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INTRODUCTION

Riece plant helongs to the germs QOryga of the grass family
Gramineae. This gérws comprises of neerly 26 taxa and the
cultivated rices belong to two species, namely, sative and
Laberyima (Vavilov 1926, 19515 Tateok, 1963)s Archeological
findings have pughed the antiquity of cultivated rice forms to
around 4500 years B.C. (Vishm Mittre, 1973). Asian rices
(s mj.nj are more vWidely cultivated than the African rice
(_é- glaberrima) and possess higher yield potential, better
a&ap‘ta‘bility and superior grain quality {(Partertes 1959,
Angladette 1966), Asian rices have further differentiated during
their long histar? of cultivation into three sub-species, namely,

Jevanica and indica, in response to agro-climatic

demands and regional preferences. Depending on the conditions of
their cultivation in terms of soil topography and water
availahility, eultivare are classified as lowland, upland, rainfed,
irrigated and deep water rices, Besides enormous variation
regarding morphology &nd growth habit as well as remarkably wide
range of adaptation to agro-climatic and soil characteristics,
rice varietieg also differ a great deal in respect of grain qualitye.
Rice 1s the major source of calories, and to some extent
of protein as well es vitamins and minerals, in socutheeast Asia.
Though the protein content of rice is poor amongst the cereals, its
essential aminoacid spectrum is well balanced and mitritionally it
is the best amomg all cereals (CRRI, 1980),;3 _Aacerdingi to FAO
estimates (1984), an area of sbout h3,7 x 10° néctares is under
rice cultivation yie‘iding nearly if37f. 9x 1@6 tonnes with\ B wcild
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productivity average of 3,05 t/ha., India's share is 28.1%
in aréa (1eesy %03 x 106 ba) and 19.5% in production (1.0
854 x 1(35 tonnes }s Average paddy yield per ha in India is
still emly 2412 tomnes which 18 30.4% less than the vworld
average (FAO Report 1984).

. Until ‘about 1050, increase in world food demand was met
1315&33 by an increase in the cultivated area. But, during the
pemoﬁ_‘i%o to 1975, world population increased faster than the
wmppgd land ares leading to a drop in percapita area from
0s241 to 0,184 ha (Brown 1981), The situation is more alarming
in Asia where the population density is considerably high,
especially in the rice belt as compared to others. In case the
present trend persists, vorld population is likely t'é:g;t;
6.7 billion by the year 2,000 A,D. and the food need will amount
to nearly 3 billien tonnes (Hopper, 1981). If this challenge
is to be accomplished, increased production must come not only
from the land already cultivated, but also from reclamation and
better utilization of degraded and merginal lands, including
salt-affected areas, In addition, the grain productivity and
production need to be stabilised by developing varieties which
are relativeliy better buffered against unfavourable climate and
8611 conditicns., Increased agricultural production is obviously
ih:e prime cansisiérmtian for the economic uplift of the poor
‘and ‘developing countries,

| "M1rm§zntgﬂ~ atmsges affecting crop praduétim include
too mach ;;r' too iittle rainfall, temperature extremes, less
| :‘avm%ahle~ 86118, disease incidence, insect damage and weed



problems, Scil gaiinity and alkalinity are two serious
eonst,ramts encountered in several rice growing countries.
Aithcugh no regulsar systematic surveys has been made in Indila,
but estimates of salt affected lands have varied from seven
to over 20 million ha (4brol and Bhumbla, 1971; Agarwal

et als, 1979}, This problem i8 perticularly seriocus in
semi~-arid tracts of Indogangetic alluvial plains, coastal
regiong and penninsular India which are the major rice
producing areas, Expanded use of saline waters for irrigaticn
together with the voor management practices are further
aggravating the soil problems in India (Paliwal, 1972; Framji,
19763 Rana, 19773 Agarval et al., 1979).

Salinity denotes the soil condition where the satursated
extract of seil contains neutral salts like chlorides and
sulphates of sodium, calcium and magnesium in such proportion
that plant grovth gets adversely affecteds, An electrical
conduetivity of the soil saturation extract of 4+ dS/m is usually
set as the lower limlt of saline soil. Alkali soils, on the
other tiand, are characterised by high pH and predominant
rresence of carbonates and bicarbonates of sodiume Physical
conditions of alkali solls are very poor for plant growth as
these solls ars highly dispersed having low permeability to
water and air, Alksll soils are very sticky when wet and very
hard when dry causing difficulty in proper preparation of
seed~beds, Soils having exchangeable sodium percentage (ESP)
above 1% and PH, over 8.2 are considered to be alkali soils

or tsgodic soilst,



Figure 1 Map of India showing distributicn of
salt-affected soils
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- Until recently, the problems of crop production in
saline and alkali soils were being dealt with almost
exclusively by menipulating the mineral substrate relying
on reclamstion and drainage technology. Hovever, there are
situations where soil-amendment based reclamztion ig either
not possible or not economically feasible owing to rumerous
reasons, Infact, soil salinity and alkalinity problems cannot
be entirely eliminated when the water available for leachling
is of poor quality, soll properties are margingl and adequate
drainage is not availsble, It has now become increasingly
evident that the approach of selecting and breeding salt
resistant crop varieties is not only promising under these
conditions but also less energy expensive and non-pollutant
(Rana, 1978), Obviocus pre-requisites to achieve this objective
are proper understanding and critical evalustion of the level
of salt tolerance available in plants of ocur interest including
their present day cultivated forms as well as wild relatives.

Vast potential of genetic approach towsrds solving

problems of soil salinity and alkalinity is now wildely recognised
and the information generated on the subject has been reviewed
periodically (Sees Bernstein, 19753 Wright, 19763 Jung, 1978
Holleander et ale.y 19793 Rains et al., 19503 Levitt, 1982).
Recent reports of exploitable intra-specific variation regarding
adaptation to distinct edaphic environments have opened up new
vistas to search for plant~based solutione to the challenge of
saline and slkall scils which are among the major desertification
processes diminishing productivity of agricultural lands



(Epstein et al,, 19803 Nelson,1983; Yeo and Flowers, 1983}
Saric and Loughman, 19833 Xingsbury and Epstein, 1984; Rana,
1984s Staples and Toenniessen, 198k4),

There are two essential requirements for developing
a sultable breeding strategy to combine salt tolerance with
good yield potential, Firstly, critical infcrmation on the
nature and range of genetic variability for saslt tolerance
within a crop is to be obtained. Secondly, it 1g necessary
to quantify and understand relationship betveen yleld and its
major components under saline and alkali soil conditions so as
to develop reliable selection criteria (Lehmar et al., 1984),
This is so because the yield by itself has lovw heritsbility
unlike meny of its component traits, Correlstion coefficients
measure strength of matusl associations among character pairs
pbut this information is not enough for a breeder because
compenent traits affect the yleld both directly and indirectly.
Thus, separation of correlations into measuves of direct and
indirect effects of different varisbles on yleld by adopting
path coefficlent analysis technique, develsped by Dewey and
Lu {1959), becomes necessary to understand arrays of interacting
phenomena that lead to observed correlations in a correlated
seriegs of variables.

Furthermore, identification of desirable genotypes
having stable performance over a wide runge of soll and
climatice conditions has considerable significance in rice
improvement work, particularly in areas where soil salinity
and alkalinity problems are of a spotty nature (confined to



8

certain patches in rice fields) or where such stresses occur
with unpredictable periodieity and intensity. Phenotypes are
the result of interactions between genotypes and ernvironments.
In this context, effective methods have been develap&dvin

the recent past to obtain reliable estimates of these
interactions (Eberhart and Russell, 19663 Perkins and

Jinks, 1968; Freeman and Perkins, 1971J),

Salinity problems drew the attention of Indian rice
workers many decades ago and several rice growing states
identified/developed salt tolerant materials suited to their
specific situations such as Patnai 23, Nona Sail and Nona Bokra
in W. Bengalj SR26B in Orissa; MQ! types in Andhra Pradesh
PVR-1 and AU-1 in Tamil Naduj Pokkali in Keralaj Rarekagga,
Bilekagga and Arya in Xarnatakaj Kalarata and Bhurarata
selections in Maharashtra and Jhona 349 in Punjab, However,
Bhattacharyya (1976) reported that many of these varieties
showed poor performance under Karnal conditions in soils
having ECe value more than 5 to 6 dS/me¢ In addition, most of
the varieties identified to be salt-tolerant are tall, prone
to lodging and photosensitive genotypes which are unsuitable
for wide cultivation as they are adapted %o specific climatic
and soil conditions (Rana, 1979)s Although considerable
progress has been made in rice improvement in India for
irrigated and favourable soils, work on developing superior
varieties suited to adverse soll conditions has lagged far
behind for want of more systematic and sustained research

support. Since rice is grown under widely different agro-



climatic-soil complexes in our country, %there is an urgent
need for locaticn-specific research to eveolve vaxieties best
suited to representative situations (Desai, 1983),

In vievw of the afore-mentioned considerations, the
present investigation was undertaken primerily to evaluate
responses to salinity and alkalinity stregses of some
genetlically diverse rice varieties, representing a wide range
of adaptations and maturity characteristice, with a view to
asgessing intervarietal differences in this regard. Replicated
experiments were ccnducted for this purpese under monitored
conditicns in laboratory, pot culture and speeislly-designed
screening plots employing both seedling and adult plant
criteria. Observations were recorded on seed germinability,
rate of germination, seedling growth, days to flowering,
plant height, panicle bearing tillers, panicle length and
weight, dry matter production, grain yield, grain weight and
harvest index, Data so obtained were subjected to analysis
of variance, stability analysis, correlatiocn estimstion and
path coefficient analysis, In additiocn, eytologica%&'
dbservations on stomatal features, meiotic behaviour and
pollen grains vwere also made in some locallyw-adapted cultivars,
that are still grown traditionally in our ecountry under
different situations of salt-affected soils, with a view to
characterising these valuable inﬁigencms,matarialggf ‘
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REVIEW  OF  LITERATURE

Study of plant resrvorse to saline ervircnments and
other adverse soil eocnditions is of immense interest to
research vorkers of many diseiprlines, esﬁecially to those
concerned with agricultural preducticn., Voluminous
literature has accurmlsted on this subject and mumerous
comprehensive reviews have been published in recent yesrs
dealing with interaection of plants with edaphie stress
environrents including soil salinity and alkalinity
(scdicity).

Aspects that have teen reviewed and discussed
elaborately include tolerance of different plant species
(Hayward, 1956); response of glycorhytes and halophytes
(Strogonov, 1964); metabolie pathways and production of
toxic intermediates under variocus types of salinity
(Strogonov and Kabarov, 1964+); structure and function of
plant cells under saline condition (Strégoncv'gg,g;,, 1970)s
plant response to salinity in relation to energy
expenditure (Greenway, 1973)3 relevant agricultursal
problems and means of amelioration (Poljakoff-Masyber znd
Gale, 1975); mechanisms of salt tolerance in halophytes
(Flovers et al., 1977); response of crops to salinity in
terms of yield (Maas and Hoffman, 1977); mechanﬁ%s of salt
tolerance in nonhalophytes (Greenvay and Munns, 19803
Stavarek and Rains, 1983); genetiec approach to saline
culture of crops {(Epstein et al., 1980); and appropriate
breeding strategies {(Christiansen and Lewis, 1982;

Ponnamperuma, 19823 Starles and Toenniessen, 1984).
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Corsidering the fact that the subject has been reviewed
at fairly regulsr intervals, the precent attempt is
lzargely confined to the topie of this investigztion with
a view to highlighting some advances made so far and
pointing ocut certain aspects where critieal information

1s still 1inadecuate.
2.1 Soll salinity and alkalinity effects on erop plants

Excess of soluble salts in soil solution and high
exchangesble sodium in soil-complex relevant to plante!
rootzone have intense irfluences on establishment,
survival, grovth and yield of plants growing ir such
adverse scil conditions, In fact, agrieunltural production
in many psrts of the world is limited by detrimental
effects associated vith these conditions. 1In alkali scils,
tre plsnt grovth is drastically affected mainly because
of matriticonal imbalances anrd poor development of root
system due to unfavourable physicel ccenditions of the soil.
In sclire soils, however, az large number of workers have
irferred that scluble sslts couse reduction in plent
grovth largely by ecreating a "rhysiclogical drought®
(Bernstein, 19623 Strogonov, 19643 Riley, 196S). In
general, excessive accumulation of salts in the soil
solution may retard or inhitit plant growth by three

possible mechanisms of action: (1) osnotic effects,
{2) specific ion effects, and (3) mutrient deficiences

and imbalances. These meehanisms, hewever, may not be
easily distinguisable and independent of each other
(Casey, 1972). Plents rmake physiclogical adjustments in



12

many ways under unfavourzble environments and they show
remarkable variation in their ability to grow end yield
under such adverse soil conditiocns. Plant variables
affecting crcp performance in a given stress situation
inelude the genotype, ploidy status, the growth stage
exposed to the stress econdition, anatomieal features,
growth hebit, maturity characterictics and method of
reproduction {(Rana, 1977). Allo-polyploid forms have
been reported to show remarkable adaptability to extreme
ervironmental conditicns, as compared to their dipleid
progenitors (Jain and Rana, 1963§ Stebbins, 19663 Rana,196€7;
Rana et al., 1980; Lumaret, 1984). In addition to plart
variables, rumerous soil and eclimatie factors have been
rerorted to modify plant response to edaphic stress
environmentse

2.1.1 Vegetative phase response to salinity/sodicity

Germination and early stages of plant growth are
more detrimental in sseline-sodic conditions as they largely
influence the later development, growth and, ultimately,
the crop yield., It has been pointed out that salt tolerance
in many crop plants could largely be a reflection of salt
tolerance during germiration (Chapman and Hart, 1977).
Notable crop differences in this respect have been reported
by Maliwal and Pelivwal (1967, 1969); Kanwar and Singh (1968);
Razinddin and Ahmed (1976); Malik et al. (1977); Caro et al.(1978);
Hanna et al. (1978); Bole and Wells (1979)3 Maliwal (1980)5
Mukhiya et 2l. (1981); Reddy and Vaidyanath (1982) and
Kumar {198k4), |
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Whereas crusting in alkali soil adversely affects
seedling emergence, salinity appears to retard the rate
of germination more than the total gerwination (Ayers and
Hayward, 19483 Ayers, 1952; Bernstein et zl., 1955;
Phurbla and Singh, 19663 Waisel, 1972; Weimberg, 19753
Ray et al. 1977; Ansari et al. 1977; Ramage, 19803
Mukhiya et al. 1981). Miyamoto et al. (1984) found that
both emergence and seedling surviveal rates of guayule
vere highly and negatively correlated with salinity of
surface soile

Plants grown on saline soils are characterised
by slow growth, thick dark foliage, small leaves, and
have stunted appearance. Occasionally symptoms such as
browning of the tip, leaf mottling, leaf curling and
ircipient chlorosis ¥are also noted {Black, 1968). Bhiveare
and Nimbalkar (1984%) observed that NaCl lowered chlorophyll
content in French beans though an opposite trend was
observed with Nas80Q,. Schwarz and Gale (1984) observed that
under salt stress stomatal conductance was lowered leading
to a fall in intercellular CC, pressure and limiting
photosynthesis., They found that CO? supplimentation
increased plant tolerance to salinity and total
drymatter productiocn.
2.1.2 Reproductive phase response

Responses of crops to salinity in terms of yield
have been reviewed by Wright (1976), Maas and Hoffman (1977),
Christiansen and Lewis {(1982) and Staples and
Toenniessen (1984) among others. Differential salt
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tolerance, as measured in terms of growth and yield,
among various crop species, and also within varieties
of a specles, have been reported by a large number of
resecrch workers, After examining the relationships
betvween salinity levels and erop yields in field trials,
Franklin (1977) concluded that there vas nc decrease in
crop yields unless there was an appreciable build=-up

of salt in the soil beyond specifie threshold levels.

Growth of barley, as measured by stem height
ard straw veight, got decreased markedly while sustaining
essentially full grain yields under mild saline conditions
(Ayers et al., 1952), Pearson (1959) on the other hand,
reported th=t beyond critieal salinity levels, rice gave
normal strav yields but produced little or no grain.
Torres (1973) found that salinity reduced tillering,
ear formation, vegetative growth and grain yield in four
varieties of Mexiean wheat but there vwere marked inter-
varietal differences in this regard. ¥ishore et al. (1983)
observed that flowering was delayed and fruit set
percentage depressed in brinjal genotypes with increace
in salinity level beyond 6 dS/m.

Gi11 (1979) studied six barley varieties and found
that decrease in grain yield owing to excessive neutral
salts (ECe 12.5 dS/m) was accompanied by an increase in
the length of the effective grain fi1lling period and a
decrease in grain filling efficiency per day.
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Apparent salt tolerance has also been reported to
vary with the soil fertility level (Ravikovitch and
Poratﬁ, 19673 Ravikoviteh and Yoles, 1971; Maas and
Hoffman 1977). Ogo and Morikavai (1965) observed
decrease in salt tclerance with excess nitrcgen
application in case of rice and wheat materials.,

Maas and Hoffman (1977) computed relative crop
yields as a linesr funection of ECe of so0il for different
crops and grouped them into feur divieions, viz. sensitive,
moderately sensitive, moderately tolerant and tolerant
using the following two parameters: (a) the initial
salinity threshold level at which the yield reduction
became statistically significant, and {(b) percent reduction
in yield per unit increase in salinity beyond the threshcld
level, Bresler et al. (1982) suggested measuring the EC
of the soil saturation extract as an early warning
eriterion for predicting crop yield depression as a
consequence of rootzone salinity in preference to the
visib_le appearance of toxicity Sy%%cms in plants.
2¢1.3 Cytologiecal observations

Organisms adapt to environmental factors employing
all the devices available to them and an adaptive effect
can be achieved at various levels of organizaticn. Since
cells are the structural and functional elements of a
milticellular organism, they take part in realization of
every adaptation of the latter to the environment

(Alexandrov, 1977). Jahnavi et al. (1981) inferred that
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the occurrence of meictic abnormalities ir a species, that
vas normally fertile and productive, indicated the existernce
of some homeostatic mechanism related to survival.

Gaidamakina (1969) found in barley and sunflover
that the disruption of growth in the presence of salinity
was linked with a change in the rate of ¢ell division and
extension. Reduetion in mitotic index of root tip cells
caused by salinity has been reported in maize (Lutsenko,
1981) end in brrley (Sevast'yznov et sl., 1980),

Deficiency of Ny P and K was found to induce meiotic
esbnormalities like early separation, laggards, fragments,
bridges in wheat and rice, whereas mitosis in the root tip
cells was observed to be normal under the same conditicns
(Das and Sen, 1976). Sevast'yanov et al. (1980) observed
increased frequency of chromosome rearrangements at the
meiotic anaphase I and II in barley induced by salinity.

Catarino (196%5) found in Lobularia martina that
miclear grovwth by chromonematic replication wes promoted
by NaCl and concluded thzt the increased succulence was
a result of endopolyploidy. The electron microscopie
studies of Werker et al. (1983) revealed condensation of
chromatin in the miclei of barley root tip epidermal and
cortical cells grown in saline medium.

Salinity was also found to suppress protein and
micleic acld synthésis (Nieman, 1965; Davydova, 19813
Gopal and Rao, 1983). However, Tsenov et al., (1983)
observed that salinization with NaCl inecreased the DNA
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content and decreased RNA content, mainly of high molecular
weight fraction, in pea leaves, Nieran (196%5) opined that
salinity suprressed cell enlargement snd cell division
proportiocnately in beans but it apparently had no effect
on regulatory system that terminated DNA synthesis.
Werker et al. (1983) reported increase in ribosome
number and appearznce of translucent area in slightly
swollen mitochondria of btarley caused by salinity vwhereas
Alina and Xlyshev (1982) reported a decrez: e in free
ribosome number in chlororlasts in pea.
Chuprinina {1977) found th:t ircrease In sterility
and partially inviable pollen in the anthers of barley
was associated with an increase in salinity level. He
suggested that salinity affected changes in fluorescence
of the archisporial tissues and developing pollen grain
were related to the brezkdown in the structure of mucleoprotein.
Germination of pollen in rice was found to be adversely
affected by salinity and resulted in a lover percentage of
fertilization of the florets in the pasnicle (Ota et al. 1956).
Gill and Dutt (1982) observed that salinity (ECe
7.48 to 10,4 dS/m) caused an increase in stomats frequency
and decrease in stomata size, particularly on the upper
leaf surface of wheat ard basrley. Kumar (1984) reported
in Bragsice juncea, that the tclerant cultivars exhibited
a higher magnitude of reduction in mumrber of stomata per
unit area at the critical salinities {12 dS/m) of irrigaticn
water as compared to the sensitiﬁe ones, Aberrations in
stomatal characteristies induced by salinity were also reported
in groundmut (Saradadevi and Rac, 1980).



242 Genetic diversity for salt tolerance
2.2.1 Inter-specific variation

Plants differ widely in selt resistance and this
property is not limited to a few plants {(Mudie, 1974). The

most resistant forms are the obligate halophytes. Flovers
et al., (1977) enumerated 94 orders of flowering plants

and ncted that 38 included halophytic species. Most of

the crcp plants are glycophytes but there is a wide spectrum
of sa2lt resistance amwong them ranging from a maximum

in beet roots to & minimum in earrots (Strogonov, 1964).
Among the grain crops, barley was reported to be more
resistant thsn oats and wheat (Ballantyne, 1962). <imonneau
and Aubert (1963) studied a large number of crop plants

and concluded that the most tolerant ores were datepalm,
cotton, lucerne, sweet clover, asparagus, beets, leeks and
radish. They also reported that the least tolerant ones
were citrus, strawberry and beans. Levitt (1972) opined
that the order of resistance might not be the same in all
scils as resistance of a given species was not the same for
different soils and slso for various salts,

2.2+2 Intra specific variation

Depending upon their genetic constitution, genotypes
within a species showed distinet tolerance capacities to
tolerste varying degrees of environmental stress (Maas end
Hoffman, 1977, Epstein et al., 1980). Enormous differences
regarding tolerance to soil stresses among varieties and

ecotypes within a species have been reported and convineingly
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established. Work done at the CSSERI demcnetrated sigrnificant
varietal differences regarding tolerance to salinity and
alkelinity conditions in wheat (Rana and Singh, 19763

Sarin et al., 1979; Joshi et al., 1980; Singh et al., 1982
Bebu, 1983), rice (Sinha and Dutt, 1974 Dargan et al., 197%;
Bhattachoryya, 1976), barley {(Chendra, 1976), pearlmillet
(81ingh, 1979); mustard (Singh et 2l., 1974) and castor
(Singh and Rana, 1981). Xishore et al., (1983) studied
effect of salinity in 23 brinjal genotypes and found that
varietal differences were significant and persisted at
different salinity levels, Rei and Sinha (1976) observed
that, in rice, apart from the differential varietal respcrse,
differential trait response could alsc be seen under

saline conditicns.

Epstein et al. (1979) concluded that within a given
crop species, there occurred a very large genetically
governed varisbility with respect to salt tolerance and
this might sometimes be as large as thst observed betveen
species helding out encouragemrent tc programs of selection
and breeding efforts aimed at combining high salt resistance
with superior yield.

2.3 Mechanims of salt resistance

Plants make physiclogical adjustments in various
vaysS under unfavourable environments and they show remarkeble
variation in their ability to grovw and yileld under such
conditions. Mechanisms of salt tolerance in halophytes,

that grow rapidly at high salinity have been reviewed by



Flowers et al. (1977). Mechanisms of tolerance in
non-halophytes have also been recently discussed and
summarised {(Greenway and Munns, 1980),
2,31 Avoidance

Plants aveid salt stress using any one of the three
methodss (1) they esn exclude the £alt passively, (2) they
can extrude it actively, snd (3) trhey e=r dilute the
entering salt. All the three methrds have been reported
in varicus plant species (Levitt, 1980). In case of
plants possessing the exelusion mechanism, the cells
maintain the normal ionie balance in the presence of high
concentrations of monovalent cztions by a high, preferential
adsorption of Ca** on the plasma membrane, Salt avoidance
due to exeretion requires a Na extrusion pump that eontinues
to operate in the presence of high external concentration
of salt. The dilution type of salt avoidance depends on
the succulent mechanism in whieh thin, plastieally
extensible cell walls permit cell expansion by a water
uptake sufficient to balance every salt increment in the
cell {Levitt, 1972, 1980). 1In case of periodie, cyclip
or seascnal stresses, some plants have developed an
adaptation called "stress evasion™ and they complete their
ife cycle before the onset of the stress. This adaptation
is obviously not a mechanism of salt resistance,
2.3.2 Tolerance

The term 'tolerance! has been used in the literature
for any plant possessing salt resistance, simply on the
basis of salinity in the external medium. This ineludes
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both tolerance and avoidance. In fact, it is not easy tc
draw a sharp line between tolerance and avcidance.
Greerway (1965) pointed out that, when halorhytes and
non=halophytes were compered, ion accumulation {(tolerance)
appreared to be a supericr mechanism for growth in saline
habitat. In terms of stress terminology, osrotie and
rutritional salinity effects were secondsary salt induced
stresses, while toxic salinity effects were referred to as
primary salt injury. Flants combzt the dehydration preblen
of soil salinity by inereasing their own internal osmotie
potential through the accumulstion of organie solutes
like sugar, organic acids etc., or by absorbting inorgsnic
salts from the surrounding medium {(Epstein, 1972; Rains,1972;
Rains and Valentine, 1980). Bernstein and Ayers (1953)
reported thet the sccumulation of metabolites resulted in
an increase in sap concentration and in osmotie adjustment,
independent of jon uptake, which in turn resulted in growth
retardation because it reduced the amount of metabeolites
available for growthe The primary salt tolerance could
be either by excreting the absorbed sslt into vacuole
or due to tolerance of ion-balance strain, for which
protoplasmic organells and their substances vwould have to
possess special properties permitting normal functioning
although subjected to an increase in ion concentration
and a change in balance {(Levitt, 1972, 1980).

