** 8390 -69.59 38.08 112.80
TOL xMan -0.18 -0.29 -0.42 1.09% 0,56 0.03**-0.06%*-0.49** 023 0.30 -278.38%* -83.90 69.59 -38.08 -112.80
SE 0.04 008 0.12 022 024 001 007 001 002 0.02 2184 3159 2644 3348 3524

* ¥ *_significant at P<0.05 and p<0.01 levels respectively.

characters, the GCA for proline (Table 4) was found
increasing in tolerant genotypes with higher salinity,
where as the GCA of the susceptible genotypes decreased
with increasing salinity. The GCA for total chlorophyll
decreased with increasing salinity in all genotypes irre-
spective of their tolerant levels. The GCA for Na* accu-
mulation in the leaf was also found decreasing with
increasing salinity.

The SCA for plant height decreased with increasing
salinity. Under normal conditions the cross between
Rotundiloba and Mandalaya showed the highest specific
combining ability (Table 5). The SCA for leaf size was
found decreasing with increasing salinity. Under control
condition the highest SCA was found in English black X
C776 cross but at 1.00 NaCl the highest SCA was
observed in the cross between Tollygunj and C776. The
SCA for leaf yield was also found decreasing with
increasing salinity. Under control condition the highest
SCA was observed in the cross English black x C776 and
at 1.00% NaCl both English black x C776 X Rotundiloba
and Mandalaya showed higher SCA.

The SCA for proline (Table 6) was found decreasing
with salinity in almost all crosses. Under control condition
the highest SCA was found in English black x Mandalaya
but at 1.00% the highest SCA was observed in Tollygunj
X Mandalaya. The SCA for chlorophyll was found

increasing in crosses like English black x C776, Rotundi-
loba X C776, Tollygung X Mandalaya. The SCA for Na"
accumulation in the leaf did not show any distinct pattern
as the highest SCA under control condition was observed
in Tollygunj x C776 but the highest SCA at 1.00% NaCl
was observed in English black x Mandalaya.

Discussion

The present study clearly demonstrates that in mulberry
under ideal cultural conditions non-additive genes control
expression of most of the traits studied in this experiment.
However, when the plants were subjected to salinity,
effect of non-additive gene action reduces and the actions
of additive genes become more prominent. Plant heights
and leaf size were under the control of non-additive gene
actions in normal cultural conditions, which were also
reported earlier in mulberry (Vijayan et al., 1997). How-
ever, when the salinity increased the additive gene action
became stronger than the non-additive gene actions. Thus,
under stress conditions, the non-fixable components of
variance give way to fixable components of variance in
mulberry. This in turn, suggests the need of a change in
the breeding strategy for salinity tolerance in mulberry
For the development of salt tolerant genotypes less cum-
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bersome pedigree method can be of much use than the
more cumbersome recurrent selection as suggested by
Sheikh & Singh (1998). The low variability observed in
the line x tester interactions for plant height and leaf size
was due to the control of additive genes on these char-
acters under higher salinity as reported earlier (Cheralu et
al., 1999). Further, the increased GCA/SCA ratio from
below unity to significantly higher levels under higher
salinity points to the fact that under salinity the fixable
components of variance can be exploited through con-
ventional breeding methods to improve the leaf size in
mulberry. Unlike the other two morphological characters,
leaf yield in mulberry appeared to be under very strong
control of non-additive genes as the variance of SCA was
higher in all salinity levels. This shows that in mulberry
the fixable components of variance has already been fully
utilized, hence it would be worth while to resort to breed-
ing methodology which exploits the non—fixable compo-
nents as suggested by Singh and Murty (1980). This
finding was in total agreement with the earlier observa-
tions in mulberry under irrigated cultural conditions
(Vijayan et al, 1997).

Estimation of components of variance and the propor-
tional contributions of lines, testers and their interactions
towards the total variance revealed that both additive and
non additive genes play significant roles in governing pro-
line content in the leaf under normal as well as stress con-
ditions, which in turn reveals that the fixable components
of variance are yet to be exploited fully in mulberry for
this character. Higher accumulation of proline under salin-
ity is considered as a mechanism of protection against the
salt injury. Since the additive gene action is more prom-
inant under saline conditions, traditional breeding meth-
ods such as pedigree methods followed by selection can
be used for screening and selection. The higher propor-
tional contribution of line x tester interaction and low
GCA/SCA ratio reveals that leaf chlorophyll contents in
mulberry under higher salinity is controlled by non-addi-
tive genes. The Na' content on the other hand showed an
opposite trend of changes as additive genes became more
prominent in controlling Na* uptake in mulberry under
salinity. In an earlier report Dabnolkar and Saxena (1987)
showed importance of general combining ability variance
and specific combining ability variance for the expression
of cation and anion exchange capacity in Sorghum. In
mulberry, leaf is the main economic product and the same
is used for feeding the silkworms. Therefor, varieties
which can yield good quality leaf under salinity would be
a better choice for cultivation under saline affected areas
as leaf quality has a good impact on the cocoon produc-
tivity (Sarkar et al., 2000). Since Na* accumulation is a
negative character, the poor combiner could be of much

use in breeding for salt tolerant genotypes in mulberry.
The genotype English black was found to have negative
GCA in all treatments except in 1.00% NaCl.

The general combing ability of the parents revealed that
English black is a good general combiner for both mor-
phological as well as biochemical characters under saline
conditions. Since English black is a salt tolerant genotype
with good leaf yielding potential it can be used for exten-
sive breeding programs aimed at developing mulberry
varieties adaptable for salinity stress. Regarding specific
crosses, the SCA of the various crosses tested under dif-
ferent salinity levels revealed that English black x C776
and Rotundiloba X Mandalaya could be of much use in
harnessing the heterosis together with salinity tolerance
for morphological characters as well as the biochemical
traits. Thus, from the study it could be concluded that
through selective breeding, salt tolerant mulberry varieties
can be developed in mulberry. The two tolerant mulberry
genotypes namely English black and C776 can be used for
developing salt tolerant varieties in mulberry.
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