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The effect of diluted sea water on the imbibition, ger-—
mination and seedling growth of pigeonpea genolypes were in—
vestigated. Screening of pigeonpea genotypes for salt
ltolerance at seedling stage and mineral uptake and effect on
the hydrolysing enzyme activities were also studied.

As Lhe concentration of the sea water increased the im-
bibition (percent walter upltake) was decreased in genolypes
BDN-1 and ICPL—-87. Only 2.6 and 4.8 percenl germination was
ohserved in these two genotypes even after 84 h; whereas in
control it was 84 and 57.3 percent respectively at 24 h. The
rate of germination was delayed due to salinity. When the
seeds were soaked in distilled water and grown in diluted
sea walters the RRGR and radicle length were more than that
of seeds germinated directly in diluted sea walers.

OQut of the twenty eight genotypes tested only three
genolypes germinated at 24 h with 40 percent sea waler,
whereas with distilled water all the genolypes germinated.
Maximum reduction in 40 percenl sea water over control was
observed in PDAS and ICPL 2946 (44.3 and 43.4 percent
respecltively) at 48 h after sowing. Genotypes BDNA-5; ICPL-
312, C-11, MRG &7, BDNA 3 and ICPL 338 showed 100 percent
germination in 40 percent sea water. Dry weight of the
leaves, stem and root was reduced in almost all the
‘genotypes due to sea water treatment. Highest leaf phylomass
of 46.7 and 44.0 mg plant—" for control and sea water
respectively was recorded for ICPL 270. The percentage of
decrease in leaf phytomass and stem dry weight in ICPL 342
was 45.0 and 37.0 percenlt respecltively which was maximum as
compared to other genotypes. The percentage reduction in
root dry weight was maximum in ICPL 337 (31.0 percent) due
to sea water treatment. All the genolypes except C-11 showed



a reduction in root length due to the treatment.

Amang the three plant parts the increase in sodium con-
Lent due to sea water treatment was more in roots followed
by stem and leaves. Minimum Sodium percenlt was found in C-
11« There was a decrease in K and Zn content in all the .
plant partls of pigeonpea due to 15 percent sea water treat—
ment. The Mn content of leaves, stem and rool was increased
due to treatment. The copper content was decreased in leaves
and roots in most of the genotypes tested. There was an in-—
crease in the iron content of leaves, stems and roots of all
gjenotlypes grown in sea water. Reduction in o€ amylase ac-
Livity due to sea water treatmenlt was also ohbserved during
germination. Genolypic differences were observed for reduc—
tion of < amylase activity due to sea water treatment.
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with the nature of crop, 1ils variely, 1lype of culture
medium, effective salinity, its chemical composition and
pretreatment of the seed, if any. They found that varielies
showed significant differences in their salt tolerance be-
haviour and elongation of shools. Most of pigeonpea and.cow-
pea varieties are salt tolerant frdm 6 to 12 dSm~" . In
general, pigeonpea is more tolerant than cowpea. The effectls
of salinity on plant growth may vary Jepending on its lstage
of dJdevelopment. Responses may be different at germination
stage than at later stages. Generally, established plants
have a greater degree of salt tolerance than the germinatling
seeds. The general concept that the established plants
tolerate salt stress more efficiently than the germinating
seed was explained by Kling (1954) by suggesting thal the
initiation of photosynthetic activity in seedlings increased
their osmotic pressure and hence ‘the increased salt
tolerance. Higher levels of salinity aggravale the delay in
germination and retard final emergence percentage (Paliwal

and Maliwal, 1972; Varshney and Baijal, 1977a).

The mechanism of salt toleraﬁce of cultivated crop
species differ considerably in tolerance to salinity. Sup~-
pression of plant growth under saline conditi‘ons may eilher -
due to osmotic reduction in water availabilily or to a
specific ion effect. The ions present in éxcess in saline
soils bring out specific changes in some plant species.

Beyond certain levels, sall concentrations within the plant



Agricultural crops in general show marked differences
in their ability to grow under salt stress conditions and
great variability in this regard has been reported at varie-
tal and species levels. The salt in the nutrienf media have
different effects on growth, physiology and accumulation of
various organic and inorganic solutes in legumes. Though
the sall tolerance of a species or a variely is highly
dynamic and changes with the stages of growth but a sa;is-
faclory percentage of germination is very essential for
maintaining an optimum population density in the field to
get higher yields. Salinily causes specific ion effectls
coupled with osmotic effects on various growth processes of

plant. The most important initial stages of plant growth are

germination and seedling development. Therefore studies on

the effect of salinity on these physiological processes had’

heen carried out in various crops in order to investigatle

the nature of damage caused by salinity, mechanism of salt

injury and genelic lolerance.

Salt stress usually leads to suppression of growth and

it increases as the saltl concentration increasees in the

spil until the plants dies off (Gauch and Eaton, 1242; Mass

and Nieman, 1978) . The varietal differences 1in salt
tolerance are known to‘ exist in certain crops (Wallhab,
194617 Bey nstein, 1975) . While reviewing salt tolerance at
rmination s'zage, Maliwal and Paliwal ¢ 719469) pointed out
germinaling capIcily of & seed 5fgﬂjficéﬂtzy varies
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tal and species levels. The salt in the nutrienf media have
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that germinaling capacily of a seed significantly varies



with the mnature of crop, ils variety, 1tlype of culture
medium, effective salinity, its chemical composition and
pretreatment of the seed, if any. They found that varieties
showed significant differences in their salt tolerance be-
haviour and elongation of shoots. Most of pigeonpea and.cow-
pea wvarieties are salt tolerant from 4 to 12 dSm—" . In
general, pigeonpea is more tolerant than cowpea. The effects
of salinity on plant growth may vary Aepending on its stage
of development. Responses may be different at germination
stage than at later stages. Generally, established plants
have a greater degree of salt tolerance than the germinating
seeds. The general conceplt that the established plants
tolerate salt stress more efficiently than the Jerminating
seed was explained by Kling (1954) by suggesting that the
initiatiqn of photosynthetic activily in seedlings increased
their osmotic pressure and hence the increased saltl
tolerance. Higher levels of salinity aggravate the delay in
germination and retard final emergence percentage (Paliwal

and Maliwal, 1972; Varshney and Baijal, 1977a).

The mechanism of salt tolerance of cultivated crop
species differ considerably in tolerance to salinity. Sup-
pression of plant growth under saline conditi‘ons may either -
due to osmotic reduction in water availabilily or to a
specific ion effect. The ions present in excess in saline
soils :bring out specific changes in soﬁe plant species.

Beyond certain levels, saltl concentrations within the plant



cell alter the rate of metabolic reactions Lo various de-
grees depending upon the plant species. The free proline
content in the wheat plants decreased with NaCl salinity and

with CaClg and MgClg salinities (Chauhan et al. 1983).

Hitherto in most of tlhe experiments the sall stress was
induced by NaCl, KCl or CaClz. Sea water contains }arge
amount of salts (about 3% with high EC value (40 dSm—")
which 1impairs the normal growth and development of the
plant. Number of varietlies of pigeonpea have screened for
salt tolerance using NaCl, KCl and CaClg etc., butl not with
sea water which contains predominently Na and Cl (457 and

536 mM).

The possibility of wusing saline water for irrigation,
specially underground water, 1is very limited because, this

water contains a considerable amount of harmful salts. The

applicability of saline water for irrigation 1is first
depends upon the concentration énd composition of salls dis;
solved therein, and upon the degree to which plants are
salt-resistant (Saidi and Haowash, 1971). Peacock and Dudeck
(1986) studied the physiological regponses of turfgrass to
increasing levels of salinity derived from synthelic waler
in solution culture. Recently the possibilities of Using
hsaline water and sea waler to supplement the irrigation of

plants growing on sandy soils have been investigated in many

countries (Kurian, 1977). Therefore an investigation has
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Salt affected soils cause reductions in yield of many
crops. Salinity decreases plant growth and yield to various
degrees depending on plant species, salinity level and ionic
composition of the salts thal contribute to salinity. On a
world—-wide basis it is estimated that there are between 400
and 950x10® hectares are primarily locatéd in arid or semi-

'
arid areas where the problem may become further exacerbated
by use of low-gquality (i.e. saline) irrigalion water. ‘Both
the extent of salt - affected {and and economic losses are
likely to increase in the fulure because of competition for

high-quality water between agriculture and growing wurban

populations.

Salinity is characterized by two main creteria namely
low osmotic potential and high concentrations of potentially
toxic ions such as Na, Ca, Cl and athers. Plants grown in
saline so0il are subjected to salt stress. Various modes of
action of salinity in affeclting plant responses have been

gdvanced from time to time. These include a reduced water

availability in the substrate, that is ‘“Physiological
drought” in the sense that efFecté of salinity may be
similar to effects of low_soil water content, and an exces~-

sive ion accumulation in the plant tissues possibly combined

with a reduced uptake of essential mineral elements.

Salinity affects plants at all stages of development,



.but sensitivity sometimes varies from one growlh stage to
the next. A comparison of sa}t tolerance during germination
and emergence wilh later growth stages is difficull because
different criteria must be used to.evaluate plant response.
A comparison of 50Z reduction in yield and emergence of
several crops is shown by Maas (1986). Usually, crops are as
’
tolerant, if not more so, at the germination stage as at
later stages. One known exception is sugarbeet, which is
more sensitive during germination. Other crops, e.g. barley,
corn, cowpea, vrice, sorghum and wheat are most sensitive

during early seedling growth and then become increasingly

tolerant during later stages of growth and development.

When a viable seed is wettled, water 1is taken  up,
respiration, protein synthesis and other wmetabolic ac-—
tiviltlies begin gnd after a certain period of tTime the embryo
from the seed, generally redicle first; the seed has ger-
minated. Various reqguirements must obviously be satisfied
before these events can occur. The first process which oc~ '
turs during germination is the uptake of water by the seed.
This uptake is due to the process of iﬁbibition. The extent
to which imbibition occurs is delermined by three factors,
the composition of the seed, the permeabilitly of the seed
coat or fruit to water, . and the availability of water in

liquid or gaseous form in lhe environment.



2.1 IMBIBITION

Imbibition is a physical process which is related to
the properties of colloids. The composition of the germina- '
tion medium also determines the imbibition of seeds, as it
determines the availability of water,‘ This is of sig-
nificance under natural conditions where the solution/  in
which the seeds are found is not usually pure water. As the
concentration of solutes in the solution increases, imbibi-
tion decreases. This is largely due to osmotic effects. 1In
addition, however, a direct effect of the ions on the seed
is also frequently observed. Toxic effects may be present,
for'example undér very saline conditions. Younis and Hatata
(1971) found that high concentrations of salt adversly af-
fected the seeds during imbibition and as a result they lost

their viability.
2.2 GERMINATION

The first phase of plant growth, the germination and
seedling emergence, is the controlling factor in crop yield,
because the abili}y of a given specigs or its variety to
gJerminate is generally a limiting factor in the crop produc~

tion under such conditions (Kapp, 1947; Devalle and BEabe

1947) .

Ayers and Hayward (1948) observed that the first effec~-
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tive increment - of salinity for a given «crop generally
retards germination with little or no effect on the ultimatle
number of seedling which emerges. Higher level of salinitly
delays emergence of seedlings and also decreases final ger-
mination. At a moisture level of 757 of the water holding
capacity 100 percent germination_of maize was (Wahaab, 1961)
observed upto 0.3 percent NaCl concentration but 0.6 perfent
Na concentration reduced the germination to 50 percent. In
case of rice 0.4 percent salt concentration did not effect
the germination, but”0.é6 percent salt markedly reduced the
germination. A concentration of 0.2 per cent had no effect
on germination of cotton but 0.6 percent salt concentration
reduced it to 30 per cent. An attempl was made by Maliwal
and Paliwal (19664, 1967) to study salt tolerance at germina-
tion stage of some crop species at different salinity and
sodium absorption ratio levels. On the basis of this study
on bajra, maize, jowar, paddy, tobacco, mung, wheat and bar-
ley using 25 solutions of varying salinities ( 4, 8, 16, 32
and 64 me/l.) and SAR (5, 10, 25, 50 and 100) values, they
obhserved that emergence time was delayed and percentage ger~'
mination decreased linearly as the degree of salinily or SAR
or bolh were decreased. It was also noteq that germination
percentage did not generally increase after the 10th day and
at lower salinity the maximum Jermination percentage was al-
hmost independent of SAR. ERains et al (1924646) vreported tlhat
berseemi is a sensitive crop lo salinity atigermination and

Lhe seedling stages.
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Abel and Mackenzie (1964) evaluated S1X soybean
varieties for their reaclions to salinized during germina-
‘tion and later growth. Seed germination studies at 28°C +1°C
with so0il salinities ranging from 3.1 to 13.7 dSm~" showed
that salinity decreased percenl and rapé of emergence. And
he also found that there is no apparent relalion betyeen

salt tolerances of a variety during germination and daring

later growth.

Younis and Hatata (1971) investigated 1the effects of
single salt solutions of NaCl, NagSoa, KCl, KgSOs, MbClg and
M3S04 on 9germination of wheal grains and it was found that
the germination capacity decreased with increase of salt
concentration beyond certain level characteristic for each
salt. The chlorides and sulphates of each caltion were
equally - effective on germinaltion ‘“at equi—equivalént con—
centrations. They found that the suppressive action of ger-
mination decreased in the order of Mg ——» K ——» Na forequi-
equivalent concentrations. They conclgded that the suppres—'
sive action of salls on germination could be attributed to
their effect on metabolism and not their osmotic action. Al
different salinity levels. at various concenltratins of NaCl +
.CaCIa Paliwal and Maliwal (1973) observed the reduction in
germinat;on~percentage and seedling height in all varieties

of Cajanus indicus and VY. sinensis.

Salinily generally decreases dgermination. But if the
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solution concentlration between the growlh medium and seeds
is reduced by way of pre—irrigation or increasing moisture
content of seed or lowering the concentration gradient be-—
tween seed and solution phase, a better germination can be
obtained. Durrant et al (1974) observed thal soaking sugar-—
beet seed in 1.0 M Sodium Chloride solution killed 6 per
cent of the seeds but the remainder germinated when 1lrans-—
ferred to more dilute ( <0.28 M) solutions. Padmanathan and
Rao (197%5) reported that artificial salinisation resulted in
a reduction in germination in sorghum varieties. Narayanan
(1975) observed that germinatidn was depressed in all wheat
varieties used and the reduction in germination increased
with increase in the level of salinity, bul the degree of
reduction at each level of salinity varied in different
varieties. He also reported that salt stress, not only
brought about a reduction in the final number of germinated
seeds bult also delayed the initiation as well‘as the com—
petetion of germination of the sprouted seeds thus hampered
germination. Rathore et al (1977) studied the effect of dif-
ferent levels of salinity (0, 24, 232 and 40 dSm—") on ger—
mination of the seéds of 22 wvarieties of barley (Hordeum

vulgare L.). They observed thal germination was delayed and

the percentage of germination decreased with an increase in
salinity levels. DL-70 and RDB-57 varieties of Barley showed
only 13-16%Z germination at 20 dSm—" EC level Kumar et al
(1981): The percentage of germination decreased and germina~—

lion was delayed with an increase in salinity in the
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varieties of corn (Zea mays L.) also (Lal el al(1981).

