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ABSTRACT

The nature of gene action governing important quantitative traits viz.yield and drought tolerance in rice were
studied through six parameter model of generation means analysis using six generations (viz, P, P,, F,, F,, BC,
and BC,) of five crosses by imposing drought stress at reproductive stage. Additive gene action was noticed for
the traits like days to flowering, panicle length, 100 grain weight and root thickness in majority of the crosses
while the yield characters like productive tillers / plant, filled grains/ panicle, harvest index and grain yield /
plant and the drought tolerant characters like spikel et fertility, root length and root / shoot ratio were governed
by dominance gene action. Both additive and dominance effects were found in panicle length in the cross
Kallurundaikar / Moroberekan; spikelet fertility, dry root weight, root/shoot ratio and grain yield / plant in the
cross Norungan / Moroberekan and 100 grain weight and root thickness in the cross PMK 2 / Moroberekan.
Interaction effects mainly of additive x additive was noticed in panicle length, filled grains /panicle, dry root
weight and root/shoot ratio in most of the crosses while dominance x dominance gene action was predominant
in 100 grain weight and both additive x dominance and dominance x dominance in days to flowering and plant

height.
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INTRODUCTION

Riceisthe most important and widely grown cereal in
Indiaand World and accountsfor 35 to 75% of calories
consumed by more than three billion Asians (FAO,
2003). Rice, probably being the most diverse crop
cultivated over a broad range of environmental
conditions in terms of topography, soil type, water
regime and climate (Babu et a., 2003). About half of
the world's rice area and 48 per cent of Indias rice
areais under rainfed situation, where unprecedented
drought causes severe yield reduction which also
reflects in the total rice production and productivity
(Siddhig, 1996). With the productivity inirrigated area
almost reaching a plateau, there is vast scope for
increasing the productivity in rainfed uplands and

lowlands. However, little progress has been made in
characterizing the genetic determinants of drought
tolerance. Drought is a complex phenomenon
comprising anumber of physio-biochemical processes
at both cellular and organelle level sat different stages
of plant development (Tripathy et al., 2000).
Development of drought tolerant varietieswith inbuilt
mechanism of physiologica and morphological drought
tolerance is the need of the hour. But the progressin
development of varietiesfor drought pronerainfed areas
isslow when compared to theirrigated ecosystems and
only very few varieties have been rel eased with stable
tolerance to drought. This may be attributed to the
confounding effect of drought tolerance related
characters under water stress situations. Effect of
drought on yield under various crop growth stages, the
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nature and magnitude of gene action governing drought
tolerant traits and presence of undesirable linkages if
any, needsto be assessed in detail in order to develop
varieties for drought prone environments. Although
drought may occur at different stage of the crop growth,
plants are most susceptible to water stress at the
reproductive stage. Dramatic reduction of grain yield
occurs when stress coincides with the irreversible
reproductive processes, making the genetic analysis of
drought resistance at the reproductive stage crucially
important (Boonjung and Fukai, 2000); Pantuwan et
a.(2002) and Yue et al. (2006). Hence, a study was
attempted to elucidate the nature of gene action and
epistatic gene interactions governing grain yield
parameters and drought tolerant traits under
reproductive stage drought stress.

MATERIALS AND METHODS

The present investigation was undertaken at Agricultural
College and Research Institute, Madurai using six
generations viz.,, P1 (Female parent of a cross), P2
(Male Parent of across), F, (F, generation of across),
F, (F, generation of a cross), B, (B,-Backcross with
female parent) and B, (B,- Backcrosswith male parent)
involving five cross combinations viz., PMK 2 /
Moroberekan, MDU 5 / Moroberekan, Norungan /
Moroberekan, Nootripathu / Moroberekan and
kallurundaikar / Moroberekan and their respective
parentsviz., PMK 2, MDU 5, Norungan, Nootripathu,
Kallurundaikar and Moroberekan for building up of
variousgenerations. Thesefive crosscombinations, al
having Moroberekan as the male parent and two
established varieties and three land races as female
parents were chosen as regards to their wide genetic
adaptability for yield and drought tolerance. Using the
parents of respective crosses asfemaleand F, asmale,
backcross progenies were derived viz., B, (F,
backcrossed to female parent P1) and B2 (F,
backcrossed to male parent P2). The F, hybrids (F,))
were selfed to obtain F, generation (F,). The parents
were selfed and were also crossed to obtain fresh F,
hybrid seeds. Thus, six generationsviz,, P1, P2, F , F2,
B, and B, for all the five crosses were constituted.
Six generations of the five selected cross
combinationswere sownin raised nursery beds. Thirty
days old seedlings were transplanted to the main field
in arandomized block design with three replications
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adopting a spacing of 20 cm between rows and 15 cm
between plantsin rows of 2 mlength. Ten plants each
inP1, P2and F; 150 plantsin F, and 75 plantseachin
B, and B, for each cross in each replication were
maintained for the study. The recommended package
of practicesand plant protection measuresfor ricecrop
were adopted.

