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ABSTRACT

An investigation on generation mean analysis involving six generations (P, P,, F1, F», B; and By) of
the cross RSv1098 x RSV458 in sorghum was carried out for the traits associated with drought
resistance. The joint scaling test for almost all the characters was found highly significant in all the
crosses, indicating inadequacy of additive-dominance model. The dominance (h) gene effects were
found predominant along with dominance x dominance (I) interaction effects in the inheritance of
traits viz,, relative leaf water content (RWC), chlorophyll stability index (CS), harvest index and
grain yield. The preponderance of additive (d) gene effect along with dominance x dominance (1)
gene effect was found importance in the inheritance of stomatal frequency on adaxial and abaxial
surface and length of panicle. The parent RSv1098 was found superior in contributing traits viz.,
harvest index, length of panicle and total above ground dry matter and grain yield per plant, while
parent RSv458 was found superior in contributing relative leaf water content (RWC), chlorophyill
stability index (CSl) and stomatal frequency an adaxial and abaxial surface.
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INTRODUCTION
Drought limits agricultural production by prevergithe crop plants from expressing their full gemeti
potential. In sorghum grain yields are mainly affekcdue to terminal drought situation occurringiigir
post rainy season. In Maharashtra grain sorghugnoisn in bothkharif andrabi seasons. The low yield
of rabi sorghum in Maharashtra as compared to nationalveortt average is mainly because of its
cultivation under stored residual soil moistureditians in marginal soils. Theabi sorghum is normally
grown under stored and receding soil moisture ¢mmdi with increasing temperature after flowering.
The limited availability of water causes moistuness, which affects various metabolic processebeof
plant.

Knowledge of gene action helps in the selectiopas&nts for hybridization programe and also to
choose the appropriate breeding procedure for teetge improvement of various physiological
characters. It is necessity of the plant breedeknbw the genetics of drought tolerance in sorgham
evolve promising genotype either through converidmeeding or biotechnological approach. Hence, to
initiate a judicious breeding programme, plant dezemust know the nature of gene action involved in
the expression of various quantitative characters.
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MATERIALS AND METHODS
Based on the genetic diversity and various tradisoeiated with drought tolerant parents, RSV1098
(Phule Suchitra) and RSV458 (Phule Anuradha), pemtdrom Senior Sorghum Breeder, All India Co-
ordinated Sorghum Improvement Project, Mahatma @ Kuishi Vidyapeeth, Rahuri. Six generations
(P, P, Fi, F,, B; and B) were raised to study the genetics of traits ifipardrought tolerant. The
sowing of R, P,and R generations were done in a single row of 4.5 mgtle with a spacing of 45 x 15
cm, whereas the sowing of,B; and B were done in plot size of 4.5 x 3.6 m. accommaogg80 plants
in each row. Recommended doses of fertilizers vegmlied @ 30 kg N.hhand 40 kg FOs ha* as a
basal dose at the time of sowing and remaining Balkg N. ha were applied after 30 days of sowing.
To test the adequacy of additive dominance mod#,AC, and D scaling test were applied. Data
collected on the mean of the individual plant fdfedent characters were subjected to the weigldast
square analysis i.e. joint scaling test an outlibgdlathet* and Cavali (1952).To provide information on
the nature of gene action governing the traits ustigly, all the six parameters of generation mesrs
calculated by the method outlined by Hayfan

