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1. INTRODUCTION

Rice is one of the most important food crops in the world and it is the
staple food for over 2.7 billion people. Rice cultivation began in eastern India or
western China sometime between 4,000 and 10,000 B.C. In India, area under rice
cultivation is 36.95 m ha with total production of 80.41 million tonnes (paddy)
with an average yield of 2177 Kg/ha (http://www.airea.net/). It is grown in almost
all the states in India namely, West Bengal, Uttar Pradesh, Madhya Pradesh,
Bihar, Orissa, Andhra Pradesh, Assam, Tamil Nadu, Kerala, Punjab, Maharashtra
and Karnataka are majoi' rice growing states and contribute to total 92% of crop

area and production.

Kerala is one of the major rice growing states in India. Area under rice
cultivation is 2.34 lakh ha with the production of 6.25 lakh tones and productivity
of 2,671 Kg (Directorate of economics and statistics Government of Kerala,
2010). In Kerala, Kaipad is a unique coastal wetland rice production tract which
is saline prone and naturally organic production tract. Kaipad system is a
traditional integrated rice-shrimp farming adopted in the brackish water areas that
are subjected to tidal action and in monsoon, flooded by water brought in by
rivers and drainage from the adjoining hills. Kaipad tract is seen in the North
Malabar districts of Kerala, ie., Kannur and Kasargod

‘Kuthiru’, ‘Orkayama’ are the traditional land races widely grown in
Kaipad rice tracts. ‘Mundon’, ‘Kandorkutty’, ‘Orpandy’, ‘Odiyan’, ‘Orissa’,
‘Punchakayama’ and ‘Kuttadan’/ ‘Kuttoosan® are the other land races cultivated in
some pockets of Kaipad. These land races are tolerant to low and medium salinity
(Vanaja, 2013). In recent years, Kerala Agricultural University developed saline
tolerant high yielding rice varieties for Kaipad ecosystem viz., ‘Ezhome-1’,
‘Ezhome-2’°, ‘Ezhome-3° and ‘Ezhome-4°.


http://www.airea.net/

The rice plant is a member of Poaceae (old Gramineae) family. The common
cultivated rice plant is an annual which usuvally grows to a height of a half meter to two
meters but there are certain varieties that grow much taller (6-9 metres). The two major rice
varieties grown worldwide today are Oryza sativa var indica and Oryza sativa var japonica.
Although rice is considered as a sensitive crop to salinity, it is one of the most widely grown
crops in coastal areas. Salinity is the second most widespread soil problem in rice growing
countries, next to drought and considered as a serious constraint to increase rice production
worldwide. Investigations of the effects of salinity on rice have been underway for more than
50 years (Pearson, 1959) and attempts to enhance the salt tolerance in rice through breeding
date from the early 1970s (Akbar et al., 1972). In spite of considerable efforts, through both
international and national breeding programmes, progress in enhancing salinity tolerance has

been slow, with few new cultivars released.

Salinity reduces the growth of plant through osmotic effects, reduces the ability of
plants to take up water and this causes reduction in growth. There may be salt specific
effects. Na* and CI” are the principal ions in majority of salt affected soils, which mainly
affect plants growth. The roots of rice plants readily absorb Na* which is distributed in all
plant organs to pose ion damage, osmotic stress and imbalance nutrition (Siringam et af.,
2011). Excess amount of salt in plant rise a toxic level in older transpiring leaves causes
premature senescence and reduces the photosynthetic leaf area (Shereen er al., 2005).
Salinity affects plant in two processes, water relations and ionic relations. And also salinity
having three potential effects on plants (1) lowering of water potential, (2) direct toxicity of
Na" and CI" ions absorbed and, (3) interference with nutrient uptake (Flowers and Flowers,
2005).

Rice is differentially affected by salinity at different growth stages. The effect of
salinity on rice plant growth were related to stage of plant development, salt concentration,
type of salt, duration of exposure to salt, soil pH, water regime, temperature, humidity and
solar radiation. Rice is relatively tolerant during germination, sensitive at seedling stage and
becomes tolerant at maturity (Rao ef al., 2008).

Evolutionary adaptation to salinity involves a complex set of parameters, many of
which, especially physiology of plant presumably have still not been uncovered. The present
day saline tolerant rice varieties are tolerant to low-medium salinity only. Use of

physiological traits in breeding programmes is an avenue to be exploited and may be the way



forward for crop improvement and developing rice varieties tolerant to high salinity. An
approach to enhancing resistance through selection of parents on the basis of physiological
criteria and the subsequent combining of these traits, in a process termed pyramiding, has
been advocated by Yeo et al., (1990).

Besides salinity, lodging has been one of the important constraints on rice production
for a long time. When, lodging occurs, the canopy structure will destroy and reduces the
capacity of photosynthetic rate and dry matter production. In severe cases, it causes breaking
of stem (or) pulls the root out, blocks the transportation of water, minerals and

photosynthates, leading to substantial decline of yield and quality.

Growth of world population and increasing area of land being abandoned due to
salinization, necessitate that future rice varieties not only produce more grains under normal
growth conditions, but also minimize yield loss under various stressed growth conditions.
Further, in order to reduce the laborious process of harvest, lodging tolerance is another trait
preferred by farmers for easy mechanization. Identification of trait(s) for high yield, tolerance
to salinity and lodging will help the breeders in future, to identify and select suitable parents
for hybridization and development of high yielding rice varieties tolerant to salinity and

lodging.

Development of tolerance for salinity in plants remains elusive, due to multi-genic
nature of the traits and its complexity. Developing/Identifying the tolerant trait(s) is an
important sound progress to improve rice production especially for crop improvement aspect.

Considering this prospect, the present study intends to address some of these problems.
Objectives:

Identification of most correlated physiological/morphological/biochemical trait(s)
associated with salinity tolerance, high yield and non-lodging at seedling and reproductive

stages in Kaipad soil.



REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

Present study on “Traits for salinity tolerance, non-lodging and high yield
of rice in Kaipad soil of Kerala” was undertaken with the main objective of
identification of the most correlated physiological/morphological/biochemical
trait(s) associated with salinity tolerance, high yield and non-lodging at seedling
and reproductive stages in Kaipad soil. Besides, the study covered correlation
studies among yield and growth parameters, bio-chemical parameters and
physiological parameters. Path analysis was done keeping yield, survival %,
biomass production, non-lodging, spikelet sterility and seed setting % as the
dependent variables and other parameters as independent variables. A

comprehensive review of these aspects is presented in this chapter.

The available literature on various aspects is presented in this chapter

under following subheads:

Morphological parameters of plant
Physiological parameters of plant
Bio-chemical parameters of plant
Physico-chemical parameters of soil

Yield parameters of plant

AN - o S

Saline tolerant rice varieties
7. Tolerant genes for salinity

2.1. Morphological parameters of plant

Karim and Haque (1986) reported that plant height, root length, number of
tillers per plant, straw yield and dry weight of root was affected by salinity during
vegetative stage. Generally, salinity affects the growth of rice plant at all stages
of its life cycle. But it is more pronounced on reproductive stage than on

“vegetative stage consequently decreased the grain yield (Afridi et al., 1988).

Studies conducted at IRRI in 1997, indicated that rice (Oryza sativa L.) is
tolerant during germination, becomes very sensitive during early seedling stage

(2-3 leaf stage), gains tolerance during vegetative growth stage, becomes sensitive



during pollination and fertilization and then becomes increasingly more tolerant at

maturity. Further it was also reported by Rao et al. (2008).

Pareek et al. (1998) observed delayed germination, reduction in
germination per cent, reduced growth of primary root and culm axis and arrest of
root branching at higher salinity levels. Severe effects of salinity on germination

and seedling growth were reported by Chakrabarty and Chattopadhyay (2000).

Twelve rice genotypes have been evaluated for salt tolerance based on
various agronomic parameters. Wide genotypic differences were observed for
relative salt tolerance in terms of spikelet number per panicle and tiller number
per plant. Spikelet and tiller number per panicle contributed the most of the
variations to seed yield under salinity among parameters investigated when data
were analysed across all genotypes (Zeng et al., 2002). Lee et al. (2003) observed
significantly lower reduction of all growth parameters of salt tolerant indica

varieties than japornica varieties.

The study on effect of salinity on morphological characters of salt tolerant
genotypes indicated that plant height, total tillers, root, culm and total dry matter
per panicle were significantly decreased by the application of salinity. Similarly
sharp decrease in measurement of those characters is seen in susceptible
genotypes (Razzaque et al., 2009). Reduction in emergence and seedling growth
both in hybrids and parents of rice with increasing salinity levels was reported by
Maiti et al. (2009).

Effects of planting density on agronomical traits and morphological
characteristics that related to lodging were studied by Mobasser et al. (2009).
Results showed that the least spikelet’s number and sterile spikelet’s number in
spike were obtained in Langrodi Tarom and the least tiller number per hill and
panicle number per m? was produced in Mahalli Tarom and Sang Tarom,
respectively. The shortest length of first, second and third internode and the
biggest third internode diameter and also the least plant height favours resistant to
lodging.



Response of morphological traits related to lodging of rice (Oryza sativa
L.) to Chlormequat Chloride application time and nitrogen rates in the North of
Iran was studied by Ghanbari-Malidarreh et al. (2012). The resuits indicated that
nitrogen rates had significantly increased all morphological traits and only third
and fourth internodal diameter had significantly decreased. Nitrogen application
does not increases the number of internodes but significantly it increases the

internodal length, this favours lodging.

Salinity significantly reduces plant height, dry biomass, tiller number,
membrane stability and relative water content in rice varieties in all growth stages.
Tolerant rice varieties Pokkali and Narendra usher dhan 3 showed less reduction
about traits but, the sensitive genotypes IR-28 and IR-29 exhibits higher reduction
(Gautam ef al., 2015).

Drastic decrease of seed germination and seedling growth of rice varieties
(Kharaganja, shua-92, IR-9 and FL-478) with increasing salt concentration and
temperature was observed by Shakeela et al. (2015). Germination and seedling
growth of Kharaganja and Fi-478 is higher compare to Shua-92 and IR-9 at higher

salt concentration and temperature.
2.2. Physiological parameters of plant

Dubey and Sharma (1989) reported that delayed differentiation of root and
culm and reduction in seedling vigour index with increase in salt concentration.
Thé culm growth was found to be more inhibited than root growth, Physiological
studies of rice suggest that a range of characteristics such as low culm sodium
concentration, compartmentation of salt in older leaves rather than younger
leaves, tolerance to salt within leaves and plant vigour would increase the ability
of the plant to cope up with salinity (Yeo ef al., 1990). Roy et al. (1992) observed
that salt stress tended to reduce the root and culm growth of germinating seeds.

The reduction was more prominent in salt sensitive variety Ratna than resistant
cultivar CSR-4.



Peris and Rana Singhe (1993) reported that, irrespective of the varietal
tolerance, the dry weight of the seedlings was reduced in the saline treatment.
Salt sensitive entry, IR-5931-110-1 exhibited greater (65 % over control)
reduction in total dry weight than salt tolerant variety Nonabokra (33 % reduction
over control). Mandal and Pramanik (1995) studied the response of 35 cultivars
to different levels of salt stress ( 8, 12 and 16 dS m™) and inferred that japonica
and javonmica cultivars are more tolerant at higher salinity level than indica

cultivars.

Asch et al. (1997) selected five lines I Kang Pao, IR 64, IR 4630-22-2,
CSR 10 and Aiwu to be salt tolerant based on the traits of grain yield decline,
spikelet sterility, sodium and potassium distribution in top three leaves, stem, stem
base and root. They reported that potassium sodium ratio in the three leaves from
the top was high in these genotypes and this could be used as a reliable index for

salt tolerance.

Zeng and Shannon (2000) observed significant reduction in root dry
weight of rice genotypes at 1.9 and 3.4 dS m of salinity. The gradual decrease
in root length with the increase in salinity as observed might be due to more
inhibitory effect of NaCl salt to root growth compared to that of culm growth
(Rahman et al, 2001). Gregorio et al. (2002) attempted pooling physiological
traits in rice for generating salt-tolerant lines. With increase of salinity, reduction
of root length, culin length, dry weight of root and dry weight of culm was
observed by Roy et al. (2002) and further reported that the rice cultivar Annada

was the least effected by induced salinity.,

In a study performed by Ansari et al. (2003) cultivars Ganga White, Nona
Bokra, IR 6 and Shua-92 had better seedling survival, whereas IR 28 and Basmati
had the lowest seedling survival. These cultivars had a more or less similar

ranking in straw or grain weight.



Abeysiriwardena and De (2004) also reported the reduction in germination
per cent with increasing salinity and observed that tolerant cultivars recorded
higher germination per cent than the sensitive cultivars. Salt tolerant lines had
higher root culm ratio at seedling stage thus, providing a clue about salt tolerance
potential of a genotype (Yousaf et al., 2004).

Growth reduction immediately after the application of 12.5 dS m™ of EC
was observed by Alam et al. (2004) in rice, but no significant variation was seen
at lower levels (8.5 and 4.5 dS m™). They observed severe effects on leaf area,

culm and root fresh weight besides effect on all plant parts.

Ten advanced rice lines (NR-2, NR-3, NR-4, NR-5, Basmati-385 x NIAB-
IRRI-9, Basmati-320, DM-51-24, NIAB-IRRI-9 x DM25, Jhona-349 and Pokkali})
were screened by Ali e al. (2004a) and found that tolerant lines had higher root

and culm ratio thus provided a clue about salt tolerance parameter of a genotype.

Sharma and Brar (2005) stated that seedling stage was observed to be the
most sensitive to salinity. They stated that chlorophyll and protein content
decreased while soluble sugars and catalase activity increased and attributed to the
reduction in dry matter at higher salinity to the toxic effect of added salts and

physiological scarcity of water or altered carbon and nitrogen metabolism.

Islam and Mia (2007) reported that root growth was less affected than
culm growth due to salinity based on dry weight basis. Rahmanzadeh ef al.
(2008) evaluated four rice cultivars both in pots and under in vitro conditions at
various levels of salinity and found Tichung-65 as the most sensitive cultivar,
based on reduction in seedling dry weight, wet weight, culm length and root
length. Subasinghe et al. (2007) studied several traditional, old improved, new
improved and hybrid rice cultivars at different levels of salinity and categorized
Pokkali, AA 354, Nona Bokra and AT- 401 as salt tolerant, where Pokkali
recorded the highest germination under the highest salinity level.

Latif et al. (2009) reported that root and culm weight of KS-282, BG=402

and IR-28 rice varieties were decreased when subjected to saline environment.
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Among them KS-282, BG-402-4 rated as tolerant to semi-tolerant and IR-28 as
sensitive to salinity. Haq et al. (2009) screened seven rice cultivars at 100 mM of
salt concentration and reported that with increase in salinity significant reduction
were observed in culm dry weight, culm fresh weight and number of tillers
plant™ after 42 days of salt stress. Saha er al. (2010) reported that salinity stress
causes drastic effect on roots causing reduction in root length, number of root

hairs and branches, and also roots become stout, brittle and brown in colour.

Hakim et al. (2010) studied the response of twelve rice varieties against
six salinity levels (0, 4, 8, 12, 16 and 20 dS m™) at germination and early seedling
stages and found that salinity decreased the final germination per cent and led to
reduction in culm and root length and dry weight in all varieties. Awala ef al.
(2010) screened 54 genotypes of Oryza glaberrima, NERICA (21) and Oryza
sativa (41) and grown in pots by irrigating with NaCl (80 mM) solution. They
observed that relative root biomass was significantly lower in Oryza glaberrima

than others.

Germination of rice seeds was not affected by NaCl concentration less
than 100mM. At higher salinity levels (100 and 200 mM NacCl), a delay of 3 to 6
days in germination was observed (Shereen ef al, 2011). Ismail ef al. (2013)
reported that the means by which different physiological tolerance mechanisms
addressed varies widely, and no single mechanism appears to be effective in

conferring a high level of tolerance in any single genetic background.

Reproductive stage salinity tolerance has been difficult to study due to the
complexity of the trait and lack of reliable stage specific phenotyping techniques.
In this study, growing the genotypes in real saline field condition, the evaluation
at reproductive stage was done. In order to standardize rice screening for
reproductive stage of salinity tolerance, a leaf-cutting technique was developed
with the minimum numbers of leaves needed by the rice plant that will not

significantly affect grain yield and yield components (Palao et al., 2013).
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Salt stress causes increased chlorophyll b concentration in leaves of a
tolerant FL-485 rice genotype, but significantly decreased chlorophyll a content in
FL-485 and salt sensitive IR-29 cultivars. Reduced chlorophyll a and
chlorophyll b ratio in susceptible variety is one of the reasons for higher tolerance
of FL-485 (Sacdipour, 2014).

Physiological traits associated with tolerance of salinity at seedling stage
were studied by Barua ef al. (2015) with six rice genotypes (BRRI dhan 47, BINA
dhan 8, and BINA dhan 10, FL 478, IR 64 and IR 29). These were evaluated for
morpho-physiological traits that contribute to salinity tolerance. The results
showed that among six genotypes, BRRI dhan 47 and FL 478 found the most salt
tolerant cultivar while IR-29 was the least tolerant cultivar had higher culm
sodium concentration and higher Na'/ K ratio. The cultivar BINA dhan 8 found
to be susceptible and cultivars BINA dhan 10 and IR-64 found mid-tolerant to

salinity.

Gautam et al. (2015) reported that salinity causes reduction in chlorophyll
content and increases the carbohydrates and activity of antioxidant catalase in salt

susceptible genotypes than tolerant genotypes.
2.3. Biochemical parameters of plant

The Na" uptake of the salt tolerant land race ‘Pokkali’ is not less than the
salt sensitive dwarf IR-28 but the low Na" concentration in Pokkali is attributed to
the diluting effect of its rapid vegetative growth (Yeo and Flowers, 1984).

The Na'/ K ratio shows relative decrease in K* content compared to Na*
content in the genotypes along with salinity gradient (Mass and Poss, 1989) and
higher salinity disturbs Na'/ K" ratio in the plant which impairs the protein

metabolism of the plants.

Gill (1990) studied the differential Na* accumulation in different plant
parts of cultivar Jaya and wild rice when subjected to salt stress and the salt injury

in Jaya is higher due to greater translocation of Na* ion to the culm system.
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Generally, the salt tolerant varieties of rice maintain low concentration of Na* in
their leaves than those of salt sensitive lines, when exposed to salt stress (Lutts
and Guerrir, 1995). Therefore, Na'/ K in the leaves of crop plants can be used as
an important indicator of salinity tolerance and breeding for low ion accumulation

could be a simple way to improve salt tolerance.

Lutts, et al. (1996) reported salt resistant rice cultivars Nona Bokra and IR
4630 exposed at the seedling stage during one (or) two weeks to 0, 20, 30, 40, (or)
50 mM NaCl. These varieties accumulated less Na, Cl, Zn and proline and more
K at root and culm levels than salt sensitive I Kong Pao and IR 31785.

Lutts et al. (1996) found that the resistant cultivars accumulated less Na,
Cl, Zn and proline and more K in roots and culms than salt sensitive cultivar.
Accumulation of Na and decrease in K content in culms were restricted to the

oldest leaves in salt resistant cultivars.

Screening of rice genotypes based on Na': K ratio is being followed by
breeders in salt affected soils. Low Na'/K" ratio of ion uptake is positively
correlated with a high level of salt tolerance and can be taken into consideration as

a desired characteristic while screening rice lines (Mishra et al., 1997).

Lee et al. (2003) observed that salt tolerant indica cultivars were good Na*
excluders with high K" absorption and maintained a low Na'/ K* ratio in culm this
indicates that tolerance level of indica was higher than that of japonica. And also
they observed that the cultivar with low Na */ K" ratio was highly tolerant and the
susceptible one had high Na*/ K ratio.

Soil salinity affects plant growth and development by way of osmotic
stress, injurious effects of toxic Na™ and CI” ions and some extent of Cl” and SO,Z
of Mg*" and nutrient imbalance caused by excess of Na* and CI" ions. Salinity
stress response is multigenic, as a number of processes are involved in the

tolerance mechanism such as various compatible solutes/osmolytes, polyamines,
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reactive oxygen species, antioxidant defence mechanism, ion transport and

compartmentalization of injurious ions (Sairam and Tyagi, 2004).

Suriya—Arunroj et al. (2005) screened and categorized rice cultures in
three groups based on response to different levels of salinity. The tolerant group
consisted of Pokkali, FL-496 and FL-530; moderately tolerant group had
FL-358, FL-367, FL-411 and KDMC-105 and RD- 6 are susceptible.

Roy et al. (2005) stated that culm Na'/K" ratio is considered as a reliable
parameter to evaluate salt tolerant genotypes in rice. The typical mechanism of
salt tolerance in rice is the Na* exclusion or reduced uptake of Na* and increased

absorption of potassium to maintain a good Na*/ K* balance in the culm.

Characteristics of a salt-tolerant variety include Na' exclusion, K*/Na*
discrimination, retention of ions in the leaf sheath, tissue tolerance, ion
partitioning into different-aged leaves, osmotic adjustment, transpiration
efficiency, early vigour and early flowering leading to a shorter growing season

and the later increasing water use efficiency (Colmer et al., 2005).

Salinity affects plant growth and development generally through osmotic
stress limiting water uptake and the excessive uptake of ions, particularly Na™ and
Cl that ultimately interfere with various metabolic processes (Munns and Tester,
2008).

Sexcion et al. (2009) observed the morpho-physiological traits associated
with salinity tolerance in rice cultivars and classified Pokkali, Cherivirippu, FL-
478 and IR-651 as salt tolerant due to consistent expression of high vigour, low
standard evaluation score (SES), high culm root biomass, lower culm Na*

accumulation and lower culm Na' / K ratio compared to sensitive genotypes.

Hagq et al. (2009) reported significant variation in leaf Na* under salt stress
but not in control. The tolerant variety (CO-34) accumulated lower Na*
(14.9 mol m™) while susceptible variety (Monoberekan) accumulated 52.9 mol m”

3 in the leaf sap. They further reported larger reduction in K*/N: a_+ ratio due to salt
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stress and they revealed that the key feature of plant salt tolerance was the aBility
of plant cells to maintain optimum K*/Na® ratio. Latif et al. (2009) stated tolerant
genotypes KS-282 and BG-402 maintained low Na® and CI level and higher K:
Na ratio than susceptible IR-28.

Rice varieties Nona Bokra and Pokkali were evaluated for their response
to salinity in terms of some physiological and biochemical attributes. A significant
increase in sodium was recorded which was also con-committing with the changes
of other metabolic profiles like proline, phenol, polyamine etc. when the varieties
exposed to the salinity leve]l of 200 mM concentration of sodium chloride for 24,
48 and 72 hours (Ghosh et al., 2011).

Islam and Gregorio (2013) reported that BR 23, BRRI dhan 40, BRRI
dhan 41, BRRI dhan 53 and BRRI dhan 54 possess salinity tolerance up to EC
8 dSm™ in addition to high yield potential (> 4.0 t/ha), lodging tolerance and
10-38 days shorter growth duration over traditional rice varieties for the wet

S€ason.

Pokkali, PTT 1 and the Thai indigenous rice cultivars ULR 198 and
KKU-ULR 076 were identified as salt-folerant. These salt tolerant varieties
exhibited low Na content but accumulated high K resulting in a lower Na / K

ratio, a higher survival rate and a lower salt injury score than the other varieties
(Ninsuwan et al., 2013).

The tolerant rice genotypes have a capacity of compensating mechanism to
Na'’ exclusion and K* absorption which neutralizes to excessive salt stress. But,
the susceptible genotypes respond very quickly to the salinity and leads to death
of plant (Senguttuvel et al, 2013). They also stated identification of tolerant
genotypes at early seedling stage can be done with an potential indicators of
reduced level of CO; assimilation, Stomatal closure, transpiration rate, exclusion

of Na* ion and K" absorption and increased level of antioxidant enzymes.

Tolerant cultivar FL-485 had less accumulation of Na* compared to

sensitive IR-29. Avoiding excess accumulation of Na* facilitates salinity
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tolerance in rice (Sacdipour, 2014). Significant increase of sodium content in
leaves causes concomitant decrease of K. and Ca in saline soil. The tolerant
genotypes Pokkali and Narendra usher dhan 3 accumulate comparatively less

sodium than susceptible varieties (Gautam ef al., 2015).
2.4. Physico-chemical properties of soil

Certain rice varieties have been reported as being salt sensitive in their
seedling and reproductive stages leading to a reduction in crop productivity of
more than 50% when exposed to 6.65 dS m™ electrical conductivity (EC) and soil
salinity (Zeng and Shannon, 2000). Ansari ef al. (2003) have reported that

sodium uptake increased and potassium decreased with increasing salinity.

Salt salinity of the kaipad soil in summer variéd from 10.9 m mhos/cm to
19.9 m mhos/cm and water salinity in summer varied from 35.9 m mhos/cm to
49.9 m mhos/cm and in the month of July in middle of the south west monscon
varies from 1.6 m mhos/cm to 4.7 m mhos/cm. Soil pH during April ranged from
4.9 to 6.6. Water pH ranged between 6.71 and 7.47 in April and in June ranged
from 6.15 to 6.71, this was reported by Chandramohanan and Mohanan (2012)
and also they reported that the major rice varieties cultivated in the saline wetland
are the native cultivars Kuthiru, Orkayama, Kutturan, Orthadiyan and Chovverian
among which Kuthiru is the most popular and the best performing.

2.5. Yield parameters of plant

Salinity delays flowering, reduces the productive tillers plant™, fertile
florets panicle™, seed set (weight grain™), 1000-seed weight and overall grain
yield (Khatun et al, 1995). Screening of rice genotypes based on Spikelet
sterility by the breeders in salt affected soils was reported by (Mishra ef al., 1997).
They stated high percentage of spikelet sterility relates to a high level of salt
tolerance in rice. Further it was noted that tolerant genotypes had lesser reduction

in floret fertility than sensitive genotypes.
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Zeng and Shannon (2000) stated tiller production gradually decreased
with increased levels of salinity and also they observed variety BR11 having more
than 30 percent reduction of effective tillers at 150 mM NacCl treatment compared
to control. Zeng et al. (2000) repdrted that the reduction in spikelet number per
panicle was a major cause of yield loss under salinity. Total number of tillers,
grain weight per panicle, 1000-seed weight and quantity of grains decreased
progressively with increase in salinity levels (Abdullah ef al., 2001).

Govindaraju and Balakrishnan (2002) indicated that plant height, number
of productive tillers hill™, 1000-grain weight, grain yield, straw yield, chlorophyll
content and photosynthetic ability decreased with increase of salinity.
Mishra et al. (2003) have identified stable salt tolerant genotypes for yield and its
components on the basis of stability parameters under multiple stress
environments. The most stable and adaptable genotypes identified are CSR 10,
CSR 11, CSR 13, CSR 27, CSR 1, Pokkali, CSR 18 and CSR 21 for grain yield ,
filled grains per panicle, low spikelet fertility(%), Na / K ratio and K absorption.

Ali et al. (2004b) observed significant reduction of yield in many rice
genotypes at a salinity level of 8.5 dS m™ including the reduction of many yield
contributing parameters viz, chlorophyll content, productive tillers plant’, and

panicle length and fertility percentage.

Natarajan et al. (2005) observed that high yielding and tolerant genotype
IR 60494-2B-18-3-2-3 significantly recorded more number of productive tillers
hill" and number of filled grains panicle”. Uddin ef al. (2007) stated that salinity
reduced the number of effective tillers plant-1, number of grains panicle™,

100 grain weight and yield plant™,

Sankar ef al., (2008) have reported the presence of heterosis for grain yield
per plant in normal and salt affected environments. The thermo-sensitive genetic
male sterility (TGMS) based rice hybrid GD 98179/CSSRI 60 recorded the
highest standard heterosis per cent for the trait grain yield per plant in all the
environments followed by GD 98168/Vytilla-3, GD 98029/CSSRI 60, GD



17

08029/CSR 23 and GD 98028/ Nona Bokra. In salt affected environments the
hybrids GD 98028/CSR 23 and GD 98021/CO 43 recorded high heterosis at both
Na': K ratio and grain yield per plant.

Hosamuzzaman et al., (2009) reported that 1000-grain weight and grain
yield decreased with increase in levels of salinity. Similarly, Mohammadi-Nejad
et al, (2010) found that salinity stress caused reduction in overall vigour
especially in the number of filled grains panicle” and yield plant™. Grain yield
and 1000 grain weight of IR-29 and FL-485 was decreased with the application of
NaCl (Sacdipour, 2014). Gautam et al, (2015) reported decrease of number of
panicles per plant and grain yield per plant in all varieties is higher in saline soil

than normal soil.
2.6. Saline tolerant rice varieties

The first systemic attempt to breed salt-tolerant varieties in the early
1980°s initiated by CSSRI, Kamal, India, resulted in the development of the first
high yielding, salt-tolerant and early maturing rice variety CSR10. It was released
in 1989 by the Central Varietal Release Committee (CVRC) for sodic and inland
saline soils of India. This variety can withstand highly deteriorated sodic (pH 9.8-
10.2) and inland saline soil (EC 6-10 dSm™) conditions under a transplanted
irrigated management system (Mishra ef al., 1992).

Shylaraj and Sasidharan (2005) reported that VIL 5 is having multiple
tolerances to abiotic stress such as salinity, acidity and submergence. 1t is tall,
medium duration, high yielding and white kernelled rice variety with good

cooking quality and average yield of 3500 Kg ha™.

VTL 6, the first saline tolerant, semi-tall, non-lodging and high yielding
rice variety of Kerala. This variety has multiple tolerance to abiotic stresses like
salinity, acidity, submergence and is a medium duration, red kemelled variety
with good cooking quality and average yield about 4500 Kg ha™ (Shylaraj ef al,
2006).
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In Bangladesh, six rice varieties were recently released for salt tolerance
named BRRI dhan 47, BRRI dhan 53, BRRI dhan 54, BRRI dhan 55,
BINA dhan 8 and BINA dhan 10 within the last five years. Among them BRRI
dhan 54 is suitable for wet season and all of the others are suitable for both wet
and dry seasons (Islam ef al., 2008).

Vanaja et al. (2009) have developed two high yielding and non-lodging
organic red rice varieties meant for the saline prone rice fields of Kaipad, namely
Ezhome 1 and Ezhome 2 having awn less, non shattering and better cooking

qualities.

Islam and Gregorio (2013) reported that development of BRRI dhan 47,
BINA dhan 8, BRRI dhan 53 and BRRI dhan 55 for dry season was a major
breakthrough for breeding salt tolerant rice in Bangladesh. BRRI dhan 47 can
tolerate EC 12 to 14 dS m-' salt stress. The potential yield of the varieties ranged

from 5.4 to 8.3 t ha™! in different saline prone areas.

Traditional cultivars are the most tolerant to abiotic stresses. Cultivars
namely Pokkali, Cherivirippu, Nonabokra, SR26B, Damodar and Getu are

tolerant to salinity but possess poor agronomic characters (Reddy et al., 2014).

Two Malaysia varieties, MR 211 and MR 232 performed better in terms of
vegetative growth namely plant height, leaf area per plant, number of tillers per
plant, dry matter accumulation per plant, photosynthetic rate, transpiration rate,
yield components, grain yield and injury symptoms. While the varieties MR 33,
MR 52 and MR 219 are having the capacity of withstand salinity stress than salt-
sensitive contro] varieties BRRIdhan 29 and IR 20 (Hakim et al., 2014).

Vanaja, ef al. (2015) developed the first saline tolerant, non-lodging, high
yielding rice variety suitable to kaipad ecosystem, Ezhome-1, with the favourable
traits demanded by farmers by adopting combined strategy of conventional plant
breeding linked with novel strategies of organic plant breeding and participatory
plant breeding.
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2.7, Tolerant genes for salinity

Gregorio (1997) described SalTo! locus that confers salinity tolerance at
vegetative stage and is associated with Na-K ratios. SKC / is a sodium transporter
from the HKT family isolated from ‘Nona Bokra’ rice using map-based cloning.
Advances in molecular transformation using complementation analysis and
electo-physiological tests showed SKC's role in maintaining K~ homeostasis

during vegetative growth (Ren ef al., 2005).

Walia et al. (2005) validated SKC expression levels to be higher for
tolerant ‘Agami’ under salt-stressed conditions as compared to the intolerant
genotype during rice panicle initiation stages. SKC I gene confers salinity
tolerance throughout rice growth. The SaiTol locus affected Na-K ratios more
than any other traits and may be related with SKC7 (Thomson ef al., 2010).

To identify and develop useful markers for selective breeding at IRRI,
several other QTLs for salinity tolerance at vegetative stage were identified from
IR29/Pokkali recombinant inbred line (RIL) population and validation of some
QTL markers was done on salt tolerant ‘Pokkali’ accessions. Results revealed
allelic variation existed for ‘Pokkali’ alleles identified in the SalTol region and
therefore, breeding requires careful strategy in choosing donors and markers to

transfer salt tolerance to intolerant lines (Thomson ef al., 2010).

The HKT family of genes is important for Na" transport. Plett ef al.,
(2010) used Arabidopsis HKT and expressed this in the root cortex of rice.
Expression of AtHKT1:1 in rice increased salinity tolerance and decreased Na*

accumulation.

Salt tolerance in rice is a complex trait may involve many quantitative trait
loci (QTLs). Some of the identified genes in these QTLs (SKC 1, SalT, Nax 2,
SOS 1, SOS 2, ERA 1, PP 2C) are mentioned in a review by Roy ef al, (2011) and

a few are involved in maintaining Na-K homeostasis.
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Major QTLs on rice chromosome 1 in the region of the SalTo! locus and
new QTLs in chromosome 8 and 12, were also identified from a F> population of
BRRI dhan 40 / IR 61920-3 B-22-2-1 (NSICRcl06) using simple sequence
repeats (SSRs) and expressed tags (ESTs) (Islam et al,, 2011).

Recent studies showed variations in the SKC! sequence, which may
result in changes in protein function affecting or enhancing its Na® total
accumulation (Negto ef al., 2011).

Negrao and colleagues (2012) used EcoTILLING to also evaluate five key
genes (OsCPK, OsNHX1, OsRMC, OsHKTI-5 and SalT) related to salt tolerance
enhancement and identified several single nucleotide polymorphosis (SNPs) with
in each of those genes that are relevant by association studies. And their studies
showed that different rice genotypes have different mechanisms to cope up with

salt stress and that no accession carries all favourable alleles of the target loci.

The validation of one SSR marker, RM8094, in 115 rice accessions
showed strong linkage for salt tolerance and was useful for discriminating
between tolerant and intolerant genotypes and therefore may be useful for marker-

assisted selection (Islam et al.,, 2012).

Gene expression was up regulated in salt-stressed lines containing the gene
while in knock-out mutants and artificial micro RNA lines, osmotic and salt
tolerance decreased, inferring that Asfe/b may be a positive regulator for root and
culm growth (Schmidt et al., 2012).
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3. MATERIAL AND METHODS

The present study was conducted in the Department of Plant Breeding and
Genetics, College of Agriculture, Padannakkad, Kerala Agriculture University.
The field trials were carried out in three locations namely high-saline and low-
saline prone areas of Kaipad tract at Ezhome Grama Panchayath of Kannur
district and non saline area at Regional Agricultural Research Station, Pilicode
during the season kharif 2015, The materials used for the study and the methods

followed are presented in this chapter.
3.1. MATERIALS

Eighteen rice genotypes were used for the study which include, saline
tolerant traditional land races of Kaipad tract (Kuthiru and Orkayama), improved
saline tolerant varieties of Kaipad (Ezhome-1, Ezhome-2 and Ezhome-3),
improved saline tolerant breeding lines of Kaipad (J0532-1, JK 15, JK 59 and JO
583), saline tolerant traditional land races of Pokkali tract (Chettivirippu and
Cherivirippu), improved saline tolerant Pokkali varieties (Vytilla-1 and Vytilla-6),
international saline tolerant varieties (Pokkali, FL-478 and Nona Bokra),
international saline susceptible variety (IR-29) and saline susceptible popular
variety of Kerala (Jyothi). |

The objective of the experiment was identification of most correlated
physiological/morphological/biochemical trait(s) associated with salinity
tolerance, high yield and non-lodging at seedling and reproductive stages in
Kaipad soil. The experiment material constituted eighteen rice genotypes in

randomized block design with eighteen treatments and two replications.
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Table 1. . Rice genotypes used for the investigation

Sl. No. | Genotype Parentage / Pedigree Evolved at

1 Kuthiru ‘Traditional cultivar of Kaipad Kerala
2 Orkayama Traditional cultivar of Kaipad Kerala
3 Ezhome-1 Jaya x Kuthiru KAU Kerala
4 Ezhome-2 Jaya x Orkayma KAU,Kerala
5 Ezhome-3 Mahsuri x Kuthiru KAU, Kerala
6 JO-532-1

{Ezhome-4) Jaya x Orkayma KAU,Kerala
7 JK-15 Jaya x Kuthiru PRS, Panniyur, KAU,Kerala

JK-59 Jaya x Kuthiru PRS, Panniyur, KAU,Kerala
9 JO-583 Jaya x Orkayma PRS, Panniyur, KAU,Kerala
10 Chettivirippu Traditional cultivar of Pokkali Kerala
11 Cherivirippu Traditional cultivar of Pokkali Kerala
12 Vytilla-1 Pure line selection from
Chettivirippu RRS, Viyttilla, KAU

13 Vytilla-6 (Cherivirippu x IR-5) x Jaya RRS, Vyttilla, KAU
14 Pokkali Traditional cultivars Kerala
15 FL-478 IR 29 x Pokkali B IRR], Philippines
16 Nona Bokra Hamilton (Selection) West bengal, India
17 IR-29 FB 24 x KH 68 IRR1, Philipines
18 Fyothi Ptb-10 x IR-8 (Hybrid selection) KAU, Kerala

3.2. Design of the experiment

Design: RBD
Treatment: 18
Replication: 2

Plot size: 20 m?
3.3. Observations

The observations were recorded for morphological, physiological,
biochemical, physico-chemical and yield parameters of rice crop at seedling and
flowering stages during kharif season 2015 and physico-chemical properties of
soil for a period of one year at monthly interval. The details of the observations

recorded are shown below.



Plate 1. Seed treatment with Ueejamrutha

Plate 2. Nursery of 18 rice genoty pes raised at RARS, Pilicode



Plate 4. Experimental plot at low-saline Kaipad
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3.3.1. Morphological parameters

The description of the morphological observations of rice genotypes are

given below.
3.3.1.1. Plant height

Measured in centimetres {cm) from the base of the culm to the tip of the

tallest leaf blade and mean was worked out.
3.3.1.2. Number of tillers per plant

Number of tillers in each plant was counted at seedling and flowering

stages of crop and mean was worked out.
3.3.1.3. Number of nodes

Number of nodes in each plant was counted at flowering stage of the crop.
3.3.1.4. Uppermost internodal length

Uppermost internodal length in each plant was measured in centimetres
(cm) from the node of uppermost internode to the point of panicle at flowering

stage of crop.
3.3.1.5. Orientation of flag leaf

Orientation of flag leaf was measured as erect, intermediate and
descending type given by Descriptors for Rice (Oryza sativa L.) from IBPGR-
IRRI Rice Advisory Committee,

3.3.1.6. Lodging/Non-lodging

Lodging and non-lodging characteristics of plants was measured by visual

observations.
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3.3.1.7. Duration of crop

Number of days from sowing of seeds to harvest (when 85% of grains on

the panicle have matured) was counted.
3.3.2. Physiological parameters
3.3.2.1. Survival %

Survival percentage was recorded at seedling and flowering stage of crop

and mean was worked out.

Number of seedlings survived

i00
Total number of seedlings planted X

Survival % =

3.3.2.2. Specific leaf area (SLA)

Leaf area from the selected plants were measured at seedling and
flowering stages using portable leaf area meter, Model LI-3000A and specific leaf

area was calculated and expressed as square centimetre per gram.

Leaf area

SLA = Leaf dry weight

3.3.2.3. Relative water content

Relative water content (RWC) of leaf was measured in percentage at

seedling and flowering stage of crop using the formula.

RWC (%) = TW— bW x 100
“ " TW—DW

FW= Fresh weight

DW= Dry weight

TW=Turgid weight



Plate 6. Determination of RWC
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3.3.2.4. SPAD chlorophyll meter reading (SCMR)

SCMR were recorded at seedling and flowering stages and mean was
worked out by SPAD (Soil Plant Analytical Development) chlorophyll meter -
502).

3.3.2.5. Stomatal conductance and resistance

Stomatal conductance (usually measured by steady state porometer in
m mol m™ s7!) is the measure of the rate of passage of carbon dioxide (CO,)
entering, or water vapour exiting through the stomataof a leaf. Stomatal
resistance is the reciprocal of Stomatal conductance. The readings taken at

seedling and flowering stages and means were worked out.
3.3.2.6. Biomass

Measured in grams by taking dry weight of whole plant including both

root and culm and means were worked out.
3.3.2.7. Root length

It is the measurement of length in centimetres between base of culm and
tip of the roots at seedling and flowering stage of the crop and mean was worked

out.
3.3.2.8. Root volume

Root volume was measured by using volume displacement method at

seedling and flowering stage of crop and expressed in mL>.
3.3.2.9. Root culm ratio

Dry weight of root and culm of each plant was measured in grams at
seedling and flowering stage of crop. The root culm ratio was worked out by

dividing root weight and culm weight.
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3.3.3. Biochemical parameters
3.3.3.1. Proline content in root, culm and leaf

Free proline content was determined according to Gilmour et al. (2000).
Plant samples from each variety was homogenized in 3% (w/v) Sulphosalicylic
acid one mL at room temperature and then stored at 4°C over night. The
supernatant was added with acid ninhydrin and glacial acetic acid. The mixture
was heated at 100° C for 45 min in a water bath. Reaction was then stopped by
using an ice bath. The mixtures were extracted with toluene and measured using a
UV-visible spectrophotometer (Thermo Electron, Model Bio Mate 3,
‘Massachusetts, USA) at wavelength 519 nm. Proline concentration was

determined using calibration curve and expressed as mg proline g™

3.3.3.2. Ca", Na*, X*, Chloride and Sulphate content in root, culm and leaf

Plant samples were collected from the seedling and flowering stage of the
crop and analyzed for Ca**, Na*, K*, Chloride and Sulphate status in it using

standard procedures.

Calcium content in plant was estimated by Atomic absorption
spectroscopy (AAS) given by Issac and Kerber, 1971 and expressed in

percentage.

Sodium and potassium content in plant were estimated by flame

photometry method and expressed in percentage (Jackson, 1958).

Chloride content in plant was estimated by Volhard’s method (Volhard et
al., 1874).

Sulphate content in plant was estimated by Turbidometric method and

expressed in percentage (Bhargava and Raghupathy, 1995).
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3.3.3.3. Root CEC

Root Cation Exchange Capacity (CEC) was estimated by hydrochloric
treatment of living roots (Mitsui and ueda, 1963) at seedling and flowering stages
-of crop and mean was worked out.

3.3.4. Physico-chemical parameters of soil

Soil samples for laboratory analysis were collected from Kaipad low-
saline and high-saline tracts at monthly interval from July 2014 to June 2015. The
samples were air dried, ground, sieved with 2mm sieve and stored in air tight
container. They were analyzed for pH, Electrical Conductivity (EC), Cation
Exchange Capacity (CEC), Exchangeable Cations, Exchangeable sodium
percentage (ESP), Sodium absorption ratio (SAR), Chloride and Sulphate as per
the standard procedures.

pH in soil was estimated by using pH meter (Jackson, 1958).

EC (Electrical conductivity) of soil was estimated by using Conductivity

meter and expressed in mmhos/cm (Jackson, 1958).

CEC (Cation Exchange Capacity) of soil is a measure of the quantity of
readily exchangeable cations neutralizing the negative charge in the soil and

expressed in milli equivalent per 100 gram of soil.

Exchangeable cations of soil were estimated by Atomic absorption
spectroscopy given by Department of Sustainable Natural Resources.

Exchangeable sodium percentage (ESP) of soil was estimated by using the
formula

Exch i
ESP (%) = XC angza;bée sodium % 100

Sodium absorption method (SAR) was estimated by the formula
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N a2+

\/ 1/2(Ca™ +Mg™)

Chloride content in soil was estimated by mhor method using AgNO3 and

SAR x 100

expressed inmg /L.

Sulphate content in soil was estimated by using photoelectric colorimetry
(Massouni and Comfield, 1963).
3.3.4. Yield parameters
3.34.1. Numbe.r of productive tillers per plant

Number of panicles bearing tillers per plant was counted for randomly
selected 10 plants and mean was worked out.
3.3.4.2. Number of spikelets per panicle

All spikelets including fertile and sterile ones in each panicle were counted

for randomly selected 10 plants and mean was worked out.

3.3.4.3. Number of filled grains per panicle

Filled grains in each panicle of randomly selected 10 plants were counted

and mean was worked out.
3.3.4.4. Seed setting percentage

Seed setting percentage of randomly selected 10 plants was calculated by
using the formula given below and mean was worked out.
Number of filled grains

S ing % =
eed setting % Total number of spikelets % 100

3.3.4.5. Sterility percentage

Sterility percentage of randomly selected 10 plants was calculated using

the formula given below and mean was worked out.
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number of sterile spikelets
Total number of spikelets

Sterility % = X 100

3.3.4.6. Length of panicle

The length of panicle was measured from base to tip of the top most
spikelet (awns included) on panicle for randomly selected 10 plants. The mean

was worked out and expressed in centi meters.
3.3.4.7. 1000 grain weight

Weight of randomly selected 1000 numbers of grains was recorded in

grams and mean was worked out.
3.3.4.8. Grain yield per plot

Weight of total grains from each plot was recorded in kilograms and mean

was worked out,
3.3.4.9. Straw yield per plot

The dry weight of paddy straw from each plot was recorded and means

was worked out and expressed in kilograms.
3.4. Statistical analysis

The data on various parameters studied during the course of investigation
were subjected to statistical analysis. Analysis of variance was performed using
the ICAR Research Complex for Goa developed online software ‘Wasp 2.0°. The
critical differences for treatments showing significant differences were worked
out at 5 % probability level. Two factor analysis using ‘OPSTAT’ were worked
out for finding the interaction effect of genotypes in different soil conditions. The
significance of genotypic and phenotypic correlation coefficients among the
characteristics observed in high-saline soil was assessed at 5 % and 1 % levels

from the table value at (n-2) degrees of freedom using ‘SPSS’. Genotypic and
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phenotypic path coefficients among the characteristics observed in high-saline soil
were assessed using ‘INDOSTAT®.



RESULTS



4. RESULTS

An investigation was conducted for identification of most correlated
physiological/morphological/biochemical  trait(s) associated with salinity
tolerance, high yield and non-lodging at seedling and reproductive stages in
naturally organic saline prone Kaipad soil of North Kerala, India.

