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Abstract: An experiment was conducted in rice to study the heterosis for drought tolerance and grain yield in 24

hybrids developed from six landraces viz., Kallurundaikar,

Kuliadichan, Kuruvaikalangiam, Mattaikar, Nootripathu

and Vellaichithiraikar used as lines and four high yielding varieties viz., PMK 3, MDU 5, ASD 16 and ADT 36 used
as testers for physio-morphological traits by Line x tester analysis. The experimental results revealed that the
hybrids viz., Nootripathu / MDU 5, which had significant standard heterosis for eight characters namely days to 50%
flowering, plant height, productive tillers, root length, root dry weight, root : shoot ratio, harvest index and grain yield
per plant, Nootripathu / PMK 3 exhibited significant standard heterosis for seven characters namely plant height,
root length, root dry weight, root : shoot ratio, 100 grain weight, harvest index, and grain yield per plant were found
to be superior hybrids over the standard check variety PMK 3. High proline content which is an index for drought
tolerance was recorded in hybrid Kuruvaikalangiam / ADT 36 (11.94%) exhibited significant standard heterosis

which is found to be drought tolerant among the hybrids.
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INTRODUCTION

Rice has been cultivated in more than 100 countnies

drought-resistant rice varieties with higher yields
suitable for water-limiting environments will bekay
to improve rice production and ensure food secuaty

variety of ecosystems around 163 m ha worldwide3 bilion people in Asia (Chandra Babu, 2010).

annually (FAO, 2013) of the world’s cultivated land
(Degenkolbeet al., 2013). Among the rice growing
countries, the larger area (about 42.5 million(R&0
2013) under cultivation is in India (Utharasu and

Modern breeding programme targeted mainly on the
improvement in yield and quality. Continuous
cultivation and utilization of elite high yieldiniines

resulted in narrow down in the genetic bases.

Anandakumar, 2013). It has been estimated that the,q|,sjon of land races through introgression bireged

world will have to produce 60% more rice by 2030

solves the problem of genetic vulnerability. Beeaus

than what it produced in the 1995. Therefore, t0y,q |ang race and wild relatives are the potestakce

increase production of rice plays a very importafe
in food security and poverty alleviation. The rapid
industrialization heralded the change in climate an
eventually disturbed the steady state of cultivatio
statics of stable food crops like rice. Among thetc
stress, drought is the major constrains to the ric
production and vyield stability in rainfed areas d@&l
million tons of rice valued at US $ 3600 is lost
annually to drought (O'Toole, 1999). About 45% of
the world’s rice is cultivated in rainfed ecosysgem
(IRRI, 2002). Drought is the most important souote
climate-related risk for rice production in rainfatkas

(Dwivedi and Pandey, 2012). The increasing threat, iijize the
from water shortage and drought in many rice-grgwin heterotic combination

areas of Asia, particularly the rainfed areas, pesed a

of gene for resistant to various stresses including
drought (Xiaet al., 2006). India has largest collection
of rice land races and wild relatives spread ardtined
country. Some of the traditional varieties has been

conserved and cultivated by local farmers.
q)evelopment of drought resistant cultivars will
considerably improve rainfed rice production.

Alternatively, yield improvements in water-limited
environments can be achieved by selecting for
secondary traits contributing to drought
resistance in breeding programs (Liet al.,
2010). The significance of present investigation is
land races to produce superior
and selection of promising
hybrid with the use of secondary traits associated

great challenge to rice breeders to develop droughlyish drought tolerance. Here an attempt had been

tolerant and/or water-saving rice cultivars (Ztehal.,

2008). Drought mitigation, through development of

made to collect the drought tolerant land races to
their genetic potential in the hybrids.
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MATERIALSAND METHODS

A set of 10 parents comprising of six drought tafer
landraces viz, Kallurundaikar, Kuliadichan,
Kuruvaikalangiam, Mattaikar, Nootripathu and
Vellaichithiraikar were utilized as lines and fohigh
yielding rice varietiesiz, PMK 3, MDU 5, ASD 16 and
ADT 36 used as testers were obtained from variou

staggered sowings of all the parents were takeatup
10 days interval to facilitate synchronization in
flowering. Crosses were effected in a ‘Line x teste
mating design (Kempthorne, 1957) following wet hlot
emasculation method suggested by Chaisangil.