According to Kramer (1983), in many plant species,
salt tolerance was based on pzerticular transport processes

across the plasmalemma and that typical features of transfer
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cells could te observed in many cases of adaptation to
salt stress suggesting that their function was probably
zesociated with high rates of trans-plasmalems transrort.
Osmotic regulation, based on electrolytes, appears
probably to be the only way to corbine productivity vith
salt tolerance. Greenvay and Munns (1980) concluded that
salt sensitivity of some ncn~halophytes might be due to
insufficlient uptake of electrolytes for turger pressure
or volume maintenance, particularly in the expanding
tissues, The key factor seems to be & synchronization
of ion compartmentation, i.e., accwml=tion in the vacuocle
by the leaf cells with a high rate of icn transport to
trhe shoot.

2.4 Geneties of resistance to selt stress

Salt tolerance in plants has been a topic of keen
interest since long and remarkable differences among
plant species as well as within species have been noted
(Berg, 1950; Ayers et al., 19513 Bernstein and Ayers, 19533
Richards, 1954§ Dudley and Powers, 19603 Ehling, 19603
Dewey, 1962; Greenway, 19623 Elzam and Epstein, 19693
Ayoub, 19743 Taylor et al., 19753 Rush gnd Epstein, 19763
Epstein and Noryln, 1977; Lauchi and Wieneke, 19773
Ratanadilok et al., 1978§ Kramer, 19833 Sajjad, 19833
Stavarek and Rains, 1983; Yeo, 1983; Mesdag and Balkemae
Boemstra, 198k), It is surprising, however, that information
on inheritance of exploitable plant mechanisms eonfiring

speeific tolerance is conspicuously limited (Rana et al.,1980).
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For formuleting appropriate breeding stratesy, on the
other hand, determination of genetic mechanisms controlling
particular edzphiec response ic of utwost importance.

Bernstein (1977) concluded that absorption of
chloride and sodium icns in erop plants appeared to be
under the control of single genes but osmotic effects
aprpeared to be complex and under rmltigeniec control,
Ratanadilok et al, {(1978) studied the inheritance of salt
toleranece in sorghﬁm during germination and seedling
growth end inferred that salt tolerance was controlled by
corplementary gene acticn, incomplete dcminance and
dominance or additive effects of several genes,

According to Gorslive et al. (1968), the accumulation
of Ca and strontium in corn leaves was controlled by tve
or three genes acting in an additive manner. Prabhakarashetty
et al. (1978) studled a series of MR rice varieties,
derived from Xarekagga x IRE cross, and coneluded that
MR series inherited their tclerance to salinity from treir
maternal parent Karekagga. Mzhadevappe et al. (1981)‘
observed that most of the alkali tclerant rice varieties
were tolerant to zine deficiency and zine deficiency was
under polygenic control showing continuous variation.
Abel {1964) reported a major gene pair in soybean, RCl ncl,
eontrolling chloride exclusicn from plant tops. Chloride
exelusion was found to be ccmpletely dominant.

In a diallele experiment involving twe salt

tolerant, two moderate and two susceptible rice varieties,
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Moeljopawiro and Ikehashi (1981) observed that both general
and specific combining abilities were significant. They
further reported over dominance for szlt tolerance in

a cross between two salt tolerant cultivars of rice. The
heritability of the accumul:ztion of Mg, Ca, X, P and the ratio
of K3${Ca + Mg) in Tall Fescue grzss (Festuez srundinacia)

wes studied by Sleper et al. (1977) using two diallel

meting sets. They found that general combining ability was
more important than speecific combining ability while heritability
values indicated that breeding for higher mineral levels
should be effective, Campbell and Lafever (1979, 1981)
studied heritability andé gene effects of aluminium tolerance
in wvheat and foundé the genetiec control of aluminium tolerance
to be complex. Genetic variation among the F,8 was observed
to be mostly additive and heritability estimates were high.
Several reviews have been published on genetice
control and differentisl responses of plants to mineral
elements and edaphic stress (Brown, 1963; Epstelin, 1963;
Epstein and Jefferies, 19643 Epstein, 1972; Foy, 1974; Wright,
19763 Foy et al., 19783 Cla:bk and Brown, 1980). Available
information suggests that genetic improvement of crop plants
for tolerance tc mineral stress, salinity, alkalinity and
low pH conditions appears to tre worthwhile (Reid, 1971319763
Devine, 1976; Christiansen and Lewis, 19823 Staples and

Toenniessen, 1984),
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2.% Screening methods for sslt toler:nce

A myriad of experimentzl prccedures have been

used by different workers for determining salt tolerance
of crop plants. Crop salt tolerznce hzs ususally teen
expressed as the yleld decrecse expected for a given
level of soluble selts in root medium as compared with
yield under non-galine ccnditiens (Berg, 19503 USDA, 19%h;
Allision, 19643 Bernsteir, 19643 deForges, 19703
Bernstein, 1974). Maas and Boffmzn (1977) concluded that
sbsolute tolerance that reflects predictable inherent
physiclogical responses by plants could not be determined
as many Interactiors ameong plant, soil, water and other
envircnmental factors influenced the plantst' ability to
tolerate salts,

Protoplasmic s=21t tolerance was ccnsidered as a
reliable test for salt tclerance in agricultursl plants
(Gertrand et al., 19593 Repp et al., 1959). Staining with
Fvan's blue solution after exposure of plant cells to
solutions of high e2lt concentrations was suggested for
testing the survival of plant cells in high salinity or
osmetic stress by Talyor and West (1980).

Jones (1979) used rate of labelled CO, uptake by
leaf dises in NaCl solution as a means t6 screen rice varietiles
for salt tolerance. Leaf sodium coneentration vas used as
an index of salt tolerance in tomatos by Rush and Epstein(1980).
A non-destructive method suggested by Smile and Nott (1982)
used the measurement of chlorophyll fluoresence of leaf

disc.
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Jenardhan and Marthy (1970) studied the pattern
of injury on successive leeves of rice seedlings whereas
Fageria et al, (1981) calculated the percent of dead
leaves after four weeks of transplanting to evaluate
tolerance of rice varieties to salinity.

Jones and Stentouse (1983) suggested a method for
rapidly evaluating rice varieties by compairirg seedling
root grovwth in salinized 2nd non=salinized culture sclutions.
In this methed, ssalinity tolerance was eslculated sg the
tolerance ratio of root growth after four dsys in salt
solution to the root growth after four days in non-saline
sclution,

Reddy and Vaidyanath (1982) suggested simple
perameters like gerrminaticn percent and early seedling
growth characteristiecs to identify salt tolerance in rice
varieties, Gill and Dutt (1979) observed, however, that
germiration percentagé wvas not always found to be linesarly
relsted to salt level and opined that the slope of regression
line was 2 better criterion for evaluating szlt tolerance as
it toock the entire spectrum of response curve into
consideraticn. Atanasiu and Thiagalingam (1978) used change
in relative germination rate, plant height and drymatter
to evaluate salt tolerance in rice.

Mauryas et al. (1976) studied varietal tolerance in
paddy to szline-alkali soils with a group of 36 indica
varieties ineluding tell types and semidwarfs belonging to
trree maturity groups. Variety IR 8 (medium duraticn)



27

was found to be the most tolerant on the basis of grain
yield per se. IR 20 and Pokka2li (both late), FH118(early)
and IR8 and Padma (medium duration) vere, hovever, more
tolerant on the basis of grain yield reduction while IR20,
kKrishna {early), IR8, Jays, FH109 {(early) and Vijaya {(late)
were found to be more tolerant on survival basis., Varilety
IR8 turned out to be the most tolersnt when all the three
parameters were considered together. }

‘Jones and Wilkine (1984) developed a rapid generation
advance method to screen rice varieties and crosses by
artificially indueing flowering and found th:at the mean salt
tolerance of all varieties and crosses inereased with
each generation.

Mishra and Bhattackharyya (1980) suggested that rice
varieties should be screened for tolerance to sodieity under
the soil EéP of 73 since tolerant varieties showed less
than 50% reduction at this level with respect to grain yield
and other yield contributing characters.

Richards (1983) argued thst beecause moct of the yield
frcm saline soils whieh vere typicslly very patehy in their
salinity, came from the least saline areas, the best breeding
strategy for improving the overall yield of crops grovwipg
on them was to select for high yield on non=saline soils,
This conclusion was derived from comparing the effects on
total yield of four different breeding goals, viz. (1) a 10%
increase in yleld on non-saline soils, (ii) a 20% increase
in the threshold salinity that first reduced yield, (iii)

a doubling of yield at an ECe 20 dS/m, and (iv) a combinution
of (1) and {11i) approaches.
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Udovenko (1981) opined that characters such as
tillering response to salinity, the ratic of coefficient
of variation of grains per ear to 1000 grain weight and
correlstion between plant resistance and the duration of
sowing to seedling period on saline medium could possibly
be used as markers in determining the degree of salt
tolerance of cultivars and individual plants,

2.6 Response of rice materiels to soill salinity and slkalinity

Growing resistant crop varieties in solls affected by
salinity or sodicity is an important step for ensuring scme
productivity and simultaneously initiating land reclamation
processes even in the asbsence of soil amendments., Rice is
ccrsidered to e the best crop suited to szalt affected soils
(Pearson and Ayers, 1960; Swaminathan, 1984%) and for low
slkali solls (Rana, 1976; Verma et al., 1983). Rice plant is
higkly adaptsble to varyirg ernvironmerntal conditions. It is
grown in north-eastern China at a . laltitude of 53°N and glso
in New South Wales, Australia (35°). 1In India, 1t is
cultivated in Kerala, belovw sea level and also in Kashmir
above 2000 M, It ecan grow in upland conditions as well as
in 1.5 to § M deep vaters (Yoshida, 1981).

Rice is generally reported as a moderately salt-
tolerant crop but no rice variety is reported to withstand
high salinity throughout its growth cycle and no rice is
grown as a dryland crop in salt-affected land. Many authors
have reported that the tolerance of rice varies throughcut
its 1ife cycle (Pearson, 19%59; Pearson and Bernstein, 1959;
Pearson and Ayers, 1960; Castyo and Sabade, 1977
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2.6.1 Seed germination =nd seedling response

Germination of rice seeds has teen rerorted to be
norral upto ECe 4.5 dS/m (Narsle et al., 1969) but higher

salt concentrations cause delay in germination (Xaddah,1963;

Patolia and Iyengar, 19793 Krishna and Iyengar, 1980;

Reddy =nd Vaidyanath, 1982) and reduction in percent
germination (Pearson et al., 19663 Nareslae et al., 1969;

Rao et al., 19733 Paliwal and Gandhi, 1975; Subromanian, 1979
Datte and Pradhan, 1981; Reddy and Vaidyanath, 1982),
According to Pearson et al., (1966) 50 percent reduction

in rice seed gerrination was observed at EC value of

21.2 to 30.5 dS/m.

Varietal differences in germination response to
salinity were observed by Raoc et al., {(1973); Krishna and
Iyengar (1980), Datta and Pradhan (1981), G111l and Dutt(1979)
found that germination percentage of rice varieties was \
not alwvays linearly related to salt level. The germination
of a particular variety under saline conditione was a
complex phenomenon depending upon osmotie concentration
and individual salt species (Rao et al., 1969).

Seeds obtained from photoperiod - sensitive winter
rice varieties grown in galine plots were found to be poorer
in viability retention and lost viability after four months
vhereas retention of 90 percent germination capacity for
more than seven months was noticed in seeds from non-~saline

plots by Datta and De (1982),
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Eventhough rice crop was most tolerant to salinity
during germination, young seedlings were found to be highly
sensitive (Pearson, 19593 Kaddah, 1963; Pearscn et al.,1966;
CRRI, 1980). Hence Pearson et al. (1966) concluded that the
ability of rice seed to germinate &t righ salinity values
wss cf no practieal signifiecance.

Reduction in seedling height, plurule and radicle
length vas observed in rice varieties when they were germinatec
in szline water (Xrishna and Iyengar, 1980)., Datta and
Prachan {(1981) found that root growth was depressed more
than shoot growth.

In seedling experiments, irrigation with sea water

(0.2% NaCl) at fourth leaf stsge showed two patterns of leaf
injury. Janardhan and Murthy {(1970) found that leaf

injury was restricted to older leaves in known tolerant
types whereas it was observed even on the young and
actively growing leaves in case of susceptible types.

Baser and Gilmour {1982) reported that the salinity
dansge to rice seecdlings was relzted to soil electrical
conductivity and salt scurce with chloride and nitrate
salts being much more toxic than sulphate salts.

kaddah (1963) concluded that eventhough rice varieties
differed in their tolerance to salts at the seediing stageg
the order of tolerance might not agree with the known
varietal order for'grain preduction vhen salihity was
Intrcduced after the seedling stage.

2.6.2 Grovth and yleld response
After the first sensitive pericd at first to second

leaf stage, the salt tolerance of rice was focund to
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increase during the tillering stage (CRRI, 1980), but a
second peak of susceptibility oecurred at flowering stage
(Pearson and Bernstein, 1959 CBRI, 1980 ),

Growth {(Nzrlae, f969; Datta, 1972), dry matter
production (Janardhan et al., 1976) and yield {(Datta,
1972; Lam and McLean, 1979) were found to te drastically

reduced by salinity in rice. Sajjad (1983) observed that
effect of salinity was greater on yield than on panicle

fertility. Verma and Neue {1984) observed that the yield
and yleld contributing characters decreassed signifiecantly
vith an increase in soil salinity level and zinc application
increased the yield of variety IR28, Fakhry (1961) reported
that the response was direetly relsted to the duration

of exposure to szlinity.

High alkalinity {SAR-Na absorption ratio) in irrigation
water depressed growth, drymatter produection, chlorophyll
content and the activity of Fe enzymes, catalase and‘
peroxidase {(Agervala and Mehrotra, 1978). Under sodic
soil, delay in maturity was observed in rice by Singh
and Sharma (198%) and they further observed that the mean
pE of the sodic soil decreased because of rice cultivation.
Mishra and Bhattacharyya (1980) reported that the reduction
percentage of all characters studiéd inereased with the

increase of ESP level, irrespective of varieties and further
they noted that the salt tcolerant rice varieties were also

found to be highly tolerant to sodic conditions.
Datta and Som (1973, 1981) reported that salinity
considerably reduced the thickness of internode, diameter

of lumen, air sacs, cortieal cells, thickness of cortex,
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diameter of vasular bundles rnd metaxylem of rice stem.
Anatomically clear differences between physiesl {drcught)
and physiologiecal {salinity) drought were deserited by
them and suggested that there existed an oprosite
relatiorship between xyler and phloem under salinity

and drought in rice,

2.6.3 Mechanisw of saslt tolerance in rice

The major reason that rice 1is grown on sz2line lend,
vhere virtually no other crép would grow, is the aquatie
nature of the crop (Moorman and van Breeman, 1978). Rice
has an efficient system of air passage from shoot to root
thet meskes it adaptable to a wide range of envircnmentzal
conditions {(Swaminathan, 1984). The ability of rice crop
to withstand adverse environmental conditions could be
explained, and also manipulated, by biochemieal proccsses
(CRRI, 1980), Mercado (1978) reported physiclogical
osmotiec adjustment in rice to regulate ion uptake at higher

NaeCl concentration, Lower uptake of sodium in salt
resistant rice varieties Getu and SR26B suggested the

possible existance of a sodium ion exclusion mechanism
in rice (Janardhan et al., 1976). Contrary to this,
Yannan (1978) reported that galt tolerant rice variety
PVR-1 accurmulated significantly highef amounts of scdium
than the se1t sensitive variety and that showed the
halophytie feature of the variety FPVR-1,.

Rathert (1983) studied interzetion of ion=-reguletion
and carbohydrate metabolism in response to varietsl salt

tolerance in rice varietles and inferred that the differences
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within the carbohydrate metzbolism contributed to the

metabolic tolerance of rice varieties when grown in
szline environment,

Differences in internal distribution are physiclogically
significant aspects of sa2linity resistance., According tc
Yeo znd Flowers {(1982), preferentizl distribution of
sodium ions into older leaves, resulting in & gradient of
sodium content, permitted rice plants to maintain atleast
some young leaves with sublethal szlt content.

Changes in initisl sodium uptake, chlorophyll
breakdown and activity of malate dehydrogenase as well ss
nitrate reductase enzymes in nine rice varieties were
studied by Yeo and Flowers (1983) who concluded that
eventhough initiel sodium upteke had predictive value for
salinity resistance in rice varieties, there were other
characters which were masked by excess salt entry and
no single factor appreared to confer salt resistance,

Janardhan and Murthy (1970) found that higher
moisture content of the leaf tissue and lower chloride
cocncentration in the seedlings were associated with lower
injury rate of leaves in salt tolerant rice varieties.
According to Quadar et gl. (1980) pretreatment of rice
seedlings with salts such as CaCl, and Ca{NO,),,

3
vhich resulted in better plant growth in saline eonditions

might heve helped in the accumulation of Ca in root cells
enabling them to maintain their permeability delaying thereby,
and also redueing, the accumulation of Na in the plant.
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To sum up, there have been both extensive zs well as
intensive research efforts in recent years to study and
analyse genetic variation in plant tolerance/adaptation to
soil stresses. Contradicting reports on response functions
of meny crops have been noted and it seems that these
differences were lergely owing to the faet that variables,
including plant as well as scil and climatie factors, sffecting
rlant response were not properly taken care of. Vital
information on genetie analysis of inter-varietal differences
regarding salt resistance and stobility of varietal
performence over a wide range of subw-optimel environments
1s either entirely lacking or is inzdecuate for formulating
appropriate breeding strategy and methodology needed for
develoring imrroved crop varieties test suited to specific
situations of salt-affected scils. For combining high yield
rotential and superior salt-tolerance, it is indeed necessary

to evaluate more critically tre varietal resronses to
precisely defined edaphic stresses and also to understand
genetic mechanisms governing salt tolerance. In this
eontext, phenotypic and cytogenetic study of crop varieties,
still grown traditionally in different salt-affected areas,
assumes special significance for understanding not only the
adaptive features of these valuable genotypes but azlso the
evolutionary development of processes of adartation that
have enabled them to grow and yleld over long periods under
such unfavourable edephic environrents with little

management eare.
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MATERIALS AND METHODS

The present investigationycamprised of a series cof
inter-related experiments that were conducted on rice
materials grewn in petriplates, pots and alsc in specially
designed stress=-plots. Studies were carried out at the
Central Soil Selinity Research Institute, Xernal (latitude
29%3'Y, longitude 76%8'E, altitude 245 m above mean sea
level) during tre vet season (kharif) of years 1981 and
1982, lonthvwise meteorologiesl data are given in
Appendix I for the relevant cror seasons.

3.1 Experimental materials

Fifty five varieties of rice, representing a wide
spectrum of variatility with respect to geographicsl origin,
rlant height, growth pattern, maturity, grain charzcterictics
end ylelding ability, formed the materials for different
studies. These genotypes are listed and briefly described
in Appendix II. TFgsed on the information otteined from a
pilot study conducted on these materials 39 varieties were
selected ahd evaluated critiecelly for thelr response to
soil salinity and alkalinity in two successive seasons.

In addition, eighteen indigencus locally-adapted varieties
were a2lso studied for their comparative phenology and
cytogenetic characteristics,

3.2 Experimental methcds

3.2.1 Resronse evaluation ir laboratory tests

Varietal response to salt stress, basel on response

of seed germinaticn and seedling growth was evaluated by
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conducting experiments in petriplates kept in the

labvoratory under contrclled and comparsble ccenditions,
3.2.1.1 BSeed germination and seedling response to salinity
With a view to studylng varietal respconse to salinity

durirg seed germination and young seedling stage effects of
tvwo treatnents (tap water, aeting as the control and =z
solution of 1% NaCl) wvere compared with three replications.
Tventy five seeds of each of the 25 rice varieties, selected,
for this study, were placed in petriplates lined with
blotting paper made wet with tap water in one set and with
selt solution (1% KaCl) in the other set. The seeds were
earlier treated with 0.1% mercurie chloride to aveid fungal
contamination. The experiment was conducted at an average
room temperature of 25 % 2°¢ with 12 heurs lighting arrangerent
and obgervations were recorded on the fecllowing three
parameterss

1) Seed germinatiocn (%)

ii) Seed germination rate index, and

111) TFresh seedling weight (mgs) at the end of the experiment

3.2.1.,2 Comparative study of seed materials hervested from

plants grown in favourable and unfavourable soil
environments

Another experiment was conducted using the seeds

harvested from different varieties grown in favourable,
alkali and saline sSoil environments to study the effects
of these growth econditions on seeds as reflected in
germination and seedling vigour. Seeds of each variety,
ortained from three environments were kept in petriplates

lined with blotting paper made vet vith tap water, Temperature



37

and lighting arrangements were maintained as described
in the previous experiment. Data vere recorded cn seed
germination (%) and seedling height (cms).

3+2,2 Response evaluation in stress plots

During the kharif season of 1981, all the selected
fifty five varieties were sown in test-plots under soil
eccnditions (pH2 8.3 and ECe 1.2 d4S/m). One month old
seedlings vwere transplanted in the test plots under
favoursble (pH, 8,3 ECe 1.2 as/m), alkali (pH2 9.3 to
9.00) and saline (ECe 6.2 to 8.5 dS/m) environments. The
experimental lay out was a randomized block-design with
four replicaticens, Transplanting was done with s hill to
hill spacing of 20 ems in a row and an inter-rov spacing
of 30 cms. One row, measuring three meters length was
allotted per genotype at random. BEorder rows were planted
all around the plot to avoid border effect. Recommended
agronomie practices, including applicaticn of fertilizers
and plant protection mecsures were adopteds Salinity and
alkalirity levels were periodically monitored during the
entire course of study and salt treatments were given
vherever necessary in order to maintain the desired stress
levels. The experiment was repeated in 1982 kharif season
with 39 varieties which were selected from the 55 varieties
studied during the 1981 kharif season by excluding strongly
photo-sensitive genotypes.

The following characters were studied during this
experiments

(1) Days to 50% flowering
(2) Plant height {(cms)



Figure 2 A view of the screening plots developed for
evaluation of plant response to alkali and
saline soils

Figure 3 A comparative view of differential response
of rice varieties to salinity stress



i
e A -




40

(3) Length of the paniele {(ems)

(4) Panicle besring tillers per hill
(§) Main panicle dry weight (gms)
{(6) Straw weight per hill (gms)

(7) 1000 grain veight {(gms)

(8) Harvest index

{(9) Grain yield per hill (gms)

For every entry, four hills, comprising of twe
plants each, were taken at random from every replicaticn
and tagged for recording detailed otservations.

3243 Cytological cbservations

Ten indigerous rice varieties, cultivated

traditionally ir salt-affected areas and adapted to
specific stress situnations, were grown in glazed porcelain
pots ecntaining either favourable (pH, 8.2, ECe 1.5 d5/m)
or alkali (pE? 9.2) or saline {(ECe 8,0 dS/m) soil. These
materials were used for a eytologzical study of
differentiation, if any, amcng these locally adapted
cultivars. Observations were recorded on the following
characteristicss
3.2.3.1 Meiotie process

Young panicles of appropriate growth stage vere
fixed in freshly prepared Acetic-Alecohol sclution (1 part
glacial acetic acid and 3 parts absolute ethyl alcohol)
for k8 hours. The fixative was changed once after 24
hours. Thereafter, the fixative vas drsined out materials

vere stored in 70% alechol at low terperature { ~ §°C).
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Meiotie preparations were made followlng standard smear
technicue using 2% acetccarmine stain. Observations

vere made as described belows

3¢2+3.1.1 Chiasma freguency: Data on number of chiasmata,
visible on every bivalent, were reccrded critically at the
diekinesis stage from ten well spread pollen mother cells
(P¥C) of ten indigenous cultivars in respect of three
ervircenments., Comparative observations on the rmber of
chiasmata per cell were used to study varietsl differentizticn
as vell as response of this character to different edapric
ervironrents,

362434142 Anaphase abrnorralitiest About fifty pcllen mothrer

cells in anaphase stage were screened for each entry for
gross abnormalities like precocions or late separation of
bivalents, formation of bridges, irregular distribution of
chromosomes, presence of laggards and chromosome fragments
etc.

3¢2¢3.2 - Pollen fertility {(viadbility)

This was Judged on the basis of a stainability test
using acetocarmine. Undehised mature anthers were tapped
in 131 glycerol-acetocarmine (2%) and kept overnight for
staining. The fully stained, prcperiy developed and
well-filled pollen grains were counted as fertile. Unstzined,
partially etained and poorly developed pollen grains were
taken as sterile. Pollen fertility was expressed as percertage
of fertile in relztion to total number of pollen grains

exzmined for this purpose.
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3+4243.3 FPollen size

Diameter of pollen grains, including the exine,
vwas measured in microns using a calibrated opticel micrometer.
Materials prepared for the pollen stainability test

vere used for these measurements.

3s2.3.4 Stomata frecuency and size

Stomatal characteristics were studied from carefully
prepared replicas of the lower leaf surface by using a 10%
thermocole-xylene solution., A thin layer of this solution
was applied on the lower side of fully developed leaves of
different rice varieties grown under comparcble conditicns,
Following the evaporation of xylene & transparent
thermocble film vas left on the leafl surface., This
thermocole layer was peeled off and mounted in water on
thin glass slides which were examined under the microscope
for recording frequency of stomata. For a comparison of

stomatal size, the slit length of the stomata was measured

with the help of a micrometer.

343 Recording of experimental data
Procedure adopted for recording observations on
different characters is described as followss

(1) Eeed germination percentage

Germination counts were recorded every day until
there was no further inerezse in ecunts for three successive
days. The seed germination was expressed as percentage of
germinated seeds in reletion to the mumber of seeds sown.

(2) Seed germinastion index

Seed germination index (SGI) was calculated following
the method described by Maguire (1962). Number of germinated
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seeds on & particular day was divided by the number of
days following the time when the seeds were initislly
laid out for germination. The values so obtained at each
count were then summed up at the end of the germinaticn
test to obtain the E8GI values,

(3) Seedling height

Seedling height was recorded in centimeters on the
tenth day from the date of sowing.
(4) Seedling fresh weight:

Blotted dry seedlings were used for recording their
fresh velght immediately on concluding the experiment
using an electrie balance.