In a study of five levels (3 to 18 dSm—") of salinity
on germination Paliwal and Maliwal (1982) observed that ger-—
mination of crop varieties of groundnut, sesamum, soyhbean.
and mustard was decreased as well as delayed with the in-
crease of salinity. Sinha el al (1982) vreported that 'the
seed germination of all tlhree grasses under study was
delayed and finally suppressed by all the stress conditions,
and the magnitude of reduction- was related to the kind and

level of stress as well as to the species.

S50il crusting and salinity reduce emergence of seedlings
and stands of many crops throughout the world. Sexton and
Gerard (1982) found that the emrgence force of cotton see-
dlings was a curvilinear function of soil salinity in the
range ECq (the electrical conductivitly of the soil solution)
of 4.0 to 17.0 dS5m~* caused an average decrease of 23.5 g
of emergence force. Emergence force by a cotton grown in
saline solutions of 2 to aboult 30 mmhos.ém“ was a linear
function of solution salinity caused a 20 g9 decrease in em—
vergence force. Sarma el al (1983) reported that increasing
salinity of water decreased germination, infiltration rate

and yield of ragi. Francois et al (1984) reported thal grain
sorghum was significantly more tolerant at germinatien than
at later stages of growtlh. Total germinatien of & cultivars

of perennial ryeqgrass (Lolium perenne L.) was unaffected by
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upto 10,000 ppm of salinity in the germinatiéh medium, but
rate of germination decreased quadratically with increased
salinity. No interactions of cultivar x salinity were found

(Dudeck and Peacock 1985).

Kent and Lauchli (1985) studied the effects of NaCl
salinily on germination and early seedling growth of cotﬁon..
They found that germination was both delayed and reduced by
200 mol m~= NaCl in the presence of a complete nutrient
medium. The addition of supplemental Ca®* (10 mol m™— ™ as
504 or C177 ) to the medium did not improve germination but,
to a large degree, offset the reduction in root growth

caused by NaCl. Kenaf (Hibiscus cannabinus L.) a stem~fiber

plant was only slightly impaired by NaCl salinity upto 200 m

mol L—=7. (Curtis and Lauchli 1985).

2.3 SEEDLING DEVELOPMENT )

The degree of salinity injury was noted to be propor-—
tional to the osmotlic lowering that impairs uptake of water
whether by seed or seedlings. The seed germination and sub-
sequeﬁt seedling Jgrowlh are seed reserve dependent. The
polymerized reserves are metabolically hydrolized following
uptake. Seedling vigor, particularly rool growth, is ex-
tremely important for stand establishment. In addition to
inhihition of germination, early seedling growth stages may

also be quite sensitive to salinity.
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Kaddah (1963) reported that the young rice seedlings
were highly sensitive to salt. He observed that Nahda rice
seedlings were much more tolerant to sulphates than‘ to
chlorides at equal osmotlic concentration. Addition of 10
me.l™" of NaHCOz to irrigation water waé very harmful 1to
young rice seedlings. Working with the rice, Pearson gg al
(19266) also observed that the dry weight of rice seedlings
was reduced 50% weight at a mean E.C value of
6.4 dSm—71. So the ability of rice seed to germinate at high
salinity values (30 to 40 dSm—*) is of no practical sig-
nificance, since the young seedlings were very much less
tolerant to saline conditions. Eutl thé seedlings of wheatl
were susceplible to salt concentrations even at 5 dSm—".
Carbonate and bicarbonate saltls were more detrimentall than
sulphate and chloride salts. Calcium chloride promoted
growth at 5 mmhos and was less harmful than the othr salts

(Sharma el al 1971).

Kumar et al (1981) observed that length and dryweight
of shool and rool of barley seedlings decreased as the level
of stress increased excepl in varieties DL-157 and DL-171
which showed initially an increaging trend upto
12 d8Sm~" EC level and declined thereafter. Number of roots

also decreased as the level of salt stress increased in all

the varieties.
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Paliwal and Méliwal (1982) observed that height of the
seedlings of groundnut, sesamum, soyabean and mustard was
adversely influenced by increasing salinity. Sodium

"chloride salinity in the range 0-90 mm was found to be in-
hibited ogrowth of sorghum seedling by Amthor (1983). He
also observed that seedlings derived from samlll seeds were

most sensilive to salinitly. !

There are some reportls in the literature pertaining to
lhe importance of adequate levels of Ca®+* in alleviating the
delelerious effecls of salinity on plant growth (Epstein,
1961, 1972; Rains 1972). Two processes of greal importance
in the establishment of seedlings in a saline environment
are cell elongation and maintainence of a balanced nutrient
ion uptake, both of which require Ca®+ (Epstein 1972; Mengel
and Kirkby, 1982).

Kent and Lauchli (1985) observed large reduction in
Na/K+Ca ratios . in the salt stressed rools of seedlings of
cotton jgrown wilh suplemental Ca®=* may vary well have a sig-
nificant effect on the metabolic functions of the plant,
particularly on enzymic activily. .'They also observed lhe
maintenance of K*/Na selgctivity in the plant, due to the
presence of supplemental Ca®* in a highly saline medium.
| Lauchli and Stelter (1982) found K*/Na* selectivity to be an

important factor in the salt tolerance of cotton.
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2.4 VARIETAL DIFFERENCES

Mot only the plant species but also their varieties
show a differential behaviour tlo salt at germination and
seedling stages. Significant varietal differences were
demonstrated by 0Ota and Yasue (1937) for salt tolerance of
wheal when germinated ﬁpto one percent solution of sod}um
chloride. Kaddah (1963) observed that Rice varieties dif-
fered in their tolerance .. at the seedling stage. The or-—
der of tlolerance might not confirm with the varietal order
for -grain production when salinity is introduced after 1tlhe
seedling stage. Abel and Mackenzie (1964) reported that in
soyabean varietal differences in emrgence rate alt the lower
salinities were not related to the differences in the emer-
gence rate at the higher. Uptake of chloride in stems and
leaves of salt tolerant varieties was controlled to an ex-—
ceedingly low level. The more salt sensitive varielies ac-—
ctumulated chloride and plant mortality occured when chloride
contents of stems and leaves exceeded 13,000 ppm and 30,006

ppm respectively.

Pearson et al (192&46) studied relaﬁive salt tolerance of
14 rice varieties during germination in sand culture. Rice
geeds germinated in solutions having electrical conductivity
values as high as 40 d&Sm—" and the electrical conducltivity
values associated with a 30 per cent reductian in germina-

tion one week after planting ranged from 21.2 to 30.5 dSm—".
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for these varielies.

While ‘studying thirty—three varieties of pearl millel
and ten of sorghum for saltl tolerance, Abichandani and Bhatl
(1965) observed that among the pearl millet wvarielies,
eleven showed no significant differences upto an EC of 16
dSm=* and nineteen showed no differences in germinalion uplo
& dSm—" only. Maliwal and Paliwal (1966, 1267) and Maliéal
(1967) studied few varieties of some crop species at dif-
ferent salinity and SAR levels. Germination work on 15
varieties of pearl milletl, 11 of mairze, &6 of Paddy, 18 of
sorghum, 6 of tobacco, & of mung, 13 of barley and 13 of
wheat showed significant varietal differences among lhe crop
spec.ies studied. Further work on two varieties of each
crop showed that germinatlion percentage increased by replac-
ing fifly percent sodium by potassium in the above solu-
tions. A betler response was observed in solutions of high
SAR values. The tolerance of varieties of barley to salt

slress was found tlo differ significantly at different

salinity levels Kumar et al (1981).

In a study of salt tolerance of fibe varieties of «corn
al salinity levels of O, 40, 80, 120, 160 and 200 me.l™".
Lal et al (1981) found that there was a significant dif-
%erence among varieties in germination and seedling growth.
In general Neelum was found to bhe more tolérant than the

other wvarieties. Germination studies were carried out by
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Maliwal and Paliwal (1282) on 18 varieties of chickpea and &
of linseedlsome varieties of groundnut, sesamum, soyabean
and mustard alt five levels of salinity (3,6,9,12 and 18
dSm—"* in 1/% Hoagland solution in sand culture. They found
that varieties showed significant differences in relation to
duration and percentage of germinatign and height of the

4

seedlings. Salt tolerant cell lines of Oryza sativa

L. Cvs Kiran and Madhu have been isolated by exposing the
cultures, to increase levels of NaCl (0.5%%4, 14, 2% and 3%
w/v). The salt seleclted line of cells grow better than un-

selected cells at high level of salt (Paul and Ghosh 1986).
2.5 MINERAL NUTRITION

Plants need minerals in sufficient quantities, butl an
excess of inorganic ions in the soil affects plant growth in
several respects. In most cases it is not the major plant
nutrients such as nitroéen, phosphate and Potassium that
prevail in saltl affeclted soils, bul ions of minor importaﬁce
such as Na+, Cl—, HCOx~, Mg=*, sulphate and bLorate (Szabolcs'

1971).

In gsaline soils the ionic composition of the soil solu—
tion is often unbalanced and the excess of a single ion
species may -excert a specific toxic effeclt on plants. In
this resbect, high concentrations of borate, sulphate and

magnesium of calcium . are parlicularly harmful. In most
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cases, however, poor plant growth in saline medium is notl
attributable to the toxic effect of an individual ion
species but is expected by the high osmotic value of the
soil solution ( Bernstein and Hayward)1958). For this
reason the availability of the soil water is decreased and
the uptake of walter by plant rools is reducéd. This reduc—
lion is not necessarily connected with a reduced rate of Pp—
take (Hanson and Bonnero1954), but a lower water uptake
mostly means lower transpiration and threrefore in many

cases also a hampered transporl of inorganic and organic

solutes from the rools to the upper parts of the plant.
Z2.3.1 Mineral composition of plants

Apa}t from osmotic effects, so0oil salinity is known to
exert its deleterious effects on plant growth through caus-
ing idonic imbalance and nutritional deficiencies (Bernstein
et al., 1974). Salinity responses on mineral composition and
ionic balance in plants might depend on a variety of factors
including the doses of salinity‘applicatidn and its timing

as well as the nature of species and crop.

Palfi(19265) fournd that shoots of rice plants grown on a
nutrient medium rich in Na contain less nitrogen and phos-—
Ehorus than plants grown in a normal nutrienl containing
same amount of Na and P as the ‘high Na medium®. The

presence of Na* ions impairs the uptake of ammonium ions
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into the plant. The high Na—- content exerts a differential
effect, on uptake of N and P. The Na/P quotient was 4.2 in

the control and it amounted to 5.2 in the high Na medium.

Narayanan (1973) reported that K/Ma and K/Ca decreased
progressively with increase in so0il salinity in all the
plant partls of three varieties of wheal tested. Irrig%ting
the rice plants grown in plastic pols with irrigation walter
al three salinity levels showed that Ca, Na and Cl increased
with increasing salinily; Mg and K contents were not af-—
fected by irrigation salinity, soil type, and drainage rate
(Kaddah et al, 19759). The experimental data of Helal el al
(1275) showed that NaCl salinazation resulted in increased
Na contents of rools and shoots of barley plants. This in-
crease of Na content was considerably higher than the in-
crease in the K content caused by the additions of KCl.
There is a reduction in Ca and Mg contents in roots and
shools caused by NaCl salinization and this reduclion had no
great influence an plant growth, since in the treatments

with KC1 additions the highest yields were obtained, al-

though the Mg and Ca contents were low.

The mineral analyses of the leavés and stem of pearl
millet seedlings 1irrigated with sea water reveals tLhat
.deium and Potassium were most accumulated in stem whereas
nitrogeﬁ, calcium and magnésium were accumulated to a

greater extent in the leaves. The nitrogen and calcium con-
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tent of the leaves and the stem were more or less direclly
proportional to the concentration of tLhose minerals in the
Adrrigation media, suggesting that their wuptake was not
-hindered by salinily (Kurian 1976). Salinity—-fertility
studies showed a marked interactive effect of salinity and
nutrient Pi(P inorganic) on Corn Plants. Nieman and clark
(1976) reported two effeclts of salinity on P Utilizaiion
that suggest damage to transport processes; a loss of con-—
trol of internal Pi concentration and an accumulation of P~
esters iﬁ source leaves. In the presence of 0.1 mM Pi,
salinitly decreased Lthe concentration of Pi in leaves by

nearly half.

Heikal (1977) found that species differed in their
mineral composition when they were grown in saline culture
solutions prepared by adding NaCl and CaClg to Pfeffer's
nutrient solution. Sodium and calcidﬁ content of all saf-—
flower, sunflower, wheat and radish plants was generally in-—
creased progressively with salinity. The total nitrogen con— -
tenlt of safflower and sunflower leaves was significantly in-
creased, whereés that of wheat and radish leaves was almpst
signifiéantly decreased by salinilty. Salinily induced non-
significant effect on phosphorus content of all test plants.
Polassium content of the 1lest plants was significantly
reduced by salinity. Magnesium content of. safflower and
sunflower was significantly decreased by salinity, butl the

effect was not significant in case of wheat and vradish
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leaves.

. Shanon (1978) evaluated a screening procedure for sall
tolerance in detecting wvariations among introductions of

tall wheat grass (Agropyron elongatum). Mineral analysis in-

dicated that tolerance was associated with restlricted ac-
cumulation of Na, Ca and €l in the shools. The disturbance
of the K/Na balance in young barley planfs led to impairment
of protein (enzyme) metabolism (Helal and Mengal 1979).
Peanut plants, when grown under saline conditions showed
growth suppression. Growth depression ﬁnder saline condi~
tions, apart from other factors results from sharp decrease

in the uptake of nutrients particularly phosphorus,

Malakondaiah and Rao (1979) sprayed the peanutl leaves
with phosphorus and found that there was an increase in ac-
cumulation of P both in control and salinized plants. The
sodium content was high in all plant parts of salinized
plants compared to control plants. In a sand culture studies
wilh pearl Millet, sorghum, greengram and blackgram at dif-
ferent salinily levels il was found thatl NaiK ratio in the
plant was nearly constant or slightly decreased with the in-
crease of salinity. In roots, the Llrend was similar exceptl
ip pearl millet where Lhis ratio increased wilh salinity.
The Ca:Mg ratio both in plant and root was drastically
reduced Qith the increase of salinity in all the crops. The

raltio of Ca/Na and (Ca+Mg) (Na + K) regularly decreased with
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the .increase of salinitly in the plants and roots of all the

crops (Paliwal and Maliwal 1980).