Evaluation was done in low-saline Kaipad, high-saline Kaipad and in non-
saline paddy field. The physico-chemical parameters of these three types of soils

are described below
4.1, Physico-chemical parameters of soil
4.1.1. Physico-chemical parameters of soil of low-saline Kaipad

Physico-chemical parameters such as pH, electrical conductivity (EC),
cation exchange capacity (CEC), exchangeable cations, exchangeable sodium
percentage (ESP), sodium absorption ratio (SAR), chloride and sulphate content
of low-saline Kaipad soil was analysed and are presented in Table 2. The result

showed that the particular soil is saline soil.

Table 2. Soil analysis result of low-saline soil Kaipad

S1. No. pH EC CEC E. ESP SAR Chloride | Sulphate -

(mmhos/cm) | (meq/100g | cations (%) (%) (mg / Kg | (mg / Kg

soil) s0il) sail)

July 5.63 4.48 15.3 2.53 4.9 13.2 1.38 0.195
August 5.13 4.84 15.7 2.66 2.9 12,6 1.26 0.175
September 5.53 3.51 16.6 2.96 3.5 15.1 1.21 0.18
October 4.93 247 14.8 2.40 4.4 14.2 1.28 0.19
November 4.75 5.85 12.3 2.79 4.6 13.7 1.31 0.187
December 4.37 4,72 13.6 2.44 4.5 139 1.76 0.21
January 4.61 3.54 13.9 2.75 4 13.3 1.18 0.24
February 4.60 4,74 14,7 2.61 4.2 12.8 1.92 0.236
March 5.30 5.60 15.3 2.42 3.7 13.7 1.46 0.248
April 5.35 4.93 14.6 2.1 5.2 13.8 1.39 0.275
May 5.46 4.68 14.8 2.78 2.7 12.9 1.22 0.245
June 5.86 4.39 15.8 3.17 29 13.6 1.24 0.23

4.1.2. Physico-chemical parameters of soil of high-saline Kaipad
Physico-chemical parameters such as pH, electrical conductivity (EC),

cation exchange capacity (CEC), exchangeable cations, exchangeable sodium
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percentage (ESP), sodium absorption ratio (SAR), chloride and sulphate content
of high-saline Kaipad soil was analysed and are presented in Table 3. The result

showed that the particular soil is acid saline soil.

Table 3. Soil analysis result of high-saline soil Kaipad

Sl. No. pH EC CEC E. ESP { SAR | Chloride Sulphate
(mmhosfem) | (meq/100g | cations (%) (%) (mg / Kg | (mg / Kg
soil) soil) soil)
July 3.93 14.48 12.6 2.89 6.1 14.6 2.5 0.25
August 4.42 14.98 13.7 2.53 8.1 14.8 2.6 0.27
September 4.79 13.04 13.8 2.59 5.6 14.3 2.36 0.22
Qctober 3.48 14.55 12.9 2.62 6.1 14,6 2.76 0.22
November 3.47 14.47 12.7 2.68 5.7 13.9 2.38 0.26
December 3.50 11.3 12.3 2.34 8.7 13.6 2,79 0.28
January 3.97 13.68 11.9 2.67 6.2 13.7 3.26 0.23
February 3.60 16.03 11.67 2.56 7.8 13.8 3.23 0.29
March 3.60 13.43 12.3 2.14 7.5 14.2 3.67 0.25
April 4,25 13.86 13.7 2.67 7.2 14,7 3.76 0.21
May 385 | 14.86 12.9 2.58 6 14.1 3.18 0.28
June 3.89 13.18 12.3 2.67 6.7 14.8 3.28 0.22

4.1.3. Plysico-chemical parameters of soil of non-saline paddy field

In non-saline condition, soil analysis was done before planting the crop for
the parameters pH (5.43), EC (0.14 mmhos/cm), CEC (4.3 meg/100 gm soil),
Exchangeable cations (1.56), ESP (5.81%), SAR (11.81%), Chloride (1.02 mg/Kg
soil) and Sulphate (0.58 mg/Kg soil).

4.2. Variability

In the present investigation 18 rice genotypes including saline tolerant land
races of Kaipad tract, improved saline tolerant varieties of Kaipad, improved
saline tolerant breeding lines of Kaipad, saline tolerant traditional land races of
Pokkali tract, improved saline tolerant Pokkali varieties, international saline
tolerant varieties, international saline susceptible variety and saline susceptible
popular variety of Kerala were evaluated under high-saline and low-saline soils of
Kaipad tract and non-saline soil of RARS (Regional Agricultural Research
Station) Pilicode for different morphological, physiological, biochemical and
yield parameters. The data on various parameters were statistically analysed

separately for three situations and also done pooled analysis. The analysis results
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are presented here after. There was significant difference among genotypes in
each three situations for 43 quantitative parameters studied both at seedling and
flowering stages except for survival per cent at seedling and flowering, SLA at
seedling and stomatal resistance at seedling in non-saline condition; survival per
cent at seedling and flowering, stomatal conductance and resistance at flowering,
root culm ratio at seedling and leaf sodium content at seedling in low-saline
condition and root culm ratio at seedling, culm calcium content at seedling, root
chloride content at seedling and number of productive tillers per plant in high-
saline condition. In pooled analysis there was significant interaction effect with
respect to 43 quantitative parameters studied both at seedling and flowering stages
except for root culm ratio at seedling stage; number of nodes and leaf proline

content at flowering stage.

Pooled analysis showed that there is a significant difference between soil
conditions with respect to 43 quantitative parameters studied both at seedling and
flowering stages except for root culm ratio at seedling stage; number of internodes

and leaf proline content at flowering stage.
4.2.1. Morphological parameters
4.2,1.1, Plant height at seedling and flowering stages

The mean plant height of 18 genotypes recorded at'seedling and flowering
stages are presented in Table 4. Plant height at seedling stage varies from 42.7 cm
to 93.9 cm and at flowering stage it v.a.ries from 84.75cm to 182cm. In non-saline
condition, the highest plant height was exhibited by ‘Orkayama’, ‘Kuthiru’ and
‘Cherivirippu’ at seedling stage and at flowering stage ‘Pokkali’ recorded the
highest plant height which was found to be on par with Chettivirippu’. ‘Ezhome-
1’ recorded the lowest plant height at both seedling and flowering stages.

In low-saline condition, at seedling stage ‘Cherivirippu’ recorded the
highest height which was on par with that of ‘Chettivirippu’, ‘Orkayama’,
‘Vytilla-1’ and ‘Pokkali’. ‘Pokkali’ recorded significantly the highest height at

flowering stage which was on par with that of ‘Kuthinr, ‘Cherivirippu’,
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‘Chettivirippu’, ‘Vytilla-1°, “Nona Bokra’, ‘JK-15’, ‘Orkayama’ and ‘Ezhome-3°.
‘Jyothi’ and ‘IR-29’ recorded the lowest plant height at seedling and flowering
stages.

Table 4. Mean performances of rice genotypes for plant height (cm)

Seedling stage (cm) Flowering stage {cm)

Genotypes Non-saline Low-saline High-saline Non-saline Low-saline High-saline
Kuthiru 93.50* 7035 66.60 142.80 167.00 141.00
Orkayama 93.30* 76.54 67.35% 124.00 13525 112,75
Ezhome-1 51.40 58.40 56.05 85.50 100.50 8825
Ezhome-2 58.80 53.97 5431 100.92 101.50 99.75
Ezhome-3 59.82 54.75 65.95 110.50 133.00 121,50
30 532-1 55.25 60.17 61.95 153.62 118.75 145.75
IK-15 66.77 69.40 65,55 118.57 142.25 144.00
JK-59 71RO 72.60 62.55 132.37 12645 144.50
JO-583 62.05 66.25 63.40 110.80 12325 16225
Chettivirippu 80.10 79.00 65.53 167.50 152,50 165.00
Cherivirippu 91,12* 84.40* 68.15*% 153.25 156.00 154.25
Vytilla-1 76.50 75.00 64.10 11225 146.25 145.00
Viytilla-6 60.87 49.10 57.63 94,80 100.75 88.50
Pokkali 80.90 73.95 67.05 182.06* 171,00* 174.50*
FL-478 66.00 52.05 53.70 93.85 110,00 88.00
Nona Bokra 77.65 67.25 65.65 153.75 143.00 167.00
[R-29 60.05 44.90 50.75 88.62 88.50 145.50
Jyothi 66.60 42.77 53.90 97.05 98.00 84.75
CV (%) 3.54 838 855 7.46 15.01 327
C.D, (0.05) 528 11.31 11.12 19.51 4092 0.10
C.D.{0.05) G*L. 934 25.49

(* = Significant)

In high-saline condition, at seedling stage ‘Cherivirippu’ and ‘Orkayama’
showed significantly the highest height which was on par with 11 rice genotypes
at seedling stage and ‘IR-29’ and ‘Jyothi’ recorded the lowest plant height.
‘Pokkali’ recorded the highest plant height which was on par with ‘Nona Bokra’
at flowering stage and ‘Jyothi’, ‘FL-478°, ‘Ezhome-1" and ‘Vytilla-6° recorded
the lowest plant height.

At both seedling and flowering stages there was significant interaction

effect between genotypes and environment. At seedling stage, the genotypes
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‘Ezhome-1°, ‘JK-15’ and ‘JK-59° recorded high plant height in low-saline
condition. The highest plant height in high-saline condition was exhibited by
‘Ezhome-3°, *J0-532-1" and ‘JO-583° and remaining all other genotypes recorded
the highest plant height in non-saline condition. At flowering stage, the
genotypes ‘JO-532-1°, ‘Chettivirippu’ and ‘Pokkali’ recorded high plant height in
non-saline condition. The highest plant height in high-saline condition was
exhibited by ‘JK-15°, ‘JK-59°, *JO-583°, “‘Nona Bokra’ and ‘IR-29’ and remaining

all other genotypes recorded the highest plant height in low-saline condition.

4.2.1.2. Number of tillers at seedling and flowering stages

Table 5. Mean performances of rice genotypes for number of tillers

Seedling stage Flowering stage
Genotypes Non-saline | Low-saline | High-saline | Non-saline { Low-saline | High-saline
Kuthiru 3.15 6.85 4.45 5.50 6.00 4.25
Orkayama 4.35 5.90 3.70 5.00 6.25 7.25
Ezhome-1 3.65 7.30 4.50 3.50 9.25 5.00
Ezhome-2 4.55 6.50 3.50 5.50 7.25 4.75
Ezhome-3 2,95 8.55% 4.65 3.50 6.50 575
JO 532-1 3.35 5.40 3.30 3.25 4.25 3.75
JK-15 2.65 5.35 3.80 3.00 10.00* 6.25
JK-59 3.55 7.40 3.85 3.50 5.00 5.50
JO-583 3.70 5.70 3.05 5.00 6.50 6.25
Chettivirippu 5.00 6.65 4.80 5.25 5.75 10.75*
Cherivirippu 4.80 7.65 6.00% 3.75 5.00 6.25
Vytilla-1 3.20 1.75 5.95 4.00 5.25 5.25
Vytilla-6 5.50 6.55 4.50 5.75 7.25 5.75
Pokkali 3.15 7.65 4.35 4.00 6.50 8.75
FL-478 3.70 5.35 3.35 4.50 5.00 5.75
Nona Bokra 4.85 7.10 3.50 5.75 6.25 10.75*
IR-29 5.45 7.15 3.30 5.75 8.00 5.50
Jyothi 5.90* 7.20 2.30 8.50* 7.50 5.00
CV (%) 2.74 10.40 15.68 21.49 16.64 17.27
C.D. (0.05) 0.24 1.49 1.34 2.14 2.29 2.28
C.D.(0.05) GXE 1.66 2.11

(* = Significant)
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The mean number of tillers recorded among 18 rice genotypes at seedling
and flowering stages is presented in Table 5. The numbers of tillers varies from
2.3-8.55 at seedling stage and 3-10.75 at flowering stage. In non-saline condition
‘Iyothi® exhibited the highest number of tillers at seedling and flowering stages

and ‘JK-15" recorded the lowest number of tillers.

In low-saline condition ‘Ezhome-3’ exhibited high number of tillers and
found to be on par with that of eight rice genotypes ‘Vytilla-1’, ‘Cherivirippu’,
‘Pokkali’, ‘JK-59°, ‘Ezhome-1°, ‘Jyothi’, ‘IR-29" and ‘Nona Bokra’ at seedling
stage and ‘JK-15" and ‘FL-478" recorded minimum number of tillers. At
flowering stage ‘JK-15" showed the highest tiller number which was on par with
that of ‘Ezhome-1’ and ‘IR-29°. ‘JO-532-1’ recorded the lowest number of tillers

at flowering stage.

In high-saline condition ‘Cherivirippu’ exhibited significant high number
of tillers which was on par with that of ‘Vytilla-1’and *Chettivirippu’ at seedling
stage. ‘Jyothi’ recorded the lowest tiller numbers at seedling stage. At flowering
stage ‘Chettivirippu’ and “Nona Bokra’ recorded the highest number of tillers and
was found to be on par with that of ‘Pokkali’. ‘JO-532-1° recorded the lowest

tiller numbers at flowering stage.

At seedling stage all the genotypes showed the highest number of tillers
per plant in low-saline condition than in high-saline and non-saline conditions. At
flowering stage the highest number of tillers in non-saline condition was exhibited
by ‘Jyothi’, in high-saline condition by ‘Orkayama’, ‘Chettivirippw’,
*Cherivirippu’, ‘Pokkali’, ‘FL-478’ and ‘Nona Bokra’ and for all the remaining

genotypes in low-saline condition.
4.2.1.3. Number of nodes at flowering stage

Mean number of nodes at flowering stage among 18 rice genotypes is
presented in Table 6a. In non-saline condition the tillers numbers varies from
3.25-5.25. ‘Chettivirippu’ recorded the highest number of nodes in non-saline

condition and found to be on par with 6 genotypes. ‘Ezhome-3’ recorded the
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lowest number of nodes. In low-saline condition the trait was non-significant. In
high-saline condition the nodes numbers varies from 3.00-5.75. ‘Chettivirippu’,
‘IR-29’, ‘Pokkali’ and ‘Orkayama’ recorded significant number of nodes and was
found to be on par with seven rice genotypes and ‘Jyothi’ recorded the lowest

number of nodes.

4.2.1.4. Uppermost internodal length at flowering stage

Table 6a. Mean performances of rice genotypes for number of nodes and uppermost

internodal length (cm)

Number of nodes at Flowering Uppermost intemodal length at Flowering

Genotypes stage stage (cm)
Non- Low- High- Non-saline | Low-saline | High-saline

saline saline saline

Kuthiru 350 545 525 18.25 22.50 20.10
Orkayama 375 4.15 5.50* 14.09 2245 16.50
Ezhome-1 3.00 4.45 325 12.25 12.75 15.75
Ezhome-2 3.50 515 4.00 13.80 13.30 16.25
Ezhome-3 325 4,65 375 14.17 19.75 17.75
J0 5321 4.50 4.65 4.00 20.06 19.75 21.40
JK-15 3.50 5.40 5.25¢ 14.75 19.75 19.90
JK-39 4.00 4.50 4.50 15.25 14.75 19.30
Jo-583 425 4.10 4.50 17.25 21.80 18.25
Chettivirippu 525% 395 575% 23.25 22.00 22,90
Cherivirippu 5.00 4,60 4.75 22.75 2325+ 22,50
Vytilla-1 4.50 4.60 4,75 12.75 22.40 18.90
Vytilla-6 3.25 425 3.50 15.50 16.27 15.15
Pokkali 4.75 4.65 5.50 23.75* 23.25% 23.90*
FL-478 3.50 3.50 4,00 19.25 18.75 16.45
Norna Bokra 5.00 4.85 5.00 15.00 22,70 22.90
IR-29 400 420 5.50 17.25 16.75 22.30
Jyothi 3.50 39 3.00 15.25 15.50 1595
CV (%) 1250 20.43 14.9 2,77 2,70 1.99
C.D. (0.05) 1.05 NS 1.43 0.99 110 0.81
C.D.(0.05) GXE NS 0.94

( * = Significant)

Mean of uppermost internodal length at flowering stage recorded for 18
rice genotypes are presented in Table 6a. In non-saline condition the uppermost
internodal length varies from 12.25-23.75 cm. ‘Pokkali’ recorded the highest
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length of uppermost internode which was on par with that of ‘Chettivirippu’.
‘Ezhome-1’ exhibited lowest uppermost internodal length. In low-saline
condition the uppermost internodal length varies from 15.5-23.25 cm. ‘Pokkali’
and ‘Cherivirippu’ found to have significantly highest uppermost internodal
length which was on par with that of eight rice genotypes. ‘Jyothi’ recorded the
lowest length. In high-saline condition the uppermost internodal length varies
from 15.15-23.9 cm. ‘Pokkali’ recorded the highest uppermost internodal length
and ‘Vytilla-6’ recorded the lowest uppermost internodal length.

At flowering stage, the genotypes ‘Chettivirippu’, ‘Vytilla-6°, and ‘Nona
Bokra® showed the highest uppermost internodal length in non-saline condition
than in saline condition. The highest uppermost internodal length in Jow-saline
condition was exhibited by ‘Kuthiru’, ‘Orkayama’, ‘Ezhome-3°, ‘JK-15°, ‘JO-
583°, ‘Cherivirippu’ and ‘Vytilla-1’. Remaining all other genotypes showed the
highest uppermost internodal length in high-saline condition.

4.2.1.5. Orientation of flag leaf

Orientation of flag leaf was recorded as erect, intermediate and descending
type as per the IBPGR-IRRI Descriptors for Rice (Oryza sativa L.) (Table 6b).
‘Kuthinw’, ‘Orkayama’, ‘Ezhome-2’, °‘JO-532-1°, ‘JK-59°, ¢JO-583’,
‘Chettivirippu’, ‘Cherivirippu’, ‘Vytilla-1’, ‘Pokkali’, ‘FL-478’, ‘Nona Bokra’
and ‘Jyothi’ have descending type of orientation. ‘Ezhome-1’, ‘JK-15° and
*Vytilla-6° have erect type of orientation. ‘Ezhome-3’ and ‘IR-29° have

intermediate type of orientation.
4.2.1.6. Lodging/Non-lodging

Lodging and Non-lodging characteristics of plants were measured by
visual observations (Table 6b). ‘Ezhome-1’, ‘Ezhome-2’, Ezhome-3’, ‘JO-532-
17, *JO-583°, ‘Cherivirippw’, “Vytilla-6’, ‘FL-478°, ‘IR-29° and ‘Jyothi’ show
non-lodging character. ‘Kuthiru’, ‘Orkayama’, ‘JK-15°, *JK-59°, ‘Chettivirippu’,
*Vytilla-1* and ‘Nona Bokra® show lodging in all three soil conditions. ‘Pokkali’
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was non-lodging in non-saline and low-saline condition where as in high-saline

condition it showed slight lodging.
4.2.1.7. Duration of crop

Duration of crop counted as number of days from sowing to harvest (when
85 % of grains on the panicle have matured) is presented in Table 6b. Four rice
genotypes ‘FL-478°, ‘IR-29°, ‘Kuthiru’ and ‘Jyothi’ recorded a duration of 105 -
108 days, six rice genotypes ‘Ezhome-2°, ‘JK-59°, ‘Chettivirippu’, ‘Cherivirippu’,
‘Vytilla-1’ and ‘Vytilla-6" recorded a duration of 112 days, two rice genotypes
‘JK-15° and ‘Pokkali’ recorded a duration of 116 days, four rice genotypes
‘Orkayama’, ‘Ezhome-1°, ‘Ezhome-3’ and ‘JO-583’ recorded a duration of 118
days and 2 rice genotypes ‘JO-532-1° and ‘Nona Bokra’ recorded a duration of
122 days.

Table 6b. Visual observation of Orientation of flag leaf, Lodging/ Non-lodging and Duration

of crop

Orientation of flag leaf Lodging/Non-lodging | Duration of crop (days)

Genotypes
Kuthiru Descending Lodging 108
Orkayama Descending Lodging 118
Ezhome-1 Erect Non-lodging 118
Ezhome-2 Descending Non-lodging 112
Ezhome-3 Intermediate Non-lodging 118
JO 532-1 Descending ﬁon-lodging 122
JK-15 Erect Lodging 116
JK-59 Descending Lodging 112
J0-583 Descending Non=lodging 118
Chettivirippu Descending Lodging 112
Cherivirippu Descending Non-lodging 112
Vytilla-1 Descending Lodging 112
Vytilla-6 Erect Non-lodging 112
Pokkali Descending Non-lodging 16
FL-478 Descending Non-lodging 105
Nona Bokra Descending Lodging 122
IR-29 Intermediate Non-lodging 105
Jyothi Descending Non-lodging 108
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4.2.2. Physiological parameters
4.2.2.1. Survival % at seedling and flowering stages

Survival per cent of 18 rice genotypes recorded at seedling and flowering
stages in three soil conditions is presented in Table 7. In non-saline and low-
saline soils the result was found to be non significant. In high-saline condition
survival per cent varies from 82.975 %-98.305 % at seedling stage and 28.055 %-
93.010 % at flowering stage. Both at seedling and flowering stages ‘Kuthiru’,
‘Orkayama’, ‘JO 583°, ‘Chettivirippu’, ‘Cherivirippu’ and ‘Vytilla-6’ recorded
the highest survival per cent followed by ‘Nona Bokra’, ‘IR-29°, ‘JO-532-1°, ‘JK-
59°, ‘Ezhome-3’ and ‘Pokkali’. ‘FL-478’ recorded the lowest survival per cent at
both seedling and flowering stage and “Jyothi’ recorded the lowest survival per

cent at flowering stage.

Table 7. Mean performances of rice genotypes for survival per cent

Seedling stage (%) Flowering stage (36)

Genotypes Non-saline Low-saline High-saline Non-saline Low-saline High-saline
Kuthiry 99,39 96.31 97.74* 99,26 95.59 97.43
Orkayama 99.21 93.14 98.30* 99.07 93.02 98.01*
Ezhome-1 99.09 98.74 89.94 { 98.77 98.19 89.22
Ezhome-2 99.69 98,97 90.17 5.55 93.82 89.86
Ezhome-3 99.74 98.66 90.53 99.62 98.54 90.39
10 532-1 99.43 98.38 92.03 99.34 97.99 91.60
JK-15 99,53 97.91 89.12 9939 97.66 88.64
JK-59 98.87 95.16 91.67 98.50 9425 91.35
JO-583 99.50 95.92 98.13* 99.38 95.92 97.80
Chettivirippu 99.28 97.49 96.95* 98.57 96.78 96.41
Cherivirippu 99.23 97.63 08.08* 98.80 97.18 97.18
Vytilla-1 99.37 98.64 92.42 99.25 98.25 92.13
Vytilla-6 99.85 99.52 97.09* 99,57 99,28 9526
Pokkali 99,61 98.61 90.47 99.49 98.45 90.07
FL-478 100.00 97.22 82.97 99,75 96.93 3834
Nona Bokra 99.58 96.15 93.00 98.81 95.64 92.40
R-29 95,39 96.69 9228 99.09 96,52 01.94
Jyathi 99.24 96,48 89.24 98.99 96.20 28.05
CV (%) 031 1.88 1.99 0.45 1.84 3.05
C.D. (0.05) NS NS 3.89 NS NS 557
C.D.{0.05) GxE 2.97 275

(*= Significant)
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At seedling and flowering stages all the genotypes showed the highest

survival per cent in non-saline condition than in saline condition.

4.2.2.2. Specific leaf area (SLA) at seedling and flowering stages

A significant difference in specific leaf area was observed among the rice

genotypes under different saline conditions (Table 8). In non-saline condition,

there was no significant difference among the rice genotypes at seedling stage,
and at flowering stage SLA varies from 99.92 cm%/g - 410.70 ecm¥g.  “JK-15°
recorded the highest SLA and ‘Ezhome-2’ recorded the lowest SLA.

Table 8. Mean performances of rice genotypes for specific leaf area (SLA)

Seedling stage (cm*/g) Flowering stage (cm/g)

Genotypes Non- Low-saline High-saline | Non-saline | Low-saline | High-saline
saline

Kuthiru 203.97 241.68 226.45 125.29 159.25 138.28
Orkayama 243.99 159.76 176.36 148.13 155.92 318.80
Ezhome-1 197.71 200.73 330.72 100.44 135.61 218.40
Ezhome-2 191.19 120.83 142.88 99.92 101.06 150.46
Ezhome-3 169.02 200.50 360.67 178.96 171.09 112.85
JO 5321 251,00 233.50 209.17 280.83 283.48* 165.63
JK-15 245.55 27111 208.20 410,70* 78.37 191.86
JK-59 291.92 195.77 275.54 143.59 110.80 295.49
JO-583 209.25 243.95 296.95 128.99 212.66 227.18
Chettivirippu 200.50 215.94 305.87 174.61 177.94 248.55
Cherivirippu 147.30 184.43 203.27 186.61 111.38 103.29
Vitilia-1 189.37 328.32* 284.91 111.29 87.83 182.48
Viytilla-6 226.56 169.45 889.50* 180.69 122.28 158.21
Pokkali 303.68 204.00 205.03 103.30 189.51 165.57
FL-478 199.68 204.80 178.06 110.68 111.52 91.44
Nona Bokra 264.90 294.07 263.62 176.32 179.95 141.60
IR-29 161.43 188.62 701.08 162.94 132.39 479.17*
Tyothi 185.92 210.12 163.43 139.68 145.45 167.72
CV (%) 19.86 20.68 59.33 20.26 26.65 17.33
C.D. (0.05) NS 93.75 377.05 7037 83.29 72.26
C.D. (0.05) GXE 220.27 75.01

(* = Significant)
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In low-saline condition, at seedling stage SLA varies from 120.83cm?*
328.325cm®.  “Vytilla-1" recorded the highest SLA and was on par with that of
‘Nona Bokra’, ‘JK-15’ and ‘JO-583’ at seedling stage and ‘Ezhome-3’ recorded
the lowest SLA, At flowering stage SLA varies from 78.370 cm?/g -283.480
cm¥g. ‘Kuthiru’ and ‘JO-532-17 recorded the highest SLA which was on par with
*JO-583°. *JK-15’ recorded the lowest SLA at flowering.

In high-saline condition at seedling stage SLA varies from 142.885cm?-
889.500cm®.  “Vytilla-6’ recorded the highest SLA followed by ‘IR-29° at
seedling stage and ‘Ezhome-2’ recorded the lowest SLA. At flowering stage SLA
varies from 91.440 cm®™/g - 479.170 cm?*/g. ‘IR-29’ recorded the highest SLA at
flowering stage and ‘FL-478" exhibited the lowest SLA.

At seedling stage the genotypes ‘Orkayama’, ‘Ezhome-2’, ‘JO-532-1°,
‘JK-59° and ‘Pokkali’ showed the highest SLA in non-saline condition than in
saline conditions. ‘Kuthirw’, ‘JK-15°, ‘Vytilla-1°, ‘FL-478°, ‘Nona Bokra’ and
‘Iyothi” showed the highest the SLA in low-saline condition and remaining six
genotypes showed the highest SLA in high-saline condition. At flowering stage
the genotypes ‘Ezhome-3’, ‘JK-15°, ‘Cherivirippu’ and ‘Vytilla-6’ showed the
highest SLA in non-saline condition than in saline condition. ‘Kuthiru’, ‘JO-532-
1’, ‘Pokkali’, ‘FL-478’ and “Nona Bokra’ showed the highest SLA in low-saline
condition and remaining ten genotypes showed the highest SLA in high-saline

condition.
4.2.2.3. Relative water content (RWC) at seedling and flowering stages

The mean RWC in leaves of 18 rice genotypes was measured and values
presented in Table 9. In non-saline condition the RWC varies from15.21 %-96.42
% at seedling stage and 15.585 %-85.935 % at flowering stage. ‘Jyothi’ exhibited
high RWC at seedling stage and at flowering stage ‘Jyothi’ and ‘Ezhome-3’
exhibited maximum RWC. ‘FL-478’ recorded the lowest RWC at seedling and

flowering stages.



43

In low-saline condition at seedling stage the RWC varies from 44.190%-
90.195%. ‘JK-15’ recorded high RWC at seedling stage and ‘Kuthiru’ recorded
the lowest RWC. At flowering stage the RWC varies from 37.360%-76.920%.
‘FL-478’ recorded the highest RWC and was on par with that of ‘Jyothi’, ‘Nona
Bokra’, ‘Orkayama’ and ‘Chettivirippu’. ‘Ezhome-2’ recorded the lowest RWC

at flowering stage.

Table 9: Mean performances of rice genotypes for relative water content
RWC %)

Seedling stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline High-saline Non-saline Low-saline High-saline
Kuthiru 60.93 44.19 61.39 45.03 41.58 41.39
Orkayama 65.74 6639 52.18 38.77 69.44 56.57
Ezhome-1 54.48 74.45 46.15 56.37 4731 38.69
Ezhome-2 55.72 58.83 53.42 53.57 37.36 34,36
Ezhome-3 43.17 55.00 5431 82.97* 53.69 71.71
JO 532-1 42.56 55.96 62.26 49.99 53.12 74.19
JK-15 45.24 90,19+ 76.53 6538 76.87* 76.78*
IK-59 68.19 74.58 85.19 73.33 53.18 52.06
JO-583 54.27 50.21 88.31 69.36 51.92 51.57
Chettivirippu 53.24 65.47 94,90~ 53.07 63.38 56.98
Cherivirippu 58.93 62.03 84.09 56.91 62.94 51.51
Vytilla-1 58.73 4829 74.13 60.94 56.34 55.45
Viytilla-6 60.98 48.27 72.87 63.95 5228 53.75
Pokkali 61.94 49.26 76.14 60.58 47.22 43,51
FL-478 15.21 78.97 67.43 15.58 76.92* 63.03
Nona Bokra 58.75 72.85 85.80 5747 70.00 49.84
IR-29 53.93 63.64 76.54 58.8 58.33 34.24
Tyothi 96.42% 64.91 75.18 85.93* 74.43 64.44
CV (%) 1497 7.40 3.62 5.80 11.14 16.07
C.D. (0.05) 17.69 9.75 547 7.13 13.67 1827
C.D. (0.05) GXE 1221 13.09

(*= Significant)

In high-saline condition at seedling stage the RWC varies from 46.155%-
. 94.900%. ‘Chettivirippu’ recorded the highest RWC and ‘Ezhome-1’ recorded
the lowest RWC. At flowering stage the RWC varies from 34.240%-76.780%.
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‘JK-15" recorded the highest RWC which was on par with that of ‘JO-532-1’,
‘Ezhome-3°, ‘Jyothi’ and ‘FL-478°. °‘IR-29° at flowering stage recorded the
lowest RWC.

At seedling stage the genotype ‘Jyothi’ shows the highest RWC in non-
saline condition than in saline conditions. ‘Orkayama’, ‘Ezhome-1°, ‘Ezhome-2’,
‘Ezhome-3’, ‘JK-15" and ‘FL-478 showed the highest RWC in low-saline
condition and remaining all other genotypes showed the highest RWC in high-
saline condition. At flowering stage the penotypes ‘JO-532-1° and ‘FL-478’
showed the highest RWC in high-saline condition. ‘Orkayama’, ‘JK-15°,
‘Chettivirippu’, ‘Cherivirippu’ and ‘Nona Bokra’ showed the highest RWC in
low-saline condition and remaining all other genotypes showed the highest RWC

in non-saline condition than in saline condition.

4.2.2.4. Spad chlorophyll meter reading (SCMR) at seedling and flowering

stages

SCMR of 18 rice genotypes in three soil conditions are presented in Table
10. In non-saline condition at seedling stage the SCMR ranges from 25.37-38.02.
‘Jyothi’ recorded the highest SCMR and ‘Ezhome-3’ recorded the lowest SCMR
values. At flowering stage the SCMR ranges from 28.620-46.950. ‘Orkayama’
recorded the highest SCMR and was found to be on par with that of ‘JO-532-1°,
‘Chettivirippu’ recorded the lowest SCMR at flowering stage.

In low-saline condition at seedling stage the SCMR ranges from 29.880-
45.160. ‘Jyothi’ recorded maximum SCMR followed by seven rice genotypes at
seedling stage and ‘JK-59° recorded the lowest SCMR. At flowering stage SCMR
ranges from 24.820-52.835. ‘FL-478’ recorded the maximum SCMR and ‘JK-15°

recorded minimum SCMR at flowering stage.

In high-saline condition at seedling stage the SCMR ranges from 32.790-
47.240. ‘Orkayama’ recorded maximum SCMR and was on par with that of
“Vytilla-6’ and ‘Cherivirippu’. ‘Nona Bokra’ recorded minimum SCMR values.
At flowering stage the SCMR ranges from 33.920-49.035. ‘FL-478’ recorded the
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highest SCMR and was on par with ‘JO-532-1°, ‘Orkayama’, ‘IR-29°, ‘Vytilla-6’

and ‘JO583’. “Vytilla-1’and ‘Chettivirippu’ recorded minimum SCMR.

Table 10: Mean performances of rice genotypes for Spad chlorophyll meter
reading (SCMR in SPAD units)

Seedling stage Flowering stage
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 30.76 38.06 38.19 32.10 3132 42.62
Orkayama 30.36 43.61 47.24* 46.95* 36.44 46.15
Ezhome-1 28.00 41.62 41.43 32.75 28.25 35.99
Ezhome-2 28.28 39.70 35.07 36.48 21.37 3830
Ezhome-3 25.37 36.56 37.56 3235 29.02 35.02
10 532-1 28.10 43.33 41,07 41.19 36.40 46.24
JK-15 28.94 39.14 36.77 38.68 24.82 36.69
JK-59 26.41 29.88 37.76 31.65 33.60 39.62
JO-583 30.50 41.26 36.35 34.42 37.85 43.14
Chettivirippu 29,01 33.60 34.84 28.62 25.70 33.92
Cherivirippu 29.65 40,40 42.62 39.54 25.89 41.08
Viytilla-1 27.64 35.18 34.40 37.48 35.80 34.24
Vytilla-6 35.43 37.98 4274 38.52 29.94 43.75
Poldkali 33.40 34.18 3592 34.37 29.05 36.28
FL-478 30.37 44.34 41.49 38.72 52.83% 49.03*
Nona Bokra 29.61 37.01 32,79 37.68 30.47 40.70
[R-29 27.97 42.48 39.34 34.37 29.45 43.87
Jyothi 38,02+ 45.16* 4022 35.50 39.17 42.02
CV (%) 1.97 6.19 6.11 9,06 8.22 7.48
C.D. (0.05) 1.24 5.10 4.99 6.92 5,62 6.39
C.D. (0.05) GxE. 4.37 5.73

(*= Significant)

At seedling stage, the genotypes ‘Kuthiru’, ‘Orkayama’, ‘Ezhome-3’, ‘JO-
583°, ‘Chettfvirippu’, ‘Cherivirippu’, ‘Vytilla-6’ and ‘Pokkali’ showed the highest
SCMR in high-saline condition and remaining all other genotypes showed the

highest SCMR in low-saline condition.

At flowering stage the genotypes

‘Orkayama’ and ‘JK-15° showed the highest SCMR in non-saline condition than
in saline condition. ‘FL-478 shows the highest SCMR in low-saline condition
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and remaining all other genotypes showed the highest SCMR in high-saline

condition.

4.2.2.5. Stomatal conductance and resistance at seedling and flowering stages

Stomatal conductance and resistance of rice genotypes are presented in

Table 11 and 12. The stomatal conductance in 18 genotypes at different soil

condition varies from 114.7-453.8 m mol m™s™ at seedling stage and 46.5-492.95

m mol m™>s” at flowering stage and the stomatal resistance varies from 0.002-

0.03,
Table 11. Mean performances of rice genotypes for Stomatal conductance (m
mol ms™!)
Seedling stage Flowering stage
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 149.75 253.15 174.35 99.90 323.40 247.80
Orkayama 231.85 266.00 248.95 98.85 372,75 333.65
Ezhome-1 155.35 312.95 343.75 248.15 438.30 132.90
Ezhome-2 165.30 250.00 322.00 207.30 349.75 298.70
Ezhome-3 222.35 149.05 146.20 178.80 200.90 296.35
JO 532-1 453.80* 235.65 293.30 313.95 244.82 295.60
JK-15 181.00 184.45 126.95 230.65 282.50 332.00
JK-59 160.45 334.10% 125.75 355.40% 404.05 306.70
JO-583 177.40 183.10 129.75 146.30 391.40 402.00
Chettivirippu 158.90 293.40 11470 149.30 143.30 298.45
Cherivirippu 162.75 181.25 258.60 83.20 230.75 282.90
Vytilia-1 203.45 160.65 238.35 51.80 160.80 302.10
Vytilla-6 185.80 196.45 372,45* 90.55 232.05 385.60
Pokkali 169.85 257.30 186.00 60.10 310.90 271.80
FL-478 144.35 124.25 277.90 62.90 260.60 492,95
Nona Bokra 176.30 142.35 226.70 58.00 377.05 301.15
IR-29 166.15 194,85 297.10 4655 370.30 286.95
Jyothi 170.40 301.95 206.55 46.50 376.53 276.45
CV (%) 1753 20.63 28.16 13.68 27.76 1753
C.D. (0.05) 70.59 97.23 135.00 40.55 NS 113.95
C.D. (0.05) GXE 102.84 117.32

(*= Significant)
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Table 12. Mean performances of rice genotypes for Stomatal resistance

Seedling stage Flowering stage

Genotypes Non-saline | Low-saline High- Non-saline Low- High-

saline ' saline saline
- Kuthiru 0.007 0.004 0.006 0.011 0.003 0.004
Orkayama 0.004 0.004 0.004 0.010 0.003 0.003
Ezhome-1 0.007 0.003 0.003 0.004 0.002 0.008*
Ezhome-2 0.006 0.005 0.003 0.005 0.003 0.003
Ezhome-3 0.004 0.007 0.007 0.006 0.006 0.003
JO 532-1 0.002 0.004 0.003 0.003 0.004 0.003
JK-15 0.006 0.006 0.008* 0.004 0.004 0.003
JK-59 0.006 0.003 0.008* 0.003 0.003 0.004
JO-583 0.006 0.005 0.009* 0.007 0.003 0.002
Chettivirippu 0.006 0.003 0.009* 0.007 0.007 0.003
Cherivirippu 0.006 0.006 0.004 0.012 0.004 0.004
Viytilla-1 0.005 0.006 0.004 0.020 0.006 0.003
Viytilla-6 0.005 0.005 0.003 0.011 0.005 0.003
Pokkali 0.006 0.004 0.003 0.018 0.003 0.004
FL-478 0.007 0.008* 0.004 0.017 0.004 0.002
Nona Bokra 0.006 0.007 0.004 0.017 0,003 0.003
IR-29 0.006 0.005 0.003 0.030* 0.003 0.004
Jyothi 0.006 0.003 0.005 0.023 0.003 0.004
CV (%) 22.16 23.09 32.44 57.58 36.14 18.91
C.D. (0.05) NS 0.002 0.003 0.014 NS 0.001
C.D. (0.05) GXE 0.002 0.008

(*= Significant)

In non-saline condition, at seedling and flowering stages ‘JO-532-1° and

‘JK-39’ recorded high Stomatal conductance respectively. The variation among

genotypes for stomatal resistance is non-significant at seedling stage but at

flowering stage the genotype ‘IR-29’ showed significant resistance and was on
par with that of ‘Jyothi’, ‘Vytilla-1°, ‘Pokkali’, ‘FL-478’ and ‘Nona Bokra’.
‘Kuthiru’ and ‘FL-478’ at seedling stage and ‘IR-29’ and “Jyothi’ at flowering

stage recorded minimum stomatal conductance where as JK-59° recorded

minimum stomatal resistance at flowering stage.
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In low-saline condition ‘JK-59° recorded significant the highest
conductance at seedling stage and was found to be on par with that of ‘Ezhome-
1’, “Jyothi’, ‘Chettivirippu’, ‘Orkayama’, ‘Pokkali’, ‘Kuthiru’ and ‘Ezhome-2’.
‘FL-478’ recorded significantly the highest resistaﬁce and was on par with ‘Nona
Bokra’ and ‘Ezhome-3’ at seedling stage and result was non-significant at
flowering stage. ‘FL-478’ recorded minimum conductance and ‘JK-59° recorded
minimum resistance at seedling stage. Stomatal conductance and resistance was

non-significant at flowering stage.

In high-saline condition, at seedling stage “Vytilla-6’ recorded significant
the highest conductance and was on par with ‘Ezhome-1’°, ‘Ezhome-2’, ‘IR-29°,
*JO-532-1°, ‘FL-478’, *Cherivirippu’, ‘Orkayama’ and ‘Vytilla-1’. At flowering
stage ‘FL-478’ showed significantly the highest conductance and found to be on
par with that of ‘JO-583’ and ‘Vytilla-6’. ‘Chettivirippu’, ‘JO-583°, ‘JK-15° and
‘JK-59’ recorded significantly high value with respect to the trait stomatal
resistance and was on par with that of ‘Ezhome-3’ and ‘Kuthiru’ at seedling stage
and at flowering stage ‘Ezhome-1’ exhibited significant the highest stomatal
resistance. ‘Chettivirippu’ and ‘Ezhome-1’ recorded minimum conductance at
seedling and flowering stages where as ‘Vytilla-1°, ‘Orkayama’, ‘Cherivirippu’,
‘FL-478°, ‘IR-29’, ‘JO-532-1°, °‘Ezhome-1’, ‘Ezhome-2’, ‘Vytilla-6* and
‘Pokkali’ recorded minimum resistance at seedling stage. ‘FL.-478' recorded

minimum resistance at flowering stage.

At seedling stage, the genotypes ‘Ezhome-3’, ‘JO-532-1" and ‘FL-478’
showed the highest stomatal conductance in non-saline condition. ‘Ezhome-1°,
‘Ezhome-2’, ‘Cherivirippu’, ‘Vytilla-1°, ‘Vytilla-6°, ‘Pokkali’, ‘Nona Bokra’ and
‘IR-29’ showed the highest stomatal conductance in high-saline condition and
remaining all other genotypes showed the highest stomatal conductance in low-
saline condition. At flowering stage the genotype ‘Ezhome-3°, “Jyothi® and ‘JO-
532-1" showed the highest stomatal conductance in non-saline condition than in
saline condition. ‘Ezhome-3’, ‘JK-15°, ‘JO-583’, ‘Chettivirippw’, :Cherivirippu’,
‘Vytilla-1’, *Vytilla-6> and ‘FL-478° shows the highest stomatal conductance in
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high-saline condition and remaining all other genotypes showed the highest

stomatal conductance in low-saline condition.

At seedling stage, the genotypes ‘Ezhome-3’, ‘JK-15°, ‘JK-59°, ‘JO-583’
and ‘Chettivirippu’ showed the highest stomatal resistance in high-saline
condition. ‘Ezhome-3°, ‘JO-532-1°, ‘Vytilla-1°, ‘Vytilla-6’, ‘FL-478’ and ‘Nona
Bokra’ showed the highest stomatal resistance in low-saline condition and
remaining all other genotypes showed the highest stomatal resistance in non-
saline condition than in saline conditions. At flowering stage the genotype
‘Ezhome-3’, ‘JK-15° and ‘JO-532-1° showed the highest stomatal resistance in
low-saline condition. ‘Kuthiru’ and ‘Ezhome-1’ showed the highest stomatal
resistance in high-saline condition and remaining all other genotypes showed the

highest stomatal resistance in non-saline condition.
4.2.2.6. Biomass at seedling and flowering stages

Biomass of 18 rice genotypes in different soil conditions were recorded
and presented in Table 13. The biomass of 18 rice genotypes in different soil
conditions varies from 2.00-23.290 gm at seedling stage and 4.485-17.025 gm at
flowering stage. In non-saline condition, variety ‘Orkayama’ and ‘Kuthiru’
recorded the highest biomass and ‘Vytilla-1’ and ‘FL-478’ recorded the lowest

biomass at seedling and flowering stages respectively.

In low-saline condition the highest biomass was recorded in ‘Cherivirippu’
which was on par with that of ‘Nona Bokra’ at seedling stage. At flowering stage
‘Cherivirippu’ exhibited significantly the highest biomass at flowering stage. ‘JO-

583’ recorded the lowest biomass at seedling and flowering stages.

In high-saline condition biomass was the highest for ‘Orkayama’ and
‘Pokkali’ at both seedling and flowering stages. ‘JK-59° and °‘Ezhome-1’

exhibited the lowest biomass at seedling and flowering stages respectively.

Comparison of performance of each genotype in saline stress conditions

and non stress condition showed that at seedling stage in the case of the genotypes
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“Vytilla-6> and ‘FL-478" highest biomass was in high-saline condition. In the
case of ‘Ezhome-1’, ‘JK-15°, ‘JK-59°, ‘Cherivirippu’, ‘Vytilla-1°, ‘Pokkali’ and
“Nona Bokra’ the highest biomass was in low-saline condition. Remaining all
other genotypes showed the highest biomass in non-saline condition than in saline
conditions. At flowering stage the genotype ‘Vytilla-6’ showed the highest
biomass in high-saline. ‘Kuthiru’, ‘Orkayama’, ‘Ezhome-2’, ‘Ezhome-3’ and
“Jyothi® showed the highest biomass in non-saline condition and remaining all

other genotypes exhibited the highest biomass in low-saline condition.

Table 13. Mean performances of rice genotypes for biomass (g)

Seedling stage (g) Flowering stage (g)
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 9.14 8.50 6.35 13.42* 12,71 6.31
Orkayama 23.20* 4.77 12.67* 7.82 7.17 5.99
Ezhome-1 3.68 5.07 234 5.88 10.12 4.48
Ezhome-2 8.46 4.05 3.04 11.11 8.48 5.65
Ezhome-3 7.04 4.04 4.10 9.82 6.48 5.92
JO 532-1 12.05 4.63 3.60 6.60 9.21 6.45
IK-135 6.54 10.84 461 9.26 12.15 4.52
JK-59 5.08 5.25 2.00 7.53 9.82 4.62
J0-583 535 3.39 2.28 7.81 548 5.19
Chettivirippu 8.38 7.37 3.28 10.89 11.26 5.74
Cherivirippu 8.45 14.99* 4.44 6.01 17.02* 6.54
Vytilla-1 3.19 7.57 |. 4.48 5.50 9.87 6.60
Vytilla-6 3.94 4.63 8.03 7.07 7.15 5.87
Pokkali 3.71 6.82 4.42 5.62 6.88 9.88*
FL-478 3.64 427 5.21 531 6.85 4.63
Nona Bokra 6.72 13.10 5.69 8.38 14.09 4.77
IR-29 8.09 5.10 2.50 8.73 6.32 7.99
Tyothi 7.22 6.56 3.24 8.88 9.96 512
CV (%) 11,03 28.44 30.31 11.03 4.95 13.58
C.D. (0.05) 1.73 4.03 3.79 0.75 0.99 1.69
C.D. (0.05) GXE 3.30 117

(*= Significant)
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4.2.2.7. Root length (cm)

Root length of 18 rice genotypes at different soil conditions were
presented in Table 14. The root length in different soil conditions varied from
10.70-23.80 cm at seedling stage and 11.750-26.00 cm at flowering stage. In non-
saline condition, at seedling stage ‘Orkayama’ and ‘Jyothi’ recorded the highest
root length and was on par with ‘Nona Bokra’ and ‘Ezhome-3’. The minimum
root length was observed for ‘JK-59° at seedling stage. At flowering stage,
“Vytilla-6°, ‘Kuthiru’, ‘Orkayama’ and ‘F1.-478’ exhibited the highest root Iength

at flowering stage ‘Ezhome-3’ and ‘JO-383’ recorded minimum root length.