(5) Deys to 50% flowering

This was recorded as the days tzken from the date of

sowing to the day when 50% of the plants flowered in each
replication,

(6) Plant height

This was recorded in four meture plants, taken at
random, measuring from the base of stem to the base of
panicle,

(7) Length of the panicle

Paniele length was measured in centimeters from the
base of the panicle to its tip excluding awns, using main
tillers of four plants taken at random..

{(€) Psnicle beari illers per hill ?

Number of panicle bearing tillers per hill (i.e., tvo

plants) was éounted just before harvesting at four randomly

taken hills in each varletal row under all replications.



(9) Papnicle dry weight

Panicles of four main tillers, taken at random,
collected separately and weighed after drying in an oven
to constant weight.

(10) Straw weight per hill

Shoots of individuel hills (i.e. two plants) were
harvested separately, by cutting very close to the ground
end dried in an oven at 80°C after removing the panicles.
Dry weight was then recorded using an electric balance.
(11) 1000 grzin weight

From the grain yield of individual hills, one thousand
grains were counted at random and veighed using an electric
balance,

{12) Harvest index

It vas expressed as the ratio of grain yield to the
total biological yield {straw weight + totsl grain weight)
per hill.

{(13) Grain yield per hill

Total grain yield {(husked) was recorded at four
hills, taken at random and comprising of twvo plants ewuch,
in every replication.

3.k Statisticel analysis

The experimental data on different characters recorded
in various experiments were subjected to the following
statisticel analysest
3.4.1 Analysis of veriance

Genotypie differences arong the varieties under study

vere tested separately for each of the six ervironments
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uging randomized block design as follovwss

Yid = m + Gi + bd + aij

Y,, = observation in the 10 treatment ana 3P block
] = general mean

1 = effect of ith treatment

= effect of §*® plock, and

eij = random error associated with 1th treatment

and 3 vioex

Variance ccmponents were split up, as shown below,
for all the traits under study.

Analysis of variance

Source of Cefe Mean Expected mean scquares
varistion squares
2 2
Flocks b -1 My O; + t 6;
1 6.2 b 6.2
Treatments t = My e + %
6‘2
Error (b=1)(t=1) M e
vhere

b = mmber of blocks
t = mumber of treatments

M, = mean sum of souares due to blocks
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My = mean sum of scusres due to trentments (genctypes)
Me = mean sum of squares due to error

The treatment mezn squeres (Mt) were tested against
error mean squares (Mg), at ny = (t = 1) and n, = (t~1) (b-1)
degrees of freedom,

3olte1e1 Estimation of mean value and standard error

Mean values vere calculated as replication average
for each treatment separately. ‘
The standard error of mezn (SEM) was calculated

as feollowss

\/0;2

Standard error of mean =

r

2
vhere 0g° 1s error variance

r is number of rerlications

The critical difference between any two means
was caleulated as unders
Critieal difference (CC) = t error d.f. X SEM X J?

3.4.2 Anslysis of Phenotypic Stability

Btability of performance 1s one of the desirable
properties of a genotype to be released as a variety for
wide cultivation. Eberhart and Russell {1966) model was
used for the estimstion of phenotypic stability of different
characters. For this purpose, unilocation trials over two
seasons in different environments (favouratle, alkali

and saline soils) were conducted.
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It may be briefly stated here that Finley and
Wilkinson (1963) developed a technigue, for analysing
the stability and adaptation of individual genotypes, which
involves regression of yield of each variety on an index
of the yield potential of that ervircnment. They proposed

two parameters for judging the phenotypic stability and
adaptation of a genctype over a range of environmental

conditions:
i) mean yield over all environments, and
1i) regression coefficient related to environmental index.
Eberhart and Russell (1966) further refined the above
mentioned approach and proposed an additional stability

parameter, namely, deviation from linear regression. The

genetical model defining these parameters 1s as followss

Yij = Mi +» BiIJ + éij

vhere
th th
Yij = mean of the 17 varilety at }J environmgnt
4 = mean of ith variety overall ervironments,
By = regression coefficient of 1th variety on environrentel

index which measures the response of this variety
to varying environments,

IJ = environmental index which is defined as the
deviation of the mean of &ll1 the varieties, at
a given location or environment, from the overall
mean. X

6;3 = deviation from regression of the 1th variety at

jth environment.
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Envirommentel index is ealculated as followss

, =z YiJ/ G| - }i_ ? Y,/ @ @

vhere

G = Total rmumber of genotypes

E = Total mumber of envirorments

This model for stability analysis partitions
the genotype x environment (G x E) interaction for each
variety into two parts, viz. (i) the variation due to
response of the variety to varying environmental index
(sum of squares due to regression) and (ii) the

unexplainable deviation from the linear regression.



3.4.2.1 Anelysis of variance

49

Observed variation for different traits was analysed

as followss

ANOVA
Source defe Sum of Squares Mean 5.8,
%eglications (R=1) MR
R
2 ‘
Gerotypes (G=1) 13Y %7E PR S MG(M S, )
) r E%i T B I 1
1
. 2/ .2 ME
Environments 1 1 &y, 1,2/ 1
(1inear) g 747 j 3
GxE(linear) G(B=1) S (xy,, 1 )2/21 2, ENv. M'GxEQS,, )
ERRE T * A A 2
Pooled G (E=2) TS 0‘132 MD (M5 3 )
deviation i 4
{ ] ,
Fooled E(R=-1)(G-1) Me (6;2>
error
Where
G = Number of genotypes
E = Number of environments
R = Number of replications A
MR = Mean sum of squares due to replications
MG = Mean sum of équares due to genotypes
M‘E = Mean sum of sqguares due to environments
1
M GXE = Mean sum of squares due to GxE (linear) interaction
¥D = Mean sum of squares due to pooled deviation
Mé = Mean sum of squares due to0 pooled error
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Genotype x envircnment interaction (linear)
measures the differences among the regressiocn coefficients
of the different individuals. Deviation mean square
results from unexplainable deviation from the regression
as the ervirormental index.

3.4.2,2 'F!' test of sign:ficance

Significance of difference among genctypic means
vas tested using 'F' test 3s followss

F = MG
FD—

The hypotresis thet there are no genetic difference
arcng varieties for their regression 'on the ernvircnmentsal
index, was tested by the 'F' test as given belows

F =¥GXE

The approrriate test of deviation from regression

fecr each variety was obtrined as unders

2 A y
F = ( %% sz )//(E—Q) Pooled error

After terting the significance of differences among
the varieties for their phenotypic stebility over the
envircnments, the three stability parameters, viz.,

(1) mean value over all envircnments, (ii) regression

coeffieient, and (11i) deviation from linear regression,

were caleulated for erch of the genotype under study.
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3.#.2.3 Mean value over sll the envirorments

Mean value of a genotype over all ernvircnmente {Yi3

vas caleulzated from the mezans of that particular genotype
over all the environments.

Thus, Y; = %3 YiJ/E

3.4,2.,4 Regression coefficient
Regression coefficient (by) was estimated as
fcllows: |
by 'ZY“ 13/212
] g

Standard error of by for testing the significance
of individual by Was calculated as gilven belows

sp(oy) = & > = 1,2
J  TRe2

3.4.2.5 Deviation from lipnesr regression

The third parameter, that is, deviation from

linear regression (Sd12} was estimeted as follovse

Sag° = [ % 6,° )/m—z)} 8e°/n)

Where, (8, /g) = estimate of pooled error

 £2 |72 - 1° | 2 2



The significance of individual Sdiz waE tested by an

aprropriate 'F! test as shown belows
= 2 2 2
F [( L 6,,%) ®-2)/5, 1

for (E-2) and E(R-1)(G-1) degrees of freedom.

3+4e3 Correlstion studies
Correlation coefficient (r), the measure of relcticnshi

between any tvo traits or variables, was calculated

as fcllowss

r = Cov (x.37)
Xy
JVar(x).Var. {y)
Where rxy = Correlation coefficient of x ony

Covixy)= Covariance of cheracter x and character y
Var{x)= Variance of character x

Var{y)= Variance of charscter y

3ele3.1 Genotypic and phenotypie correl=ticns

Genotypic and rhenotyric correlction coefficients
between different pairs of characters were computed by
the method described by Robinson et al. (1951).

The two variance-covariance matrices necessary for
caleulating genotypic and phenotypic correlation coefficient
vere obtained from the mean sum of squares and sum of

. rroducts of variances and of tre error for different

charzcters measured in replieated experiments.
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Anelysis of variance for all the characters under

study in 211 the environrents was conducted as followss

Source ar MBS Expected mean square
2 2
- t
Replicatiﬁns (I‘ 1 ) M‘I‘11 6.91 1 + @ 11
2 2
Trestments {t-1) Mtq4q B 11 +r 6; 11
3 2
Error (r=1){(t=1) Meqq 6; 11 +
Where
r = yunmber of replications
t = nmumber of treatments
o)

( 31 = genotyplc variance of character x, and
2
11

= envircnmental veriance of character xy

The genotypie and phenotypic covariances were calculated

as followss

=« Ytyo - Meqs
r

8185

P, = 55,32 v Mey,

Where, Mt12 and Meqp are the mean sum of products
due to treatments and due to error from analysis of covarlances

between character x4 and charscter x,, respectively and
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6191132, the phenotypic covariance of chaeracter x4 and
character Xp. |

Correlation coefficients were calculated for different
ervironments separately. The formlae applied ares

S, p
Phenotypic correlation ry,(P) = 172
v o2 2
O/P‘H x 6]?22
and
genotypic correlaticn ry,(G) = 8182
2 2
/ Gg11 x 6g%20
Where

®1P9 = Phenctyric covariance between characters

x and X
6??1 =  Phenotypie variance of character X4

~
4

99. = Phenotypie variance of character x,

681 gs = genotyple covoriance between character
) | x4 and X

6g11 = pgenotyple variance of character Xy

6':22 = genotypic variance of charncter x,
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Correlation coefficients were compered against 'r!?
values given by Fisher and Yates (1953) at t-2 degrees of

freedom both at 5% and 1% probability levels of significance.
el Path anelysis

It is more meoningful and useful to represent the
whole system of variables in the form of a pcth diagram
vhen the cause and the effect relzticnsvip is well defined.
Hence, the direct and indirect effects of various characters
to grain yield at genctyric and phenoctypic levels were
czlenlated with the help of the following sirmultaneous
equations of correlation coefficient at genotyric level
as described by Dewey and Lu (1959);

rix4y) a+r ({yx)b+r (x1x3) ¢ + =——-sr(xnx ) k

r(x,5) BeTo (xzx1) + b+ r(x2x3)e + »-«r{xz%) k

r~(x3y) = a.Ts (x.311) +4 T (ISXE) b+ ce ----+r(x3xn) k

r(Xy) = aere (XX )+r {(Zx)b+r{xx)c+ -—-+k
n ) n "3

Where

Xy Xp 9 X3 g ===--==y X, 2TE various char=cters

y = grzin yield

aybyCy =ww=-==, k are direct effect of the charzcters

Xyy Xpy X3y ecescesyXy respectively.
r(x.‘y), r(xzy), r(xBy), .......‘..Y,r(:ry) are the genotypic
correlation coefficients between grain yield and character

X1, 32, 13 ) Sevssssnsay %1 respectively.,v
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r(xx,), r{x1:3), r‘(x2x3), r(xan) etc. are the genotypic

correlation coefficient of different palrs of characters.
These simltaneous equations were solved for the
unknowns and the vaiues of direct effects vere estimated.

The matrices vere as followss

rr(xa,y)‘f r(xx) ;f(x1x2) r(x113') ....r(x“xn)” o]
r{x,y) _ r{z,x ) r{x,x,) r(12;x3) ....r(xzxn) b
r(x3y) r(x3x1‘) r(x3x2) r(x3x3) ..‘.r(131n3 c
Lr(xnﬁ_j 3'(xnx13 r(xhxa) r(xan} ....r(xnxn)J- tkl
(a7 ?c(xg) riyzy) riyx) r(x,xB) ....r(x1xn) ]
b r{x,y) rinx) rixx,) r(x2x3) eeeeT{xx )

c B r;(xBy“) r(x3x1) r(x3x2) r(x313) ....r(x3xn)
Lk-{ L?:(xny} r(xnx13 r(xnxz) r(xnx33 ....r(xnxn) 1
Fa" ’i‘(yy)“ %11 012 013 enes C1n B
b r (Izy ) C21 622 023 ease an

e | r«(xay) 631 632 633 aves CBn

Lk_ e,‘(:l:ny)‘i nl Cpo Cn3 eese G |
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Where, 011, Cio9 “"'cnn are the respective elements of

inverse matrix. The unknowns were solved as followss

a = Cyqy r(xy) + Cyp rixy) + C13 r(xjy) + eeeeCy rixyy)
b = Gy rixyy) + Coy rix,y) + 623 r(xjy) + eeseCy r(xﬁy)
¢ = Cgy r{xy) + C3o ri{xy) + C33 r(xjy) + eeedCqyy rxy)
k = Cyrixy)+Cp r{xay) - Gn3 r(xEy) + 0setCp ;(xﬁy)
The indirect effects of specifiec characters through

other charzacters were obtained in the following vays

th

Indirect effect of 1 character via jth character

= r(xixj) x P
Where, P is the direct effect of jth character.

Eimilarly, the direet and indirect effects at
phenotypic level were calculated while using respective

cerrelation eoceffieient at phenotypie level.



<
Qo

RESULTS

This investigation comprised of several inter-related
studies conducted primerily with a view to assessing the
magnitude and nature of variability for salt tolerance among
55 rice varieties. Besides undertaking a cytogenetic analysis
of locally adapted rice varieties, a special feature of threse
studies was the monitoring of soil status and meteorological
conditions during the entire course of investigation so as to
facilitate critical interpretation of observations and drawing
valid inferences,

Results obtained from different experiments are described
below under the following sub-headingss

(1) Phenotypic characteristics of locally adapted

cultivars

(2) Oytological studies

(3) Petriplate experiments

() Screening-plots experiments

kel (Charscterisation of locally-adapted indigencus cultivars

Comparative characteristics of 20 promising locally-
adapted rice varieties collected from different parts of the
country are listed in Table 1, All the varieties were diploids
with 2n = 24 chromosomes showed normsl chromosome pairing
behaviour during meiosis but revealed significant variztion
regarding several phenotypic characters under study. Most of
them were tall growing and late flowering types. Varieties
Arya, Nonabokra, Nonasail, Pokkali and SR 26B were very tall

measuring more than 2 meters in height. Nonabokra, Nonasail,
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SR 26B, and SR 10032 vere very late-flovering taking morc than
140 days to flower under Karnal ccnditions and this adversely
affected the grain setting as the onset of winter coincided with
flawering'andTgrain development period. 8ix verieties vere
characterised by deeply pigmented grains while two améng them
namely ¥alarata and Karekagga, were also having black glumes.

Data presented in Table 1 showed that stomatal size
ranged from 9.81 to 16,00 p whereas the stomata frequency ranged
from 18,45 to 31,20 stomata per microscopic field area of 0,21 mmg.
The pollen size ranged from 15,35 p in Nonabokra to 1?.25}1 in
Karekaggae
4,2 Crtological observations

Cytological study of ten indigenous salt-toclerant cultivars,
alongwith two standard varieties Jaya and M=-1-h8, revealed that
all the genotypes were diploids having somatic chromosome rumber
of 2n = 24 and regularly formed 12 bivalents during meiosis as
observed in pollen mother cells, Comparative morphology of
chromoscme sets, studied in root tip squashes, did not show any
notable difference in this regard among different varieties,
Regularity of meilotic behaviour was also examined, recording
observations on chiasma freguencCy and occurrence of anaphase
abnormalities under non-stress, alkali and ssline soil conditions.
These observations are described below.
4,2,1 Chiasma freguency per cell

Gbservéd chiasma frequency among the 12 varietles grown
under non-stress (kcentroij gs well as alkali and saline envirorments
are given in Table 2. Number of chiamsmata per cell ranged from
22,6 to 25,3 in the control, 22,8 to 27.4 in alkali soil and
23.1 to 27,2 in saline soil environments. Configuration of the
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Table 2 Effect of scll selinity and alkalinity on chiasma
fre  §?ey and anaphase abnormalities in 12 rice
varieties

Anephase ahna?malities

Genotypes ﬁ“ﬂzﬁl@%
CF= kel aline
stress stress
* & %k
Damodar 24,020,30 25,120.23 25.9—“—@.3; 256 1479 2.90
Dasal 24,840,20 25,8%0,20 26.1%0,18 O 4,33 0
; B% ¥ B *
Karekagga 244320,21 25.720,21 25.0%0.21 4.00 9.4 7«
ke % %
Bhurarata 23,320,300 22,920.48 23,430,37 2.10 9,20 7492
E 2 s *ok
Kalaratsa 22, 6*{}: 31 22-820:’3& 230 3:00 31< 1 67 16142 1 3. h’B
i o *or Wk
SR=3=9 2346%0,27 35-130,28 26.0%0,26 1.67 6497 784
. * 0k £ = 3 3k
SR 10032 250320,15 25.820,25 26.5%0,17 0 10.8 9,67
) ; % % % &
M=t 24,870025 27.420,27 27,2%0,20 1,47 1,64 3.13
*. %
Pokkali 25,020,21 25.5%0,17 26.'7:5;.2; 1.0 1.59 1,05
* % ‘ k)
Jhona 349  25,120,35 25.,770.37 25.2%0,25 © 746 7454
Ex sk
Jaysa 22,920,28 22.820,22 23.120,35 o 6,.2;"" 8433
S ‘ , * %
¥-1-h8 23.120,31 23.120,30 23.420.33 1,67 %17 6.35
D at P=0,08 Varieties 0.72
Envirorments Dk’

% gignificsnt at P=0,05, **

-~

Significan: as Pm=0,01
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Table 3 Analysia of variance for cmiﬁsma frequency and
- anaphase abnormelities of 12 rice varietiss grown
in optimal, alkall and saline environments

Sources of defe Hg sgg»

variation Chiasma ~Iraphase

frequency abnormalities
Varieties 11 ol | Sﬁafjm
Environments 2 3.96 " 324 "
Error 22 0.28 16,70

* Significant at 5% level
*%* Significant at 1% level
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bivalents were predominantly ring shaped. However, one or itwo
bivalents of rod-shape were also observed.‘ The mucleolar
organising bivalents seemed to be mostly held by a single chiasma
of the open ring type. Statistical analysis of these observations,
presented in Table 3, showed that varietal differences and
treatments'! effects vere significant. Variety SR10032 recorded
the highest chiasma frequency per cell (25,3) followed by Jhona,
Polkkeli, Dasal, MQM¥-1 and Karekagga. These differences were,
however, not significant statistically under the favoursble
enviroment. Under stress environments, however, MQ{-1 shoved
the highest chiasme frequency of 27.4 and 27,2 per cell in alkali
and saline soil envircrments respectively, Interestingly, variety
Jaya recorded the lowest chiasma frecuency per cell in non-stress
soil (22,7) as well as in alkeli (22.8) and saline (23.1) soil
enviromments,

In general, salt stress appeared to increase the chiasma
frequeney excepting for varieties Jaya, M-1-48 and Bhurarata. The
highest salt~induced increase in chiasma frequency was shown by
the varieties MQM=1{(10.4 and 9,68 per cent) and SR 3-9 (6435 and
10,17 per cent) under alkali and saline enviromments respectively.
4,2,2 Anaphase abnormslities

Cbserved anaphase abnormalities included late separation
of chromosomes and occurence of bridges, fragments and laggards.
These abnormalities were found to be increased by the salt stress.
Data on the incidence of aznaphase irregulerities are given in
Table 2 and their analysis of variance in Table 3. Varieties
Damodar, Pokkali and MQI-1 were outstanding in showing no
significant increase in snaphase abnormalities Poth under alkall

and saline soil enviromments as compared to the non-alkali and
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non-saline soll conditions., Interestingly, variety Dasal showed
significant increase in anaphase abnormalities under alkaeli soil
environments only. Higher number of abnormalities were recorded
in case of varieties Kalarata (16,42 and 13.43%) and SR 10032
(10.81 and 9.67%) grown under alkali and saline soil conditions
respectively.

L.2.3 Pollen size and viability

Data on pollen size and viabllity, judged on the basis of
acetocarmine stainability test, are presented in Tables 4 and &,
Meost of the varieties showed pollen viability of more than 95%
excepting the very late flowering varieties, namely, SR 26B,

SR 10032, ﬁonabokra, and Nonasail, Pollen size ranged from 15,35
to 17.35 p in diameter. Salt stress vas found to decrease both
the pollen viability as well as the size., Significant V x E
interactions were reeorded. Varieties SR 3=9, Pokkali, Damodar
and ¥Q¥-1 did not show any significant stress~induced reduction
both in pollen viability and pollen-size. The observed reduction
in pollen viability, however, was not found to be correlated with
the grain yield under stress enviromments,

Y224 Stometal frequency and size

Observations on stomatal frequency of 29 varieties,
presented in Tables 6 and 7, revealed significant variation
among the varieties, It ranged from 18.45 stomata per microscopic
field area (0.21 mm2) in the variety SR3«9 to 3644 stomata in
M=1-48, The phenotypic and genotypic coefficient of variances
vere 19,42 and 16.00 per cent respectively with a broad sense

heritability value of 67.88 per cent over the mean.
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Table 4 Effect of soil slkalinity and salinity con pollien
viability and pollen size of 18 rice verietlies

Genotypes Pollen fertility Pollen size Qu3
centage) |
Hon- Alkali Saline Nonw Alkall Baline
stress stress

R 222 o7l Hhe23 e 32 17,00 16,90 16420
Jhona 349 32.87 90,32 91,01 16,30 15,10 15,80
J‘aya .l'lr3 92075 9!‘!*009 17.35 17060 1&.75
SR~3-9 MN,00 93,28 92,82 16,0 16,40 16,10
Kalarata 96470 95.%7 8 15.85 15,00 15,15
Bhurarata 99.03 98,16 97 « 55 1 580 15.90 15.70
Karckagga 95,65 93.65 9k 1725  17.05 16490
Bilekagga 95.27 93.01 93, 16.75 16,10 16400
Ary& gat o1 75& 87 83&?3 i 6‘3(} 1 5030 1 50 60
Damodar . 95 95. 37 95; 16 3 é’v 95 16.80 164 50
Dasal 99.18  97.23 97.88 16. 20 16635 16,1
Getu 9MBe67 9Be20 97N 16,10 1 2,95 15475
Nona bokra 89..¢6Z 82,08 82, 1£.35 1480 15,00
Nona sail 93 86497 89.8 16.35 15.90 15490
Pokkalil 89,78 90476 924 15.95 15,68 15.95
SR 268 85.22 82,01 82,16 %é‘és 15.65 15,20
S8R 10032 88, 7921 88,09 1;0 65 1, 15,25
M Qg1 96.32 95,25  96.12 19,06 16.8 16,85
Mean 93' 57 900‘76 92018 1 6‘# 36 1 5&% 1 5093
CD at P=0,08 for varieties 1.21 0.18

for soils 0.50 0.07

for vars. x soils 2,10 0s32
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Table § Analysis of veriance for polien viezbility and
pollen size of 18 rice varieties grovn in optimal,
alkalli and saline soil enviromrents '

Sources of , M. S, 8,
variation defe Pellen Yolien
fertility elgze

. |
R@pli cation 3 7300 Oe m7

* e
Varieties 17 377838 * lﬁg" g *
Enviromments 2 1T 3,993
VxE M 9.698" " Ce282
Error 159 2.289 0. 052

*  Significant at 5% level
*%  Significant at 1% level



Table 6 Mean values of stomate frequency and

stomatal size of 29 rice varietiec

Genotype Stomata Btomata
frequency gize
per 0,21 Qul

Kalinga I 284,10 11.87

Kalinge II 31.20 11,10

&R 21 23,05 471

CR 222 20.20 12.13

Jhona 349 18470 1%.20

Jaya 2770 10.8%

BG =1 29.25 11,61

Giza 1 59 11". ?1

Bas 370 zs.hg _1!1; gg

2?. -

e L £

IIB 20 2’%% Be78

IR 2085 25 12,91

SR 3=9 18. : 16,00

Kalarata 19.55 13.68

Bhurarata 25Q 0 12 91

Kﬁemggﬂ, 12 g. 8? }. )i:’ %g

Bilekagge I8 .