Chavan and Karadge (1980) had made an attemplt to study
the effect of NaCl and Naz504 salinities. on uptake and dis-—
lribution of some important mineral elements in peanut
variety TMVY-10. Analysis of mineral constituents in root,
stem, leaf and gynophore showed that alongwith increse in

salinity Na accumulates in all parts of the plant and 1in

this respect NaCl is more effeclive Lthan NagSD0a. The Cl con-
tent in plants treated with NaCl alseo registers considerable
rise in all parts. K content in wvarious parils of saltl
stressed peanul planls was differentially influenced by NaCl
and Nag50a4. As against K and Ca, P, Fe and Mn content in- -
creased due lo sall stress in all plant parts. In a similar
study Rathert (1983) grown two cotton\varieties Dandara and
Giza 45 in sa}ine media with a ratio of 20 KC1:180 NaCl m
mol.l-*. The results showed that sait stress increased Na+*
and Cl— in tissues of both varieties. It also decreased K+,
Ca=+, and Mg=2* in both. There were some differences between
the varieties, for example, cations tended to be little
higher under stress in Giza 45, but €l1— was higher in Dan—

dara.

Rob?nson el al (1983) also observed that spinach leaves
from plant grown wilh 200 mM NaCl contains more leaf Na* and

leaf Cl= and leaf K~ than control plants.
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In French Beans also Bhivare and Nimbalkar (1984) ob-
served Lthatlt salt rich environement! disturbed the normal in~-

organic contents in Phaseolus vulgaris (L) var.Vaghya. The

contents of Na, Ca, Fe and Mg wére greater while those of
N,K,Cu and Zn were low. The contents of P and Mn showed a

differential response.

Lal and Bhardwaj (1984} studied the effect of salinity

on mineral composition in Field Pea (Pisum sativum L.var.

Arvensis). The resulls showed that in sall affected organs
total nitrogen, potassium and magnesium conlenls were
decreased, while contents of phosphorus, calcium, sodium and
chloride were enhanced. Salt stress also disturbed the
ratios of N/P, K/p, K/Na, K/Ca and of monovalent and

divalent cations.

Joshi (1984) found the content of phosphorus and potas-—
sium were lowered while those of calcium, magnesium, sodium,

chloride and sulphate were increased in the leaves of

pigeonpea (Cajanus cajan L. Var.C-11) under sodium chloride
and sodium sulphate salin;ties. The poor performance of the
salt sensitive variety of wheat under NaCl was traced to ex-
‘cessive accumulatlion of Na and Cl ions and the beller per-—
formance of lhe saltl resistanl kharchia was because of its
success in osmotic adjustment withoul exposing itself to

excess of ions. Kent and Liuchli (198%) studied the germina-
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tion and root growlh of cotton seedlings raised in saline
medium supplemented with Ca®*. They observed lhat supplemen—
tal Ca®+* to a large degree, offset the reduction in root
growth caused by NaCl. The benefecial effect of high Ca=~*
concentrations on 'root growth of cotpon seedlings in a
saline environment may be due to maintainence of K/Na selec—

4

tivity and adequate Ca status in the root.

2.5.2 Absorption and translocation

Salinity effects on the absorpltion and translocation of
minerals by the plant. Calcium is considered to maintain tlhe
integrity of plant cell membranes and hence to prevent tLhe
free diffusion of potentially 1tloxie ions prevalent in a
saline environment. It also influence on selective absorp—
tion and transport of other ions in plants. The resultls of
Ayoub (1974) showed that calcium inhibiled the sodium up~
ltake and translocation in beans grown in saline media. This
effect is clearly illustrated when the marked decrease in.
the Na contents in the roots at substrate Ca levels from 2

to 8 mM.

Helal et al (1975) observed that salinization had a
negative influence on N uptake, which became partiicularly
evident in the high MaCl treatment in young barley plants.
This negative influence was alleviated by the K+ additions

Lo a remarkable extent. It is supposed that the negative ef-
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fect of salinization and the positive influence of K* on N
uptake are not specific effects, but rather are related to
the overall meltabolism which in the first case was weakened
" and the latter ihproved. Saltl stress reduced the polassium
uptake of whealt plants and thus brought about an idonic im~-
halance (Narayanan 1975). Another interesting finding of his
study was an enhancement of total phosphorus absorpti;n by
wheat varieties due to salt stress. Similar response was
reported by Ehrler and Bernstein (1938) for rice and Asana
and Kale (1965) for wheat. In solution culture trials with
pearl millet, sorghum, greengram, and blackgram Paliwal and
Maliwal (1980) observed thal relative uptake of K in plant

was nol much affected by salinity: Ca and Mg uptake was more

affected that that of Na.

Chavan and Karadge (1980) studied the effect of sodium
chloride and sodium suphalte on ﬂineral nytrition of
groundnut var. TMVY-10. They reported that uptake of K was
hampered by both salls whereas Ca uptake was retarded mainly
by NagS0sa. By using a multi-compariment transporlt box with
excised rools of barley Kawasaki et al (1983) examined the
effects of high concentration of NaCl and PEG with excised
barley roots when no Ca was added, a high concentration of
NaCl inhibited the obsorption and translocatin of K and P,
although‘the‘inhibitiOn of K was more pronounced as compared

with that of P. The drastic inhibitlion of ion absorption by

a high conc. of NaCl was recovered in the presence of Ca.
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Salinization of tl1he medium inhibited both K upltake by ex-
cised barley roots and K release from lheir stele, as

measured by short—-term ®2®Rb.

2.6 ENZYMES

There is a lack of agreemenlt among various laborataries
on the effect of salinity on enzyme levels in plants. Some
investigators believe thalt the level of several key enzymes
is lower in salt-damaged plants than in control plants
(Hason and Mayber, 1969: Horovitz and Waisel, 1970) while
others have reported that there are no differences in
specific activities of the enzymes they have extracted from
such planps. The plants grown in saline media were stunted
but the specific activities of lhe 18 enzymes were the .same
in the given tissues of all planls. Also the elecltrophoretlic
pattern of isozymes of malate dehydrbgenase was not allered
by qrowth of the plants in a saline medium, However, the
isozyme paltern of peroxidase from roots of salt-grown
plants was altered in that two of the five detectable
isozymes migrated a little more slowly.  than those in ex-—

ltracts from non saline plant tissues (Weimberg, 1970).

Hiatt and Evans (1940) found that optimal conecentration
of sodium salts of chlorine, fluorine, iodine, bromine,
nitrate and phosphate increased the activity of the malic

dehydrogenase enzyme by two to three fold. Potassium salls
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of these ions produced similar effects in spinach leaves.
Enzymes extracted from plants salt sensitive of Phaseolus

vulnaris, salt tolerant Atriplex spongiosa and Salicornia

australis grown in saline cultures showed no important
changes in specific activily or salt sensitivity. Interac-
tion of PY pplima and MNaCl concentrations suggests thal en-

zymes may differ in the way they respond to salt trealment

(Greenway and Osmond 1972).

Inhibition of phosphoenol pyruvale carboxylase by lhe
inorganic salts KCl, NaCl, and NaxpS0s depended on the source
of the enzyme. Osmond and Greenway (1972) reported that PEP
corboxylase isolated from leaves of Ca plants was extremely
sensitive, whereas the enzyme extracted from rootls of Ca
plants or from hoth shools and roots of Cx plants was much
less sensitive. Ribulose - 1,5 bisphosphale corhoxylase was
less salt-sensitive than the PEP*Corﬁoxylase. Salt tolerant
’wheat variety H.D~4502 showed a higher increse in polyphenol
oxidase activity under stress tUtrealments and showed a
decrease in content of total phenolics ad compared to the
tolerant varietly Kharchia (Sharma and . Bal, 1982). Rathert
(1983) studied 1the salt slress effecls on the activily of
amylases, phosphorylase " and invertase of two cotton
varieties Dandara and the more salt-tolerant Giza 45. He ob-
served at little changé in amylolytic aclivity while a
marked rise of phosphorylasee activity in both varieties was

of no correlation with the starch content.
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Nitrate reduclase activity, determined by either in
vitro or "anaeaerobic'" in vivo assay was affected similarly
when the barley seedlings were grown in saline solutlions. In
contrast, when salts were added in the assay medium, the in
vitro enzymatic aclivity was severely inhibilted, where as
the ‘'anaerobic¢'" in wivo nitrate reductase aclivity waé af-
fected only slightly. This indicates that in situ nitrate
reductase activity is protected from salt injury. Aslam el

al (1984).
2.7 SEA WATER — BASED CROP PRODUCTION

Salinity is the feature that makes seawater unfilt to
drink and unfit for conventional irrigation of crops
Epstein and Norlyn (1977). Murihy (1983) Epstein (1978); Abd

- El - rahman et al (1975) estimated various elements

preseent in seawatler.



31

s mte Teaeh Seess meee S UME b et fueds Geats dmmse Ammds S Sems SreRt PRSP SPAN Shme S SRS Sl SNl Aot Fraed dmbeu Shiee Gen G SR Fhd e TGN Sarmd e WA eSS A M S Y Gee ey Sl Tar Shews S S TS A TereS e e Ml RS WSS Sume meare Saimt

Element Milligram/L Element Milligram/L
Chlorine 19,000 Tin 0.003
Sodium 10,000 Uranium 0.003
Magnesium 1,300 Manganese 0.002
Poltassium 380 Nickel 0.002
Bromine 65 Cerium 0.0004
Strontium 8 Lanthanum 0.0003
Lithium 0.2 Chromium 5x10—=
Rubidium 0.12 Mercury 3x10—=
Iodine 0.05 Boron 4.6
Aluminium 0.01 Silicon 3.0
Zinc 0.01 Calcium 4.0
Copper 0.002
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The total amount of disolved inorganic solids in grams
per thousand grams of seawater is 35 gms per Kilogram. In-
spite of marked variations in the total sall content of dif-
ferent sample of seawater tlhe conceni?ation ratio of maljor
dissolved componenls remains essentially constant. There is
ﬁo fundamental biological imcompatability between plant life
and highly saline conditions; wittness the marine algae and
the halophy terrestrial plants—those indigenous to the

seashore, the estuaries and deltas, and to salt marshes and
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saline desert soils. And although nearly all crop plants
are sensitive to saliniltly, much variabilitly neverthless ex-—

ists in this regard.

The possibility of usiﬁg saline water for irrigation,
is very limited because, 1this waler contain a considerable
amount of harmful salts. The applicability of saline water
for irrigatin is first of all dependent upon the concentra-
tion of salts dissolved therein, and upon the degree to
which planis are salt-resistant._. From the study of Lunin
et al (1961) it was observed that gradual salinization in—
itiated at preplanting of bheans was more inhibitory than
like salinity levels introduced abruptly at later stages of
development. Yields, moisture content, and Cation accumula-
tion were also significantly influenced by the stage of
growlh at which salinization occurred. Lunin et gl.' (1964)
given supplemental irrigation witlh dilutions of synthelic
sea water to the small pols containing alfalfa, Kentucky 31
Fescue, Orehardgrass, and ladino clovér. They obtained sig~—
nificanl increases in yield due to irrigation in only a few
instances during the second through fqurth year of study,
but during the first year two of the four cuttings of all
four crops responded lo supplemental irrigation. Where
several irrigations were applied, vyields tended to decrease
@ith increasing salinity, with ladino clover heing the most
sensiti;e of the four crops tested. The Ng content of all

plant parts tended to increase wilth increasing salinity,
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with the greatest accumulation occurring in the ladino

clover.

Saidi and Hawash (1971) studied tthe effecltl of using
saline water for irrigation on the growth, the economic
yield, and chemical properties of the rosselle planls

(Hibisfus sabdariffa L.). They supplied irrigation with tap

water as control, and water containing 4000 PPm. of NaCl and
NazS50s and 4000 PPm NaCl and Naz504 as tlreatmenls. It was
observed that salinity caused a decrease in plant height,
dry weight of roots, stem and leaves, and this was related
to the 1level of saltls in irrigation water. Using saline
water for irrigalion in general Eaused an increase. in lotlal
nitrogen and total phosphorus in the stem and leaves on the
other hand, the total carbohydrate content decreasedand
salinity delayed flowering date about one week. Bernstein
and Francois (1975) found that the average height of all
bell pepper . plants sprinkled wilh low—sall waler was 94 cm,
decreasing to 84 om and &9 cm with increasing salinity of
the irrigation water. Thus height decreased overall only 27%
when yield decreases averaged 57%4. low frequency sprinkling
(average interval, 4.75 days) produced taller plants than

more frequent sprinkling.’

The resultls of a three year study (Dhir et al. 1975) on

crop growlh under saline to highly saline sodic water ir—

rigation in cultivars fields in an arid environment showed
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that Ec of irrigation water less than 10.0 dSm=* and that of
saturated extract of soil less than 11.5 dSm~7 average lo
good yields of ‘Kharchia® wheat were obtained. Growlh,
chemical composition and yield in lwo varieties of rice have
been studied on plants growing at EC of 4 and 8 dSm™=" of
salinity through addition of synthetic sea water (Paricha’gi
al. 1975%). Il was observed that growth was reduced 1in
treated plants but for a given salinity level growth and
yield were much higher in the resistant variely, Kaohsivng -

22.

Kurian (1976) raised pearl millet seedlings as a -
rainfed crop in pots containing seashore sand. Fortyday old
plants were irrigated with 10,000 PPm Sea water alone and
supplemented with wvarious nutritive salts and with 15,000
PPm sea water. He observed that irrigation with Seawater
alone reduced the growth and yield of the crop, but some of
the modifications to the 10,000 PPm Seawater resulted in in-
creased yield. The results shows that pearl millet is .
toierant of diluted seawater and the deleterious effects of
irrigation with Seawater can be reduced to a certain extent
by appropriate supplemening with nutritive salts. Epstein
and Norlyn (1977) studied ihe possibillity of growing barley
in seawater culture. They concluded that barley has marked
phenotypic plasticity enabling it to make - appreciable
physiological adjustments Lo seawater culture. There exists

in barley much genotypic diversity making ‘it possible to’
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select and breed barley for Seawater culture.

Sonneveld and Voogt (1978) investigated the salt sen—
sitivity of cucumbers. The EC of the irrigation water used
in  the "experiment ranged from 0.1 to 4.5 dSm—" at 25°C.
There was a linear. decrease in the yields of cucumbers as
the salt concentration of the irrigation water increased.
The yield reduction was about 174 for a 1 mmho.cm™" increése
in EC. Shanon and Francois (1978) irrigated the 3 muskmelon

cultivars (Cucumis melo L. Cv. Top mark, PMR 45, and Hales

Best) raised in field plots with- Riverside tap water 1lo
which 0,35%,70 and 4105 meq/liter of Nacl and Caclg were added
in a 11 milliequivalent ratio. Salinity levels of the ir-—
rigation waters were 0.76, 4.6, 7.8 and 11.0 dS5m—", respec~
tively. Marketable yield, total dry weight, vinedry weight,
and total fruil weight of all cultivars decreaseed with in-
creasing salinity. Reddy et al. (1982) also observed that

the increase in the salinity of ir}igation water, sig-

nificantly decrease in pod yield of groundnut.