RESULTS AND DISCUSSION
From the estimates of mean performance, it wasreédethat parent RSV1098 and RSV458 exhibited
better average performance, either individuallyjnocombinations for all the characteiiz., relative leaf
water content, chlorophyll stability index, stormdtaquency on adaxial and abaxial, harvest indexd
grain yield per plant. On the basis of results iolgtd from the present investigations the parent K98
and RSV458 are found to be most promising and maydnsidered in developing drought tolerant
genotype in breeding programe. The scaling tdsbmleither ‘A’, ‘B’, ‘C' and ‘D’ were highly
significant, indicated the presence of all thigees of non-allelic gene interaction effedits, additive x
additive (i), additive x dominance (j) and dominancdominance (I) and provided information about al
six genetic parameteviz., m, d, h, i, jand I.
Relative leaf water content (%6):
The mean values of relative leaf water content warged from 76.30 ¢Pto 81.50% (k) in cross
RSV1098 x RSV458 (Table.1). Among the different gration of this cross ;F(81.50%) recorded
highest leaf water content followed by §7.25%), £ (76.50%) and B(73.54%). The scaling test ‘A’,
‘B’ and ‘C’ were negatively significant in which aking test ‘C’ were of greater magnitude, whilelsa
test ‘D’ was positively significant.
In the cross RSV1098 x RSV458 the relative mageitatidominance (h) gene action was found to be
predominant and desirable in the inheritance ditined leaf water content. Additive gene effects was
negatively significant and not in favorable direati indicated that heterosis breeding would beemor
appropriate method for the improvement of thistérand the parent RSV458, Rvas found superior in
contribution of this trait. However, significantiyredominance and positive dominance x dominance (l)
interaction effect with higher magnitude than additx additive (i) and additive x dominant (j)
interaction effect, suggested that the importarfceomplementary epistasis for expression of thadt.tr
The earlier findings of Bichk&rThul*®, Jhansi Ranj and Kandek&rwere in agreement with the present
findings.
Chlorophyll stability index (%):
The chlorophyll stability index is an indicative tfie maintenance of photosynthetic pigment under
drought situation. This parameter can be used égdar to pickup the most tolerant genotype. Thenmea
values for this trait were ranged from 0.339 t050.30. The parent RSV-1098 and RSV458 recorded
0.339 and 0.350% chlorophyll stability index, regpeely in the cross RSV1098 x RSV458 . The scaling
test ‘A’ and ‘B’ were negatively significant andading test ‘C’ and ‘D’ were positively significafbr the
character chlorophyll stability index (Table.2). tmoss RSV1098 x RSV458, significantly negative
additive (d) and dominance (h) gene action witthbaigmagnitude revealed preponderance of dominance
gene effects. Superior performance was observethéoparent RSV458 {Pin contribution of this trait.
Dominance gene action appeared to be predomindheimheritance of this trait. In digenic inteliaot
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significantly negative additive x additive (i), vidni significantly positive additive x dominance §hd
dominance x dominance (l) interaction componenhigher magnitude of dominance x dominance (1)
component in desirable direction, indicated thespnee of all three non-allelic gene interactior&f.
However, genetic estimates indicated that domingdhfeind dominance x dominance (l) gene effects
with duplicate gene action and suggested thatdwtebreeding will be rewarded for the improveneat
chlorophyll stability index for drought tolerancEhese results are in conformity with the earliadihgs

of Thul*®, Kandekat and Khot.

Stomatal frequency (No./mni):

Stomata on adaxial and abaxial leaf surface playednportant role in regulation of transpiratiomera
Lower number of stomata and minimum stomatal lengtre correlated with drought tolerant by
reducing water and increasing assimilation ratesafghum genotype. The drought tolerant parent
RSV458 exhibited lowest stomatal frequency on upge lower surface, 119.33 and 132.31nofmm
respectively. Among the different generations abaal stomatal frequency; F118.55) exhibited lowest
stomatal frequency (Table.1). The entire scalaw} tvere equal and lower in magnitude for thig,trai
however, scaling test ‘A’ and ‘B’ were negativelgmificant and scaling test ‘C’ and ‘D’ were posily
significant. For the inheritance of stomatal freguye on both adaxial and abaxial surface, signifigan
positive with lower magnitude of additive (d) conmgot over the dominance (h) in the cross RSV1098 x
RSV458. While, considering the interaction compdaneignificantly negative dominance x dominance
(D and significantly positive additive x additiy@, additive x dominance (j) component with higher
magnitude, indicated the importance of dominanc®minance (I) component. The higher estimates of
dominance x dominance (I) than rest of component preponderance of additive (d) gene action
revealed that duplicate gene action played an itapbrole in the inheritance of this trait and segfed
that the exploitation of heterosis would be effeztin the improvement of stomatal density on adaxia
and abaxial surface. Similar, findings were rembgarlier by Thuf, Kandekat and Lad’.