2k, 05 12,6

Damodar 24,90 Ge8

Dasal 27.75 13.68

Getu 23‘65 11.61

Kona bokra 24,05 11.87

Nona sail 22,55 11.87

Pokkali 2270 10,07

8R 26B 26, 95 10,32

S8R 10032 ag 104 Ei’

Mean 25,02 12,
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Tablée 7 Analysis of varience for stomata frequency
and stometal size of 29 rice varieties

Sources of B M%____
varistion a:p . eligtia
Replications 3 7499 9 209

' %% o
Varietices 28 71467 28 29493
Error gk 7458 252 450

## Sipnificant at 1% level
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The stomata size also showed significant varietal
differences, The range was from 8,78 m in IR2031 to 16,0 in
SR3~9, This character showed a phenotypic coefficient of veriance
of 21,33 per cent and genctypic coefficient of variance of 12,82
per cent. Heritability value was low {36,11%) with expected
genetic advance of 15.84% over the mean,

Total stomatel opening per unit area was found to be
significantly correlated with grain yield. Interestingly
this relationship was negative in the early flowering rice
varieties (r = «0,579), but positive (r=+0,620) in the late
flowering group,

4,3 Petriplate experiments

Experiments were conducted in petriplates, kept under
controlled conditions, to evaluate varietal performance regarding
seed germination and young seedling stages under optimal and
sub=-optimal envirorments. Observations vere recorded on total
seed germination, seed germination index indicating the rate of
germination and seedling weight. The enviromments were control
(Tap water of EC 0,30 d8/m) and 1% NaCl solution EC~ 10 dS/m).
ke3e1 Seed germination percentage

Data on seed germination percentage of 25 rice varieties
raised under two envircmments, under compsarison, are presented
in Table 8 and analysis of variance in Tsble 9. In general,
total seed germination was not drastically reduced by salinity
excepting five varieties, viz., Bilekagga (61.3%), Giza 159
(48,05% ), Pokkalli (+6,56%), Arya (35.56%) and Karekagga (24,0%).
No significant reduction was observed in case of varieties
CER~-5, Jhcena 349, IR2031, Bhurarata, SR 26B, SR 10032, SR3-9,
TR=17 and CSRelis



70

Table 8 Effect of salinity (1% NaCl) on total seed
germination, seed germination index and fresh
seedling weight of 25 rice varieties

Genotypes Seed gminatien Seed gernination Sa&xﬂizzg welght

—m , index , :
Control Saline Control Saline Control E£aline

on ? R-% RO 2 &5 23,87
o7 73 . » He 23
Jhona 3‘*9 1{30.0 8.28 e;@ 72453 4040
Jaya 100,0 Ree7 817 ?.?1 76,93 2okl
Giza 159 69.3 %0 | 4,20 09 22 0.82
.ze 1 00,0 %.7 8.28 i“Q S 5802? 28039
Med 100,0 96,0 8.19 59,07 26,57
? 100,0  98.7 7492 3 5453 16,
R 2@3 100,0 100,0 8,11 fv.es 50, 25.l;z
IR 2055 100.0  97.3 8430 k.c? 66:40 32,
33“3"9 100, 0 98, ? 8 -33 1?93 20 32. 90
Kalarata 100,0 8647 Be z.gg 80,27  18.61
Bhurarata  100,0 10040 8433 77 7 33.gz
Rerekagga 100.0 76.@ ) 1.89 ‘67 .
Bilekagga 1000 g-.? 3. 0,92 ?2.%3 11.57
Arya 97,3 2,7 8402 g,o? 3.1 13.28
Damodar 98.7 W7 Be19 3.6 62,82 27,82
Getu 980? 930 3 «09 ?a g" Dm 17.1 5
Kona bokra £33 k8,0 ho1y «50 ?R.M 25.13
Nona sail 50.7 42.7 3.63 1ok L5,8¢ 17.?.3
8R 10032 86,7  86.7 7401 3.39 61, 21 19
M it 100.0 89.3 Be22 “?'1 52193 1 5053
CD at P=0,05 for vars.7.75 Coth kL3
for treats.2.19 Oe1E 125

for vars. x treats. 10.97 a7 6.27
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Table 9 Analysis of variance for total sesd germination,
seed germination index and seedling weight of 25
rice varieties raised with tap water (contrcl)
and 1% Na(l solution "

Sources of defs M. 5.8, ,
variation Seed : Seedling

germin 86X fresh

tion % weight
RE§11 cations 2 &1'9;52 | ﬁq?? m'h 61

*a T ok

Varieties 2k 241,48 15,04 306,60
Environments 1 L798,1 G&* E67 7?*% 67109, 3’; ¥
VxE 2h  1796,69 2,27 320,23
Error 9% 46496 - 0,231 15485

*## Significant at 1% level



Table 10 Salinity induced reduction(%) in total seed
germination, seed germination irdex and
seedling fresh weight of 2% rice varieties
grown in 1% NaCl solution

Genotypes Reduction {# of the corresponding control)
Seed beed Seedling
germina- germina=- weight
tion tion {mg
percentage index

CSR L 1.30 61,62 69.11

Tea 242 530 Sz 223

Jaya . 2 ¥ .

Giza 1 59 )4'8. 05 7)")1 05 56. 82

TR 1 1.30 7 5042

Mt = L, 00 W7.25 53433

IR~2031 0 50,06 49,59

83-3-'9 1 . 30 35v89 33- 1 3

Kalarata 1330 Eg. 60 76,82

Bmrarata 0 22 56. 28

Karekagga 24, 00 56425 87,17

Bilekagga 61430 74,86 8k,

Arya 32. 56 Tl Lk 85.7

Getu- 5"}4- 58471 73420

Nona bokra 9! 9 51"‘01 1 s 1 6

Nona sail 15,78 65484 62,45

Pokkali e 7 % 83 69* 35

SR 26 B 0 52(@ 5515

SR 10032 0 51, 654145

MQM-1 10.70 67.03 75432
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ke3.2 Seed germination index

"Eventhough total seed germination was not drastically
affected in some wvarieties by salinity, seed germination was
prolonged by the imposed stress. Thus, seed germination index
was found to be more sensitive test for differentiating vaerietal
responses to salinity as compared to total seed germination values.

Salinity induced reduction for seed germination index is
given in Table 10, Varieties BR3-9, Jhona 349, Bhurarata and TR17
germinated quickly and therefore recorded higher seed germination
index values {435 to 5.34), while it was observed to be much
lower in case of varieties Bilekagpa,Giza 159 and Nonasail,

4,3,3 Weight of 10-day old seedlings

Data given in Tables 8 and 9 showed that the varieties
under study had significant differences for this character under
both non-stress and saline enviromments. Under non-siress
environment high seedling weight (76.67 to 93.}hvmgs3 was noticed
in varieties Arya, Pokkali, Kalarata, Bhursrata, Jaya and
Karekagga. Low seedling weight under comparable conditions was
observed in the variety Nonasail (45.89 mgs). Other varieties
at par vith Nonasail were SR3=9, Giza 159 and IR2031, The
lowest szlinity induced reduction was observed in the variety
BR3=9 (33.13%)s Other varieties recording less than 504 reduction
were Jhona 349, IR2031, IR2055 and TR17. Higher reductions were
observed in varieties Arys (85,74%), Karekagga (87.17%) and
Bilekagge (844 05% ).

The response of rice varieties at seedling stage was
not found to be correlated with the grain yield response, However,

variety S8R 3~9 recorded remarkably better performance under saline
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conditions during seed germination and seedling stages followed

by Jhona 349, IR2031 and TR17 in descending order.
“.t+ Screening plots experiments

To compare grain yleld and eight component characteristics
under non-stress (pH, 8.2 and ECg 1.9 d5/m) and sub-optimal soil
(saline soil ECe 5.0 to 8.0 d5/m and alkali soil pH, 88 to 9%.1)
envircnments of %% genetically diverse rice varieties, a study
was undertaken in kharif season of 1981 in specially designed
screening plots developed for this purpose, This experiment was
repeated in the following kharif season excluding 16 varieties
which were either very late~flowering types, (whose yield was
affected by the onset of winter) or showed high phenotypic
heterogenity. This study was thus conducted on 39 varieties
grown in 6 enviromments and data were recorded on grain yield,
days to flovering, plant height, panicle length, panicle bearing
tillers (PBT), panicle weight, straw weight, 1000 grain veight,
and harvest indexe

Analysis of the data was done after grouping the
varieties into three classes based on the days to flowering.
Fifteen varieties which flowered within 95 days were marked as
the early flovering group, 11 varieties which flowered betveen
96 to 115 days were grouped as the medium flovering group while
13 varieties which tock more than 115 days for 50% flovering
were grouped as the late flowering group. However, the grouping
of varieties based on maturity periods showed that varieties
PAU 269 and Bhurarata should have been placed in the medium
group rather than in the late group. Likewise, variety IRSH
should belong to the late maturity group as judged by its duration
from seedling to maturity instead of the consideration of days to
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50% flowering. These differences obviously relste to differences
in grain development period and also by differential wvarietal
sensitivity to gradually declining temperature during grain
rippening., Even so, varieties in this study vwere grouped according
to the flowering criterion as rice is reported to be very sensitive
during that period to salt stress and maturity dates were nearly
always veriable because of occasional low temperature particularly
beyond Noverber.

The data obtained on various characters under different
edaphic enviromments for the three maturity groups are presented
in Tables 11 to 19,

Yol Analysis of variance and per se performance of the genotypes

Analysis of variance presented in Tables 20 to 22 revealed
that mean sum of squares due to varieties for yield and eight
component characters were significant showing that there was
adequate variability among the varieties, Enviromments were also
found to be distinct from each other. Under alkali soil
enviromment, the recorded mean reduction for grain yield ranged
from 23.,06% in early flowering group to 33.56% in medium flowering
group, whereas under saline soil enviromment it was 39.41% in
early flovering group t0 55.30% in late flowering group revealing
that the imposed stress levels vere mild as desired, but the
chosen level of salinity stress was more detrimental than the
alkalinity stress., The significant V x E interacticn showed
that varieties differed in their response to so0il stress conditions.
The observed responses with respect to individual characters

are summarised below.
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Loltel.1 Doys to 50% flowering

The mean performence for days to 50 per cent flovering

in non-stress enviromment showed that variety (R 237-1 took
minimum days (68,.50) for its 50% flowering. Among the early
flowering group, variety Pusa 150 toock the maxirmm days (93.88)
for 50 per cent flowering and was at par with varieties

CR 143-2-2, Bilekagga and Karekagga.

In the medium flowering group, minirmum and maximum
days for 50 per cent flowering ranged from 96.75 to 115,25
days for varieties Giza 159 and IRSW respectively with an
overall group mean of 105.81 days. HNumber of days to flowering
of varieties HAU-6-163, Jayz, PR106 and M-1-48 was at par with
that of the group mean.

The late flowering group took on an average, 130 days
for 50 percent flowering. Variety PAU 269 took 119,850 days
and was followed by Bhurarata (119.75) and IR2055 (120.,25) while
varieties SR10032, and SR3~9 took maximum time of 141,25 days
and 141,13 days respectively. ’

In general, flovwering was delayed by both saline and
alkali soil stresses in all the groups. Delay was nore severe
in saline soil enviromment as compared to that in case of alkalil
soil envirorment. In saline soil enviromment, maximum delay
amounted to 5 days in variety Bilekagra of the early group,

9 days in varieties HAU=-5=-298, Bas 370 of the medium group and
13 days in SR3=9, SR10032 of the late flowering group.
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4,4,1,2 Plant height

In the early flowering group, mean value for plant
height ranged from 78.1k% to 152.69 am with a group mean of 96,35 am
under optimal soil condition. The genotypic and phenotypic
coefficients of variance were 26,48 and 26,80 respectively with
a heritability value of 97,57%. Varieties Bilekagga (152,69 cm)
and Karekagga (149,39 com) were the tallest followed by Jhona 349
(132,11 ), Variety Pusa 150 (78,14 cm) recorded lowest plant
height followed by Kalinga I, Kalinga II, P=2-21, CSR-l, Pusa 167
and (R143«2-2 which were statisticelly at par with Pusa 150,

Under szline and alkali soil envirorments varieties
showed differential reductions in their height as presented in
Table 17, In general higher reductions were observed in saline
environment. Under both alkali and saline environment varieties
Bilekagga (9.91 and 20,34%) and Karekagga (10,88 and 17.98%)
recorded lover reductions.

Data presented in Table 13 show that among the medium
flowering varieties grown under none-glkali-non-szline soil
envirorment, mean plant height ranged from 75.00 to 168,88 o,
with a group mean of 101,36 cms The genotypic and phenotypic
coefficient of variances were 24,67 and 25408 respectively with
& heritability value of 96.8%. Variety Bas 370 was the tallest
and IRS5h the shortest.

Reduction under alkalil and saline soll stress was found
to be high in varieties, IRS4 (16.33 and 33467%), Bas 370 (14,29
and 29,68%), Jaya (15.08 and 24,27%4) and TR17 (14,13 and 27,.9%%).
On the other hand, low reduction was recorded in IET W1 (6.02
and 17.34%) and HAU-6-163 (8,88 and 14.08%).
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In late flowering group, 11 ocut of 13 varieties vere
tall, with plant height measuring more than 135 om, excluding
panicle length as presented in Table 15, Variety IR2055 was
dwarf (74.88 am) and PAU 269 was of medium tall (116.99 and.
Pokkali recorded the maxirum height of 227,88 cm, The genotypic
and phenotypic coefficient of variance were 27.01 and 27.25%
with a heritability value of 98.79% under optimal condition
which was highest among the three flowering groups.

Data given in Table 19 reveal that in late growing
varieties, salinity stress was found to reduce plant height
drastically rather than alkalinity stress. The reduction ranged
from 23.99% to 46.,59% under salinity stress, whereas in alkali
stress, the range was 8.85 to 20.88%. Variety SR 10032 showed
maximum reduction both in alkali and saline stress (20.88 and
46.59%) followed by Arya (18.51 and 33437%). Varlety Getu (9.80
and 23,96%) and Dasal {11.95 and 26.19%) showed low reduction
both in alkali and saline environments. The dwarf variety IR205%
recorded lowest reduction (8.85%) conly in alkali soil.

Under stress conditions, the heritability value for
plant height was found to be decreased in all the three flowering
groups. However, the genotypie and phenotypic coefficient of
variances vere found to be increased by stress in early group
and a reverse tendency was found in medium group. In late
flovering group, it decreased under alkali environment but
increased under saline conditiéns; The genetic advance values
for this character also showed a similar trend. Under non-stress
soil enviromment, the genetic advance values were 53.88, 50,00
and 55.13 per cent over mean for early, medium and late group

respectively. TUnder alkall and saline stresses, the corresponding
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values vere 62,11 and 62,46 for early group, 48.21 and 47.23
for medium group and 44,06 and 54.90 for late group respectively.

Reduction in plant height under stress condition was not
found to be correlated with respective yield reduction in early
and medium floweriag varieties. However, it was found to be
significantly and positively correlated with grain yield
reductions of the late flowering group under both saline
(r=0,624) and alkali (r=0,686) stresses.
Yol4e1,3 Panicle length

Among the early flowering group grown in favourable soil,
veriety Karekagga was observed to have the maximum panicle
length (39.51 cm) followed by Bilekagga (36.13 am). Both these
varieties were tall ones. However, among the dwarf varieties
CSR=5 reforded maximum panicle length (29,35 cm). Pusa 167,
Pusa 150 and Jhona 349 varieties were statistically at par with
CSR~Fs Minimum length of the panicle was recorded in (R 237-1
(24435 cmds

Salinity and alkalinity stresses were found to reduce
panicle length. The group means were 25.74 am and 25,02 am in
alkaeli and saline enviromments respectively as compared to
28426 cm in favourable soil conditione. The two tall varieties
Karekagge and Bilekagga recorded maximum panicle length both in
saline and alkali enviromments., However, the reduction percentage
was high for these varieties in saline environments (28,09 and
17.30% respectively)s» Low reduction and high mean value was
recorded in CSR5.

Among the medium flowering varieties the panicle length
ranged from 25,01 to 34.25 com with a group mean of 28,30 cm.
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The tall variety Bas 370 recorded the maxirmum panicle length
followed by HAU 5-298 (32,88 am) whereas variety IR2053 recorded
the minimum length., In alkali soil, HAU~-5-298 shoved maximm
reduction (11,03%) followed by M=1-48 (9.11%). HAU-6-163 and
IET %141 recorded low reduction. In saline soil, IRSY4 recorded
the maximm reduction of 22,95% followed by HAU-5=-298 (19,394)
and Bas 370 (16,42%)s Variety HAU=-6~163 showed no significant
difference in panicle length,

Under non stress environwent, the panicle length of lzte
flowering varieties ranged from 18.63 to 30,13 om with the group
mean of 25,28 om. Variety MOM-1 recorded the meximm panicle
length of 30.13 m. Arya, which recorded a panicle length of
28413 om was at par with MCM-1, Kalarata recorded shortest
panicle length of 18,63 au.

Under salt stress conditions, IR205%, Getu and SR10032
did not show any significant reductions. Bhurarata, Arya and
MQ=1 showed maximum reduction under both stress conditions.
Poktall, Dasal and Kalarata recorded ranicle length statistieally
at par with control in alkali stress.

The phenotypic coefficient of variances for panicle
length of early, medium and late flowering varieties grown in
non=stress envirormment were 15.56, 11.85, and 13. 64, respectively,
whereas under alkali stress they were 15,48, 11,00, 13,28 and in
seline envirorment 11,80, 12,24 and 17,28 respectively.

Her itability value was found to be reduced by stress conditions
except for the late group. Heritability wvelues recorded in
non-stress, alkali and saline soil enviromments were 92,15, 89.26
and 82.42% in the early group, B0.73y 78410 and 71, 04% in the
medium group and 81,94, 79.5% and 89.84% in the late gToup.
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Yeliy1ol+ Panicle bearing tillers per hill

Under the favourable environment, higher values for
this trait were reccrded in varietles Kalinga II, C8R-5 and
(R237-1 (19413 to 22,38) of the early group; IRSH, TR17, HAU=6-163
and HAU-5-298 (19,25 to 21.06) of the medium group; and MQ-1,
Kelarata and Bhurarata {24.56 to 33.38) of the late group. High
reductions from that of the normal soil were noticed in varieties
CR237-1 ( > 25%) in early group; M-1-k8, Bas 370 and Giza 159
( ¥ 20%) in medium group; MM-1 and SR10032 ( > 15%) in late
group under saline and alkall soil enviromments, whereas significant
increase was noticed in varieties Xarekagga, Damodar, Getu and
FAU 269, _

The variabillity measured in terms of PCV and GOV
and heritability were higher in the late flowering group
(30458, 33401 and 85.79% respectively)e The data further indicates
that the average coefficient of variances and heritability
estimates were higher under stress environments as compared to
non-stress environmente.
4,4.,1.5 Panicle weight

Under favourable soil conditions, panicle weight ranged
from 2433 to 6480 gm with a group mean of 4.50 gm in early
groups The GCV, PCV and heritabllity estimates were 29.16,
32475 and 79.09% respectively. Varieties Bilekagga, Karekagga
and Jhona 349 had higher panicle weight (6.30 to 6,80 gm) vhile
lower values were noticed in CR 237-1, Kalinga I and Kalinga II
(232 to 3,01 gm),

High reductions were observed in Karekagga, Jhona 349
and Bilekagga (58.61, 4,88 and 42.53% respectively), while
low reductions were observed in (R143-2-2, (R237-1 and CR222
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(18448, 23,23 and 28.51% respectively) under salinity stress.
However, ggg,ggipérformance was highest in Bilekagga, (R143-2-2
and Jhona 349 followed by CSR~5 and (R222,

Penicle weight ranged from 3.36 to 6.50 gm in the medium
group with a group mean, GCV, PCV and heritability values of
L,72 gm, 21,83%, 24,69% and 78,23% respectively under non~stress
8oll environment. Jaya recorded the highest and Bas 370
recorded the lowest panicle weight. High reductions induced by
alkali stress were observed in IR2053 (4h.24%) and HAU-6-163
(41,0%) vhereas salinity stress induced high reductions in Jaya
(53.68%), PR~106(48,06%) and HAU-5~298 (47,02%). Varieties
Giza 159 and Bas 370 recorded low reducticn, 27.48 and 18.38%
respectively under salt stress.

The GCV and PCV values increased in stress environment,
which was higher in saline environment. Hovever, the heritsbility
values recorded vwere lower than that in the non-stress environrent,

The ranges of panicle weight recorded in late flowering
group were 2.,5% to 5.52 gm in non-stress environment, 2,30 to
5445 gm in alkali stress and 1470 to 3,80 gm 1n salt stress.

The meen values were 3.7k, 3430 and 2,23 gm respectively.

21,08, 28,66 and 24,07% were the GCV values and X416, 31,95

and 28.99% were the PCV values recorded in non~stréss, alkali

and saline so0il environments respectively., The estimate of
heritability was 76.14% in normal soil, whereas it increased in
alkali (80.46%) and decreased in saline (68.96%) soil environments.
In all the three environments Pokkali recorded the maximm panicle
weight., No significant reduction for panicle weight was recorded
in Kelarata in both stress environments, High reductions were recorde
in Arya (56.22%) and MQM-1 in saline and PAU 269 in alkeld
(26,16%) streséesg
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bol,1,6 Siraw welght per hill

The straw weight per hill ranged from 29.40 gm in
Pusa 167 to 73.% gm in Bilekagga with a group mean of 40,44 gm
in non-stress soil condition in the early groupe. In general,
straw veight recorded an average reduction of 28% in alkalinity
stress and 38% in salinity stress. No significant reduction
was observed in the variety IET 144 under both stresses. In
alkalinity stress, (R222, CSR4 and Pusa 167 also recorded straw
veight statistically at par with respective controls. However,
high reductions under salinity stress were observed in P-2-21,
CR237-1 and Jhona 349 ( > 50%4) and under alkalinity stress in
CR21l4, P2-21, CR~143=-2-2 and R237-1 ( > 35%).

The heritability values were reduced to 79.77% and
78412% respectively under slkalinity and salinity stresses as
compared to 86,42% in control, whereas the PCV recorded an
increasing trend from 38.8 to 43,8%.

In the medium group, the tall variety Bas 370 recorded
the maximm straw veight of 71.71 gm followed by HAU-6-163
(61,01 gm). Varieties Jaya, TR17, PR106 and HAU=-5-298 were at
par with HAU-6-163. High stress induced reductions were observed
in IR2053 (47.40%) and MI-48 (43.60%) in alkali soil. More than
50% reduction in saline soil was recorded in M 1.8, TR17,

Bas 370, Giza 159 and IETW1W1,

The GCV and PCV estimates were 17,81 and 20,00
respectively under non-stress soil condition, which recorded
an increase Of two fold (31,19 and 35.22%) in alkali stress
and an increase of lower magnitude in saline soil stress (21.26
and 28.99%). Heritability estimate of 79.26%4 recorded in
non-stress soil condition was drastically reduced to 53.77%
in salt stress. However, in alkalinity stress it was 78.43%.
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In the late group, straw weight ranged from 55.70 gm
in PAU269 to 160,43 gm in Arys with a group mean of 107.95 gm.
Low reductions were observed in alkali stress in Dasal, Arya
and Bhurarata (17.69 to 19,71%4) vwhereas in saline soil stress,
Dasal, Getu, IR2055 and PAU269 (15,07 to 35,03%) recorded low
reducticns, High reductions vwere observed in IR2031, Pokkali,
MCM-1 and SR 10032 (40 to 57%).

The recorded GCV and PCV estimates of 30,69 and 34.77%
in non~-stress soll were found to be increased by alkaelinity
stress to 33,99 and 39.32% whereas it was reduced to 24,90 and
32413 respectively in salinity stress., The heritability estimeates
recorded in saline (60,05%) and alkali (74.70%) vere comparatively
lower than that recorded if non-stress soil (77.91%D.
k. 4,1,7 1000-Grain Welght

Under favourable soll enviromment varieties, Karekagga
(33.85 gm), Bilekagga (33.66 gm) recorded higher grain weight
followed by CR222, CR21k4 and Jhona 349 among the early flowering
groupe. Low grain weight was noticed in the varieties Pusa 150
(19.67 gm), Pusa 167, CSR-k and IET 1ulk (21,16 to 21.71 gm),
Alkalinity stress did not induce any significant change in the
grain weight of the varieties CR237-1, IET1LM4, Pusa 150 and
Karekaggas ©Salinity induced reductions were high in Kalinga II,
Kalinga=-I, Pusa 167 and P2-21 (16.31 to 19.39%). Low reductions
were observed in IET1hlk (8.93%) and Pusa 150 (9, %%). However,
the per se grain weight was high in Xarekagga, Bllekagga,
Jhona 349, CR222 and CR214 in all the enviromments.

In the medium group, Jaye recorded the mgkimum grain
weight of 30,08 gm, followed by HAU=6-163 (28498 gm)e Lowest
grain veight was recorded in Bas 370 (19.42 gm). IR2053,
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IET 4141 and M 1-48 were the other varieties which showed low
grain wveight (21,12 to 21,99 gm)s 8alinity induced reducticn
ranged from 11,3%% in M 148 to 19.b4% in IR54 and in alkali
stress grain veight was at par with respective controls except
for varieties Giza 159, HAU 5-298, PR106, Jaya and IR54%,

In the late flovwering group, varieties SR3-9 and IR2031
recorded lowest grain weight of 13,09 and 15.16 gm respectively
under non=stress soil condition. High graln veight was
recorded in Pokkali (30,48 gm) and Arya (29.59 gm)s Alkali
stress did not show significant reduction in grain weight in
this group. However, salinity stress induced significant
reductions in grain vweight except for the variety MM-1, The
reduction ranged from 12,61% in PAU269 to 24,20% in Bhurarata.

Grain weight recorded high heritability estimates
in all the three groups, 97.82, 96.77 and 98,504 respectively,
vhich remained more or less constant in stress envircnment.
The GCV values were 17,81, 14,40 and 23.19% respectively for
the three groups which recorded a marginal increase in salt
stress. The PCV values were very close to that of GCV values.
L,4.1.8 Harvest index

Harvest index ranged from 0,428 to 0,656 in early group.
The two tall varieties, Karekagga and Bilekagga recorded the
lowest harvest index values. CSR-5 recorded the highest harvest
index value. This was followed by CSE-4, Pusa 167, CR222,
CR21% and IET 1444 (0,600 to 0.633) which were at par with
CSR=5. The broad sense heritability recorded was 75.43% with
GCV and PCV estimates of 11.52 and 13.26% respectively.
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In the medium flowering varieties harvest index ranged
from 0,360 in Bas 370 to 0,566 in Jaya. Varieties PR106,

Giza 159, IRS54, HAU=5-298 and HAU~-6-163 recorded harvest index
ranging from 0,536 to 0,550 which were at par with Jaya.
Heritability estimate was higher than the early group (86.36%).
The GCV and PCV were 11,37 and 12,23% respectively,

The harvest index ranged from 0.215 to 0.490 in late
duration rice varieties with a mean value of 0.334. Variety
IR2055 recorded the maximum value of 0,480 followed by PAU269
(Ou4446) and MCM=1 (0.419)., Lowest value was recorded in
SR 10032, The heritability estimate was 87,65%. The GCV
and PCV values were higher than the early and medium flowering
varieties (23463 and 25.24% respectively).

L4149 Grain yield/plant

Among the 15 early group varieties, the grain yield
per plant ranged from 36.81 gm in CR237-1 to 76.%% gm in
Jhona 349 with a group mean of 51.21 gm under non-stress soil
environment. The variety CSR~5 gave an yleld of 75.52 gm which
was at par with Jhona 349. Values presented in Teble 11 show
that under alkall stress, Jhona 349 recorded highest per se
yield of 50.32 gm followed by CR222, Karekagga, Bilekagga
and CSR~5 which were at per with Jhona 349. In saline soil,
the grain yield ranged from 21,51 gm to 38.17 gm with & mean
of 31.03 gm. Eighest‘ggg‘gg vield was recorded in CSR-5 even
though it recorded a reduction of L9.4t5% as compared to non-stress
environment, Jhona 349, R21k4, Pusa 150, Pusa 167, CSR-4 and
(R222 were at par with CSR=5 in per se performance, Kalinga=-II,
Kalihga~1 and (R237-1 were the lowest yilelders (21,51 to
22.51 gm)de
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The GCV and PCV values estimated were 24,05 and 27.29%
which showed a decreasing trend under stress environment. The
heritability ialue of 77.65% in optimal &oil condition was
reduced to 58,88% in alkali soil and to 55.,63% in saline soil
condition.