Table 14. Mean performances of rice genotypes for root length (cm)

Seedling stage (em) Flowering stage (em)
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 18.20 18.05 2195 25.07* 22.50 21.50
Orkayama 23.60* 20.60 23.80* 24.75% 19.50 24.00*
Ezhome-1 12,95 21.50 15.10 23.75 16.75 15.50
Ezhome-2 15.40 23.20 20.40 16.87 16.00 1525
Ezhome-3 11.60 19.95 22.20 13.62 18.75 23.50
10 532-1 15.50 16.90 23.60* 21.25 13.50 12.25
JK-15 11.80 20.60 21.20 23.75 23.25 15.75
JK-59 10.70 20.40 22.00 22.25 25.25* 11.75
1O-583 14.20 16.80 19.70 13.25 1525 20.50
Chettivirippu 13.44 24.40 21.00 22.00 22.50 19.75
Cherivirippu 13.00 27.20* 23.00 19.75 14.75 14.25
Vytilla-1 16.50 24.40 19.20 19.75 17.75 12.75
Viytilla-6 15.10 15.25 15.30 26.00% 22.00 12.50
Pokkali 16.00 19.70 23.50* 19.25 24.50 16.50
FL-478 20.90 14.05 17.20 24.75% 16.75 16.0
Nona Bokra 21.65 22.60 22.30 23.25 20.25 22.25
IR-29 15.00 12.30 17.00 16.25 2375 18.25
Tyothi 22,20% 13.10 16.90 20.87 12.25 12,75
CV (%) 10.87 12.13 8,56 15.89 16.74 11.42
C.D. (0.05) 5.03 4.99 3.67 7.01 6.77 4.08
C.D. (0.05) GXE 5.02 5.80

{(*= Significant)
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In low-saline condition, ‘Cherivirippu’ and ‘JK-59° showed maximum
root length at seedling and flowering stages. ‘IR-29° and ‘Jyothi’ recorded

minimum root length at seedling and flowering stages.

In high-saline condition, at seedling stage ‘Orkayama’, ‘JO-532-1" and
‘Pokkali’ exhibited maximum root length which was on par with that of eight rice
genotypes. ‘Vytilla-6" and ‘Ezhome-1’ recorded the minimum root length at
seedling stage. At flowering stage ‘Orkayama’ recorded the highest root length
and was on par with that of ‘Ezhome-3’ ‘Nona Bokra’, ‘Kuthiru’ and ‘JO383’.

‘JK-59’ recorded the minimum root length at flowering stage.

Comparison between three soil conditions revealed that at seedling stage,
in the case of genotypes ‘JK-59°, ‘Jyothi’ and ‘FL-478’ the highest root length
was in non-saline condition than in saline conditions, at the same time ‘Ezhome-
1’, ‘Ezhome-2°, ‘Chettivirippu’, ‘Cherivirippu’, ‘Vytilla-1° and ‘Nona Bokra’
showed the highest root length in low-saline condition than in non-saline and
high-saline conditions. Remaining all other genotypes showed the highest root
length in high-saline condition. At flowering stage the genotype ‘Ezhome-3’,
‘JK-59" and ‘JO-583° showed the highest root length in high-saline condition than
in non-saline and low-saline conditions at the same time ‘JK-59°, ‘Chettivirippu’,
‘Pokkali’ and ‘IR-29° showed the highest root length in low-saline condition than
in non-saline and high-saline conditions and remaining all other genotypes

recorded the highest root length in non-saline condition.
4.2.2.8. Root volume

Root volume of 18 rice genotypes in three soil conditions was presented in
Table 15. Root volume in different soil conditions varies from 2.6-9.5 ml’ at
seedling stage and 4-12.5 ml® at flowering stage. In non-saline condition, at
seedling stage ‘Orkayama’ recorded maximum root volume and was on par with
‘Jyothi’ and at flowering stage ‘JK-59° exhibited high root volume and was on par
with that of seven rice genotypes. ‘JK-39° at seedling stage and ‘Ezhome-2’ at

flowering stage recorded minimum root volume.
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In low-saline condition, at seedling stage ‘Cherivirippu’ recorded the
and ‘JO-583’, ‘Ezhome-1’, ‘JK-59° and ‘FL-478’

recorded the lowest root volume. At flowering stage ‘JK-59°, ‘Chettivirippu’ and

maximum root

volume

‘JK-15" recorded the maximum root volume and ‘FL-478’ recorded the lowest

root volume,

In high-saline condition, at seedling stage ‘Nona Bokra’ recorded the
highest root volume and at flowering stage ‘IR-29" exhibited the highest root

volume and was on par with seven rice genotypes.

‘Jyothi’ and ‘Ezhome-1’

recorded the lowest root volume at seedling and flowering stages respectively.

Table 15, Mean performances of rice genotypes for root volume (ml3)

Seedling stage (ml°) Flowering stage (ml’)

Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 5.0 7.0 7.3 8.7 9.5 6.5
Orkayama 9,5% 6.5 6.4 72 9.0 6.2
Ezhome-1 44 5.0 5.6 8.7 9.0 4.0
Ezhome-2 5.0 6.0 7.5 4.0 6.0 6.2
Ezhome-3 50 6.5 7.6 8.7 8.7 1.2
JO 532-1 3.9 6.0 6.7 5.0 5.0 6.0
JK-15 5.0 7.0 7.2 7.5 11,5 8.7
JK-59 2.6 5.0 7.2 11.2¢ 12,5+ 6.2
JO-583 2.6 5.0 7.4 8.7 6.5 11.2
Chettivirippu 4.1 8.0 73 7.2 12.5* 10.7
Cherivirippu 4.1 8.5% 8.7 8.7 8.7 4.5
Vytilla-1 4.5 6.0 6.4 7.5 6.2 6.2
Vytilla-6 5.0 5.5 5.4 8.7 9.0 11.2
Pokkali 5.5 55 5.9 7.7 8.9 6.5
FL-478 7.0 5.0 6.2 6.3 4.2 7.0
Nona Bokra 7.9 7.5 9.5 7.5 9.5 10.5
IR-29 6.9 5.5 7.4 62 8.7 12.5%
Jyothi 8.0 55 4.6 10.0 55 8.75
CV (%) 138 14.66 4.23 20.44 24.46 26.14
C.D. (0.05) 1.55 1.91 0.62 3.35 433 4.43
C.D. (0.05) GXE 1.41 3.81

(*= Significant)
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At seedling stage in the case of genotypes ‘Orkayama’, ‘FL-478’ and
‘Tyothi’ showed the highest root volume in non-saline condition than in saline
conditions. ‘Chettivirippu’, ‘Cherivirippu’, ‘Vytilla-6 and ‘Nona Bokra’ showed
the highest root volume in low-saline condition and remaining all other genotypes
showed the highest root volume in high-saline condition. At flowering stage the
genotypes ‘Vytilla-1’ and ‘Jyothi’ the highest root volume in non-saline
condition. ‘Kuthiry’, ‘Orkayama’, ‘Ezhome-1°, ‘JK-15°, ‘JK-59°, ‘Chettivirippw’,
‘Cherivirippu’ and ‘Pokkali’ showed the highest root volume in low-saline
condition and remaining all other genotypes showed the highest root volume in
high-saline condition.

4.2.2.9. Root shoot ratio at seedling and flowering stages

Root shoot ratio at seedling and flowering stages under different stress
conditions are presented in Table 16. Root shoot ratio in different soil conditions
for 18 rice genotypes varies from 0.140-3.52 at seedling stage and 0.325-3.511 at
flowering stage. In non-saline condition, at seedling stage ‘JO-532-1° exhibited
the highest root shoot ratio which was on par with ‘Kuthirw’, ‘Ezhome-2’ and ‘IR-
297, At flowering stage ‘Kuthiru’ and ‘IR-29° showed the highest root shoot ratio.
“Vytilla-1” and ‘Cherivirippu’ recorded the lowest root culm ratio at seedling and

. flowering stages respectively.

In low-saline condition, result was non-significant at seedling stage and at
flowering stage ‘Jyothi’ showed the highest root shoot ratio which was on par
with that of ‘Kuthiru’ and ‘Cherivirippu’. ‘Vytilla-1° showed the lowest root

shoot ratio.

In high-saline condition, result was non-significant at seedling stage and at
flowering stage ‘Pokkali’ recorded the highest root shoot ratio which was on par
with that of ‘Kuthiru’. ‘Jyothi’ variety recorded the lowest root shoot ratio.

At seedling stage the interaction effect was non-significant. At flowering
stage the genotypes ‘JO-532-1°, <‘JK-15°, °‘JO-583’, ‘Chettivirippu’,
‘Cherivirippu’, FL-478" and ‘Jyothi’ showed the highest root shoot ratio in low-
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saline condition and remaining all other genotypes showed the highest root shoot

ratio in high-saline condition.

Table 16. Mean performances of rice genotypes for root shoot ratio

Seedling stage Flowering stage
Genotypes Non-saline [ Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 1.40 3.04 2.05 1.28* 2.25 2.84
Orkayama 1.35 1.46 1.62 0.73 1.54 1.77
Ezhome-1 0.82 1.12 2.07 0.51 1.12 1.21
Ezhome-2 135 1.01 0.79 0.63 1.03 1.18
Ezhome-3 0.79 1.25 0.59 0.61 0.93 1.76
JO 532-1 2.14* 1.08 377 0.36 1.32 0.88
TK-15 0.50 1.11 1.15 0.39 1.18 1.05
JK-59 0.18 1.07 1.47 0.35 0.79 1.25
JO-583 0.52 0.91 0.78 0.57 1.45 1.22
Chettivirippu 0.38 0.66 1.42 0.38 1.12 0.89
Cherivirippu 0.39 2.18 1.31 0.32 2.19 0.99
Viytilla-1 0.14 0.72 0.95 0.40 0.41 1.34
Vytilla-6 0.21 1.19 3.51 0.44 0.93 1.06
Pokkali 0.41 3.52 1.10 0.41 1.20 3.51%
FL-478 041 1.25 1.7 0.39 1.06 1.02
Nona Bokra 0.40 0.83 1.34 0.37 0.82 1.05
IR-2% 1.38 2.77 0.95 1.25* 2.03 2.26
Jyothi 0.37 2.39 0.63 0.47 2.31* 0.78
CV (%) 56.95 65.61 65.50 3342 9.69 23.45
C.D. (0.05) 0.38 NS NS 0.39 0.27 0.72
C.D. (0.05) GXE NS 0.47

(*= Significant)
4.2.3. Biochemical parameters
4.3.3.1. Proline content in root, culm and leaf at seedling and flowering stages

Proline content in root of 18 rice genotypes at seedling and flowering stage
was presented in Table 17. In non-saline condition, the genotype ‘JO-583°
recorded more proline content in root at both seedling and flowering stages. In
low-saline condition, the genotype ‘JK-59 recorded the highest proline content in

root at both seedling and flowering stages. In high-saline condition, the genotype



56

‘Orkayama’ recorded the highest proline content in root followed by ‘Ezhome-2’,
‘JK-59°, ‘JO-583°, ‘JK-15°, ‘Kuthiru’ and ‘Ezhome-1’ at both seedling and
flowering stages. The genotype ‘Jyothi’ recorded the lowest proline content in

root at both seedling and flowering stages in all three conditions.

Table 17. Root proline content in rice genotypes

Seedling stage (mg g7) Flowering stage (mg g7)

Genotypes Non-saline | Low-saline High-saline Non-saline | Low-saline High-saline
Kuthiru 4121 39.58 43.85 42.21 41.08 44.85
Orkayama 423 40.59 46.95% 42.81 41.59 47.95%
Ezhome-1 43.42 41.60 43.06 44.42 42.60 43.56
Ezhome-2 4224 41.84 46.08 43.24 42.84 47.08
Ezhome-3 44.16 42.61 41.16 45.16 4361 41.66
JO 532-1 42.77 41.69 42.96 43.77 4269 43.96
JK-15 4438 4331 44.13 4538 | . 4431 44.63
JK-59 47.49 45.13* 46.31 48.49 46.13* 4731
JO-583 48.50* 44.16 45.37 49,50+ 45.66 46.37
Chettivirippu 37.91 33.21 38.12 38.91 34.21 39.12
Cherivirippu 39.82 3743 36.34 4132 38.43 37.34
Viytilla-1 42.73 40.65 39.56 43.73 42.15 40.56
Vytilla-6 39.64 37.87 34.78 40.64 38.87 35.78
Pokkali 38.55 37.09 36.90 39.55 38.09 38.40
FL-478 36.18 36.10 34.01 37.18 36.60 34,51
Nona Bokra 3472 33.27 38.23 35.72 34.27 38.73
IR-29 18.36 14.54 18.45 19.36 15.54 19.45
Tyothi 16.54 12.76 16.67 17.54 14.26 18.17
CV (%) 0.42 1.81 0.21 0.73 1.93 1.14
C.D. (0.05) 0.35 1.40 0.17 0.62 1.54 0.95
C.D. (0.05) GXE 0.027 1.39

(*= Significant)

Proline content in culm of 18 rice genotypes was presented in Table 18. In
non-saline condition, the genotype ‘JK-15° recorded more proline content in culm
at both seedling and flowering stages. In low-saline and high-saline conditions,
the genotype ‘JK-59° recorded the highest proline content in culm at both seedling
and flowering stages. In high-saline condition, the genotype ‘JO-583° recorded
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the highest proline content in culm at flowering stage. ‘Jyothi’ recorded the lowest

proline content in culm at both seedling and flowering stages in all three

conditions.

Proline content in leaf of 18 rice genotypes was presented in Table 19.

The genotype ‘JK-59° recorded the highest proline content in leaf at seedling and

flowering stages in all three conditions namely non-saline, low-saline and high-

saline condition. ‘JO-583’ recorded significantly the highest proline content in

leaf at seedling and flowering stages in non-saline condition. ‘Jyothi’ recorded

the lowest proline content in leaf at both seedling and flowering stages in all three

soil conditions.

Table 18. Culm proline content of rice genotypes

Seedling stage (mg g") Flowering stage (mg g™")

Genotypes Non-saline | Low-saline | High-saline Non-saline Low-saline High-saline
Kuthiru 59.32 56.34 60.34 60.82 57.34 6134
Orkayama 59.23 57.46 61.46 60.23 58.46 62.46
Ezhome-1 60.24 58.43 62.43 61.24 59.43 63.43
Ezhome-2 59.84 58.86 62.86 60.84 60.36 63.86
Ezhome-3 62.21 59.10 63.10 63.21 60.60 64.10
J0 5321 62.32 58.89 62.89 63.32 59.89 63.89
TK-15 63.38* 60.21 64.21 64.38* 61.21 65.21
IK-59 61.48 62.81* 66.31* 62.48 63.81* 67.31*
JO-583 62.63 61.61 65.61 63.63 62.61 67.11%
Chettivirippu 56.73 52.71 56.61 57.73 53.71 57.61
Cherivirippu 56.86 54.61 58.72 57.86 55.61 60.22
Viytilla-1 59.76 57.13 61.32 60.76 58.13 62,32
Vtilia-6 58.86 54.11 58.43 59.86 55.11 59.93
Pokkali 56.72 54.21 58.83 57.72 55.21 59.83
FL-478 53.12 53.31 57.34 54.12 54.31 5834
Nona Bokra 52.24 50.12 54.64 53.24 5112 55.64
R-29 29.32 26.22 30.69 30.82 2722 31.69
Tyothi 26.14 24.32 28.49 27.64 25.32 27.99
CV (%) 0.003 0.31 0.19 0.48 0.54 0.85
C.D. (0.05) 0.003 035 0.23 0.57 0.62 1.05
C.D. (0.05) GXE 0.05 1.37

(*= Significant).
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All the genotypes showed high proline content of root, shoot and leaf in

high-saline condition than in low-saline and non-saline conditions at both seedling

and flowering stages except for leaf proline content at flowering stage which was

non-significance.

Table 19. Leaf proline content in rice genotypes

Seedling stage (mg g™) Flowering stage (mg g”)

Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 56.23 54.43 58.43 57.23 56.43 59.94
Orkayama 571.32 55.64 59.64 58.32 56.64 60.65
Ezhome-1 58.42 56.34 60.34 58.92 57.34 61.85
Ezhome-2 57.48 56.68 60.68 58.48 57.68 61.69
Ezhome-3 59.12 57.01 61.01 60.62 58.01 62.02
O 532-1 57.32 56.98 60.98 58.32 57.98 61.99
JK-15 59.38 58.12 62.12 60.38 59.12 63.13
JK-59 62.484 60.13* 64.13* 63.48% 61.13* 65.64%
JO-583 63.63* 59.16 63.16 64.63* 60.16 64.17
Chettivirippu 52.73 50.17 54.16 53.73 5217 56.17
Cherivirippu 54.86 52.16 56.17 55.86 53.16 57.18
Vytilla-1 57.76 55.31 59.13 58.76 56.31 60.14
Vytilla-6 56.86 52.11 56.14 57.86 53.1 57.15
Pokkali 53.72 52.12 56.18 54.72 53.62 57.19
FL-478 5112 51.13 55.13 52,12 52.13 56.14
Nona Bokra 49.24 4821 52.16 50.74 49.21 53.17
IR-29 27.32 24.22 28.96 2832 26.22 29.97
Jyothi 24.14 22.23 26.18 25.14 24.23 27.19
CV (%) 1.25 0.004 0.003 1.36 1.15 0.72
C.D. (0.05) 1.41 0.004 0.004 156 1.28 0.86
C.D. (0.05) GXE 0.09 NS

(*= Significant)

4.2.3.2. Calcium, Sodium, Potassium, Chloride and Sulphate content in root,

culm and leaf at seedling and flowering stages

In non-saline condition, ‘Kuthira’ recorded the highest root calcium

content followed by ‘Pokkali’ and ‘Ezhome-3’ and the lowest calcium content

was recorded for ‘Ezhome-1’ and ‘Ezhome-2’ at seedling and flowering stages
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respectively. In low-saline and high-saline conditions, calcium content in root
was significantly higher for ‘IR-29’ followed by ‘Kuthiru’ and ‘Ezhome-2’ at
'seedling and flowering stages. ‘JK-15" and ‘Cherivirippu’ recorded the lowest
calcium content which was on par with that of ‘Vytilla-1’, ‘FL-478’ and
‘Orkayama’ (Table 20).

The genotypes ‘Ezhome-1°, “Ezhome-2’ ‘JO-532-1°, ‘Nona Bokra’ and
‘IR-29° recorded the highest root calcium content in high-saline condition and

remaining all other genotypes showed the highest root calcium content in non-

saline condition at both seedling and flowering stages.

Table 20, Mean root calcium content of rice genotypes

Seedling stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline High-saline Non-saline Low-saline High-saline
Kuthiru 2.37* 0.72 0.82 2.36* 0.77 0.86
Orkayama 0.61 0.14 0.24 0.68 0.19 0.29
Ezhome-] 0.13 0.17 0.27 0.17 0.22 0.32
Ezhome-2 0.13 0.61 0.71 0.19 0.66 0.76
Ezhome-3 1.08 0.52 0.62 1.12 0.57 0.67
JO 532-1 0.24 0.22 0.32 0.24 0.27 0.37
JK-15 0.88 0.12 0.14 0.75 0.17 0.19
JK-59 0.80 0.28 0.38 0.78 0.34 0.43
JO-583 0.64 0.27 0.27 0.67 0.32 0.32
Chettivirippu 0.56 0.21 0.31 0.58 0.26 0.36
Cherivirippu 0.69 0.12 0.12 0.67 0.17 0.19
Vytilla-1 0.42 0.13 0.18 0.43 0.18 0.23
Vytilla-6 0.49 0.16 0.21 0.49 0.21 0.26
Pokkali 1.13 0.16 0.17 1.14 0.21 0.22
FL-478 0.21 0.17 0.16 0.43 0.20 0.22
Nona Bokra 0.27 0.36 0.46 0.27 0.41 0.51
IR-29 0.32 121* 1.51* 035 1.17* 1.57*
Jyothi 0.58 0.41 0.48 0.57 0.46 0.53
CV (%) 13.01 471 3.65 6.35 4.19 3.05
C.D. (0.05) 0.17 0.03 0.03 0.09 0.03 0.03
C.D. (0.05) GXE 0.03 0.05

(*= Significant)
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In non-saline condition, ‘Ezhome-1°, ‘JK-15" and ‘Jyothi’ recorded the

highest culm calcium and ‘Kuthiru’ and ‘Ezhome-2’ recorded the lowest culm

calcium at seedling stage and flowering stages.

In low-saline condition,

‘Orkayama’ showed more culm calcium content and ‘Chettivirippu’ recorded the

lowest calcium content and was on par with that of ‘Cherivirippw’, ‘Vytilla-6°,

‘Pokkali’ and ‘Ezhome-1’ at seedling stage and result was non-significant at

flowering stage. In high-saline condition, culm calcium was found to be

significantly higher in ‘Orkayama’. ‘Chettivirippu’ and ‘Cherivirippu’ exhibited

the lowest calcium content in culm at both seedling and flowering stages (Table

21).

Table 21. Mean culm calcium content of rice genotypes

Seedting stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline High-saline Non-saline Low-saline High-saline
Kuthiru 0.30 0.23 0.33 0.31 0.28 0.38
Orkayama 0.49 0.41* 0.51* 0.48 0.46 0.57*
Ezhome-| 1.36* 0.12 0.17 119 0.17 0.23
Ezhome-2 0.24 0.22 0.32 0.22 0.27 0.37
Ezhome-3 0.86 0.19 0.29 0.87 024 0.34
JO 532-1 0.61 0.18 0.23 0.58 0.23 0.28
JK-15 1.30* 0.16 0.21 1.23* 0.21 0.36
JK-59 0.77 0.33 0.43 1.02 0.38 0.48
10-583 0.83 0.16 0.17 0.97 021 0.22
Chettivirippu 0.72 0.11 | 0.10 0.73 0.15 0.16
Cherivirippu 0,67 0.1 0.11 0.72 0.43 0.16
Vytilla-1 0.64 0.14 0.14 0.72 0.19 0.19
Vytilla-6 0.66 0.12 0.12 0.70 0.17 0.17
Pokkali 0.88 0.12 0.12 0.79 0.15 0.17
FL-478 0.85 0.27 037 0.75 0.31 0.42
Nona Bokra 0.74 0.28 0.38 0.75 0.33 0.43
1R-29 0.52 0.14 0.24 0.62 0.18 0.29
Jyothi 1.30* 0.24 0.34 1.25% 0.29 0.39
CV (%) 8.67 6.12 4.67 14.21 3593 3.76
C.D. (0.05) 0.14 0.03 0.03 0.23 NS 0.03
C.D. (0.05) GXE 0.08 0.13

(*= Significant)
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All the genotypes recorded the highest culm calcium content in non-saline
condition than in saline condition except ‘Orkayama’ and ‘Ezhome-2’ which
recorded the highest culm calcium content in high-saline condition at both

seedling and flowering stages.

Table 22. Mean leaf calcinm content of rice genotypes

Seediing stage (%) Flowering stage (%6}

Genotypes Non-saline | Low-saline | High-saline Non-saline Low-saline High-saline
Kuthiru 0.35. 0.23 0.28 0.33 0.28 0.29
Orkayama 0.84 0.45 0.49 0.89 0.52 0.48
Ezhome-1 0.67 0.52 0.53 0.64 0.58 0.54
Ezhome-2 0.68 0.51 0.53 0.73 0.56 0.52
Ezhome-3 1.36 0.51 0.50 1.39 0.55 0.50
JO 532-1 0.60 0.25 0.25 0.59 0.31 0.27
JR-15 1.91 0.60 0.27 1.97 0.61 025
JK-59 0.93 0.21 0.82* 0.96 0.27 0.83*
10-583 2.09* 0.23 0.24 2.23% 0.28 0.24
Chettivirippu 1.12 0.32 0.33 1.28 0.38 0.31
Cherivirippu 1.59 0.16 0.19 1.64 0.21 0.16
Vytilla-1 0.71 0.10 0.17 0.76 0.11 0.16
Vytilla-6 0.86 0.21 0.16 0.91 0.27 0.17
Pokkali 1.23 0.28 0.17 114 0.33 0.16
FL-478 1.29 0.73* 0.33 1.19 0.76* 0.33
Nona Bokra 1.24 0.54 0.52 1.38 0.56 0.52
IR-29 0.97 0.57 0.64 1.05 0.63 0.61
Iyothi 1.33 0.31 0.36 1.30 0.36 0.36
CV (%) 4.22 3.44 2,17 3.45 3.01 225
C.D. (0.05) 0.09 0.03 0.02 0.08 0.02 0.01
C.D. (0.05) GXE 0.03 0.05

(*= Significant)

In non-saline condition, ‘JO-583° recorded the highest leaf calcium content
and ‘Kuthiru’ recorded the lowest leaf calcium content at seedling and flowering
stages. In low-saline condition, ‘FL-478° followed by ‘JK-15° exhibited the
highest leaf calcium content and ‘Vytilla-1° showed the lowest leaf calcium
content at seedling and flowering stages. In high-saline condition, ‘JK-59
recorded the highest leaf calcium and ‘Vytilla-6’, ‘Vytilla-1°, ‘Cherivitippu’ and
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‘Pokkali’ recorded the lowest calcium content at seedling and flowering stages

(Table 22).

All the genotypes recorded the highest leaf calcium content in non-saline

condition than in saline conditions at both seedling and flowering stages.

Table 23. Mean root sodium content of rice genotypes

Seedling stage (%4) Flowering stage (%0}

Genotypes Non-saline { Low-saline | High-saline | Non-saline Low-saline High-saline
Kuthiru 0.21 0.59 0.75 0.25 0.62 0.77
Orkayama 0.23 0.92* 1.03% 0.26 0.97* 1.12%
Ezhome-1 0.21 0.63 0.85 0.26 0.68 0.77
Ezhome-2 0.18 0.58 0.78 0.20 0.62 0.79
Ezhome-3 0.23 0.56 0.67 0.22 0.61 0.72
10 532-1 0.32 0.46 0.97+ 0.32 0.48 1.07*
IK-15 0.24 0.73 0.67 0.24 0.79 0.74
JK-59 0.26 0.49 0.86 0.27 0.53 0.91
JO-583 0.15 0.62 0.86 0.17 0.68 0.92
Chettivirippu 0.19 0.63 0.99* 0.21 0.66 0.99
Cherivirippu 0.24 0.77 0.68 0.28 0.71 0.63
Vytilia-1 0.29 0.47 0.77 0.38 0.51 0.77
Vytilla-6 0.25 0.61 0.83 0.26 0.66 0.86
Pokkali 023 0.50 0.67 0.22 0.56 0.75
FL-478 0.25 0.38 0.63 0.25 0.43 0.63
Nona Bokra 0.15 0.52 0.77 0.17 0.57 0.82
IR-29 0.22 0.42 0.61 0.24 0.52 0.63
Jyothi 0.41* 0.49 0.62 0.41* 0.54 0.60
CV (%) 12.09 3.39 4.05 5.78 2.03 3.66
C.D. (0.05) 0.06 0.04 0.06 0.03 0.02 0.06
C.D. (0.05) GXE 0.06 0.04

(*= Significant)

In non-saline condition, ‘Jyothi’ recorded the highest root sodium confent
at seedling and flowering stages. ‘JO-583° and ‘Nona Bokra’ recorded the lowest
root sodium content at seedling and flowering stages respectively. In low-saline
condition, root sodium content was significantly higher in ‘Orkayama’ at seedling
and flowering stages. ‘IR-29° and ‘FL.-478’ recorded the lowest sodium content

respectively. In high-saline condition root sodium content was the highest in
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‘Orkayama’, ‘Chettivirippu’ and ‘JO-532-1" at seedling and flowering stages.
‘Cherivirippu’, ‘Pokkali’, ‘Ezhome-3’, ‘JK-15°, ‘FL-478’, ‘Jyothi’ and ‘IR-29’

recorded the lowest root sodium content at seedling and flowering stages (Table

23).

All the genotypes recorded the highest root sodium content in high-saline

condition than in hon-saline and low-saline condition except ‘Cherivirippu’ which

recorded the highest root sodium content in Jow-saline condition at both seedling

and flowering stages.

Table 24. Mean culm sodium content in of rice genotypes

Seedling stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline | High-saline Non-saline Low-saline High-saline
Kuthiru 0.35 0.96 1.07 0.38 1.00 1.12
Orkayama 0.80* 0.61 0.75 0.83* 0.65 0.82
Ezhome-1 0.35 0.92 1,01 0.38 0.96 1.03
Ezhome-2 0.42 0.60 0.78 0.42 0.66 0.74
Ezhome-3 0.61 0.85 0.98 0.59 0.91 0.99
10 532-1 0.54 1.21* 1.36* 0.57 1.26* 1.38*
JK-15 0.37 0.80 0.97 0.38 0.86 1,02
JK-59 0.35 0.73 0.92 0.37 0.76 0.96
JO-583 0.26 1.11 1.25 0.26 112 125
Chettivirippu 0.22 1.08 1.22 0.33 L12 1.30
Cherivirippu 0.41 0.90 1.15 0.41 0.97 1.20
Viytilla-1 0.37 0.62 0.83 0.37 0.68 0.86
Vytilla-6 0.36 0.70 0.82 0.37 0.77 0.83
Pokkali 0.37 112 1.27 0.38 1.17 1.30
FL-478 0.56 0.77 0.95 0.60 0.84 0.97
Nona Bokra 0.47 1.07 1.18 0.49 L1 1.21
R-29 0.32 0.57 0.83 0.32 0.62 0.85
Jyothi 0.55 0.83 1.02 0.52 0.86 1.02
CV (%) 8.15 2.39 6.54 3.26 1.40 5.86
C.D. (0.05) 0.07 0.04 0.14 0.03 0.02 0.13
C.D. (0.05) GXE 0.06 0.07

(*= Significant)

In non-saline condition, ‘Orkayama’ recorded the highest culm sodium

content at seedling and flowering stages.

‘Chettivirippu” at seedling stage and
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*JO-583’ at flowering stage recorded the lowest culm sodium content. In low-

saline condition, ‘JO-532-1° showed the highest culm sodium content at seedling

and flowering stages.

At seedling stage ‘IR-29 recorded the lowest sodium

content which was on par with that of ‘Orkayama’ and ‘Ezhome-2’ and at

flowering stage ‘Cherivirippu’ recorded the lowest sodium content. In high-saline

condition, culm sodium content was the highest in ‘JO-532-1" at seedling and

flowering stages and was on par with that of ‘Chettivirippu’, ‘Pokkali” and ‘JO-

583°. At seedling and flowering stages ‘Orkayama’ recorded the lowest sodium
content in culm which was on par with that of ‘Ezhome-2°, ‘“Vytilla-6’, ‘IR-29’
and ‘Vytilla-1’ (Table 24).

Table 25. Mean leaf sodium content of rice genotypes

Seedling stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline | High-saline | Non-saline Low-saline High-saline
Kuthiru 0.19 0.57 0.67 0.24 0.60 0.75
Orkayama 0.16 0.99 1.09 0.18 1.01 1.16
Ezhome-1 0.17 0.91 1.02 0.18 0.97 1.15
Ezhome-2 0.12 0.71 0.81 0.16 0.79 0.83
Ezhome-3 0.27 0.92 1.05 0.28 0.97 112
10 532-1 0.43* 0.71 0.82 0.49* 0.75 0.92
IK-15 0.25 0.68 0.78 0.28 0.73 0.84
JK-59 0.22 0.62 0.72 0.22 0.66 0.84
JO-583 0.17 1.16* 1.08 0.18 1.24 1.22%
Chettivirippu 0.18 0.56 0.66 0.20 0.63 0.73
Cherivirippu 0.26 0.61 0.75 0.27 0.65 0.82
Viytilla-1 0.16 0.72 0.86 0.20 0.77 0.89
Vytilla-6 0.17 0.71 0.83 0.20 0.75 0.82
Pokkali 0.18 0.67 0.77 0.18 0.71 0.85
FL-478 0.26 1.08 1.22* 0.29 0.60 1.27+
Nona Bokra 0.20 0.77 0.91 0.22 0.84 0.92
IR-29 0.18 0.83 097 0.19 0.87 0.99
Jyothi 0.21 0.76 0.91 0.22 0.81 1.05
CV (%) 6.42 2.47 4.56 3.10 22.38 2.66
C.D. (0.05) 0.02 0.04 0.08 0.01 NS 0.05
C.D. (0.05) GXE 0.04 0.04

(*= Significant)
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All the genotypes recorded the highest culm sodium content in high-saline
condition except ‘Orkayama’ which recorded the highest culm sodium content in

non-saline condition at both seedling and flowering stages.

In non-saline condition ‘JO-532-1° recorded the highest leaf sodium
content and ‘Ezhome-2’ recorded the lowest leaf sodium content at seedling and
flowering stages. In low-saline condition, at seedling stage ‘JO-583’ recorded the
highest leaf sodium content and ‘Chettivirippu’ showed the lowest leaf sodium
content which was on par with that of ‘Kuthirn’ at seedling stage. Result was
non-significant at flowering stage. In high-saline condition, ‘FL-478" recorded
the highest leaf sodium followed by ‘Orkayama’, ‘JO-583°, ‘Ezhome-3’ and
‘Ezhome-1’ at seedling stage and at flowering stage ‘JO-583" and ‘FL-478’
recorded significantly high in leaf sodium content. ‘Chettivirippu’ and ‘Kuthiru’

recorded the lowest sodium content at seedling and flowering stages (Table 25).

All the genotypes recorded the highest leaf sodium content in high-saline
condition except ‘JO-583" which recorded the highest leaf sodium content in low-

saline condition at both seedling and flowering stages.

In non-saline condition, ‘FL-478 recorded the highest root potassium
content at both seedling and flowering stages. ‘Ezhome-2’ at seedling stage and
*JO-583’ at flowering stage recorded the lowest root potassium content, In low-
saline condition, at seedling and flowering stages ‘Kuthiru’ recorded the highest
potassium content and was on par with ‘JO-583°, ‘Orkayama’ and ‘JO-532-1°.
‘Jyothi’ recorded the lowest root potassium content at both seedling and flowering
stage. In high-saline condition, ‘Kuthiru’ followed by ‘JO-532-1°,
‘Chettivirippu’, ‘Orkayama’, ‘JO-583°, ‘IR-29’ and ‘Vytilla-6 recorded the
highest root potassium content at seedling stage and at flowering stage ‘Kuthiru’,
‘Chettivirippu’, ‘Orkayama’, ‘JO-532-1° and °‘JO583’ recorded high root
potassium content. ‘Jyothi’ recorded the fowest root potassium content at seedling

and flowering stages (Table 26).
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Among the three soil conditions, all the genotypes recorded the highest

root potassium content in high-saline condition except “Vytilla-1°, ‘FL-478" and

“Jyothi’ which recorded the highest root potassium content in non-saline condition

at both seedling and flowering stages.

Table 26. Mean root potassium content of rice genotypes

Seedling stage (%) Flowering stage (%6)

Genotypes Non-saline { Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 0.65 1.17# 1.25* 0.62 1.22* 1.24*
Orkayama 0.57 1.05 1.12 0.61 1.07 1.19%
Ezhome-1 0.55 0.73 0.84 0.5 0.83 0.95
Ezhome-2 0.41 0.74 0.98 0.55 0.74 1.00
Ezhome-3 0.44 0.56 0.78 0.48 0.63 0.84
JO 532-1 0.77 1.02 117 0.85 1.10 1.19%
JK-15 0.60 0.66 0.72 0.57 0.71 0.96
IK-39 0.55 0.66 0.81 0.60 0.72 0.88
JO-583 0.45 1.05 112 0.35 1.08 1.18*
Chettivirippu 0.53 0.91 1.14 0.53 0.94 1.23*
Cherivirippu 0.55 0.69 0.83 0.60 0.72 0.96
Vytilla-1 0.92 0.66 0.83 0.50 0.69 0.96
Vytilla-6 0.60 0.74 1.03 0.69 0.84 1.05
Pokkali 0.62 0.66 0.83 0.67 0.68 0.78
FL-478 1.23* 0.83 0.93 1.21* 0.81 0.89
Nona Bokra 0.58 0.68 0.91 0.57 0.80 0.92
IR-29 0.56 0.77 1.02 0.58 0.80 1.05
Jyothi 0.73 0.46 0.60 0.76 0.49 0.62
CV (%) 7.29 7.57 3.58 21.93 6.05 4.50
C.D. (0.05) 0.09 0.12 0.07 0.29 0.10 0.09
C.D. (0.05) GXE 0.09 0.10

(*= Significant)

In non-saline condition, ‘Cherivirippu’ recorded the highest culm

potassium content at seedling and flowering stages and ‘JK-59° recorded the

lowest potassium content at both seedling and flowering stages. In low-saline

condition, at seedling stage ‘Nona Bokra’, ‘Pokkali’ and ‘Ezhome-1’ recorded the

highest culm potassium content and at flowering stage ‘Nona Bokra’ recorded

high culm potassium content. At seedling and flowering stages ‘JK-59°, ‘IR-29”,
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‘JK-15" and ‘Orkayama’ recorded low culm potassium content. In high-saline

condition, ‘Nona Bokra’ exhibited significantly the highest culm potassium

content at seedling and flowering stages. At seedling stage ‘Orkayama’ recorded

the lowest potassium content in culm and was on par with ‘IR-29°, ‘JK-15°, ‘JK-

59" and ‘Vytilla-1’ and at flowering stage also ‘Orkayama’ recorded the lowest

potassium content in culm which was on par with ‘Ezhome-2’, ‘Jyothi’ and ‘IR~

29" (Table 27).

All the genotypes recorded the highest culm potassium content in non-
saline condition except ‘JO-583" and ‘Nona Bokra’ which recorded the highest

culm potassium content in high-saline condition at both seedling and flowering

stages.
Table 27. Mean culm potassium content of rice genotypes
Seedling stage (%) Flowering stage (%)
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 1.95 L1 1.20 1.95 1.13 1.25
Orkayama 1.35 0.74 0.95 1.35 0.72 0.93
Ezhome-1 1.74 1.62% 1.62 1.76 1.69 1.72
Ezhome-2 1.46 0.77 1.19 1.37 0.89 1.04
Ezhome-3 1.59 1.01 1.16 1.56 111 1.19
10 532-1 1.95 1.27 141 1.97 1.30 1.45
JK-15 2.72 0.69 1.02 3.37 0.79 1.15
JK-59 1.17 0.75 1.07 1.22 0.74 1.04
JO-583 1.24 1.33 1.35 1.34 1.31 1.27
Chettivirippu 3.81 1.12 1.36 4.25 1.21 1.29
Cherivirippu 4.43* 1.13 1.32 5.62% 1.16 1.38
Vytilla-1 1.97 0.96 1.08 1.87 0.99 1.09
Vytilla-6 1.65 0.92 1.10 1.82 0.94 1.07
Pokkali 1.80 1.63* 1.7 1.90 1.66 1.80
FL-478 1.83 1.35 1.57 1.79 1.39 L.65
Nona Bokra 1.97 1.72* 2.00* 1.90 1.83* 1.97+
IR-29 1.67 0.74 0.99 1.75 0.75 1.02
Tyothi 1.82 1.08 1.28 1.75 1.11 1.33
CV (%) 13.78 6.31 5.06 6.70 4.43 4.10
C.D. (0.05) 0.58 0.14 0.13 0.30 0.10 0.11
C.D. (0.05) GXE 0.34 0.19

(*= Significant)
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Table 28. Mean leaf potassium content of rice genotypes

Seedling stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline | High-saline Non-saline Low-saline High-saline
Kuthiru 4.12* 0.57 0.72 3.25 0.62 0.72
Orkayama 1.57 1.07 1.17 1.75 1.10 1.25
Ezhome-1 1.22 1.45* 1.65* 1.32 1.37% 1.85*
Ezhome-2 1.70 1.09 1.25 1.82 1.19 1.24
Ezhome-3 1.82 .15 1.26 1.92 113 1.42
JO 5321 1.75 1.17 1.36 1.82 1.17 1.24
JR-15 1.66 1.37 1.57+ 1.65 1.32 1.62
JK-59 1.74 1.16 1,55 1.87 1.27 1.70
JO-583 1.29 1.31 1.44 1.32 1.25 1.43
Chettivirippu 3.93% 1.14 1.27 4.81* 1.14 1.32
Cherivirippu 3.12 1.19 1.30 4.12 1.14 1.29
Vytilla-1 1.80 1.10 1.29 1.72 1.05 1.29
Vytilla-6 1.67 0.95 1.07 1.92 0.88 1.30
Pokkali 1.27 1.26 1.55 1.25 1.21 1.63
FL-478 1.97 1.36 1.58* 1.95 1.32 1.72
Nona Bokra 1.76 122 1.33 1.85 122 145
IR-29 1.72 1.13 1.21 1.83 1.13 1.28
Jyothi 1.96 0.59 0.67 1.98 0.58 0.75
CV (%) 7.17 6.56 4.52 20.33 4.54 5.32
C.D. (0.05) 0.30 0.15 0.12 0.91 0.10 0.15
C.D. (0.05) GXE 0.19 0.51

(*= Significant)

In non-saline condition, at seedling stage ‘Kuthiru’ and ‘Chettivirippu’

recorded the highest leaf potassium content. At flowering stage ‘Chettivirippu’

recorded the highest leaf potassium content which was on par with that of

‘Cherivirippu’. At seedling stage ‘Ezhome-1’ recorded the lowest leaf potassium

content and at flowering stage all genotypes shows the lowest leaf potassium

content except ‘Chettivirippn’ and ‘Cherivirippu’.

In low-saline condition, at

seedling and flowering stages ‘Ezhome-1° recorded the highest leaf potassium and

on par with that of ‘JK-15°, ‘FL-478’, ‘JK-59’ and ‘JO-583°,

‘Kuthiru” and

‘Jyothi’ recorded the lowest leaf potassium content at seedling and flowering
stages. In high-saline condition, at seedling stage‘Ezhome-1°, ‘FL-478” and ‘JK-
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15’ recorded high leaf potassium content and was found to be on par with that of
‘JK-59° and ‘Pokkali’. At flowering stage ‘Ezhome-1’recorded high potassium
content in leaf and was found to be on par with that of ‘FL-478 and ‘JK-59°.

“Kuthiru’ and “‘Jyothi’ recorded low leaf potassium content at both seedling and

flowering stages (Table 28).

Among three soil conditions, all the genotypes recorded the highest leaf

potassium content in non-saline condition except ‘JO-583’ and ‘Ezhome-1’which

recorded the highest leaf potassium content in high-saline condition at both

seedling and flowering stages.

Table 29, Mean root chloride content of rice genotypes

Seedling stage (%6) Flowering stage (%)
Genotypes Non-saline Low-saline High-saline Non-saline Low-saline High-saling
Kuthiru 098 1.02 Lo | o 1.02 122 1.09
Orkayama 0.26 0.29 0.34 0.32 1.39 0.38
Ezhome-1 1.85 1.92 2.55 1.88 2.02 2.65
Ezhome-2 0.98 1.12 1.40 1.01 1.24 1.50
Ezhome-3 2.78% 2.89 3.67 287 2,99 3720
JO 532-1 0.06 0.07 0.08 0.09 0.86 0.09
JK-15 0.98 1.01 1.37 112 122 147
JK-59 0.86 0.99 1.28 1.01 131 1.3
10-583 0.02 0.04 0,09 0.04 0.08 0.12
Chettivirippu 0.62 0.92 0.95 0.92 .12 058
Cherivirippu 0.36 0.56 0.76 0.46 0.85 0.36
Vytilla-1 0.03 0.04 3.20 0.02 0.06 0.07
Vytilia-6 0.04 0.05 0.08 0.05 0.07 0.07
Pokkali 1.28 1.46 2.36 1.58 1.76 238
FL478 2.68 2.8 326 2.72 3.02¢ 323
Nona Bokra 272 2.925* 176 2.92¢ 2.96 3.67%
R-29 0.98 1.08 1.40 1.14 1.18 143
Jyothi 212 232 3.18 238 2,52 3.28
CV (%) 1.49 0.20 321.03 0.20 0.14 1.49
C.D. (0.05) 0.03 0.005 NS 0.005 0.004 0,05
C.D. (0.05) GXE 0.27 0.17
{*= Significant)
In non-saline condition, at seedling stage ‘Ezhome-3’ recorded

significantly high root chloride content and at flowering stage ‘Nona Bokra’
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recorded significantly high root chloride content. At seedling stage ‘JO-583" and

at flowering stage “Vytilla-1’ recorded the lowest root chloride content. In low-

saline condition, ‘Nona Bokra® at seedling stage and ‘FL-478" at flowering stage

exhibited significantly the highest root chloride.

‘Vytilla-1’ and °JO-583°

recorded the lowest root chloride content at seedling and flowering stages. In

high-saline condition, root chloride content was non-significant at seedling stage.

At flowering stage ‘Nona Bokra’ and ‘Ezhome-3’ recorded the highest root

chloride content and ‘Vytilla-1° recorded the lowest root chloride content which

was on par with that of ‘JO-532-1° and “Vytilla-6’ (Table 29).

Table 30. Mean culm chloride content of rice genotypes

Seedling stage (%) Flowering stage (%)

Genotypes Non-saline | Low-saline | High-saline | Non-saline { Low-saline High-saline
Kuthiru 0.66 0.863 1.66 0.66 0.96 1.72
Orkayama 0.36 0.635 0.68 0.32 0.73 0.86
Ezhome-1 1.71 1.925 2.17 1.67 2,02 2.37
Ezhome-2 0.97 1.025 1.15 0.88 112 1.25
Ezhome-3 0.04 0.083 0.08 0.04 0.09 0.08
JO 532-1 0.04 0.086 0.10 0.04 0.90 0.12
JK-15 1.76 1.789 2.76 1.75 1.79 2.79
JK-59 1.65 1.889 2.65 1.60 1.98 2.63
JO-583 0.04 0.099 0.09 0.04 0.10 0.09
Chettivirippu 0.52 0.925 1.02 0.04 0.99 1.25
Cherivirippu 0.58 0.985 1.24 0.06 1.09 1.30
Vytilla-] 2.45% 2885+ 3.56 2.34% 2.98* 3.15
Vytilla-6 2.31 2.765 3.67* 2.12 2.96 3.65*
Polkkali 0.99 1.215 1,98 0.12 1.51 1.89
FL-478 0.36 0.585 0.63 0.28 0.69 0.08
Nona Bokra 0.04 0.077 0.10 0.05 0.08 0.09
IR-29 0.04 0.073 0.08 0.05 0.09 0.08
Jyothi 1.32 1.72 2.64 1.38 1.79 2.64
CV (%) _0.60 0.37 0.23 0.61 0.33 1.09
C.D. (0.05) 0.01 0.0% 0.007 0.01 0.009 0.03
C.D. (0.05) GXE 0.17 0.05

(*= Significant)
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All the genotypes recorded the highest root chloride content in high-saline
condition at seedling stage. At flowering stage, the genotypes ‘Kuthiru’,
‘Orkayama’, ‘JO-532-1°, ‘Chettivirippu’ and ‘Cherivirippu’ recorded the highest
root chloride content in low-saline condition and remaining all other genotypes

showed the high root chloride content in high-saline condition.