(1967). The 24 hybrids effected with 10 parentsewer
transplanted in two rows of 1.5 m length with a
spacing of 20 cm x 10 cm in a randomized block
design (RBD) with two replications. Recommended
package of practices and need based plant pratecti

Moisture stress was induced by withholding irrigati
for a period of 15 days during tillering stage stay on
60 days after sowing. The crop was irrigated atfter

stress period up to maturity. Observations were

recorded for 13 physio-morphological traits likeysla
to 50% flowering, plant height, productive tillgskant

! grains paniclé, 100 grain weight, harvest index,
grain yield plant, chlorophyll stability index (CSI),
root length, root dry weight, root : shoot ratielative
water content and proline content on five randomly

selected plants per line as per standard evaluatio

system for rice (IRRI, 1996). The Relative Water
Content (RWC) was calculated using the formula
suggested by Weatherly (1950). Chlorophyll stapilit
index in leaf was estimated by Spectrophotometeri
method as suggested by Koloyereas (1958). Prolin
content was estimated by colorimetric method
described by (Bate®t al., 1973). The mean data
derived from five plants per replication were suibgel

to statistical analysis and for the estimation lufee

types of heterosis (Fonseca and Patterson, 1968).

RESULTSAND DISCUSSION

To know the potentiality of hybrids, study on
magnitude and direction of heterosis is importaxt.

good hybrid should manifest high amount of heterosi
for exploitation. Therefore selection based on high

R. Ushakumarét al. / J. Appl. & Nat. &ci. 6 (2): 804 - 811 (2014)

in the tables 1-5. Biju et al.(2006), reported, the
presence of exploitable level of heterosis is yet
another prerequisite for the success of hybriedirey
and is recognized as the genetic yield ceilingraasa
where yields have already approached their potentia
Negative heterosis is desirable for days to flomgri
and plant height because this will make the hybiids

. ) ; Snature earlier as compared to parents. While foerot
research stations in Tamil Nadu. In nursery three

traits, positive significant standard heterosiseet$
were considered. Heterosis for earliness has been
reported by Young and Virmani (1990) and Mishra
and Pandey (1998). Significant negative standard
heterosis for days to 50% flowering and plant heigh
was also indicated by Pandya and Tripati (2006),
Chaudhryet al., (2007), KumaBabu et al. (2010) and
Tiwari et al. (2011). For days to 50% flowering six
hybrids namely Kallurundaikar / ADT 36 (-8.16%),
Kuruvaikalangiam / ADT 36 (-13.88%), Mattaikar /

0 _ 0 i - 0
measures were done (Crop production guide, ZOOS)QDT 36 (-14.17%), Nootripathu / MDU S (-13.78%),

ootripathu / ASD 16 (-14.16%) and Vellaichithiraik/
MDU 5 (-14.17%) showed significant negative staddar
heterosis. Twenty hybrids exhibited better perfarosa
than the standard check for plant height. Theseltses
are in agreement with those obtained by Weeralebon
al. (2008), El-Mouhamady (2009) and El-Mouhamady
et al., 2013. Positive heterosis was enviable for rest of
the traits viz., Productive tillers per plant, Gaiper
panicle, Root length, Root dry weight, Root: Shoot
ratio, Hundred grain weight, , Chlorophyll stalyilit
index, Harvest index, Relative water content, Pmoli
Qontent and grain yield per panicle. One hybrid
(Kuruvaikalangiam / ADT 36 (11.94%)) exhibited
significant standard heterosis for proline contdnto
hybrids (Nootripathu / PMK 3 (8.33% and (7.50%))

Cand Nootripathu / MDU 5 (25.00% and (26.43%))

as%lone exhibited heterotic vigour for root dry weigh

and root : shoot ratio. 13 hybrids out of 24 hybrid
exhibited significant standard heterosis for 108irgr

weight over the standard check. Kallurandaikar KPM
3 (7.50 %), Kuliadichan / PMK 3 (20.00%),
Nootripathu / PMK 3 (12.50%), Nootripathu / MDU
5 (15%) and Vellaichithiraikar / PMK 3 (7.50%)
exhibited significant standard heterosis for harves
index. For grain yield per plant Kallurundaikar /
PMK 3 (9.42%), Kuliadichan / PMK 3 (10.70%),
Nootripathu / PMK 3 (9.24%), Nootripathu / MDU 5
(13.62%), Vellaichithiraikar / PMK 3 (13.50%) and

heterosis of more than one character will be highlyye|iaichithiraikar / MDU 5 (15.56%) exhibited

realistic. Some workers suggested that there shoaild
at least 20-30 per cent yield advantage for hybwids
the standard varieties to offset the cost of hykadd
production (Virmaniet al., 1982).