Sharma et al (1983) reported that ragi crop could be
grown satisfaclorily using saline water having EC wuplo 4
dSm—* on light soils of coastral region. When using saline
water of 4 dSm‘}. 25 percent increase in seed rate is nec—
cessary Lo compensale 1the loss in population. Irrigation
waier of higher salinity level led to significant decrease

in drymatter, yield,leaf area, height and nutrient uptake of

maize and sorghum genolypes (Torawat and Mehta, 1985).
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Pastermark et al (1985) planted Atriplex nummularia a

halophyte in field plots and irrigated with 15,50,75, and 100%
Sea Water. The corresponding annual yields of drymatter were
i.53, 2.12 and 2.89 Kg.m~®, The ash content! was very high, from
25 to 407 of the dry weight, depending on the tlreatment and
season. The crude protein content was 15-12%. Dudeck and
peacock(198%); Peacock and Dudeck (1985) studied the efféct of
synthetic sea water on growth and mineral nutrition of seashore
paspalum. Synthetic sea water formulaled with a sall mixture
was added at O, 3.959,10.5,17.5,24.% and 31.5 g9.17" in half-
strength Hoagland's.number 2 solution to give eleclrical con—
ductivity (EC) levels of 0.9, 6.2, 1.6, 24.7, 32.9 and 39.7
dsm=?, respectively. It was observed that top growth in both
cultivars Adalayd, FSP~1 decreased quadratically with increased
salinity. Rootl growlh response of ‘Adalayd’ decreased linearly,
but rooting in ‘FSP-1' was unaffected, crown tissue in ‘FSP-1°
was unaffected, whereas crown tissue ‘in ‘Adalayd® decreased
linearly in response 1o salt levels. Salinity differentially

affected tissue content of Ca, Cl, K, Mg, and Na belween

grasses but had no affect on N which averaged 37.3 g3 Kg—".

Peacock and Dudeck (1986) exposed the eight turfgrass cul-
tivars to increasing levels of sea walter mixture. They observed
that cultivars differed in their response in leaf water poten-
tial and osmotic potential as salinity increased. All grasses
rapidly ;djusted osmotically within 48 h fullbwing increase in

salinily.



MATERIALS AND METHODS



The following experimenls were conducted at the Plant

Physiology Laboratory of Agricultural College, Bapalla.

Sea water from Bay of Bengal 10 km from Bapalla was
collected in glass containers. It was filtered to remove the
sand particles and other inert materials., The filtered sea

water was analysed for EC, pH and total salts and chemical

composition. The results are shown in Table 1.
Table 1:

Electrical

conductivity @ 40 dSm—*"

pH : 8.03

Total salts : 2.4%

Ca 1705 meq1—? )
Mg T 97.5 "

Na : 40z2.2 "

K : 7.4 "

HCOa : 7.5 "

c1 | : 475.0

S04 = 33.5 "

B : 5.52 ppm

38
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3.1 EFFECT OF DILLUTED SEA WATER ON IMEBIBITION OF SEEDS

Pigeonpea cv ICPL 87 suppied by Regional Agricultural
Research Station, Lam Farm, APAU was used for this study.
Damaged and insect attacked seeds were discarded. The treat-

ments consisted of the following dilutions of sea waler.

1. 100% Sea water (pure sea water)

2. 75% sea water (79 ml of sea water + 25 ml of distilled
water)

3. 50%L sea water (50 ml of sea water + 50 ml of distilled
water)

4. 2574 sea water (25 ml of sea water + 75 ml of distilled
water)

5. Distilled water.

Twenty five pigeonpea cv ICPL 87 \seeds were sown in

each petridish filled with Quartz Sand af particle size 0.5

to 0.7 mm. The sand was thoroughly washed with tap water and ,

then soaked with 10%Z HCl for over night. It was then washed

with tap water followed by demineralised water until the

rinsings were acid free. Afterwards it was washed wilth dis~-

tilled water. Fifty ml of test solution was added to each

petridish excess walering was avoided. Seeds were sampled at

2 h intervals. The seeds were blotted with bletting paper to

remove the moisture droplets present on the sﬁr?ace of tlhe

seeds. Immediately a?ter blotting fresh weight of lhe seeds

*
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were recorded. Later the seeds were dried in a holt air oven
at 80°C for 48 h, and then dry weight was taken. The per

cent of water uptake was calculated from the data on initial

weight basis.

Where, W4 * Initial weight of the seed

We : Weight of the seed after imbibition.

This experiment was replicated thrice with 25 seeds in’

eahc replication.

The experiment was repeated following the same proce-
dure. The sampling was done at 2 h interval starting from
sbwing upto 12 h. The water uptake was calculated based on

the basis of seed dry weight.

Per cent of water ¢ Wz — W, i 100
Wa
Where Wz * Fresh weight of the seed after imbibition

Wa & Dry weight of the seed.

The difference in per cent of waler between intervals

are the per cent of water imbibed by the seed during that

period.
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3.2 EFFECT OF DILUTED SEA WATER ON GERMINATION OF P1GEONPEA

Pigeonpea tvs ICPL 87 and BON-1 supplied by Regional
Agricultural Research Station, APAU, Lam Farm were used for
this study. The seeds were treated with O.14 mercuric
chloride to arrest the fungal infection; Twenty five good
seeds were sown in petridishes filled with Quartz Sand of
particle size 0.5 to 0.7 mm. The same was thoroughly washed

as explained earlier in section 3.1

The seeds were placed on the sand in the petridish and
covered with a layer of sand. Sufficient amount of test
solulion was added to each petridish. Excess walering was
avoided to prevent the anaerobic conditions. Germination
countings were taken at 24 h interval from sowing upto 84 h
Radical emergence from the seed was considered as germina-—
tion. The experimenl was replicalted thrice with twenty five

seeds in each replication.

The treatmenls consisted of the following dilutions of

sea water

1. 100% sea water

2. 87.5%4 sea waler (87.5 ml sea water + 12.5 ml distilled
water)

3. 75.0%4 sea waler (75.0 ml sea‘water + 25.0 ml distlled

water)
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4, 62.5% sea waler (62.5 ml sea water + 37.5 ml distilled
waler)

5. 50.0% sea water (50.0 ml sea water + 50.0 ml distilled

“ water)

6. 37.5% sea water (37.5 ml sea water + 62.5 ml distilled
water) ‘

7. 25.0% sea water (25.0 ml sea water + 75.0 ml distilled
water)

8. 12.5%4 sea water (12.5 ml sea water + 87.5 ml distilled
waler)

9. Distilled water

Based on the results the concentration of test solution

and sampling interval was decided to screen the genolypes of

salt ltolerance.
3.3 EFFECT OF DILUTED SEA WATER ON ROOT GROWTH OF PIGEONPEA

3.3.1 Seeds germinalted and grown in differenlt concentra-—

tions of sea water.

Seeds of pigeonpea cv EBDN-1 was used for 1lhis study.
Fully developed seeds were sown in washed Quartz sand soaked
with different concentrations of sea waler. Afler 48 h of
sowing the seedlings were transfered into test tubes lined
inside with a roll of filter paper in such a way thal radi-
tle pointed downward and plumule upward. Thé seedlings were

in between the walls of the test tube and filter paper roll.
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Sea water at different dilulions was added into the
test tubes. Care was taken in maintaining the filter paper
always in moist conditions. This experiment was conducted in
;ormal conditions. Radicle length was taken from third Jday
from sowing upto 8th day. Absolute.root growth rate (AGR),
relative root growth rate (RGR) was calculated from the

+

data.

AGR = Lz — L4 .