In non-saline condition, at seedling and flowering stages ‘Vytilla-1’
recorded the highest culm chloride content. At seedling stage ‘Nona Bokra’, ‘JO-
583, *JO-532-1’, ‘Ezhome-3’ and ‘IR-29’ recorded the lowest culm chloride, and
at flowering stage “JO-532-1" and ‘JO-583° recorded the lowest culm chloride. In
low-saline condition, at seedling stage ‘Vytilla-1’ recorded the highest chloride
content in culm and at flowering stage “Nona Bokra’ recorded the highest culm
chloride content which was found to be on par with that of ‘IR-29’. In high-
saline condition, ‘Vytilla-6> recorded the highest culm chloride at seedling and
flowering stages. At seedling stage ‘IR-29’ and ‘Ezhome-3’ recorded the lowest
chloride culm content and at flowering stage ‘FL-478°, IR-29° and ‘Ezhome-3’
recorded the lowest culm chloride which was on par with that of ‘JO-583’ and
‘Nona Bokra’ (Table 30).

All the genotypes recorded the highest root chloride content in high-saline
condition at seedling stage except ‘Ezhome-3’ which shows the highest result in
low-saline condition. At flowering stage the genotypes ‘JO-532-17, ‘JO-583’,
‘FL-478’ and ‘IR-29° recorded the highest root chloride content in low-saline
condition and remaining all other genotypes showed high culm chloride in high-

saline condition.

In non-saline condition, at seedling and flowering stages ‘Ezhome-2’
recorded the highest leaf chloride content and ‘Orkayama’, ‘Kuthiru’ and ‘IR-29’
recorded low leaf chloride content. In low-saline condition, ‘Ezhome-2’ showed
the highest leaf chloride content at seedling and flowering stages. At seedling and
flowering stages ‘IR-29°, ‘Kuthiru’ and ‘Orkayama’ recorded low chloride
confent in leaf. In high-saline condition, ‘Ezhome-2’ recorded significantly
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highest leaf chloride content at seedling and flowering stages. ‘Orkayama’, ‘IR-
29 and ‘Kuthiru’ at seedling stage and ‘IR-29° at flowering stage recorded low

chloride content in leaf (Table 31).

All the genotypes recorded the highest leaf chloride content in high-saline

condition at both seedling and flowering stages.

Table 31. Mean leaf chloride content of rice genotypes

Seedling stage (%) Flowering stage (%)
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 0.02 0.03 0.04 0.02 0.03 0.06
Orkayama 0.02 0.04 0.04 0.02 0.04 0.64
Ezhome-1 0.66 0.66 0.89 0.66 0.35 0.86
Ezhome-2 2.32% 2.82* 4.60* 231* 2.82¢ 4.30*
Ezhome-3 0.53 0.61 1.51 0.54 0.61 1.25
1O 532-1 0.36 0.46 0.87 0.33 049 0.88
JK-15 0.438 0.53 0.63 0.44 0.54 0.73
JK-59 0.44 0.54 0.66 0.45 0.55 0.76
JO-583 1.07 .17 3.06 1.00 1.17 3.09
Chettivirippu 1.14 1.24 2.34 1.00 1.26 2.43
Cherivirippu 1.21 1.325 2.14 1.00 1.36 2.11
Viytilla-1 1.00 1.20 2.00 1.00 1.21 2.02
Vytilla-6 1.05 1.85 2.04 1.00 1.84 2.05
Pokkali 0.69 0.89 0.96 0.68 0.86 0.98
FL-478 1.69 1.89 3.86 1.64 1.86 3.68
Nona Bokra 0.79 0.98 1.78 0.74 0.96 179
1R-29 0.02 0.03 0.04 0.02 0.03 0.04
Jyothi 1.86 1.99 3.36 1.68 1.88 3.85
CV (%) 0.37 0.38 0,19 0.39 9.69 0.22
C.D. (0.05) 0.007 0.008 0.007 0.007 0.20 0.008
C.D. (0.05) GXE 0.28 0.21
(*= Significant)
In non-saline condition, at seedling stage ‘Vytilla-6>, ‘Pokkali’ and ‘FL-
478’ recorded the highest root sulphate content, and at flowering stage ‘Vytilla-6
recorded the highest root sulphate content. ‘Vytilla-1°, “JO-532-17,

‘Chettivirippu’, ‘JK-59°, ‘JK-15°, and ‘JO-583° recorded the lowest root sulphate

content at seedling and flowering stages. In low-saline condition, at seedling and
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flowering stages ‘Nona Bokra’ recorded significantly high root sulphate content.
At seedling stage ‘Vytilla-1°, ‘FL-478’ and ‘Ezhome-2’ recorded the lowest root

sulphate content and was on par with ‘Pokkali’ and ‘Vytilla-6’. At flowering stage

‘Ezhome-2’ recorded the lowest root sulphate content which was on par with that

of ‘Pokkali’, ‘Kuthiry’, ‘Orkayama’, ‘Vytilla-1" and ‘FL-478’.

In high-saline

condition, ‘JO-583" recorded significantly high root sulphate content at seedling

and flowering stages. ‘Ezhome-2’ and ‘Ezhome-3’ recorded the lowest root

sulphate content at seedling and flowering stages (Table 32).

Table 32. Mean root sulphate content of rice genotypes

Seedling stage Flowering stage

Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 031 0.01 0.15 0.33 0.02 0.19
Orkayama 0.19 0.12 0.26 029 | 0.18 0.31
Ezhome-1 0.20 0.17 0.37 0.22 0.23 0.43
Ezhome-2 0.09 0.005 0.006 0.14 0.005 0.01
Ezhome-3 0.10 0.008 0.006 0.15 0.008 0.01
JO 532-1 0.005 0.25 0.24 0.005 0.32 0.26
IK-15 0.005 0.35 0.23 0.005 0.41 0.27
JK-59 0.02 0.35 0.28 0.01 0.42 0.31
JO-583 0.008 5.56* 3.81* 0.006 5.56* 3.88*
Chettivirippu 0.005 0.22 0.32 0.005 0.28 0.33
Cherivirippu 0.15 0.23 0.12 0.16 0.32 0.16
Viytilla-1 0.005 0.15 0.27 0.005 0.10 0.25
Viytilla-6 0.57* 0.05 0.12 4.87* 0.32 0.15
Pokkali 0.52* 0.23 0.26 3.31 0.19 0.31
FL-478 0.52* 0.09 0.40 3.06 0.14 0.43
Nona Bokra 0.14 0.04 0.44 0.15 0.02 0.43
IR-29 0.08 0.35 0.37 0.05 0.46 0.40
Jyothi 0.08 0.26 0.22 0.05 0.33 0.26
CV (%) 21.87 5.05 1.94 7.40 4.75 4.11
C.D. (0.05) 0.08 0.05 0.02 0.11 0.05 0.04
C.D. (0.05) GXE 0.05 0.07

(*= Significant)

At both seedling and flowering stages, the genotypes ‘Kuthiru’, ‘Ezhome-
2’, ‘Ezhome-3’, ‘Vytilla-6’, ‘Pokkali’ and ‘FL-478’ showed the highest root
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sulphate content in non-saline condition than saline conditions. ‘Orkayama’,
‘Ezhome-1°, ‘Chettivirippu’, ‘Vytilla-1°, ‘Nona Bokra’ and ‘IR-29’ showed the

highest root sulphate content in high-saline condition and remaining all other

genotypes showed higher root sulphate content in low-saline condition.

Table 33. Mean culm sulphate content of rice genotypes

Seedling stage Flowering stage

Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 0.27 0.30 0.04 0.18 0.03 0.05
Orkayama 0.04 0.17 0.39 0.004 0.02 0.41
Ezhome-1 0.14 0.44 0.06 0.19 2.03 0.07
Ezhome-2 0.24 0.008 0.006 0.48 0.006 0.01
Ezhome-3 0.09 0.30 0.04 0.16 0.03 0.05
JO 532-1 0.01 0.35 0.18 0.02 0.36 0.22
JK-15 0.06 0.15 0.17 0.20 0.21 0.20
JK-59 0.01 0.11 0.20 0.005 0.17 0.13
JO-583 0.005 030 0.17 0.005 0.35 0.22
Chettivirippu 0.005 0.21 0.23 0.005 0.31 0.26
Cherivirippu 0.07 0.21 0.27 0.005 0.27 0.31
Vytilla-1 0.02 0.01 0.10 0.02 0.01 0.37
Viytilla-6 0.37 0.05 0.15 0.22 0.12 0.48
Pokkali 0.31 0.03 0.25 0.15 0.03 0.29
FL-478 0.52* 0.008 0.006 4.56* 0.009 0.005
Noua Bokra 0.09 9.30* 11.35* 0.10 9.42+ 11.26*
IR-29 0.08 0.17 0.35 0.12 0.22 0.41
Jyothi 0.14 3.62 4.98 0.17 3.77 5.56
CV (%) 83.55 5.55 .61 8.00 1.54 11.23
C.D. (0.05) 0.25 0.10 0.03 0.06 0.03 0.26
C.D. (0.05) GXE 0.06 0.18

(*= Significant)

In non-saline condition, at seedling stage ‘F1.-478° recorded the highest
culm sulphate content which was found to be on par with that of ‘Vytilla-6’ and

‘Polkali’.

content.

‘Vytilla-1°,

‘JK-59°,

‘JO-583°,

At flowering stage ‘FL-478° recorded the highest culm sulphate

‘JO-532-1°, ‘Chettivirippu’,

‘Cherivirippu’ and ‘Orkayama’ recorded the lowest culm sulphate content at

seedling and flowering stages. In low-saline condition, ‘Nona Bokra® recorded
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the highest culm sulphate content at seedling and flowering stages. At both
seedling and flowering stages ‘FL-478’, “Vytilla-6* and ‘Ezhome-2’ recorded the
lowest culm sulphate content. In high-saline condition, at seedling and flowering
stages ‘Nona Bokra’ recorded the highest culm sulphate content. At seedling
stage ‘FL-478’, ‘Ezhome-2’ recorded the lowest culm sulphate content and was
on par with that of ‘Kuthiru’ and ‘FL-478’. At flowering stage ‘Ezhome-2’
recorded the lowest culm sulphate content and was on par with ‘Kuthirn’,
‘Ezhome-3°, ‘Ezhome-1°, ‘JK-59°, °‘JK-15°, ‘JO-583°, ‘JO-532-1" and
‘Chettivirippu’ (Table 33).

At seedling stage, the genotypes ‘Ezhome-2°, ‘Vytilla-6°, ‘Pokkali’ and
‘FL-478’ showed the highest cuim sulphate content in non-saline condition. The
highest culm content in low-saline condition was exhibited by ‘Kuthiru’,
‘Ezhome-1’, ‘Ezhome-3’ and ‘JO-583°. Remaining all other genotypes recorded
the highest culm sulphate content in high-saline condition. At flowering stage, the
genotypes ‘Kuthiru’, ‘Ezhome-2’, ‘Ezhome-3’ and ‘FL-478" showed the highest
culm sulphate content in non-saline condition. The highest culm content in low-
saline condition was exhibited by ‘Ezhome-1°, ‘JO-532-1°, ‘JK-15°, ‘JK-59°,
‘Chettivirippu’ and ‘JO-583°. Remaining all other genotypes recorded the highest

culm sulphate content in high-saline condition.

In non-saline condition, ‘FL-478° followed by ‘IR-29’ recorded the
highest leaf sulphate content at seedling and flowering stages. ‘JK-15°,
‘Chettivirippu’ and ‘Cherivirippu’ recorded the lowest sulphate content in leaf at
seedling and flowering stages. In low-saline condition, at seedling and flowering
stages ‘IR-29* recorded the highest leaf sulphate content, and ‘Orkayama’,
‘Ezhome-2’, ‘Nona Bokra’, ‘Pokkali’, ‘Ezhome-3’, ‘JO-532-1°, ‘FL-478° and
“Vytilla-1° recorded the lowest leaf sulphate content. In high-saline condition, at
seedling and flowering stages ‘IR-29’ recorded the highest leaf sulphate content.
‘Orkayama’, ‘Nona Bokra’, ‘Ezhome-2’°, ‘Ezhome-3’ and ‘J0O-532-1" at seedling
and flowering stages recorded the lowest leaf sulphate content (Table 34).
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At seedling stage, the genotypes °‘Ezhome-1°, ‘JK-59°, ‘JO-583°,
‘Chettivirippu’, ‘Cherivirippuw’ and ‘Vytilla-6’ showed the highest leaf sulphate

content in low-saline condition. The highest leaf content in high-saline condition

was exhibited by ‘Kuthirw’, ‘JK-59° and ‘Vytilla-1°.

Remaining all other

genotypes recorded the highest leaf sulphate content in non-saline condition. At
flowering stage, the genotypes ‘Kuthirw’, ‘Ezhome-1°, ‘JK-15°, ‘JK-59°, ‘JO-
583, ‘Chettivitippu’, ‘Cherivirippu’ and ‘Vytilla-6’ showed the highest leaf

sulphate content in low-saline condition. Remaining all other genotypes recorded

the highest leaf sulphate content in non-saline condition.

Table 34. Mean leaf sulphate content of rice genotypes

Seedling stage Flowering stage

Genotypes Non-saline | Low-saline { High-saline | Non-saline | Low-saline High-saline
Kuthiry 0.21 0.30 0.41 0.28 0.33 0.04
Orkayama 0.21 0.008 0.005 0.25 0.008 0.01
Ezhome-1 0.27 0.45 0.10 0.10 0.49 0.14
Ezhome-2 0.46 0.01 0.01 0.44 0.02 0.01
Ezhome-3 0.14 0.008 0.005 0.20 0.008 0.01
JO 532-1 0.11 0.008 0.005 0.17 0.01 0.008
JK-15 0.010 0.17 0.31 0.005 0.21 0.03
JK-59 0.06 0.25 0.17 0.12 0.31 0.17
J0-583 0.11 0.30 0.18 0.15 0.30 0.17
Chettivirippu 0.005 0.30 0.22 0.005 0.37 0.24
Cherivirippu 0.005 0.35 0.17 0.005 0.42 0.22
Vytilla-1 0.06 0.02 0.28 0.11 0.03 0.03
Vytilla-6 0.22 0.31 0.18 0.10 0.35 0.19
Pokkali 0.12 0.01 0.12 0.29 0.01 0.10
FL-478 6.06* 0.04 0.05 7.81* 0.04 0.06
Nona Bokra 0.48 0.01 0.02 3.50 0.02 0.03
IR-29 543 4.63* 2.45* 7.06 4.67+ 3.11%
Jyothi 0.48 0.31 0.30 3.31 0.43 0.31
CV (%) 1030 2.30 23.71 3.73 5.81 2.60
C.D. (0.05) 0.17 0.02 0.14 0.10 0.05 0.01
C.D. (0.05) GXE 0.13 0.07

(*= Significant)
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Table 35. Mean root Na / K ratio of rice genotypes

Seedling stage Flowering stage

Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 0.33 0.51 0.60 0.40 0.51 0.62
Orkayama 0.41 0.88 0.92 0.41 0.90 0.94
Ezhome-1 0.39 0.87 1.01 0.45 0.82 0.81
Ezhome-2 0.45 0.79 0.79 0.37 0.84 0.79
Ezhome-3 0.53 1.00 0.85 0.47 0.96 0.86
JO 532-1 0.41 0.45 0.83 0.38 0.44 0.90
JK-15 0.39 1.11* 0.92 0.42 1.10* 0.77
JK-59 0.49 0.74 1.06* 0.45 0.75 1.03*
10-583 0.34 0.59 0.76 0.49 0.63 0.78
Chettivirippu 0.37 0.68 0.86 0.40 0.70 0.80
Cherivirippu 0.44 1.12 0,81 0.46 0.99 0.65
Vytilla-1 0.32 0.71 0.93 0.40 0.74 0.81
Vytilla-6 0.42 0.82 0.81 0.38 0,78 0.82
Pokkali 0.36 0.76 0.81 0.33 0.82 0.95
FL-478 0.20 0.48 0.67 0.21 0.53 0.71
Nona Bokra 0.26 0.77 0.84 0.30 0.71 0.89
IR-29 0.39 0.55 0.60 0.42 0.66 0.60
Jyothi 0.56* 1.06* 1.04 0.54* 1.10 0.97
CV (%) 12.54 9.16 6.66 9.59 6.80 6.09
C.D. (0.05) 0.10 0.15 0.11 0.08 0.11 0.10
C.D. (0.05) GXE 0.11 0.09

(*= Significant)

Mean root Na / K ratio of 18 rice genotypes at seedling and flowering

stages were presented in Table 35. In non-saline condition, at seedling and

flowering stages ‘Jyothi’ recorded maximum root Na / K ratio which was on par
‘FL-478’ recorded minimum root Na / K
ratio which was on par which that of ‘Nona Bokra’. In low-saline condition,

‘Cherivirippu’, ‘JK-15° and ‘Jyothi’ at seedling stage and ‘JK-15" followed by

with that of ‘Ezhome-3’ and ‘JK-59°.

‘Jyothi’ at flowering stage recorded maximum root Na / K ratio. ‘Kuthiru’, ‘FL-

478 and ‘JO-532-1° recorded minimum root Na / K ratio at both seedling and

flowering stages. In high-saline condition, at seedling and flowering stages ‘JK-
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59’ recorded maximum root Na / K ratio which was on par with that of ‘Jyothi’
and ‘Ezhome-1°. ‘IR-29’ recorded minimum root Na / K ratio which was on par

with that of ‘Kuthiru’ and ‘Cherivirippu’.

The genotypes ‘Kuthiru’, ‘Orkayama’, ‘Ezhome-1°, ‘JK-59°, ‘JO-583’,
‘Chettivirippu’, “Viytilla-1°, ‘Pokkali’, ‘FL-478° and ‘Nona Bokra’ at both
seedling and flowering stages, ‘Ezhome-1° and ‘IR-29’ at seedling stage and ‘JO-
532-1° and ‘Vytilla-6” at flowering stage showed the highest root Na / K ratio in
high-saline condition. ‘Ezhome-2’, ‘Ezhome-3°, ‘JK-15°, ‘Cherivirippu’ and
‘Jyothi’ at both seedling and flowering stages, ‘JO-532-1" and ‘Vytilla-6 at
seedling stage and ‘Ezhome-1’ ‘IR-29 at flowering stage showed the highest root

Na /K ratio in low-saline conditions.

Mean culm Na / K ratio of 18 rice genotypes at seedling and flowering
stages were presented in Table 36. In non-saline condition, In at seedling and
flowering stages ‘Orkayama’ recorded maximum culm Na / X ratio followed by
‘Ezhome-3°, ‘JK-59°, ‘FL-478’ and ‘Jyothi’. ‘Chettivirippu’ and ‘Cherivirippu’
recorded minimum culm Na / K ratio. In low-saline condition, at seedling and
flowering stages ‘JK-15" recorded maximum culm Na / K ratio followed by ‘JK-
59° and ‘Chettivirippu’. ‘Ezhome-1’, ‘FL-478° and ‘Nona Bokra’ recorded
minimum culm Na / K ratio. In high-saline condition, ‘JO-532-1" at seedling
stage and ‘Chettivirippu’ at flowering stage recorded maximum culm Na / XK ratio.
‘FL-478’°, ‘Nona Bokra® and ‘Ezhome-3’ recorded minimum culm Na / X ratio.

The genotypes ‘Orkayama’, ‘Ezhome-2’, ‘JK-15°, ‘JK-59°, ‘Vytilla-6’ and
‘IR-29’ at both seedling and flowering stages, ‘Chettivirippu’, ‘Cherivirippu’ and
‘Nona Bokra’ at seedling stage alone and ‘JO-532-1°, ‘FL-478’ and ‘Jyothi’ at
flowering stage showed the highest culm Na / K ratio in low-saline condition.
‘Kuthiru’, ‘Ezhome-1’, ‘Ezhome-3°, ‘JO-583°, ‘Vytilla-1° and ‘Pokkali’ at both
seedling and flowering stages, ‘JO-532-1°, ‘FL-478" and ‘J}yothi’ at seedling stage
and ‘Cherivirippu’, ‘Chettivirippu’ and ‘Nona Bokra’ at flowering stage showed
the highest culm Na / K ratio in high-saline condition.
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Table 36, Mean culm Na / K ratio of rice genotypes

Seedling stage Flowering stage

Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 0.18 0.86 0.89 0.19 0.38 0.89
Orkayama 0.59* 0.82 0.78 0.62* 0.91 0.88
Ezhome-1 0.20 0.56 0.62 0.21 0.57 0.59
Ezhome-2 0.28 0.78 0.66 0.30 0.74 0.72
Ezhome-3 0.38 0.84 0.85 0.38 0.82 0.82
JO 532-1 0.27 0.95 0.97* 0.29 0,97 0.95
JK-15 0.14 1.16 0.92 0.11 1.09% 0.89
JK-59 0.30 0.98 0.77 0.30 1.02 0.92
JO-583 0.20 0.84 0.87 0.19 0.85 0,98
Chettivirippu 0.08 0.97 0.86 0.07 0.92 1.00*
Cherivirippu 0.09 0.79 0.79 0.07 0.83 0.86
Vytilla-1 0.19 0.64 0.72 0.19 0.68 0.79
Vytilla-6 0.22 0.76 0.76 0.20 0.82 0.78
Pokkali 0.20 0.68 0.79 0.20 0.70 0.72
FL-478 0.30 0.56 0.60 0.34 0.60 0.59
Nona Bokra 0.24 0.62 0.60 0.26 0.61 0.61
R-29 0.19 0.76 0.77 0.18 0.83 0.83
Tyothi 0.29 0.77 0.80 0.29 0.78 0.77
CV (%) 9.03 7.65 5.88 3.37 4.66 7.31
C.D. (0.05) 0.04 0.12 0.09 0.01 0.08 0.12
C.D. (0.85) GXE 0.09 0.08

(*= Significant)

Mean leaf Na / K ratio of 18 rice genotypes at seedling and flowering

stages were presented in Table 37. In non-saline condition, at seedling and

flowering stages ‘JO-532-1’ recorded maximum Na / K ratio followed by ‘JK-15’,
‘FL-478°, ‘Ezhome-3’ and ‘Pokkali’. ‘Chettivirippu’ followed by ‘Cherivirippu’
recorded minimum leaf Na / K ratio. In low-saline condition, at seedling and

flowering stages ‘Jyothi’ followed by ‘Kuthirn’, ‘Orkayama’ and °JO-583’

recorded maximum leaf Na / K ratio. ‘JK-59° recorded minimum leaf Na / K ratio

which was on par with that of ‘JK-15°, ‘Chettivirippu’ and ‘Cherivirippu’. In

high-saline condition, at seedling and flowering stages ‘Jyothi’ followed by
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‘Kuthira’ and ‘Orkayama’ recorded maximum leaf Na / K ratio. ‘JK-59°,
“Pokkali’ and ‘Chettivirippu’ recorded minimum leaf Na / K ratio.

The genotypes ‘Ezhome-1’, ‘JK-15°, ‘JK-59°, ‘JO-583°, ‘Pokkali’ and
‘FL-478’ at both seedling and flowering stages, ‘Kuthiru’, ‘Ezhome-2’, ‘JO-532-
1’ and “‘Jyothi’ at seedling stage alone and ‘Ezhome-3’, ‘Chettivirippu’, ‘Vytilla-
1°, “Vytilla-6’ and “Nona Bokra’ at flowering stage showed the highest leaf Na /
K ratio in low-saline condition. ‘Orkayama’, ‘Cherivirippu’ and ‘IR-29" at both
seedling and flowering stages, ‘Ezhome-3’, ‘Chettivirippu’, ‘Vytilla-1°, ‘Vytilla-
6’ and ‘Nona Bokra’ at seedling stage and ‘Kuthirw’, ‘Ezhome-2’, ‘JO-532-1°,
‘_IR-29’ and ‘Jyothi’ at flowering stage showed the highest leaf Na / K ratio in

high-saline condition.

Table 37. Mean leaf Na / K ratio of rice genotypes

Seedling stage Flowering stage
Genotypes Non-saline Low-saline High-saline Non-saline Low-saline High-saline

Kuthir 0.04 0.99 0.93 0.08 0.96 1.03
Orkayama 0.10 092 0.93 0.10 0.92 0.93
Ezhome-1 0.14 0.63 0.62 0.14 0.70 0.62
Ezhome-2 0.07 0.65 0.65 0.08 0.66 0.66
Ezhome-3 0.15 0.80 0.83 0.14 0.86 0.79
JO 532-1 0.25 0.61 0.60 0.26* 0.64 0.74
JK-15 0.15 0.49 0.49 0.17 0.55 051
K59 0.13 0.47 0.46 0.11 0.52 0.49
JO-583 0.13 0.88 0.74 0.13 0.98 0.85
Chettivirippa 0.04 0.52 0.52 0.04 0.55 0.55
Cherivirippu 0.08 0.51 0.57 0.06 0.57 0.64
Vytilla-1 0.09 0.66 0.66 0.11 0.74 0.68
Vytilta-6 0.10 0.74 0.77 0.10 0.85 0.64
Pokkali 0.14 0.53 0.50 0.14 0.58 0.50
FL-478 0.13 0.79 0.77 0.15 0.83 0.74
Nona Bokra 0.11 0.63 0.68 0.11 0.69 0.64
IR-29 0.10 0.73 0.80 0.10 0.76 0.77
Jyothi 0.11 1.28* 1.23* 0.11 139+ 1.41*
CV (%) 931 4.22 6.89 10.01 6,62 9.41
C.D. (0.05) 0.02 0.06 0.10 0.02 0.10 0.14
C.D. (0.05) GXE 0.07 0.10

(*= Significant)




4.2.3.3. Root CEC

81

Root CEC of 18 rice genotypes in three soil conditions is given in Table
38. In non-saline and low-saline conditions, ‘FL-478°, ‘Jyothi’ and ‘Vytilla-6
recorded the highest root CEC and ‘Pokkali’ recorded the lowest root CEC at
seedling and flowering stages. In high-saline Kaipad, at seedling stage ‘JO-532-
1° followed by ‘JO-583° recorded the highest CEC and ‘FL-478’ recorded the
lowest CEC. At flowering stage, ‘JO-532-1° and ‘Jyothi’ recorded the highest
CEC and ‘Ezhome-1" and ‘Nona Bokra’ recorded the lowest CEC.

Table 38. Mean root CEC of rice genotypes

Seedling stage Flowering stage
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline High-saline
Kuthiru 3.3 3.5 3.1 34 3.6 3.2
Orkayama a1 3.3 2.8 3.2 3.4 29
Ezhome-1 3.2 3.5 2.6 3.4 3.6 2.7
Ezhome-2 3.3 3.5 33 34 3.6 3.4
Ezhome-3 32 3.4 3.6 3.3 3.5 3.7 |.
10 532-1 3.2 3.4 3.8+ 3.3 3.5 3.9¢
JK-15 3.3 3.5 3.6 34 36 3.7
JK-59 34 3.6 3.7 35 3.8 3.8
JO-583 35 3.7 29 3.6 3.8 32
Chettivirippu 30 32 3.2 3.1 3.4 33
Cherivirippu 2.8 3.0 3.6 2.9 3.1 3.7
Vytilla-1 2.6 2.8 3.5 2.6 2.9 3.6
Viytilla-6 3.6* 3.8¢ 2.8 36 3.9% 2.9
Pokkali 2.3 2.5 3.2 24 2.6 3.3
FL-478 3.6% 3.8* 1.5 3.7* 3.9¢ 2.9
Nona Bokra 2.8 3.0 2.6 2.9 3.1 2.7
IR-29 2.5 2.7 3.2 2.6 2.8 3.3
Jyothi 3.6* 3.8+ 1.8 3.7 3.9¢ 3.9*
CV (%) 0.47 0.62 0.19 0.46 0.0001 0.17
C.D. (0.05) 0.03 0.04 0.01 0.03 0.0001 0.01
C.D. (0.05) GXE 0.05 0.05

(*= Significant)

The genotypes ‘Kuthiru’, ‘Orkayama’, ‘Ezhome-1°, ‘Ezhome-2’, ‘JO-
583°, ‘Chettivirippu’, ‘Vytilla-6’, ‘FL-478’, ‘Nona Bokra’ and ‘Jyothi’ recorded
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the highest root CEC in low-saline condition and remaining all other genotypes
showed high root CEC in high-saline condition at both seedling and flowering
stages.

4.2.4. Yield parameters

Out of 18 rice genotypes evaluated in high-saline soil Kaipad, ‘FL-478’
and ‘Jyothi’ survived till flowering stage but collapsed and decayed at the time of
harvest. Hence in the case of high-saline condition only 16 genotypes were

subjected to stat analysis for yield parameters.
4.2.4.1, Number of productive tillers per plant

Mean number of productive tillers per plant of rice genotypes recorded at
harvest stage in three soil conditions is presented in (Table 39). It varied from 2.8-
9.8. In non-saline condition, the highest number of productive tillers plant” was
recorded in ‘Pokkali’ followed by ‘Nona Bokra’ and ‘JK-15°. ‘Orkayama’
recorded the minimum number of productive tillers. In low-saline condition,
‘Ezhome-1" and ‘JK-15’ followed by ‘IR-29°, ‘Pokkali’ and ‘Ezhome-2’ recorded
high number of productive tillers pla.nt'1 and ‘Vytilla-6’ and ‘Jyothi’ recorded less

productive tillers. The result was non-significant at high-saline condition.

Significant interaction effect showed that in the case of pgenotypes
‘Kuthiry’, ‘Ezhome-1’, ‘Ezhome-2’, ‘Ezhome-3°, ‘JK-15° and ‘IR-29° the highest
number of productive tillers was observed in low-saline condition than in other
two soils . ‘JO-532-1°, ‘JK-59°, ‘FL-478’, ‘Jyothi’ and ‘JO-583° showed uniform
result in all three conditions and in case of ‘Orkayama’, ‘Chettivirippu’,
‘Cherivirippu’, ‘Vytilla-1°, “Vytilla-6’, ‘the Pokkali’ and ‘Nona Bokra’ the

highest number of productive tillers was seen in high-saline Kaipad.
4.2.4.2. Number of spikelets per panicle

Mean values of spikelets per panicle of rice genotypes recorded in three
soil conditions after harvest is depicted in Table 39 and it varied from -103.05-

243.85 . In non-saline condition, the highest number of spikelets per panicle was
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recorded in ‘Pokkali’ followed by ‘JO-532-1° and the lowest for ‘Kuthiru’. In
low-saline condition, ‘Ezhome-1’ recorded the maximum number of spikelets per

panicle which was found to be on par with that of ‘Nona Bokra’, ‘Pokkali’, ‘IR-

29’ and ‘Bzhome-3°. ‘Kuthiru’ recorded the minimum number of spikelets per

panicle and was on par with ‘Vytilla-1°, ‘Jyothi’ and ‘Orkayama’. In high-saline

Kaipad ‘Pokkali’ and ‘Nona Bokra’ recorded the maximum number of spikelets

which were on par with that of ‘Ezhome-1".

spikelets per panicle in high-saline condition.

“Kuthiru’ recorded the minimum

Table 39. Mean performance of rice genotypes for number of productive
tillers per plant and number of spikelets per panicle

Productive tillers plant™” Spikelets panicle™
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 445 5.85 425 86.55 133.10 109.45
Orkayama 2.80 6.10 7.10 111.80 145.85 131.80
Ezhome-1 4.45 9.80* 4.90 219.95 243.85* 229.65
Ezhome-2 430 7.20 4.85 192.60 186.65 200.25
Ezhome-3 3.80 6.35 5.70 208.75 224.05 21535
JO 532-1 3.70 4.70 3.65 230.40 217.49 225.07
IK-15 3.50 9.75* 6.00 173.70 191.75 178.69
TK-39 5.15 5.40 5.30 221.60 222,95 215.98
JO-583 4.85 6.25 6.40 165.95 185.60 178.96
Chettivirippu 3.75 6.10 9.40 139.90 163.15 154.88
Cherivirippu 4.30 6.45 6.90 137.90 154.65 140.93
Vytilla-1 3.80 4.60 6.35 103.05 134.50 119.32
Vytilla-6 4.00 3.70 6.65 163.00 181.05 158.18
Pokkali 6.20* 7.75 8.60 240.00* 239.15 233.99*
FL-478 4.05 4.65 - 172,95 19430 -
Nona Bokra 535 5.90 7.70 22025 243.05 216.62
IR-29 4.10 7.75 5.35 211.15 234.45 232.95%
Jyothi 3.95 3.60 - 103.25 136.25 -
CV (%) 3.93 5.85 2324 1.84 5.02 1.64
C.D. (0.05) 0.35 0.76 NS 6.71 20.21 6.45
C.D. (0.05) GXE 1.64 1222

(*= Significant)
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The genotypes ‘Kuthiru’, ‘Orkayama’, ‘Ezhome-1°, ‘Ezhome-3°, ‘JK-15’,
*JO-583°, “Chettivirippt’, ‘Cherivirippw’, ‘Vytilla-1°, “Vytilla-6’°, ‘FL-478’,
‘Nona Bokra’ and ‘Jyothi’ recorded the highest number of spikelets per panicle in
low-saline condition. ‘JK-59° and °‘Pokkali’ recorded same result in all three
conditions and ‘Ezhome-2’ showed the highest result in high-saline condition and

‘JO-532-1° showed the highest spikelets number in non-saline condition.
4.2.4.3. Number of filled grains per panicle

Filled grains panicle” of rice genotypes grown in three soil conditions
varied from 63.45-182.6 (Table 40). In non-saline condition, ‘Ezhome-3’ and
‘JK-59° followed by ‘Ezhome-2’ and ‘Pokkali’ recorded maximum number of
filled grains and ‘Kuthiru’ recorded the minimum number of filled grains. In low-
saline condition, ‘Ezhome-3’,"Nona Bokra’ and ‘JK-59° recorded maximum filled
grains per panicle and ‘Vytilla-1” and “Jyothi’ recorded minimum filled grains per
panicle which was on par with that of ‘Kuthiru’. In high-saline condition,
‘Ezhome-3° and ‘JK-59° recorded maximum filled grains per panicle and

‘Kuthira’ recorded minimum filled grains.

All the genotypes recorded the highest filled grains per panicle in low-

saline condition than in non-saline and high-saline Kaipad.
4.2.4.4. Seed setting %

Seed setting per cent of rice genotypes grown in three soil conditions was
recorded after harvest and it varied from 52.4-81.5 % (Table 40). In non-saline
condition, ‘Chettivirippu’, ‘Ezhome-3’, ‘Ezhome-2’, ‘Vytilla-1’ and
‘Cherivirippu’ recorded maximum seed setting percentage and ‘JO-532-17
recorded minimum seed setting percentage. In low-saline condition, ‘Ezhome-3’,
‘JK-15’ and ‘Ezhome-2’ recorded maximum seed sefting per cent which was on
par with that of ‘Chettivirippu’, ‘JK-59°, ‘JO-532-1°, ‘Orkayama’, ‘Cherivirippu’
and ‘Kuthiru’. ‘IR-29’ recorded minimum seed setting per cent which was on par
with that of ‘Pokkali’, ‘Ezhome-1’ and ‘JO-532-1°. In high-saline condition,

‘Ezhome-3’ recorded the maximum seed setting per cent and was on par with that



Plate 7. High yielding variety ‘JO-532-1" (‘Ezhome-4’) at low-saline Kaipad

Plate 8. High yielding variety ‘JO-532-1" (‘Ezhome-4’) at high-saline Kaipad
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of ‘Ezhome-2’ and ‘Nona Bokra’. ‘Kuthiru’ recorded minimum seed setting per
cent which was on par with that of ‘IR-29° followed by ‘Orkayama’ and
‘Ezhome-1".

The genotypes ‘Kuthirw’, ‘Orkayama’, ‘Ezhome-1°, ‘Ezhome-2’,
“Ezhome-3°, ‘JK-15°, ‘JK-59°, ‘JO-583, ‘Chettivirippu’, ‘Cherivirippu’, ‘Vytilla-
6°, ‘FL-478" and ‘IR-29° showed similar seed setting percentage in non-saline and
low-saline conditions. ‘Pokkali’ and “Nona Bokra® showed uniform result in all
three conditions and in case of ‘JO-532-1° the highest seed setting percentage was
recorded in low-saline condition and ‘Vytilla-1’ recorded the highest result in

non-saline condition.

Table 40. Mean performance of rice genotypes for number of filled grains
per panicle and seed setting %

Filled grains panicle™ Seed setting %
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiry 6345 100.25 57.35 72.90 75.31 52.40
Orkayama 83.85 111.20 75.50 75.34 76.31 57.29
Ezhome-1 146.20 160.85 132.75 66.47 65.95 57.80
Ezhome-2 153.70 147.45 146.60 79.81* 79.00* 73.20
Ezhome-3 167.65* 182.60* 157.15* 80.32* 81.49* 73.98*
JO 532-1 137.00 145.25 123.40 59.45 67.54 54.82
JK-15 132.50 153.45 126.05 76.29 80,04* 70.54
JK-59 165.45% 172.70* 155.50% 74.66 77.40 72.00
JO-583 122.75 143.30 116.60 73.99 77.21 65.20
Chettivirippu 113.00 126.25 104.40 80.82* 7741 67.41
Cherivirippu 109.50 117.15 96.60 7941 | . 7575 68.55
Vitilla-1 81.90 97.15 71.65 79.57% 72.23 60.10
Vytilla-6 121.45 121.75 102.75 74.53 70.535 64.95
Pokkali 153.55 155.50 145.00 63.99 65.02 6197
FL-478 123.05 134.40 - 71.16 69.16 -
Nona Bokra 152.50 174.40* 144.85 69.24 71.75 66.86
IR-29 135.30 144.40 122.75 64.07 61.61 52.69
Jyothi 7135 94.40 - 75.39 69.27 -
CV (%) . 150 3.85 1.55 1.50 4.13 131
C.D. (0.05) 5.26 11.25 3.90 232 6.36 1.78
C.D. (0.05) GXE 7.15 4.04

(*= Significant)
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4.2.4.5. Sterility %

Sterility per cent of rice genotypes grown in three soil conditions are
recorded after harvest is presented in Table 41. It varied from the range 1.62 -
15.4 % . In non-saline condition, ‘Pokkali’ recorded maximum sterility per cent
followed by ‘JO-532-1°, ‘JK-59°, “Cherivirippu’, ‘Vytilla-1” and ‘Nona Bokra’.
‘Ezhome-3* and ‘Ezhome-1 showed minimum sterility per cent which was on par
with that of ‘FL-478°, ‘JK-15°, ‘IR-29> and ‘JO-583’. In low-saline condition,
“Vytilla-1’ recorded maximum sterility % and was on par with that of ‘Jyothi’ and
“Vytilla-6°. ‘JO-583°, ‘JK-15°, ‘Ezhome-1’ recorded minimum sterility per cent
in low-saline condition. ‘Ezhome-3’ recorded minimum sterility per cent and was
on par with that of ‘JK-59° and ‘Ezhome-2’. In high -saline condition,
‘Chettivirippu’ recorded the highest sterility per cent followed by ‘Kuthiru’, ‘JO-
583°, “‘Orkayama’ and ‘Cherivirippu’. ‘Ezhome-1’ recorded the lowest sterility
per cent and was on par with ‘Nona Bokra’, ‘Pokkali’, ‘Ezhome-3* and ‘JK-59°.

All the genotypes showed the highest sterility per cent in high-saline
condition than in non-saline and low-saline condition except ‘Pokkali’. ‘Pokkali’

showed the highest sterility per cent in non-saline and low-saline condition.
4.2.4.6. Length of panicle

Mean length of panicle of rice genotypes grown in three soil types
recorded varied from 20.4 - 287 cm (Table 41). In non-saline condition,
‘Chettivirippu’ recorded the highest panicle length which was on par with that of
‘Nona Bokra’, ‘Ezhome-2’, °‘JO-532-1°, ‘Pokkali’, ‘JK-59°, ‘Orkayama’,
‘Ezhome-3°, ‘Ezhome-1" and ‘JK-15°, ‘Jyothi’ recorded the lowest panicle length
which was on par with that of ‘Vytilla-6’, ‘IR-29’ and ‘FL-478’. In low-saline
Kaipad, ‘Nona Bokra’ recorded the highest panicle length which was on par with
that of ‘JK-15’, ‘Ezhome-2’, ‘JO-583°, ‘JO-532-1" and ‘Chettivirippu’. ‘Jyothi’
recorded the minimum panicle length in low-saline Kaipad. In high-saline
Kaipad, ‘JO-583°, ‘Ezhome-2°, ‘Orkayama’, ‘Ezhome-3’, ‘JO-532-1°, ‘Nona
Bokra’, ‘Chettivirippu’ and ‘JK-59° recorded the highest panicle length which
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was on par with that of ‘JK-15°, ‘Ezhome-1" and ‘IR-29°. ‘Cherivirippu’ recorded

the minimum panicle length which was on par with that of “Vytilla-1°, ‘Pokkali’

and “Vytilla-6’.

All the genotypes showed uniform result in all three conditions except
‘JK15°. ‘JK-15" showed the highest length of panicle in low-saline Kaipad.

Table 41. Mean performance of rice genotypes for sterility % and length of

panicle

Sterility % Length of Panicle (cm)
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 4.21 5.81 13.15 23.95 24.60 23.90
Orkayama 3.40 5.46 12.99 25.70 25.35 25.65*
Ezhome-1 1.62 1.94 5.43 25.60 25.10 24.10
Ezhome-2 3.06 3.13 8.01 27.15 28.25 25.85*
Ezhome-3 1.62 1.91 6.73 25.60 26.60 25.25%
3O 532-1 5.11 6.07 7.12 26.65 27.15 25.20*
JK-15 2.21 2.60 832 25.60 28.25 24.40
IK-59 4.69 2.87 6.91 25.85 23.85 25.00%
JO-583 2.69 2.77 13.02 25.30 27.90 25.85*
Chettivirippu 2.81 7.92 15.39* 28.70* 26.90 25.15%
Cherivirippu 4.13 6.45 12.58 24.82 24.48 21.58
Viytilla-1 4.43 10.03+ 10.38 25.10 24.46 21.89
Viytilla-6 321 8.29 9.79 22.50 24.66 22.66
Pokkali 6.67* 6.90 5.92 2635 25.71 2243
FL-478 2.13 6.43 - 2335 22.79 -
Nonz Bokra 4.37 4.73 5.74 28.40 28.47* 25.16%
IR-29 2.22 6.38 10.70 22.95 25.50 24.10
Jyothi 3.58 9.58 - 20.35 20.74 -
CV (%) 1535 16.81 7.65 6.05 3.23 4.45
C.D. (0.05) 1.12 1.95 1.55 3.22 1.74 2.30
C.D. (0.05) GXE 1.46 3.67

(*= Significant)

4.2.4.7. 1000 grain weight

1000 grain weight of rice genotypes grown in three soil conditions are
recorded after harvest and it varies from the range 31.45-56.405 (Table 42a). In




Plate 9. Variety “‘Vytilla-6" at low-saline Kaipad

Plate 10. Variety ‘Ezhome-1’ at low-saline Kaipad
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non-saline and low-saline conditions, ‘Ezhome-3’ recorded maximum 1000 grain
weight followed by ‘Ezhome-2’, ‘JO-532-1°, ‘Ezhome-1’ and ‘Pokkali’. “Vytilla-
6’ recorded the minimum 1000 grain weight. In high-saline condition, ‘Ezhome-
2’ recorded the maximum 1000 grain weight and ‘IR-29’ recorded the minimum

1000 grain weight.

All the genotypes showed the highest result in low-saline condition than
non-saline and high-saline condition except for the genotypes ‘Ezhome-2°,
‘Cherivirippu’, ‘Vytila-1°, ‘Vytilla-6’ and ‘Pokkali’, these genotypes showed the
highest 1000 grain weight in high-saline condition.