In practice, selection of productive hybrid is wesg
not by the expression of heterosis over bettermare

significant standard heterosis. These findings were
close agreement with the earlier findings of Chaahaila
et al., (2010), Kumar Babsat al. (2010), Chaitali Sen
and Singh (2011) and Tiwast al. (2011). Higher
levels of heterosis for RWC, chlorophyll
stability index, root length and root dry weightear

but in relation to the standard variety (Grakh anddesired for a genotype to be resistant to drought a
Chaudhury, 1985). Therefore the hybrids werereyealed by the earlier workers (Michael and
evaluated based on standard heterosis over thRangasamy, 2002; Anbumalarmatiti al., 2005).

standard check PMK 3 (Yfor all the traits and listed Qyerall the hybrids Nootripathu / PMK 3 and
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Table5. Heterosis per cent for Grain yield per plant.

Character Grain yield per plant
hybrlds di dii diii
L;x Ty 10.94 ** 9.42 ** 9.42 **
L;x T, -1.42 -6.45 * 1.34
Ly x T3 0.66 -14.44 ** -16.78 **
Lix Ty -0.20 -4.88 -7.48 *
Lox Ty 17.67 ** 10.70 ** 10.70 **
Lox T, -11.08 ** -19.36 ** -12.64 **
Lox Ts -11.60 ** -21.66 ** -30.94 **
Lox Ty -6.28 * -6.28 -17.39 **
L3x Ty 1.97 -13.37 ** -13.37 **
Lz3x T, 0.82 -17.06 ** -10.15 **
Ly3x T3 14.10 ** 12.61 ** -21.28 **
Ly3x T, 2.00 -8.65 * -19.39 **
Lyx Ty -16.21 ** -30.09 ** -30.09 **
Lyx T, -19.50 ** -34.90 ** -29.48 **
Lyx T3 12.61 ** 11.61 ** -24.01 **
Lyx Ty 3.06 -9.38 ** -20.12 **
Lsx Ty 16.12 ** 9.24 ** 9.24 **
Lsx T, 15.66 ** 4.88 13.62 **
Lsx T3 18.99 ** 5.45 -7.05*
Lsx Ty 3.52 3.52 -8.75 **
Lex Ty 18.73 ** 13.50 ** 13.50 **
Lex To 15.84 ** 6.68 * 15.56 **
Lex T3 6.95 * -6.60 * -14.83 **
LeXx Ty 7.73 ** 5.93 -3.40

di = Relative heterosis; & Heterobeltiosis; fl= Standard heterosis

Vellaichithiraikar / PMK 3 were found to be drought Nootripathu / MDU 5, which had significant standard
tolerant for twelve characters studied. From tretgdies  heterosis for eight characters namely days to 50%
it was clear that many number of the traits related flowering, plant height, productive tillers, roangth,
yield and those promoting drought tolerance root dry weight, root : shoot ratio, harvest incend
governed by non-additive gene action. Hence it isgrain yield per plant, Nootripathu / PMK 3 exhiliite
excel the hybrids excel the standard variety in ynan significant standard heterosis for seven characters
number aspects. Earlier workers Dwivedi and Pandeyhamely plant height, root length, root dry weigoit :
(2012) and Manonmani and Fazlullah Khan (2003)shoot ratio, 100 grain weight, harvest index, araing
reported the presence of non-additive gene action f yield per plant and Vellaichithiraikar / PMK 3 whic
grain yield and most of the yield contributing and had significant standard heterosis for five tra@snely
drought tolerant traits in the hybrids resultedhigh plant height, root length, 100 grain weight, hatves
amount of vigour in F1 indicating the possibility o index and grain yield per plant were the superior
augmenting yield and drought tolerance by explgitin hybrids over the standard check variety and they ma
heterosis. These hybrids may be utilized for futurebe utilized for future breeding program for devehgmt
breeding program for development of drought of drought tolerance lines. High proline contentickh
tolerance lines. Thus parents producing non-heterot is an index for drought tolerance was recorded in
hybrids for days to 50% flowering and plant height hybrid Kuruvaikalangiam / ADT 36 (11.94%) exhibited
may be preferred while aiming to produce droughtsignificant standard heterosis which is found to be
tolerance hybrids. drought tolerant among the hybrids .
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