Moisture stress was imposed at reproductive
stage of the crop by withholding irrigation at about 86
days after sowing till maturity. Observations were
recorded on randomly selected five plants for parents
and F;; 50 plants for F, and 25 plants for B, and B,
Yield contributing characters such as days to first
flowering, plant height, productivetillers/ plant, panicle
length, filled grains/ panicle, spikelet fertility, harvest
index and grain yield / plant and root characters viz.,
root length, root dry weight, root thickness and root /
shoot ratio were recorded as per standard procedures.
Observations on root characters were recorded by
carefully uplifting the plants after overnight soaking of
thefield and by giving adeep dig near the root surface
and ensuring least damage caused to the rootlets.

Days to flowering

The number of days taken from sowing to panicle
emergence of individual plantsin each row wastaken
as daysto flowering in generation mean analysis.

Plant height

Plant height was measured from the ground to thetip
of the tallest panicle at the time of maturity and
expressed in centimetre.

Productive tillers/plant

In each plant, number of ear bearing tillers with
uniformly matured grains were counted at the time of
harvest and expressed in number.

Panicle length

Thelength of the primary panicle was measured from
the base to the tip and expressed in centimetre.

Filled graing/panicle

Thenumber of fully developed and well filled grainsin
the primary panicle of the selected plantswas counted
and expressed in number.



100 grain weight

From each sel ected plant, one hundred well filled grains
selected at random were weighed and expressed in
gram.

Spikelet fertility

The number ofthefertile spikelets (filled grains) inthe
panicle of the selected plantswerecounted and recorded
as percentage to total spikelets.

Number of fertile oikdets per panide

Spikelet fertility= e e of sokdets par paride < -0

Root length

At the time of harvest, selected plants were uprooted
by giving a deep dig near the base after watering and
thelength of thelongest root wasrecorded in centimetre.

Dry root weight

Rootsof the sel ected plants at the time of harvest were
cut fromthe stem, dried moisturefreeinahot air oven
at 80°C for 48 hours (till attaining constant weight),
weighed and recorded in gram.

Root thickness

Thickness of root was measured using screw gaugein
top, middle and bottom portions of five randomly
selected roots per genotype, averaged and expressed
inmillimetre

Root/shoot ratio

The root weight of selected plants was recorded as
mentioned above. The shoot weight was recorded
separately after drying the shoot portionincluding grains
inhot air oven at 80°C for 48 hourstill reaching constant
weight. Root/shoot ratio was worked out as follows,

Root dry weight (g)

Shoot dry weight (g)
Harvest index (HI)

Theselected plantswere uprooted and shade dried until
attaining 14 per cent moisture content and weighed as

biological yield. The grains were then separated and
weighed as economic yield. Harvest index was

computed asfollows,_ Economic yield (g)
" Biological yield (g)

Root/shoot ratio=
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Grain yield/plant

All thegrainsextracted from sel ected single plantswere
cleaned, dried, processed, weighed at 14 per cent
moisture content and expressed in gram.

Satistical analysis

The mean values and the variance of mean were
computed for all six generationsviz, P, P, F,F, B,
and B, for each cross.

Sudy of means

The adequacy of the data for a simple additive -
dominance model was tested utilizing the A, B and C
scaling tests of Mather (1949) and Hayman and Mather
(1955). The significance of the scalesA, B and C was
determined by comparing the calculated and table 't'
values. The simple additive-dominance model is
inadequate if any one of the three scales was found to
deviatesignificantly from zero.