RGR : Log La— Log L.

~~~~~~~~~~~~~~~~~~~~~~ cm.cm™* day™"

~

Where Lg and L4 length of root in cm at T and T4

i

times respectively.

Ta and T4

]

Time in days.

The treatments consisted of the following dilutions of sea

water:

1. 62.5% sea watler (62.5 ml sea water + 37.5 ml distilled
water)
2. 50.0% sea water (50.0 ml sea water + 50.0 ﬁl distilled

water)
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3. 37.5% sea water (37.5 ml sea water + 62.5 ml distilled
water)

4. 25.0% sea walter (25.0 ml sea water + 75.0 ml distilled
water)

5. 12.5%4 sea waterA(12.5 ml sea water + B87.5 ml distilled
watlter)

6. Distilled water.

3.3.2 Seeds germinalted in distilled water and grown in

different concentrations of sea waler.

A similar experiment was conducted in Lhe same way as
the above experiment. But in this experiment lhe seeds were
first imbibed in distilled water for one day and on the next
day the sprouls were transfered into test tubes lined witlh

filter paper. The Lreatmenls were same as ahove.

3.4 SCREENING OF GENOTYPES FOR SALT TOLERANCE AT GERMINA-

TION STAGE:

Twenly eight pigeonpea genolypes received from Regional
Agricultural research Station, Lam Farm, Gunltur were wused

for this study.

Ten seeds were sown in each petridish filled with
washed quartz sand, of particle size 0.5 Lo 0.7 mm. The sand

was Lthorounghly wastied with tap water and then soaked with
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Pigeonpea Genotlypes used for the study were:

10

11

12

13

14

Genotype

PANT A 106

BDNA 5
ICPL . 312
C~11

MRG &7
PDA 5
ICPL 361
JNA 429
BDNA 7
ICPL 344
ICPL 3&2
ICPL 273
ICPL 270

6223-5

S.No.

15

17

18

19

24

25

26

27

28

Genotype

5-80

RMG 66
PDM 1
EDN 3
ICPL 333
MRG 53
MA 162
TCPRL 295
ICPL 296
ICPL 348
PDA 3
ICPL 338

ICPL 337

CICPL 342
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10% HC1 for overnighi, and washed with tap water followed by
demineralised water until the rinsings were free of acid.
Afterwards it was washed with distilled water. The p™ of Lhe
washings of the sand was tested and neutral. The seeds were
first washed with 0.1%Z mercuric chloride followed by dis-—
tilled water. The sand was wetted with 407 sea water ang for
ctontrol with distiiled water. Care was taken to keep the
sand always in moist condition. Excess watering was avoided

to remove the anerobic conditions.

Germinaltion countings were taken at 24 h, 36 h and 48 h
afler sowing. As soon as radicle emerged from the seed coatl
it was considered that the seed was germinated. Germination

percentage and rate of germinaltion were calcualted as:

No.of seeds germinaled
Germinalion percent = -~ e x 100
Total no.of seeds keptl

for germination
Rate of germination : No. germinated h—"

3.5 SCREENING OF PIGEONPEA FOR SALT TOLERANCE AT

SEEDLINGS STAGE:

Twenty eight pigeonpea cvs received - from Regional
Agriculthral Research Stat ion, Lam Farm wefe useq for this

study.
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Seeds were germinated in plastic trays filled with
washed guartz sand of pérticle size 0.5 to 0.7 mm. For ger=—
mination distilled water was wused. Plastic trays were
provided with a drainage hole to remove the excess water.
Excess watering was avoided to remove the anaerobic condi-
tions. The sides of the trays were covered with brown paper
to prevent algal growth in the sand. The seeds were sown in

the sand and covered with a layer of sand.

The 10 day old seedlings from sand culture were trans-—
ferred into 1L capacity heakers filled with 1/2 Hoagland
solution prepared with distilled water (Epstein, 19272),
(Table 2). The beakers were wrapped with brown paper. Aftler
five days the solution was changed with 1/2 Hoagland solu-
tion prepared with 15% sea water. For the control the see-—
dlings were grown in 1/2 Hoagland‘solution prepared with

distilled water.

Aeration to the rools was provided by bubbling air in
the solution wusing an aquarium air pump. Ashestas sheet
painted white on the top and black at the bottom with holes
for the plants were used as a lid for the beaker. The see-
dlings were carefully iniroduced through the hole and fixed
‘with a pad of cotton so as the roots were complelely im—
mersed in the solutién. The seedlings were raised for 5 days

aflter introducing tlhe treatments and sampled.

Twenty day old plants were harvested. Roots were

separated, rinsed with distilled water and blotted to remove
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the adhering water. After measuring the length the fresh
weight was taken with a electrical balance. The top was
divied into leaves and stem. The leaf area was measured by
graphic method. After taking fresh weight, all the plant
parts were dried in a hot air oven at 80°C for 48 h. After
determining the dry weight of these samples, they‘were
ground to powder in a wiley mill using a 40 mesh screen. The
ground samples were analysed for Mn, In, Fe, Cu, Na, K. In
t@tyledons theet amalyse activity was measured.

Spécfbic leals aYaz‘r—***ﬂ:ge;jiJEglseﬁ‘ . (Onrtﬂkﬁ)

‘ Weignt o e leak e
Mo+ stuye Conten)- o e ge,_‘“;“s,“? Fresh (ogignt ~ Dry (ndjm— b e Seedling

3.2.1 Chemical analysis:

Mn, ZIn, Fe, Cu, Na, K in plant parts were estimated in
an extract obtained from wet digestion of the samples

(Piper, 1950).
Wel digestion:

0.5 g9 of oven dry powered plant material was digested
in 10 ml of tri—acid mixture prepared in 9:2:1 proportion of
nitric, sulphuric and perchloric acid respectively. The eux—
Lract was made uplo 25 ml and suitable aliquot was used for
estimation oF.Mn, Zn, Fe, Cu, Na, K. These elements were
determined by direct feeding of the extract to the Atomic
agsorption spectrophotometer after adjusting the instruments

wilh suitable standards as per the method giQen by Allan

(1970 .
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3.5%.2 Assay of £ - amalyse activity in_ germinating

pigeonpea seeds!t

Extracts were prepared by grinding the s{ﬁs with cold -
distilled water. The resulting homogenate was passed through
muslin cloth and centrifuged at 12,000 x g for 10 min at

4°C. The supernatant solution was used as a enzyme.

Amylase acltivitly was determined by a method given by
Shioster and Gifford (1962). @A starch solution was prepared
by heating to boil &7 mg of soluble starch in 100 wml of 0.06
m KMgPOs. One ml of this solution was added to enzyme and
water lo give a final volume of 2.0 ml. After 5 min incuba-
tion at 25°C Phe reaction was stopped by the addition of 1.0
ml of lodine—~HCL s¢olution, <consisting at &0 mg of KI and 5
mg of I in 100 ml of 0.0% HCl. Then 5 ml of watér was added
and the optical density 0% the resulting values which are
proportion to enzyme concentration. S8Specific gravily is

defined as milligrams of soluble starch hydrolyzed per mg of

protein per minute.
Standard curve

To 0.2, 0.4, 0.8, 1.0 ml of starch solution, 1 ml of KI
was added and final vblume al whole solution to S5 ml witlh

Jlass distilled water and read absorbance at 620 nm.
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3.5.2 Assay of £~ amalyse aclivily in_ germinaling

pigjeonpea seeds!

Extracts were prepared by grinding the s{ﬁs with cold -
distilled water. The resulting homogenate was passed through
muslin cloth and centrifuged at 12,000 % g for 10 min at

4°C. The supernatant solution was used as a enzyme.

Amylase acltivily was determined by a method given by
Shioster and Gifford (1942). A-siarCh solution was prepared
by heating to boil &7 mg of soluble starch in 100 ml of 0.06&
m KMgPDs. One ml of this solution was added to enzyme and
water to give & final volume of 2.0 ml. After 5 min incuba-
tion at 25°C Phe reaction was stopped by the addition of 1.0
ml of Iodine-HCL solution, consisting at 60 m3g of KI and 5
mg3 of I in 100 ml of 0.05 HCl. Then 5 ml of watér was added
and the pptical density 0% the resulting values which are
proportion to enzyme concentration. Specific gravity is

defined as milligrams of soluble starch hydrolyzed per m3 of .

protein per minute.
Standard curve
To 0.2, 0.4, 0.8, 1.0 ml of starch solution, 1 ml of KI

was addedrand;Final volume alt whole solution to 5 ml with

glass distilled waler and read absorbance al &20 nm.
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3.5.3 Sea waler analysis

Sea water was analysed as per the methods given United
States Salinity laborato;y staff (1954).
pH: pH  of sea water was measured by using a Digital pH
meler.

Elecirical conductivity: EC was measured by EC meter.

3.%5.4 Total salls

An porcelin dish was carefully cleaned and weighed 1in
sensitive baiance.' 100 ml of sea water (after filtration)
was transfered to the porcelain dish and evaporated to dry-
ness on a water bath and in an oven at 100-105°C. Cooled in
a dessicator and weighed. The weight of the residue repre-—
sented the total salts in 100 ml sea water.

.

3.5.5 Detlermination of calcium:

50-100 ml of sea water was taken and added 2-3 crystals
of carbamate and 5 él of 16% NaOH solution. To it 40-50 my
of the indicatory powder was added. It was titrated with
0.01N EDTA solution till the colour gradually changed from

orange red to reddish violel (purple). The end point was

compared with a blank reading.
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Milli equivalenis of calcium present

ml of versanale used %X normality of versanale
ml of aliquot taken

3.5.64 Determination of Magnesium

25 ml of sea water was taken and added 2-5 crystals of
carbamate and 5 ml of ammonium chloride ammonium hydroxide
buffer. To it 3-4 drops of crichrome black T indicator was
added. It was titrated with O0.01N Versanate till the colour
changed to bright blue or green and or tinge of wine red

colour remained behind.

Milliequivalents of Ca + Mg per litre

ml of EDTA x normality of EDTA

ml of solution taken

me aof M3 per litre = me (Cat+Mg) —~ me of Ca

3.5.7 Deltermination of sodium and polassium

Sodium and potassium was estimated directly feeding the

sea waler into flame phbtometer.
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3.5.8 Determination of carbonale and Bicarbonale

Taken 30-100 ml of sea water with pipette into a clean
flask. Added S5 drops of 1% phenophthalein indicator. Pink
colour showed the presence of carbonated. Il was titratled
against Q0. 1N sulphuric acid, till 1the solution becomes

colourless.

To the same added 2-3 drops of methyl red solution and

titrate with O.1N sulphuric acid till the colour changed

from yellow to rose red.

meq of CDa®~ per litre = 2x X 0.0030 x 100 x 1000

50 30
Where 2x = Totalacid required for the complele
neutralization of carbonale
Milli eqgquivalents of M COgx~ per litre
(y—x}) % 0.0061 x 1000 % 1000
50 x 61
Where y—-x = Total acid required for the complete

neutralization of bicarbonate originally

present in water.
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3.5.9 Determination of chlorides

Chloride ions in irrigation water can be determined hy
titration with standard solution of A3 Noag using Kz Cr 0. as
an indicator. Taken 100 ml of sfa water and added sufficient
O.1N HzS504 lto neutralise carbonate and bicarbonate com—
pletely and added a few mg of CaCOz and a few drops of lhe
indicator and titrated witlh standard A3 Nomz solution wuntil
the chacolate red colour appeared. Repeated this process
twice or thrice so as lo jget a nQEb;r of concordant reading.
In the same way conducted a blank titration also and sub-

staracted this reading from the actual calculated resulls as

Cl ions per 1000 litres (ppm)

3.5.10 Determination of sulphate by turbidimetric method

.~

5 ml of sea water was taken in a 25 ml flask and added
10 ml buffer, 1 ml gum acacia and 1 g of BaCleg. Shaken well,
Made up the volume to the mark by adding distilled water and |
shaken well. Read the absorbance of this solution at 440 nm
and then calculated the conc. of sulphate by comparing with

the standard.
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3.%.11 Delermination of Boron

2 ml of sea waler was taken im an Erlenmeyer flask.
Added 2 drops of concentrated hydrochloric acid and 10 ml of
concentrated sulphuric acid mixed well and cooled. 10 ml of
the indigo—carmine solution was added to this and allowed }o
stand atleast for 45 miﬁutes for colour development. Deter-
mined the perctent transmitliance at 585 nm against a
reference solution of 2 ml of distilled water carried
through the same procedure. Calguiated the boron concentra—
tion from the standard curve which has been drawn by taking
o, 1, 2, 4, &6, 8 and 10 ml of boric acid solution and

developed colour as outlined above.

3.6 Statistical analysis.

-

The data was analysed statistically (Panse and Suk-

hatme, 1978).

APAU CENTRAL LIBRARY |
Acc: No:

Dave:
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4.1 EFFECT OF DILUTED SEA WATER ON IMEIRITION OF SEEDS:

Experiments were conducted to study the effect of dif-
ferenlt dilutions of sea waler on Imbibition of seeds. In the
first experiment the imbibition in terms of per cent waler
uptake was calculated based on initial seed weight. The ini-
tial weight of twenly five seeds var ICPL 87 wused in dif-
ferent treatments was almost same (Table 3). There was a in-
crease in the weight of the seeds due to imbibilion over
time. But there was no particular trend in imbibition among
the treatments. This was because of hard seeds presenl in

seed lot which are nolt imbibed.

The per cenl of water uptake duriqg imbibition was cal-—
culated based on the initial seed weight and given in Table
4. The per cent of water uptake increaesd over time. There
was about 146.7 per cenlt water wuptake in 1004 sea waler,
whereas with distilled water it was 10.2 per cent aflter 2
hours imbibition. Even after 8 h 15.2 bér cent more water
was taken in distilled water treatment over 100 per cent sea
water, there was no particﬁlar Lrend in imbibition among the
treatments. As stated earlier this may he due to hard seeds

present in lthe seed lot.

57
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To avoid this lacuna simiiar experiment was conducted,
but calculated the percent of water wuptake on dry weightl
basis. The fresh weight and dry weight of seeds was shown in
