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Abstract

The present investigation is carried out at experimental farm of Genetics and Plant Breeding of faculty of Agriculture,
Annamalai University, Annamai Nagar, Tamilnadu, to study the character association and path analysis in fifty genotypes of
rice (Oryza sativa L.) under heat stress condition. Association studies revealed the importance of days to first flowering, total
number of tillers per plant and grain yield per plant. Path analysis revealed that the traits panicle length, plant height at
maturity, grain yield per plant, pollen fertility, days to first flowering, total number of filled spikelets per panicle as an
important traits for improvement of spikelet fertility in rice under heat stress.

Key words: Rice, Association analysis, Direct and Indirect effect and Heat stress

Introduction

Global mean temperature increased by 0.5°C in the
20th century and is further increasing by 1.5 to 5.8°C in
the 21st century (IPCC, 2007). Increasing in high
temperature acts as an abiotic stress factor that shows
strong impact on the survival growth and reproduction of
all crops resulting in yield loss (Mittler et al., 2012). The
effect of heat stress starts from the seed germination to
flowering (Grass and Burris, 1995). The optimum
temperature required for the growth of rice crop is 27°C
to 32°C (Xin et al., 1996). High temperature of more
than 35°C during the reproductive stage reduces yield.
In general, the reproductive stage more sensitive than
the all other stages in the crop species. The developmental
stage at which the plant is exposed to heat stress
determines the severity of the possible damage to the
crop. (Wahid et al., 2007). However, flowering (anthesis
and fertilization) and to a lesser extent the booting stage
(microsporogenesis) are considered to be most susceptible
to heat stress in rice (Satake and Yoshida, 1978). This
higher temperature higher than the optimum (greater than
35°C) level induced floret sterility and thus decreased
the yield (Jagadish et al., 2007).

Rice (Oryza sativa L.) is the world’s leading cereal
crop as more than half of the world’s population is
dependent on rice as their staple food. It is one of the
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major food crops of the most Asian countries like China,
India, Pakistan, Bangladesh Vietnam and Korea .The
world population is expected to reach 8 billion by 2030
and rice production must be increased by 50% in order
to meet the growing demand (Khush and Brar, 2002). In
order to meet the fastest growing demand for rice grain,
development of high yielding genotypes with desirable
agronomic traits for diverse ecosystem is therefore a
necessity. For selection in rice, information on correlation
coefficient always has been helpful as a basis for selection
in a breeding programme. Path coefficient analysis
partitions into direct and indirect matrix presenting
correlation in a more meaningful way (Mohsin et al.,
2009). The present research study was conducted to find
out the direct and indirect contribution of parameters
towards spikelet fertility and to identify better
combinations as selection criteria for developing heat
tolerant rice genotypes.

Materials and Methods

The present investigation was conducted at the
experimental farm of Genetics and Plant Breeding of
Faculty of Agriculture, Annamalai University, Annamalai
Nagar, Tamil Nadu (Latitude: 11°24 N; Longitude: 79°44
E; Altitude: +5.79 Mtrs),India. Fifty rice genotypes were
evaluated in a randomized block design with three
replications. The net plot size was 3m X 1m with 20cm
and 15cm spacing between rows and plants respectively.
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All recommended cultural practices were followed to
raise the experiment. Observations on days to first
flowering, total number of tillers per plant, total number
of productive tillers per plant , panicle length, pollen
fertility, total number of spikelets per panicle , total
number of filled spikelets per panicle, plant height at
maturity , spikelet fertility , 100 grain weight , grain yield
per plant were recorded on five randomly selected plants
in each replication. The analysis was done as per the
procedure laid by Panse and Sukhatame (1978), Burton
and De Vane (1953) and Johnson et al.,(1955).

Results and Discussion

Studies on association of characters gain importance
in plant breeding, because they gelp the plant breeders
to know the inter-character influence and help to strike
economic and reliable balance between various
characters. Moreover, genotypic correlations have their
own importance because of their stability and reliability
as these relationships arise through genetic reasons
namely, linkage or pleiotropy (Vanaja ef al., 1998).
Therefore, the knowledge of inter relationships of
characters, play a vital role in developing appropriate
selection criteria for the improvement of complex
characters. The results and discussion of correlation and
path analysis studies between spikelet fertility and
different growth parameters are presented below (Table
1 and Table 2).