Estimation of genetic effects

Theinadequacy of thedatato fitinwithasmpleadditive
- dominance model requires the extension of analysis
for estimating the parameters describing epistasis.
Using the six generation means, the estimates of mid
parent (m), additive effect (d), dominance effect (h),
additivex additiveinteraction (i), additive x dominance
interaction (j) and dominance x dominanceinteraction
(I) were obtained by a perfect fit method from the
equationsformulated by Mather and Jinks, (1971).

RESULTS AND DISCUSSION

The scaling tests (Table 1) revealed the presence of
epistasisindl the charactersexcept for productivetillers
/ plant and 100 grain weight in the cross MDU 5/
Moroberekan and productive tillers / plant and root
length in the cross Kallurundaikar / Moroberekan.
Hence, a simple additive - dominance model proved
insufficient to explain the gene action and therefore
the six parameter model suggested by Mather and Jinks
(1971) was applied for al other characters in the 5
crosses to estimate the various gene actions and
interactions (Table 2).

Among the characters exhibiting absence of
epistasis, theresidua effect 'm' wasfound to be positive
and significant and was greater than both dominance
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'h' and additive 'd' effectsfor thetrait productivetillers
/ plant in the cross MDU 5 / Moroberekan and
Kallurundaikar / Moroberekan. Both 'd' and 'h" were
non-significant for productive tillers / plant in these
crosses. However, additive gene action'd' was
predominant over dominance gene action. Additive gene
action was predominant for root length in the cross
Kallurundaikar / Moroberekan whereas, dominance
gene action was prevalent for 100 grain weight in the
cross MDU 5/ Moroberekan.

The results indicate the presence of additive
geneaction for thetraitsviz., daysto floweringinthe
crossesPMK 2/ Moroberekan, MDU 5/ Moroberekan
and Kallurundaikar / Moroberekan,; for plant height in
the cross MDU 5 / Moroberekan; 100 grain weight
and root thickness in the crosses Norungan /
M oroberekan and Nootripathu / Moraberekan; for root
length and dry root weight in the crosses Nootripathu /
Moroberekan and Kallurundaikar / M oroberekan and
for root/shoot ratio in the cross Norungan /
Moroberekan.

Dominance genetic effectswere significant for
thetraitsdaysto flowering and plant height in the crosses
Nootripathu / Moroberekan and Norungan /
Moroberekan respectively and for productive tillers/
plant in both the crosses. Dominance gene action was
significantly predominant for panicle length, spikel et
fertility, filled grains/ panicle, dry root weight, root /
shoot ratio and grain yield / plant in crosses PMK 2/
Moroberekan and MDU 5/ Moroberekan and for 100
grain weight and root thickness in the cross MDU 5/
M oroberekan. Domi nance gene action was al so found
to be significant for filled grains/ panicle in the cross
Norungan/ Moroberekan; root/shoot ratio in the cross
Kallurundaikar / M oroberekan and harvest index inthe
crosses Norungan / Moroberekan and Kallurundaikar
/ Moroberekan. Though not found to be significant,
dominance gene action was predominant for productive
tillers / plant in the cross PMK 2 / Moroberekan; for
filled grains / panicle in the cross Kallurundaikar /
Moroberekan; for root length in crosses PMK 2 /
Moroberekan and Kallurundaikar / M oroberekan and
for grainyield/ plant in Kallurundaikar / M oroberekan.

Both additive (d) and dominance (h) gene effectswere
important in controlling thetraitsviz,, paniclelengthin
the cross Kallurundaikar / Moroberekan; spikelet
fertility, dry root weight, root/shoot ratio and grainyield
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/ plant in the cross Norungan / Moroberekan and 100
grain weight and root thickness in the cross PMK 2/
Moroberekan.