Table 5. The fresh weight of the seeds was nol significantly
different among treatments after imbibition at each inter-—
val, bul there was a significanl increase over ltime. The dfy
weight of the seeds also not significant differenl among tlhe

treatmments and also at different intervals.

The percent of water uptake.c§1cu1ated on dry weightl
basis is given in Table &. The percenl of walter upltake from
undiluted sea water was 39.0 after 2 h and 108.3 aft¥ 12 h.
Whereas it was 49.8 after 2 h and 135.5 after 12 h from dis—
tilled water. The water uptake by imbibition increased wilh
decrease in concentration of sea water. Such result was very
clear only from 8 h imbibition 0nward§. Earlier o this
period the differences in wateF uptake varied considerably
with the treatment. The uptake of waler was more during ini-
tial stagjes of imbibition but during later stages il was
less or almost constant. Wilh sea water and 75 percenlt sea
water the uptake of water extended upto 12 h but with rest

of the treatments it was only uplto 10 h.
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4.2 EFFECT OF DILUTED SEA WATER ON GERMINATION OF

PIGEONPEA SEEDS CV ICPL 87 AND BDN-1:

Germination of pigeonpea seeds of cv ICPL 87 in diluted
sea waler is shown in Table 7. In sea waler the seeds
started germination only after 72 h and 1.466 seeds oul of 25
seeds germinalted after 84 h. In 87.3 percenl sea waler vthe
‘Jermination started 24 h earlier than in sea water and about
5 seeds germinated after 84 h, but in 75, 62.5 and 50 per-
cent sea water tlhe %;eds startédhgermination even after 36
he In 37.5, 25.0, 12.5 percent sea water and distilled water
the seeds started germination afler 24 h and reached tlhe
maxKimum at 48 h. Afterwards there was no significant in-
crease in germination. There was a significant difference in
germination with salinity treatmenls.

The germination percent of seed; is given in Figure 1.
In sea water only 46.6% germination was observed at 84 h. As
the dilution of sea waler was increased lhe seed germination
was more in lesser time. In distilled water 94.46 percent
germination was observed within 48 h. "As the concentration
of sea water increased there was a reduclion in germinalion
percentage. The rate of percenl of germination was given in
Table 8. Germination was delayed wilh the increase in the
concentration of sea water. Up to 62.5 percenl sea water the

maximum ralte of germinaltion was only after 3& h, while in

other trealments the maximum rale was obsérved between 24
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Table 7 : Effect of diluted sea water on germination of pigeonpea
seeds cv. ICPL-87 (oul of 25 seeds)

SO it 1 Srts Seves Sanre vt St b St bt 24484 $0000 Seman refed s et Seuve Same Seree Sobl Se1eh Soes SBe 000 Lo ot dbese Mbitm SInlN 4ot fmmer Gevte i Siate $8426 S Ses $9008 oot et e el SHH GHATS SOHem Feam S0 e AN SeHLS Sobin aben Sread $o0% bt S1bh et St Seree SORdD MMl Setet See demte Sokr Smone Shens Shams Sa00n

S.No. Trealment/h after

sowing 24 36 48 60 72 a4 Mean
1 100% sea water 0.0 0.0 0.0 - 0.0 1.3 1.7 1.5
pod 87.5% sea waler 0.0 0.0 0.3 1.0 3.0 4.7v z2.25
3 75.0% sea water 0.0 1.0 . 5.0 10.7 16.7 17.3 10.14
4 62.57% sea water 0.0 3.7 11.3 16.3 18.7 19.7 13.94
5 50.0% sea water 0.0 .11.6 24.9 28.0 28.4 28.9 24.36
b 37.5% sea water 0.3 12.3 19.3 21.3 21.3 21.6 16.02
7 25.0% sea water 4.6 19.0 21.0 22.0 22.0 =22.3 18.48
8 12.5% sea water 6.3 20.0 22.0 22.6 22.6 23.3 19.46
? Distilled water 14.3 20.7 23.6 23.4 23.6 23.7 21.58

Mean 2.8 9.8 14.2 16.2 17.5 18.1

LSD(0.05) Treatment : 0.15~

Time : 0.12

Treatment x time: 0.36

ot Gart amven b4amt o nse ek Senmn St 4R A0oeS v e S4AeH fnbey PAPRS S0004 e ROVSS vkt RS OO e e S40SH deate fenen SO LS 1ANSY b Shamm SeNeR BHVS Metn Setm HAM ooy s erae’ Heeh Sirss WS memd mees 9800 WAt My 44 Teied SLAet FHANS oA St o SN et Mt e JaLte Sl HRED Sien bartn Sinen Fraen GBS EOen b Sared

% Values are based on transformed values. X + Lo)
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Table 2. In sea wateyp only 0.45 seeds,out of 25 Seeds Jer-
Minatey aftey 84 in 87 .5

germinated
0 Fercent

germination
germinated aftey

r
arled gt 26 h, In distilled wWatey gven gt
24 h, 24 Seeds out g¢ 85'seeds germinated and the Maximum,

wasg Feachey after 36 H
The germination Percent 1S shown in Fj
only o,

Fate go¢ germination ig

germination

as started
'R between 72 ang 84 4,



66

and 346 h except in.distilled water where the maximum rate of

germination was within 24 h.

Germination of pigeonpea seeds cv BDN 1 is given in
Table 9. In sea water only 0.65 seeds out of 25 seeds ger-—
minated after 84 h in 87.5 percent sea waler the germination
started 24 h early and 4.6 seeds oul of 25 seeds germinated
after 84 h. With 75.0 percenlt sea water lhe germination
started only at 48 h and 17.6 seeds germinalted after &4 h.
In 37.5, 25.0, 12.5 percent sea water and distilled watler
the germination started at 26 h. In distilled waler even at
24 h, 21 seeds out of 25-seeds germinated and the max;mum

was reached after 36 h.

The germination percent is shown in Fig.2. 16 sea water
only 2.6 percent germinaltion was observed even afler 84 h,
whereas in distilled water maximum per;entage was reached by
48 h. With 50, 37.5 and 25 percent sea waler 50 percent ger~
mination was observed after 36 h. The resulls show that as .

the sea waler concentration was increased the percent ger-—

mination reduced.

The rate of germination is given in Table 10. In sea
water lhe germination was started after 7Z h anly. The rate
wés 2.4 between 72 and 84 h. As lhe concentration of sea
water waslincreased the rate of germination was delayed.wilh

25, 12.5 percenl sea water and distilled water. The maximum -
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Table 9 @ Effect of diluled sea water on germination of pigeonpea
seeds cv. BDN-1 (oul of 25 seeds)

e P et e s Vv e e Sarde SO P T Shite AP G S S0 b e O S P 40 GRAtS b SASAD el S SIS Samie S Boeeh T P 0008 A o SARSS Ll bt PAONS S Vbt Sevit e SO beres Mheee Reten oSt epet R RS il S44HS AU Shbm MY eare S Someh Bt S Timre S50 braah P 2SS

S.No. Treatment/h

after sowing 24 36 48 60 72 a4 Mean
1 100%4 sea water 0.0 0.0 0.0 0.0 0.0 0.6 0.6
z2 87 .57 sea water 0.0 0.0 0.0 0.6 1.3 4.6 2.2
3 75.0% sea water 0.0 0.0 1.0 Q.6 15.3 17.6 10.9
4 62 .57 sea waler 0.0 3.0 11.0 15.6 17.6 18.6 13.2
5 50.0% sea water 0.0 12.0 21.3 21.6 21.6 21.6 19.6
&6 37 .5% sea water 2.6 19.3 21.3 21.3 22.0 22.0 18 . 1
7 25.0% sea water 10.6 21.3 22.0 22.3 22.3 22.3 20.1
8 12.5% sea water 14.3 24.0 24.3 24.3 24.3 24.3 22.6
9 Distilled water 21.0 23.6 24.3 24.3 24.3 24.3 23.6
Mean 5.4 11.5 13.9 15.5 16.5 17.3
LSD{(0.05) Treatment P 0.16"
time " : 0.13

Treatment x time: 0.39

e g s 4 o ot Sadm FALSD i SR TSR SRR S SRS b A P oS S $9003 4t R4 44988 Feses FORe meeap ard st by Sk e P S Y S T S T4 S 8% Y40e) T To4as TR SR S S4I Tea 444m T 444 AR STIL S Tt Gt S e ST S $00 e S oo e s

# Values are based on transformed value
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rate was within 24 h after sowing, afterwards il was-
decreased. In 50, &2.5, 75 and 87.5 percenl sea waler the
maximum rate was delayed by 12 h, 24 h, 36 h and &0 h

respectively.

4.3 EFFECT OF DILUTED SEA WATER ON RADICLE GROWTH OF

PIGEONPEA CV BDN-1:

Radicle lenglh of pigeonpea grown in various dilutions

of sea water is given in Table 11.

4.3.1 Seeds nerminated and aqrown in differenlt concentra-—

tions of sea water:

In 62.5%4 sea water 1lhere was & increase in radicle
length upto 5d. afterwardg, there was no significant in-
crease. In 50.0 and 37.5 percent sea\water the increase was
upto 7 d. 1In 25.0, 12.5 percent sea waler and distilled
waler there was increase in rool length even after 8 h(11A).
There was significant reduction in roolt length with increase
in the sea water concentration at all times. Maximum reduc—
lion was observed in 62.5% sea watler trealmenl. Significant
differences were observed between 12.57 sea water and dis—
tilled water treatments at all intervals. Al higher con-

centrations of sea water (62.3, 50.0 and 37.5 percentl sea

water), the root growth was inhibited after certain period.
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Table 11 : Effect of diluted sea water on Radicle length (cm) of
pigeonpea cv. BDN-1

S.No. Treatment/days ‘
after sowing 3 4 5 b6 7 8 Mean

e oot e Smim 408 St s S (e ot Sl oty S Shnes Senft St TS SEORS bt S2hve Semte Sabun Ameas St Peees S0 VAR SFELR Sth Rerie S S0 by AL S Mt SR Semre UM ANin MM Yy N dntes St bebet Mooy S et O Srimt SO SLP Smet Sty Sises oSS Beasy LS ey Fetos Smmr BT SAras Shm Simas Sanim Bemm Sanet

(AX1  62.5% sea water 0.60 0.76 0.94 1.04 1.11 1.1 0.69

2 50.0%4 " 1.05 1.30 1.53 1.72 1.92 1.92 1.18
2 37.54 "¢ 1.42 1.76 2.29 2.81 3.12 3.15 1.82
4 25.04 1.8%9 2.56 3.47 4.59 5.82 8.18 3.31
5 112.5%4 1.96 3.00 4.69 6.53 8.68 10.86 4.46

6 Distilled water 1.20 2.58 4.93 &.11 9.70 11.20 "4.71

(B)Y7 62.5% sea water 0.68 1.21 1.32 1.35 1.36 1.37 0.91

8 50.04 " 0.75 1.27 1.91 2.28 - 2.51 2.53 1.41
9 37.54 % 0.921 1.35 2.20 3.17 3.461 3.96 1.90
10 25.0%4 " 1.15 1.57 3.25 4.42 5.81 8.798 3.15
11 12.%%4 ¢ 1.13 2.07 4.39\ 6.83 .52 '11.80 4.47

12 Distilled water 1.11 2.57 5.03 8.19 410.28 12.90 5.01

Me an 1.15 1.83 2.99 4.25 5.29 6.4%
LSD (Q.05) Treatment : 0.27
tTime ' > 0.19

Treatment x time: 0.6é6
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4.3.2 Seeds germinated in distilled water and grown in

different concenltrations of sea water:

In this experiment also the resulls showed that witlh
62.5% sea water the radicle grow in length upto 5 d. after-
wards the increase was not significant. In 50% sea water 1lhe
root length increased uplto 7 d, butl in 37.5, 25.07, 12.5
percent sea water and distilled water there was an increase
in rool length even afler 8 d (Table 11 B). There was a
gradual significant reduction in root length with the in-
crease in sea water concentlrations. Here also the maximum

reduction was in 62.5% sea watlter.

The radicle 1length was more when the seeds were pre-
germinated in distilled water. The final length of the root,
on 8 d. was also more in different tratments of the second

experiment (4.3.2) compared with the same treatment of the

first expermiment (4.3.1).
Relative radicle growtlh Rate (RRGR):

The increase in radicle length based on the ini-
tial length of vradicle was calculated as relative radicle

growth rate and presented in Table 12.

(4.3.1) The RRGR differed with sea water treatments. With

increase in the concentration of sea water, there was a
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Table 12 :Effect of diluted sea waler on Relative radicle growth rale
(RRGR} of pigeonpea cv. BDN-1. (cm.cm?~,d™"")

e et e s e M Sakeg ot St mhven S4480 WS Seeve e Seeis Sesbe Jasss Tt Pt Smres e Lt ety Seel Mo SR ety S4et Subte Seias barme Meet Leree Phess e Fmbss A Jers Seere rvete Mook A ey Sovet PAbee Seuad b Sttt S At SeArR SRR betme Seaed S04 PSS eime Uhe hi SVR Ve SYTAD Soacn GFRMN Sient mebts iy baiet o $o0d

S.No. Trealment/days
after sowing 3~4 4-5 5-6 b-7 7-8

(A 1 62.5% sea water 0.23 o.21 0.0 0.06  0.00 |
2 50.0% " 0.21 0.16 0.11 0.11 0.00
3 R7.5% 0.21 0.26 0.20 0.10 0.01
4 25.0% 0.43 0.30 0.27 0.23 0.34
5 12.5%4 0.42 0.44 0.33 0.28 0.22
6 Distilled water 0.74 0.44 0.49 0.17 0.14

(B) 7 &2.5% sea waler 0.57 0.08 0.02 0.01 0.01
8 50.0% 0.52 0.40 0.17 0.09 0.01
9 37.5% 0.39 0.48 0.36 0.13 0.0%
10 25.0% 0.31 0.72 0.30 0.27 0.43
11 12.5% 0.40 0.75 0.44 0.33 0.21

12 Distilled watler 0.83 0.67 0.48 0.22 .0.22

|t e dotre s WRtn Sevat Sores e Goves oy fante Bedte Bowm s Seett epedn g Soan M1ess faias FOSH O s mben Shert Ml Mt Shecs bin St S Beit LS AR 4SS ShATe A4 Sombe et TS A RS LSS Sein Sty et S 4TS ALY AR SO Semmh M At LAk e i RS HURS HOR Sabt B e T et s S S S
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decline in RRGR at all sampling time. Maximum growlh rate.
was ohserved in distilled water treatment. In 62.5 and 50.0
percent sea water lthe growlh ralte was nil between 7 and & d.
But in 25.0 percent sea water the RRGR decreased wupto 7 d
and afterwards there was an increase. The RRGR declined with
time in all treatments including the distilled water treat-

ment. (Table 12 A)

(4.3.2) When the seeds were imbibed in distilled waler and
Jrown in dilutedisea water, thg RRGR decreased with the in-
crease in the concentration of sea water. There was an in-
crease in RRGR from 3 to S d but later it was declining in
all treatments exceplt in 25 percent sea water treatment. The
highest RRGR was observed in distilled water and 1loweslt in
62.534 sea water. RRGR was more when the seeds were soaked in
distilled water and grown in diluted sea waters, than when
germinating in diluted sea walters. SJch higher RRGR was ob-

served in all the treatments in all sampling times.(Table

12R) .
Absolute growlth rate of radicle (AGR)

The absolute growth rate of radicle is given in Table
13. In 62.%, 350.0 and 37.% percenl sea water AGR increased
upto 35 d and later it was decreased. In 25.0-and 12.5 per-
cent sea@ater the AGR increased linearly. In distilled water

the growth rate reached its peak of 3.18 cm d=7 between S
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Table 13 & Effect of diluted sea water on Absolule growth rate of
radicle (AGR) of pigeonpea cv. BDN-1. cm,.d—"

hree S A ot Sten e 8 g o S44PS Bt S00sd Seete MALD SSS Sefe betns SOOLL sobes SeSHe sy s U Seit i Smis AN fabfa Sevim Sbbtn RIS SV bease S Fires FNSS maey Siede Fiien SeeTe dmeet s st Gw MSebs MR YOS0S bmkas ek et CEIRS SHeRR Sobum SeubY (9008 Mool Seems SHeSS FEMee P e ee Fabm bt Snesh S Mvme auben rvme e

S.No. Treatment/days.

aflter sowing 3-4 4-5 5-& b7 7-8
(A)1 62.5% sea water 0.16 0.18 o.10 0.07  0.00
= 50.04 ¢ 0.2% 0.23"° 0.19 0.20 0.00
3 37.5%4 " 0.31; 0.53 0.52 6.32 0.03
4 25.0%4 ¢ 0.67 0.91 1.12 1.23 2.36
5 12.542 1.04 1.69 1.84 2.15 2.18
4 Distilled water 1.38 2.35 3.18 1.59 1.50
(B)7 62.SZ sea waler 0.353 O.11 0.03 0.02 0.01
8 50.04 0.52 0.64 0.37 0.23 0.02
9 37.%4 ¢ 0.44 0.85 0.97 0.44 0.35
10 BS.0% ™ 0.42 1.68 1.17 1.39 3.19
11 12.5%4 " 0.94 2.32 ’ 2.44 2.67 2.28

12 Distilled water 1.46 2.46 3.16 2.09 2.63