Harvest index (%):

The harvest index of the parent RSV458 and RSV10&8 30.21 and 32.63 % respectively. Among all
the different generation;K35.47% ) recorded highest harvest index follovegdr; (33.59%). In the
cross RSV1098 x RSV458, the relative magnitudeoofidance (h)component was observed greater and
desirable in magnitude than additive (d) componiedicated preponderance of dominant (h) gene mctio
and played an important role in the inheritancah@$ trait for drought tolerance. Among the epistat
gene interaction significantly positive dominancelominance (I) magnitudinally higher and desirable
interaction effects for this traits. From the esties of genetic parameter, it was evident that dande

(h) and dominance x dominance (I) gene effects wezdominant and important in the inheritance & th
trait, with duplicate type of epistasis and suggéshat heterosis breeding would be more effedtithe
improvement of harvest index. These results amiriormity with the earlier findings of Salunkeal .*?,
Dhole!, Khof'and Lad.

Grain yield per plant:

The R(68.53g.) generation derived from cross RSV109&¥#58 recorded highest grain yield followed
by F (65.93g.) and B(62.11g.). Significance of scaling tests ‘A’ and’,'Bhdicated inadequacy of
additive-dominance model in the cross. Significanggative additive (d) and dominance (h) companent
with higher magnitude of dominance (h) componeranthadditive (d) component indicated the
preponderance of dominance (h) component in ddsirdibection for the expression of this trait. The
parent RSV458 ( showed superior performance in contribution @ thait. The estimates, of digenic
interaction revealed significantly negative additix additive (i) interaction components with higher
magnitude than additive x dominance (j) componedtsignificantly positive dominance x dominance (1)
component exhibited predominance of dominance xid@nce (I) interaction effects, indicated the
presence of all three non-allelic gene interacéffactsviz.,, additive x additive (i) additive x dominance
() and dominance x dominance (l). From the est®maif genetic components the predominance of
dominance (h) and dominance x dominance () withosjie sign, indicated that the duplicate geneacti
played an important role in expression of thistteaid suggested that heterosis breeding would lye mo

Copyright © December, 2015; lJPAB 95



Karande and Lad Int. J. Pure App. Biosci. 3 (6): 93-98 (2015) ISSN: 2320 — 7051
effective for the improvement of this trait. Thesmdings are in accordance with the earlier repofts
Ameeret al." and Goyakt al.”.