4.2.4.8. Grain yield per plot

Grain yield per plot of rice genotypes grown in three different soil
conditions are recorded after harvest and it varies from range 0.51-9.585 Kg
(Table 42a). In non-saline condition, ‘Ezhome-2’ recorded maximum yield which
was on par with that of ‘Ezhome-3°, ‘JK-15°, ‘Vytilla-6’ and ‘Vytilla-1’. ‘JO-
532-1° recorded the lowest yield which was on par with that of ‘Pokkali’, ‘JK-59°,
‘Cherivirippu’, ‘Chettivirippu’, ‘Kuthiru’ and ‘Ezhome-1°. In low-saline Kaipad
soil, ‘Orkayama’ recorded the maximum yield followed by ‘JK-59°, ‘Vytilla-6’,
‘Nona Bokra’, ‘Ezhome-2°, ‘JO-532-1° and ‘JO-583°. ‘Kuthiru’ recorded the
lowest yield which was on par with that of ‘Chettivirippu’, ‘IR-29’and ‘JK-15°.
In high-saline Kaipad soil, ‘JO-532-1" recorded the maximum yield followed by
‘JO-583°, ‘Nona Bokra’ and ‘Ezhome-1°. ‘Kuthiru’ recorded the lowest yield
which was on par with that of ‘Orkayama’, ‘JK-59°, ‘JK-15°, ‘Chettivirippu’ and
“Pokkali’. |

All the genotypes showed the highest grain yield in low-saline condition
than in non-saline and high-saline conditions except ‘Kuthiru’, ‘Ezhome-3’ and
‘JK-15°, theses genotypes showed the highest yield in non-saline condition than in

saline condition.
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Table 42a. Mean performance of rice genotypes for 1000 grain weight, grain
yield per plot and straw yield per plot

1000 grain weight (gm) Grain yield plot” (Kg) Straw yield plot” (Kg)
Genotypes Non- Low- High- Non- Low- High- Non- Low- High-
saline saline saline saline saline saline saline saline saline
Kuthiru 3615 | 4220] 4070 275 2.52 0.51 4.94 0.64 | 1.54
Orkayama 33.25 41.20 3860 | 3.26 9.58* 0.75 2230 247 3.14
Ezhome-1 4120 4405| 3110 284 6.06 3.49 10.64 402 | 3.06
Ezhome-2 4225 43.80 { 54.20* { 5.67¢ 6.85 2.48 15.34 233 | 3.16
Ezhome-3 52.35% | 5640% | 43.05| 5.22 5.03 2.76 13.06 210 | 240
JO 532-1 41.35 43.80 3250 { 0.1 6.52 6.90* 19.53 | 11.68* | 5.84
JK-15 40.35 42.05 4130 4.99 4.11 111 8.35 1.23 | 190
IK-39 34.45 3680 | 3090 | 239 7.65 0.78 15.99 363 173
10-583 31.85 35.60 3080 | 3.70 6.71 5.59 18.77 3.40 | 8.97*
Chettivirippu 3165 | 4130 3530 27 2.83 1.31 7.38 065 | 417
Cherivirippu 37.65 38.40 42,05 | 251 491 248 20.59 463 | 243
Viytilla-1 31.55 33.80 | 3450} 4.8 5.73 1.80 | 2045 148 | 1.93
Vytilla-6 30.15 32.90 33.50 | 4.6l 7.00 1.82| 29.92+ 3.15 1.52
Pokkali 4025 | 4260 4340| 214 6.43 1.36 10.78 1.76 | 1.30
FL-478 3515 |  39.60 -| 368 4.51 - 5.04 3.00 -
Nona Bokra 3245 3860 | 3620| 3.61 6.91 403 2003 6.18 | 332
IR-29 31.45 36.60 3005 ) 322 3.86 1.86 14.25 32| L72
Jyothi 3150 | 37.50 -| 33 5.06 - 9.43 1.97 -
CV (%) 0.15 0.05 0.06 | 26.69 1449 | 2192 1238 [ 2809 1678
C.D. (0.05) 0.11 0.04 0.05 | 1.93 1.70 1.14 3.87 1.89 | 107
C.D. (0.05) GXE 0.34 1.53 2.67

(*= Significant)

4.2.4..9. Straw yield per plot

Mean straw yield per plot of rice genotypes grown in three types of soil
was recorded after and it varies from range 0.64-29.92Kg (Table 42a). In non-
saline condition, ‘Vytilla-6’ fallowed by ‘Orkayama’, ‘Cherivirippu’, ‘Vytilla-1°
and ‘Nona Bokra’ recorded the maximum straw yield. ‘FL-478° and ‘Kuthiru’
recorded the lowest straw yield which was on par with that of ‘Chettivirippu’ and
‘JK-15°. In low-saline Kaipad, ‘JO-532-1’ recorded the maximum straw yield
followed by ‘Nona Bokra’ and ‘Cherivirippu’. ‘Chettivirippu’ and ‘Kuthiru’
recorded the lowest straw yield which was on par with that of ‘JK-15°, ‘Vytilla-1’,




Plate 11. Variety ‘JO-583’ at low-saline Kaipad

Plate 12. Variety ‘Vytilla-6’ at high-saline Kaipad
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In high-saline

Kaipad soil, ‘JO-583" recorded the maximum straw yield followed by ‘JO-532-1°,
‘Nona Bokra’ and ‘Ezhome-2’. ‘Pokkali’ recorded the lowest straw yield which
was on par with that of ‘Vytilla-6", ‘Kuthirn’, ‘IR-29°, ‘JK-59°, ‘JK-15 and

“Vytilla-1°.

All the genotypes showed the highest straw yield in non-saline condition

than in saline condition.

Table 42b. Mean performance of rice genotypes for grain yield and straw

yield per hectare

Grain yield (Kg/ha) Straw yield (Kg/ha
Genotypes Non-saline | Low-saline | High-saline | Non-saline | Low-saline | High-saline
Kuthiru 1377.97 1263.00 256,66 247223 320.00 774.16
Orkayama 1631.52 |  4792.25* 378.33 11150.83 1238.70 1571.67
Ezhome-1 1172.00 3033.00 1747.50 5321.00 2011.00 1281.25
Ezhome-2 2833.64* 2132.00 1224.50 767228 1165.55 1441.00
Ezhome-3 2611.12 2516.50 1140.66 6531.00 1052.50 1203.83
JO 532-1 455.50 3428.19 | 3450.00* 9765.00 5844.00% 2923.50
JK-15 2493.23 2056.75 556.66 4179.29 618.66 953.33
JK-39 1200.00 3827.00 376.50 7995.83 1819.20 866.66
JO-583 1848.81 3355.34 3193.67 9387.97 1695.22 3488.33*
Chettivirippu 135833 1417.50 655.00 3698.33 325.00 2087.50
Cherivirippu 1256.42 2454.16 1240.00 | 10297.50 2316.67 1215.00
Vytilla-1 2092.05 2868.00 899.75 10228.00 744,83 965.71
Vitilla-6 2305.92 3500.00 914.00 |  14960.00* 1575.50 777.50
Pokkali 1072.50 3215.83 680.66 5393.75 881.67 654.00
FL-478 1842.14 2257.00 0 2521.64 1504.00 0
Nona Bokra 1805.00 3455.00 2016.50 10017.00 3092.50 1662.00
IR-29 1613.28 1933.66 930.00 7126.33 1624.00 864.62
Jyothi 1766.98 2534.00 0 471827 985.00 0
CV (%) 27.42 14.52 21.29 1237 27.62 36.26
C.D. (0.05) 987.95 852,15 557.64 193597 933,04 1097.84

(*= Significant)
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4,3. Character association

Studies on association of characteristics gain important in plant breeding,
because they aim the plant breeders to know the inter-characteristic influence and
help to strike economic and reliable balance between various characteristics.
Since yield is a complex character, the practice of unilateral selection often results
in retrograde or less optimum progress in isolating superior genotypes. Therefore,
the knowledge of inter relationships of characteristics, play a vital role in
developing appropriate selection criteria for the improvement of complex
characteristics like grain yield. The results of correlation and path analysis studies

between grain yield and different parameters are presented below.
4.3.1. Correlation

Correlation between characteristics in high-saline Kaipad was assessed.
Genotypic and phenotypic correlation coefficients among the 24 characteristics at
seedling stage were presented in Table 43 and at flowering stage association were

assessed for 26 characteristics and are presented in Table 44,

Genotypic correlation is high and positive for most of the characteristics
than the phenotypic correlations at both seedling and flowering stages. The traits
which are showing significant positive genotypic correlation are not showing

significance at phenotypic level. '



Plate 14. Variety ‘Jyothi’ at low-saline Kaipad
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Table 43. Genotypic and phenotypic correlation coefficients in high-Saline Kaipad at seedling stage

A B C D E F G H I J K L M

A Vp 1 0.358 0.328 .0.552* | 0.260 -0.053 0.361 0.742%* | 0.247 0.477 -0.394 -0.160 -0.555*
Vg 1 0.174 0.215 0.027 0.332 0.844** [ 0.170 0.001 0.357 0.062 0.131 0.553* 0.026

B Vp 0.358 1 0.165 -0.019 0.074 0.034 0.054 -0.039 -0.072 0.119 -0.421 0.071 -0.191
Vg 0.174 1 0.542* 0.945** [ 0.785** | 0.901** | 0.842** | 0.885** | 0.792*% | 0.661** | 0.104 0.794** | 0.479

C Vp 0.328 0.165 1 0.136 0.292 0.384 0.477 0.085 0.085 -0.024 -0.342 0.043 -0.050
Vg 0.174 0.542* 1 0.616** | 0.272 0.142 0.062 0.755** | 0.754** | 0.920%* | 0.195 0.876%* | 0.855**

D Vp -0.552% | -0.019 0.136 1 0.111 0.214 0.043 -0.726** | -0.313 0.541* | 0.005 -0.094 -0.520*
Vg 0.027 0.945** | 0.616** |1 0.683** | 0.425 0.874** [0.001 0.237 0.030 0.984** | 0.728** | 0.039

E Vp 0.260 0.074 0.292 0.111 1 -0.436 -0.283 0.109 0.386 -0.210 -0.175 0.156 0.164
Ve 0.332 0.785** | 0272 0.683** | 1 0.091 -0.287 0.688** | 0.139 0.434 0.517* 0.565* 0.543*

F Vp -0.053 0.034 0.384 0.214 -0.436 1 0.555* -0.064 -0.400 0.000 -0.006 -0.417 0.023
Vg 0.844** | 0,901** | 0.142 0.425 0.091 1 0.025 0.815** | 0.125 0.999%* | 0.984** | 0.108 0.933**

G Vp 0.361 0.054 0.477 0.043 -0.283 0.555* 1 0.227 -0.189 0.079 -0.201 -0.293 -0.223
Vg 0.170 0.842** | 0.062 0.874*+ | -0.287 0.025 1 0.399 0.483*% 0.772%% | 0.456 0.271 0.407

H Vp 0.742** | -0.039 0.085 £0.726** [ 0.109 -0.064 0.227 1 0.426 0.308 -0.056 -0.124 -0.382
Vg 0.001 0.885** | 0.755** | 0.001 0.688** [ 0.815** | 0.399 1 0.099 0.245 0.836** | 0.648** | 0.145

I vp 0.247 -0.072 0.085 -0.313 0.386 -0.400 -0.189 0.426 1 -0.188 0.233 0.221 0.069
Vg 0.357 0.792*% | 0.754** | 0.237 0,139 0.125 0.483* 0.099 1 0.487* 0.385 0.411 0.800%*

J Vp 0.477 0.119 -0.024 -0.541* [-0.210 0.000 0.079 0.308 -0.188 1 -0.204 0.251 -0.895**
Vg 0.062 0.661%* [ 0.929%* | 0.030 0.434 0.999*% | 0.772%+ | 0.245 0.487* 1 0.449 0.349 0.000

K Vp -0.394 -0.421 -0.342 0.005 -0.174 -0.006 -0.201 -0.056 0.233 -0.204 1 -0.190 0.267
Vg 0.131 0.104 0.195 0.984** | 0.517* 0.984** | 0.456 0.836%* | 0.385 0.449 1 0.480 0.317

L Vp -0.160 0.071 0.043 -0.094 0.156 -0.417 -0.293 -0.124 0.221 0.251 -0.190 1 -0.348
Vg 0.553* 0.794** | 0.876** | 0.728** | 0.565* 0.108 0.271 0.648** | 0.411 0.349 0.480 1 0.187

M Vp 0555« | -0.191 -0.050 -0.520* 0.164 0.023 -0,223 -0.382 0.069 -0.895%* | 0.267 -0.348 T
Vg 0.026 0.479 0.855** | 0.039 0.543* 0.933** [ 0.407 0.145 0.800+* | 0.000 0.317 0.187 1

N Vp 0.177 0.216 -0.312 -0.272 0.115 -0.115 -0.364 0.430 0.131 0.176 -0.048 -0.026 0.011
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Vg 0.512 0.421 0.239 0.308 0.671** 0.672* 0.166 0.090 0.629%* 0.514* 0.860*# 0.924** 0.967**
Vp 0.437 0.272 0.285 0.008 0.571* -0.219 0.222 0.165 0.090 -0.123 -0.260 0.170 -0.141
Ve 0.091 0.309 0.285 0.976** 0.021 0.415 0.408 0.543* 0.741** 0.650** 0.331 0.530* 0.602*
Yp -0.438 -0.513* 0.694** | 0.095 -0.080 -0.192 ~0.530* -0.092 0.030 -0.216 0.479 -0.045 0.177
Vg 0.090 - 0.042 0.003 0.727** 0.769** 0.477 0.035 0.736%* 0.913** 0.423 0.061 0.869** 0.511*
vp -0.266 -0.404 <0.692** | -0.021 0.023 -0.345 -0.533* 0.023 0.185 0.032 0.497* 0.205 -0.070
Ve 0.319 0.121 0.003 0.940** 0.934%* 0.191 0.034 0.933%* 0.493* 0.906** 0.050 0.446 0.796**
vp 0.184 0.102 -0.227 -0.162 0.259 -0.369 ~0.235 0.167 0.348 0.409 0.150 0.578* -0.436
Vg 0.494* 0.708%* 0.397 0.549* 0.332 0.159 0.381 0.538* 0.186 0.115 0.578* 0.019 0.092
Vp 0.220 0.213 0.826** 0.049 0.323 0.198 0.274 0.042 0.071 -0.149 -0.316 0.073 0.192
Vg 0.4i3 0.428 0.000 0.856** 0.222 0.462 0.305 0.878** 0.793** 0.581* 0.232 0.790%* 0.476
Vp -0.127 -0.761** | -0.077 -0.245 -0.172 -0.103 -0.051 0.188 0.223 0.171 0.544* 0.121 -0.121
Vg 0.640%* 0.001 0.777%* 0.361 0.525 0.704** 0.851 0.485* 0.406 0.527* 0.030 0.656%* 0.656**
Vp 0.186 0.129 -0.193 -0.456 -0.321 -0.175 0.153 0.404 0.225 0.240 -0.122 0.409 -0.324
Vg 0.490* 0.634** 0.475 6.076 0.225 0.517* 0.573* 0.120 0.403 0.371 0.653*%* 0.116 0.220
Vp -0.144 -0.355 -0.068 -0.076 -0.031 -0.056 -0.339 -0.005 0.164 0.128 -0.143 0.294 -0.182
Vg 0.594* 0.177 0.802%* 0.779** 0.910** 0.837** 0.200 0.984** 0.544* 0.638** 0.597* 0.270 0.501*
Vp 0.035 -0.434 0.293 -0.216 0.170 -0.070 -0.226 0.079 0.140 0.254 -0.146 0.386 -0.221
Vg 0,898** 0.093 0.271 0.422 0.529 0.797** 0.400 0.772%* 0.606** 0.342 0.590* 0.140 0.411
Vp 0.194 0.185 -0.325 -0.277 -0.056 0.060 -0.015 0.036 -0.235 0.579* 0.243 0.007 -0.554*
Vg 0.471 0.494* 0.219 0.299 0.838%* 0.820** 0.956%* 0.894** 0.381 0.019 0.363 0.978** 0.026
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Continued...
N 0 r Q R S T U Vv w X

A Vp 0.177 0.437 -0.438 -0.266 0.184 0.220 -0.127 0.186 -0.144 0.035 0.194
Vg 0.512+ 0.091 0.090 0.319 0.494* 0.413 0.640** 0.490* 0.594* 0.898%* 0.471

B Vp 0.216 0.272 -0.513* -0.404 0.102 0.203 0.761** 0.129 -0.355 -0.434 0.185
Vg 0.421 0.309 0.042 0.121 0.708** 0.428 0.001 D.634%* 0177 0.093 0.494*

C Vp -0.312 0.285 -0.694** -0.6924* -0.227 0.826** -0.077 -0.193 -0.68 0.293 -0.325
Vg 0.239 0.285 0.003 0.003 0.397 0.000 0.777% 0475 0.802%+ 0271 0.219

D Vp 0.272 0.008 0.095 -0.021 -0.162 0.049 -0.245 -0.456 0,076 -0.216 ~0.277
Vg 0.308 0.976** 0.727** 0.940** 0.549* 0.856%* 0.361 0.076 0.779%* 0.422 0.299

E Vp 0.115 0.571* -0.080 0.023 0.259 0.323 -0,172 -0.321 -0.031 0.170 -0.056
Vg 0.671** 0.021 0.769** 0.934** 0.332 0.222 0.525* 0.225 0.910*%* 0.529* 0.838%*

F Vp -0.115 -0.219 -0.192 -0.345 -0.369 0.198 -0.103 -0.175 -0.056 -0.070 0.060
Vg 0.672%** 0415 0477 0.191 0.159 0.462 0.704** 0.517* 0.837%* 0.797%* 0.825%*

G Vp -0.364 0,222 -0.530* -0.533* -0.235 0.274 -0.051 D.153 -0.339 -0.22¢6 -0.015
Vg 0.166 0.408 0.035 0.034 0.381 0.305 0.851** 0.573* 0.200 0.400 0.956**

H Yp 0.430 0.165 -0.092 0.023 0.167 0.042 0.188 0.404 -0.005 0.079 0.036
Vg 0.090 0.543* 0.736** 0,933%* 0.538* 0.878** 0.485* 0.120 0,984%* 0.772%* 0.894**

I Vp 0.131 0.090 0.030 0,185 0.348 0.070 0.223 0.225 -0.164 0.140 -0.234
Vg 0.629** 0.741** 0.913** 0.493* 0.186 0.793**~ 0.406 0.403 0.544* 0.606%* 0.381

J Vp 0.176 -0.123 -0.216 0.032 0.409 -0.149 0.171 0.240 0.128 D.254 0.579*
Vg 0.514* 0.650** 0.423 0.906** 0.115 0.581* 0.527* 0.371 0.638%* 0.342 0.019

K Vp -0.048 -0.260 0.479 0.497 0.150 -0.316 0.544* -0.122 -0.143 -0.146 0.243
vg 0.860** 0.331 0.061 0.050 0.578* 0.232 0.030 0.653** 0.597* 0.590* 0.363

L Vp -0.026 0.170 -0.045 0.205 0.578* 0.073 0.121 0.409 0.294 0.386 0.007
Vg 0.924** 0.530* 0.869** 0.446 0.019 0.790** 0.656** 0.116 0.270 0.140 0.978**

M Vp 0.011 -0.141 0.177 -0.070 -0.436 0.192 -0.121 -0.324 -0.182 -0.221 -0.554*
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Vg 6.967** 0.602 0.511* 0.796** 0.092 0.476 0.656%* 0.220 0.501* 0.411 0.026

N vp I -0.288 0.038 0.144 0.274 -0.065 -0.125 0.191 -0.008 -0.122 0.103
Vg 1 0.279 0.888** 6.595* 0.304 0.811** 0.644%* 0.478 0.976** 0.652** 0.705%*

O Vp -0.288 1 -0.150 -0.026 0.272 0.274 -0.192 0.045 -0.290 -0.037 0.134
Vg 0.279 1 0.579* 0.925%* 0.308 0.305 0.475 0.568** 0.275 0.891%* 0.622%*

P Vp 0.038 ~0.150 1 0.892** 0.129 -0.756** 0.297 -0.117 0.406 0.079 0.120
Vg 0.888** 0.579* i 0.000 0.633** 0.001 0.264 0.665** 0.119 0.771%* 0.658**

Q Vp 0.144 -0.026 0.892%*# I 0.556* 0.746%* 0.354 0.116 0.279 0.044 0.287
Vg 0.595*% D.925%* 0.000 1 0.025 0.001 0.178 0.669** 0.296 0.870** 0.281

R Vp 0.274 0.272 0.129 0.556* 1 -0.204 0.177 0.431 -0.086 -0.010 0.417
Vg 0.304 0.308 0.633** 0.025 | 0.448 0.511* 0.095 0.750** 0.970** 0.108

s Vp -0.065 0.274 A.756** | -0.746** -0.204 1 -0.033 -0.083 -0.256 0.236 -0.375
Vg 0.811** 0.305 0.001 0.001 0.448 I 0.903** 0.759** 0.338 0.378 0.153

T Vp -0.125 ~0.192 0.297 0.354 0.117 -0.033 1 0.017 0.296 0.538* 0.074
Vg 0.644** 0.475 0.264 0.178 0.511* 0.903** 1 0.950** 0.265 0.032 0.786**

4] Vp 0.191 0.045 -0.117 0.116 0431 -0.083 0.017 1 -0.269 -0.272 -0.148
Vg 0.478 0.868** 0.665** 0.669** 0.095 0.759** 0.950%* 1 0.314 0.308 0.584*

A% Vp -0.008 ~0.290 0.406 0.276 -0.086 -0.256 0.296 -0.269 1 0.767** -0.045
Vg 0.976** 0.275 0.119 0.296 0.750%* 0.338 0.265 0314 1 0.001 0.869**

w Vp -0.122 ~0.037 0.079 0.044 -0.010 0.236 0.538* -0.272 0.767** 1 -0.038
Vg 0.652+* 0.891** 0.771** 0.870+~ 0.970** 0.378 0.032 0.308 0.001 1 0.890**

X Vp 0.103 0.134 0.120 0.287 0.417 -0.375 0.074 -0.148 -0.045 -0.038 1
Vg 0.705** 0.622** 0.658 0.281 0.108 0.153 0.786** 0.584* 0.869** 0.890%* 1

*#*= Significant at 0.05 and 0.01 level, *= significant at 0.05 level, Vg= genotypic correlation, Vp= phenotypic correlation
A= plant height, B= number of tillers, C= survival per cent, D=SLA, E=RWC, F= SCMR values, G= biomass, H= root length, I= root volume, J= leaf proline content, K=
leaf calcium content, L= Ieaf chloride content, M= leaf sulphate content, N= root CEC, O= productive tillers per plant, P= total spikelets per panicle, Q= filled grains per

panicle, R= seed setting per cent, S= sterility per cent, T= length of panicle, U= 1000 grain weight, V= grain yield W= straw yield X=Ileaf Na/K ratio.
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Grain yield showed significant positive genotypic correlation with plant
height, survival per cent, root volume, root length, leaf proline content, leaf
calcium content, leaf sulphate content, root CEC and leaf Na / K ratio at both
seedling and flowering stages. SLA, RWC and SCMR at seedling stage, number
of tillers, uppermost internodal length, seed setting percentage and biomass at

flowering stage showed significant positive genotypic correlation with grain yield.

Survival per cent showed significant positive genotypic correlation with
number of tillers, SLA, root volume, leaf proline content, leaf chloride content
and leaf sulphate content at both seedling and flowering stages. Uppermost
internodal length, RWC, biomass, length of panicle, grain yield and 1000 grain
weight at flowering stage, root length at seedling stage showed significant positive

genotypic correlation with survival per cent.

Biomass showed significant positive genotypic association with number of
tillers, SLA, root volume and leaf Na / K ratio at both seedling and flowering
stages. Leaf proline content at seedling stage, plant height, survival per cent,
SCMR values, root length, root CEC, total spikelets per panicle, filled grains per
panicle, 1000 grain weight, sterility percentage and grain yield at flowering stage

showed significant positive genotypic correlation with biomass.

Straw yield showed significant positive genotypic association with plant
height, root length, root volume, leaf calcium content, leaf Na / K ratio and root
CEC at both seedling and flowering stages. SCMR values at seedling stage, and
number of tillers per panicle, number of internodes, uppermost internodal length,
SLA, RWC, leaf sulphate content, productive tillers per plant, seed setting per
cent and filled grains per panicle and total spikelets per panicle at flowering stage

showed significant positive genotypic correlation with straw yield.

Some of the characteristics showed high significant phenotypic correlation
but non-significant genotypic correlation. This reflects the influence of
environment on these traits. The details of significant correlations are described

below.
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At seedling stage phenotypic correlation of root length with plant height,
biomass with SCMR and leaf Na / K ratio with leaf proline content were found to
be significant and positive. At flowering stage at phenotypic correlations namely
level plant height with RWC, number of tillers with number of internodes, number
of interodes with uppermost internodal length, leaf proline content with SLA,
leaf chloride content with survival per cent, root CEC with RWC, productive
tillers per plant with number of tillers per plant and number of intermodes, filled
grains per panicle with leaf calcium content, length of panicle with survival per
cent and leaf calcium content, leaf Na / K ratio with leaf proline and sulphate
content, total spikelets per panicle with filled grains per panicle, seed setting
percentage with leaf calcium content and filled grains per panicle, and straw yield

with length of panicle and grain yield were found to be significant.

At seedling stage SLA with plant height, leaf proline content and root
length; leaf sulphate content with leaf proline content and plant height showed
significant negative phenotypic correlation. At flowering stage phenotypic
correlation of survival per cent with total spikelets per panicle and filled grains
per panicle; leaf chloride content with leaf proline content and plant height; 1000
grain weight with SLA; leaf Na / K ratio with leaf sulphate content, and sterility
per cent with total spikelets per panicle and filled grains per panicle were found to

be significantly negative.



Table 44. Genotypic and phenotypic correlation coefficients in high-saline Kaipad at flowering stage

A B C D E F G H 1 J K L M

A vp 1 0.403 0.399 0.493 0.360 -0.476 0.502* -0.144 0.020 0.328 -0.180 0.477 -0.389
Vg 1 0.121 0.125 0.052 0.171 0.062 0.047 0.594* 0.941%* 0.214 0.505* 0.062 0.136

B Vp 0.403 1 0.535* 0.485 0.167 0.013 0.007 -0.282 0.061 0.423 0.350 -0.166 -0.051
Vg 0.121 [ 0.033 0.057 0.537* 0.961** 0.980** 0.290 0.821** 0.103 0.184 0.538* 0.851*¢

C Vp 0.399 0.535* 1 0.723%* 0312 0.379 -0.060 0.010 0.386 0.377 0.157 -0.381 -0.112
Vg 0.125 0.033 1 0.002 0.239 0.147 0.826%* 0.970%* 0.140 0.151 0.561 0.146 0.680**

D Vp 0.493 0.485 0.723* 1 0.067 0.026 0.154 -0.095 0.437 0.133 0.107 -0.247 -0.174
Vg 0.052 0.057 0.002 1 0.804** 0.924** 0.569* 0.725%% 0.090 0.623** 0.693** 0.355 0.518*

E Vp 0.360 0.167 0.312 0.067 1 0.043 -0.079 0.483 0.004 0.356 0.118 -0.012 -0304
Vg 0.171 0.537* 0.239 0.804** 1 0.875%* 0.772%* 0.058 0.987** 0.175 0.663** 0.966** 0.252

F vp -0.476 0.013 0.379 0.026 0.043 1 -0.287 0269 0.122 0.086 0.284 -0.607* -0.304
Vg 0.062 0.961** 0.147 0.924** 0.875** 1 0.282 0314 0,653** 0.753** 0.286 0.013 0.049

G Vp 0.502* 0.007 -0.060 0.154 -0.079 -0.287 1 -0.050 -0.261 -0.018 0.131 0.422 -0.263
Vg 0.047 0.980** 0.826** 0.569* 0.772** 0.282 1 0.855** 0.329 0.948** 0.630** 0.103 0.326

H Vp -0.144 -0.282 0.010 -0.095 0.483 0.269 -0.050 1 0.048 0.068 0.061 -0.212 0.043
Vg 0.594* 0.290 0.970%* 0.725** 0.058 0.314 0,855** 1 0.859** 0.803** 0.822%* 0.430 0.876**

I Vp 0.020 0.061 0.386 0.437 0.004 0.122 -0.261 0.048 1 -0.028 -0.005 -0.469 -0.351
Vg 0.941%* 0.821** 0.140 0.090 0.987** 0.653** 0.329 0.859** 1 0.919** 0.986** 0.067 0.183

J Vp 0.328 0.423 0.377 0.133 0.356 0.086 -0.018 0.068 -0.028 1 0.400 -0.139 0.150
Vg 0.214 0.103 0.151 0.623** 0.175 0.753** 0.948** 0.803** 0.919** 1 0.125 0.607* 0.579*

K Vp -0.180 6.350 0.157 0.107 0.118 0.284 0.131 0.061 -0.005 0.400 1 -0.467 0.038
Vg 0.505* 0.184 0.561 0.693** 0.663** 0.286 0.630** 0.822+* 0.986** 0.125 1 0.068 0.890**

L Vp 0477 -0.166 -0.381 -0.247 -0.012 -0.607* 0.422 -0.212 -0.469 -0.139 -0.467 1 -0.152
Vg 0.062 0.538* 0.146 0.355 0.966** 0.013 0.103 0.430 0.067 0.607* 0.068 1 0.575*

M Vp -0.389 -0.051 -0.112 -0.174 -0.304 -0.304 -0.263 0.043 -0.351 0.150 0.038 -0.152 1
Vg 0.136 0.851** 0.680** 0.518* 0.252 0.049 0.326 0.876%* 0.183 0.579*% 0.890** 0.575* 1

N Vp -0.114 0.152 -0.265 -0.210 0.106 -0.367 -0.140 -0.217 -0.203 -0.119 0.082 0.270 -0.206
Vg 0.674** 0.575* 0.321 0.434 0.695%* 0.162 0.604* 0.419 0.451° 0.660** 0.762** 0.312 0.445
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vVp -0.610* -0.080 0.280 0.131 -0.051 0.775** -0.400 0.243 0.372 0.033 0.437 -0.920** | 0.296
Vg 0.012 0.768** 0.294 0.628** 0.852%* 0.000 0.125 0.365 0.156 0.904** 0.050 0.000 0.266
Vp 0.185 -0.381 0.022 0.363 -0,239 -0.119 0.501* -0.152 0.133 -D.419 -0.157 0.20% -0.082
Vg 0.492* 0.145 0.936** 0.168 0.373 0.661** 0.048 0.574* ¢.623** | 0.106 0.561* 0.456 0.763**
vp 0.437 0.905** 0.515* 0.387 0.272 -0.008 0.009 -0.341 0.233 0.272 0.287 -0.116 -0.289
Vg 0.091 0.000 0.041 0.139 0.309 0.976** 0.972%* 0.196 0.384 0.308 0.281 0.668** 0.277
Vp -0.438 0.041 -0.283 0.079 -0.698** | 0,200 -0.083 -0.076 0.097 -0.122 0.146 -0.220 0.482
Vg 0.090 0.880** 0.289 0.772%* 0.003 0.458 0.761** 0.780%* 0.722** 0.652%* 0.589* 0.413 0.058
vp -0.266 0.142 -0.330 0.036 -0.698** | -0.019 0.039 -0.276 -0.104 -0.106 0.178 0.028 0.499*
Vg 0.319 0.600* 0.212 0.895%* 0.003 0.944** D.886** 0.301 D.701** 0.697** 0.510* 0.919+* 0.049
Vp 0.184 0.258 -0.212 -0.060 -0.240 -0.383 0.273 -0.474 -0.391 -0.069 0.154 0.407 0.142
Vg 0.494* 0.334 0.432 0.825%* 0.370 0.143 0.306 0.063 0.134 0.799** 0.568* 0.118 0.599*
Vp 0.220 0.116 0.487 0.124 0.847** 0.223 -0.052 0.219 0.047 0.283 0.184 -0.138 -0.338
Vg 0.413 6.668** 0.055 0.646** 0.000 0.407 0.850%* 0416 0.862%* 0.288 0.495* 0.611%* 0.200
Vp -0.127 0.075 -0.041 -0.102 -0.026 0.237 0.140 0.190 -0.479 0.469 0.278 0.176 0.557*
Vg 0.640** 0.782%* 0.88]1*~ 0.708** 0.923** 0.377 0.604* 0.481 0.061 0.067 0.297 0.514* 0.025
Yp 0.186 0.011 0.054 -0.012 -0.176 -0.507* -0.069 -0.267 0.167 0.153 -0.241 0.231 -0.141
Vg 0.490* 0.969** 0.844** 0.965** 0.514* 0.045 0.799** 0.317 0.536* 0.572* 0.369 0.3%0 0.603*
Vp -0.144 -0.153 -0.463 -0.001 -0.069 -0.214 0.218 0.290 -0.156 -0.084 0.063 0.116 -0.114
Vg 0.594* 0.571* 0.071 0.996** 0.799** 0.425 0418 0.276 0.563* 0.758** 0.817%* 0.668*~ 0.674%*
Vp 0.035 0.034 -0.138 0.030 0.322 -0.007 0.181 0.279 -0.276 0.181 0.176 0.253 -0.127
Vg 0.898** 0.8954* 0.611** 0.91]1** 0.223 0.978** 0.502* 0.296 0.301 0.502* 0.514% 0.345 0.639*~
Vp 0.256 0.244 -0.165 -0.008 -0.278 -0.080 0.323 -0.095 -0.128 -0.117 -0.178 0.505* 0.279
Vg 0.339 0.362 0.542+ 0.976** 0.298 0.767** 0.223 0.726** 0.635** 0.665%* 0.509* 0.046 0.296
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N 4] P Q R S T U A\’ w X Y VA

A vp -0.114 0.610* | 0.185 0.437 -0.438 -0.266 0.184 0.220 -0.127 0.186 -0.144 0.035 0.256
Vg 0.674** 0.012 0.492* 0.091 0.090 0.319 0.494* 0.413 0.640%* | D.490* 0.594* 0.808** 0.339

B Vp 0.152 -0.080 -0.381 0.905+%* 0.040 0.142 0.258 0.116 0.075 0.011 -0.153 0.034 0.244
Vg 0.575* 0.768** | 0.145 0.000 0.880** 0.600* 0.334 0.668** 0.782%* | 0.969%* 0.571* 0.899%* 0.362

C Vp -0.265 0.280 0.022 0.515* -0.283 ~0.330 -0.212 0.487 -0,041 0.054 -0.463 -0.138 -0.165
Vg 0.321 0.294 0.936%* 0.041 0.289 0.212 0432 0.055 0.881** | 0.844** 0.071 0.611 0.542*

D vp -0.210 0.131 0.363 0.387 0,079 0.036 -0.060 0.124 -0.102 -0.012 -0.001 0.030 -0.008
Vg 0.434 0.628%* | 0.168 0.13'9 0.772%* 0.895*+ 0.825%* | 0.646%* 0.708** | 0,965** 0.996** 0.911** 0.976**

E vp 0.106 -0.051 -0.239 0.272 -0.698%* .698** -0.240 0.847%+* -0.026 -0.176 -0.069 0.322 -0.278
Vg (0.695%* 0.852%* | 0.373 0.309 0.003 0.003 0.370 0.000 0.923** | 0.514* 0.799%** 0.223 0.298

F Vp -0.367 0.775** | -0.119 -0.008 0.200 -0.019 -0.383 0.223 0.237 -0.507* -0.214 -0.007 -0.080
Vg 0.162 0.000 0.661** 0.976** 0.458 0.944%* 0.143 0.407 0.377 0.045 0.425 0.978%* 0.767%*

G Vp ~0.140 -(0.400 0.501* 0.009 -0.083 0.039 0273 ~0.052 0.140 -0.069 0.218 0.181 0.323
Vg 0.604* 0.125 0.048 0,972+ 0.761** 0.886%* 0.306 0.850** 0.604* 0.799%* 0.413 0.502* 0.223

H vp -0.217 0.243 -0.152 -0.341 -0.076 -0.276 -0.474 0.219 0.190 -0.267 0.290 0.27¢9 -0.095
Vg 0.419 0.365 0.574*% 0.196 0.780** 0.301 0.063 0.416 0.481 0317 0.276 0.296 0.726%*

I Vp -0.203 0.372 0.133 0.233 0.097 -0.104 -0.391 0.047 -0.479 0.167 -0.156 -0.276 -0.128
Vg 0.451 0.156 0.623** 0.384 0,722** 0.701%% 0.134 0.862%* 0.061 0.536* 0.563* 0.301 0.635**

J Vp -0.119 0.033 -0.419 0.272 -0,122 -0.106 -0.069 0.283 0.469 0.153 -0.084 0.181 -0.117
vg 0.660** 0.904** | 0.106 0.308 0.653** 0.697** 0.799** | 0.288 0.067 0.572* 0.758%* 0.502* 0.665*%*

K Vp 0.082 0.437 -0.157 0.287 0.146 0.178 0.154 0.184 0.278 -0.241 0.063 0.176 -0.178
Ve 0.762** 0.090 0.561* 0.231 0.589* 0.510 0.568* 0.495* 0.297 0.369 0.817%* 0.514* 0.509*

L vp 0.270 -0.92%* | 0.201 -0.116 -0.220 0.028 0.407 -0.138 0.176 0.231 0.116 0.253 0.505*
Vg 0.312 0.000 0.456 0.668 0.413 0.919** 0.118 0.611* 0.514* 0.390 0.668%* 0.345 0.046

M vp ~0.206 0.296 -0.082 -(.289 0.482 0.499* 0.142 -0.338 0.557* -0.141 -0.114 -0.127 0.279
Vg 0.445 0.266 0.763 0.277 0.058 0.049 0.599* 0.200 0.025 0.603* 0.674** 0.639%* 0.296

N vp i -0.316 -0.024 0.232 -0.111 0.141 0.561* 0.143 0.143 0.385 0.269 0.422 -0.002
Vg 1 0.232 0.931** 0.388 0.684%* 0.601~ 0.024 0.598* 0.59'T* 0.141 0.313 0.103 0.995%*
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o Vp -0.316 1 -0.032 -0.098 0.293 0.043 -0.386 0.140 -0.063 -0.341 -0.096 -0.159 -0.498*
| Vg 0.232 1 0.905** 0.718** 0.271 0.874** 0.140 0.696* 0.817** | 0.197 0.722%* 0.556* 0.050

P Vp -0.024 -0.032 1 -0.289 0.035 0.146 0.287 -0.028 -0.089 0.160 0.052 -0.021 0.032
Vg 0.931** 0.905+* |1 0.278 0.897%* 0.590* 0.282 0.918** 0.743%* | 0.554* 0.848** 0.939%* 0.905**

Q vp 0.232 -0.098 -0.289 1 -0.150 -0.026 0.272 0.274 -0.192 0.045 -0.290 -0.037 0.195
Vg 0.388 0.718** | 0.278 1 0.579* 0.925%* 0.308 0.305 0.475 0.868>* 0.275 0.891** 0.470

R Vp -0.111 0.293 0.035 -0.150 1 0.892** 0.129 -0.756%* 0.297 -0.117 0.406 0.079 0.338
Vg 0.684** 0.271 0.897+* 0.579* 1 0.000 0.633** | 0.001 0.264 0.665 0.119 0.771** 0.201

§ Vp 0.141 0.043 0.146 -0.026 0.892** 1 0.556* -0.746** 0.354 0.116 0.279 0.044 0.444
Vg 0.601* 0.874** | 0.590% 0.925** 0.000 1 0.025 0.001 0.178 0.669+* 0.296 0.870** 0.085

T Vp 0.561* -0.386 0.287 0.272 0.129 0.556* 1 -0.204 0.177 0.431 -0.086 -0.010 0.300
Vg 0.024 0.140 0.282 0.308 0.633** 0.025 1 0.448 0.511* 0.095 0.750** 0.970** 0.259

U vp 0.143 0.140 -0.028 0.274 -0.756** -0.746%* | -0.204 1 -(.033 -0.083 -0.256 0.236 -0.499*
Vg 0.598* 0.696* 0.918%* 0.305 0.001 0.001 0.448 1 0.903** | 0,759** 0.338 0.378 0.049

A\ Vp 0.143 -0.063 -0.089 -0.192 0.297 0.354 0.177 -0.033 I 0.017 0.296 0.538* 0.279
Vg 0.597* 0.817** | 0.743** 0.475 0.264 0.178 0.511* 0.903** 1 0.950** 0.265 0.032 0.295

w Vp 0.385 -0.341 0.160 0.045 -0.117 0.116 0.431 -0.083 0.017 I -0.269 -0.272 -0.076
Vg 0.141 0.197 0.554* 0.868 0.665%* 0.669** 0.095 0.759** 0.950%* | 1 0.314 0.308 0.780**

X Vp 0.269 -0.096 0.052 -0.290 0.406 0.279 -0.086 -0.256 0.296 -0.269 1 0.767** 0.080
Vg 0.313 0.722** | 0.848%* 0.275- 0.119 0.296 0.750%* | 0.338 0.265 0314 1 0.001 0.767**

Y Vp 0.422 -0.159 -0.021 -0.037 0.079 0.044 -0.10 0.236 0.538* -0.272 0.767** 1 0.059
Vg 0.103 0.556* 0.939*+* 0.891%* 0.771%* 0.870** 0.970%* | 0.378 0.032 0.308 0.001 1 0.828**

Y/ Vp -0.002 -0.498* | 0.032 0.195 0.338 0.444 0.300 -0.499 0.279 -0.076 0.080 0.059 1
Vg 0.995*+* 0.050 0.905** 0.470 0.201 0.085 0.259 0.049 0.295 0.780** 0.767%* 0.828** 1

**= Sjgnificant at 0.05 and 0.01 level, *= significant at 0.05 level, Vg= genotypic correlation, Vp= phenotypic correlation

A= plant height, B= number of tillers, C= number of nodes, D= uppermost internodal length, E= survival per cent, F=SLA, GFRWC, H=SCMR, I=
biomass, J= root length, K= root volume, L= leaf proline content, M= leaf calcium content, N= leaf chloride content, O= leaf sulphate content, P= root
CEC, Q= productive tillers per plant, R= fotal spikelets per panicle, S= filled grains per panicle, T= seed setting per cent, U= sterility per cent, V=length
of panicle, W= 1000 grain weight, X= grain yield, Y= straw yield, Z=leaf Na / K ratio.

C 22T |
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4.3.2. Path analysis

Grain yield is the major economic characteristic in rice which depends on
several component traits, which are mutually related. Minimal change in any one
of the component would ultimately disturb the complex. Hence, these related
traits have to be analyzed for its action namely direct effect of component
character on grain yield and the indirect effects through other component traits on
grain yield. The estimate of direct and indirect effects of 16 rice genotypes grown
in high-saline Kaipad for 24 parameters at seedling stage and 26 parameters at
flowering stage which includes morphological, physiological, biochemical and

yield parameters on grain yield per plot were described.

Genotypic and phenotypic path coefficient amalysis among the 24
characteristics at seedling stage were assessed and presented in Table 45 and at
flowering stage 26 characteristics subjected to path analysis and presented in
Table 46.

The residual effect of path analysis in high-saline condition at seedling stage
was found to be sq (1-1.0572) at genotypic level and 0.1844 at phenotypic level.
The parameters those exerted direct positive effects on grain yield per plot at both
genotypic and phenotypic levels are survival per cent, relative water content
(RWC), root volume, leaf calcium content, leaf potassium content, leaf chloride
content, leaf Na / K ratio and root CEC. However the parameters like plant
height, number of tillers, specific leaf area (SLA), biomass, root length, leaf
proline content, leaf sodium content and leaf sulphate content exhibited direct
negative effect on grain yield per plot at both genotypic and phenotypic levels. In
the case of SCMR, direct effect is positive at genotypic level but negative at
phenotypic level.