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and 6 d but later it was declining. As the concenlration of
sea water increased there was a reduction in growth
rates.(Table 13 A}

In 62.5 and 30.0 percent sea waler ltreatments lhere was
a decrease in AGR with time (0.53 cm d~* and 0.01 cm d-" hbe-
tween 3-4 and 7-8 d respectively). In &2.5 and 37.5 percent
sea water, there was a increase in growth rate upto & d and
later it was declined. In 25 and 12.5 percenl sea waler
there was a increase in growth rate with time butl in 12.5%
sea waler the growth rate decreased belween 7 and & d. In
distilled water the growth rate was maximum aver other
treatments during the initial stages and later il was
declined. Increase in concentration of sea water reduced the
Jrowth rate.(Table 13 B)

Rate of vradicle growth was @;re when the seeds were
germinated in distilled water and later grown in diluted sea

water as compared to the seeds germinated and grown in |

diluted sea water.

4.4 SCREENING OF GENOTYPES FOR SALT TOLERANCE AT GERMINA-

TION STAGE:

The data on germination of tlwenly - eighl pigeonpea
jJenolypes are given in Table 14. By 24 h ali the genolypes

germinated in distilled water and significént differrences .
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‘Table 14: Effect of 407 sea water on gJermination of
Figjeonpea Jenolypes.(out of 10 seeds)

S. Genotypes/ 24h : 24-36h 36—-48H
No h after Disti~ Sea Disti- Seaa Disti~ Sea
sowing lled watler lled water lled water
waler (40%) water (40%) water (40%)
1 PANT A 106 7.7 0.0 Q.7 8.3 Q.7 8.3
2 EDNA 5 .7 0.0 10.0 7.3 10.0 10.0
3 ICPL 312 8.0 3.0 10.0 Q.7 10.0 '10.0
4 C-11 8.0 0.0 8.0 7.7 8.0 8.3
5 MRG &7 2.3 1.7 .7 2.3 Q.7 ?.7
6 PDA~-5 3.3 0.0 8.7 4.6 8.7 4.7
7 ICPL-341 7.3 0.0 Q.7 7.7 .7 7.7
a8 JNA 421 10.0 0.0 10.0 9.3 10.0 9.3
? BDNA-7 8.0 0.0 10.0 8.7 10.0 9.7
10 ICPL-344 3.3 0.0 7.7 6.3 7.7 6.4
11 ICPL-242 6.7 0.0 2.0 6.7 2.0 7.7
12 ICPL-273 2.3 0.0 7.7 5.7 7.7 5.7
13 ICPL-270 2.0 0.0 10.0 5.0 10.0 7.7
14 6223~-5 6.7 0.0 9.3 7.7 2.3 7.7
15 5-80 4.3 0.0 9.7 7.0 10.0 8.7.
16 RMG 66 6.3 0.0 8.0 4.7 8.3 7.7
17 PDM~ 10.0 _ 0.3 10.0 8.3 10.0 2.0
18 EDN-3 7.3 0.0 9.3 7.7 2.3 2.3
19 ICPL 333 8.3 0.0 9.3 5.7 2.3 5.7
20  MRG 53 4.7 0.0 9.0 5.0 10.0 8.0
21 MA 162 5.3 0.0 9.7 6.0 9.7 7.7
22 ICPL 295 4.7 0.0 7.7 . 5.7 8.3 7.7
23 ICPL 294 4.3 0.0 8.0 4.3 10.0 2.7
24 ICPL 348 7.0 0.0 9.3 7.4 9.3 7.7
25 PDA-3 2.3 0.0 2.0 7.0 9.7 8.7
26 ICPL 338 6.7 0.0 8.7 7.7 8.7 2.0
27 ICPL 337 5.7 0.0 9.7 6.0 9.7 9.0
28 ICPL 342 8.7 0.0 9.0 6.3 2.0 7.7
Mean 6.3 0.18 2.1 7.2 9.3 7.7
LSD (0.05)
Jenotype: 0,100 genolype % time 2 0.034
Time 2 0.204 genolype x treat : 0.354

Treat : 0.0464 Time X lreat : 0.289
I
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were observed among genotypes. Maximum germination of seeds
(10 oul of 10 seeds) was observed in JNA 421 and mini@um in
ICPL 270(2 out of 10 seeds). In 40 percent sea water there
was no germination of all the genotypes except ICPL 312 and
MRG &7 at 24 h. By 3& h maximum number of seeds of almost
all genotypes were germinated in distilled water. In treat-
ment 40 percent ;ea water maximum germination was observed
}n ICPL 3412 (9.7 outl of 10 seeds?) and minimum in ICPL 296
(4.3 oult of 10 seeds). After 3& h there was no significant
increase in germination in most of Lhe genotypes, but there
was a significant increase of germination in 40 percenlt sea
waler in many genotypes. By 48 h BDNA Sand ICPL 312 showed
maximum germination (10 out of 10 seeds) and the minimum was
noticed for PDA 5 (4.7 out of 10 seeds). There was a sig-
nificant interaction between genotype and time, genolype and -
treatment; Ulime and treatment, and among genotypes, lime and

N

trealment.

The percent of germination of 28 pigeonpea genolypes in
tea waler is given in Table 15. By 24 h seeds of all 28
genotypes germinated. Genotypes significéntly varied in ger-—
mination even in distilled water. Cent percent germination
was observed in PDM 1 and JNA 421 whereas ICPL 270 showéd
the least. By 24 h, genotypes ICPL 312, MRG &7 and PDM A
oﬁly germinated in the -treatment with the 9germination per-—
centage of 30.0, 16.6 and 3.3A respectively. There was

reduction in germination because of the trealment at 24 h.
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At 36 h all the genolypes reached maximum percent of
jJermination in distilled water. However the germination
percentage was minimum (76.4) in ICPL 3K4 and ICPL 273. The
germination percentage was less in most of the genotlypes in
40 percent sea water treatment compared to distilled waler
control, except in ICPL 338 where il was #ame percenl in

both treatments.

AT 48 h in most of the gehoiypés the percent germina-—
tion was almast equal in bolh treatments. The minimum per-—
cent germination was observed in PDA 5 having 446.46 percent

in treatment and it was 86.6 percent in control.

Maximum reduction in 40 percenlt sea walter, over control
was observeﬁ in PDA 5 and ICPL 294 (44.3, 43.4 percent
respectively). Genotypés BDNA 5, ICPL 312, C 11, MRG &7, ‘BDN
3 and ICPL 338 showed cent percent germination in 40 percent

sea water also.
Rate of germination of pigeonpea genolypes:

The rate of germinatidn of 28 pigeonpea genolype 1is
given in Table 16. During 0-24 h period the germination rate
per h. was maximum in most of the cultivars. The maximum .
germination rate was observed in JNA 421 foliowed BDNA 5. In

the sea water treatment all the genotypes except ICPL 312,
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16: Effect of 40%

sea water

on the rate of

Figeonpea cultivars,(w')

Genotypes/

h after
sowing

ICPL 312
C-11

MRG &7
PDA-5
ICPL-361
JNA 424
BDNA-7
ICPL-344
ICPL-262
ICPL-273
ICPL-270
6223-5
S-80

RMG 66
PDM-~ 1
BDN-3
ICPL 333
MRG 53
MA 162
ICPL 295
ICPL 294
ICPL 348
PDA~-3
ICPL 338
ICPL 337
ICPL 342

0-24H
Disti~ gea
lled water
water (40%)
3.19 0.0
4.02 0.0
3.33 1.25
3.33 0.0
3.89 0.79
1.39 0.0
3.05 0.0
4.17 0.0
3.33 0.0
1.39 0.0
2.77 0.0
0.97 0.0
0.83 0.0
2.77 0.0
1.84 0.0
2.62 0.0
4.17 0.14
3.05 0.0
3.47 0.0
1.94 0.0
2.21 0.0
1.94 0.0
1.80 0.0
2.92 0.0
0.97 0.0
2.77 0.0
2.346 0.0
3.61 0.0
2.53 0.07

24-36h

Disti- gea

lled water
water (40%)
1.67 6.94
0.28 6.11

1.67 3.55
0.0 6.38
0.27 6.39
4.44 3.88
1.94 6.38
0.00 7.77
1.67 7.22
3.61 3.27
1.95 5.55
4.44 4.72
6.67 4.17
2.22 6.38
4.44 3.83
1.42 3.88
0.00 b.67
1.67 6.38
0.83 4.72
3.62 4.17
3.63 5.00
2.50 4.72
3.06 3.61

1.94 6.13
3.56 5.83
2.22 7.78
3.33 3.00
0.28 3.27
2.27 3.63

80

ion of

Jerminat
36—48Hh
Disti- SGea
lled water
water (40%)
0.0 0.0
0.0 2.22
0.0 0.28
.0 0.546
0.0 0.27
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.83
0.0 0.02
0.0 0.83
0.0 0.50
0.0 2.22
0.0 0.00
0.28 1.38
0.z27 2.50
0.0 . 0.54
0.0 1.39
0.0 0.00
0.83 2.50
0.0 1.38
0.56 1.67
1.67 T.11
0.0 0.25
0.55 1.38
0.0 0.00
0.0 2.50
0.0 Ta11
0.15 0.89

..-..-.—-..-.-.-..—._.-_..‘.....-..._..._..._.__.._._........___.._.._....__...__._...__.__........_—.—..—--———-—--——-—-—--—-—
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MRG &7, and PDM 1 had no germinalion.

During 24-~3&6 h period the germination rate was maximum
in the treatment than in control in most of the 'genotypes
and it was magimum during this period as compared with other -
intervals. There was no further increase in germinatiaon

after 24 h in C 411, JNA 421 and PDM 1 in contlrol.

During 36-48 h there was no germination in all the cul-
tivars in control except cv 5 80, RMG 66, MRG 53, ICPL 295
and PDA -3. Out of 28, 20 pigeonpea cultivars germinated
after 36 h after sowing. The maximum germinaltion rale was

observed in cv ICPL 337 and minimum in ICPL 334.

4.5 SCREENING OF GENQTYPES FOR SALT TOLERANCE AT SEEDLING

STAGE:

The effects of 15 percenl sea waler prepared in 1/Z2
Hoagland solution on the phylomass accumulation in plant

parts of 28 genotlypes of pigeonpea are given below:
4.5.1 Leaves

The dry weight of leaves of Z8 genolypes is given in
Table 17. The dry weight of leaves of all genotypes excepl
PANT A 106 was significantly decreased by sea water treat-
ment. Highest leaf phytomass of 46.7 and 44.0 mg per plant

for control and sea water respectively was recorded for ICPL
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270. Genolypes differed significantly in phytomass content
both in control and sea water trealments. The interaction
between genolype and tratment was significant. ICPL 344 had
" the lowest leaf phytomass both in control and in sea watler

treatments.

The percentage of decrease in leaf phytomass iﬁ sea
walter was more in ICPL 342 (45.0%). The percentage of leaf
phyltomass was more (7.0%4) in C 11 followed by ICPL 295 and
MA 142 in sea water. The range of reduction in leaf
phytomass was O to 45.07Z in most of the genolypes only a
minimal reduction in leaf phyltomass was observed due to sea

water treatment.

4.5.2 Stem

The dry weight of the stem of 28 pigeonpea genotypes is
given in Table 17. There was a significant reduction in the
dry weight of stem with 134 sea water in all the genotypes
except PANT A 106, MRG 53. ICPL 342 had highest stem
phytomass in control, whereas ICPL 348 had highést stem
phytomass in 154 sea water followed by S-80, ICPL 270 and
ICPL 361. Genotlypes differed significantly in stem dry

weight both in control and sea water trealments.

The percent of decrease in stem dry weight was maximum

in JNA 421 (38.0%) followed by ICPL 342 (37.0%). There was a
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slight increase in stem dry weight (4.0%) in ICPL 348 fol-~-
lowed by § 80 (4.0%). About 23 genolypes oul of 28 genolypes
~showed O to 204 reduction and 3 genotypes more than Z20%

reduction in stem dry weight due to sea water lreatment.
4.5.3 Root

The dry weight of roots of 28 pigeonpea genolypes 1is

given in Table 17. There was a significant reduction in the

dry weight of rool with 15% sea water in all the genotlypes -
evcept in ICPL 273, S-80 and RMG é66. ICPL 361 had highest
root phytomass (21.6 mg) both in control and in 154 sea
walter (18.6 mg?). Genolypes differed significa%ﬁy in root dry
matler content both in control and 154 sea waler. The inter-—
action between genolype and treatment was significant.

The percent of reduction in rootl dry weighl was maximum
in ICPL 337 (31.0%) due to sea water ltreatment. There wasai .
increase in rool dry weight by 40.0% in ICPL 270 followed by -
ICPL 312 (4.0%). Aboul 7 genolypes showed O*10%reductions, 2
genolypes 10-20%4, 7 genotlypes 20-307% and one genotype more
Lhan 30% reduction in root growth due to sea water treal-

ment.

The total plant dry weight is given in Table 17. In
most.of the genolypes, tlhere was a reduclion in total plant

dry weight due to 15%4 sea water trealment. ICPL 270 had max—



imum total dry weight and in control (83.1 mg) and in 15%

sea water (82.8 myg).

ICPL 337 showed a maximum reduction in total plant dry
weight by 25% over control followed by PDA 3, ICPL 338 and
ICPL 342 (18%). About 13 genotypes showed reduction in total

.

plant dry weight in the range of 0~10%.

4.5.4 Roopl/shoot ratio

Root/stoot ratio of 28 pigeonpea genolypes 1s gJiven in
Table 17. In most of the genotypes there was a reduction in
root/shoot ratio when grown in 154 sea water treatment. In
some genotypes like ICPL 342, ICPL 348, there was an in-—

crease in the root/shoot ratio with 154 sea water treatment.

4.5.5 Root length (cm)

The effect of 15%4 sea water on root length of 28
pigeonpea genotypes is given in Table 18. In general, there
was a significant decrease in roolt length due to sea water
treatment and this genotypes differed significamnlly in their
response to sea water. The maximum root lenglh was ohbserved
in PDA 5 both in control and in treatmenlt. There was no ef-
fect of sea water treatment on root length of C-11. In both
cases the root length was 12.8 cm. In conlrol maximum rool
Fength was observed in ICPL 295 and ICPL 273 and in treat-—

ment with C-1t.



15% sea water

on Root length and stem

height of pigeonpea seedlings.
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Rootlt lenaglh

(Cm)

15%

water

% over
control
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10.2
11.9
12.8
11.0

7.0

.2

8.1
10.0
10.8
12.6
11.8

Stem height (Cm)
control 5% sea % over
water contro]

2.5 7.6 80.0
7.3 6.9 4.5
8.8 7.5 85.2
?.2 8.8 5.6
8.1 7.6 23.8
9.4 8.9 as.s
11.5 10.1 87.8
10.3 8.0 71.3
10.1 7.2 71.3
9.1 8.2 0.1
10.0 7.0 70.0
8.8 7.9 82.8
11.0 7.4 &5.4
2.3 7.5 80.6
.6 8.5 88.5
10.5 9.7 2.4
.9 8.8 88.9
10.8 8.6 79.6
11.2 9.2 82.1
9.4 8.9 88.5
2.8 9.0 1.8
8.4 7.4 0.5
8.7 7.7 80.4
10.8 10.4 26.3
2.8 2.1 92.8
9.4 8.7 2.5
2.6 8.5 88.95
10.2 2.0 &88.2
2.6 8.4 86.9
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Table 18 & Effect of
S.
No Genotypes control
.1 PANT A 106 12.9
2 BDNA S 10.4
3 ICPL 312 13.0
4 C-11 12.8
5 MRG &7 11.4
6 PDA-5 a.5
7 ICPL~361 11.0
8 JNA 421 10.5
9 BDNA-7 53.0
10 ICPL-344 12.3
11 ICPL~262 15.0
12 ICPL~-273 13.5
13 ICPL-270 10.5
14 62235 10.0
15 5-80 11.4
16 RMG 664 11.5
17 PDM-1 12.4
18 BDN-3 12.6
19 ICPL 3383 12.2
20 MRG 53 11.5
21 MA 162 13.0
22 ICPL 295 13.5
23 ICPL 296 11.3
24 ICPL 348 12.0
25 PDA-3 11.4
26 ICPL 338 11.0
27 1ceL 337 13.0
28 ICPL 342 13.3
Mean 11.9
LSD(0.05) genolype

treatments

genolype % treatment

Rootl length
1.95
0.41

Stem height

1.68
0.45
NS
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All the genotlypes except C-11 showed a reduction in
rool length due to sea water tlreatmenlt. The maxkimum percent
reduction in root length (23%) was observeed in ICPL 296,
JNA 421 and BbNA? Eight genolypes showed a reduction in the
range of O0-104 15 genotypes 10-20% and 4 genotypes showed

more lthan 20 percent of reducltion in root length.

4.5.6 Stem height (cm)

The effect of 154 sea water on stem height of 28
pigeonpea genolypes is given in Table 18. There was a sing-
nificant reduction in stem height in all the genotypes ex—
cepl ICPL 348 and C-11. ICPL .361 had maximum stem height in
both the control and sea water treatments. The genolypes
differed in their response to salinty.

The percenl of reduction over c;ntrol for ICPL 262 was
30.0% followed by JNA 421 and BDNA 7, (29.0%4). The percent
of reduction in stemA height differed wilh ygenotype. Ten
genotypes showed reductin in stem height in the range of O-
10%, 14 genotypes in the range of 10-20%Z and remaining 4