Mean grain yield and grain yield reductions amecng the
eleven medium flowering rice varieties studied are presented
in Tables 13 and 18 respectively shoved that the grain yield
ranged from 36423 to 71,54 gm with 2 group mean of 56,70 gm,
Jaya, HAU=6-163, PR106 and HAU-5-298 were the high ylelders
whereas IETW141, Bas 370, and M-1-48 were the low ylelders,
Per se yield in alkali soil was highest for Jaya (46.33 gm)
followed by HAU-6-163, PR106, Giza 159 and TR17. The lowest
yielders were M-1-48 (25f22 gm), Bas 370 and IET 4141, However,
the stress induced yield reduction in alkalil soil ranged from
25.,09% for IET 4141 to 43,03% for HAU~5-298, In saline soil,
varieties Jaya, HEAU-5-298, M~-1-48, Giza 159 and TR17, recorded
high reduction (49,55 to 60.66%)s Per se yield was high in
HAU=6=163 (49412 gm) followed by {36.20 gm) PR106,

The heritability values recorded were 78.73% in non-
stress soil condition, 62,08% in alkali and 74e76% in saline
soil, GCV and PCV estimates vere 22,9 and 25.85% in non-stress
enviromment which was reduced to 17.#1 and 22.,10% in alkali
stress and increased to 26,78 and 30.98% in salt stress
respectively.

Grain yield per plant ranged from 26.86 gm to 103.22 gm
in the late flowering group with an overall ﬁean of 52,01 gm

in non-stress soil enviromment. Variety MQ¥«1 recorded the
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highest grain yield followed by Bhurarata (74.80 gm) and Arya
(62,99 gm)s Low yield was recorded in SR 10032 (26.86 gm)
and SR 3~9 (38,49 gm). 1In alkali soil stress, per ge yield
was high for Bhurarata and MM-1 (62,38 and 58,09 gm)s This
wags followed by Kalarata, Arya, Getu and IR2055, A mean reduction
of 24,75% was recorded under alkali stress., Lowest reduction
of 6,41% was recorded in Kalarata and highest reduction of
43,72% was recorded in MCM=1, Other varieties which showed
less than 20% reduction were Bhurarata, IR2055, Dasal and SR3-9.

Balt stress induced an average of 55,16% reduction in
grain yleld among the late maturing varieties. The average
yield was 23.32 gm/plant. Bhurarata recorded the highest yield
of 32.48 gme Varieties Getu, IR20%%, PAU269, Kalarata and Dasal
were the other high yielders in saline soll which were at par
with Bhurarata. Lowest yield was recorded in IR2031, Arya,
SR 10032 and SR3~9 (8,96 to 14,75 gm)., Varieties Getu, Dasal,
Kalarata and PAU269 recorded less than 38% reduction whereas
MM~1, IR2031 and Arya recorded more than 70% reduction.
Loh.2 Stability Analysis

The extent of genotype x environment interactions was
studied by stability analysis using the method developed by
Eberhart and Russell (1966). Thirty nine varieties from three
maturity groups were raised‘under six enviromments. The results
obtained are summarised in Tables 20 to 32.

Mean squares due to varieties for all the nine characters
vwere significant revealing that there was énough variabllity

among the varieties.: Mean squares due to enviromments vere
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significant for all characters, excepting for harvest index

in early and medium duration rice vyarieties,‘ indicating that
en‘vircmments created in this study were distinct. Pooled
analysis of variance presented in Tables 20 to 22, reveazled
significant G x E intersctions for all characters studied,
exce;atiﬁg panicle weight in late maturing varleties, suggesting
that the varieties vere unable to maintain consistant performance
under different environments. Mean squares due to environments
(1inear) vwere highly significant. The genetic differences among
varieties for their regression on environmental index were
indicated by significance of mean sgueres due to G x E (linear)
for plent height, panicle length, panicle bearing tillers,
panicle weight, straw weight, harvest index and grain yield per
plant in early group; days to flowering, plant height, harvest
index and yield per plant in medium groupi and for all
characters studied except for plant height and panicle bearing
tillers in late flovering groups. Mean squares due to pooled
deviaticn were significant for all the nine characters. Thus,
the existance of non-linear component of G x E interaction in
respect of these characters was evident.

4,4,2,1 Environmental indices

During the present investigation, varieties were grown
under six environments at cne location. The envirommental
additive effects (IJ} for each character over the envircomments,
expressed as deviation from general mean is presented in
Tables 23 to 25. Considering the grain yield per plant, the
additive environmental effects (Ij) were highest for the
first two environments (B4 & E») corresponding to optimal
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condition as compared to the last four (E_, B, and ES . E53
environments corresponding to str ss enviromments (alkali and
$aiine raSpectively)m 8imilar pattern was followed by plant
helght, panicle length, panicle weight, straw weight and 1000
grain weight in all’ihe three maturity grchps. Hovever, the
days to 50% fiewering had high mean veslues under stress
enviromments as compared to the normal soil condition. Therefore,
optimal environmental conditlon was favourable for most of the
characters under study.
bo.2,2 Estimetion of stabllity parsmeters

Tﬁﬁ average performance ( ¥j) of each variety along with
twe stebility parameters, viz. bl and Sﬁ? y in respect of all
the characters under study are presented in Tables 26 to 31,
Information pertaining to individual traits on this aspect
is described belovw,
4e3+242.,1 Days to 50% flowering

In early maturing group eleven varieties were free

from G xQE interaction as revealed by their non-significant
bi and gdz values (Table 27). Significance of by and gdg
revealed that bc&h linear and non linear portion of G x E
interactions were present for the variety Bilekagga. Varieties
R 237-1, Kalinga II, P2~21, (R222 and R=-21k were the earliest
in days to flower (;g < ;b) with regression values not
significantly different from 1.00, whereas varieties Jhona 349,
Pusa 167, G&B*ﬁ,fPuBa 150 and Karekagga recorded above
average days to flower with average stability.

Data presented in Table 29 show that in the medium
group, only PR106 and,HAHué—163 vere free from G x E interaction.
The significance of both the components of 6 x E interaction
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was assoclated in varieties HAU-5-298, M-1-48, Bas 370 and
IRS4s Linear component was significant in varieties Giza 159,
IR2053, Jaya and TR17. In IET 4141 only non linear compoment
was significant, Both HAU-~6~163 and PR106, which showed
stability for days to flowering, recorded mean values not
significantly different from the populstion mean (108.55).

Data presented in Table 31 revesl that among the late
flowering varieties both linear and non linear components
were significant in PAU269, Bhurarsta, SR3=-9 and SR 10032,
Varieties IR205%5, Kalarata and Arya vwere free from G x E
interaction. Linear component was significant in Getu, Damodar
and Dasal whereas only non linear component was significant
in MQM=1, IR2031 and Pokkali.
belta24242 Plant height

Considering both by and §d2 values of the genotypes

among the early flowering group presented in Table 26, it is
evident that G x E interactions were absent for nine varieties
viz. (R237~1, Kalinga II, Kalinga I, (R222, CR21k4, Pusa 167,
CSR~5, R143~2-2 and Karekagga. In six varieties, only linear
portion of ¢ x E interaction was significant. Among the stable
varieties Karekagga and CR237~1 recorded mean values significantly
higher than populationméan,

From Table 28 it is observed that in the medium flowering
group linear as well as non-linear components of G X E
interactions were significent only in the variety M-1-}8,
Verieties IR2053, HAU 5-298, Jaya, TR17 and IRS: were free
from G x E interaction. The regression values of the remaining
varieties significantly deviated from unity, showing that they

were highly responsive to adverse envircrmental changes.
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A comparison of three stability parameters, viz, mean,
by and §62 of inﬁivi&ual varieties presented in Table 30,
revealed that varieties Kalarata and Getu had average mean
accompanied by non-significant by and gdz . Variety IR 2031
was having unit regression (by = 1.01) and non=significant gdg
value, but had mean value (108.5 cm) less than the population
mean (128,20 cm)s Both linear and non-linear components were
significant for % varieties and linear component for two
varieties. For the remaining 4 varieties only non-linear
component was significant.

4.4,2,2.3 Panicle lencth

Estimates of stabllity parameters for panicle length
are presented in Table 26 for early, 28 for medium and 30
for late flowering groups.

In early flowering group, both linear and non-linear
component of G x E interaction vere significant for the varieties
Bilekagga and Karekagga. For five varieties the linear portion
was significant (bi significant and édzf non-significant). Eight
varieties vere free from G x E interaction. Out of these
varieties, Pusa 150, CR214&, IET kbl and Jhona 349 had average
mean {26.3% om) for panicle length. Pusa 167 recorded above
average performance whereas varieties Kalinga I, Kalinga II
and CSR-i#+ recorded below average performance with non-significant
by and gda values,

In the medium flowering groupy six varieties were free
from G x E interaction, Yarieties TR17, Jayas and FR106 recorded
mean values not significamtly different from the group mean
(26.56 am)y while Giza 159, IR2053 and IET %141 had below
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average mean. In varieties M-1-48 and IR54, presence of both
linear and non-linear components of G x E interactions were

indicated by significant b and S4° values. In remaining
three varieties, only linear component was significant.

Test of significance of the two measures of G x E
interaction, namely by and 5,  of the individusl varieties
among late flovwering group showed the absence of G x E
interaction in six varieties. In veriety Arya, both the components
vere gignificant. Remalning six varieties showed only linear
porticn of G x E interacticn. Among the stable varieties
PAT 269, MM=1 and IR2031 recorded above average performance
(z, > 23427 cm), whereas varieties IR 10032, Damodar and
Kalarata recorded below average performance.
halte242,% Panicle bearing tillers per plant

Considering both by and §d2 velues of the individual

varieties, presented in Table 27, it became evident that @ x E
interactions were absent for eight varieties, viz., Kalinga I,
P2-21, (R222, IET 144, CSR-k, Jhona 349, CSR-5 and Pusa 150,
The linear component of G x E interactiocn was present in
Kalinga II, (R214%, Pusa 167, (R143-2-2, Bilekagga and Kerekagga.
Hovever, both linear and non-linear components vere significant
in variety CR237-1 only.

In medium group, only IR2053 showed significant by
and S4° values. In varieties Me1-48, TR17, IR-5% and TET M4,
the linear component of G x E interaction was significant,
Remaining six varieties were free from G x E interaction.
Of these, Giza 159 was below average, HAI=-5~298 and HAU=6-163
were above average, while PR106, Jaya and Bas 370 were average

in their performance as compared to the group mean (16,49

% 1,06 PBT/plant).
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In late flovwering group of varieties, only four
varietieg showed G x E interaction for FBT, ac seen from the datsa
presented in Table 31, Among them, both linear and non-linear
components of ¢ x E interaction were present in varieties
PAU=269 and M(M~1, whereas only linear component was significant
in IR2055 and 8R3~9, The remaining nine varieties vwere free
from G x E interaction. Among them, the performance of
varieties Bhurarata, Kalarata, and Getu were above the group
mean (XGi, = > 20.23 &£ 1,18).
b.4e2,2,5 Panicle weight

From Table 26 it 1s observed that non-linesr component
of G x E interaction was significant for none of the wvarieties
in early flowering group., Estimates of by Values significantly
deviated from unity for ten varieties. Non-significant by and
gf values were recorded in varieties P2-21, CR21k, (SR,

CSR~5 and Pusa 150, Stable above average performance was noticed
in CSR«5 whereas average performance was noticed in P2-21 and
CR21k,

In medium flowering varieties, significant by and §dg
values were recorded in IR2053, HAU=~6~163 and Jaya. Only linear
portion of G x E interaction was recorded in IET 4141, PR106,
M=1=h8 and Bas 370, The stability for panicle weight was noticed
in four varieties, namely, Giza 159, HAU~5-298, TR17, and IR5k.
Among them only Giza 159 recorded above average performance
(x > 3.6\ % 0.,2% gm),

In late flowering group, five varieties were free from
G x E interaction. Variety SR 3-9 recorded average performance
wheress the other four stable varieties viz., PAU 269, IR2055,
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Getu and SR 10032 recorded below average performance {x < 3.09 #
01l gm)s The remaining eight varieties were responsive to
environmental changes as indicated by their significant by values.
b te2,246 Btraw weight/plant

Considering both by and §d2 values of individual genotypes
in the early group, it became evident from Table 26 that G x E
interactions were absent for five varieties, namely, (R237-1,
Kalinga~I, GR214, (R143=2«2 and Pusa 150, The presence of only
linear portion of ¢ x E interaction was indicated by eight
genotypes, while CSR=5 exhibited non~linear portion of G x B
interaction. Both by and S4° vere significant for P-2-21.

A comparison of the three stability parameters vig.,
mean, by and §d2 of individual varieties in medium flowering
group presented in Table 28, revealed that the varieties HAU~-5-298,

PR106, Jaya, TR17 and IR5% showed average mean (;1 = 39,10

1 3,23 gm) accompanied by non-significant by and gﬁz 3 while
Giza 159 and M=-1-48 recorded below average performance but were
stable. However, HAU=6-163, which showed average stability and
above average performance was found to be best suited for poor
environment with respect to straw yield in this group. Both
linear and non~linear components were significant for variety
IR2053, In varieties Bas 370 and IET h141 only non-linear
component was significant.

None of the varieties in the lste group showed significant
non~-linear component of G x E interaction, However, in eight
varieties regression coefficient by significantly deviated
from unity. Five varieties were free from G x E interaction,

=2
as shown by their non-significant by and 5S4 values. They
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vere Getu and SR3-9 with average straw yield (80,57 % 5,41 gnm);
IR2031, Damodar and S8R 10032 with below average straw yield.

Among the fifteen early flowering varieties, the linear
component of G x E interaction for 1000 grain weight was observed
only in IET 1kl and Bilekagga. However, non-linear portion
was significant for Bilekagga, Karekagga and Xalinga II. Eleven
varietles were free from G x E interactiocn. Among them the
performance of vﬁrieties ®R222, R214 and Jhona 349 were above
the group average (x1 > 22.62 % 0,51 gm).

There were five medium flovering varieties, which
exhibited asbsence of G x E interactions, while the rest of the
varieties showed presence of G x E interaction. Two verieties
were found to have only non-linear portion and four verieties
vere having only linear portion of the G x E interaction. The
varieties Giza 159 and HAU-6=163 were stable with above average
performance, whereas IET %141, PR106 and TR17 were below average
in their performence (X; < 22.2 % 0,37 gm).

A total of five, out of thirteen late duration varieties,

-2
exhibited absence of ¢ x E interaction. Both bi and S were

d
significant for four varieties. Three varieties showed only
non=linear component of interaction while Bhurarata exhibited
only linear component of G x E interaction. Variety IR205%
recorded average performance (xg = 20.55 & 0,74 gm) while
the performance of IR2031, Getu, Damodar and 8R3~9 were below

average with average stability.
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¥, 4,2,2,8 Harvest Index

Varieties CR222, CSR-§ and Pusa 150 had above average
mean vhile Jhona 349 had average mean along with non-significant
by and 8 2 in the early group as seen from the data presented
in Table 27,

Nine vaerieties had significant by while variety P-2-21
had significant §d2 values Both by and §d2 values were
significant for the variety Karekaggsa.

It is evident from the data presented in Table 29 that
in the medium group, both linear and non=-linear portion of
G x E interaction were present only in Bas 370, Linear component
was significant in IR2053 and HAU~6=163, In the remaining
eight varieties both by and §d2 values were non-Significant
showing they were stable for harvest index.

Gomsidering both by and 84 values of the individual
varieties of late maturing group, it became evident that G x E
interactions were absent for four varieties namely, PAD 269,
TR20%%, CGetu and Dasal.  In nine varieties, significant linear
portion of G x E interaction was observed. None of the varieties
exhibited significance of non=linear portion or of both
linear and non=linear portions of ¢ x E interaction.
4o4e2.2.9 Paddy yield/plant

In the early group, there were eight varieties which
exhibited absence of G x E interaction, while the rest of
varieties showed presence of @ x E interaction. Only one
variety, CSR5, was found to have both linear and non«linear
portion of ¢ x E imteraction. Six varieties had only linear
portion of ¢ x E interaction., The varieties Bilekagga and
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@21k had above average mean (X1 > %055 * 2,31 gm) and unit

2 were the best

regression associated with ﬁnn»significant 5@
yilelders. Varieties GSRQR, Pusa 167 and P-2-21 had aversge
mean while Kalinga I, Kalinga II, and CR237-1 had below average
mean, with non-significant by and gdg valuess

In the medium group, four varieties were free from
G x E interacticn. They vere Giza 159, TR17, IRS4 and HAU-6-163.
Of these four varieties except HAU-6~-163 had average mean
(xy = W61 2 2,54 gm); on the other hand HAU-6~163 had
above average yield (54400 gm)s, Variety IET 4141 had both by
and §d2 values significant. Varieties HAU-5-298, PR106, and
Jaya had above average mean but were responsive (hi > 1.00),

Four out of thirteen late duration varieties exhibited
stebility for yield., They were IR2055 with above average mean
(X 7 38.16 2 2,42 gn), IR2031, SR3-9 and Pokkali with below
average mean. Bhurarata had above average mean (56.45 gm) but
was unstable as indicated by significant by and §d2' The remaining
elight varieties showed linear portion of G x E interaction
significant.
L,4,3 Correlations

The genotypic and phenotypic correlation coefficients
of all possible combinations among nine characters were worked
out based on mean values of the varieties of three maturity
groups grown in control {(non-stress) alkali and saline
enviromments seperately and these are presented in Tables 32
to 37. Genotypic correlation coefficients were higher than
the phenotypic correlation coefficients for all characters in
all the envirormments. maracterwise relationships are

described as followss
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Positive signifiecant genotypie and pheno’cyma correlations
(r)y ranging from 0.3856 to 0,6000, were observed with panicle
lengthy panicle veight and grain yield under normal, alkali and
saline enviromments in early group. However, negative and
significant correlation (r==0,4586) was found with PBT under
non-stress environment., Under saline stress stm veight and
1000 grain weight also showed significant positive correlation.

In the medium group, none of the characters was having
significant phenotypic correlation with days to 508 flowering.
However, genotypic correlation with 1000 grain weight under
saline soil environment and with harvest index under alkali
environment were significant and negative.

Bignificant negative correlations were observed with
PBT and harvest index in late flowering varieties under normal,
alkali and saline soil environments. The correlation with
plant height was positive in normal and alkali enviromments,
whereas significant negative correlations (r = =0.5154 and
=0,5666) were observed with grain yield under stress conditions
only. .
hele3.2 Plant helght

From Table 32 it is observed that in early group, plant
height was significantly and positively correlated with panicle
length, strav weight, 1000 grain weight wvhile significant
negative correlation (r = =~0.54 to «0,6676) was observed with
harvest index in all environments., Significant positive
correlations were also found with pan:!.eie weight and grain yield
under control as well as alkali enviromments, Significant
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negative correlation with PBT in control and alkeli enviromments
were observed only at genotypic level.

| In medium group significant negative correlation was
observed with harvest index under control and alkali environments.
Bignificant positive correlations at genotypic level were
observed with panicle length and stravw weight under all
enviromments,

Plant height vas significantly and positively correlated
with straw weight both at phenotypic and genotypie level under
all enviromments in late flowering group. 8ignificant positive
correlations under both stress envirorments were observed with
panicle weight and 1000 grain weight, Significant correlastions
vith harvest index vere negative and with plant height were
positive except under saline soil envirormment.
he%e3.3 Papicle length

This character showed high positive correlation with
days to flowering, plant height, panicle weight, straw weight,
1000 grain weight and grain yield both at phenotypte and
genotyplce level, while significant negative correlation with
harvest index was observed only at genotypic level under control,
glkalil and saline environments. Negative correlstion with PBT
was significant at phenotypic level only in non-stress (r = =0.4137)
enviromment whereas &t genotypic level it was also significant
under saline soil (r = ~O.k28k),

In the medium group panicle length exhibited significant
positive correlation with plant height in all environments
vheress with straw veight it wae signifieant and positive
only under control and alkali stress. Negative correlation
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with harvest index was signifieant at phenotypiec level only
in alkali environment and at genotypic level it was significant
under both comtrol and alkali envirorments.

Under control, alkali as well as saline environments
panicle length of late flowering varieties showed significant
positive correlation only with panicle weight, Grain yleld
was also positively snd significantly correlated under non-stress
environment. The genotypic correlation with PBT was negative
and significant under both stress environments, |

It 1s observed from Tebles 32 and 33 that both genotypic
and phemtypic correlations were negative and significant with
panicle veight under all the three e‘nvironm@ents 1n early group.
Under non-stress environment negative correlations were observed
with days to flowering, panicle length and 1000 grain weight.

At genotypic level deys to flowering, plant height, 1000 grain
weight under alkali stress and panidle length, 1000 grain weight
under saline stress were negatively and signiriean‘tly correlated
with PBT,

As shown in Table 34, in medium flowering varieties
PBT recorded significant positive correlation with straw weight
under non=-stress condition and with grain yield under control
as weli as alkali environments. Under stress enviromments
significant negative camlaticn both at phenbtypic and
genotypic levels vere observed with panicle weight.

Significant positive correlation with grain yield and
negative cmel.é,ti_on vith days to flowering wvere observed under

all the three enviromments in late flowering varieties, In
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alkall soll, panicle length, panicle weight were negatively
and strav weight was pmitively correlated with PBT, Under
saline soil, harvest index was positively correlated whereas
the negative correlation observed with panicle length wvere
significant only at genotypic level,

Lok.3.5 Panicle weight

Panicle weight of early flowering varieties was positively
and significantly correlated with days to flowering, panicle
length, 1000 grain veight and grain yield., While significant
negatlive correlation was observed with PBT under all
environments, Eventhax;gh significant positive correlations
vere observed with plant height as well as with straw veight
under control and alkali envircnments, it was non-significant
in saline environment at phenotypic level.

In the medium flowering varieties panicle weight showed
significant positive correlation with 1000 grain weight under
normal, alkali and saline enviromments. It was positively
correlated with harvest index under non-stress enviromment
whereas,with grain yield under both control and saline
environments, Correlation was negative and significant with
PBT under both stress enviromments.

The character panicle weight of late flowering varieties
had positive and significant correlations with panicle length
under all environments studiedj with straw weight and grain yield
under ncn-gtress envirormentsj with plant height under both
stress enviromments and with 1000 grain veight only in saline
environment, However, it was negatively correlated with PBT
under alkali stress,
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Genotypic correlation coefficients of this character
are presented in Tables 33, 3% and 37, while phenotypic
correlation coefficients are presented in Tables 32, 34 and 36,

Straw wveight of early flowering rice varieties was
significantly and positively correlated with plant height,
panicle length and 1000 grain weight under all the three
environments, With grain yield and panicle weight significant
positive correlation was found only under non-stress and alkalil
enviromments, However, negative carrelation was noticed with
harvest index under non-stress, alkali and saline enviromments.
At genotyple level it was also found to be significantly and
positively correlated with days to flowering under both stress
enviromments«

In medium group straw weight was correlated positively
with panicle length, PBT under non-stress environmentj with
plant height, panicle length under alkali environment and
with grain yleld under saline environment at phenotypic as vell
as genotypic levels, However at genotypie level it was also
correlated positively with plant height under non-stress and
saline environments as well as with panicle weight under saline
enviromment, Significant negative correlation was found only
with harvest index under alkali stress.

Significant positive correlstions with plant height and
negative correlatien with harvest index were cbserved in late
flowering varieties under all emma Under non-stress
and alkali enviromments grain yleld as well as 1000 grain, “eibhea
significant correlation with straw yield, whereas with paniele
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veight and PBT showed positive correlation only in control
and alkall environmente respectively. Genotypic correlation
with 1000 grain weight tinder 8aline environment also was found
to be signifieant and positive.
bhe3.7 1000 Grain Weight

This character in early flowering group recorded
significant positive ccrrelatien with plant height, panicle
length, panicle weight a:?zdis‘tra%t veight, while significant
negative correlation with harve.st inﬁex under all environments.,
Under saline enviromment with ﬁalysrto‘ flowering and under alkall
environment with grain yleld, the correlations were found to be
significantly positive. Genotypic correlation with PBY was
significant and negative under all enméments but phenotypic
correlation was not si@ific@t under alkali stress,

S1gnificant positive correletions under all environments
were found with panicle weight in medium'flowering group.
Eventhough genotypic correlation vithl grain yield were significant
and pos i’cive under all environmenhs, phenoty'pic emelaticm
was not sign? ficant in alkaldi enviroment. In non=-stress
environment the pesitiw camlatian with hmest index was
also signifieam whemax the eorrelation with daya to flowering
was negatively Mgnifieant

In 13.1:3 group 190@ grain ueight wgs signifiaantly
correlated pmitively with straw weight under newi:ress
envirormentg vith plmt height, stravw weight tmdar alkali
stress and with panicie veight undar saline envirormxent.
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Negative significant correlation was found with plant
height, straw weight and 1000 grain velght under all environments
in early flovering rice varieties. However, at genotypic level,
the negative correlation with panicle length was also significant.
The only positive correlation found was with grain yield
(r = 0.4239) under saline environment.

In medium group harvest index was found to be negatively
correlated with plant height under both non=stress and alkali
stress and with panicle length, strawv weight under alkali stress.
Positive significant correlaticn was found with panicle weight,
1000 grain veight and grain yield under non~-stress enviromment.
At genotypic level negative correlation was also found vith days
to flovering under alkali, withb panicle length under non-stress
envircnment, and positive correlation with 1000 grain weight
as well as grain yleld in saline soil.