The residual effect of path analysis in high-saline condition at flowering
stage was found to be sq (1-1.0107) at genotypic level and 0.0865 at phenotypic
level. The parameters those exerted direct positive effect on grain yield per plot at

both genotypic and phenotypic levels are number of tillers, uppermost internodal



Table 45. Genotypic and phenotypic path analysis in high-saline Kaipad at seedling stage
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A B C D E F G H I J K L M

A P -0.3675 -0.0843 -0.1426 0.1844 -0.0694 0.0447 -0.0902 -0.2104 -0.0833 -0.1395 0.1174 0.0687 0.0273
G -0.2330 -0.1653 -0.0814 0.2162 -0.1010 -0.0232 -0.1527 -0.2794 -0.0742 -0.1705 0.1389 0.0723 -0.004

B P -0.0079 -0.0343 -0.0033 -0.0007 -0.0029 -0.0019 0.000 -0.0014 0.0017 -0.0036 0.013 0.0100 0.0038
G -0.0768 -0.1082 -0.0276 0.0493 -0.0068 0.0000 -0.0153 0.0191 0.0113 -0.0153 0.0527 0.0431 0.0165

C P 0.1274 0.0314 0.3282 -0.0212 0.0930 0.0730 0.1332 0.0427 0.0438 -0.0066 -0.0984 -0.0093 -0.1663
G 0.1218 0.0889 0.3482 -0.0373 0.1090 0.1895 0.1777 0.0574 0.0488 -0.0079 -0.1167 -0.0077 -0.1249

D P 0.0636 ~0.0024 0.0082 0.1267 -0.0169 0.0006 0.0260 0.0518 0.0062 0.0814 -0.0302 -0.0320 0.0075
G 0.0362 0.0178 0.0042 -0.0390 -0.0073 -0.0046 0.0155 0.0432 0.0026 0.0457 -0.0174 -0.0166 0.0071

E P 0.1768 0.0782 0.2650 0.1246 0.9358 -0.3877 -0.2421 6.1151 0.3468 -0.1953 -0/1628 -0.3659 0.1521
G 0.3894 0.0567 0./2809 0.1673 0.8979 -0.4183 -0.2831 0.0831 0.3621 -0.1904 -0.1576 -0.3568 0.1394

F P 0.0099 -0.0044 -0.0181 0.0004 0.0337 -0.0814 -0.0391 0.0053 0.0295 0.000 0.0003 -0.0213 0.0150
G 0.0025 0.0000 0.0134 0.0029 -0.0155 0.0247 0.0164 -0.0015 -0.0111 0.000 -0.0002 0.0080 -0.0040

G P -0.0487 -0.0001 -0.0804 0.0406 0.0513 -0.0951 -0.1983 -0.0363 0.0244 -0.0144 0.0360 -0.0319 0.0842
G -0.1344 ~0.0290 -0.1046 0.0817 0.0646 | -0.13621 -0.2050 -0.0598 0.0557 -0.0178 0.0462 -0.0416 0.1119

H 1 4 0.2250 ~0.0165 -0.0511 0.1606 -0.0433 0.0255 -0.0719 -0.3928 -0.1538 -0.1098 0.0229 0.0888 0.0284
G -0.3974 0.0585 -0.0546 0.3674 -0.0307 0.0204 =0.0966 -0.3314 -0.1576 -0.1156 0.0183 0.0882 -0.0070

I P 0.0245 -0.0053 0.0145 -0.0053 0.0401 -0.0392 -0.0133 0.0424 0.1082 -0.0199 0.0246 -0.0089 -0.0113
G 0.0728 -0.0239 0.0321 -0.0155 0.0922 -0.1026 -0.0621 0.1087 0.2286 -0.0438 0.0550 -0.0188 -0.0225
J I -0.2215 -0.0610 0.0118 0.3747 0.1217 0.0002 -0.0425 -0.1630 0.1072 -0.5834 0.1191 0.0494 -0.1329
G -0.4705 ~0.0910 0.0145 0.7543 0.1364 0.0003 -0.0559 -0.2243 0.1231 -0.6430 0.1314 0.0555 -0.1520

K P -0.0629 ~0.0749 -0.0591 0.0470 -0.0343 -0.0007 -0.0358 -0.0115 0.0448 -0.0402 0.1970 0.0475 0.0345
G -0.0336 =0.0274 -0.0189 0.0251 -0.0099 -0.0005 -0.0127 -0.0031 0.0136 -0.0115 0.0563 0.0138 0.0101
L P 0.0989 0.1540 0.0149 -0.1333 0.2067 -0.1384 -0.0849 0.1195 0.0432 0.0448 -0.1274 -0.5286 -0.0896
G 0.2101 0.2702 0.0151 -0.2881 0.2692 -0.2197 -0.1375 0.1803 0.0558 0.0585 -0.1663 -0.6774 -0.1243
M P =0.0991 ~0.1461 -0.6767 -0.0791 0.2170 -0.2467 -0.5672 =0.0964 ~0.1398 0.3041 0.2339 0.2263 1.3353
G 0.0240 -0.2138 -0.8653 -0.2551 0.2177 -0.2283 -0.7658 0.0297 -0.1378 0.3315 0.2503 0.2573 1.4023

N P -0.0161 0.0079 0.0069 -0.0319 0.0225 -0.0464 -0.0325 -0.0124 0.0271 0.0354 -0.0265 -0.0040 0.0083
G -0.0241 0.0091 0.0106 -0.0500 0.0208 -0.0561 -0.0328 -0.0165 0.0271 0.0323 -0.0243 -0.0037 0.0090
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P 0.7154 0.2889 0.0692 -1.0630 -0.2664 -0.0400 0.3505 0.5836 -0.1101 1.4883 -0.4447 -0.1534 0.2980
G 1.4629 0.0091 0.0106 -0.0500 0.0208 -0.0561 -0.0328 -0.0165 0.0271 0.0323 -0.0243 -0.0037 0.0090
P 0.1046 0.1402 -0.2G015 -0.0844 0.0858 -0.0797 -0.2462 0.2891 0.0972 0.1292 -0.0353 -0.3119 0.0928
G 0.2088 0.1965 -0.2335 -0.1596 0.0902 -0.0989 -0.3043 0.3734 0.1049 0.1337 -0.0366 -0.3291 0.0997
P -0.1013 -0.0447 -0.0829 0.0138 -0.1445 0.0773 -0.0299 -0.0214 -0.0164 0.0134 0.0680 0.0178 -0.0418
G -0.1598 -0.1135 -0.0658 0.0244 -0.15% 0.0335 -0.0968 -0.0741 -0.0323 0.0340 0.0704 0.0380 -0.0381
P -1.4827 -1.8504 -2.7128 1.0018 -0.3201 -0.7361 -2.0462 -0.3340 0.1053 -0.8847 1.9627 1.0058 2.4392
G -2.7373 -2.5798 -3.0852 1.8187 -0.3453 -0.8796 -2.4115 -0.4469 0.1442 -0.9106 2.0244 1.0447 2.5991
P 1.0184 1.6168 2.9993 -0.3477 -0.1020 1.4329 2.2420 -0.0775 -0.8083 -0.1446 -2.2399 -0.6390 -2.8304
G 1.8995 2.3646 3.6315 -0.6433 -0.1121 1.888 2.8833 -0.1511 -0.9476 -0.1590 -2.4625 -0.6992 -3.2144
4 0.1805 0.0913 -0.2713 -0.2940 0.3000 -0.3940 -0.2421 0.1537 0.4088 0.4844 0.1791 -0.1578 0.4043
G 0.3871 0.1954 -0.3524 -0.5729 0.3776 -0.5924 -0.3882 0.3050 0.5001 0.5820 0.2113 -0.1911 0.4918
P -0.0576 -0.0555 -0.2617 -0.0072 -0.1064 -0.0638 -0.0895 -0.0090 -0.0212 0.0490 0.1032 0.0472 0.1721
G -0.2322 -0.1914 -0.6167 -0.0801 -0.2215 -0.1402 -0.1905 -0.0414 -0.0537 0.1026 0.2182 0.0972 0.3774
P -0.0107 -0.1227 0.0009 -0.0279 -0.0243 -0.0294 -0.0053 0.0411 0.0312 0.0275 0.0880 0.0552 0.0070
G -0.0734 -0.2194 -0.0284 0.0206 -0.0542 -0.0025 -0.0206 0.0302 0.0174 0.0480 0.1517 00980 0.0242
P 0.0233 0.0199 -0.0247 -0.0758 -0.0480 -0.0351 0.0178 0.0757 0.0448 0.0585 -0.0205 -0.0477 -0.0341
G 0.0727 0.0307 -0.0214 -0.1150 -0.0351 -0.0268 0.0073 0.0691 0.0396 0.0438 -0.0162 -0.0350 -0.0294
P -0.0001 -0.0130 0.0109 -0.0035 0.0066 -0.0018 -0.0081 0.0029 0.0055 0.0100 -0.0058 0.0149 0.0073
G 0.0129 -0.0686 0.0440 -0.0282 0.0204 -0.0116 ~0.0293 0.0103 0.0164 0.0299 -0.0170 0.0420 0.0236
4 -0.03%91 -0.2300 0.7603 0.3720 -0.8665 0.6809 0.9229 -0.1092 -0..157 -0.4095 0.0700 0.9715 -1.4454
G -0.3895 -0.3448 0.9535 0.8006 -0.8864 0.7649 1.2742 -0.3749 -0.0408 -0.4323 0.0810 0.9826 -1.4262
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Continued...
N 0 P Q R S T U VY w X Y
A P 0.0438 0.1576 -0.0520 =0.1213 0.1326 0.0828 -0,0558 -0.0636 0.0215 -0.0459 0.0006 0.0074
G 0.0458 0.2045 -0.0636 -0.1795 0.1512 0.0892 -0.0636 -0.0798 0.0724 -0.1282 ~0.0260 0.0470
B P -0.0020 0.0059 -0.0065 -0.0050 0.0154 0.0123 =0.0026 -0.0057 0.0230 -0.0020 0.0112 0.0041
G -0.008 0.0238 -0.0278 -0.0592 0.0662 0.0516 -0.0149 -0.0305 0.1004 -0.0252 0.0641 0.0193
C P 0.0168 -0.0136 -0.0895 0.0887 -0.2167 -0.2179 -0.0750 0.2583 0.0015 -0.0433 0.0899 0.1291
G 0.0301 -0.0172 -0.1064 0.1104 -0.2547 -0.2549 -0.0866 0.3167 -0.0419 -0.0565 0.1332 0.1721
D P 0.0299 -0.0808 0.0145 0.0057 -0.0309 -0.0098 0.0314 -0.0027 0.0193 0.0514 0.0112 -0.0244
G 0.0159 -0.0514 0.0081 0.0046 -0.0168 -0.0051 0.0157 -0,0046 -0.0034 0.0339 0.0095 -0.0162
E P 0.1553 0.1495 0.1086 0.4409 -0.0729 0.0211 0.2364 0.2995 -0.1240 -0.2402 0.1541 -0.4194
G 0.1522 0.1516 0.1059 0.6909 -0.0735 0.0203 0.2393 0.2933 -0.2061 -0.2656 0.1579 -0.4124
F P 0.0279 -0.0020 0.0088 0.0205 0.0146 0.0258 0.0270 -0.0156 0.0131 0.0153 0.0037 -0.0287
G -0.0113 0.0006 -0.0032 -0.0040 -0.0051 -0,0094 -0.0103 0.0051 -0.0003 =0.0050 -0.0025 0.0098
G P 0.0477 0.0417 0.0661 -0.0194 0.0988 0.0984 0.0404 -0.0534 0.0057 -0.0188 0.0406 -0.0947
G 0.0548 0.0492 0.0816 -0.0957 0.1172 0.1191 0.0562 -0.0576 0.0179 -0.0114 0.0519 -0.1354
H P 0.0360 0.1375 -0.1537 -0.0274 0.0319 =0.0067 -0.0509 -0.0107 -0.0880 -0.1590 -0.6282 0.0222
G 0.0445 0.1414 -0.1618 -0.1183 0.0351 -0.0101 -0.0713 -0.0202 -0.0423 -0.1735 -0.0293 0.0644
I P 0.0217 0.071 0.0142 0.0058 0.0028 0.0194 0.0373 0.0069 0.0184 0.0259 0.0149 -0.0009
G 0.0505 0.0164 0.63 13 0.0356 0.0078 0.0437 0.0807 0.0181 0.0691 0.0686 0.0324 -0.0048
J P ~0.1528 0.5206 -0.1020 0.0598 0.1257 -0.0187 -0.2380 0.0860 -0.0877 -0.1825 -0.1459 0.1236
G -0.1694 0.5778 -0.1124 0.1055 0.1388 -0.0206 -0.2641 0.0973 -0.1308 -0.2133 -0.1662 0.1441
K | d ~0.0386 0.0525 =0.0094 -0.0437 0.0941 0.0977 0.0297 -0.0612 0.0946 -0.0216 -0.0286 0.0071
G -0.0111 0.0151 -0.0027 -0.0191 0.0270 0.0280 0.0084 -0.0181 0.0362 -0.0069 -0.0083 0.0024
L P 0.0156 -0.0486 0.2332 0.0307 -0.1294 -0.0747 0.0703 0.0750 -0.1592 0.1348 -0.1977 -0.2656
G 0.0206 =0.0666 0.2916 0.1241 -0.1678 -0.0955 0.0914 0.0971 -0.2839 0.1794 -0.2454 -0.3449
M P 0.0823 -0.2385 0.1677 0.1820 0.7929 0.8365 0.4547 -0.6910 0.0508 -0.2433 0.2449 -0,9983
G 0.1029 -0.2544 0.1828 0.2575 0.8641 0.9086 0.4867 -0.7805 0.1438 -0.3123 0.2854 -0.0365
N P 0.1353 -0.0488 -0.0063 0.0211 -0.0102 0.0237 0.0768 0.0147 0.0150 0.0480 0.0538 -0.0245
G 0.1227 -0.0448 -0.0058 0.0349 -0.0094 0.0216 0.0706 0.0127 0.0201 0.0471 0.0504 -0.0251
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O P 0.6016 -1.6680 -0.0187 0.1903 -0.2944 0.1774 0.7211 -0.3152 0.1536 0.5588 0.3620 -0.3520
G 0.6084 -1.6661 -0.0188 0.3232 -0.2971 0.1159 0.7305 -0.3249 0.2706 0.5918 0.3738 -0.3696

r P -0.0346 0.0083 0.7389 -0.1760 0.0269 0.1065 0.2048 -0.0464 -0.0809 0.1231 ~0.0922 -0.2939
G -0.0360 0.0086 0.7646 -0.2915 0.0279 0.1104 0.2134 -0.0493 -0.1133 0.2338 -0.0986 -0.3217

Q P -0.0478 0.0350 0.0730 -0.30067 0.0365 0.0057 -0.0653 -0.0690 0.0500 0.0115 0.0117 0.0616
G -0.0589 0.0402 0.0791 -0.2074 0.0437 0.0080 -0.0797 -0.0770 0.0534 0.0094 0.0079 0.0727

R P -0.3095 0.7250 0.1497 -0.4887 4.1079 3.6644 0.5207 -3.0808 1.0764 -0.5029 0.3246 -1.4175
G -0.3249 0.7520 0.1541 -0.8883 4.2178 3.7633 0.5554 -3.2163 1.4857 -0.5533 0.3340 -1.5550

S P -0.7919 0.3179 -0.6511 0.0841 -4.0303 -4.5182 -2.4990 3.3374 -1.3992 -0.6082 -0.2015 2.0503
G -0.8727 0.3451 -0.1762 0.1916 -4.4265 -4.9612 -2.7681 3.7376 -2.1047 -0.7060 -0.2202 2.3902

T P 0.6743 <0.5141 0.3292 0.2537 0.1505 0.6568 1.1875 -0.2343 0.1718 0.5521 -0.0145 -0.5058
G 0.8151 -0.6213 0.3955 0.5445 0.1866 0.7906 1.4169 -0.300 0.3207 0.7121 -0.0120 -0.6289

U P -0.0360 -0.0628 0.0209 -0.0748 0.2494 0.2456 0.0656 -0.3325 0.0056 0.0212 -0.0751 -0.1029
G -0.0700 -0.1322 0.0437 -0.2515 0.5171 0.5108 0.1436 -.6781 0.0330 0.0625 -0.1680 -0.2437

v P 0.0203 -0.0169 -0.0201 -0.0299 0.0480 0.0567 0.0265 -0.0031 0.1832 0.0149 0.0817 0.0311
G 0.0388 -0.0383 -0.0350 -0.0608 0.0831 4.1601 0.0534 -0.0132 0.2360 -0.0147 0.1599 0.0468

W P 0.0663 -0.0627 0.0539 -0.0070 0.0229 0.0252 0.0870 -0.0119 0.0152 0.1870 -0.0455 -0.0014
G 0.0507 -0.0469 0.0404 -0.0060 -0.0173 0.0188 0.0664 -0.0122 -0.0082 0.1320 -0.0310 0.0043

X P 0.0158 -0.0086 -0.0050 -0.0051 0.0031 0.0018 -0.0005 0.0090 0.0177 -0.0097 0.0398 0.0014
G 0.0476 -0.0260 -0.0149 ~0.0044 0.0092 0.0051 -0.0010 0.0287 0.0785 -0.0272 0.1159 0.0017

Y P -0.3505 0.4079 -0.7690 -0.3885 -0.6671 -0.8773 -0.8236 0.5982 0.3281 -0.0147 0.0687 1.9333
G -0.3946 0.4281 -0.8118 -0.6761 -0.7114 -0.9296 -0.8565 0.6935 0.3828 0.0628 0.0922 1.9296

Bold= direct effects, normal= indirect effects, G= genotypic path coefficient, P= phenotypic path coefficient

A= plant height, B= number of tillers, C= survival per cent, D=SLA, E=RWC, F= SCMR, G= biomass, H= root length, I= root volume, J= leaf proline
content, K= leaf calcium content, L=leaf sodium content, M=leaf potassium content, N= leaf chloride content, O= leaf sulphate content, P= root CEC, Q=
productive tillers per plant, =R total spikelets per panicle, S= filled grains per panicle, T= seed setting per cent, U= sterility per cent, V= length of panicle,

W= 1000 grain weight, X = straw yield, Y= leaf Na / K ratio.
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Table 46. Genotypic and phenotypic path analysis in high-saline Kaipad at flowering stage

A B C D E F G H I J K L M N

A P -0.0896 -0.0414 -0.530 -0.0784 0.0142 | -0.0020 -0.0110 0.0094 --0.0282 -0.0117 -0.0145 0.0156 0.0204 0.0225
G -0.1253 -0.0667 -0.1059 -0.1124 -0.0204 | -0.0040 -0.0197 0.0190 -0.0452 -0.0200 -0.0255 0.0221 0.0291 0.0333

B P 0.1119 0.2420 0.1181 0.1116 0.0420 | -0.0014 0.0049 -0.0735 0.0118 |- 0.0976 0.0585 -0.0392 -0.0100 -0.0314
G 0.1311 0.2462 0.1506 0.1293 0.0355 0.0066 -0.0101 -0.1378 0.0182 0.1056 0.1246 -0.0461 -0.0126 -0.0415

C P -0.0429 -0.0354 0.0726 -(.0406 -0.0200 | -0.0221 0.0044 0.0099 -0.0265 ~0.0239 -0.0158 0.0242 0.0066 0.0190
G -0.0559 -0.0404 -0.0661 -0.0560 -0.0250 | -0.0335 0.0039 0.0125 -0.0281 -0.0305 -0.0029 0.0320 0.0097 0.0251

D P 0.5659 0.3002 0.3644 0.6508 0.0140 0.0274 0.0195 -0.0588 0.2881 0.0339 0.0496 -0.2726 0111 -0.2819
G 0.7099 0.4154 0.6705 0.7913 0.0213 0.0527 0.0202 -0.1093 0.4105 0.0548 0.1133 -0.3339 -0.1357 -0.3419

E P 0.0483 0.0527 0.0838 0.0065 0.3037 0.0183 -0.0109 0.1123 0.0060 0.1096 0.0317 -0.0053 -0.08%4 0.0100
G 0.0552 0.0488 0.1283 0.0091 0.3386 0.0078 -0.0463 0.1753 -0.0050 0.1150 0.0475 -0.0065 -0.1071 0.0081

F | 0.0074 -0.0020 0.1017 0.0141 0.0202 0.3344 -0.0761 0.0683 0.0357 0.0376 0.0708 -0.1984 0.1605 0.0867
G 0.0111 0.0095 0.1783 0.0234 0.0081 0.3517 -0.1306 0.0713 0.0496 0.0188 0.1370 -0.2244 0.1822 0.0914

G P -0.0611 -0.0101 0.0302 -0.0145 0.0178 0.1130 -0.4969 -0.0175 0.1010 -0.0129 -0.0302 -0.1910 0.1143 -0.0335
G -0.0706 -0.0184 0.0262 -0.0115 0.0615 0.1669 -0.4495 0.0500 0.1565 0.0359 -0.1115 -0.2223 0.1396 -0.0256

H P -0.0335 -0.0966 -0.0432 -0.0287 0.1176 0.0649 0.0112 0.3181 -0.0641 0.0020 0.0047 -0.0581 0.0243 0.0346
G -0.0427 -0.1573 -0.0532 -0.0388 0.1455 0.0570 -0.0313 0.2811 -0.0307 -0.0348 0.1133 -0.0715 0.0265 0.0519

| P -0.0357 -0.0055 -0.0414 -0.0502 -0.0022 | -0.0121 0.0230 0.0228 -0.1134 0.0005 -0.0028 0.0487 0.0373 0.0210
G -0.03%4 -0.0081 -0.0465 -0.0567 0.00i6 | -0.0154 0.0380 0.0119 -0.1092 0.0063 0.0054 0.0547 0.0413 0.0247

J P -0.0418 -0.1294 ~0.1057 -0.0167 -0.1159 [ -0.036!} -0.0083 -0.0021 0.0014 -0.3211 -0.1135 0.0433 -0.0460 -0.1311
G -0.0573 -0.1597 -0.1655 -0.0248 -0.1260 | -0.0192 0.0287 0.0444 0.0207 -0.3587 -0.1689 0.0537 -0.0562 -0.1526

K P 0.1574 0.2349 0.2110 0.0741 0.1014 0.2056 0.0591 0.0143 0.0239 0.3433 0.9714 -0.4038 0.0352 0.1127
G 0.1763 0.4383 0.0384 0.1240 0.1215 0.3374 0.2149 0.3492 -0.0427 0.4080 0.8664 -0.4688 0.0335 0.1209

L P 0.0623 0.0580 0.1194 0.1501 0.0063 0.2126 -0.1377 0.0654 0.1540 0.0483 0.1489 -0.3584 0.0574 -0.0246
G 0.0693 0.0737 0.1903 0.1661 0.0075 0.2511 -0.1946 0.1002 0.1969 0.0589 0.2129 -0.3935 0.0631 -0.0274
M | -0.0951 -0.0173 -0.0382 -0.0713 -0.1230 0.2004 -0.0960 0.0319 -0.1374 0.0599 0.0151 -0.066% 0.4175 0.1054
G -0.1148 -0.0253 -0.0726 -0.0847 -0.1562 0.2559 -0.1534 0.0466 -0.1866 0.0774 0.0191 -0.0792 0.4939 0.1257
N r 0.2463 0.1268 0.2559 0.4239 -0.0324 | -0.2537 -0.0659 -0.1064 0.1811 -0.3995 -0.1135 -0.0671 -0.2469 -0.9784
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G 0.2824 0.1790 0.4038 0.4592 -0.0255 | -0.2762 -0.0604 -0.1960 0.2407 -0.4520 -0.1483 -0.0739 ~0.2705 -1.0627

o P -0.0573 0.4096 -0.4084 -0,1407 -1.2132 0.2946 0.2274 -0.8614 -0.3972 -0.5223 -0.1080 0.3914 0.1696 0.6456
G -0.0732 0.6654 -0.9111 -0.1268 -1.5911 0.2344 0.2749 -1.4748 -0.6344 -0.7754 -0.3143 0.4507 0.7104 0.7585

P P -0.0844 0.0940 -0.2166 -0.1903 0.0216 | -0.2984 -0.1093 -0.1033 -0.1573 -0.1038 0.0685 0.2202 -0.1440 -0.0473
G -0.0972 0.1471 -0.3671 -0.2201 0.0654 | -0.3863 -0.1397 -0.1267 -0.2144 -0.1225 0.0956 0.2580 -0.1699 -0.0620

Q P -0.1661 0.1407 -0.4334 -0.4792 0.0869 | -1.3543 0.646!1 -0.4427 -0.6264 -0.0569 -0.7036 1.6663 ~0.5343 -0.1487
G -0.1954 0.1898 -0.7330 -0.5599 0.1105 | -1.6892 0.9689 -0.7618 -0.8455 -0.0727 -1.0665 1.9310 ~0.6209 -0.1752

R P 0.2496 -0,2926 0.0178 0.2182 -0.1892 | -0.0963 0.3705 -0.0401 0.1018 -0.3284 -0.1136 0.1686 -0.0671 -0.2364
G 0.2920 -0.3911 0.0299 0.2540 -0.2382 t -0.1196 0.5507 -0.0645 0.1369 -0.4208 -0.1708 0.1947 ~0.0776 -0.2769

] P -0.1078 -0.2338 -0.1460 -0.0958 -0.0782 0.0072 0.0031 0.1083 -0.0614 -0.0749 -0.0735 0.0296 0.0689 0.034%
G -0.1160 -0.2295 -0.1120 -0.1056 -0.0596 | -0.0042 -0.0107 0.1603 -0.0579 -0.0634 -0.0744 0.0341 0.0813 0.0513

T P 0.2403 0.3963 -2.0989 1.4855 -6.1423 1.7651 -0.6759 -0.5009 0.7617 -1.0236 1.2728 -1.9748 44272 2.2319
G 0.3066 0.4756 -3.8571 1.7067 -7.5532 2.1551 -0.9921 -0.9699 1.°1735 -1.3919 1.6482 -2.2375 5.0025 2.5605

U P -0.1645 -1.5584 2.9646 -0.7542 7.3938 0.2408 -0.3321 2.1797 1.0961 1.0885 -1.8246 -0.3515 ~5.4820 -1.5424
G -0.2036 -1.9988 5.3383 -0.8648 9.0061 0.1973 -0.6247 3.5292 1.3675 1.4021 -2.4323 -0.3973 -6.1861 -1.7859

v P -0.0231 1.0198 -0.7567 -0.4664 -0.9772 [ -1.5309 0.9556 -1.3271 -14217 -0.2896 0.5129 1.6714 0.5767 -0.5612
G -0.0259 1.3556 -1.1839 -0.5449 -L1150 | -1L7956 1.5039 -2.0622 -2.0310 -0.3090 0.8915 1.8758 0.6566 -0.6131

w P -0.1445 -0.0754 -0.2996 -0.0579 -0.6092 | -0.1580 0.0258 -0.1085 -0.0519 -0.1938 -0.1194 0.1128 0.2558 0.0790
G -0.1469 -0.1056 -0.5207 -0.0591 -0.7268 { -0.1933 0.0608 -0.2617 -0.0186 -0.2555 -0.1807 0.1216 0.2759 0.0982

X P -0.0068 0.0034 -0.0056 -0.0214 0.0021 0.0224 0.0235 0.0208 -0.0417 0.0434 0.0295 0.0166 0.0548 0.0398
G|  -0.0167 0.0135 -0.0016 -0.0204 -0.0077 0.0232 0.0012 0.0198 -0.0515 0.0472 0.0239 0.0163 0.0523 0.0372

Y P 0.0003 0.0004 0.000 0.0003 0.0008 0.0031 -0.0002 0.0014 -0.0008 -0.0009 0.0010 -0.0018 0.0007 0.0016
G 0.0004 0.0003 -0.0001 0.0002 0.0008 0.0031 0.0004 0.0020 -0.0007 -0.0008 0.0015 -0.0017 0.0007 0.0016

Zz P -0.0521 -0.0080 0.0393 0.0108 -0.0725 0.0040 -0.0329 -0.0771 0.0768 -0.0396 -0.0355 -0.0637 0.0318 -0.1210
G -0.0686 -0.0127 0.0378 0.0156 -0.1172 | -0.0006 -0.0815 -0.1232 0.0790 -0.0679 -0.0736 -0.0832 0.0415 -0.1605

AA P -0.3735 -0.7908 0.0252 -0.6339 1.3581 0.1423 -0.1884 1.0567 0.0651 1.3949 0.1210 -0.1608 -0.1009 .1.0700
G -0.4733 -1.2455 0.3206 -0.7561 1.7047 0.2596 -0.3707 1.9155 0.1688 1.7662 0.3603 -0.1831 -0.1119 1.1457
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Continued....
0 P Q R S T U v w X Y Z AA
A P 0.0023 0.0093 -0.0082 -0.0271 -0.0335 -0.0023 -0.0013 0.0005 -0.0169 0.0055 (1.0052 -0.0184 0.0127
G 0.0037 0.0219 -0.0117 -0.0383 -(.0699 -0.0037 -0.0021 0.0007 -0.0229 0.0167 0.0108 -0.0267 0.0208
B P 0.0444 0.0280 -0.0188 -0.0857 0.1962 0.0105 0.0343 0.0602 0.0238 0.0075 -0.0173 0.0076 -0.0725
G 0.0659 0.0385 -0.0223 -0.1009 0.2719 0.0113 0.0397 0.0731 0.0324 0.0417 -0.0124 0.0098 -0.1077
C P 0.0133 0.0194 -0.0174 -0.0016 -0.0367 0.0166 0.0196 0.0134 -0.0284 0.0037 -0.0002 _ 0.0112 =0,0007
G 0.0242 0.0258 -0.0231 -0.0021 -0.0356 0.0246 0.0285 0.0171 -0.0428 0.0014 -0.0014 0.0078 -0.0074
b P -0.0410 -0.1525 0.1725 0.1719 0.2161 0.1054 0.0447 -0.0741 0.0492 -0.1261 -0.0316 -0.0276 -0.1576
G -0.0404 -0.1849 0.2111 0.2105 0.4020 0.1303 0.0552 -0.0944 0.0581 -0.2016 -0.0357 -0.0385 -0.2100
E P -0,1649 0.0081 -0.0146 -0.0695 0.0823 -0.2034 -0.2044 -0.0724 0.0492 -0.1261 -0.0316 -0.0276 -0.1576
G -0.2168 0.0235 -0.0178 -0.0845 0.0972 -0.2468 -0.2460 -0.0827 0.3063 -0.0327 -0.0519 0.1233 0.2026
F P 0.0441 -0.1229 0.2505 -0.0390 -0.0084 0.0644 -0.0073 -0.1249 0.0690 0.0679 -0.1750 -0.0053 4.0180
G 0.0332 -0.1443 0.2831 -0.0441 0.0071 0.0731 -0.0056 -0.1383 0.0846 0.1020 -0.2109 (.0006 0.0320
G P -0.0506 0.0699 0.1776 -0.2227 0.0053 0.0366 -0.0150 -0.1159 0.0167 =0.1055 -0.0159 -0.0642 0.0355
G -0.0497 0.0667 0.2075 -0.2593 -0.0231 0.0430 -0.0227 -0.1480 0.0340 -0.0066 0.0386 -0.1138 0.0585
H P -0.1163 -0.0405 0.0799 -0.0154 -0.1195 -0.0174 -0.0631 -0.1030 0.0451 0.0598 -0.0744 0.0963 0.1274
G -0.1668 -0.0378 0.0960 -0.0190 -0.2169 -0.0263 -0.0800 -0.1269 0.0195 0.06%6 -0.1093 0.1076 0.1890
1 P 0.0202 0.0220 -0.0393 -0.0140 -0.0241 -0.0094 0.0113 0.0393 -0.0077 0,0427 -0.0147 0.0342 -0.0028
G 0.0279 0.0249 -0.0440 -0.0157 -0.0305 -0.0124 0.0121 0.0486 -0.0025 0.0702 -0.0157 0.0268 -0.0065
J P 0.0751 0.0411 -0.0101 0.1276 -0.0834 0.0358 0.0318 0.0227 -0,0813 -0.1261 -0.0470 -0.0500 -0.1697
G 0.1119 0.0467 -0.0124 0.1581 -0.1094 0.0482 0.0406 0.0243 -0.1140 -0.2114 -0.0536 -0.0757 -0.2223
K P -0.0470 0.0820 0.3781 -0,1335 0.2475 0,1348 0.1613 0.1216 0.1516 0.2590 -0.1731 0.1355 0.0445
G -0.1096 0.0879 0.4403 -0.1550 0.3101 0.1378 0.1700 0.1691 0.1948 0.2585 -0.2547 0.1981 0.1096
L P -0.0625 -0.0972 0.3297 -0.0731 0,0367 0.0772 -0.0115 -0.1462 0.0528 -(1.0539 -0.1121 -0.0856 0.0218
G -0.0714 -0.1078 0.3621 -0.0803 0.0646 0.0850 -0.0126 -0.1616 0.0596 -0,0801 -0.1305 -0.1017 0.0253
M P 0.1158 -0.0740 0.1234 -0.0339 -0.0997 0.2016 0.2083 0.0588 -0.1365 0.2071 -0.0497 -0.0521 -0.0160
G 0.1411 -0.0891 0.1461 -0.0401 -0.1931 0.2384 0.24465 0.0710 -0.1696 0.3228 -0.0674 -0.0637 -0,0208
N P -0.2828 0.0570 -0.0804 0.2799 0.1185 -0.2381 -0.1373 0.1340 0.1010 -0.3522 0.2671 -0.4651 -0.3967
G -0.3243 0.0699 -0.0887 0.3083 0.2626 -0.2626 -0.1531 0.1427 0.1299 -0.4934 0.3291 -0.5299 -0.4274
4] P 2.2340 0.0030 -0.1628 -0.0841 0.3314 1.3672 1.4855 0.8401 -1.3140 0.1077 -0.5327 -0.0091 -1.6187
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G 2.4855 -0.0103 -0.1881 -0.0969 0.8211 1.5701 1,7093 0.9767 -1.5174 -0.0131 -0.6632 0.0521 ~1.7983

P P 0.0011 0.8118 -0.2461 0.0061 0.1143 -0.0513 0.1561 0.4724 0.0789 0.0962 0.2925 0.3251 -0.1451
G -0.0039 0.9417 -0.2884 0.0072 0.2510 -0.0606 0.1827 0.5555 0.0830 0.1837 0.3714 0.3857 -0,1796

Q P 0.1317 0.5480 -1.8079 0.0595 0.1483 -0.5291 -0.0778 0.6958 -0.2494 0.0985 0.6577 0.2830 -0.1577
G 0.1588 0.6427 -2.0987 0.0691 0.2742 -0.6158 -0.0907 0.8131 -0.2968 0.1550 0.8050 0.3392 -0.1937

R P -0.0311 0.0063 -0.0272 0.8265 -0.1976 0.0275 0.1207 0.2394 -0.0218 -0.0640 0.2251 -0.0206 -0.1570
G -0.0372 0.0073 -0.0314 0.9547 -0.3653 0.0318 0.1397 0.2784 -0.0259 -0.1001 0.2756 -0.0245 -0.1913

S P -0.0428 -0.0406 0.0237 0.0689 -0.2884 0.0343 0.0054 -0.0616 -0.0649 0.0471 0.0108 0.0110 0.0783
G -0.00686 -0.0554 0.0271 0.0795 ~0.2078 0.0438 0.0080 -0.0798 -0.0771 0.0535 0.0094 0.0080 0.1236

T P 5.6114 -0.5789 2.6832 0.3047 -1.0909 9.1691 8.1790 1.1623 -6.8764 2.4026 -1.1225 0.7244 -3.7393
G 6.5463 -0.6668 3.0408 0.3453 -2.1826 10.3632 9.2464 1.3646 -7.9025 3.6504 -1.35%4 0.8206 -4.4293

U P -7.3057 -2.1121 -0.4727 -1.6044 0.2046 -9.8002 | -10.9866 -6.0768 8.1154 -3.4025 -1.4790 -(.4900 5.9644
G -8.5242 -2.4044 -0.5357 -1.8134 0.4786 | -11.0593 -12.3950 -6.9158 9.3381 -5.2585 -1.7639 -0.5502 7.0688

v r 1.5407 2.3843 -1.5768 1.1869 0.8753 0.5193 2.2661 4.0970 -0.8084 0.5927 1.5049 -0.0500 -2.0848
G 1.7947 2.6941 -1.7695 1.3321 1.7549 0.6014 2.5482 4.5671 -0.9671 1.0336 2.2952 -0.0388 -2.4537

w P 0.4502 -0.0743 -0.1056 0.0202 -0.1722 0.5740 0.5654 0.1510 -0.7654 0.0129 0.0488 -0.1728 -0.3409
G 0.4906 -0.0708 -0.1136 0.0218 -0.2981 0.6128 0.6054 0.1702 -0.8036 0.0451 0.0741 -0.1991 -0.3530

X P 0.0053 0.0131 -0.0069 -0.0086 -0.0180 0.0290 0.0342 0.0160 -0.0019 0.1105 0.0090 0.0493 0.0227
G -0.0004 0.0156 -0.0061 -0.0084 -0.0206 0.0282 0.0340 0.0181 -0.0045 0.0800 -0.0050 0.0542 0.0258

Y P 0.0014 -0.0021 0.0021 -0.0016 0.0002 0.0007 -0.0008 -0.0027 0.0004 -0.0005 -0.0059 0.0014 -0.0003
G 0.0014 -0.0021 0.0020 -0.0015 0.0002 0.0007 -0.0007 -0.0026 0.0005 0.0003 -0.0052 0.0012 -0.0002

z P 0.0010 -0.1019 0.0398 0.0063 0.0097 -0.0201 -0.0114 0.0031 -0.0575 -0.1135 0.0619 -0.2545 -0.0663
G -0.0067 -0.1318 0.0520 0.0083 0.0123 -0.0255 -0.0143 0.0027 -0.0798 -0.2180 0.0757 -0.3219 -0.0842

AA P -1.9122 -0.4716 0.2302 -0.5015 -0.7208 -1.0763 -1.4327 -1.3429 1.1756 0.5425 0.1490 0.6878 2.63%90
G -2.0612 -0.5434 0.2630 -0.5710 -1.6941 -1.2176 -1.6247 -1.5306 1.2514 09177 0.0857 0.7457 2.8489

Bold= direct effects, normal= indirect effects, G= genotypic path coefficient, P= phenotypic path coefficient

A= plant height, B= number of tillers, C= number of nodes, D= uppermost internodal length, E= survival per cent, F=SLA, G=RWC, H= SCMR, I=
biomass, J= root length, K= root volume, L= leaf proline content, M= leaf calcium content, N=leaf sodium content, O=leaf potassium content, P= leaf
chloride content, Q= leaf sulphate content, R= root CEC, S= productive tillers per piant, T= total spikelets per panicle, U= filled grains per panicle, V=

seed setting per cent, W= sterility per cent, X= length of panicle, Y= 1000 grain weight, Z = straw yield,

AA= leaf Na / K ratio.
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length, survival per cent, specific leaf area (SLA), SCMR, root volume, leaf
calcium content, leaf potassium content, leaf Na / K ratio, leaf chloride content,
root CEC, number of spikelets per panicle, seed setting per cent and length of
panicle. However the parameters plant height, number of internodes per plant,
relative water content (RWC), biomass, root length leaf proline content, leaf
sodium content, leaf sulphate content, number of productive tillers, number of
filled grains per panicle, sterility percentage, length of panicle, straw yield and
1000 grain weight exhibited direct negative effect on grain yield per plot at both
genotypic and phenotypic levels.

At genotypic level the highest positive direct effect on grain yield was
exhibited by number of spikelets per panicle (10.3632) followed by seed setting
percentage (4.5671), leaf Na / K ratio (2.8489) at flowering, leaf potassium
content (2.4855) at flowering, leaf potassium content (1.4023) at seédling, root
CEC (0.9547) at flowering, leaf chloride content (0.9417) at flowering, RWC
(0.8979) at seedling, root volume (0.8664) at flowering, uppermost internodal
length (0.7913) at flowering and root CEC (0.7646) at seedling. Number of filled
grains per panicle (-12.3950) followed by leaf sulphate content (-2.0987) at
flowering, leaf sulphate content (-1.6661)-at seedling, leaf sodium content (-
1.0627) at flowering, sterility percentage (-0.8036), leaf sodium content (-0.6774)
at seedling and leaf proline content (-0.6430) at seedling showed the highest

negative genotypic direct effect on grain yield.

At phenotypic level the highest positive direct effect on grain yield was
exhibited by numEer of spikelets per panicle (9.1691) followed by seed setting
percentage (4.0970), leaf Na / K ratio (2.6390) at flowering, leaf potassium
content {2.2340) at flowering, leaf potassium content (1.3353) at seedling, root
volume (0.9714) at flowering, RWC (0.9358) at seedling, root CEC (0.8265) at
flowering, leaf chloride content (0.8118) at flowering, root CEC (0.7389) at
seedling and uppermost internodal length (0.6508) at flowering. Number of filled
grains per panicle (-10.9866) followed by leaf sulphate content (-1.8079) at
flowering, leaf sulphate content (-1.6680) at seedling, leaf sodium content
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(-0.9784) at flowering, sterility percentage (-0.7654), leaf proline content (-
0.5834) at seedling and leaf sodium content (-0.5286) at seedling showed the
highest negative phenotypic direct effect on grain yield.

The highest positive genotypic indirect effect with grain yield was
exhibited by number of filled grains per panicle via. sterility percentage (9.3381)
followed by number of spikelets per panicle through filled grains per panicle
(9.2464), number of filled grains per pgnicle via. survival per cent (9.0061) at
flowering, number of filled grains per panicle through leaf Na / K ratio at
flowering (7.0688), number of spikelets per panicle via. leaf potassium content at
flowering (6.5463), number of filled grains per panicle through number of
internodes at flowering (5.3383), number of spikelets per panicle via. leaf calcium
content at flowering (5.0025), number of filled grains per panicle through survival
per cent at seedling (3.6315), number of spikelets per panicle via. length of
panicle (3.6504), seed setting per cent through SCMR at flowering (3.5292),
number of spikelets per panicle via. leaf sulphate content (3.0408), number of
filled grains per panicle via. biomass at seedling (2.8833), seed setting Iper cent
via. leaf chloride content at flowering (2.6941), number of spikelets per panicle
via. leaf potassium content at seedfing (2.5991), seed setting per cent via. number
of filled grains per panicle (2.5482), number of spikelets per panicle through leaf
sodium content at flowering (2.5605), number of filled grains per panicle via.
number of tillers at seedling (2.3646), seed setting per cent through 1000 grain
weight (2.2952), number of spikelets per panicle via. SLA at flowering (2.1551)

and number of spikelets per panicle via. leaf calcium content at seedling (2.0224).

The highest negative genotypic indirect effect with grain yield was
exhibited by number of filled grains per panicle via. number of spikelets per
panicle (-11.0593) followed by number of filled grains per panicle via. leaf
potassium content at flowering (-8.5242), number of spikelets per panicle through
sterility percentage (-7.9025), number of spikelets per panicle via. survival per
cent at flowering (-7.5532), number of filled grains per panicle via. seed setting

per cent (~6.9158), number of filled grains per panicle via. leaf calcium content at
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flowering (-6.1861), number of filled grains per panicle via. length of panicle (-
5.2585), number of spikelets per panicle via. leaf Na / X ratio at flowering (-
4.4293), number of spikelets per panicle through number of internodes at
flowering (-3.8571), number of filled grains per panicle via. leaf potassium
content at seedling (-3.2144) and number of spikelets per panicle through survival
per cent at seedling (-3.0852).

The highest positive phenotypic indirect effect with grain yield was
exhibited by number of filled grains per panicle via. sterility per cent (8.1154)
followed by number of filled grains per panicle via. survival per cent at flowering
(7.3938), number of filled grains per panicle via. leaf Na / K ratio at flowering
(5.9644), number of spikelets per panicle via. leaf potassium content at flowering
(5.6114), number of spikelets per panicle via. leaf calcium content at flowering
(4.4272), number of filled grains per panicle via. survival percentage at seedling
(2.9993), number of filled grains per panicle via. number of internodes at
flowering (2.9646), number of spikelets per panicle via. leaf sulphate content at
flowering (2.6832), number of spikelets per panicle through leaf potassium
content at seedling (2.4392), number of spikelets per panicle via. length of panicle
(2.4026), seed setting percentage through leaf chloride content at flowering
(2.3843), seed setting percentage via. number of filled grains per panicle
(2.2661), number of filled grains per panicle via. biomass at seedling (2.2420)
number of spikelets per panicle via. leaf sodium content at flowering (2.2319),
number of filled grains per panicle through SCMR at flowering (2.1797) and
number of filled grains per panicle via. leaf Na / K ratio at seedling (2.0503).

The highest negative phenotypic indirect effect with grain yield was
exhibited by number of filled grains per panicle via. number of spikelets per
panicle (-9.8002), followed by number of filled grains per panicle via. leaf
potassium content at flowering (~7.3057), number of spikelets per panicle via.
sterility per cent (-6.8764), number of spikelets per panicle via. survival per cent
at flowering (-6.1423), number of filled grains per panicle via. seed setting

percentage (-6.0768), number of filled grains per panicle via. leaf calcium content
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at flowering (-5.4820), number of spikelets per panicle through leaf Na / K ratio at
flowering (-3.7393), number of filled grains per pamicle via. length of panicle
(-3.4025), number of filled grains per panicle through leaf potassium content at
seedling (-2.8304), number of spikelets per panicle through survival per cent at
seedling (-2.7128), number of filled grains per panicle via. leaf calcium content at
seedling (-2.2399), number of filled grains per panicle through leaf chloride
content at flowering (-2.1121), number of spikelets per panicle via. number of
internodes at flowering (-2.0989), seed setting percentage through leaf Na / K
ratio at flowering (-2.0848) and number of spikelets per panicle via. biomass at
seedling (-2.0462).



DISCUSSION



5. DISCUSSION

New breeding strategies for saline tracts consists of six stages namely
salinity appraisal, mechanism discovery, gene and allele discovery, pre-breeding

for salinity tolerance, molecular breeding and participatory evaluation.

Current experiment covers the first stage of salinity appraisal which gives
information about the target environment in which the new variety will be
deployed, how intense is the salt stress, which ions are involved, at which stages
of plant growth salinity is the greatest, traits correlated with salinity tolerance,
traits correlated with yield and biomass under saline condition, and variability of

different saline tolerant genetic resources under different saline conditions. .

There are three possible causes of stress in plants under hyper saline
conditions namely sodium toxicity, chlorine toxicity, osmotic stress and other
minor cause is nutritional imbalance (Abdelbagi et al., 2013). The means by
which different physiological tolerance mechanisms address varies widely, and no
single mechanism appears to be effective in conferring high level of tolerance in
any single genetic background. Salinity tolerance at seedling and reproductive
stages are weakly associated. Hence, pyramiding of contributing traits at both
stages is needed for developing resistant salt tolerant cultivars (Moradi et al.,
2003).

Some of the requirements of varieties for salinity tolerance mechanisms
that we have studied in the current programme are tissue tolerance in which Na*
ion is compartmentalized in older plant parts preventing the flow to reproductive
organs that means low Na* / K* ratio, Na* exclusion, high K* uptake, CI

exclusion and good initial vigour.

The mode of salt tolerance mechanisms may vary with genotypes. Bonilla
et al. 2002 reported that highly tolerant crops like rice invariably posses multiple
QTL’s for salinity tolerance with 6-8 being found in varieties such as ‘Pokkali’
and ‘Nona Bokra. The variation in performance of saline tolerant genotypes

evaluated in comparatively high-saline area of Kaipad tract of Kerala and their
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variability in expression of various traits in stress and non-stress conditions are

discussed below.

5.1. Variability

The analysis of variance revealed significant differences among the
eighteen rice genotypes in three different situations for all the characteristics at
seedling and flowering stages except for survival per cent at seedling and
flowering, SLA at seedling and stomatal resistance at seedling in non-saline
condition; survival per cent at seedling and flowering, stomatal conductance and
resistance at flowering, root culm ratio at seedling and leaf sodium content at
seedling in low-saline condition and root culm ratio at seedling, culm calcium
content at seedling, root chloride content at seedling and number of productive
tillers per plant in high-saline condition. confirming the fact that the material
selected was genetically diverse and shows variability. Variability for different
characters was previously observed by several workers like Vanaja (1998), Nayak
et al. (2001).

The significant interaction effect in pooled analysis showed that the
genotypes behave differently in changing stress conditions of salinity with respect
to 43 quantitative parameters studied both at seedling and flowering stages except
for root culm ratio at seedling stage, number of nodes and leaf proline content at

flowering stage.
5.1.1. Morphological parameters

The morphological parameters like plant height and number of tillers at
seedling and flowering stages, number of nodes at flowering stage, uppermost
internodal length at flowering stage, orientation of flag leaf, lodging / non-lodging
and duration of crop were recorded for three soil conditions namely high-saline,
low-saline and non-saline for the eighteen rice genotypes and they vlvere found to
be significantly different from each other for all characteristics except for number
of nodes in low-saline condition showing the divergence among the selected

genotypes regarding morphological parameters. The significant interaction effect
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for the morphological traits plant height, number of tillers and uppermost
internodal length reflects the difference in behaviour of genotypes with respect to

these characteristics with changing stress environment.
5.1.1.1. Plant height at seedling and flowering stages

At seedling and flowering stages the genotypes ‘Cherivirippu’,
‘Orkayama’ and ‘Pokkali’ showed moderate to high plant height in both non-
saline and saline conditions in which Orkayama’ showed stability in high
performance of height under heterogeneous conditions confirms their tolerance
towards salinity and further indicates that the trait expression in these genotypes is
not much influenced by salinity stress, it may be controlled by the structural
genes. In high-saline Kaipad, the shortest height of ‘Jyothi’ and ‘IR-29’ confirms
their nature of susceptibility to salinity. ‘Pokkali’ is the international donor of
salinity tolerance and ‘Orkayama’ is a recently reported new genetic resource for
salinity tolerance which is a traditional variety of Kaipad whose tolerance
mechanism is different from that of ‘Pokkali’ (Vanaja et al., 1998). Cherivirippw’
is a traditional variety of Pokkali tract.

In high-saline and low-saline conditions of Kaipad the lowest plant height
was seen in ‘Jyothi’ a saline susceptible genotype at both seedling and flowering
stages indicates that high salinity decreases the plant height report of which is in
accordance with the result of Govindaraju and Balakrishnan, (2002). Highest
plant height in high-saline Kaipad for ‘Ezhome-3’, ‘JO-532-1” and ‘JO-583" at
seedling stage and for JK-15°, ‘JK-59°, ‘JO-583°, ‘Nona Bokra’ and ‘IR-29’ at
flowering stage than in other two conditions of low saline and non saline shows
their more ability to tolerate salinity and also requirement of stress signal for
character expression. The reported international saline susceptible variety IR 29
showed comparatively higher performance with respect to height showing the

presence of certain tolerance genes in IR 29 towards salinity.
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5.1.1.2. Number of tillers at seedling and flowering stages

Less number of tillers of culture ‘JK-15" in non-saline condition compared
to saline conditions indicates that it needs stress signal to give more number of
tillers at non-saline condition. At the same time good performance of the
internationally accepted saline susceptible variety ‘IR-29° and ‘Jyothi’ in non-
saline condition for tiller production compared to saline conditions confirming the

susceptibility nature of these genotypes.

At seedling and flowering stage ‘Jyothi’ shows high number of tillers in
non-saline condition which indicates that the genotype performance was well at
non-saline situation than in saline stress condition but in low-saline condition the
genotype showing moderate tillering and in high-saline condition tiller number is
too less, this indicates that susceptibility of the genotype to high salinity. The
same result high salinity decreases the number of tillers was reported by
Govindaraju and Balakrishnan, (2002).