Study of epistasisindicated the prevalence of
additivex additiveinteraction for productivetillers/ plant
in Nootripathu/ M oroberekan; paniclelengthin PMK
2 / Moroberekan and Kallurundaikar / Moroberekan;
filled grains / panicle in PMK 2 / Moroberekan,
Norungan / Moroberekan and Kallurundaikar /
Moroberekan; for spikelet fertility and root length in
the cross Norungan / Moroberekan; dry root weight in
MDU 5/ Moroberekkan; root / shoot ratio in crosses
PMK 2 / Moroberekan, MDU 5 / Moroberekan and
Norungan/ Moroberekan; harvest index in the crosses
PMK 2/ Moroberekan and Norungan / M oroberekan
andgrainyield/ plantin crossesMDU 5/ Moroberekan
and Norungan / Moroberekan.

Additive x dominance interaction alone was
prevaent for daysto flowering andfilled grains/ panicle
in Nootripathu / Moroberekan and Kallurundaikar /
Moroberekan; plant height and root lengthin PMK 2/
Moroberekan; spikelet fertility in MDU 5 /
Moroberekan and Nootripathu/ Moroberekan; dry root
weight and root / shoot ratio in Kallurundaikar /
Moroberekan; root thicknessin MDU 5/ Moroberekan;
harvest index in the cross MDU 5/ Moroberekan and
Kallurundaikar / Moroberekan and grainyield/ plantin
PMK 2 / Moroberekan and Kallurundaikar /
M oroberekan.

Epistasis mainly of dominance x dominance
was prevalent for dry root weight, root length and
paniclelength in Nootripathu/ Moroberekan; 100 grain
weight in Norungan / M oroberekan and Nootripathu /
Moroberekan; spikelet fertility in Kallurundaikar /
Moroberekan; plant height and days to flowering in
MDU 5 / Moroberekan.

The results clearly indicate that al the three
types of epistasis were not prevalent for any of the
characters under study. However, presence of both
additivex additive and additivex dominanceinteraction
effects were noticed for plant height and productive
tillers/ plant in Norungan/ M oroberekan; paniclelength
and filled grains / panicle in MDU 5 / Moroberekan
and spikelet fertility, 100 grain weight, dry root weight
and root thicknessin the cross PMK 2/ Moroberekan.
Both additive x dominance and dominance x dominance
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Analysisfor drought tolerant traitsinrice

interaction effectswere prevalent for daysto flowering
in crosses PMK 2 / Moroberekan and Norungan /
Moroberekkan; plant heightin PMK 2/ Moroberekan,
Nootripathu / Moroberekan and Kallurundaikar /
Moroberekan; filled grains/ panicle and root thickness
in Nootripathu/ Moroberekan and 100 grainweight in
Kallurundaikar / M oroberekan.

Further, the signs of (h) and (1) were not same
inall the crossesfor daysto flowering, which predicted
the presence of duplicate dominance epistasis in
governingthistrait. Duplicate type of epistasiswasalso
witnessed in the characters plant height, paniclelength,
100 grain weight, root length, dry root weight. Similar
signs of (h) and (I) were noticed in PMK 2 /
Moroberekan for the charactersproductivetillers/ plant,
spikelet fertility and grainyield/ plant; in Kal lurundaikar
/ Moroberekan for thetraitsfilled grains/ panicle, root
thickness and grain yield / plant and in the cross
Nootripathu / Moroberekan for root/shoot ratio and
harvest index. This indicates the presence of
complimentary type of epistasis in controlling these
traits.

Upon carefully analyzing the gene action
through generation meansanalysis, additive geneaction
was noticed for the traits days to flowering, panicle
length, 100 grain weight and root thicknessin majority
of the crosses. The resultswerein akin to thefindings
of Kalitaand Upadhaya (2001) for root weight per plant
and root/shoot ratio; Robin (1997) and Anbumal armathi
(2005) for daysto first flowering and plant height. To
harness additive gene action in these characterssimple
selection procedures or pedigree breeding method is
sufficient.