Harvest index of varieties belonging to late flowering
group recorded significant negative correlation with days to
flowering and straw welght under all enviromments. With yield
the correlation was positive and significant in control
{(r = 0,4389) and saline (r = 0.7561) soil. In saline scil, the
correlation with PBT (r = 0,4383) was also positive. Significant
negative correlation was cobserved with plant height under
control and alkall soil.

Lohe3.9 Grain yvield/hill

In early group grain yileld showed significant positive
correlation under all enviromments with days to flowering,
panicle length and panicle weight (as presented in Tables 32 and
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333 Plant height and straw weight showed positive significant
correlation except in saline enviromment, Thousand grain weight
in alkeli environment and harvest index in saline environment
shovwed significant positive correlation with grain yield,

In medium flowering group, under non-stress enviromment,
FBT (0.,4287), panicle weight {0.7104), 1000 grain weight
{0,51953, harvest index (0.700# ) showed positive correlation
with grain yield. In alkald soil, FBT {(0,5345) and in saline
soil panicle weight (0.5798) as well as 1000 grain weight
(0s4993) recorded positive correlation. 1000 grain weight and
harvest index had positive significent correlation under alkali
and saline environments respectively only at genotypic level,

Grain yileld of late flowvering varieties showed significant
positive correlation with PBT (0.,4818 to 0.,6000) under all
enviromments and with panicle length, straw weight, harvest
index under non=stress environment. In saline soil environment
harvest index (0.7561) and in alkall soil straw weight (0.5381)
also recorded significant positive correlation. However,
significant negative correlatien was found with days to
flowering (=0.515% and -0,5666) under both stress environments,
bkl Path Analysig

The path coefficient analysis was carried out with an
intention to assess the direct and indireect contributions of
eight traits towards grain yileld per plants The phenotypic
path is presented in Tables 384 39 and 40 and genotypic path
in appendices 3, 4 and % In general, the values of direct
and indirect effects at genotypic level were higrer than that
at the phenotypie level. Phenotypic level effects.are
described belows
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Waltelte1 Grain yield vs. days to §0% flowering
Date presented in Teble 38 show that the direct

contribvution of days to 50f flowering was found to be positive
under non-stress envirorment (0,0412), while it was negative
under stress envirorments («0,0%% alkalij =0,0431 saline)
in the early group, The indirect effects via plant height,
panicle weight and straw weight were positive, while, via
PBT as well as 1000-~grain weight were negative under all
environments, The contribution via panicle lenzth was
negative under non=stress enviromment and it was positive
under both stress envirorments, The indirect effect via
harvest index was positive under control and alkali
environments but was negative under saline environment,
Direct contribution of days to flowering of medium
flowering varieties was negative (=0,0079) under non-stress
enviromment and was positive under both stress enviromments
(alkali 0.04193 saline 0.0733) as presented in Table 34
Indirect contribution was highest and positive through straw
weight, while through harvest index it was negative under all
envirorments. Indirect effects via panicle weight and 1000
grain welght were positive. The contribution of days to
flovering via panicle length was positive in none-stress
and alkali stress, whereas it was negative in salt stress.
Data presented in Table %0 show that in late group,
the direct effects of days to flovering were negative under
all enviromments (non-stress =0,0679; alkali =0.09813
saline =0,0880)s Indirect effects via straw weight and
1000 grain weight vere positive while via harvest index
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it was negative, Under non-stress as well as alkall stress
the contributicn of days to flowering via panicle length and
PBT was negative while under saline soil it vas positive,
Loliolee2

In the early group, the direct contribution of plant
height was positive under non-stress (0.0395), alkali (0,130%)
and szline {0.1596) environments. The indirect contribution
was positive and high through straw veight (0.9152, 1,0189,
0,8830 in non~-stress, alkali and saline soil environments
respectively)s The contribution through PBT, 1000 grain weight
and harvest index was negative under all enviromments. The
direction of indircect contribution through days to flowering was
positive under non-stress environment but it changed to negative
under both stress conditions. A reverse trend was observed
via panicle lengthe |

The direct effect of plant height in the medium flowering
varieties was negative under non-stress (=~0,064+2), alkali
(=0 496) and saline {=0,0012) soil environment. Highest
positive indirect effect was through straw weight and negative
indirect effect was through harvest index. The indirect
contribution via days to flowering and PBT vwere positive under
non-stress environment, but under both stress enviromments the
effects vere negative. ;

Plant height had positive direct effect under non-stress
(0,1437) as well as alkalil (0,0372) enviromnments, while under
saline environment negative effect («0.0748) was cbservede
High positive indirect effect was observed vis straw weighx53



142

High negative indirect effect was cbserved via harvest index,
followed by 1000 grain weight and days to flowering, The
contribution via panicle length was pogitive in non-stress
condition while in stress environments the contribution was
negative,

bk 4.3 Grain yleld vs. panicle length

In the early group panicle length recorded negsative
direct effect (~0,065C) under non=-stress enviromment and
positive direct effect under stress enviromment (0,0076
alkalij 0.0109 saline). Maximum positive indirect effect was
cbserved via straw weight under all environments (0,7489,
0,8593 and 0,6315 under control, alkali and saline environments
respectively). Negative indirect effects were noticed via FBT,
1000 grain weight and harvest index, while positive indirect
effects were noticed via plant height, panicle weight. Through
days to flowering indirect effects were positive under non-stress
and negative under stress enviromments.

The direct effects of panicle length in the medium
flowering vericties were positive under non-stress (0.,0338),
alkali {0.0625) and saline (9,0?35) soil environments. The
indirect effects were positive via straw weight and PBT.

While effects were negative via harvest index as well as plant
height, Under non-stress and slkali soil environments
indirect effects were negative via panicle weight and 1000
grain wvelght, whereas under saline soil environment they

were positive,

Positive direct effect was cbserved vwith paniele length
(0, 0275 ) under nen—streéu and negative effects were observed
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under both stress environments, in the late flowering group.
Under non-stress environment @asitive indirect effects were
noticed via days to flowering, plant height, panicle weight,
strav veight, 1000 grain vweight as well as harvest index,
whereas negative indirect effect was noticed via PBT, Indirect
effects via plant height, panicle weight, 1000 grain veight,
and harvest index were posifive whereas via days to flowering,
PBT, straw weight were negativae under alizali stress, In saline
soil indirect effects were positive except via plant height

and 1000 grain weight,

bbb Grain yield vs, PBT/hil1l

As presented in Table 38, PBT nad positive direct
effect under all environments in the early flowering group.
The maximum direct effect was obscrved in saline soil (0.2980)
followed by non-stress environment (0,2237) and low direct
effect was observed under alkali soil stress (0.1035),
The indirect effects via 1000 grain weight and harvest index
were positive., Negative indirect effects were observed through
plant height, panicle welght and siraw weight. The contribution
through panicle length was positive under non-stress
environment and negative under both stress environments, A
reverse trend was observed with days to flowering.

In the medium group the direct effects were positive
under all environments (0.0159, 0.1%4%9, 0,0970 in non~-stress,
alkali and saline soil environments respectivelyds Maximum
positive indirect effects were observed via straw weight.

Thé indirect effects through panicle weight, 1000 grain weight

and harvest index, were negative. Through days to flowering
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and plant height, the indirect contributions were negative under
nonstress enviromment, while under stress environments they
were positive,

In the late flovering group, the direect contributions
of FBT under non-stress, alkali and saline soil environmerts
vere 0,2813, 0,2130 and «0,0217 respectively, Fositive indirecct
contributions were observed via days to flowering, straw weight
as vell as harvest index and negstive via panicle length and
1000 grain weight under all envirommentse
heltolte5 @rain yield vs, panicle weight

In the early flowering group, panicle welght had its
positive direct contribution to be 0,2067, 0.1542, 0.3662 under
ncn-stress, alkall and saline soil environments respectively,
whereas its meximm indirect effects were through straw weight
(0.6880, 0,7282, and 0.,2880) followed by plant height. Contri-
butions of panicle weight to grain yield via PBT and 1000 grain
weight vwere found to be negative under all environments., Indirect
contribution through panicle was negstive under non-stress and
positive under stress environments.

In the medium group, the direct effects of panicle weight
were found to be 0.0761 (non-stress), 0.1186 (alkali) and 0,119%
(saline). Positive indirect contribution of panicle weight via
harvest index was observed to be maximum (0.5522) in non-stress
environment which reduced to 0.2396 in alksli and to 0,1587 in
saline soil environments. EHowever, under saline soil environment,
the indirect contribution was found to be high via straw veight.
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The direct effect of panicle weight in the late flovering
group vwas found to be 0.2570, 0.2578 and 0.0763 under non-stress,
alkali and saline soil environmments respectively. Maximum
positive indirect effect was noticed via straw weight (0.2585).
Maximim negative indirect effect was observed via PBT in control
as well as alkall enviromments, however the magnitude and
direction of its indirect effect in saline environment changed
to lov and ﬁcsitive.

Lol 4,6 Grain yield vs, straw weight/hill
From Table 38, it is observed that straw weight had

maximum direct effect in the early flowering group and the
respective values under non-stress, alkali and saline soil
environments were 141157, 1,1747 and 1.,1513. Its indircect
effect on grain yield via harvest index was found to be high
and negative. Indirect contribution via 1000 grain weight
as well as PBT were 21s0c Tound to be negative. Positive indirect
contributions were noticed via plant height, panicle weight in
all environments and via days to flowering in non-stress
environment, |

In the medium group, as presented in Table 39, straw
weight had high direct effectfaf 0.69%: in non-stress, 1,152
in alkali and 0.8302 in saline soil environments, Among the
indirect éffeets the magnitude was high via harvest index but
the direction was ﬁégative. The iﬁdirect effect via plant
height was also nagétive uﬁdér all envircnments., Positive
indirect ef?écts were observed via panicle 1éhgth, PBT under
all environments; via panicle weight under non-stress environments
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via days to flowering in both stress envirorment and via panicle
weight as well as 1000 grain weight under saline soil environment.

The direct contributions of straw weight to grain

yield in the late flowering varieties were 0.6418, 0.8089,
0.6463 in non-stress, alkali and saline environments respectively
vhich is presented in Table 40. Negative indirect effects were
high via harvest index followed by 1000 grain weight and days
to flovering under all environments, Contributions via plant
height, panicle length and PBT vwere positive under non-stress
as well as alkali soil environments whereas the contributions
vere negative under saline soil environments.

bobol,7 Graip yield vs. 1000 grain weight

In the early group, 1000 grain weight showed maximum
negative indirect effect via harvest index (~-0.4745, ~0,4378
and =0,7467) with its own negative direct effect of =-0.1078,
«0,1816, and =0,2250 under non-stress, alkali and saline soil
envirorments respectively. The maximum positive indirect effects
vere observed via straw weight (0,808%, 0,9233 and 0.8677),
folloved by panicle weight and plant heighte Contribution
via panicle weight was negative in non-stress {(«0,0498)
while under stress environments the megnitude was reduced and
directicn changed to positive. Just an epposite trend was
recorded via days to flovwering..

The direct effects of grain weight to grain yleld
of the medium flowering varieties were 0,0152 in non-stress,
0.1178 in alkalil and 00,0624 in saline scil environments. The
indirect contributions vere positive via panicle weight and

harvest index, whereas it was negative via PBT under all
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environments. Contributicns via panicle length and straw welght
were negative under non-stress as well as alkali soil environ=-
ment8 but were positive under saline scil.

The direct effects of 1000 grain weight in the late
flowering rice varieties to grain yield vere =0.1167, ~0.0560,
-0,0212 under non-stress, alkali and saline soil respectively.
Maxirum indirect contribution was observed via straw weight
followed by panicle weight and days to flovwering under all
environments, Under non-stress envirconrent the indirect effects
via plant height and PBT were positive whereas that via panicle
length and harvest index were negative,
b4 ko8 Grain yileld vs, harvest index

The direct effect of harvest index to grain yield in the

early group was high as compared to indirect effects via other
characters, The values were 0,9191 in non-stress, 0.8993 in
alkali and 1.,2632 in saline soil environments., Maximum indirect
contribution was through straw weight which was negative in
direction followed by plant height., Positive indirect
contributions were observed via PBT and 1000 grain weight. The
contribution through panicie length was positive under non-stress
while under both stress envircrnments, the contributions were
negative and lower in magnitude.

In the medium group, the direct contributions of harvest
index were 0,8475, 1.1754 and 0.6284% in non-stress, alkali
and saline soll envirorments respectively. The indirect
contributions through plant height, panicle weight as well as
1000 grain veight were positive and through panicle lengtih,
PBT, straw weight were negative. Contribution of days to
flowering was positive in non-stress and negative in stress

environments.
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Amongst all the characters under study, harvest index
shoved maximum direct positive effect on grain yield in the
late group (non-stress, 0,6931; alkali 0,7626; saline, O,9474),
Under the non-stress envircnment days to flowcring, panicle
length, PBT, panicle weight, 1000 grain weight had positive
indirect effect and plant height as well as straw weight had
negative indirect effect. Under alkali stress, however, days
to flowering, PBT, and 1000 grain weight had positive while
plant height, panicle length, panicle weight and straw weight
had negative indirect effects. On the other hand, the indirect
effects under soil Salinity conditions were observed to be
positive via days to flowering, plant height as well as panicle
ﬁeight and negative via panicle length, PBT, straw weight
and 1000 grain welght.
ko5

Effects of alkall and s=line soil environments on seeds,

as reflected in seed germination and seedling vigour, were
studied using the seeds harvested from varieties grown in
different soil environments. Observations, recorded on total
seed germination and height of 10-day o0ld seedlings, are
presented in Table 41 and their analysis of variance in

Table 42, Mean sum of squares due to varleties, enviromments
and V x E interactions were found to be significant showing
that the performance of seeds harvested from different stress
envirorments was not at par with that cbtained from non-stress
enviromments. Furthermore, varieties under study showed

differential response to adverse effects of stress enviromments,
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Table 41 Mean values of Seed germination and sgedling growth
of 29 rice verieties harvested from ron-stress,
alkali and saline soil enviromments

Genotypes Seed germination 10-day o0ld seedling height

y __on
Non~ Alkali Saline Non- Alkalil Baline

stress stress

CR 2371 96, 0 98, 82,0 10.33 Ba.87 857
R 5 35.3 96,0 61a3 7428 7.2 7,02
&R 18 93:. 9607 88,0 8010 ?4 _ 6&&
S, HEE N OB

ona . . » fe Head 'S ot
§a1h3m2~2 %g;% gg.g 100.3 ?@7% kwgg Edgg
aya . » . » . .
Giza 159 96,0 3 94,7 6323 Z'e— z&?ﬁ
Pusa 150 8143 6.0 32,0 Z' 1 206k E;'ﬂ«»
Fusa 167 ?8:7 «0 o0 ‘22’ 2;9@ 22
PR 106 100.0 98.7 100.0 6. &, 69 6402
BAU=6-163 9660 7 .% 10040 %493 &g% %5 00
TR 17 100,0 100.,0 1000 8418 Bt 5460
IR 2053 100,0 %6.7 100.0 Ly 203 3.98
IB 2% 109& 88&6 g03 ’4‘0'78 gég? 3‘&.2‘4
IET 1hd 92,0 69!3 , ;7 6079 \Y’i 35 6.9%
Kalarats 100.0 96,0 9?;% 6o 34 7.71 B
Blurerata 100.0 100.0 100. 6. 01 Go s 5450
Damodar 98,7 9240 9743 .00 e 25 | .égg
Getu ‘ 9847 9047 BT lJ‘*;W L&’%B 4 9?
MM-1 100,0 100.0 97ed Se 59&? ra!\"?
IR 5% 1000 80.0 9847 (06 GG fe.ég
Me1=lt8 98,7 0 96,0 « 38 - %0
Mean 9?05'3 7991 9t 18 6.08 f;q?g!’ ’5.1&33-

CD at P=0.05 VXE = lWe0, E=Ok2, VaEeDs43, EmwO,1h
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Tabhle 42

inslyadl g& wvariance for seed germination and seedling
grovth of 29 rice varieties harvested from non-stress,
alkali snd saline soil environments
Sources of varistions  d.f, Mean sum of squares
Seed Seedling
germina~ height
tion
. ' . .
Replications .o 2 33842k 0,179
_ ﬁ . *ak
Varieties ' - 28 1055.55 22,1437
e *3k.
Environments 2 2850412 164793
A% B
VzE o 56 - 275.48 0, 951
Error 176 51.88 0. 072

*¥ Significant at 1% leveld



Le5¢1 Total seed germination

It may be seed from the date presented in Table 41 that
mean values of germination of seeds harvested from non-stress
soil environment was %4.6% and 91.2%4 in case of saline stress
but it was reduced to 79,2% in seeds harvested from alkeli soil.
However, stress conditions did not have any significant effect
on the seed germination of varieties Bmrarata, Pokkalil, MQY-1,
Kalasrata, TR17, PR106, and Jayva. In marked contrast to saline
envirorment, seeds harvested from alkalil soil enviromment of
variety M 1-48 failed to germinate while seed germination of
varicties IET 144k, IR 2053, HAU 6-163, Bas 370, Giza 159 vas
found to be drastically reduced, ranging from 46.7 to 77.3%.
Seeds of varieties Pusa 150 and Pusa 167, harvested from both
stress environments, recorded lov seed germination (32 to 68%).
4.5.2 Seedling height

Mean height of 10~day old seedlings, raised from seeds
harvested from non-stress environment, ranged froam 4,15 em in
variety Pusa 167 to 10,33 om in variety (R237-1. Ovér-all mean
of 6,08 cm among controls was found to be reduced to 5.2k and
S.44 cm in case of seeds harvested from alkali and saline soil
environments reSpectively; No adverse envirommental effects
vere observed in case of varieties (SR, CSR-5, Getu, MQM-1
and (R222. On the other hand, alkalinity and salinity induced
reductions in seedling height vere highly significant in
varieties Pusa 150, IR2053, Pokkali, IR2031 and (R143-2-2. In
marked contrast to others, varieties Giza 159, Pusa 167,
IET 1444, IET 4141 and IRS4 revealed significant reductions
under alkalil soil conditions only.



DISCUSBICOCH

Soil salinlty and alkalinity problems have become
serious threats to crop productiocn in our country affecting
large areas and there is an urgent need to develop crop
varieties having genetic resistance to specific soil provlems.
Stresses thot develop under these adverse soil conditions
include diverse effects such as high pl, excess Wa® in the
caticnie exchanpe pool, surface crusting, high concentrations
of neutral salts, mineral defic%ﬁci&s/tox&cities, inadegurte
aeration, moisture stress, vaterlogring etc. Resultant
consequences c¢f this vast array of interacting fzctors are
usually of a complex nature under field conditions and often
prove detrimentul te seed germination, seedling energence,
plant grovth, survival and vield,

Until recently, the problems of creop production in
s:line end alkali soils were being deult with almoct exclusively
by manipulating the mineral substrate ("technolorical £ix").
It has now become incressingly evident, bowever, thet the
approach of selecting and breeding sslt resistant crop
varieties ("biologicel fix") is not only = more rromising
and feasible alternative but it is also less energy=-expensive
and non-pollutant (Rana, 1977 ). TFurtherrmore, this aprroach
of "living with the s:1t and related problems™ is likely to
be cf significant help in improving sccio-economic condit:eons
of srall farmers who may own such marginal lands but have
Jlittle cash inputs and other rescurces needed for land

reclamations Cultivation of salte-resistant crop varleties



¥vill not only reduce the requirement of soil amendments
_Vis-a-yis cost of reclamation tut will also accelerate
the process of reclamation itself,

In & breeding programme designed to improve a crop
plant, it is essential for the plant breeder to understand
the nature and extent of variability present in his waterisals
for the desired traits. In this context, the need for bacic
work to find ocut the genetic mechanism of salt tolerance in
plants, systematic approach for proper choice of parents and
suitzable breeding techniques, alongwith an integrated approach
for incorporating multiple resistance, were highlighted in a
group discussion on "Genetics and Physiology of stress with
special reference to salt tolerance in crop plants" held in
1982 at the Central Soil Salinity Research Institute, Karnal.
Various aspects of this subject have also been thoroughly
discussed in syrposia/seminars/workshops held in different
ceuntrieskand the information e%?ating from these discussions
has been published providing critical reviews of the progress
made at regular intervels., Some relevant volumes of direct
interest to the present investigation are listed belows

1) Plant Adaptation tb Mineral Stress in Problem Soils

M. J. Wright5 ed.);"cornell Univ., Ithaca, 1976,

13) Genetic Diversity in Plants (A. Muharmad et ale, eds. ),

Flemum Press, New York, 1977,

111) The Biosaline Concept (A. Hollaender et al., eds.),

Flerum Press, New York, 1979, | |
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- 1v)  Breeding Plants for Less Favourable Ervironments

(¥N. Christiansen and C.F. Lewis, eds,) Jolm Wiley

& Sons, New York, 1982,

v) Genetic Aspects of Plant Futrition (M.R. Saric and

B.Cs Loughman, eds.) Martims Nijhoff, The Hague,

1983,

vi) Salinity Tolerance in Plants: Strategies for Crop

Improvement (R.C. Staples and G.H. Toernniessen, eds. )

John Wiley & Sons, New York, 1%k,

These publications, together with mumercus reports on
this subject make it amply clear that cataloguing of available
indigenous germplasm and evoluation of their responses to
different stresses, including salinity and sodicity, are the
prime needs of ocur time.

Numercus experimental procedures have been used by
various workers for measuring salt resistance of crops and
their varieties under a wide range of envirommentsl eonditicns,
It appears that, in most cases, importsnt varisbles influencing
the observed plant tolerance to soll stresses were either
not controlled or were not even properly measured, It is not
surprising, therefore, that reproductibility of data obtained
from such field investigations is often poor and there are
glaring inconsistencies in results, In marked Sontrsst to
field based investigations, on the other hand, studies conducted
in laboratories and test ﬁlots enable us to understand plant
response to specifie st;raeéssas Wwhich can be monitored under
controlled conditions. Again, our pilot studies revealed that
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plant performance in specially designed test plots wes
significantly correlated with that under field conditions
but it was not so in case of pot culture evaluation.
, Considering these aforementioned points, the present
investigation vas conducted in specially designed test-plots
for varietal evazluation and cytogenetic studies, Studies
on germination and seedling responses vere salso conducted
under defined conditions in the laboratory. To start with,
59 genetically divergent rice varieties, including locally
adepted cultlvars of salt-affected areas, were evaluated for
their response to saline and alkali soil enviromments created
in test~-plots, It was observed that some of the photosensitive
late flovering varieties failed to yield at Xarnal conditions
acs the onset of winter conditions affected flowering and seed
setting of these varieties. Accordingly, 39 genotypes vere
finally selected from this group of §5 varieties to study
their yileld and yleld component responses to soil stresses,
Data reported by Lunin et al. (1961), Kaddah and
Fakhry (1961), Xaddah and Ghowail (1964) and Meiri and
Poljakof f-Mayber (1970) shoved that plant responses were
directly releted to duration of exposure to salinity. Apparent
salt tolerance may also vary with changes in climatic conditions,
such as temperature, humidity, rainfall, air pollution etce
(Bernstein, 197%; Mass and Hoffmwan, 19773 Levit‘t, 1980),
Metereclogical conditions monitored during the present
investigation revealed that atmwospheric temperature, relstive
hamidity and rainfall were not uniform during the two kharif
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seasons. Furthermore, taking into consideration the fact that
rice plants ara‘sensitive to salt stress during flowering stage
(Pearson and Bernstein, 1959; CRRI, 1980), varieties under
study were grouped into three categories according to the
number of days taken to flowering so thet the climatic
conditions and the duration of exposure to salinity of the
varieties, analysed vithin a group, remained more or less
comparable,

5e1 aracterisatioc

Diversity is the most striking aspect emerging from

a survey of current knowledge of the plant kingdom's responses
and adaptation to salt stress (Hanscn, 1984)., Genetic
differentiation amcng populations of plant specles accaé?ng
heterogenous envircnments is widely observed (Gray et al., 1979).
Recent ecological studies sugrest that variation in scil
mitrient levels influences species composition and maintenance
of specles diversity by niche differentiation (Etherington,
1975)s In the traditional agriculture, dominated by local
cultivars, the soils are often sub-optimal and inputs by vay
of soil amelioretion are rather minimal. In this context,
efforts vere also made during this study to collecet the
locally adapted rice varieties and to characterise their
phenotypic variability.

Most of the salt tolerant rice varieties cultivated
locally were found to be tall, photosensitive and of late
duration, These varieties sre suitable only for low-lying

and flood-prone coastal areas, Considering that rice-wheat
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18 the predominant rotation followed by farmers in reclaimed
alkali soils gone of India, it mey be pointed cut that either
early or medium duration rice varieties can be successfully
grown in this region.

Six varietics included in this study were characterizedq
by deeply pigmented grains still preferred in some coastal
areas.

