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diallel analysis in rice (Oryza sativa L.) for physiological traits

).P. VERMA

lept. of Genetics and Pl. Breeding, C.S.Azad Univ. of Agriculture and Technology, Kanpur-208 002, U.P.

Abstract: Genetic components and combining ability analyses of various physiological
traits were carried out by using seven parents diallel mating design excluding reciprocals.
erllts rf:vcnlcd that both additive and non-ndditive genc effects were important for
the inheritance of characters studied with preponderance of latter for all traits, except
plant ]-lnight and harvest index in both F, and F, generations. The siguificance of
gene distribution indicated the presence of gene asymmetry. At least one major group
of genes controlled the inheritance of each trait. High narrow-sense heritability Further
suported the importance of additive gene effects for harvest index and plant height.
NDR 359, Sarjoo 52, Mahsuri, T 21 and Jal Lahari were good general combiners.
The promising cross combinations were NDR 359/]Jal Lahari, NDR 359/T 21, Mahsuri/
T 21, Sarjoo S2/NDR 359 and Sarjoo 52/T 21. Since non-additive/dominance components
were higher than the additive for all the cheracters in both F: and F, generations,
therefore, biparental mating and/or reciprocal recurrent selection could be used for
genetic improvement of these charncters.
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Crop breeding for econmomic traits had
eceived attention since long and this factor
1as been fully exploited in rice. Among different
nethods to assess the nature of gene action
o the parents, the diallel cross technique (Hayman,
|954a) is a systematic method. Acharya ef al.
'1998) laid emphasis on physiological components
'or increasing the yield. Now the yield level
1as almost reached a plateau, further breakthrough
n yield level may be obtained by exploiting
sertain physiological traits related to yied. Yield
-omponents of HY Vs varies with different levels
»f interactions depending on the genetic constitution
»f the parents. The information on genetic
1ature of physiological traits is, therefore, important
for developing potential genotypes for targetted
:cosystem by manipulating these trails. With
this* view, the present study was undertaken
lo understand the genetics of six physiological
lrait in progenies in order to select suilable
narent for different eco-geographical situations
of rice cultivation.

Materials and Methods

The materials consisted of seven eco-
culturally different rice varietics viz., IR 24,
Sarjoo 52, NDR 359 and T 21 (irrigated and
widely adoptable), Mahsuri (Shallow waler),

Physiological traits, additive and non-additive gene effects, heritability,

Jal Lahari and NS 19 (semi-deepwater). All
possible 21 crosses excluding reciprocal were
made in wet season 1994 and half of the
hybrid seeds were grown in off-season 1994
at International Rice Research Institute, Manila,
Philippines to advance the generation following
rapid generation advance (RGA) technique. The
final experiment comprising 21 F,, 21 F, and
seven parents was conducted at New biﬂ.l‘j"
Farm Kalyanpurm, Kanpur (Chandra Shekhar
Azad University of Agriculture and Tecnology,
Kanpur, Uttar Pradesh) during wet season 1995
following randomized complete block design
with three replications. Each parent and F,
was represented by two rows; and F, had five
rows per block. The rows were five meter
long and 20 cm apart and plants were spaced
at 15 em. Observations on plant height, flag-
leaf area, grain-filling period, biological yield,
harvest index and grain yield plant” were recorded
on ten randomly selected competitive plants
from parents and F, plants and filly plants
from F,. The statistical procedures of Hayman
(1954b) for penctic component auulysis and
Griffing (1956) Method 1, Model 2 for combining
ability analysis; Crumpacker and Allard (1962)
and Verhalen and Murray (1969) for narrow-
sense heritability in F and F,, respectively,
were followed.
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ble 2. ANOVA fﬂl.' combining ability and related statistics
-Enl{::ti_: of df. G. Plant Flag leaf Grain Biolo- Harvest Grain
ar ion height area filling gical index yield
e period yield (g) plant?! (g)
LA 6 . F 735.55%*%  46.68B**  23.23%* 189.30**  23.06%* 50,00%#*
: B 445.58%*  21.41%*  24.58%# 94.82%+  27.02%+ 22.96**
WCA 21 F, 149.79%*  19.87+%* 7.34%% 90.71%*  14.51%* 16.22%*
F, 114.66** 4, 55%+# 11.34%* 61.78%* 5.58%+ 7.05%¢*
Jror 24 i 0.71 0.34 0.13 0.89 0.36 0.1
F;! 0.72 0.27 0.22 0.65 0.42 0.13
1‘ F, 81.64 5.14 2.56 20.93 2.52 3.35
F, 49.42 2.34 2.70 10.46 2.95 2.33
’ F, 149.08 19.53 7.21 89.82 14,15 16.12
LF 113.94 4.28 11.12 61.13 5.16 6.92
2o F, 0.55 0.26 0.36 0.23 0.18 0.34
F, 0.43 0.55 0.24 0.17 0.57 0.37
iPR 3 0.52 0.34 -0.41 0.32 0.26 0.41
F, 0.46 0.52 0.39 0.25 0.58 0.42
T b F, 1.35 1.95 1.67 2.07 2.37 1.70
F 1.51 1.35 2.02 242 1.32 1.65