The yield characters like productive tillers /
plant, filled grains / panicle, harvest index and grain
yield / plant and the drought tolerant characters like
spikelet fertility, root length and root / shoot ratio were
governed by dominance gene effects. Predominance
of dominance gene effectsfor paniclelength andfilled
graing/panicle was already reported by Sharma et al.
(2005). Similar gene effectswerereported by Lavanya
(2000) for spikel et fertility; Muthuvijayaraghavan and
Murugan (2017) for filled grains/ panicle; Kalitaand
Upadhaya (2001) for root thickness, Banumathy et al.
(2003) for 100 grain weight and Kalita and Upadhaya
(2000) for root length. The presence of dominancegene
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actionin most of the characters warrants postponement
of selection to later generations after effecting crosses.
Heterosis breeding procedures are effective in
harnessing dominance gene action to the full extent.
However, this requires a suitable male sterile line
conversion since rice is a self pollinated crop and
rigourous efforts are required in varietal crossing
programme.

Both additive and dominance genetic effects
werefoundin paniclelengthinthe crossKallurundaikar
/ Moroberekan; spikelet fertility, dry root weight, root/
shoot ratio and grainyield/ plant in the crossNorungan
/ Moroberekan and 100 grain weight and root thickness
in the cross PMK 2 / Moroberekan. Kalita and
Upadhaya (2001) reported the presence of both additive
and dominance gene action for root thickness and root
/ shoot ratio in the crosses Nilajee / Annada and
Hasakumra/Annada and for root weight in the cross
Nilajee/Annada. In such circumstances biparental
mating design or reciprocal recurrent selection can be
followed which alowsfurther recombination of aleles
to produce desirable segregants.

Interaction effectsmainly of additivex additive
was noticed in paniclelength, filled grains/panicle, dry
root weight and root/shoot ratio in most of the crosses
while dominance x dominance was predominant in 100
grain weight and both additive x dand dominance x
dominance in days to flowering and plant height.
additivex additiveinteraction wasreported already for
productive tillers/plant and filled grains /panicle by
Kumar et d. (2010) while Geethaet a. (2006) reported
additive x dominance interaction effects for days to
first flowering and grain yield/plant. Interaction mainly
of additive x dominance was reported by
Muthuvijayaraghavan and Murugan (2017) for plant
height and spikel et fertility.

Duplicate type of epistasis was witnessed in
al characters, while complementary epistasiswas also
noticed in certain crossesfor productivetillers/ plant,
spikelet fertility, root length, root thickness, root/shoot
ratio, harvest index and grain yield / plant. Duplicate
type of epistasis was reported for plant height, filled
grains per panicle and grain yield /plant by Saumya
Aswathi, 2013.

As regards to additive x additive interaction
effectswhich is easily fixable, selection may be done



in early segregating generations as that witnessed for
paniclelength, filled graing/panicle, dry root weight and
root/shoot ratio. But for al other characters oneor more
type of epistasis is noticed which necessitates other
mating designs like biparental matingin F, or recurrent
selection. These methods can also be well adopted in
order to harness the epistatic interactions by way of
breaking the undesirable linkages. Since gene
expression varies from environment to environment,
multi environmental approach is suggested for such
studies (Kaitaand Upadhaya, 2001). Diallel selective
mating system proposed by Jensen (1970) could also
befollowed to break such undesirable linkages between
two or more genes and to produce desirable
recombinants.

CONCLUSION

The present investigation on genetic effects of yield
and root parameters in rice under reproductive stage
drought stress elucidated the nature of gene action
governingyield and root characters. Thetraitslike days
to flowering, paniclelength, 100 grain weight and root
thicknesswere governed by additive gene action; while
theyield characterslike productivetillers/ plant, filled
grains/ panicle, harvest index and grain yield / plant
and the drought tolerancerel ated characterslike spikel et
fertility, root length and root / shoot ratio were governed
by dominance gene effects. Both additive and
dominance genetic effects were found to control
characterslike plant height and dry root weight. Almost
all yield and drought tolerance related characters
showed duplicate epistasisin majority of crosses. Simple
selection procedures and pedigree breeding are
adeguate for exploiting additive gene actions while
hybridization followed by selectionin later generations
was suggested to harness dominance gene action. In
order to explore additive, dominance gene action and
epistatic interactions; reciprocal recurrent selection, bi
parental mating and diallel selective mating schemes
were proposed to break the undesirable linkages and
to obtain suitable segregants. Multi environmental
approach is also suggested in further studies as gene
expression varies with environments.
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