All tre indigenous cultivers studied during the present
investigation were found to be diploids (2n = 24) and showed
regular meiotie behaviour and high fertility. Comparative
data on severzl phenctypic and developmental traits revealed
remarkeble variability among them with regard to duration,
days to flowering renging from 77.75 days for Kalinga-II to
159.5 days for the variety SR 26B, plant height ranging from
83415 om to 229,60 om for Xalinga-II and Nona bokra respectively,
tillering ranging from 10.81 for Pokkali to 33.38 tillers per
plant for Bmrarata, yielding ability (19.92 to 51.61 gnm per
plant in Kalinga-I and MClMm1 respectively), and characteristic
features of glume, grain (white to dark red), stomata size
ranging from 9.81 p in Damodar to 1640 QR in SR3-9, stomata
frequency ranging from 31.2 to 18.4% per microscopie field
area (5*21.mm2) in Kalinga-II and SR=3=9 reggectively and
paiien;grain diameter ranging from 15.35 to 17.25 m in Nonabokra
and Xarekagga respectively,
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5.2 Cytological studies
Terrestrial plants that grow on saline soils are

cenfronted with more complex problems tran the marine organisms
in which each cell is in cortact with the same concentration
of saline solution and, therefore, more or less independent
in terms of mutrient supplys Another important aspect of
plant adaptation to different enviromments is the differentiation
of plant body. Since cells are the structural and functional
glements of & multicellular orranism, they take part in
realisation of every adaptation of the latter to‘the enviromment
(Alexendrov, 1977)s However, plant cytclogy has nbt yvet
succeeded in coffering universal explanation of how a salt-
toleront plant functions as it has not been possible so far
to pin-point and identify any perticular cellular structure
that would explain the phenomencn of salt tolerance
(Xramer, 1984),

Polypoid forms, espegially allo-polyploids, have
been reported to show remarkasble adaptability to extrome
environmental conditions, as compared to tﬁeir diploid
progenitors (Jain and Rana, 1963; Stebbins, 19663 Rane,1967;
Rana et al, 1980; Lumaret, 1984). The species QOryza coarctsta,
a tetraploid (2n = he)»colenoizer plant, found on the
Sunderban coast could ﬁithstand 48 hours of seavater
subme:gence and shawedicptimum growth at elcct¥ieal eénductivity
of 10 d5/M (IRRI, 1984). The potential value of this specics
in increasing salinity tolerance of the cultivated species
0. sativa, through genetic éngineering, is obvicusly exciting
(IRRI, 198Y4),
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Burihg the present stadj, hovever, all the locally
adapted varieties showed only’diploid mmber of dhiﬁmcscmes
(2n = 24) with normal meiotic behavieur.’ Interestingly,
most of these varicties (Damodar, Dasal, Karakagga, MCM-1,

SR 10032, Pokkali, Jhone 349) were found to have higher
‘chiasma frequency (2%.0 to 25.3 per cell) as compared to
the 1mpteved higheyieling variety Jaya (22.7 ¢ 0.28 chiasms
per cell) and¢ the chiasma frequency was also found to be
increased by soil alkalinity (up to 10,487 in MCM-1) and
salinity (up to 10,17% in SR 3-9) stresses., Such an increase
in chiasma frequency points cut the capacity for release of
variability by the organism which help in effective natural
selection tc these type of adverse soil stresses, It may
also be noted here that most of the rice varieties of tropical
origin, vhich are adapted to specific local conditions, eventhough
show considerable uniformity for characters of longterm
agronomic importance, thére exists mach variation to non-
selected characters (Chang, 1974; Yeo and Flowers, 1984),

| ﬁutritionalkimbalances, like aeficiencies of Ny, P and K
are reported to have increased meiotic abnormalities in pollen
mother cells éf wheat as well as rice vhile sustaining normal
mitotic cﬁl} divisions in root-tip meristems (Das and Sen,
1976)s Significant positive correlation between chromosome
abnormelities and calcium deficiency has also been reported
(Everlscle,md Taﬁtum, 1956;‘ Hyde and Paliwal, 1958) and
this may be due to the effect of Ca deficiency on chramosome
éﬁruetur# and stability (Hewitt, 1963; Deviin, 1975)._ Increased
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frequency of chromosome rearrangerents at meiotlie anaphase - I
and IT in barley induced by salinity stress was also reported
by Sevasttyanov gt gle. (1980),

During the present study, occurrence of meiotic
abnormalities in pollen mother cells was obsServed to be
increased by both scil salinity and alkalinity stresses(13.43
and 16.42% respectively in Kalarata)., There were, however,
remarkable varietal differences in this regard and sslt-
tolersnt varieties like Damodar and Pokkali showed no significant
increase in meiotiec abnormalities due to imposed stresses.
Observed abnormalities in meioctic divisions could possibly be
due to the mutritional imbalances caused by soil salinity and
alkalinity. The occurrence of meiotic abnormalities in a
srecies, that was normally fertile and productive, indicated
switching of some homeostatic mechanisms related to survival
as sugrested by Janavi et al. (1981),

Pollen fertility, as judged by acetccarmine stainability
test, and pollen size vere found to be affected adversely by
both alkali and saline soil stresses though there were
significant varietzl differences in this respect. For exarrle,
in the varieties, Arya and SR 10032 under alkali soil stress,
pollen fertility wae recduced to 75.87 and 79.21 per cent
respectively, while pollen size was recuced by B8.93 per cent
under alkali and 7.14% under saline soil stresses in the
variety Arya. No significant stress induced reduction was
observed in the varicties SR 3~9, Pokkali, Damodar and MNQMe1l,
Similar observations were alsc reported by Chuprinina(1977) who found
the frequency of sterile and partially inviable pollen in the
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anthers of barley increased by an increase in salinity level.
However, it was observed during the present study that there
wag no significant correlation between the observed reduction
in pollen fertility and paddy yield. The observed reduction
in number of fertile spikelets under saline and'glkali soil
stresses, therefore, may possibly be due to the failufe of
pollen to germinate on stigma and/or due to ovular sterility.
Ota gt al. (1956) observed that salinity affected pollen
germination on stigma adversely and that caused a lover
percentage of fertilization of the florets in rice.
Inwestigatiﬁgythe effect of stomatal freguency and
size on lmportant plant procesces as well as on productivity
might be more meaningful if the extent of intraspecific
variation in frequency and size of stomata is known. B8ignificant
variation in stomatal frequency within a species has been
reported (Eckerson, 19083 Dobrenz et 2l., 19693 Ormrod and
Remny, 1968)., Cultivar variability in this regard in barley
has 8150 been reported by Miskin and Rasmusson (1970), Gill
and Dutt (1982) sugrested in thris context that selecting
cultivars with lesser increcase in stomatal frequency under
szline stress might help in eavoiding excessive water loss due
to transpiration without affecting the photosynthetic capacity
under mild water stress. A wide variation in stomatal size
ranging from 8.78 m in IR 2031 to 16,00 A in SR 3«9 and
frequency ranging from 18,45 stomata per microscopic field
area (0,21 mmg) in SR=3~3 to 36,40 stometayper 0,21 me in the
variety M-1-448, was cbserved during the present study.
Heritability value for stomatal frequency was high (67.88%)
as compared to stomatal size (36,11%) showing that selection
for low stomatal frequency could be effective,
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Water relations, and also the metabolism, of land
plants depend to a large extent on the diffusion of water vapour
and gases through the stomatal pores that occur on their
aerial parts (Meidrner and Mansfield, 196¢), It was observed
during the present study that the totel stomeatal opening
per unit area was significantly and negatively correl:=ted
(r = «0,579) with paddy yield in the early flovering group
while it’was positively (r = + 0.620) s0 in the late flowering
groupes This may be due to high temperature prevailing during
the grain f1l1ling stapge arong the early maturing varieties
which could lead to a higher rate of transpiration and
subsequent loss of energy. As limited water availability is
one of the major effects of so0il salinity, selection for
relatively lower stomatel frequency in leaves should be
practised while breeding for salt tolerance so¢ as to increase
water use efficiency during period of high water stress and
dry atmosrheric ecndition, especially among the early duration
rice varieties, It was observed that lower stomatal frequency
reduced the amount of water transpired but did not affect the
rate of photosynthesis (Miskin et al., 1972). On the other
hand, low stomatal frequency was associated with high
photosynthetic rates in bearns (Ighars and Wellace, 1967).
$+3 Germination and sgeg;igg responses

8alt tolerance is a complex cheracter and its

expression largely depends on the interaction of genotypes
with mmerous variables (Rans, 19773 Maas and Hoffman, 1977;
Ramage, 19803 Epstein et als, 1980), It has been convincingly
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established that the response to salt stress varies with
the stage of glant development (Pearson, 19593 Pearson

and Bernstein, 1959; Pearson and Ayers, 1960; Bernstein,
19753 Castyo 2nd Sabade, 19773 Srivastava and Jana, 1984 ).
For the screenirg of large germplasm collections, seed
gerrination and the seedling stage have been effectively
and widely employed (Devine, 1982) even though relative salt
tolerance during germinaticn and that of the adult plant
besed on grain yield differ a great deal (Srivastava and
Jana, 1984),

Responses of crop plents during germination and early
grovih need to be given importance while selecting for
tolerance to soil stress as these stages of plant growth are
more detrimental in ssline/sodiec conditions affecting the
later development, grovwth and ultimately the crop yield.
Accordingly, salt tolerance of different genotypes at seedling
stage was also assessed during this investigation by recording
gerrination percentage, seedling emergence index and seedling
weight after specified time intervals, Results so obtained
revealed that there were significant delsy as well as reduction
in germination caused by salt siress as compared with the
corresponding controls. Eowever, varietal differences in
this regard vere found to be signifiéant indicating good
scope for desirable selections For example, varieties SR 3-9,
Jhong 349, Bhurarata and TR 17 recorded higher seed -
germination percentage ( > 98%) and seed germination index
( > 435) as compsred to the varieties Giza 159, Pokkali
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and Belikagga which recorded more than W6.56 per cent
reduction in seed germination and high reductions ( > 74.05%)
in seed germination index., Varietal differences regarding
germination responses to palinity vere also observed in
rice by Rao et al. (1973), Kriskna and Iyengar (1980), Datta
and Pradhan (1981),

Yo significant reduction in seed germination was
cbserved in varieties CSR-5, Jhona 349, IR 2031, Bmmata,
SR 26B, SR 10032, SR 3~9, TR 17, and CSRel, Interestingly,
the rate of seed germiration, as quantified by seed germination
index, was found to resolve varietal responses to salinity
(1% NaCl solution) better than the seed germinaticn percentage.
Variety SR 3«9 was observed to be very guick in germination
under saline conditions followed by Bhursrata, Jhona 349
and TR 17. Delay in rice seed germination, caused by salinity,
was also observed by FPatolia and Iyengar (1979), Krishna and
Iyengar (1980), and Reddy and Vaidyanath (1982).

Observed reductions in germinstion percentage and
rate, noted during this investigaticn, may be due to an
increase in the osmotic potential of the external solution
to a point that will restrict the intake of water (Ayers,
19523 Bernstein, 1961) or by causing toxicity to the embryo
(Rudolfs, 1925; Mehta and Desail, 1958), Narale gt gle (1969)
observed that rice seeds germinated normslly in sslt medium
having ECe of 4.5 dS/m while seed germination was adversely
affected at ECe 8.9 dS/me Rac et ale (1973) also observed
that ECe velue more than 8.5 dS/m wes critiecal in germinating
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paddy. Although Pearson gt ale. (1966) observed 50% reduction
in rice seed germination at EC value of 21.2 dS/m, yet
céncluded that the ability of rice seed to germinate at high
salinity values was of no practical significanece since the

yoing seedlings are very much sensitive to saline conditions.

Weight of 10 days old seedlings showed significant
varietal differences both under non-stress (45,89 to 93.1umg)
and saline (1% NaCl) enviromment (9.84 to 40.40 mg). Higher
seedling welght (76,67 to 93.1k mg) vas observed in tall
varieties Arya, Pokkali, Kalarata, Bhurarata and Xarekagza,
alsc having higher seed weight. Salinity induced reductions
in seedling fresh weight and reductions vere not uniform for
all the varieties showing varietal differences in salinity
tolerance at thls stage. Lowest salinity induced reduction
was cbserved in variety BR 3-9 (33.13%). Varieties Jhona 349,
IR 2031, IR 2055 and TR 17 also shoved remarkably low reductions.
Such reductions in seedling height in rice varieties, when
they vere germirated in saline vater, have also been reported
by Paliwal and Gandhi (1975), Singh et al. (1979), Krishna
and Iyengar (1980). In addition, Datta and Pradhan (1981)
reported that root growth was depressed more than the
shoot growth.

The response of rice varieties at seedling stage
was not found to be correlated with grain yield response,
however, these experiments conducted in piEk;plaxes under
controlled conditions for studying rice varietal response
to salinity based on germination and ycﬁng seedlings
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characters revealed that variety SR 3=9 was outstanding.
Varieties Jhona 349, IR 2031 and TR 17 also showed better
performznce under saline cenditions, Rice, being 2
transplanted crop in the Karnal~iurukshetra region, salt
tolerance at germination and seedling stages may not be
of very mich importance as suchs Kevertheless, the identified
salt tolerant varieties could be used for raising the mursery
in salt-affected soils or with saline water irrigation and
also vhere direct seeding 1s proctised on szline soils,
Se4 Growth and yield response

A second peeak of susceptibility to salt stress occurs
in rice during the flowering stage (Pearson and Bernstein,
19593 CRRI, 1980) fcllowing high sensitivity observed at the
first to second leaf stage. Xrasnikova (1979) noticed also
that different rice varieties showed salt tolerance at
different growth stages, In this context, three main effects
of salt injury reported by Bernstein (196+) weres (i) general
osrmotic effect in which growth and yield depressions or
quality impairment were detcrmined by osmotic pressure of
the medium (11) mtritional imbalances or deficiencies which
depress growth and yield or impair quality, and (1ii) toxic
effects which cause characteristice injury symptoms in the
plants. Enormous differences regarding tolerance to soil
stresses among plant species and within species are commonly
reported and have been convincingly established (Sees zébrs
et als 1951; Bernstein and Ayers, 1953; Richards, 195k
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Ehling, 1960; Dewey, 1962; Greenway, 1962; Elzam and Epstein,
1969; Ayoub, 19743 Taylor gt al. 1975; Rush and Epstein,
19763 Epst.ein ;nd Noryln, 19773 Lauchi and Wieneka, 1977;
Ratanadilok et al,, 19785 Sajjad, 1983; Stavarek and Rains,
1983; Yeo, 19833 Mesdag and Balkema-Bookstra, 19843 Ranm,1984j
Staples and Toenniessen, 1984 Bansal and Bhattacharyya,
1984 ),

During the present imvestigation, effects of salinity
(ECe 5 to 8 dS/m) and alkalinity (pH, 8.8 to 9.1) on grain
yield per plant, days to flowering, plant height, panicle
length, panicle beuring tillers per plant, straw weight
per plant, panicle weight, 1000 grain weight and harvest index
of rice varie ies reprecenting three flowering groups were
studieds Analysis of variance showed significant genetic
variability among the materials under study and also
conflrmed distinet differences among envircnments. Both
salinity and alkalinity levels depressed the grain yleld and
its components. Under the alkall soil environment, mean
reduction in grain yield ranged fram 23,06% in the early
flowering group to 33456% in the medium flovering groups
Under saline soil enviromment, on the other hand, there was
a progressive increase in yleld reduction percentage from
early flowering group (3%41%) to late flowering group
(55430%). This supports the earlier reports of Lunin et al.
(1961); Xaddah and Fakhry (1961); Kaddah and Ghowal (196%)
and Mzﬁiri’ and Poljakoff-Mayber (1970) that plant responses
vere directly related to the duration of exposure to
salinity.
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Stress levels, mmsed during the present study,
were mild but the chosen level of salinity stress was found
to be more detrimental than the alkalinity stresse. Under
the non-stress (favourable) enviromment, higher yield levels
were obtained in the test-plots as compared to fileld
conditions and pot culture, especlally in some of the tall
var:!.eties,' owing to better management care including the
prevention of lodging by giving artifieial support.

Flowering was fourd to be delayed by both saline and
alkali soill stresses in all the three flowering groups,
Delay was, however, more severe in saline soll enviromment
as compared to th:ot in case of alkali soll envirorments,

In saline soil envircnuent, maximum delay amounted to §

days in variety Bilekagga of the early groupy, 9 days in
varieties HAU 5298 and Bas 370 of the medium group and

13 days in SR 10032 of the late flovwering group. Stresse
induced delay in the late flowering group also affected very
severely the subsequent grain filling stage due to the

cnset of winter conditions at Karnal.

Under the non-stress edaphic enviromment, varieties
Jhona 349 and CSR-5 of the early group, Jaya, HAU 6-163,

FR 106 and HAU 5-298 of the medium flowering group as well as
¥Qi=1, Bhurarata and Arya of the late flcwering group recorded
signifieantly higher grain yield per plant as compared to
others. Under both saline and alkall soil enviromments,

all the varieties under study exhibited reductions in grain
yield and its component characters, The quantum of reduction,
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however, Aiffered among the varieties as well as the stress
envirorments. Yield per ge under alkali stress was higher
in varieties Jhona 349, CR 222, Karekagga, Bilekagga, CSR=5
of the early flowering group; Jays, HAU 6163, FR 106,’
Gigza 159, TR 17 of the medium flowering groupj; and Bhurarata,
Arya, Xalarata, Getu, IR 2055 of the lste flowering group.
Under saline soil stress, on tkhe other hand, per se yield
was higher in varieties C:Re5, Jhona 349, CR 21k and Pusa 150
of the early flowering group; HAU 6-163, PR 106 and Jaya of
the medium flowering group; and Bmurarata, Getu, IR 2055,
PAU 269 and Kalarata of the late flowering group.

Relative performance (yield reduction) of varieties
is considered more important than the per se performance when
selection is done under recombination breeding programmes.
Among the early flowering varieties grown under alkali soil
stress, Bilekagra, R 1h43-2~2, Kalinga~I and Xalinga-II
showed low reductions for grain yield while CR 222, IET 1hkkh
and Pusa 167 recorded low reductions with respect to dry
matter production, Variety CR 237-1 was found to be very
sensitive both to salinity and alkalinity soil stresses.
Under saline soil stress, varieties IET 1hhl, CR 143«2~2
and Pusa 150 recorded low reduction for grain yield.
Considering both per se yield performence and per cent yield
reductions under so0il stress conditions, varieties Bilekagga
and Karekaggs under slkali solil and CSR-5 and Jhona 349
under saline soil conditions were found to be better

performers.
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In the medium flowering group, per cent reductions
in yield vere high for variety HAU 5-298 under both the stress
conditions, Lov reduction under mild alkali soil stress was
observed in varicties IR 2053, Giza 159, Bas 370 and IET W1M1,
Under mild saline soil stress, varieties HAU 6-163 and Bas 370
recorded low reductions. Considering both per se performance
as well as per cent reductions, varieties HAU 6-163 and PR 106
were found to be more suitable under mild alkali and saline
soil stresses., Interestingly, it wzs noted that the response
of varicty IR 2053 to saline and alkali soil stresses with
respect to two important characters, namely, yleld and straw
welght per hill, showed an opposite trend. Under alkali stress,
straw velght shoved higher reduction than that of yield
reduction while under sasline soll stress yield reduction was
higher than that of straw weight reduction. This lower
reduction of straw weight seems to be due to increased tillering
under saline soil stress,

In the late flovering grcup, yield reductions under
alkali soil stress were low for ¥alarata, SR 3-9, IR 2055 and
Dasal whereas lovw reductions under saline soil stress were
cbserved in PAD 269, Getu, Dasal and Kalarata. Considering
per se performance as well as yleld reductions, varieties Getn,
Kalarata and PAU 269 were found to be suitable for mild saline
soil stress and Kalarata, TR 2055 and Dasal were found to be
suitsble for mild alkali stress. The low yleld cbserved in
Arya and SR 3~9 as well as in SR 10032 may be due to the fall
in atmospheric temperature during flowering and grain setting
period under Karnal conditions.
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Varietal differences in yield rednctions under saline
an@ alkali soil conditions in different crops have been
répcrta& extegsiveMy in literature. Ray et al. (1977), Anoop
Singh et al. (1979), Mishra and Bhattacharyya (1980), Babu
(1983) and Singh et al. (1983) in alkali soil and Aboul-Shod
and Ashour (1974), Maurya gt al. (1976); Balasubremanian
and Rao (1977), Gabr et al. (1977), Iyengar gt Q.,. (1977),
Sourour et al. (1977), Ansari et al. (1978), Rumar (19785,
Sevast'yanov and Sevin (1978), Bole and Wells (1979), ¢ill
(1979), Chauhan et zl. (1980), Morozove (1980), Datta and
Pradhan (1981), Babu (1983), Kingsbury and Epstein (1984),
Norlyn and Epstein (1984) in s=zline soil environments observed
adverse effects on growth and yield in different crops and
varieties, The observed adverse effects on growth and relsted
processcs are'generally associated with an incrcase in specific
ion eoncentration and or lowering of water potential of the
substrate (Bernstein, 1964). |
5¢5 Stability snalysis

Identification of desirable genctypes having wide
adaptatien over & range of soil and climatic conditions i®
of considerable significance in crob improvement, particularly
in areas where soil salinity and alkslinity problems are of
a spetty nature or where such stresses ocour with unpredictable
péricdieity and intensity. Phenotypes are the result of
genctypes, environments and the interaction betwaenvgenntypes

and envircnments. It is wall Xnown that genafype X enviromment



172

interaction is widely present and contributes substantially
to the non-realisation of expected gains from selection
(Comstock and Moil, 1963). Relative importance of the main
and interactian erfécts mﬁy vary from genotype to genotype
and also with the environments.

Finlay and Wilkinson (1963) considered linear regressien
slope as a measure of stabllity whercas, Eberhart and Russell
(1966) and Frecman and Peri.ins (1971) ermphasised the need of
considering both linear (bi) and non-linear (Sdi) components
of ¢ x E interactions in judging the phenotypic stability.
Breese (1969) and Paroda and Hayes (1971) also advocated that
1in§ar regression could be regarded as a measure of the response
of the genotype whereas, deviation could be considered as the
measure of stability. ‘

In the present study, mean squares due to varieties
for all the nine cheracters and those due to environments
were found to be significant indiéating that there was enough
variability among the varieties and also that the envircnments
created were distincts. Observed significant mean sgaures
due to G x E interacticn revealed that varieties vere
unable to maintain consistant performance under different
environments. Furtherrore, any généralisaticn regarding
stability of cultivars belonging to particular flovering
group cr,dr individual cultivars for all the characters
was difficult as they did not exhibit uniform stebility
(non-linear G x E) and response (linesr G x E) which
appgared‘to he specific for individual character of a
genctypew This may‘be‘expiﬁihed on the basis of compromises
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and compensations among the developmental patterms of the
different characters., Similar observations were also made
by Babu (1983) in wheat under soil stress conditions and
evidences are availasble which suggest the importance of
component compenzation mechanism in impzrting homeostasis
for complex traits (Grafius, 1956; Bains and Gupte, 19743,
Characters such as harvest index and grain yield per
plant shoved the presence of high linear component of G X E
interaction consistently in all the three maturity groups
which can be easily ranipulated for identifying stzble and
superior genotypes. However, ncn-linear porticn was
significant for deys to flowering and 1000=-grain weight in
the eariy flovering group; panicle length, panicle bearing
tillers per plent, penicle veight, straw weight, 1000
grain veight in the medium flovering group, and plant height
as well as panicle ﬁzaring tillers per plant in the late
flowering group, indicated the unpredictable behasviour of
these traits over the enviromments,
Considering the X4, by, and Sdi for various tralts
under study, an attempt was made to identify the most statble
and also the most responsive genotypes. In the early flowering
group, varieties Bilekagpa, CR 214 and CSR-k were found to
have stable yield performance, Among them, variety CR 21k was
also found to have stable performance for six other component
characters including straw weight, panicle weight, 1000-grain
weight‘énd panicle length; variety Bilekagga, on the other kool
shoved stability only for grain yleld, In the medium flowering
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group, varieties TR 17 and Giza 159 showed stable performance
for grain yleld and six component characters, whereas, variety
HAU 6~163, which showed stable and above average yield
performance, recorded stezbility in performance for two
component characters only, namely, straw weight and 1000-
grain weight. 1In the late flowering group, varieties IR 205%,
IR 2031, SR 3~9 and Pok:ali were found to have stable
performance for grain ylelds Varicty Getu rccorded stsble
performance for six component characters, including straw
welghty but its performance for grain yield was not stable.
‘Varleties Karekagga, and CR 143=2-2 of the early flowering
groups Bas 370, IET 4141 and M-1.48 of the medium flowering
grcup as well as MCH-1, Bhurarata and PAU 269 of the late
flowering group were found to be very responsive in respect
of yleld as well as most of the component characters,
Bradshaw (1965) suggested that maxirum fitness could be obtained
by adjustment in the plastic component traits. In a homeosta~
ticelly buffered population, to perform well for the final
trait under changing enviromments, the expression of the
component traits might shift in a compensating manner, otherwise
high uhprediet&ble G x E interaction would recsult, It was
ocbserved in the present investigation that rates of responses
tn the environment were different for different varictiess
8tability of straw weight, 1000-grain veight, panicle bearing
tillers per plant, panicle weight as well as panicle length
appeared to vary in & compensating manner in different
genctypes and ultimately conferred homeostasis for yielda
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When plant characteristics are sought to be modified
in a population through selection, there is a possibility of
unintentiocnally altering other characteristics affecting
crop performance., BSuch changes may result from ﬁleiotropic
responses and genetic linkages (Devine, 1982). When breeding
for higher yield potential, informestion on the nature and
magnitude of aséeéiation between yield and its component
traits as wvell as the environmental influences on these
chararters is very essential, Most of the 1iterature available
on correlation of different component characters with grain
yield deals with normal (non-stress) soil condition only. In
the present study, on the other hand, correlcution coefficients
among yield and its eight component characters of 39 rice
varieties, belonging to three distinct flowering groups, were
estimated separately under favourable (ncn-stress), zlkali
and saline soil environmentse.

It has been observed thot the correlation coefficients
at genotypic levels for all the pairs of characters under all
the environrents had a similar trend with greater magnitude
at the genotypic level. Eigher values of correlztion
coeffieients at the geﬁatypic level than that at the phenotypic
level had also been reported in other éreps by many workers
(Robinson et al., 19515 Johnsen et al., 1955; Shanker et al.,
1963; Bhattacharyya, 1976; Sharma and Singh, 1976; Dua, 1978;
Sasmal, 1982; Singh and Chowdary, 1983; Babu, 1983), Higher

values of ﬁbéérVed,gﬁhﬁtypie correlstion indicated a'stfong
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inherent association that would result in a higher response

in respect of yield as would have been expected if selection
was made for both these ccmponents. Somehow the estimates

of phenotypic correlations between yield and panicle weight
under saline scils environwent of the early flovering group,

and between straw veight and harvest index of the late flowering
group under non-stress as well as alkall envirormments were

found to be higher than those of the genotypic correlations.
Similar observations between grain yleld and plant height

vere also reported by Roychowdary (1968) and Bhattacharyya(1976).
According to Roychowdary (1968), higher phenotypic correlstion
values than the renotypic ones were perheps due to narrover
field of variation of the former thon of the latter.