5.1.1.3. Number of nodes at flowering stage

Traditional varieties ‘Chettivirippu’, ‘Orkayama’ and ‘Pokkali’ recorded
the highest number of nodes at both stress and non-stress conditions showing the
consistency of these genotypes in changing stress conditions. Higher number of
nodes in these genotypes might be the reason of higher plant height. At the same
time among the susceptible varieties ‘IR-29’ and ‘Jyothi®, ‘Jyothi’ showed lower
number of nodes than ‘IR-29° in saline Kaipad indicating its nature of more

susceptibility to salinity.
5.1.1.4. Uppermost internodal length at flowering stage

Uppermost internodal length is having direct contribution towards plant
height in all three conditions. The lowest internodal length contributes low plant
height. The result of the lowest uppermost internodal length for ‘Ezhome-1’ and
‘Ezhome-2’ in non-saline condition compared to its moderate length in high-

saline conditions shows their requirement of salinity stress for the character
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expression which confirms their ability of salinity tolerance. At the same time
saline tolerant genotype ‘Pokkali’ exhibited the highest uppermost internodal
length in all the situations which indicates that the particular character may be
under structural gene control in this genotype. Exhibition of uniform length of
rice genotypes in three conditions indicates that the particular character is not

affected by stress condition.
5.1.1.5, Orientation of flag leaf

There is no change in orientation of flag leaf when soil condition changes.
It is same even in stress and non-stress conditions indicating that orientation of

flag leaf is purely genotypically controlled.
5.1.1.6. Lodging/non-lodging

The observation on lodging and Non-lodging characteristics indicated that
the trait will not be changed when the soil condition of heterogeneous stress
changes for all genotypes except for ‘Pokkali’. In non-saline and low-saline
condition ‘Pokkali’ showed non-lodging but in high-saline condition it showed
lodging tendency indicating the fact that high saline acidic nature of the soil
makes this variety weak leading to lodging of plant.

5.1.1.7. Duration of crop

There is no change in duration of crop when soil conditions change Hence
this character crop duration is purely genotype based. The genotypes FL-
478, ‘IR-29°, ‘Kuthiru’ and ‘Jyothi’ showed short duration, remaining 14

genotypes showed medium duration ranging from 116- 122days.
5.1.2. Physiological parameters

The physiological parameters like survival percentage, specific leaf area
(SLA), relative water content (RWC), SPAD chlorophyll meter reading (SCMR,
stomatal conductance and resistance, biological yield, root length, root volume

and root culm ratio were recorded at both seedling and flowering stages for the
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eighteen rice genotypes in non-saline, low-saline and high-saline conditions and
found to be significantly different. The performance of each trait was discussed

below.
5.1.2.1. Survival percentage at seedling and flowering stages

Survival per cent is one among the indications of salinity tolerance at
seedling and flowering stages. Some genotypes tolerate salinity at seedling stage
but not at flowering stage. We need genotypes tolerant to salinity both at seedling

and reproductive stages with good survival per cent.

In high-saline condition even if the yield component parameters of a
genotype are good but if survival per cent is bad it will affect the total yield.
Hence, survival per cent is a very important criterion which determes the
economic yield in saline stress condition. At high-saline condition the genotype
¢JO-532-1" exhibited higher survival per cent and hence higher yield even though
it showed comparatively less performance for yield component characteristics
than other high yielding saline tolerant varieties. Followed by JO 532-1, the
traditional land races of Kaipad namely ‘Kuthiru’ and ‘Orkayama’ and pre-release
culture‘JO-583", and traditional and improved saline tolerant genotypes of Pokkali
namely ‘Chettivirippu’, ‘Cherivirippy’ and ‘Vytilla-6> showed the highest

survival per cent indicating the ability to tolerate high acid saline condition.

‘FL-478’ an international saline tolerant variety did not survive in high-saline
condition at reproductive stage. The crop was survived till flowering but
collapsed and decayed at harvest stage. This indicates that the international saline
tolerant genotype ‘FL-478’ can not tolerate the high acidic nature of (pH 2.8)
Kaipad soil. The genotype ‘FL-478" was developed from ‘Pokkali’ genotype
which is tolerant to alkali soil of Pokkali tract. At the same time, the international
saline susceptible variety ‘IR-29° survived till harvest but ‘Jyothi’, saline
susceptible variety of Kerala decayed at the time of harvest reflecting its more its
more susceptibility nature than ‘IR-29’ for high acidic saline soil (Fig. 1&2).
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5.1.2.2. Specific leaf area (SLA) at seedling and flowering stages

SLA is a measure of leaf thickness. Breeding genotypes with enhanced
water use efficiency (WUE) is an important strategy to overcome the challenges
in water limited conditions (Nautiyal et al., 2002). Salinity is a condition which
creates water deficiency with in interior cells. SCMR and SLA are robust and
low-cost surrogates of WUE. Therefore understanding their genetic nature and
association with yield parameters enables use of SCMR and SLA in breeding

programme.

Generally more leaf area was seen during seedling stage than in flowering
stage in higher yielding genotypes. Maximum contribution of SLA through
photosynthesis towards biomass might be taking place at seedling stage rather
than at flowering stage. The genotypes ‘Kuthiru’, ‘JO-532-1°(Ezhome-4), ‘FL-
478, ‘Nona Bokra’ and “Jyothi’ do not show much variation 'in SLA in changing
soil conditions both at seedling and flowering stages which indicates that the trait
in this genotypes may be under the control of structural genes which is not
affected by stress.

The genotypes ‘JO-532-1°(Ezhome-4) and ‘JO-583” which showed high
yield in high-saline condition exhibited lower SLA both at seedling and flowering
stages indicating the fact that reduced leaf area prevent high deposit of salt in leaf
which may affect yield.

5.1.2.3. Relative water content (RWC) at seedling and flowering stages

Comparing the three soil conditions, majority of the genotypes exhibited
high relative water content in saline conditions at seedling stage but at flowering
stage high relative water content was seen in non-saline condition. This indicates
that at growing stage the genotypes are more sensitive to high salinity. In high-
saline Kaipad high salt deposition in the soil causes low water potential zone in
the soil making it increasingly difficult for the plant to acquire both water as well

as nutrients (Mahajan and Tuteja, 2005). Therefore, salt stress essentially results
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in a water deficit condition in the plant and takes the form of a physiological
drought.

In non-saline condition the result of high RWC for salt sensitive ‘Jyothi’
variety indicates that low concentration of salt influences high RWC.

In high-saline Kaipad soils the result showed that the tolerant genotypes
exhibited maximum RWC than sensitive genotypes except for ‘Ezhome-1" and
‘Ezhome-2’ which showed lower RWC indicating the negative influence of high
salinity (EC of 11-16 dsm™) on these genotypes. Soil water potential and
availability of water to plant shoot and root was reduced by the high salt
concentration in rhizosphere which further influences cellular physiology and
metabolic pathways (Misra and Dwivedi, 2004). This causes the reduction of

relative water content in crop plants.

5.1.2.4. Spad chlorophyll meter reading (SCMR) at seedling and flowering
stages

Chlorophyll metér measures green colour intensity and is associated with
chlorophyll density (Songgri et al., 2009). The result showed that ‘FL-478’ an
international saline tolerant genotype recorded high chlorophyll content in saline

conditions indicating its tolerance capacity.

Performance of other genotypes with respect to chlorophyll content
showed varying result in changing soil conditions disregard of salinity intensity.
The tolerant genotypes ‘Nona Bokra’, ‘Vytilla-1’, ‘Chettivirippu’, ‘JO-532-1°,
‘Ezhome-3’ and ‘JK-59’ shdwed comparatively lesser quantum of chlorophyll
content in high salinity level indicates in these genotypes some other salinity
tolerance mechanism play a major. Similar result was also reported by
Chandramohanan et al. (2014).

5.1.2.5. Stomatal conductance and resistance at seedling and flowering stages

With respect to the trait stomatal conductance the result showed that the

trait has high value in saline conditions compared to the result of non-saline
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condition. At the same time stomatal resistance was higher in non-saline
condition than in saline condition. This indicates that the salinity will increases
the conductance leading to good respiration and transpiration in the plant under

stress condition.

In high-saline condition, the highest stomatal conductance recorded by the
genotypes ‘Vytilla-6’ fallowed by ‘Ezhome-1’, ‘Ezhome-2’, ‘IR-29°, ‘JO-532-1°,
‘FL-478°, ‘Cherivirippu’, ‘Orkayama’ and ‘Vytilla-1’ confirming the tolerant
nature of these genotypes towards salinity at the same time ‘Kuthiru’ and
‘Ezhome-3’ recorded the highest stomatal resistance confirming the susceptibility

of the trait with salinity.
5.1.2.6. Biomass at seedling and flowering stages

Biomass is an indicator of economic yield, straw yield and tolerance to
salinity. The highest biomass exhibited by ‘Orkayama’ and ‘Pokkali’ at both
seedling and flowering stages in high-saline condition indicates their tolerance to
salinity, But these genotypes have comparatively low grain yield because of high
straw production. ‘Pokkali’ is a renowned saline tolerant variety and ‘Orkayama’
is newly reported genetic resource for salinity tolerance from Kaipad tract of
Kerala.

In high-saline condition at flowering stage the lowest biomass was
recorded for ‘Ezhome-1’ at the same time it produced comparatively more grain
yield and straw yield at harvest stage which indicates that there is a high rate of
enhancement of biomass between flowering and harvesting stages. The lowest
biomass for ‘JK-59° at flowering stage reflected low grain yield and straw yield in

high-saline condition.

Comparing biomass production of three soil conditions general trend of
more biomass at flowering stage was seen in low saline condition followed by
non-saline and the least by high-saline condition which reveals that rather than

salinity stress, some other soil properties of low salinity might be favourably



influenced biomass production at flowering stage in low-saline Kaipad. At

seedling stage this trend varies with genotypes (Fig. 3&4).
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5.1.2.7. Root length

In non-saline condition the saline susceptible variety ‘Jyothi’ showed high
root length but in case of high-saline condition it showed minimum root length
indicating that high salt concentration reduces the root length in the case
susceptible genotype. In saline Kaipad, the international saline susceptible
genotype ‘IR-29’° also showed minimum root length at both seedling and
flowering stages. Saha et al. (2010) reported that salinity stress causes drastic
effect on roots causing reduction in root length, number of root hairs and
braﬁches, and also roots become stout, brittle and brown in colour, Among the
saline tolerant genotypes, csidering seedling and flowering stages together, the
genotypes ‘Orkayama’, ‘JO-532-1°(Ezhome -4), ‘Pokkali’, ‘Ezhome-3" ‘Nona
Bokra’, ‘Kuthiru’ and ‘JO583* exhibited high root length indicating the ability of

these genotypes to search for water and nutrients in saline condition.
5.1.2.8. Root volume

In high saline Kaipad the highest root length was exhibited by ‘Orkayama’
followed by ‘JO-532-1°, and ‘Pokkali’ at seedling stage and ‘Ezhome-3’, ‘Nona
Bokra’ and ‘Kuthiru’ at flowering stage indicating the ability of these genotypes

to survive in high saline stress condition.

All the saline tolerant traditional genotypes showed maximum root volume
in all three conditions which shows that this trait may be controlled by structural
gene(s) rather than stress induced ones in saline tolerant genotypes. With respect
to the saline susceptible genotype ‘Jyothi’, it had recorded maximum root volume
in non-saline and low-saline condition (EC of 2-5 dsm™) and minimum in high-
saline (EC of 11-16 dsm™) condition indicating that high salinity causes the
reduction of root volume (Roy et al., 2002) for saline susceptible genotypes. In
high saline condition as IR 29 showed more root volume than Jyothi, Kerala’s
saline susceptible variety Jyothi may be more susceptible than the international

saline susceptible variety IR 29 in Kaipad acidic soil.
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5.1.2.9. Root shoot ratio at seedling and flowering stages

Higher root shoot ratio may provide the clue about salt tolerance potential
of the genotype Ali et al. (2004). In high-saline Kaipad, the international saline
tolerant genotype ‘Pokkali’ followed by ‘Kuthiru’ , the traditional variety of
Kaipad, and ‘IR-29,the international saline susceptible genotype recorded the
highest root shoot ratio. The higher root shoot ratio of saline susceptible variety
IR 29 in high saline Kaipad confirms its ability to survive in Kaipad acidic soil.
The maximum root shoot ratio of the saline tolerant released variety ‘Ezhome -4’
(‘J0O-532-1") in non-saline condition reflects its ability of good performance in

ordinary wetland in addition to saline stress condition.

The saline susceptible ‘Jyothi’ variety showed minimum root shoot ratio in
high-saline Kaipad (EC of 11-16 dsm™) indicating that high salinity causes the
reduction of root shoot ratio in susceptible varieties. The higher value for root
shoot volume for the international saline susceptible variety ‘IR 29 in high saline
condition than ‘Jyothi’ the susceptiinle variety of Kerala once again confirms the

more susceptible nature of Jyothi variety towards salinity stress.
5.1.3. Biochemical parameters

The biochemical parameters like Proline content in root, culm and leaf at
seedling and flowering stages, Calcium, Sodium, Potassium, Chloride and
Sulphate content in root, culm and leaf at seedling and flowering stages and root
CEC were recorded for the eighteen rice genotypes and each trait was found to be

significantly different from each other.
5.1.3.1., Proline content in root, culm and leaf at seedling and flowering stages

Proline is an osmoprotectant which accumulates in the cytosol of cell.
High proline content is a mechanism of tolerance to abiotic stress. In this study
the saline susceptible varieties ‘Jyothi’ and °‘IR-29° showed the lowest proline
content in leaf, shoot and root in all conditions of stress and non-stress confirming

their susceptibility nature for salinity.
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The highest proline production both in non-saline and saline conditions in
almost all the parts at all stages was seen in the genotypes ‘JK-59° and *JO-583’
which points out that these genotypes may have structural gene(s) assembly for
salinity tolerance which won’t change in any situation. The all saline tolerant
genotypes showed high proline production in the parts of root, shoot and leaf in
high-saline stress condition but less proline in non stress soil indicating that in
these genotypes the salinity tolerance mechanism may be through stress induced

proline production.

5.1.3.2. Ca**, Na*, K%, Chloride and Sulphate content in root, culm and leaf at

seedling and flowering stages

The Na' and CI ions may directly inhibit uptake of other jons. The Na™ /
K ratio may reach at unacceptable levels in shoot tissues not only through the
entry sodium ions, but also as a result of exclusion of potassium ions, Salinity
may also cause deficiency of other ions including calcium, nitrate and the other
hand high calcium levels (more than 10m Molar) can often help to prevent
nutritional disorders. Under saline conditions water deficit is usually experienced
first followed by toxicity effects and then nutritional disorders. However, the
temporal separation of these effects and their relative severity are determined by

genotype and environment ( Ranamunns, 2002) .

Increase in salinity (sodium and chloride ions) causes decrease in calcium
and potassium content. In high-saline condition, among the tolerant genotypes,
root calcium was high for ‘JR-29’ fallowed by ‘Kuthiru’ and ‘Ezhome-2’; culm
calcium was higher for the genotype ‘Orkayama’ and leaf calcium was higher for
‘JK-59°.

The result of sodium and potassium content in plant can be expressed as
Na / K ratio. Lee et al. (2003) observed that the cultivar with low Na */ K" ratio
was highly tolerant and the susceptible one had high Na’/ K ratio. Similar result
was observed in present study that the susceptible variety ‘Jyothi’ recorded

comparatively higher Na / K ratio in root, culm and leaf at all three conditions. In
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high saline Kaipad among tolerant genotypes low root Na'/ K" ratio was seen in
‘Kuthirw’, ‘IR-29° and ‘FL-478’ ; low culm Na'/ K’ ratio was seen in ‘Nona
Bokra’, ‘FL-478" and ‘Ezhome-1’ and low leaf Na'/ K" ratio was seen in ‘JK-
59°, ‘JK-15°, ‘Pokkali’ and ‘Chettivirippu’ indicating their tolerant effect towards
salinity.

Chloride is toxic to plant. In high saline condition, among the tolerant
genotypes low root chloride is seen in the genotypes ‘Vytilla-1’, ‘Vytilla-6°, ‘JO-
532-1°, ‘JO-583’, ‘Cherivirippu’ and ‘Orkayama’; low culm chloride in the
genotypes ‘IR-29°, ‘Ezhome-3’, ‘J0-583°, ‘Nona Bokra’, ‘JO-532-1° and
‘Orkayama’ and low leaf chloride in the genotype ‘IR-29°, ‘Kuthirw’,
‘Orkayama’, “JK-15°, ‘JK-59°, ‘Pokkali’, ‘JO-532-1° and ‘Ezhome-1’ indicating
that in these genotypes the salinity tolerance mechanism is exclusion of toxic
chloride. At the same time high root chloride is seen in the genotypes ‘Ezhome-3’
and ‘Nona Bokra’; high culm chloride in the genotypes ‘Viytilla-6’ followed by
‘Vytilla-1°, ‘JK-15°, ‘JK-59°, ‘Jyothi’ and ‘Ezhome-1’ and high leaf chloride in
saline tolerant the genotypes ‘Ezhome-2’ followed by ‘Nona Bokra’, ‘Jyothi’ and
‘JO-583’ indicating that in these genotypes the salinity tolerance mechanism is
not exclusion but absorption and depositing in cytosol which will not affect the

plant.

Sulphate is also toxic to plant. In high saline condition, among the tolerant
genotypes low root sulphate is seen in the genotypes ‘Ezhome-2’ and ‘Ezhome-3’;
low culm sulphate in the genotypes ‘Ezhome-2’ and ‘FL-478° and low leaf
sulphate in the genotypes ‘JO-532-1°, ‘Orkayama’, ‘Ezhome-3’, ‘Ezhome-2°, ‘IR~
29’ and ‘Nona Bokra’ indicating that in these genotypes the salinity tolerance
mechanism is exclusion of toxic sulphate. At the same time high root sulphate is
seen in the saline tolerant genotype ‘JO-583"; high culm sulphate in the genotype
‘Nona Bokra’ and high leaf sulphate in the genotype ‘Nona Bokra’ at seedling
stage and ‘IR-29” at flowering stage indicating that in these genotypes the salinity
tolerance mechanism is not exclusion but absorption and depositing in cytosol

which will not affect the plant.
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5.1.3.3. Root CEC

Higher root CEC indicates the presence of high concentration of the
exchangeable cations in the plant root system. The results showed that ‘FL-478°,
‘Jyothi’ and “Vytilla-6° recorded the highest root CEC in non-saline and in low-
saline conditions. In high-saline Kaipad, the variety ‘Ezhome-4" (‘JO-532-17)
exhibited the highest root CEC followed by ‘JK-59°, ‘Cherivirippu’ and ‘Ezhome-
3’ indicating the ability of these genotypes to accumulates more cations even

from saline soil to impart tolerance to salinity.
5.1.4. Yield parameters

The yield parameters like number of productive tillers per plant, number of
spikelets per panicle, number of filled grains per panicle, seed setting %, sterility
%, length of panicle, 1000 grain weight, grain yield per plot and straw yield per
plot were recorded for the eighteen rice genotypes and was found to be
significantly different from each other. The yield parameters are the deciding
factors for assessing the productivity of any crop. The performances of each yield

characteristic are discussed below.
5.1.4.1. Number of productive tillers per plant

With respect to the trait, productive tillers per plant the result showed that
all the genotypes showed high number of productive tillers in low-saline condition
than in non saline condition except ‘Vytilla-6* and ‘Jyothi’. The reason may be
the favourable soil condition of low saline tract with respect to nutrients combined
with low salinity signal which might have triggered the gene(s) controlling tiller
production per plant. Uniform number of ‘JO-532-1°, ‘JK-59°, ‘FL-478’, ‘Jyothi’
and ‘JO-583’ showed uniform result in all three conditions for ‘JO-532-1°, ‘JK-
59°, ‘FL-478’°, ‘Jyothi’ and ‘JO-583" in all three conditions reveals the presence
of structural gene effect for this particular characteristics in these genotypes. At
the same time in the case of ‘Orkayama’, ‘Chettivirippu’, ‘Cherivirippu’, ‘Vytilla-
1°, ‘Vytilla-6’, ‘the Pokkali’ and ‘Nona Bokra’ the highest number of productive
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tillers was seen in high-saline Kaipad showing stress signal induced characteristic

expression in these genotypes.
5.1.4.2. Spikelets per panicle

With respect to the trait spikelets per panicle the result showed that the
improved rice genotypes ‘Ezhome-1°, ‘JO-532-1°, ‘JK-59° and ‘Ezhome-3’, and
traditional tolerant lines namely ‘Pokkali’, and ‘Nona Bokra’ recorded maximum
number of spikelets per panicle in stress and non stress conditions showed the
reliability of these varieties in varying soil conditions for higher yield . At the
same time the traditional saline tolerant genotypes of Kaipad (‘Orkayama’ and
“Kuthirt’) recorded minimum spikelets number per panicle in all conditions

which reflects their non reliability for higher yield in all situations (Fig. 5).

In the case of the susceptible check ‘Jyothi’, number of spikelets was
comparatively less in low-saline condition and in high-saline condition and the
crop was not survived at harvesting stage due to high salinity and acidity similar

to the result of Hasamuzzaman et al., 2009).
5.1.4.3, Filled grains per panicle

Improved saline tolerant varieties and breeding lines of Kaipad (‘Ezhome-
2’, ‘Ezhome-3’ and ‘JK-59°) and international saline tolerant varieties (‘Nona
Bokra’ and ‘Pokkali’) recorded maximum filled grains per panicle in both saline
and non-saline conditions reflecting their tolerant nature to salinity and the
consistent expression of the trait changing stress condition. Traditional genotype
of Kaipad ‘Kuthiru’ showed minimum filled grains per panicle in saline and non-
saline conditions reveals that the characteristic in this genotype is structural not

changed due to stress signal.

(Hasamuzzaman et al., 2009) and Mohammadi-Nejad et al. (2010)
reported that salinity stress causes the reduction in number of filled grains per
panicle and yield per plant. In this study in the case of ‘Jyothi’, number of filled

grains per panicle was comparatively less in low-saline condition and in high-
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5.1.4.4. Seed setting %

The result showed that in all three conditions all most all the tolerant rice
genotypes showed comparatively maximum seed setting per cent revealing the
tolerant nature and consistent expression of the trait. In the case ‘JO-532-1" it had
showed minimum seed sefting per cent in non-saline condition but in saline
condition it has showed comparatively high seed setting per cent than non-saline
condition indicates that the particular trait in the genotype needs salinity stimuli to

express the trait.

Among the saline tolerant genotypes, in high saline condition the
maximum seed setting was exhibited by ‘Ezhome-3’ followed by ‘Ezhome-2’,
‘JK-15" and “JK-59° showed the more suitability of these genotypes in high saline
condition for high yield performance.

In both low-saline and high-saline conditions the international saline
susceptible variety ‘IR-29° recorded the minimum seed setting per cent which
indicates that salinity of soil decreases the seed setting per cent. This was also
reported by Ali et al. (2004). On par performance of the genotypes ‘Pokkali’ and
‘Nona Bokra’ in three soil conditions shows the consistency of these genotypes

with respect to this trait.
5.1.4.5. Sterility %

Sterility % is an important yield determining factor. In both saline and
non-saline conditions the genotypes ‘Ezhome-3°’, ‘Ezhome-1’ and ‘Ezhome-2’
recorded the minimum sterility per cent indicating the consistent nature of these
genotypes with respect to this trait expression in changing stress conditions might

be due to structural genes.

In high saline condition, the minimum sterility was exhibited by the
variety ‘Ezhome-1" followed by ‘Nona Bokra’, ‘Pokkali’, ‘Ezhome-3’ and ‘JK-
59’ showing the tolerance ability of these genotypes to high salinity and acidity
leading to high production in this type of stress soil. ‘Vytilla-1°, ‘Jyothi’ and



saline condition the crop collapsed at reproductive stage due to high salinity and

acidity indicates more susceptible nature of Jyothi to acidic saline soil.

Fig.5. Variation in number of spikelets per panicle of 18 rice genotypes

grown under different soil conditions
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‘Vytilla-6' in low-saline condition and ‘Kuthiru’, ‘JO-5831 ‘Orkayamal and
‘Cherivirippu’ in high saline condition showed high sterility per cent may be due
to high salinity and soil acidity. Hasamuzzaman et al. (2009) reported that drastic

decrease in spikelet fertility was observed with increase in salinity.

Fig.7. Variation in sterility' % of 18 rice genotypes grown under different soil
conditions
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5.1.4.6. Length of panicle

Length of panicle is another important yield determining factor. In high
saline condition, highest panicle length was recorded for ‘Nona Bokra’, ‘JK-59’,
‘JO-583°, ‘Chettivirippu’, ‘Orkayama’, ‘Ezhome-2’, ‘Ezhome-3’ and JO 532-1(
‘Ezhome-4’) showing the ability of these genotypes to produce more yield in

stress condition.

With respect to the trait length of panicle all most all tolerant genotypes
recorded the highest panicle length which are having comparatively highest plant

height, number of nodes and uppermost internodal length in all three conditions.
5.1.4.7. 1000 grain weight

1000 grain weight is another important yield component. In both low-
saline and non-saline conditions the genotypes ‘Ezhome-3’, ‘Ezhome-1’ and
‘Ezhome-2’ recorded the maximum 1000 grain weight indicates low salinity does
not affect the trait, In high-saline condition ‘Ezhome-2’ recorded the maximum
weight indicates ability of the genotype to tolerance and also consistent
expression of the trait but ‘Ezhome-1" has showed minimum 1000 grain weight
indicates the influence of high-salinity and soil acidity on the trait (Fig.9).

In high-saline condition the international saline susceptible variety ‘IR-29
recorded minimum 1000 grain indicates that high-salinity level reduces the weight

of grains. This was also reported by Hasamuzzaman et al. (2009).
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5.1.4.8. Grain yield per plot

There was significant difference between genotypes in all three conditions
of soil and also performance of genotypes vary with respect to change in soil
conditions. In high saline Kaipad among the saline tolerant genotypes the highest
yield was exhibited by ‘JO-532-1° (3450 Kg/ha) followed by “JO-583° (3193.67
Kg/ha), ‘Nona Bokra’ (2016 Kg/ha), ‘Ezhome-1 (1747 Kg/ha), ‘Ezhome-2’
(1224.5 Kg/ha) and “Cherivirippu’ (1240 Kg/ha). In low saline the highest grain
yield was recorded for the genotypes ‘Orkayama’ (4792.25 Kg/ha) followed by
‘JK-59° (3827 Kg/ha), ‘Vytilla-6’ (3500 Kg/ha), ‘Nona Bokra’ (3455 Kg/ha),
‘Ezhome-2’ (3428.19 Kg/ha), JO-583" (3355 Kg/ha), ‘JO-532-1° (6.428.19
Kg/ha), ‘Pokkali’ (3215 Kg/ha) and ‘Ezhome-1 (3033 Kg/ha) showing that these
tolerant genotypes can be selected for a saline soil having 4.37-5.86 pH and 2.46-
5.846 EC. In non saline wetland under organic management the highest grain
yield was recorded for the genotypes ‘Ezhome-2’ (2833.64 Kg/ha), ‘Ezhome-3
(2611.12 Kg/ha) and ‘JK-15° (2493.23 Kg/ha) followed by “Vytilla-6" (2305.92
Kg/ha) and ‘Vytilla-1’ (2092.05 Kg/ha) (Fig.10).

The genotypes ‘JO-583° and ‘Nona Bokra’ showed significantly higher
yield in saline and non saline conditions indicating the reliability of these
genotypes in changing soil stress conditions and also presence of structural
gene(s) for yield trait and ‘JO-583" is non-lodging also. The farmers can use the
seeds of these varieties in non saline as well as saline rice tracts. At the same time
the genotype ‘JO-532-1" recorded significantly higher yield in saline acidic soil
but poor yield in non saline wetland pointing out the fact that these genotypes
require stress signal to induce higher yield. Further, the genotypes ‘Orkayama’
and ‘JK-59° showed significantly higher yield only in low saline but poor yield in
both high saline and non saline rice tracts may be these genotypes are tolerant to
low salinity and require low salinity signal for yield induction but less tolerant to
high salinity.
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Comparison of grain yield between non-saline and low-saline condition
the result showed that all the genotypes showing higher grain yield in low-saline
condition than in non-saline condition except for the genotype ‘JK-15" indicates
that high grain yield in low-saline condition might be due to low-salinity (EC of
2-5 dsm™") and high soil productivity. And in case of comparison between high-
saline and low-saline except ‘JO-532-1" all other genotypes showed higher yield
in low-saline condition. This indicates that ‘JO-532-1" require high salinity signal
for the expression of its high yielding potential. This is an evident that salinity

induced yield expression character is most prominent in ‘JO-532-1.
5.1.4.9. Straw yield per plant

There was significant difference between genotypes in all three conditions
of soil and also performance of genotypes vary with respect to change in soil
conditions. In high saline Kaipad among the saline tolerant genotypes the highest
straw yield was exhibited by ‘JO-583’ (3488.33 Kg/ha) followed by ‘JO-532-1°
(2923.50 Kg/ha), ‘Chettivirippu’ (2087 Kg/ha), ‘Nona Bokra’ (1662.00 Kg/ha),
‘Ezhome-2 (1441 Kg/ha), ‘Orkayama’ (1571 Kgtha), and ‘Ezhome-1" (1281.25
Kg/ha) indicating that fhese genotypes are able to give more straw yield in high
saline acidic Kaipad soil having soil properties namely 3.6-4.7 pH and 11.34-
16.03 EC. In low saline the highest straw yield was recorded for the genotypes
‘JO-532-1° (5844 Kg/ha), followed by ‘Nona Bokra’ (3092.5 Kg/a),
‘Chertvirippu’ (2316.67 Kg/ha), ‘JK-59° (1819 Kg/ha) and ‘JO-583’ (1695 Kg/ha)
showing that these tolerant genotypes can be selected for a saline soil having 4.37-
5.86 pH and 2.46-5.846 EC. In non saline wetland under organic management the
highest straw yield was recorded for the genotypes ‘Vytilla-6” (14960 Kg/ha) and
which was on par with that of ‘Orkayama’ (11150.83 Kg/ha), ‘Cherivirippu’
(10297.5 Kg/ha), ‘Vytilla-1’ (10228 Kg/ha), ‘Nona Bokra’ (10017 Kg/ha), ‘JO-
532-17 (9765.29 Kg/ha) and ‘JO-583" (9387.5 Kg/ha).

The genotypes ‘JO-583" and ‘Nona Bokra’ showed significantly higher

straw yield in saline and non saline conditions indicating the reliability of these
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genotypes in changing soil stress conditions and also presence of structural
gene(s) for yield trait and °JO-583’ is non-lodging also. The farmers can use the
seeds of these varieties in non saline as well as saline rice tracts. At the same time
the genotype ‘JO-532-1" recorded significantly higher straw yield in non-saline
and low-saline soil but poor yield in high-saline wetland pointing out the fact that
these genotype having capacity to produce more straw in these soil conditions and
because of high biomass of the genotype leading to the lowest grain yield.
Further, the genotypes ‘Orkayama’ and ‘Vytilla-6* showed significantly higher
yield only in non-saline but pbor yield in both high-saline and low-saline rice
tracts may be these genotypes are susceptible to low and high salinity and require
normal soil signal for yield induction. Traditional cultivar of Kaipad ‘Kuthiry’
has recorded comparatively lowest straw yield in saline and non-saline condition

indicates the consistency of the genotype for the particular character.

Single physiological mechanism is not sufficient to achieve high-
tolerance, combining multiple mechanisms may be well effective. Hence, to
develop variety with high-level tolerance for salinity, parents having different
physiological mechanisms have to be identified and hybridized to get
complementary mechanism in one individual. In the present programme the
genotypes identified for various physiological traits responsible for salinity
tolerance can be utilized as parents in feature breeding programmes for

development of more robust saline tolerant varieties.
5.2. Character association
5.2.1.Correlation

Correlation among 26 characteristics at seedling stage and 28

characteristics at flowering stage recorded in high-saline Kaipad are discussed.

The present investigation showed that the genotypic correlation coefficients
were higher than the phenotypic correlation coefficients indicating that the
observed relationship among the various characteristics was due to genetic effects.

This is in confirmation with the findings of Radhidevi et al. (2002), Najeeb and
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Wani (2004), Sarkar et al. (2007), Anbanandan et al. (2009) and Sabesan et al.
(2009). Correlation coefficients are discussed in detail. The genotypic correlation
values were also in general higher than the phenotypic correlation values
indicating that these traits are not influenced by environment. similar results were

reported by Rajput et al.(1996).

Among the correlation coefficients of 52 characteristics, grain yield showed
significant positive genotypic correlation with plant height, survival per cent, root
volume, root length, proline content, calcium content, sulphate content, root CEC
and Na / K ratio at both seedling and flowering stages. SLA, RWC and SCMR at
seedling stage, number of tillers, uppermost internodal length, seed setting
percentage and biomass at flowering stage showed significant positive genotypic
correlation with grain yield. This indicates that indirect selection of the above

characteristics towards their higher end will indirectly result in higher grain yield.

Significant positive genotypic correlation of survival per cent with number
of tillers, SLA, root volume, leaf proline content, leaf chloride content and leaf
sulphate content at both seedling and flowering stages; uppermost internodal
length, RWC, biomass, length of panicle, grain yield and 1000 grain weight at
flowering stage, root length at seedling stage reflects the enhancement of survival
of genotypes if we go for indirect selection of the above traits at their increased

level.

Significant positive genotypic association of biomass with number of tillers,
SLA, root volume and leaf Na / K ratio at both seedling and flowering stages; leaf
proline content at seedling stage; plant height, survival per cent, SCMR values,
root length, root CEC, total spikelets per panicle, filled grains per panicle, 1000
grain weight, sterility percentage and grain yield at flowering stage indicates the
need of indirect selection of these characteristics for high biomass production.
High genotypic correlation coefficients than phenotypic correlation coefficients
indicates the less influence of environment on these characteristics. Similar results

were reported by (Vanaja et al., 1998; Ojo et al., 2006).
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Correlation results suggest that higher grain yield could be achieved by
exercising indirect selection simultaneously for increased value of dependent
morphological traits namely plant height at seedling and flowering, uppermost
internodal length at flowering ; physiological characteristics namely, root length
at seedling and flowering, survival per cent at seedling and flowering, SLA at
seedling, root volume at seedling and flowering, RWC at seedling, SCMR at
seedling; biochemical characteristics namely, leaf calcium content at seedling and
flowering, leaf potassium content at seedling and flowering, leaf proline content at
seedling and flowering, leaf sulphate content at seedling and flowering, leaf Na /
K ratio at seedling and flowering and root CEC at seedling and flowering , and

yield parameter seed setting per cent.

Similarly highest significant positive genotypic correlation of survival per
cent, which is another indicator of salinity tolerance, with the morphological
characteristics number of tillers at seedling and flowering, uppermost internodal
length at flowering; physiological characteristics namely SLA at seedling and
flowering, root volume at seedling and flowering, root length at seedling, RWC at
flowering and biomass at flowering; biochemical characteristicsnamely leaf
proline content at seedling and flowering, leaf chloride content at seedling and
flowering, leaf sulphate content at seedling and flowering; and yield component
characteristics namely length of panicle, 1000 grain weight and grain yield points
out the fact that improvement in survival percent could be achieved by
exercising selection simultaneously for increased value of these traits. The above
results are in agreement with the reports of Vanaja et al. (1998), Ramakrishnan et
al. (2006), Chandra et al. (2009), Akhtar et al. (2011), Idris et al. (2012), Nagaraju
et al. (2013), Kumar and Nilanjaya, (2014) for number of grains panicle™’; Kole et
al. (2008), Chandra et al. (2009),Babu et al. (2012), Nagaraju et al. (2013), Kumar
and Nilanjaya, (2014), Karpagam et al. (2014), Allam et al. (2015), for number of
productive tillers per plant; Ramakrishnan et al. (2006), Kumar and Nilanjaya,
(2014) for seed setting %; Reddy et al. (2013), Allam et al. (2015) for number of

spikelets per panicle in different ecosystems.
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High phonotypic correlation of the characteristics such as root length with
plant height, biomass with SCMR, Na / K ratio with leaf proline content, plant
height with RWC, number of tillers with number of nodes, number of nodes with
uppermost internodal length, leaf proline content with SLA, leaf chloride content
with survival per cent, root CEC with RWC, productive tillers per plant with
number of tillers per plant and number of nodes, filled grains per panicle with leaf
calcium content, length of panicle with survival per cent and leaf calcium content,
leaf Na / K ratio with leaf proline and sulphate content, total spikelets per panicle
with filled grains per panicle, seed setting percentage with leaf calcium content
and filled grains per panicle, straw yield with length of panicle and grain yield,
stage SLA with plant height, leaf proline content and root length, leaf sulphate
content with leaf proline content, plant height, survival per cent with total
spikelets per panicle and filled grains per panicle, leaf chloride content with leaf
proline content and plant height, 1000 grain weight with SLA, leaf Na /K ratio
with leaf sulphate content and sterility per cent with total spikelets per panicle and
filled grains per panicle shows the contribution of environmental association with
the traits. These traits were showing high significant phenotypic associations
which are not showing significant genotypic correlation indicates that the

effective influence of environment on these traits.

Genotypic correlation is high and positive for most of the characteristics
than the phenotypic correlations at both seedling and flowering stages. The traits
which are showing significant positive genotypic correlation are not showing
significance at phenotypic level which indicates that there is a high influence of
significant genotypic correlation which nullifies the environmental effect leading
to non-significant phenotypic correlation. High degree of genotypic correlation
but non-significant phenotypic correlation shows the reliability of the

characteristics.

The characteristics numbers of productive tillers per plant, number of filled
grains per panicle, 1000 grain weight are important yield component

characteristics in rice. But in the present study these are seen non-significantly
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correlated with grain yield in high-saline condition. This points to the fact that
while selecting genotypes for higher yield in saline condition we should go for an

optimal level of the above mentioned characteristics.

5.2.2. Path analysis

Though the correlation studies are helpful in measuring the association
between yield and yield components, they do not provide the exact picture of the
direct and indirect causes of such associations which can be obtained through path
analysis (Wright, 1923). Path analysis is very useful to pinpoint the important

yield components which can be utilized for formulating selection parameters.

In the present study path co-efficient analysis performed for 51

characteristics in high-saline condition are discussed.

The very low residual effect obtained in path analysis indicates that the
causative factors included in the study have been adequate to explain variability in
yield in saline soil. All most 100 % variation in grain yield in saline soil was

contributed genotypically by the characteristics included in the study.

In high saline Kaipad, high positive direct effect of number of spikelets
per panicle, seed setting per cent and leaf Na / K ratio at flowering, leaf potassium
content at flowering, leaf potassium content at seedling on grain yield ; and high
positive indirect effects of number of filled grains per panicle via. sterility
percentage, number of spikelets per panicle through number of filled grains per
panicle, number of filled grains per panicle via. survival per cent at flowering,
number of filled grains per panicle through leaf Na / K ratio at flowering ,
number of spikelets per panicle via. leaf potassium content at flowering , number
of filled grains per panicle through number of internodes at flowering , number of
spikelets per panicle via. leaf calcium content at flowering and number of filled
grains per panicle through survival per cent at seedling on grain yield reveals
that for farming in high saline Kaipad and similar areas varieties having higher
performance of these traits have to be selected. At the same time negative direct

effect of number of filled grains per panicle, leaf sulphate content at flowering and
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leaf sulphate content at seedling on grain yield, and negative indirect effects of
filled grains per panicle via. number of spikelets per panicle, number of filled
grains per panicle via. leaf potassium content at flowering, number of spikelets
per panicle through sterility percentage, number of spikelets per panicle via.
survival per cent at flowering, number of filled grains per panicle via. seed setting
per cent, number of filled grains per panicle via. leaf calcium content at flowering,
number of filled grains per panicle via. length of panicle and number of spikelets
per panicle via. leaf Na / K ratio at flowering indicates that while selecting
varieties for high saline area the reduced value of the above mentioned

characteristics have to be given importance.

The characteristic number of spikelets per panicle which showed high
positive direct effect on grain yield exhibited non-significant correlation. The
diminished correlation coefficient of number of spikelets per panicle with yield
compared to its high direct effect might be due to the combined effects of its
negative indirect effects via. flowering stage spikelet sterility percentage, survival
per cent, and number of internodes; seedling stage survival per cent, plant height
and number of tillers. Next highest positive direct effect on grain yield was
contributed by seed setting per cent and leaf Na / K ratio at flowering, the highest
direct effect exerted may be due to the high positive significant genotypic
correlation of these characteristics with yield. The characteristics filled grains per
panicle and leaf sulphate content at flowering stage exerted the highest negative
direct effect on yield, but their correlation with yield is positive and non-
significant at genotypic level. This may be due to high positive indirect effect of
filled grains per panicle via. flowering stage sterility per cent, survival per cent,
leaf Na / K ratio and number of internodes, seedling stage survival per cent and
flowering stage leaf sulphate content via. flowering and seedling stage leaf

proline content.

Correlation and path analysis studies conducted in the present
investigation reveals that, in yield and salinity tolerance improvement

programmes of rice, breeder should give emphasis for number of spikelets per
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panicle, leaf Na / K ratio at flowering, number of filled grains per panicle,
survival per cent at seedling and flowering, seed setting percentage, leaf proline
content at seedling and flowering, leaf sulphate content at seedling and flowering,
leaf potassium content seedling and flowering, root volume at seedling and
flowering, RWC at seedling, leaf calcium content at seedling and flowering, root
CEC at seedling and flowering, uppermost internodal length at flowering, 1000

grain weight and number of productive tillers per plant.

Single physiological mechanism is not sufficient to achieve high-
tolerance, combining multiple mechanisms may be well effective. Hence, to
develop variety with high-level tolerance for salinity, parents having different
physiological mechanisms have to be identified and hybridized to get
complementary mechanism in one individual. In the present programme the
genotypes identified for various physiological traits responsible for salinity
tolerance can be utilized as parents in feature breeding programmes for

development of more robust saline tolerant varieties.

On visual observation basis it was revealed that non-lodging trait is

correlated with biomass, plant height, root volume and root length.

Yeo and Flowers (1986) opined that resistance to salinity is conferred not
by any single attribute, but is the sum of a number of factors all of which
contribute to the overall resistance, and all of which may vary within and between
varieties. These factors include the entry of sodium and chloride ions into the
tissue, the ability to direct the ions to older, rather than younger leaves and
tolerance of ions once in the tissues. Hence it was suggested that the salt
resistance can be increased by selecting separately for underlying physiological

characteristics and combining them.
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5.3. Identification of salinity tolerance mechanism in tolerant genotypes

Table. 47. Salinity tolerance mechanism of rice genotypes taken for the study

AA[BB|CC|DD |[EE|FF|({GG{HH (U] |KK|LL|MM|NN|OO|PP|QQ|RR
A fx * % X % X * x x [ * | * * x * x * b x
B |* X x x x * * * * | * | * * = * x * * X
C|* * x x * . * » [ % | * * X * x * x x
D> X x X X X % x | * | % X x * x * * X
E | x % * X * X X X X x bt * X x X * x
F | * x x x x * * * * [ x | * * * » * * * *
G| x * * X X x X % x | x | * X ¥ X * X % *
H|* * X x * * % X X | x | * * X * X x * x
1 * # X * * L * * x | * ¥ X X * X * X X
J * * X x " X X X * x| x % x X x * X X
K * * * * ¥ * x L * * * * * * * * Y3 x
L * * * * * * * * * * * * * * ® * * x
M| x x * * * * * * £ [ * [ = * * * *® * * %
N [ * x * * * * * * x | * | * x x * x x * x
Q| x X * * * * x * x | x | x X x * - ¥ * -
Pl x X * * * * * ] » x| x % x * - * * -
Q| x X * * * * * * x x| x X * * - * X -
R | x x x * * x * . ' NERE [ * t - ] X -
S x 3 * * * * X X ¥ | x | * x x * - * X -

*= Favourable for salinity tolerance x= Not favourable for salinity tolerance -=Not estimated

A= number of tillers at flowering, B=plant height at seedling, C= plant height at flowering, D=uppermost
internodal length, E=SLA at seedling, FFRWC at seedling, G=SCMR at seedling, H=biomass at flowering,
"I=root length seedling, J=root length flowering, K= proline content at both seedling and flowering,
L=survival % at seedling and flowering, M=leaf Na / K ratio at seedling and flowering, N= root CEC at
seedling and flowering, O=spikelets per panicle, P=filled grains per panicle, Q=sterility %, R=seed setting %,
$= grain yield.

AA= Kuthiru, BB= Orkayama, CC= Ezhome-1, DD= Ezhome-2, EE= Ezhome-3, FF= JO-532-1 (Ezhome-4),

GG= JK-15, HH= JK=59, ]I= JO-583, JJ= Chettivirippu, KK= Cherivirippu, LL= Vytilla-1, MM= Vytilla-6,
NN=Pokkali, OO=FL-478, PP=Nona Bokra, QQ= IR=29, RR= Iyothi.

Salinity tolerance characteristic is a complex trait of various
morphological/physiological/biochemical mechanisms which will vary with
genotypes. The various mechanisms that might have prevalent in the 16 saline

tolerant genotypes used in the present study are depicted below (Table 47). The
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probable salinity tolerance mechanism, involving morphological, physiological
and biochemical parameters, of 16 saline tolerant genotypes used in the study is
appraised based on variation, correlation and path analyses studies. Considering
the 19 favorable salinity tolerance ‘Pokkali’ ranked first (16) followed by ‘Nona
Bokra’ (15); ‘Cherivirippu’, ‘Ezhome-3’, ‘Ezhome-4’(14); ‘JK59°, JK15°(12);
‘Chettivirippu’(11); and ‘JO583’,"Kuthiru’, ‘Ezhome-1’, ‘Ezhome-2°(10). Hence
these genotypes having different physiological/biochemical parameters conferring
salinity tolerance can be considered as parents for future salinity tolerance
breeding programmes. The remaining other saline tolerant genotypes possessing
less than 50% of mechanisms studied are namely ‘Orkayama’, Vytilla-1, Viytilla-
6, and FL478. Out of this Orkayama is the popularly grown traditional variety of
saline acidic Kaipad. This indicates that Vytilla-1, Vytilla-6, and FL478 which are
saline tolerant varieties developed based on ‘Pokkali’ genotype are comparatively
susceptible to acidic Kaipad soil. It also reveals that the salinity tolerance
mechanism in ‘Orkayama’ may be different which is in conformity with the report
of Vanaja and Mammootty (2010) based on molecular study. The international
saline susceptible variety ‘IR 29’ possesses 10 favorable mechanisms for salinity
tolerance indicating that this genotype is tolerant to acidic saline soils. ‘Jyothi’
varieties of Kerala possess only two mechanisms confirming the susceptible

nature of the genotype in saline acidic Kaipad.



SUMMARY



6. SUMMARY

The present investigation of ‘Trait(s) for salinity tolerance, non-lodging and
high yield of rice in Kaipad soi! of Kerala® was conducted in the Department of
Plant Breeding and Genetics, College of Agriculture, Padannakkad, Kerala
Agricultural University during 2014- 2016. Two field trials were laid out during
Kharif season of 2015 in the naturally organic saline Kaipad rice tract in Ezhome
Grama Panchayath of Kannur district, Kerala and one field trial in the same
season in the non saline wetland of Regional Agricultural Research Station
(RARS), Pilicode of Kerala Agricultural University.