Table 1: Mean performance of six generations for fie characters in sorghum

Characters
G ) Stomatal frequenc i
Cross at(ie;rfsr Relative leaf sg:::i(l)izori):(}j/!x g Y Harvest Gir:;g
water content (%) (% ) Adaxial Abaxial index (%) (g);plant
0.339 121.93 135.55 70.64 70.64
P, 76.30 (0.41)
(0.41) (0.55) (1.40) (0.92) (0.92)
0.350 119.33 132.31 50.61 50.61
P, 78.90 (0.42)
(0.40) (0.41) (1.75) (0.90) (0.90)
0.349 118.55 134.56 68.53 68.53
F, 81.50 (0.41)
RSV1098 (0.42) (0.45) (1.40) (0.99) (0.99)
X
0.320 124.57 140.13 65.93 65.93
RSV458 | | 76.50(0.28)
(0.28) (0.35) (1.20) (0.44) (0.44)
0.310 128.77 144.67 53.77 53.77
B, 73.54 (0.28)
(0.26) (0.39) (0.80) (0.46) (0.46)
0.329 120.53 137.66 62.11 62.11
B, 77.25 (0.28)
(0.28) (0.38) (0.90) (0.52 (0.52
(Figures in parenthesis indicates S.E.)
Table 2: Scaling test for detecting non-allelic irgractions for the cross RSV1098 x RSV458
Scaling RSV1098 x Scaling | RSV1098 x
Characters Characters
N o. test SVv458 No. test RSV458
A -10.72** A -5.44*
Relative leaf water B -5.90** . B -5.82**
1. 4. Harvest index (%
content (RLWC) C -12.20** C -3.58**
D 2.21*% D 7.42%*
A -0.034** A -11.63**
Chlorophyll
o B -0.041* o B -15.10**
2. | Stability index 5. Grain yield (g)
C 0.011** C -5.41*
(Csli)
D 0.027** D 15.98**
A 17.10**
Stomatal frequency B 3.18*
(mn?) (Adaxial) [® 19.92**
D -0.16
3.
A 19.23**
Stomatal frequency B 8.45**
(mn?) (Abaxial) [ 23.54**
D -2.10*
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Table 3: Gene effects for the different trait assdated with drought resistance inrabi sorghum

Cross RSV1098 x RSV458
No. | Characters Genetic parameter
. . Gene
m d h i j I .
action
1 Relative leaf water 76.50** | -3.71** 1.52 -4.42* -2.41 | 21.04** | Complem-
" | content (%) (0.28) (0.40) | (1.46) (1.38) (0.49) (2.19) entary
5 Chlorophyll  stability| 0.32** -0.02 | -0.05** | -0.01** 0.02** 0.10** Duplicate
" | index (CSI) (0.028) | (0.040) | (0.146)| (0.137) | (0.049)| (0.219) P
Stomatal  frequency 124.57** | 1.76** | 8.24** 0.32* 5.39* | -20.56** Duplicate
Adaxial) No./mn? (0.89) | (1.94) | 353) | (5.27) | (3.21) | (9.19) P
3.
ﬁgﬂ:ﬁy (baxial | 140137 [ 4777|1087 | 4dar | 694% | LB | L
JNo./mn? (0.28) (0.40) | (1.46) (1.37) (0.49) (2.19)
. 35.49* | -0.10* |-10.79**| -14.84** | -1.31** | 29.10** )
0,
4. | Harvestindex (%) ©016) | ©027) | 095 | (080 | 035 | @ss | Pulicate
5 Grain yield per planf 65.93* | -8.34** |-24.05*| -31.96** |-18.36**| 58.51** Duplicate
" | (g/plant) (0.55) (0.72) | (2.90) (3.72) (0.99) (4.32) P

* **  Significant at 5% and 1%, respectively.
(Figures in parenthesis indicates S.E.)

CONCLUSION
The cross combination RSV1098 x RSV458, had beteformance in different generations for all the
characters associated with drought toleranzerelative leaf water content (RWC), chlorophylitstisy
index (CSI), stomatal frequency adaxial and abakiatvest index and grain yield per plant. The pisre
RSV1098 and RSV458 and its combination exhibiteghéi magnitude of tolerant to drought, which
could be considered in developing drought toleragesotypes. Both additive and non-additive gene
effects were found to be important and playing rmpdrtant role, while considering the gene effects
simultaneously in the inheritance of all the tragissociated with drought resistance in which either
additive (d) or additive x additive (i) or dominan¢h) or dominance x dominance (l) gene effecteewer
found to be quite appreciable. Further, it wouldpbssible to select transgressive segregants [rsges
higher intensity of expression for drought tolemno combination with desirable attributes from
segregating generations of the crosses involvirgg@nboth these parents. Such type of cross deserve
good combination for further breeding. The sig@ifice and higher magnitude of tolerant parents
suggested the major role in inheritance of drouglgrant. The traits in which dominance effectshwi
duplicate type of epistasis in which heterosis tirege have been suggested to break the undesirable
linkage to accumulate favorable genes and to gendesirable recombinants.
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