ka2

y Signiﬁc&ut al P<0.05 and Significant at P<0.01, respectively, GPR = General Predictabiltiy Ratio,

5%/ c* )*%= Degree of dominance

Results and Discussion
(I) Genetic component analysis

The genetic components and relative
proportion of various components and narrow-
sense h? are furnished in Table 1. The component
of variance analysis revealed that both additive
(D) and dominant (H, and H,) components
were positive and significant for all the physiological
traits except flag-leaf area in F, and biological
yield in both F, and F, generations for the
additive component. The non-significance of
D for these traits was further attested by low
values of narrow-sense heritability. However,
estimates of dominant components were higher
than additive components suggesting that dominance
variances were more important. The imopriant
of dominance variances has also been reported
earlier in rice by Mishra and Singh (1998)
for plant height, biological yield, harvest index
and grain yield. The estimate of H, component
was smaller than H, for all the traits in h?lh
the generations reflecting unequal proportion

of positive and negative alleles at loci governing
these physiological traits in parents. This was
further confirmed by the ratio (h"/4H,). The
positive and significant values of h* and F
except flag-leal area and grain yield in F
indicated that dominant genes were frequenlly
distributed than the recessive ones for all the
characters. The values of mean degree of dominance
exhibited over dominance with a value above
the unity for all the traits in both the generations.
The non-significant component (E) indicated
the least influence of environment in the expression
of these traits. The proportion of posilive and
negative alleles in the parents was found 1o
be symmetrical for most of the traits as evident
by their close approach to theoretical value
(0.25). The ratio of dominant and recessive
genes (KD/KR) in the parents indicaled distribution
of dominant alleles for all the traits in both
the gencrations except flag-leal nrea and grain
yield in F. The magnitude of (hW/H) was
found 1o be depressed except plant height in
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Table 3. Ranking of five desirable parenls on the basis of per se performance and gea effects for si%
characters in a 7-parent-diallel cross of rice (F;s and F.8)

Besl common parent

biner
Characters h HEji pumj'ulsEt Best general com basad b per se perfor
'“;f;‘,m‘:,,’;;’:;; Fi F2 mance and gea éffects
. x4 JR 24** IR 24
Flont Beipht Néﬁz;sg N]I;,RRZ;SW Sarjoo 52+ NDR 359
Sarjoo 52 Sarjoo 52 Mahsuri ** Sarjoo**
Mahsuri Mahsuri** NDR 359%%* Mahsuri
T 21 Jal Lahri** T 21**
- T 21%* T 21** T 21
i Ia?lﬂ:ri NDR 359%* Jal Lahri** Jal Lahri
NS 19 Jal Lahri** NS 19*# NS 19
NDR 359 Sarjoo 52*+* NDR 359%* NDR 359
Sarjoo 52 NS 19%* IR 24**
i i j Sarjoo 52%* Sarjoo 52%* Sarjoo 52**
]?;:;ldﬁilmg Sa&:{n;dﬁ?. NfIS 19%#* T 21** Mahsuri
Mahsuri Mahsuri** * NS 19%#*
NS 19 Jal Lahri** Mahsuri
NDR 359 T 217> IR 24**
Biological yield~ NDR 359 NDR 359%%* NDR 359** NDR 359
Sarjoo 52 [R 24%% Mahsuri** Sarjoo 52
T 21 Sarjoo 52%* Sarjoo 32 IR 24
Jal Lahri T 21 IR 24%%
IR 24 Mahsuri *#* NS 19**
Harvesl index T 21 T 21%*# T 21*%* T 21
NDR 359 NDR 359%* NDR 359%+* NDR 359
Jal Lahri IR 24+* IR 24*# Jal Lahri
IR 24 Sarjoo 52%* Jal Lahni IR 24
Sarjoo 52 Jal Lahri Mahsuri**
Grain yield NDR 359 NDR 359*#* NDR 359** NDR 359
plant* (g) Sarjoo 52 T 21#% T 21%* Sarjoo 52
T21 IR 24%+ Mahsuri* T21
Jal Lahri Sarjoo 52*%* IR 24*# Mahsuri
Mahsuri Mahsuri** Sarjoo 52%*

*, ** Sjgnificant at P<0.05 and Significant at P<0.01, respectively.