The investigation was conducted for identification of most correlated
morphological, physiological and biochemical trait(s) associated with salinity
tolerance, high yield and non-lodging at seedling and reproductive stages in
Kaipad soil.

The materials comprised of 18 rice genotypes which includes, saline
tolerant traditional land races of Kaipad tract (Kuthiru and Orkayama), improved
saline tolerant varieties of Kaipad (Ezhome-1, Ezhome-2 and Ezhome-3),
improved saline tolerant breeding lines of Kaipad (JO532-1, JK 15, JK 59 and JO
583), saline tolerant traditional land races of Pokkali tract (Chettivirippu and
Cherivirippu), improved saline tolerant Pokkali varieties (Vytilla-1 and Vytilla-6),
international saline tolerant varieties (Pokkali, FL-478 and Nonabokra),
international saline susceptible variety (IR-29) and saline susceptible popular
variety of Kerala (Jyothi).

Eighteen rice genotypes were raised in Kaipad rice field of low and high
saline soils and in non-saline soil at Regional Agricultural Research Station
(RARS), Pilicode during Kharif 2015 in a randomized block design with two
replications. In Kaipad fields the management was naturally organic and in non
saline field organic management was done. Observations on morphological,

physiological, biochemical and yield parameters were recorded on 10 randomly
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selected plants in each replication for each treatment leaving the border rows.
Observations were taken as per the ‘Standard Evaluation System for Rice’ (IRRI,
1996) on plant height, number of tillers, survival per cent, specific leaf area,
relative water content, stomatal conductance and resistance, SCMR, root length,
root volume, biomass, root shoot ratio; proline, calcium, sodium, chloride,
potassium and sulphate content in leaf, shoot and root, root CEC characteristics at
both seedling and flowering stages; number of internodes and uppermost
internodal length characteristics at flowering stage and number of productive
tillers per plant, number of ﬁlled grains per panicle, number of spikelets per
panicle, seed setting per cent, sterility per cent, length of panicle, 1000 grain
weight, grain yield per plot, straw yield per plot, lodging/non-lodging, orientation
of flag leaf and duration of crop at harvesting. Soil analysis of low and high
saline Kaipad tracts was separately carried out for 12 months. The data on plant
observations were subjected to statistical analyses of variance, correlation and
path. |

The salient findings of the study are:

1. Soil analyses showed that high saline Kaipad tract is with the soil properties of
high pH (3.6-4.7), EC (11.34-16.03), CEC (11.67-13.7), exchangeable cations
(2.89), ESP (5.6-7.8), SAR (14.6), chloride (2.3-3.7 mg/kg soil) and sulphate
(0.226 mg/kg soil) and low saline Kaipad tract with soil properties of pH (4.37-
5.86), EC (2.46-5.846), CEC (12.3-16.6), exchangeable cations (2.66), ESP
(3.7-5.2), SAR (13.2), chloride (1.21-1.92 mg/kg soil) and sulphate (0.245

mg/kg soil)

2. The analysis of variance showed significant difference between varieties in all
three soil conditions for most of the characteristics studied showing the high
variability existing between selected genotypes for the study. There was
significant genotype environment interaction effect for most of the
characteristics indicating that the performance of genotypes vary with changing

soil stress environment.
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3. In high saline organic Kaipad of high pH (3.6-4.7 ) and EC (11.34-16.03), the
highest grain yield was recorded for the genotypes ‘JO-532-1° (3450 kg/ha )
followed by ‘JO-583° (3193.67 kg/ha), ‘Nona Bokra® (2016.5 kg/ha), ‘Ezhome-
1> (1747.50 kg/ha, ‘Ezhome-2" (1224.5 kg/ha) and ‘Cherivirippu’ (1240 kg/ha).
In low saline organic Kaipad of 4.37-5.86 pH and 2.46-5.846 EC, the highest
grain yield was recorded for the genotypes ‘Orkayama’ (4792.25 kg/ha)
followed by ‘JK-59° (3827 kg/ha), ‘Vytilla-6’ (3500 kg/ha), ‘Nona Bokra’
(3455 kg/ha), ‘JO-583 (3355.34 kg/plot), ‘JO-532-17 (3428.19 kg/ha), ‘Pokkali’
(3215.8 ka/ha) and ‘Ezhome-1 (3033 kg/ha). In non saline wetland under
organic management, the highest grain yield was recorded for the genotypes
‘Ezhome-2’ (2833.64 kg/ha), ‘Ezhome-3 (2611.12 kg/ha) and “JK-15° (2493.23
kg/ha) followed by “Vytilla-6* (2305.92 kg/ha) and ‘Vytilla-1” (2092.92 kg/ha).

4, The non-lodging genotypes ‘J0O-583°, ‘Ezhome-3’ and ‘Ezhome-2’ showed
significantly higher yield in saline and non saline conditions indicating the
reliability of these genotypes in changing soil stress conditions and also
presence of structural gene(s) for yield trait. The farmers can use the seeds of
these varieties in non saline as well as saline rice tracts. At the same time the
genotype ‘JO-532-1’ recorded significantly higher yield in saline acidic soil but
poor yield in non saline wetland pointing out the fact that this genotype requires
stress signal to induce higher yield. Further, the genotypes ‘Orkayama’ and
‘JK-59° showed significantly higher yield only in low saline but poor yield in
both high saline and non saline rice tracts may be these genotypes are tolerant to
low salinity and require low salinity signal for yield induction but less tolerant
to high salinity.

5. In high saline Kaipad, ‘FL. 478’ one of the saline tolerant international varieties
decayed after flowering indicating that it is susceptible to high acidic saline
Kaipad soil at reproductive stage. It is further confirmed by the presence of only
four number of salinity tolerance mechanisms out of 19. At the same time, among
the two saline susceptible varieties ‘IR 29’ and ‘Jyothi’, in high saline Kaipad
susceptible variety of Kerala ‘Jyothi’ decayed after flowering but not ‘IR29’
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pointing out the fact that ‘Jyothi’(red rice) variety is more susceptible than the
international saline susceptible variety ‘IR 29°(white rice) in Kaipad acidic saline
soil. This result is again confirmed from the fact that Jyothi possessed only two
salinity tolerance mechanisms out of 19, but IR 29 possessed 10 tolerance

mechanisms.

6. Vytilla -1, Vytilla-6, and FL478 which are saline tolerant varieties developed

based on ‘Pokkali’ genotype are comparatively susceptible to acidic Kaipad soil.

7. Salinity tolerance mechanism in ‘Orkayama’ may be different from the other

saline tolerant genotypes.

8. Out of forty five parameters studied under high saline condition, parameters
namely, root volume, leaf calcium , leaf potassium ,leaf proline, root CEC,
number of tillers and survival per cent at seedling and flowering stages; SCMR
at seedling stage ; and seed setting per cent, leaf Na / K ratio and uppermost
internodal length at flowering stage showed both positive significant genotypic
correlation and high direct effect with grain yield plant”. Hence these are the
traits for tolerance to salinity as well as for higher yield, improvement of which
can be considered for developing saline tolerant as well as high yielding
genotypes. The highest degree of significant positive association at genotypic
level between survival per cent and grain yield suggests that survival per cent is a
highly reliable component of yield in saline condition and can very well be

considered as an indicator of yield as well as salinity tolerance.

9. On the basis of visual observation the characteristics correlated to the trait non-

lodging are biomass, plant height, root length and root volume.

10. The probable salinity tolerance mechanism, involving morphological,
physiological and biochemical parameters, of 16 saline tolerant genotypes used in

the study is appraised.

11. In rice generally the characteristics number of productive tillers plant™,

number of filled grains panicle”, and 1000 grain weight are important yield
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component characteristics. But in the present study these were seen non-
significantly correlated with grain yield in high-saline condition. This points to
the fact that while selecting genotypes for yield in saline condition we should go

for an optimal level of the above mentioned characteristics.

10. Based on variation, correlation and path analyses studies, the genotypes which
can be selected as parents for future salinity tolerance breeding programmes are
Pokkali’, ‘Nona Bokra’, ‘Cherivirippu’, ‘Ezhome-3°, ‘Ezhome-4°, ‘JK59°, *JK15°,
‘Chettivirippu’, ‘JO583°,’Kuthirw’, ‘Ezhome-1°, and ‘Ezhome-2’.



REFERENCES



7. REFERENCE

Abeysiriwardena, D.S and De, Z. (2004). A simple screening technique for
salinity tolerance in rice: germination rate under stress. Int. Rice Res.

Notes. 29(2): 78-79.

Abdelbagi, Ismail, M., Platten, T.D., and Miro, B. 2013. Physiological loses of
tolerance of abiotic stresses in rice and mechanisms of adaption. Oryza.
50(2):91-99.

Abdullah. Z., Khan, M.A., and Flowers, T.Z. 2001. Causes of sterility in seed set
of rice under salinity stress. J. Agron. Crop Sci. 167 (1):25-32.

Afridi, M.R.K,, Ali, R.S., and Dwivedi. 1988. Effect of salinity and sodicity on
growth and ionic composition of Oryza sativa and Diplachne fusca. Indian
J. Bot. Soc. 67(1-2):166-172.

Akbar. M., Yabuno, T., and Nakao, S. 1972. Breeding for saline-resistant
varieties of rice. Jpn. J. Breed. 22: 277-284.

Akhtar, N., Nazir, M.F,, Rabnawaz, A., Mahmood, T., Safdar, M.E., Asif, M. and
Rehman, A., 2011. Estimation of heritability, correlation and path
coefficient analysis in fine grain rice. The J. Anim. Pl. Sci. 21(4):660—664.

Alam, M.Z., Stuchbury, T., Naylor, R.E.L and Rashid, M.A (2004). Effects of
salinity on the growth of some modern rice cultivars. J. Agron. 3(1): 1-10.

Ali, Y., Aslam, Z., Awan, A.R., Hussain, F and Cheema, A.A. (2004b). Screening
rice (Oryza sativa L.) lines / cultivars against salinity in relation to
morphological and physiological traits and yield components. Int. J.
Agric. and Biol. 6(3): 572-575.

Ali, Y.Z., Aslam, Ashraf, M.Y., and Tahir, G.R. (2004a). Effect of salinity on

chlorophyll concentration, leaf area, yield and yield components of rice



154

genotypes grown under saline environment. Int. J. Environ. Sci. Technol.

1(3): 221-225.

Allam, C.R., Jaiswal, H.K. and Qamar, A. 2015. Character association and path
analysis studies of yield and quality parameters in basmati rice (Oryza sativa
L.). The bioscan. 9(4): 1733-1737.

Anbanandan, V., Saravanan, K. and Sabesan, T. 2009. Variability, heritability and
genetic advance in rice (Oryza sativa L.). Int. J. Plant Sci. 4(1): 61-63.

Ansari, R., A. Shereen, S.M. Alam, T.J. Flowers and A.R. Yeo. 2003. Breeding
for salt tolerance in rice. In : Khush, G.s., Brar, D.S., and Hardy, B. (eds.),
Advances in Rice Genetics. Supplement to rice Genetics IV. Proceedings of
the Fourth International Rice Genetics Symposium. IRRI. Los Banos,
Philippines. pp 8-10.

All-India Area, Production and Yield of Rice. All India rice export association.
(hitp://www.airea.net/).

Annual vital statistics report — 2010. Directorate of economics and statistics

Government of Kerala.

Asch, F,, Dingkuhn, M., and Dérffling, K. 1997, Effects of transpiration on
sodium and potassium distribution in salt—stressed irrigated rice. J. Exp.
Bot. 48:39.

Awala, S.K., Nanhapo, P.L., Sakagami, J.I., Kanyomeka, L and Lijima, M. 2010.
Differential salinity tolerance among Oryza glaberrima, Oryza sativa and
their interspecies including NERICA. Plant Prod. Sci. 13(1): 3-10.

Babu, V.R., Shreya, K., Dangi, K.S., Usharani, G. and Shankar, A.S. 2012.
Correlation and path analysis studies in popular rice hybrids of India. Int. I.
Scient. Res. Publs. 2(3): 1-5.

Barua, R., Ocampo, M.D., Egdane, J., Abdelbagi M., Ismail., and Mondal, S.
2015. Phenotyping rice (Oryza sativa L.) genotypes for physiological traits


http://www.airea.netA

155

associated with tolerance of salinity at seedling stage. Sci. Agri. 12(3) :
156-162.

Bhargava, B.S. and Raghupathi, H.B. 1995, Analysis of plant material for macro
ans micronutrients. In: Tandon, H.L.S. (ed.), Methods of analysis of soils,
plants, water and fertilizers. Malhotra publishing house, New Delhi, pp.
61-62.

Bonilla, P., Dvorak, J., Mackill, D., Deal, K., and Gregorio, G. 2002. RFLP and
SSLP mapping of salinity tolerance genes in chromosome 1 of rice (Oryza
sativa L.) using recombinant inbred lines. J. Agric. Sci. 85: 68-76

Chakrabarty, A.K. and Chattopadhyay, N.C. (2000). Effect of salt stress on

germination, seedling growth and amylolytic activity of rice cultivars.
Oryza. 37(1): 32-34.

Chandra, B.S., Reddy, T.D., Ansari, N.A. and Kumar, S.S. 2009. Correlation and
path analysis for yield and yield components in rice (Oryza Sativa L.).
Agric. Sci. Digest. 29(1):45-47.

Chandramohanan, K.T. and Mohanan, K.V. 2012, Kaipad rice forming in north
Kerala and indigenous saline resistant organic farming system. Indian J.
Tradit. Knowl. 11(1): 185-189.

Chandramohanan, K.T., Radhakrishnan, V.V., Joseph, E.A., and Mohanan, K.V.
2014. A study on the effect of salinity stress on the chlorophyll content of
certain rice cultivars of Kerala state of India. Agric. For. Fish. 3(2): 67-70.

Colmer, T.D., Munns, R., and Flowers, T.J. 2005. Improving salt tolerance of
wheat and barley: future prospects. Aust. J. Exp. Agric. 45:1425-1443.

Dubey, R.S. and Sharma, K.N. 1989. Acid and alkaline phosphates in rice
seedlings growing under salinity stress. Indian J. Plant Physio. 32(3): 217-
223,



156

Flowers, T. J. and Flowers, S.A. 2005. Why does salinity pose such a difficult
problem for plant breeders. Agr.Water Manage. 78: 15-24.

Gautam, A.R., Khan, A.H., Pal, C., Kalpana., and Singh, A.K. 2015. Effect of
different levels of salinity on morpho—physiological traits of rice (Oryza
sativa L.) vatieties relation with grain yield. Int. J. Sci. Res. 4(6): 1868
1873.

Ghanbari—Malidarreh, A., Habibi, E., and Mobasser, H. 2012. Response
Morphological Traits Related-lodging of Rice (Oryza sativa L.) to
Chlormequat Chloride Application Time and Nitrogen Rates in the North
of Iran. In: Abstracts, International Conference on Agriculture, Chemical

and Environmental Sciences. p. 69-72.

Ghosh, N., Adak, M.K., Ghosh, P.D., Gupta, S., Sen Gupta, D.N., and Mandal, C.
2011, Differential response of two rice varieties to salt stress. Plant
Biotechnol. Rep. 5: 89-103.

Gill, K.S. 1990. Ionic mechanism of salt resistance in wild and cultivated rice.
Oryza. 27: 177-182.

Gilmour, S.J., Sebolt, A.M., Salazar, M.P., Everard, J.D., and Thomashow, M.F.
2000. Overexpression of the Arabidopsis CBF3 transcriptional activator

mimics multiple biochemical changes associated with cold acclimation.
Plant Physiol. 124: 1854—1865.

Govindaraju, P. and Balakrishanan, K. 2002. Effect of salinity in certain exzyme

activity, physiological traits and yield of rice cultivars. Madras Agric. J.
89(1-3): 67-69.

Gregorio, G.B. 1997. Tagging salinity tolerance genes in rice using amplified
fragment length polymorphism (AFLP). PhD. thesis, University of the
Philippines, Los Banos Philippines. 118 p.



157

Gregorio, G.B., Senadhira, D., Mendoza, R.D., Manigbas, N.L., Roxas, J.P., and
Guerta, C.Q. 2002. Progress in breeding for salinity tolerance and
associated abiotic stress in rice. Fld. Crops Res. 76: 91-101.

Hakim M.A., Juraimi, A.S., Begum, M., Hanafi, M.M., Mohd Ismail, R and
Selamat, C. 2010. Effect of salt stress on germination and on germination
and early seedling growth of rice (Oryza sativa L.). Afr. J. Biotechnol.
9(13): 1911-1918.

Hakim, MLA., Juraimi, A.S., Hanafi, M.M., Ali, E., Ismail, M.R., Selamat, A., and
Karins, S.M.R. 2014. Effect of salt stress on morpho—physiology,
vegetative growth and yield of rice. J. Environ. Biol. 35: 317-326.

Haq, T., Akhtar, J., Nawaz, S and Ahmed, R. 2009. Mofpho—physiological
response of rice (Oryza Sativa L.) varieties to salinity stress. Pakist. J.
Botany. 41(6): 2943-2956.

Hasamuzzaman, M., Fujita, M., Islamm, M.N., Ahamed, K.U., and Nahar. K.
2009. Performance of four irrigated rice varieties under different levels of
salinity stress. Int. J. Integ. Biol. 6(2): 85-89.

Idris, E., Justin, F.J., Dagash, Y.M.L. and Abuali, A.I. 2012. Genetic variability
and inter relationship between yield and yield components in some rice
" genotypes. Am. J. Exp. Agric. 2(2): 233-239.

Issac, R.A. and Kerber, J.D. 1971. Atomic absorption and flame photometry
techniques and uses in soil, plant and water analysis. In: Walsh, L.M.
(ed.), Instrumental methods for analysis of soil and plant tissue. Soil
Science Society America, Madison, USA, pp. 17-37.

Islam, M.R., Salam, M.A., Bhuiyan, M.A.R., Rahman, M.A., Yasmeen, R.,
Rahman, M.S., Uddin, MK., Gregorio, G.B., Ismail, A.M. 2008. BRRI
Dhan47: A salt tolerant rice variety for Boro Season isolated through
Participatory Variety Selection. Int. J. Bio. Res. 5(1): 1-6.



158

Islam, M.R. and Gregorio, G.B. 2013. Progress of salinity tolerant rice variety
development in Bangladesh. SABRAO J. Breed. Genet. 45(1): 21-30.

Islam, M.Z. and Mia, B.M.A. 2007. Effect of different saline levels on growth and
yield attributes of mutant rice. J. Soil Nat. 1(2): 18-22.

Islam, M.R., Salam, M.A., Hassan, L., Collard, B.C.Y., Singh, RK., and
Gregorio, G.B. 2011. QTL mapping for salinity tolerance at seedling
stage in rice. Emir. J. Food Agric. 23(2):137-146.

Islam, M.R., Gregorio, G.B., Salam, M.A., Collard, B.C.Y., Singh, RK., and
Hassan, L. 2012. Validation of SalTol linked markers and haplotype
diversity on chromosome 1 of rice. Mol. Plant Breed. 3(10): 103114,

Ismail, A.M., Platten, J.D., and Miro, B. 2013. Physiological bases of tolerance of

abiotic stresses in rice and mechanisms of adaption. Oryza. 50(2): 91-99.

Jackson, M.L. 1958. Soil chemical analysis. In Cliffs, EN.J. (ed.), Soil Sci.
University of Wisconsin, Madison. USA, pp: 89-102.

Karim, N.H. and Haque, M.Z. 1986. Salinity tolerance at the reproductive stage of
five rice varieties. Bangladesh J. Agric., 11(4): 73-76.

Karpagam, V., Jebaraj, S., Rajeswari, S. and Vanniarajan, C. 2014. Role of root
and yield characters under drought stress in rice (Oryza sativa L.). Electronic
J. PL. Breed. 5(4): 760-764.

Khatun S., Rizzo, C.A., and Flowers, T.J. 1995. Genotypic variation in the effect
of salinity on fertility in rice. Plant Soil. 173: 239-250.

Kole, P.C., Chakraborty, N.R. and Bhat, J.S. 2008. Analasis of variability,

correlation and path coefficients in induced mutants of aromatic non-—

basmati rice. Trop. Agric. Res. Ext. 11: 60-64.

Kumar, C. and Nilanjaya. 2014. Correlation and path coefficient analysis of yield

components in aerobic rice (Oryza sativa L.). The Bioscan. 9(2): 907-913.



155

Latif, R., Imran, M., and Khalid, R. 2009. Effect NaCl salinity on ionic
composition of rice (Oryza sativa L.). Pakist. J. Agric. Res. 22: 34.

Lee, K.W., Choi, J.K., Kim, T., and Gregorio, G.B. 2003. Salinity tolerance of
japonica and indica rice (Oryza sativa L.) at the seedling stage. Planta.
216(6): 1043-1046.

Lutts, S., Kinet, ].M., and Bonharnoont, J. 1996. Effects of salt stress on growth,
mineral nutrition and proline accumulation in relation to osmotic
adjustment in rice (Oryza sativa L.) cultivars differing in salinity
resistance. Plant Grow. Reg. 19; 207-218.

Mahajan, S. and Tuteja, N. 2005. Cold, salinity and drought stresses: An
overview. Arch. Biochem. Biophys. 444:139-158.

Mandal, A.B. and Pramanik, S.C. 1995. In vitro studies on salt tolerance of three
rice races in Bay Islands. J. Indian Soc. Coastal Agric. Res. 13(2): 127~
131.

Maiti, R.K., Gonzalez, R.H., Yadav, V.K., Kasim, W.A., and Vidyasagar, P.
2009. Salt tolerance of nine rice hybrids and their parents at the seedling
stage. Int. J. Agric, Environ. Biotechnol. 2(3): 199-205.

Mass, E.V. and Poss, J.A. 1989. Salt sensitivity of wheat at various growth stages.
Trrig. Sei. 10: 2940,

Massouni, A. and Comfiled, A-H. 1963. A rapid method for determination of
sulphate in water extracts of soil. Aust. J. Agric. Res. 88: 321-322.
Mishra, B., Singh, R.K., and Battacharya, R.K. 1992. CSR 10, a newly released
dwarf rice for salt affected soils. Int. Rice Res. Newsl. 17:19.

Mishra, B., Singh, R.K., and Senadhira, D. 1997. Enhancing genetic resources and
breeding for problem soils. www.idrc.ca/books/focus/833/mishra.html.

International Development Research Centre, Ottawa, Canada.


http://www.idrc.ca/books/focus/833/mishra.html

160

Mishra, B., Singh, RK., and Senadhira. D. 2003. Advances in breeding salt
tolerant rice varieties. In : Khush, G.S., Brar, D.S., and Hardy, B. (eds)
Advances in Rice Genetics. Supplement to rice Genetics IV. Proceedings
of the Fourth International Rice Genetics Symposium, IRRI. Los Banos,
Philippines. pp 5-7.

Misra, N. and Dwivedi, UN. 2004. Genotypic difference in salinity tolerance of
green gram cultivars. Plant Sci. 166:1135-1142.

Mitsui, S. and Ueda, M. 1963. Cation exchange capacity of crop roots in relation
with ion uptake. Soil Sci. Plant Nutr. 9(1): 6~12.

Mobasser, H. R., Yadi, R., Azizi, M., Ghanbari, A.M., and Samdaliri, M. 2009.
Effect of Density on Morphological Characteristics Related—Lodging on
Yield and Yield Components in Varieties Rice (Oryza sativa L.) In Iran.
American—Eurasian J. Agric. & Environ. Sci. 5(6): 745-754.

Mohammadi-Nejad, G., Singh, RK., Arzani, A., Rezaie, A.M., Sabouri, H., and
Gregorio, G.B. 2010. Evaluation of salinity tolerance in rice genotypes.
Int. J. Plant Prod. 4(3): 199-208.

Moradi, F., Ismail, A.M., Gregorio, G.B and Egdane, J.A. 2003. Salinity tolerance
of rice during reproductive development and association with tolerance at

the seedling stage. Indian J. Plant Physiol. 8: 105-116.

Munns, R. and Tester, M. 2008. Mechanisms of salinity tolerance. Annual Review
of Plant Biology. 59: 651-681.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant Cell Env.
25:239-250.

Nagaraju, C., Sekhar, R.M., Reddy, H.K. and Sudhakar, P. 2013. Correlation
between traits and path analysis coefficient for grain yield and other
components in rice (Oryza sativa L.) genotypes. Int. J. Appl. Biol.
Pharmaceutical Technol. 4(3):137-142.



161

Najeeb, S. and Wani, S.A. 2004. Correlation and path analysis studies in barley.
Nath. J. PlantImprov. 6(2): 124-125.

Natarajan, S.K., Ganapathy, M., Nagarajan, R., and Somasundram. S. 2005.
Screening of Rice Acessions for Yield and Yield Attributes Contributing
to Salinity Tolerance in Coastal Saline Soils of Tamil Nadu, South India.
Asian J. Plant Sci. 4: 435-437.

Nayak, A.R., Chaudary, D., and Reddy, J.N. 2001.Correlation and path analysis in
scented rice (Oryza sativa L.). Indian J. Agric. Res. 35(3):186-189.
Negrao, S., Courtois, B., Ahmadi, N., Abreu, L, Saibo, N., and Oliveira, M.M.
2011. Recent updates on salinity stress in rice: from physiological to
molecular responses. Crit. Rev. Plant Sci. 30: 329-377.

Negrao, S., Almadanim, M.C., Pires, 1.S., Abreu, L.A., Maroco, J., Courtois, B.,
Gregorio, G.B., McKnally, X.I.., and Oliviera, M.M. 2012. New allelic
variants found in key rice salt-tolerant genes: an association study. Plant
Biotech. J. 11(1):87-100.

Ninsuwan, U., Porsirikan, P., Jundee, N., and Puima, N. 2013. Identification of
salt tolerance in Thai Indigenous rice on the basis of the Na/K ratio and
salt stress response. Asian J. Plant Sci. 12(6-8): 247-251.

Nautiyal, P.C., Rao, R.C.N., and Joshi, Y.C. 2002. Moisture—deficit-induced
changes in leaf~water content, leaf caarbon exchange rate and biomass
production in groundnut cultivars differing in specific leaf area. Field
Crops Res. 74: 67-79.

Ojo, D.K., Omikunle, O.A., Ajala, M.O. and Ogunbayo, S.A. 2006. Heritability,
character correlation and path coefficient analysis among six-linked of
maize. Wid. J. Agri. Sci. 2: 352-358.

Palao, C.D.C., Vina, C.B.D., Gregorio, G.B., and Singh, R.K. 2013. A new
phenotyping techniques for salinity tolerance at the reproductive stage in
rice. Oryza, Int. J. Rice. 50(3): 199-207.



162

Pearson, G. A. 1959. Factors influencing salinity of submerged soils and growth
of Caloro rice. Soil Sci. 87: 198-206.

Peiris, B.D. and ]Singhe, R.A. 1993. Effect of sodium chloride salinity on
chlorophyll content in rice (Oryza sativa L.) leaves. Indian J. Plant
Physiol. 36(4): 257-258.

Plett, D., Safwan, G., Gilliham, M., Moller. LS., Roy, S., Shirley, N., Jacob. A.,
Johnson, A., and Tester, M. 2010. Improved salinity of rice through cell
type specific expression of AtHKT1;1. PLoS One. 5(9):1-8.

Pareek, A., Snehalata, S., and Grover, A. 1998. Protein Alterations associated
with salinity, dessication due to high and low temperature stress and
abscisic acid application in seedlings of Pusa 169 a high yielding rice
(Oryza sativa L.) cultivar. Curr. Sci. 75(10): 1023-1028.

Radhidevi, R.P., Nagarajan, P., Shanmugasundram, P., Chandrababu, R., Jayanthi,
S. and Subramani, S. 2002, Combining ability analysis in three line and two
line rice hybrids. Plant Arch. 2: 99-102.

Rahman, M.S., Miyake, H., and Taheoka, Y. 2001. Effect of sodium chloride
salinity on seed germination and early seedling growth of rice (Oryza
sativa L.). Pak. J. Biol. Sci. 4(3): 351-355.

Rahmanzadeh, S., Kazemitabar, K., Yazdifar, S., and Jafroudi, A.T. 2008.
Evaluation of rice (Oryza sativa L.) cultivars response to salinity stress
through greenhouse experiment and tissue culture technique. Asian I,
Plant Sci. 7(2): 207-212.

Rajput, J.C., Pandit, 8.8, Patil, S.S and Patil, V.H. (1996). Variability, heritability
and inter—relationship of important quantitative characters in Brinjal.
Annals Agric. Res. 17: 235-240.



163

Ramakrishnan, S.H., Anandakumar, C.R., Saravanan, S. and Malini, N. 2006.
Association analysis of some yield traits in rice (Oryza sativa L.). J. Appl.
Sci. Res. 2(7): 402-404.

Rao, P.S., Mishra, B., Gupta, S.R., and Rathore, A. 2008. Reproductive stage
tolerance to salinity and alkalinity stresses in rice genotypes. Plant Breed.
3(127): 256-261.

Razzaque, M.A., Talkder, N.M., Islam, M.S., Bhadra, A.K., and Dutta, R.K. 2009.
The effect of salinity on morphological characteristics of seven rice (Oryza
sativa) genotypes differing in salt tolerance. Pakist. J. Biol. Sci. 12(5):
406—412.

Reddy, G.E., Suresh, B.G., Sravan, T. and Reddy, P.A. 2013. Interrelationship
and cause effect analysis of rice genotypes in northeast plane zone. The
Bioscan. 8(4): 11411144,

Reddy, M.A., Francies, R., Rasool, S.K.N., and Reddy, V.R.P. 2014. Breeding for
tolerance to stress triggered by salinity in rice. Int. J. Appl. Biol.
Pharmacentical Tech. 5(1): 167-176.

Ren, Z.H., Gao, 1.P,, Li, L.G., Cai, X.L., Huang, W., Chao, D.Y., Zhu, M.Z.,
Wang, Z.Y., Lua, S., Lin, H.X. 2005. A rice quantitative trait locus for salt

tolerance encodes a sodium transporter. Nat. Genet. 37:1141-1146.

Roy, D., Bhunia, A., Basu, N., Chakraborty, A., and Banerjee, S.K. 1992.
Influence of Nacl stress on phytase and nuclease activities in germinating
seed of two rice varieties. Indian J. Plant Physiol. 35(3): 213-217.

Roy, P., Niyogi, K., Sengupta, D.N., and Gosh, B. 2005. Spermidine treatment to
rice seedlings recovers salinity stress—induced damage of plasma
membrane and PM bound H+—ATPase in salt-tolerant and salt-sensitive
rice cultivars. Plant Sci. 168:583-591.



164

Roy, S., Tucker, E.J., and Tester, M. 2011. Genetic analysis of abiotic stress

tolerance in crops. Curr. Opin. Plant Biol. 14:1-8.

Roy, S.K., Patra, S.K., and Sarkar, K.X. 2002, Studies on the effect of salinity
stress on rice (Oryza sativa L.) at seedling stage. J. Interacademicia. 6(3):
254-259.

Sabesan, T., Saravanan, K. and Anandan, A. 2009. Genetic divergence analysis
for certain yield and quality traits in rice (Oryza sativa L.) grown in irrigated
saline low land of Annamalainagar, South India. J. Cent. Eur. Agric.
10(4):405-410.

Sacdipour, S. 2014. Effects of salinity stress on growth, chlorophyll content and
ion accumulation in two indica rice (Oryza sativa L.) cultivars differing in
salinity tolerance. Int. J. Biosci. 4(4): 33—40.

Schimdt, R., Schippers, J.H.M., Welker, A., Mieulet, D., Guiderdoni, E., and
Mueller—Roeber. 2012. Transcription factor OsHsfClb regulates salt—

tolerance and development in Oryza sativa ssp. Japonica. AoB Plants :24—
25.

Saha, P., Chatterjee, P., and Biswas, A.K. 2010. NaCl pretreatment alleviates salt
stress by enhancement of antioxidant defense and osmolyte accumulation
in mungbean (Vigna radiata L. Wilczek). Indian J. Exp. Biol. 48: 593-600

Sairam, R.K. and Tyagi, A. 2004. Physiology and molecular biology of salinity
stress tolerance in plants. Curr. Sci. 86(3): 407—421.

Sankar, D.P., Subbaraman, N., and Narayanan, S.L. 2008. Heterosis, combining
ability and gene action studies in TGMS based rice hybrids under normal
and salt affected environments. Indian J. Agric. Res., 42(3):177-182,

Sarkar, K.K., Bhutia, K.S., Senapati, B.K. and Roy, S.K. 2007. Genetic variability
and character association of quality traits in rice (Oryza sativa L.). Oryza.
44(1): 64-67.



165

Senguttuvel, P., Vijayalakshmi, C., Thiyagarajan, K., Kannanbapu, J.R., and
Viraktamath, B.C. 2013, Physiobiochemical basis of seedling vigour,
Na'/K" ratio and total dry matter production for salinity tolerance in rice
(Oryza sativa L.). Indian J. Agric. Sci. §3(11): 1239-1246.

Sexcion, P.S.H., Egdane, J.A., Ismail, A.M., and Dionisio—Sese, M.L. 2009.
Morpho—physiological traits associated with tolerance of salinity during
seedling stage in rice (Oryza sativa L.). Philipp. J. Crop Sci. 34(2): 27-37.

Shakeela, B., Solangi., Chachar, Q.I., Solangi, A., Chachar, S.D., Solangi, A.B.,
and Solangi, J.A. 2015. Genotypic responses of rice under salinity and
high temperature stresses on seed germination and seedling growth. J.
Agric. Technol. 11(5): 1129-1143.

Sharma, P. and Brar, A.S. 2005. Physiological response of cotton to salinity at
various growth and development stages. Crop Improv. 32(2): 158-169.

Shereen, A., Mumtaz, S., Raza, S., Khan, M.A., and Solangi, S. 2005. Salinity
effects on seedling growth and yield components of different inbred rice
lines. Pakist. J. Bot. 37(1): 131-139.

Shereen, A., Ansari, R., Raza, S., Mumtaz, S., Khan, M.A., and Khan, M.A. 2011.
Salinity induced metabolic changes in rice seeds during germination.
Pakist. J. Bot. 43(3): 1659-1661.

Mahajan, S. and Tuteja, N. 2005. Cold, salinity and drought stresses: An
overview. Arch. Biochem. Biophys. 444:139-158.

Shylaraj, K.S. and Sasidharan, N.K. 2005. VTL5: A high yielding salinity tolerant
rice variety for the coastal saline ecosystems of Kerala. J. Trop. Agric.
43(1-2): 25-28.

Shylaraj, K.S., Sasidharan, N.K., and Sreekumar, V. 2006. VTL6: A semi-tall,
non-lodging, and high yielding rice (Oryza sativa L.) variety for the
coastal saline zones of Kerala. Asian J. Plant Sci. 12(6-8): 247-251.



166

Siringam, K., Juntawong, N., Cha—um, S., and Kirdmanee, C. 2011. Salt siress
induced ion accumulation, ion homeostasis, membrane injury and sugar
contents in salt—sensitive rice (Oryza sativa L. spp. indica) roots under
isoosmotic conditions. Afr. J. Biotechnol., 10(8): 1340-1346.

Subasinghe, A., Nissanka, N.A.A.S.P., and Weerakoon, W.M.W. 2007.
Identification of salt tolerant rice varieties at the seed germination stage
- and its relationship to seed husk thickness and ion absorption. Trop. Agric.

Res. 19: 219-228.

Suriya-Arunroj, D., Supapoj, N., Vanavichit, A., and Toojinda, T. 2005.
Screening and selection for physiological characters contributing to
salinity tolerance in rice. Kasetsart J. Nat. Sci. 39(2): 174-185.

Thomson, M.J.,, Ocampo, M. de., Egdane, J., Rahman, M.A., Sajise, A.G,,
Adorada, D.L., Tumimbang-Raiz, E., Blumwald, E., Seraj, Z.1., Singh,
R.X., Gregorio, G.B., and Ismail, A.M. 2010. Characterizing the SalTol
Quantitative Trait Locus for Salinity Tolerance in Rice. Rice. 3:148—160.

Uddin, IL.M.D., Rashid, HM.D., Khan, N., Perveen, M.S.T.F., Tai, T.H., and
Tanaka, K. 2007. Selection of promising salt tolerant rice mutants derived
from cultivar ‘DREW’ and their anti oxidant enzymatic activity under
stress. SABRAOQ. J. Breed. Genet. 39(2): 89-98.

Vanagja, T., Neema, V.P., Mammotty, K.P., Balakrishnan, P.C., Rajeshkumar, R.,
Jayaprakash, N.B., and Raji, P. 2009. Development of first non—lodging
and high yielding rice cultivar for saline Kaipad paddy tracts of Kerala,
India. Curr. Sci. 96(8): 25.

Vanaja , T. 2013. KAIPAD -a unique, naturally organic, saline prone rice
ecosystem of Kerala, India. American Journal of Environmental
Protection. 2(2) : 42—46.



167

Vanaja, T. 1998. Genetic analysis of high yielding rice genotypes of diverse
origin. Ph.D. (Plant Breeding and Genetics) thesis, Kerala Agricultural
University, Thrissur.

Vanaja, T. and Mammootty. 2010. ‘Kuthiru’ and ‘Orkayama’ newly identified
genetic resources from Krala, India for salinity tolerance in Indica rice.

Nature Proceedings.

Vanaja, T., Neema, V.P., Mammotty, K.P., Balakrishnan, P.C., and Naik, B. J.
2015. The first high yielding saline tolerant rice variety suited to the
Kaipad tidal farming ecosystem of Kerala, India, and suited for flood
prone and water scarce environments: ‘Ezhome—1°. J. Organics. 2(1): 21—
32.

Walia, H., Wilson, C.,, Condamine, P., Liu, X., Ismail, AM., Zeng, L.,
Wanamaker, S.I., Mandal, J., Xu, J., Cui, X,, and Close, T.J. 2005.
Environmental stress and adaptation to stress: comparative transcriptional
profiling of two contrasting rice genotypes under salinity stress during the
vegetative growth stage. Plant Physiol. 139: 822-839.

Wright, S.1923. The theory of path coefficients. Genet. 8: 239-355.

Yeo, A.R. and Flowers, T.J. 1984. Mechanism of salinity resistance in rice and
their role in physiological criteria in plant breeding. In: Staples, R.C. and
Teonniessen, G.H. (ed.), Salinity Tolerance in Plants. John Wiley and
Sons, New York, U.S.A. pp.151-170.

Yeo, A.R. and Flowers, T.J. 1986. Salinity resistance in rice (Oryza sativa L.) and
a pyramiding approach to breeding varieties for saline soils. Aust. J. Plant
Physiol. 13:161-73

Yeo, A.R., Yeo, M.E., Flowers, S.A., and Flowers, T.J. 1990. Screening of rice
(Oryza sativa L.) genotypes for physiological characters contributing to
salinity resistance, and their relationship to overall performance. Theor.
Appl. Genet. 79: 377-384.



168

Yousaf Ali., Aslam, Z., Awan, A.R., Hussain, F., and Cheema, A.A. 2004,
Screening rice lines/cultivars against salinity in relation to morphological

and physiological traits and yield components. Int. J. Agric. Biol. 6(3):
572-575.

Zeng, L. and Shannon, M.C. 2000. Salinity effects on seedling growth and yield
components of rice, Crop Sci. 40: 996-1003.

Zeng, L., Shannon, M.C., and Grieve, C.M. 2002. Evaluation of salt tolerance in

rice genotypes by multiple agronomic parameters. Euphytica. 127: 235~
245,



APPENDIX



169

Weather data during the crop period

[ 128F >

Standard week Temperature (°C) Relative humidity (%) BSS Rainfall | Evap
Max Min | 7.22am | 2.20 pm hours | (mm) °riﬁ°

| (mm)

April-2015 33.07 | 2344 | 86.00 66.00 6.71 1500 | 3.99
May-2015 3250 | 24.50 | 88.14 70.29 3.90 8.10 | 2.93
June-2015 30.27 23.83 | 93.17 81.33 2.15 130.80 | 3.14
July-2015 30.71 23.04 | 94.57 82.86 2.46 58.80 | 3.16
August-2015 3089 | 22.96 | 89.00 77.00 2.76 108.60 | 4.00
September-2015 3139 | 2317 | 9529 79.29 203 | 213.80 | 3.50
October-2015 31.34 2362 | 92.84 7630 2.21 26570 | 3.15
November-2015 3138 23.04 | 9137 72.13 3.14 106.80 | 2.95
December-2015 32.26 21.73 94.10 68.30 5.07 1.60 3.22
January-2015 32.25 19.56 93.42 56.58 4.71 0.00 3.67
February-2015 32.25 21.93 92.24 58.92 3.00 0.00 4,53
March-2015 33.61 2457 | 88.50 61.67 2.82 000 | 534
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ABSTRACT

The present investigation of ‘Trait(s) for salinity tolerance, non-lodging and
high yield of rice in Kaipad soil of Kerala’ was conducted in the Department of
Plant Breeding and Genetics, College of Agriculture, Padannakkad, Kerala
Agricultural University during 2015. Two field trials were laid out during Kharif
season of 2015 in the naturally organic saline Kaipad rice tract in Ezhome Grama
Panchayath of Kannur district, Kerala and one field trial in the same season in the
non saline wetland of Regional Agricultural Research Station (RARS), Pilicode of
Kerala Agricultural University in a randomized block design with two
replications. The investigation was conducted for identification of most correlated
morphological, physiological and biochemical trait(s) associated with salinity
tolerance, high yield and non-lodging in saline Kaipad soil.

‘The materials comprised of 18 rice genotypes which includes, 16 saline
tolerant genotypes and two saline susceptible genotypes. Observations were taken
on plant height, number of tillers, survival per cent, specific leaf area, relative
water content, stomatal conductance and resistance, SCMR, root length, root
volume, biomass, root shoot ratio; proline, calcium, sodium, chloride, potassium
and sulphate content in leaf, shoot and root, root CEC characteristics at both
seedling and flowering stages; number of internodes and uppermost internodal
length characteristics at flowering stage and number of productive tillers per plant,
number of filled grains per panicle, number of spikelets per panicle, seed setting
per cent, sterility per cent, length of panicle, 1000 grain weight, grain yield per
plot, straw yield per plot, lodging/non-lodging, orientation of flag leaf and
duration of crop at harvesting. Soil analysis for low and high saline Kaipad tracts
was separately carried out for 12 months. The data on plant observations were

subjected to statistical analyses of variance, correlation and path co-efficient.

Soil analyses showed that high saline Kaipad tract is with the soil
properties of pH (3.6-4.7), EC (11.34-16.03), CEC (11.67-13.7), exchangeable
cations (2.89), ESP (5.6-7.8), SAR (14.6), chloride (2.3-3.7 mg/kg soil) and
sulphate (0.226 mg/kg soil} and low saline Kaipad tract with soil properties of pH
(4.37-5.86), EC (2.46-5.846), CEC (12.3-16.6), exchangeable cations (2.66), ESP



(3.7-5.2), SAR (13.2), chloride (1.21-1.92 mg/kg soil) and sulphate (0.245 mg/kg

soil).

The analysis of variance of plant characteristics showed significant
difference between varieties in all three soil conditions for most of the
characteristics. Thus shows the high variability existing between selected
genotypes. There was significant genotype environment interaction effect for most
of the characteristics indicating that the performance of genotypes vary with

heterogeneous saline soil conditions of Kaipad.

In high-saline organic Kaipad, the highest grain yield was recorded for the
genotypes ‘J0-532-1" (‘Ezhome-4) followed by ‘JO-583’, ‘Nona Bokra’,
‘Ezhome-1°, ‘Ezhome-3’, ‘Ezhome-2’ and ‘Cherivirippu’. In low-saline organic
Kaipad, the highest grain yield was exhibited by the genotypes ‘Orkayama’
followed by ‘JK-59°, ‘Vytilla-6’, “Nona Bokra’, ‘Ezhome-2’, ‘JO-583°,-JO-532-
1’ {‘Ezhome-4°), ‘Pokkali’ and ‘Ezhome-1°. In non-saline wetland under organic
management, the highest grain yield was recorded for the genotypes ‘Ezhome-2’,
‘Ezhome-3’ and ‘JK-15" followed by ‘Vytilla-6> and ‘Vytilla-1°. The non-lodging
genotypes ‘JO-583°, ‘Ezhome-3" and ‘Ezhome-2’ showed significantly higher
yield in saline and non saline conditions indicating the reliability of these
genotypes in changing scil stress conditions and also presence of structural
gene(s) for yield trait. At the same time the genotype ‘J0O-532-1° (‘Ezhome-47)
recorded significantly higher yield in saline acidic soil but poor yield in non-saline
wetland pointing out the fact that these genotypes require stress signal to induce
higher yield. Further, the genotypes ‘Orkayama’ and °‘JK-59° showed
significantly higher yield only in low-saline but poor yield in both high-saline and
non-saline rice tracts, may be these genotypes are tolerant to low salinity and
require low salinity signal for yield induction but less tolerant to high salinity. In
high saline Kaipad soil the tolerant variety, ‘FL 478 of IRRI showed
susceptibility towards reproductive stage. ‘Jyothi’ (red rice) is more susceptible to
acidic saline Kaipad soil than international saline susceptible variety ‘IR

29’(white rice). Vytilla -1, Vytilla-6, and FL.478 which are saline tolerant varieties



developed based on ‘Pokkali’ genotype are comparatively susceptible to acidic
Kaipad soil. Salinity tolerance mechanism in ‘Orkayama’ may be different from

the other saline tolerant genotypes.

The traits for tolerance to salinity as well as for higher yield in saline
Kaipad soil are root volume, leaf calcium, leaf potassium ,leaf proline, root CEC,
number of tillers and survival per cent respectively at seedling and flowering
stages; SCMR at seedling stage and seed setting per cent, leaf Na / K ratio and
uppermost internodal length at flowering stage. The traits identified for

non-lodging are biomass, plant height, root length and root volume.

The probable salinity tolerance mechanism, involving morphological,
physiological and biochemical parameters, of 16 saline tolerant genotypes used in
the study is appraised. In rice, generally the characteristics such as number of
productive tillers per plant, number of filled grains per panicle, and 1000 grain
weight are important yield component characteristics. But in saline condition we
should go for an optimal level of the above mentioned characteristics for yield

enhancement.

Based on variation, correlation and path analyses studies, the saline
tolerant genotypes which can be selected as parents for future breeding
programmes for development of high yielding saline tolerant rice varieties are
‘Pokkali’, ‘Nona Bokra’ (international saline tolerant varieties),
‘Cherivirippu’(traditional genotype of Pokkali), ‘Ezhome-3’, ‘Ezhome-4’(released
varieties of Kaipad tract), ‘JK59’, ‘JK15° (pre released Kaipad cultures)
‘Chettivirippu’ (traditional genotype of Pokkali), ‘JO583’ (pre released Kaipad
culture),’Kuthiry’ (traditional land race of Kaipad tract), ‘Ezhome-1°, and
‘Ezhome-2’ (released varieties of Kaipad tract).