In the present investigation, spikelet fertility showed
positive and significant correlation with three traits viz.,
days to first flowering, total number of tillers per plant
and grain yield per plant. The findings suggests that
spikelet fertility can be increased by using these traits
as selection criteria in succeeding generations. Negative
and significant correlation was observed with panicle
length, pollen fertility, total number of spikelets per panicle
and total number of filled spikelets per panicle for spikelet
fertility, indicating that these traits are severely affected
by temperature. Days to first flowering was showed
positive and highly significant correlation with total
number of productive tillers per plant and grain yield
per plant, while it expressed negative and significant
with pollen fertility, total number of spikelets per panicle,
total number of filled spikelets per panicle and plant
height at maturity. Total number of tillers per plant
exhibited positive and significant association with panicle
length, while negative and highly significant with total
number of spikelets per panicle, total number of filled
spikelets per panicle, plant height at maturity and 100
grain weight. Total number of productive tillers per plant
recorded positive and highly significant correlation with
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pollen fertility and 51gn.1ﬁcant negatlYe correlatior} with (w’E olz|= 2 2R 275k 29|% o g
total number of filled spikelets per panicle, plant height at 2222 < BB E|F2s EIEE Bl &
maturity, 100 grain weight and grain yield per plant. Panicle g |<|g|5|E 2| & ;.7 g 2B |8 al =
length exhibited positive and significant correlation with :’:;R = us “g =2 2 2|3 A X b E
pollen fertility and total number of spikelets per panicle; % 8 sz 5 § g2 § 5 ;z; g
while highly significant but negative correlation with plant o258 = =% g 2|2 5
height at maturity and grain yield per plant. Pollen fertility § e g £l = 3 2% |5 5
showed positive and significant association with total > < g ;I § % . %
number of filled spikelets per panicle while it had highly S :E = &g &
significant and negative correlation with grain yield per o @ h % %Z %
plant. Total number of spikelets per panicle showed € ¢ g’
significant and positive correlation with total number of a . . e ole
filled spikelets per panicle, plant height at maturity, while % SIEIER (R (|EIEIE I2IRE 2E %
highly significant and negative correlation with grainyield & | £|=|8[¢  [£ |¥|Z|&  R|F|Z 2 | &
ghly significant and negative correlation with grain yie 5 gl @
per plant. Total number of filled spikelets per panicle has g = &
positive and significant correlation with 100 grain weight, Slololole |lo lolols |ols ?3 i“ g %
While it had significant aI.1d negative cgrrelation with g.rgin % § % § § g § % § 5 §'§ = ;4 E
yield per plant. Plant height at maturity showed positive =3 2a2° ;
and significantly correlated with grain yield per plant. & ,3 T ol e
The direct and indirect effect of different characters S|ieiele 12 |2lele | 'o'(;; §' § _§
on spikelet fertility were computed by using genotypic SRIRIS 13 2318 3|5 - % g %
correlations. The study reveals that all the traits exhibited a2
negative direct effect towards spikelet fertility and this = — :r;
may be due influence of heat stress on rice genotypes. Sl2lsle B 8lzle 812l & gl &
Days to first flowering, total number of tillers per plant, SR R S S R = "§ % g
total number of productive tillers per plant and panicle . . LT 2 E_
length exhibited positive indirect effects through total § g g S 12 (zlEls g E 2 gl 9
number of filled spikelets per panicle. Similarly, pollen E RS N SR ST Y AR N 5 S g'r:
fertility exhibited positive indirect effect through plant - o g
height at maturity, total number of splkele‘Fs per.pamcle slolsls & |olsle |ole E E g %
and total number of filled spikelets per panicle with days K22 15 1Bl (RIS 72
to first flowering and panicle length. Plant height exhibited i i A N e el ] R R E % 2
positive indirect effect through days to first flowering < :.,
and 100 grain weight with panicle length. Grain yield per . E b~
plant exhibited positive indirect effect through panicle 2lelzle 12 122l 12l2 o = )
length, pollen fertility and total number of filled spikelets BIRIR|& |8 |BBR |x|2 :=: = 3
per panicle. e
In general correlation studies revealed the importance 5 =
of days tp ﬁrst flowering, total number of tl.llers per plant 'S g g S 'S °lsle |gls £ & ;_g
and grain yield per plant. It could be inferred that SIglFlE |2 [BBB |25 T =
intentional selection of these traits may results in <R
improvement of spikelet fertility, since these traits have Ny < g0 O
high magnitude of positively significant association under % % ; § ; = '§ % § 4%0% S E_
heat stress. Path analysis revealed that the traits panicle B2 |° |3 |R|6|E 5 g
length, plant height at maturity, grain yield per plant, pollen =
fertility, days to first flowering, total number of filled Slglizle 12 181212 18l E s 8
spikelets per panicle as an important traits for 2BIRIR |B |SB8 |B|S g = E
improvement of spikelet fertility in rice under heat stress. -
Residual effect from path analysis indicated that variability ololale 12 22l ool © g
. . . W= N i ek »|»|la S B
for spikelet fertility was very well explained by all the g* S § E* :‘,* E* 8* S % S’,* S i %
eleven traits taken for investigation. * * *| * R