F, only, suggesting the presence of at least
one major group of penes controlling the
inheritance. The negative values of coefficient
of correlation between parental order of dominance
and parental measurement was observed for
all the traits excepl grain- filling period and
flag leaf area in F, and harvest index in F,
generation. These are in close agreement wﬂh
those of Mohapatra and Debjani (2000) and
Acharya et al. (2000) on estimates of various
components and related statistics for harvest
index and grain yield.

High h? estimates were observed for plar
height, flag-leaf area and harvest index. Dwivec
and Senadhira (1999) also reported high
for plant height in rice. High h* were du
to greater contribution of additive geneti
component and thus these traits could be improve
by adopting progeny selection. In general, 1
estimate in F, was higher than the F ' fc
all the traits except grain-filling period. It indicate
that selection for these traits would be mor
effective in early generations.
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Table 4. Best specific combiners of grain yield plant* and their pefformance in other related trails in
a 7-parents diallel mating design of F,s and F.s in rice

Desirable/

| SCA effect Per se GCA effect Traits for which
ECONOMIC performance cross also exhi-
Cross F: F, bited desirable

- sca effect
. I Fi Fil F! PI P:! Pl Pl
Eahziuﬁf 8.64%# 0.61%* 2087 18.14 -0.72%* 037+ 0.02%* -0 13+ LILIVV
NDE 359/ 4. B]%+ 3.77%* 28.49 23.33 4.12%+% .2.02%% 3.08%* -1.16%*
Jal Lahri e vy
?DR 359/  4.75%* 229%% 31.63 18.84 4.12%*% 1 18%% 3.08%% (.4]+* nwv
21

R 24/ 3.0]%* 3.06%* 2265 18.51 0.37%% -320%% _(,13%* _2.0p%* ILOLIV
4S8 19
,rg'?.l.-" 0.46%* 5.19%* 2002 21.18 1.18%+ -3.20%% (0.41%* -2.06%*% LILV
WS 19

I
;’U = Harvest index

(Il) Combining ability analysis

g An analysis of variances demonstrated
the presence of highly significant genetic variability
within diallel population for all the traits under
study. The mean square due lo gea and sca
effects were highly significant indicaling the
importance of both additive and non-additive
type of gene effects in controlling these traits
(Table 2). Greater values of o’s than o’g,
higher value of degree of dominance and
lower predictability ratio were observed for
all the physiological characters, indicating the
greater importance of non-addilive gene action.
By and large combining ability effects of the
parents were associated with their per se
performance in most of the characters. The
best common parents identified on the basis
of per sc performance and gea effects were
NDR 359 (for grain yield, plant height, flag-
leal area, biological yield and harvest inde};
Sarjoo 52 and Mahsuri (for grain-filling period,
plant height and grain yield); T21 and Jal
Lahari (for flag-leal arca and harvest index)
(Table 3). As regards the grain-filling period,
the shortest filled grain hybrid Sarjoo 52#?‘43
19 had parents with negative gea effect indicating

*, ** Significant at P<0.05 and Significant at P<0.01, respectively
1 = Plant height (cm), II = Flag - leaf area, Ill = Grain filling period, VI = Biological yield,

the presence of additive x additive genes. Parents
NS 19, Jal Lahari and T 21 possessed high
positive gca effects for tallness while their
hybrids were intermediate to tall type. Similar
findings were also reported by Manonmani and
Ranganathan (1998) for plant height and grain
yield. Recently, Yu e al. (2002) have demonstrated
the importance of epistatic interactions in the
genetic bases of heading date and plant height
by using Mapmarker/Quantitative trait loci (QTLs).