It has been cbserved during the present study that the
rain contrituting ccmponent characters for yield among varieties
of the early flowering group were panicle weight, panicle
length and strav weight. In medium and late flowering groups,
on the cther hand, in addition to panicle weight and straw
weight, panicle bearing tillers also showed significant
positive correlstion with the grain yield under non-stress
soil conditions. Tt was noted that even though the direction
of significant correlation between pairs of characters remained
the same for most of the characters under different soil
environments the magnitude of correlations changed. There
was no specific pattern in this respect eithér for different
stress environments (i.e., alkali and saline soil stresses)
nor for different flowering groups (Figures 4 to 6).

Signifieant positive correlation between grain yield and
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Figure 4 Genotyple correlations between paddy yleld
and 8 component characters based on 15 early

flowering varieties grown in three edaphic
environments
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Figure 5 Genotypic correlations between paddy ¥ield
and 8 component characters based on 11
medium flowering varieties grown in three
edaphic enviromments
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Figure 6 Genotypic correlations between paddy yield
and 8 component characters based on 13 late

flovwering varieties grown in three edaphic
environments
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strav welght observed in normal so0il as well as alkali soil
environment of the early and late flowering groups were found

to be reduced to a non-significant level under saline environment.
In marked contrast, however, the medium flowering group

showed just the opposite trend. Magnitude of these correlations
was found to be increased among varieties of the early and

late flowering groups but not so among those of the medium
flovering groups,

These signifiecant interacting effects of soils stress
conditions and maturity pericd upon estimates of genotypic
correlations among yield and yield component characters of
rice showed that the selection criteria for grain vield
perfermance in the three flowering groups under favoursble
(non-stress) and stress ccnditions should be different. Singh
and Chowdary (1983) studied influence of different environments
on the magnitude of correlstions in mastard and also observed
similar results. Lehman et al., (198%) studied the association
betveen seed yield and characteristics in the seedling stage
as well as those that could be selected on visual basis with
a view for predicting yield under salinity (& dS/m) stress
in rice and sugpested that relatively high correlations of
tillers at seedling stage with panicle length and panicle
weight provided possible use of tillers and panicle length
in selecting for resistance to salinity., Thus, it is amply
clear from this study that various genetic effects varied
under different environments among and within the three maturity
groups for the same character due to the 1nf1uen¢e of adverse
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goil stresses. Present findings show that environments
play a significant role in determining strength of
association of varicus traits with yield and, hence,
corprehensive studies should be conducted in a murber of
defined environments before coming ta‘a conelusion about
key characters whose selection would prove to be effective
under specifie stresgs envircnments.

Se7

Correlation coefficients measure the strength of mutual
associctions among character pairs but this information is
not encugh for a breeder because component traits affect the
yield both directly as well as indirectly. Thus, separation
of correlations into measures of direct and indirect effects
of different veriables on yield by adopting path ccefficient
analysis techniques (Devey and Lu, 195%) becomes necessary
to understand arrays of interacting phenomena that lead to
observed correlations in a correlzted series of variables
because the path analysis specifies the causes and also
measures the relntive irmportance of each casual factor.
Several workers have observed confliitt between total
correlation and path coefficient analysis as shown by
reports of Dewey and Lu (1959) in crested grass, Ramamjam
and Rai (1963) in Brassica campestris, Srivastava and Singh
(1971) in wheat, Senguptz and Kataria (1971) in soybean,
Chandraratnma (1964), Mishra et al. (1973) and Bhattacharyya
(1976) in rice., Furthermore, the influence éf different
enviromments also needs to be examined carefully in this
context while aportioning direct and indirect effects of
different traits upon grain yield.
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Xn the present stuéy, path coefficient analysis has
been éomputea with phenotypic coefficients for the phenotypic
path and with genotypic correlations for the genctypic path.
But phenctypic as well as genotypic paths were found to be
more or less similar. The magnitude of boeth direct and
indirect effects varied from enviranment to environment
and in many cases even the trend was found to be changed.
There was no discernible specific trend under all the
environments except for the straw weight., Sasmal (1982)
also cbserved differential reacticn in the direct and indirect
vield contribution of three characters nomely, grains per
panicle, 1000 grain weight and tillers per plant under
different levels of nitrogen in rice. 1In all the three
flovering groups, the direct contribution of strawv weight
wazs high and its magnitude increased-unde: both saline and
alkall soil stressess. Even though correlation coefficient
for the straw weilght under saline soil stress was found to
be drastically reduced, path anslysis showed that the direct
contribution was higher than that in case of the non-stress
soil and the reduction in cbserved correlation coefficient
value was due to the high negeative indirect contributicn
through harvest index as well as 1000-grain weight, Again,
even though the correlation coefficient of 1000mgrain velght
with grain yield was positive in the early as well as in
the lateyflawering groups, the direct effect was found to be
negative, This observed positive correlation wzs found to
be due to high indirect positive effect through straw weight,
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Similarly, the significant positive correlation with plant
height in the early flowering group was also found %o be
due to high indirect positive effect through straw weight.

- Path analysis, thus, revealed that straw weight and
panicle veight were the main yield contrituting characters
even under soil stress conditions with maximum positive
direct effects and high indirect effects through other
component characters among varieties of all the three flowering
groups, However, Mishra et ale. (1973) observed graine/panicle
had the largest contribution, and Lenka and Mishra (1973)
considered ear beering tillers and grains per panicle
contributed the most on grain yield while, Bhattacharyya
(1976) found that ear bearing tillers, spikelets/panicle
and spikelet sterility were the main contributing factors,

Rao et al, (1980) studied seven late maturing rice varieties
and found that panicle bearing tillers, grain mumber per
panicle and 1000 grain weight were the main yield contributing
ccmponentss 1000 grain weight was also reported to be having
high positive direct ccntribution to grain yield by Yadav

and Singh (1979) in semidwarf rice varieties and by Sasmal
(1982) in four true breeding rice crosses under different
nitrogen levels. The effects which were not in agreement with
earlier studies might have been due to the differences in
environmental conditions and genctypes used in the

present study,
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5«8 Comparative performance of secd materials horvested from plents
rown in pon-stress and stress soil enviromments

Effects of alkali (pﬂé 8.8 to 9.1) snd seline (ECe
5 to 8 aS/m) soil enviromments on ripening seeds, as reflected
in seed germination and seédling vigour in the fcllowing
geperation, were studied using the seeds hervested from
varieties grown in favourable and adverse soil enviromments,
Results showed that both salinity and alkalinity stresces
reduced seed germination as well as secdling height but
alkslinity effects were more dctrimental than salinity effects.
Bignificant V x E interaction revealed thzt the varietal
recponses to adverse effects of stress environments were
notably differential, |

Prevailing stress conditions dia nct have any signifiéant
effect on secd germinatiocn of varieties Bhurarata, Pokkali,
MQ4=1, Kalarata, TR 17, PR 106 as well as Jaya and also on
seedling height of varieties CSR-l4, CSR-5, Getu, MOMe1 and
CR 222, Varieties M-148, IET 1hLl, Giza 159 and IR 2053
vere found to be highly sensitive to alkaliystress while
varieties Pusa 150 and Pusa 167 were highly sensitive to
both alkall and saline soll stresses,

Datta and De (1982) also studied the viability of seeds
harvested from seven photoperiod-gensitive winter rice
varieties grown under saline water irrigatidn and found
that seeds of varieties from saline irrigated plots lost
viability after & to 5 months. Varieties Matla and Hamilton
vere 1éentified by them based on higher viability retention.
In the present study, the seeds were germinated after 4
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months of harvest and the observed reductions in germinaticn
may be due to the loss of viability of the salt affected
seeds, These results suggest the need to eritically evaluate
the viabllity retention capacity of seeds of different
varieties released or to be released for cultivation in ssalt
affected soils and to make proper recomrendations whether

the farmers should necessarily use seeds from non-stress soil
every time for commerciAl cultivation.

5«9 Conclusicns snd suggestions

The major objective of this investigation was to assess

and analyse the magnitude and nature of genetic wveriability
for resistance to soil alkalinity and salinity in rice. Fifty
five rice varieties of diverse origin were used for different
studies on their cytologieal, vegetative and repreductive
characteristies, Results of these studies showed that
significant variability for alkalinity/salinity resistance
existed among the varieties under evaluation and this fact
supported the inference that breeding rice varieties suited to
salt-affected soils appeared to be a feasible and promising
proposition. It has been coneluded that immediate attention
should first be devoted to collecticn, maintenance and
exploitation of genetie variability for salt stress tolersnce
within relevant maturity groups so as to avoid possible
compligations in obtaining the desirable recombinations owing
to differences in grovth hebit, photosensitivity,

maturity, ete.
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Studies on indigenous rice cultivars, grown
traditionally in sslt-affected areas, showed rcmarkable
genetic variability with respect to vegetative and
reproductive characteristics, All these varieties vere,
hovev-er, diploids (2n = 24) with regular meiotic behaviour.
Most of the locally adapted varieties were observed tc have
significantly higher chiasma frequency as corpared to the
improved highyielding variety Jaya. Frequency of chiasma
formation and occurrence of meiotic abnormalities appeared
to have increased by soil salinity and alkalinity. The
abserved reduction in pollen fertility under soil stress
cenditions was not found to be correlated with seed
setting and paddy yield.

Rate of seed germinaticn, total seed germination as
wecll as seedling fresh weight were found to be reduced by
salt stress. Seed germination index was found toc resolve
differences in varietal response to salinity (1% NaGl solution)
better than the total seed germination. Varietal response
to salt stress based on these tests was, however, not found
to be correlited with thet based on grain yield.

Analysis,of‘variance based con the data on grain yield
and eight cocmponent traits, studied in screening plots on
39 rice varieties representing three flowering groups,
showed significant genetic variability smong the materials
under study and also confirmed distinct differences among

the environments.
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Promising salt tolerant variecties, identified on
the basis of per se performance and component analysis under
Karnal conditicns, included Jhona 349 and CSR-5 in the
early flowering grcup, Jaya and HAU«6-163 in the medium
flowering group, and Bhurarata, Getu and IR 2055 in the
late flovering group., Stability analysis of varietal
perforpmance under six environments revealed that major
portion of G x E interaction was of linear type for most of
the characters, Varieties Bilekagza, HAU=6-163 end IR 205%
showed stability with above average yield performances

Detalled studies on association of pairs of important
plant characters as well as their direct and indirect
contribution to the grain yield revealed that panicle weight
and straw welght were the main yield contributing characters
even under soil stress conditions. However, significant
interacting effects of soil stress conditions and maturity
pericd upcon estimates of genctypie correlation as well as
path among yleld and yield component characters showed that
environments played s significant role in the association
of variocus traits with yileld.

A study of seeds harvested from alkall and saline solls
showed that their germination (%) as well as seedling vigour
vere adversely affected by the unfavourable soll conditions,
alkalinity being more detrimental in this respect than
salinity. There were, however, significant varietal
differences.



192

Demonstration of significant differences regarding
saline and alkall soil tolerance among 39 rice genotypes
belonging to three distinct maturity groups is expected to
provide the necessary fillip to criticel studies on
physiological mechanisms of soil salinity/alkalinity
resistance in this crop. Furthermore, the basic research
into the structural, functicnal and cytogenetic aspects
of salt tolerance/adaptatiocn, which has not vet been given
the due attention, 1s expected to provide suitable leads
to work regarding breeding for salt tolerance through
recombination breeding and distant hybridization.

Sensitivity of the growth stage, at which a specific
stress 1s imposed, should be an important considerction
vhile evaluating varietal response to stress environments.
Texture and other physical properties of salt-affected soils
add rore complexity, as do spatial and temporal variation
in weather conditicns. Rature and strength of association
between grain yield and its cormponents traits under specific
enviromments have to be studied critieally with a view to
evolving reliable selection criteria since, as shown by the
results of this investigation, environment plays a significant
role in determining association of different traits with
the grain yield,

A desirable rice variety for Haryana, Panjab and
Western U.,P. is expeéted to combine salt tolerance of
Jhona 349 with maturity period and high yield potential of
'Jaya, superior grain guality of Basmati type and also
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genetic resistance to important pests and diseases like
bacterisl leaf blight alongwith, if practicable, lower
stomatal frequency of SR 3-9. In formulating a breeding
grogiamme for improvement of salt resistance, speeial
care heeds to be taken to define and regﬁlarly,m@nitdr
both soll and weather variables with a view to providing
valid interpretation of data and also proper utilization
of information obtained at different research centres,

To sum up, ability of a crop variety to tolerate a
given level of salinity/alkalinity has now become a pararount
proposition in managing salt-affected soil and water rescurces.
For this reason, there has been an upsurge of interest in
recent yearg in talloring crop plants to suit salt-affected
environments., This new outlook contrasts the past approaches
which exploited a greater abundance of better quality water and
cheaper energy resources (soil amendments) to wodify the
environment to suit the plants. Current research efforts are
mainly focussed upon critiecal éssessment of inter-varietal
genetic variability and its exploitation for improving crop
salt-tolerance both by conventional breeding (intra~specific
hybridization and recovery of desired recombinations) and by
in yitro methods that include tissue culture technique and
recombinant DNA technclogye.

| Ebtwithstsnding the observed genetic variability for
tolerance to alkali and saline soil conditions among the
rice varieties studie& during this investigation, there is a
need to collect and evaluate more ‘indigenous cultivars from

areas where salt stress is recurrent and has been exerting a
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selection pressure over long years both in coastal and
inland situations. Moeljapewiro and Ikehashi (1981) crossed
tvo salt-tolercnt rice cultivars and notcd overdominance
for salt tolerance in the F1 and also found nmany progeny

ines of the F3 that vere more tolerant than either parent.
It looks quite promising that multiple crosses invelving
tolerant cultivars may lead to upgrading of salt tolerance
in rice,

Elucidation of plant mechanisms thet irpart salt
tolerance is likely to acrelerate selection and breeding
programmes aimed at devcloping crop varieties suited to
specific situations of salt-affected soils. Although ruch
inferm: tion is alreadyfzgféggaphysialogy and bilocheristry of
glycoprkytes and halophytes yet it is only recently that
resecarches have begun to study closely related plant types
in a ccpparative vay to determine the mechanisms underlying
heritable differences in salt tolerance. At present, plant
breeders do not have suitzble markers for salt tolerance and
this handicep hac greatly affected the progress of their
efforts. ©OSince physiclogists, biochemists and ceneticists
have now at their disposal a greater range of plant materials
differing in salt tcolerance, both at the intra - and inter-
specific levels, the oms to unravel the plant mechanisms/
processes, conferring salt tolerance, and their genetic
control is on thems It may also be pointed out that the
validation of the putative markers of salt resistances,

worked out by the on-going inter-disciplinary efforts, will
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necessarily recuire close cooperstion with the plant
breeders if breeding crop varieties for tolerance of
8alt stresses 1s to make an impact.

Finally, rice is the most important food crop for
the developing countries in Asia, Africa and Latin .
America, Fqually significant is the faect that cultivation
of this crop is alsoc the maln livelihood of rural
population living in these developing regions, Rice 1s
also the major, often the sole, crop grown in salt-affected
solls subjected to flooding or vhere water availability
is not a constraint. In the context of prevailing socio-
economic secenario in the riece belt, particularly in
coastel areas, even a modest improvement in rice
productivity in salt-affected lands, over the current
level of less than one tonne per hectare, will mean not only
substantial gain in rice preduction but, will also go a
long way to improve economic condition of the concerned
farmers vho have no option but to live with the salt

problem,
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‘ m:!,z meamgaum was undertakm wm a uw m
xeamm diversity of responge to saline - aa.ms. €wam)
: &wﬂ. strasses among 55 rice genotypes Wmﬁm a,wm
range of a.da.p’eatim and maturity abmekemt&ma mgmmtm
5 experiments for this purpose vere cmm in laborateryy
- pot culture and apeciauy designed 3trm p:i.m a@iwins
‘both seedling and a.dnlt plant emterin for mﬂﬁw
evaluation, ﬁbaarntiom vere mw&aﬂ o peed semm&mty,
rate of garminamm, seedling grovth, days to flovering, plant
height, panicle bearing tillers, panicle length and veight,
dry matter production, grain yield, 1000 grein veight and
harvest index. Dmta 8o obtained were magmw. to analysis
of variance, stability analysis, mmﬁm estimation and
path analysis. Besides campa;ﬁ'ins and analysing varietal
response to edaphic stress, cytologicel cbservations on
stomatal features, melotic behaviour and pellen grain character-
istics were also made in some indigenous locally-adapted
cultivars ﬁhat are grown traditionally in India under :
situstions of salt-affected soils. Balient features of the
findings are summarised as followss |
1. Ten indig_enéus rice cultivars grown traditiomlly in
different situations of salt-affected areas vere
characterised regarding their growth habit, plaat
height, flowering time, glume ard grain pigmentation,
peddy yield and its ».Qa@mn& tmm; pollen and
. stomatal characteristics, and meiotic behaviours
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‘Salt stress resistant varieties, like Pokkall and
‘Jnona 349, were observed to have significantly higher
chissma frequency as compared to the improved high~yielding

variety Jays Vhich recorded the lovest mumber of chissmate

 per cell snd showed étabilitj over ammm enviroments.,

Frequency of chiasme :rermati@n as val’.t as wcurm&e ,

of meiotic abnormalities appeared to have mweamé ‘by

soil salinity and slkalinity stresses. Varietal —
differences in this regard were, however, significant.
Pollen size ranged from 15.35 to 17,35 m and vas found

to be reduced under stress conditions #nd showed significant
V x E interactions, Varieties SR3-9, Pokksli, Damodar’

and MQ¥=1 were remarkably stable in this respect. Pollen
fertility, as judged by aoetocarmine staiméﬁnny test,

was affected adversely by both adaphic stresses tut there
was not significant correlation betveen *ﬁhe_ observed
reduction in pollen fertility with that in paddy yleld.
Steﬂz&ta f‘reqmnay ranged from 18.45 $o 3&4%@ per (‘3&2‘1@2
(microscopie field area), salt semsitive var, M1-%8 having
the highest frequency. Varietal differences in this respect
vere signi!‘ieant and !xeritability ectimate for this trait
was higm Grain yield was found to be signiﬁmtly
correlated with total stema.tal opening }:ua:' wnit area though
its dircetimx vas different in eul:sr *v;; lm ﬂwer:mg
groups. Stomstsl slit .mmm varied from 8.7 to 'té.@ m
among dirfewm varieties but thm axrmanm had

low heritability. -
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Rate of seed germination, quantified by seed germination
index (EGI), was found to resolve varietal response to
salinity (1.0% NaCl solution) better than the seed
garminatidn percentage. These varietal differences

were aonfirmed by the data on seedling weight,
performance of varieties SR3~9 and Jhona 349 being
gsuperior in both thesé tests., Variétal response to
salt»-streés based on these tests was, however, not found
to be correlated with thet based on grain yield.

Anelysis of variance, baéed on data on yield and eight
component traits studied in screening plots, showed
significant genetic variability smong the materials

under study and also confirmed distinet differences

among environments., Overzll yield reductions ranged
from 23 to 34% under alkali soil (pH, arcund 9.1) and

39 to 55% under saline environment (ECe around 9 d8/m).
Significant V x E interactions indicated differential
response of varieties to adverse scil conditions.

Grouping of varieties on the basis of their flowering time
led to & more meaningful interpretation of observations.
Three broad groups were made, viz., esrly flowering

{15 vé»rmties taking 65 to 9% days f‘rm seeding to ;Sanicle
emergence ), medium flowering (11 varmties; 96 to 115 days),
and late flawering group {13 varietiesy' 120 %o 18’5 days e
Glaxsiﬂaaﬁim on the basis of maturity aharacteristms
vas not practicable because of inconsistency maéby
declining twperaturea; pai*timlarly beyond wid vaembérg,
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Selinity ceused delay in flovering by sbout 5 days

in the early group, 9 days in the medium group and

13 days in the late group.

Promising salt tolerant varieties, identified on the
basis of per se performence under Karnal conditions
as well as quantum of stress-induced reduction in

paddy yleld of individual plants, included Jhona 349

and CSRS in the early group, Jaya and HAU6.163 in

the medium graup, and Bhura,Rata, Getu (GSR 3) and

IR 20%5 in the late flowering group. These conclusions
were largely supported by component anglysis tsking into
consideration panicle length, panicle weight, panicle
bearing tillers/hill, straw weight, grain weight and
also harvest index. However, varicties Bilekagga and
Karekagga were found to be cutstandingly superior on
the basis of totzl dry matter production.

Stability analysis revealed that major portion of ¢ x E
interaction was of linear type for all the characters
under study in the early and the late flowering groups.
In the medium flowering group, however, linear component

- of @ X E interaction appeared to play predominant role

in case of three traits only, viz., plant height, days to
flowvering and grain yield/plent per zgs Varleties

Bilskaggsa, Wuénﬁ and TR208% showed stability with
gbove average yleld perfax“,m&meﬁ Wniie Jhoma W9 vas

v ®

found to have stable and sbove sverage performance

regerding panicle-bearing tillers and grain weight,
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€BR 5 showed Btability with above average performance
with respect to panicle veight and harvest index,

10, Grein yleld, under favourable soll conditions, was
found to be significantly correlated with panicle
weight, panicle length, days to flowering, plant
helght and straw weight among 15 varieties of the early
flowering group. Armong varieties of the medium and
late flowering groups, however, grain yield had a
significant correlation with panicle-besring tillers,
grain weight and harvest index in sddition to panicle
weight. Among 11 varieties of the medium flovering
group, grain yield was found to be carrelated with
panicle~bearing tillers and grain weight under alkali
801l conditions, and with panicle weight, grain weight,
straw weight and harvest index under saline soil conditions.
Path coefficient analysis revealed further that panicle
weight and straw wveight were the msin yleld contributing
characters under stress conditions with maximum positive
direct effeects and high indirect effescts through other
characters among vafieties of all the three flowering-
ETOUDS .+

11, 4 study of seeds harvested from alkali and saline soils
shoved that their germination (X} as well as seedling
vigour (growth rate) were adversely sffected by the
unfavourable soil conditions, alla;alini%y being more
detrimental in this respect than salinity. There vere,
hovever, significant varietal differences, Whereas
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- seeds harvested from these problem soils were found to
be severely affected in case of Mi-W8, Bas.370, HAU 6-163,

IBT 14, @iza 159 and IR 2053; they were relatively
unaffected in varieties Bhura Rata, Kala Rata, MQM-1,

Getu, C8R L and (SR %,

In view of the observed intervarietal differences regarding

‘toleranes to seline and alkali soil conditions, it has been

inferred that breeding rice varieties suited to salt-
affected scils appears to be a feasible and promising
propositicns It has been concluded that immediate attention
should first be devoted to exploitation of genetic
variability for salt-stress tolerance within relevant
maturlty groups so as to avoid complications owing to
growth heblt and photosensitivity, ete. A desirable
variety for Haryana, Punjab and Western U.P, is expected

to combine salt tolerance of Jhona 349 with maturity period
and high yield potential of Jaya (particularly the panicle

 Wgight and harvest index), superior grain quality and also

genetic resistance to important diseases like bacterial leaf
Plight. HEssential requirements of such a breeding programme
sre already available but its pace and success will depend
largely upon critical evaluation of germplasm collections
and segregating materials under defined and regularly
monitored, if not entirely controlled, conditions of soil
and veather variables 50 as to ensure valid interpretation
of data and preoper utilisation of'informaﬁiaa cbtained at

different research centres,
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Appendix ITI List of rice genotypes studled for their

response to saline and alkali soils

Days to Average
S.N0, Genoctype Source flovwering plant
height
{cm)
1 CR 237-1 CRRI 69 100,2
2 Kalinga IT CRRI 78 83.2
E 'Ka.linga I CRRI 80 83.2
~ CRRI 86 8543
5 R 222 CRRI 86 83.3
6 IC 6475 CRRI g& 102.9
7 @R 14322 CRRI 82.6
8 IC 6473 CRRI 107 105.8
9 CSR=it (8SRI 93 102.&
10 m—g CSSRI 93 8544
11 TR 1 BARC 107 o6
12 P=2~21 IART 83 781
1 E Pusa 167 IART ga B2.4
1 Pusa 1 TARI g%.?
15 Pusa 33 IART 106 100.6
16 IET ‘mh,k AICRTIP 86 88.%
17 Sona ATCRIP 105 a1
18 Jaya AICRIP 107 843
19 TET Wil AICRIP 107 873
20 IR 2053 IBRRY 99 116.6
21 IR %% IHRI 115 gz;-»o
22 IR 2055 IRRI 120 9
23 IR 2031 IRRT 128 13640
24 HAU =1-227 HAU 92 1 h.g
25 HAU ~5=298 HAD 103 99
26 HAU=30-hlil HAD 105 118.2
27 HAU -6~163 HAD 105 ol
28 PR 106 PAD 107 89.1
29 PAU 269 ran 120 116.9
30 Jhona 349 Punjab 88 132.1

Contimed



Appendix II  Contimed

o Aver e lant
S.Noe Genotype Source ?%éeﬁ.ﬁng height( p
31 Bas 370 Punjab 11 168,9
32 B BO-16 Basmati selection 107 158.8
%& Bhurarata Maharashtra 110 135.0
' Kalarata Maharashtra 124 147.0
35 PNL 112 Panvel (M) 99 1168
36 PNL 28~23 Panvel (M} 103 12,8
37 PHL 32-10 Panvel (M 104 106.8
38 3 Panvel (M 104 118,2
9 MK lp 22 Karjat (M) 03 LERY
0 Damodar - W. Bengal 135 1515
L1 Dasal W. Bengal 136 12’-&».&
L2 Getu We Bengal 1&6 1 5.
hﬁ Nona sail W. Bengal 14y 18240
Nona bokra We Bengsal 152 204, 6
L5 MQ¥~-1 !ﬁpci)xhilipatmm 126 179.0
L6 Rarekagga Rarnataka ?’e 149, 4
Lo Bilekagga Karnataka 15247
Lg Arya Karnataka 137 201, 9
49  Pokkali Kerala 139 227.9
50 -9 Tamil Nadu 111 159.%
51 R 10032 Tamil Nadu 141 170,
§2 {S}? 261?9 Tmﬁ% Radu 1 g’? i??-g
, za 5S¢ Egyp Te
513» BG 9%-3} - Ceylon 99 10,0
55 M-118 Indonesia 108 938
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