2348

References

Burton, GW. and E.W. De Vane (1953). Estimating heritability
in tall fescue (Festuca arundinacea) fromreplicated clonal
material. Agronomy Journal, 45: 478-481.

Grass, L. and J.S. Burris (1995). Effect of heat stress during
seed development and maturation on wheat (Triticum
durum) seed quality. I. Seed germination and seedling
vigor. Can. J. Plant Sci., 75(4): 821-829.

Intergovernmental panel on climate change (IPCC). Climate
change (2007). The physical basis of science. In
Contribution of Working Group I to the fourth Assessment
Report of the Intergovernmental Panel on Climate Change;
Cambridge University Press: Cambridge, UK, 2007.

Jagadish, S.V.K., P.Q. Craufurd and T.R. Wheeler (2007). High
temperature Stress and spikelet fertility inrice (Oryza sativa
L.). Journal of Experimental Botany, 58: 1627-1635.

Johnson, H.W., H.F. Robinson and R.E. Comstock (1955).
Estimates of genetic and environmental variability in
soybeans. Agronomy Journal, 47: 314-313.

Khush, G.S. and D.S. Brar (2002). Biotechnology for rice
breeding: progress and impact. In: Sustainable rice
production for food security, Proceedings of the 20th

V. Sridhar et al.

Session of the International Rice Commission (23-26 July,
2002), Bangkok, Thailand, pp.14.

Mittler, R., A. Finka and P. Goloubinoff (2012). How do plants
feel the heat? Trends Biochem. Sci., 37(3): 118-125.

Mohsin, T., N. Khan and F.N. Naqvi (2009). Heritability,
phenotypic correlation and path coefficient studies for

some agronomic characters in synthetic elite lines of wheat.
J. Food, Agri. and Envi., 7: 278-282.

Panse, V.G. and P.V. Sukhatme (1978). Statistical methods for
agricultural workers. ICAR Pub., New Delhi.

Satake, T. and S. Yoshida (1978). High temperature induced
sterility in /ndica rice at flowering. Japanese J. Crop Sci.,
47:6-17.

Vanaja, T. (1998). Genetic analysis of high yielding rice
genotypes of diverse origin. Phd thesis, Kerala Agricultural
University, Thrissur. 96-103.

Wahid, A., S. Gelani, M. Ashrafand M.R. Foolad (2007). Heat
tolerance in plants: an overview. Environ Exp Bot., 61:
199-223.

Xin, H., J.L. Sell, and D.U. Ahn (1996). Effect of light and

darkness of heat and moisture production of broilers.
Trans. ASAE., 39(6): 2255-2258.