T21 and Jal Lahari had highesl positive
gea effect for flag-leaf area and their hybrids
had positive and highly significant sca effecl.
In contrast, the hybrids Sarjoo 52/NS 19, IR
24/NDR 359 and Mahsuri/IR 24 had parents
with negative gea effects (low X low combinations)
and produced highest positive interaction effect
indicating over-dominance and epistatic inleraclions.
This may be due to genetic diversity in the
form of homozygous loci. The hybrids IR 24/
NS 19 and Mahsuri/IR 24 showing highest
positive sca effect for biological yield, had
parents possessing high x low gea effects indicated
interaction effect. Incase ol harvest index crosses
including Sarjoo 52/NS 19 and NIDR 359/NS
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19 had positive and negative general E?{t‘lhiﬂt‘-fﬂ
to produce a hybrid with highest positive sca
effect indicating the interaction cffects between
thé different alleles. Peng and Virmani {19?{]}
reported about the possibility of interaction
between positive alleles from good cnmhml_:r
and negative allcles from poor combiners in
high x low combining crosses and suggested
for the exploitation of heterosis in F, as their
high yield potential would be unfixable in succeeding
generations. Crosses involving dominant X recessive
gene interaction might tend lo be non-fixable.
Lavanya (2000) also observed similar rend
of genetic interactions for yield and its cerlain
related physiological traits.

Significant sca effects for yield plant”
were observed for Mahsuri/IR 24 and NDR
359/ T21 in F, and T21/NS 19, NDR 359/
Jal Lahari and IR 24/NS 19 in F, generation,
These combinations also possessed high sca effect

for related physiological (raits in both the

generations. It is evident that the crosses involving
either both or at least one high gca parent
produced hybrids with high sca effects (Table
4). Therefore, it could be concluded that sca
effects varied greatly from cross to cross; and
that moderate to poor general combiners also
produced good cross combinations, The perusal
of Table 4 also revealed that the hybrids with
high per se performance need not be the ones
with high sca effects and vice versa as indicated
by Rahman et al. (1981) and Lavanya (2000).
Thus, desirable hybrids should be selected on
the basis of per se performance coupled with
sca effects.

Genetic components and combining ability
analyses revealed significant contribution of both
fixable and non-fixable gene effects with
preponderance of latler in the inheritance of
various physiological traits studied. NDR 359,
Sarjoo 52, Mahsuri, T 21 and Jal Lahari were
observed to be good general combiners and
these parents may be utilized in yield improvement
along with related physiological traits in targeted
ecosystems. Therefore, biparental mating following
by selection in F, & F, generations could be
the most effective breeding method for improving
these physiological traits to increase yield in
rice of diverse eco-cultural types.

* O, Verma.

References _

Acharya, B., Pande, K., Shukla, S.N. and Rahman,
M. (1998). Physiological traits for varictal’
improvement in rainfed lowland rice- ‘a
review., Oryza, 350 1-7. : :

Acharya, B., Swain, B. and Pande, K. (2000). Nalure
of gene action for yield and ils components
in lowland rices using diallel analysis. Oryza,
37 76-78. :

Crumpacker, D.W. and Allard, R.W. (1962). A dialle]
cross analysis of heading date in wheat
Hilgardia, 32: 275-318.

Dwivedi, J.L. and Scnadhira, D. (1999). Combining
ability and genetic component analysis for
plant clongation in flood prone rice. Oryza,
36: 246-248.

Griffing, B. (1956). Concept of general and specific
combining ability in relation to dialle:
crossing system. Aust. J. Biol. Sci. 9: 463
493,

Hayman, B.L {1954a). The analysis of diallel table:
Biometrics, 10; 235-244.

Hayman, B.I. (1954b). The Theory and analysi
of diallel crosses. Genetics, 39: 789-80!

Lavanya, C. (2000). Combining ability for yiels
and its components in hybrid rice. Oryza
37: 11-14,

Manonmani, S. and Ranganathan, R.B. (1998]
Genetic analysis in early lines of indic
rice, Oryza, 35: 358-360.

Mishra, D.K. and Singh, C.B. (1998). Gene actic
for seed yicld and its components in ric
under different environments. Oryza, 35: 323
328,

Mohapatra, K.C. and Debjani, B. (2000). Studie
on genelic nature of harvest index in earl;
varicties of rice. Oryza, 37: 7-10.

Peng, 1.Y. and Virmani, S.S. (1990). Combinin;
ability for yicld and four yield related tmit
in rclation to breeding in rice. Oryza, 27
1-10.

Rahman, M., Patwary, A.K. and Miah, A.J. (1981;
Combining ability in rice. Indian J. Agric
Sei., 51: 543-546.

Verhalen, LM. and Murray, J.C. (1969). A dialle
analysis of several fibre property (raits i
upland cotton (Gossipium hirsutum L.) Cro
Sei,, 9: 311-315.

Yu, 8.8, Li, 1L.X,, Xu, C.G,, Tan, Y.E and Li, X.}
(2002). Identification of quantitative tra
loci epistatic inleractions for plant heigl
and heading date in rice. Theor. Appl. Gene
104: 619-625.

(Received: Oclober 2002; Revised: September 200!