jenolypes showed more than 20% reduction over control due to

sea water tLreatment.
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4.5.7 Leaf area (.

The effect of sea water on leaf are is given in Table
19. There was a significant reduction in leaf area of most
of cultivars due to sea water treatment. The maximum }eaf
area of 7.36 cm® per plant was observed in ICPL 296 whéreas

in treatment it was observed in ICPL 337.

The maximum percent reduction over control (704) was
observed in BDN 3 followed by 68%4 in PANT A 106. The percent
of reduction differed with genoltype. Two genolypes showed a
percent reduction in leaf area over control in the range of
60-70%, 2 genotypes 50-60%, 7 genotypes 40-50%, 3 genotlypes
30-40%, 7 genotypes 20-30%, 3 genotypes 10-204, and 3
Jenolypes 0-10%. ICPL 295 showed an increase in 1ea¥ area

due Lo sea water treatment.

4.5.8 Gpecific leaf area (GLA) cm.wti™?

The effect of sea water on .specific leaf area, a
measure of leaf thickness is given in Table 19. In all the
genolypes except BDNA 5; ICPL. 29%, ICPL 337 and ICPL 342
‘there was a reduction in specific leaf area due lo sea waler
treatment. iCPL 344 showed a maximum specific leaf area of
0.2776 and Q.14%96 in both control and treatment respec—

tively.
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Table 19: Effect of 154 sea water on the Leaf area and specific
leaf area of pigeonpea seedlings. (seedling—")

Leaf area (cm®) Specific Leaf areal(cm.Wt—")
No Genotypes control 15% sea %4 over control 157 sea % over
water control water control
1 PANT A 106 4.34 1.41 32.5 0.138 0.045 32.6
2 BEDNA 5 3.54 3.36 24.8 0.132 0.142 107 .3
3 ICPL 312 3.80 2.02 52.9 0.099 0.064 63.9
4 C—11 2.55 2.36 Q2.4 0.08%9 0.077 846.3
5 MRG &7 ~ 4,21 2.19 51.9 0.119 O.O71V 59.1
6 PDA-5 3.12 2.26 72.5 0.098 0.077 78.5
7 ICPL~-361 3.63 2.61 71.9 0.097 0.073 74.8
8 JNA 421 4.49 2.25 49.9 0.128 0.101 78.8
? EDNA-7 4.50 2.67 59.4 0.118 0.076 64.0
10 ICPL-344 " 4.89 3.07 62.6 0.278 0.149 53.9
11 ICPL-262 2.68 1.63 60.8 0.08%9 0.061 67.7
12 ICPL-273 3.79 2.61 68,9 0.104 0.07%2 75.8
13 ICPL-270 3.95 3.13 79.2 0.085 0.071 84.1
14 6223-5 4.50 3.24 71.9 0.125 0.095 76.0
15 5-80 4.08 3.21 78.6 0.114 0.0%94 82.9
16 RMG 66 3.12 2.84 20.9 0.0%6 0.091 4.7
17 PDM-1 3.04 1.71 56.2 0.094 0.05% 62.7
18 EDN-3 6.52 1.99 30.5 0. 188 0.064 33.9
19 ICPL. 333 4.23 3.03 71.5 0.119 0.105 88.5
20 MRG 53 3.24 1.77 54.7 0.09% 0.058 b1.4
21 MA 162 3.%20 2.94 74.3 0.12%9 0.094 72.8
22 ICPL 295 2.469 3.05 113.4 0.094 0.101 107.5
23 ICPL 296 7.36 3.62 49.1 0.216 0.117 54.2
24 ICRL 348 3.02 2.46 81.2 0.093 0.087 23.9
25 PDA-3 3.81 2.65 83.3 0.096 0.084 87.5
26 ICPL 338 4.26 2.43 57.1 0.131 0.0%92 70.3
27 ICPL 337 6.15 4.95 80.6 0.128 0.187 146.0
28 ICPL 342 . 5.94 2.446 58.2 0.124 0.130 105.5
Mean 4.2 2.&7 6£4.9 0.122 0.090 74.5
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Leaf area

5D(0.05) genotype : 2.18
treatments : 0.61
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The percent of reduction in SLA was maximum in &7%4 in
PANT A 1046 followed by &&6% in BDN 3. Two cultivars showed a
reduction in the range of &0-70%; 3 genolypes 50~40%; 5
éenotypes 30-40%; 7 genotypes 20-30%; 5 genotypes 10-20%;
and 2 genotypes less than 10% reduction in SLA due tlo sea

water treatment.

4.%5.9 Moislture content

The effect of sea water on moisture content in various

plant organs is given in Table 20.

In leaves, the sea water treatment brought a reduction
in water content in all the 28 genolypes. The reduction dif-
fered witlh genotypes. The maximum moisture content of 251.7
mJ was observed in the leaves of ICPL 342 in control and it

was 103.2 mg for ICPL 312 in sea waler treatment.

Maximum percent reduction over control (90%Z) in mois—
ture content in leaves was in PANT A 106 with least in 8 &0.

The reduction in percent moisture differed with genotype.

In 19 out of 28 genotypes there was an increase in
moisture content in rools, due to sea water treatment. The
maximum moisture content was observed in ICPL 270 (237.0 M)

with least (31.0 mg) in PANT A 106.
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The maximum percent moisture content (24%9.2) over con-
trol was found in ICPL 348. 1In roots of JNA 421 lhere was
537 percent reduction in moisture content due to sea water
treatment. The <change in moisture content differed with
jenolypes.

There was a reduction in moisture content in steﬁ in
all the genotypes excepl in PANT A 106, ICPL 361 and ICPL
344. The maximum moisture contenlt was observed in PANT A 106

(143.2 m3) in sea water trealment.

The percent of increase in moisture content over con—
trol in ICPL 344, PANT AIO6 and ICPL 361 was 25.7, 0.8 and
16.7 respectively. The maximum reduction of 76% over control
was observed in ICPL 338.

The total moisture content in plant was given in Table
20. Exceplt in ICPL 270, ICPL 344, ICPL 348 and 5$-80 all the
other genotypes showed less total moisture cantent than in '
control. The maximum wmoisture content of 567.0 mg was
present in BDNA 7 in control and 405.5 mg in ICPL 312 in sea

waler trealtment.

ICPL 270, ICPL 348, S-80 and ICPL 3 showed an in-

crease in total plant moisture content by 24.7, 7.9, &.9 and
6.6% respectively. The maximum of &5% reduction in total

plant moisture content was observed in JNA 421.
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4.6. CHANGES IN PERCENTAGE OF Na, K, Zn, Mn, Cu, and Fe:
A4.b.1 Sodium

The data on percentage of sodium in various gplant parts
of 28 pigeonpea genolypes are presented in Table 21. lTHe
percentage of sodium in rool was more and less in 1eaveg in
both the treatments. The percentage of sodium in the leaves
was in the range of 0.09 to 0.17 in control. There was a in-
crease in the percentage of sodium about 0.2 }0 0.3% due to
1574 sea water treatment, in all genotypes. The maximum in-

crease was in PANT A 106 (0.20%) and the minimum increase

(0.05%) in ICPL 344.

The percent of sodium increased in stem with 154 sea
waler trealment. There was nol much difference in percent
sodium content in stem among the genolypes in lhe control.
The maximum percentage of Na was 0.203 in BDNA 7 and minimum
0.017 in ICPL 348. The increase in sodium percent in stem
due Lo treatmenl was in the r%ﬁe of 0.16 to 0.43. The mini-
mum percent increase (0.16) was in ICPL 344 and maximum Q.43

percent in ICPL 338 followed by PANT A106 and ICPL 348. The

maximum sodium percenlt was found in MRG 67 (0.163%).

The percent of sodium in root was increased due to sea
water treatments in all the 28 genolypes tested. The in-

. crease was maximum in (0.24) PDA 3 over control and minimum



Table 21 : Effect of 15%
in various plant parts of

——— - ____—______~_._~.__.._——__.__—-_...—-..—..._._......_—_....—...._.._.._.._...._._.-......_._..........-.__—.-—....._.

OO&\JD‘U"#[}JN—E

VU ® NCU PN =

N =g

L N W

s s ot vt e s

BDNA 5
ICPL 312
C-11

MRG &7
PDA~5
ICPL~361
JNA 421
BDNA-7
ICPL-344
ICPL-262
ICPL-273
iCPL~27O
6223-5
S-80

RMG 66
PDM-1
BEDN-3
ICPL 333
MRG 53
MA 162
ICPL 295
ICPL 296
ICPL 348
PDA-3
ICPL 338
ICPL 337

ICPL. 342

Mean

Standard

deviation

sea water

On percentage of sodium

pigeonpea
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v Control |S% sea water
Leaves Stem Root Leaves Stem Root
0.126 0.143 0.1464 0.321 0.536 0.975
0.135 0.147 0.176 0.252 0.387 0.987
0.182 0.162 0.173 0.41¢4 0.354 0.875
0.121 0.180 0.162 0.241 0.512 0.7564
0.143 0.158 0.156 0.346 0.613 , 1.024
0.171 0.173 0.192 0.352 0.384 1.037
0.123 0.160 0.190 0.320 0.416 0.853
0.122 0.176 0.172 0.402 0.472 1.056
0.128 0.203 0.164 0.413 0.538 0.947
0.263 0.178 0.1z2 0.210 0.381 0.928
0.134 0.162 0.158 0.350 0.502 1.027
0.154 0.118 0.171 0.426 0.312 1.008
C.112 0.120 0.178 0.378 0.4z2¢6 0.928
0.126 0.109 0.149 0.28%9 0.3%6 0.907
0.113 0.114 0.152 0.301 0.4064 1.063
0.121 0.126 0.168 0.312 0.397 0.943
0.1364 6.128 0.170 0.409 0.4z26 0.875
6.127 0.118 0.163 0.382 0.452 1.024
0.119 0.121 0.141 0.392 0.376 0.945
6.102 0.122 0.139 0.407 0.472 0.976
0.100 0.118 0.160 0.282 0.392 0.873
0.131 0.109 6.170 0.342 0.421 0.921
0.142 0.110 0.186 0.315 0.526 1.087
6.117 0.107 0.178 6.372 0.497 0.984
0.134 0.126 0.167 0.384 0.482 1.131
0.128 0.180 0.153 0.306 0.612 0.982
0.130 0.178 0.159 0.315 0.482 1.097
0.098 0.188 0.183 0.374 0.516 1.048
0.133  0.144 0.166 0.343 0.453 0.973
0.031 0.029 0.015 0.057 0.075 0.084

.._._—_——.-—.__._.____._.—_..—_..___.__..._...._._..____._.._._.-.—_......_._..._.—..—-__——_-..-_—._—._.——_—._...__.
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in (0.614) C-11. There was not much difference in rool
sodium content of 28 genolypes in control. The maximum per-

cent of sodium was found in ICPL 337 and minimum in C—-11.

Among Lthe tLhree plant parts, 1lhe increase in sodium
content was more in roots in all the 28 genotypes tested

followed by stem and leaves.

4.6.2 Potassium

The data on percentage of potassium in various plant
parts of 28 pigeonpea genotltypes are presented in Table 22.
The percentage of potassium was more in leaves followed by.
stem and root. There was a decrease in polassium content of
leaves due to sea walter treatment, in all the genotypes. The
decrease was more in C-11, and minimum in ICPL 342. The per-—
cenfage of potassium was in the range of Z2.05 in C-11 to

3.12 in BDNA 7. There was notl much difference in leaf potas~

sium content among the genolypes.

The percent of potassium in stem also decreased due to
154 sea walter tLrealtment wheﬁ'compared with control in all
the genotypes. In controi, the maximum percent of potéssium
was found in ICPL 361 and ICPL 273; and PDA 3 with the
treatment. Decrease in potassium content in stem was in the
range of 0.01 to 1.1 percenl. There were differences in stem

potassium content émong the genolypes with the treatment.



Effect of 15% sea water

9

on percentage of polassium
in various plant parts of pigeonpea
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Table 22 :

S.

No Genotypes
1 PANT A 106
2 BDNA 5
3 ICPL. 312
4 C—11
5 MRG &7
6 PDA-5
7 ICPL-361
8 JNA 421
9 BDNA-7

10 ICPL—-344

11 ICPL-242

12 ICPL-273

13 ICPL-270
14 62235

15 5-80

16 RMG &6
17 PDM—1
18 BDN-3
9 ICPL 333
D MRG 53
1 MA 162
? ICPL 295

ICPL 296
ICPL 348
PDA-3

~ ICPL 338
ICPL 337
ICPL 342
Mean
Standard

deviation

Control
Leaves Stem Root
3.04 2.78 2.52
2.%26 2.59 2.25
2.56 2.32 2.34
2.84 2.57 2.31
2.78 2.58 2.40
2.54 2.62 2.56
3.12 2.81 2.48
3.06 2.52 2.36
2.87 2.41 2.51
2.52 2.56 2.01
3.16 2.42 2.53
2.79 2.81 2.3%
3.04 2.46 2.42
3.15 2.58 2.44
3.19 2.34 2.37
2.86 2.61 2.58
2.90 2.78 2.41
2.92 2.76 2.52
3.12 2.31 2.45~
2.79 2.70 2.39
2.85 2.58 2.41
3.16 2.49 2.52
2.89 2.61 2.48
3.01 2.71 2.56
2.85% 2.69 2.43
2.41 2.59 2.51
2.78 2.64 2.59
2.48 2.60 2.34
2.17 2.59 2.43
0.22 0.14 0.12

157 sea waler
Leaves Stem Root
2.84 2.72 1.97
2.75 2.04 1.80
2.12 1.97 1.78
2.05 1.87 2.10
2.52 2.42 1.92
2.21 1.54 2.50
2.78 2.12 2.13
2.36 2.71 2.02
3.12 2.21 1.98
2.42 1.50 0.946
2.78 1.90 1.98
2.18 1.76 2.16
2.52 2.14 1.92
3.06 1.98 2.29
2.82 2.16 1.93
2.70 2.51 2.42
2.40 2.05 1.96
2.12 2.22 1.83
2.85 1.72 1.89
2.86 2.51 2.05
2.64 2.17 1.92
2.98 1.96 1.82
2.64 2.53 2.10
2.42 2.24 2.21
2.79 2.79 1.84
2.30 2.16 1.75
2.64 2.48 2.13
2.51 2.41 1.83
2.58 2.17 1.97

0.34 0.27
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ICPL 312
C-11

MRG 67
PDA-5
ICPL~361
JNA 421
BDNA-~7
ICPL-344
ICPL-262
ICPL~-273
ICPL~270
6223~5
5-80

RMG 66
PDM-1
EDN-3
ICPL 333
MRG 53
MA 162
ICPL 295
ICPL 294
ICPL 348
PDA-3
ICPL 338
ICPL 337

ICPL 342

Mean
Standard

deviation

2.946

2.17

Effect of 157 sea water
in various F
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Control
Stem Root Leaves Stem
2.78 2.52 2.84 2.72
2.59 2.25 2.75 2.04
2.32 2.34 2.12 1.97
2.57 2.31 2.05 1.87
2.58 2.40 2.52 2.42°
2.62 2.56 2.21 1.54
2.81 2.48 2.78 2.12
2.52 2.36 2.36 2.71
2.41 2.54 3.12 2.24
2.56 2.01 2.42 1.50
2.42 2.53 2.78 1,90
2.81 2.39 2.18 1.76
2.46 2.42 2.52 2.14
2.58 2.46 3.06 1.98
2.34 2.37 2.82 2.16
2.61 2.58 2.70 2.51
2.78 2.41 2.40 2.05
2.76 2.52 2.1z 2.22
2.31 2.45 2.85 1.72
2.70 2.39 2.86 2.51
2.58 2.41 2.64 2.17
2.49 2.52 2.98 1.96
2.6 2.48 2.64 2.53
2.71 2.56 2.42 2.24
2.69 2.43 2.79 2.79
2.59 2.51 2.30 2.16
2.64 2.59 2.64 2.48
2.60 2.34 2.51 2.41
2.59 2.43 2.58 2.17
0.14 0.12 0.29 0.34

—-...-—..—.-._—....—_—.—.-—-...——._—.._—

2.50
2.13
2.02
1.98
0.96
1.98
2.16
1.92
2.29
1.93
2.42
1.96
1.83
1.89
2.05
1.92
1.82
2.10
2.21
1.84
1.75
2.13
1.83

1.97
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The highest poltassium content (2.79%1) was found in PDA 3 and

minimum (1.90) in ICPL Z2&Z2.

The percent of potassium in rool was decreased due to
sea water treatment in all the 28 genotypes. The decrese was
maximum (1.15%) in ICPL 344 over control and minimum (0.0&%)
in PDA 5. The maximum percent of potassium was found in PDA
5 and minimum in . ICPL 344. There was nol much difference

in roolt potassium cantent among 28 genolypes.

There was a decrease in potassium content in all the
plant parts of pigeonpea due to 1574 sea water treatment. The

decrease was more in roots in most of the genotlypes.
4.6.3 Zinc

The data on concentration of -zinc in various plant
parts of 28 pigeonpea genolypes are presented in Table 23.
The concentration of zinc was more in leaves followed by -
root and stem in both control and treatment. There was no
particular trend in increasing the zinc content in 1leaves
due to 154 sea water treatmenf. Thirtéen genotypes showed an
increase in zinc content due to the tfeatment, but others
showed decrease in zinc content in leaves wilh 1tlreatment.
" The maximum décrease was in 3.3%4 in C-~11 due to tlhe lreat-

ment.
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Table 23 : Effect of 15% sea water

on Zinc content
in various plant parts of pigeodnpea
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54 _sea waler

Leaves

Stem
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PANT A 106

BDNA 5
IcPL 312
C—11

MRG &7
PDA-5
ICPL~-36&1
JNA 421
BDNA-7
ICPL-344
ICPL-262
ICPL-273
ICPL-270
62235
5-80

RMG 66
PDM-1
EDN-3
ICPL 333
MRG 53
MA 162

"ICPL 295

ICPL 296
ICPL 348
PDA~3

ICPL 338
ICPL 337
ICPL 342

Mean
Standard

deviation

Control

Leaves Stem Rootl
77.5 56.4 65.8
82.3 56.4 78.0
79 .6 58.4 70.4
83.4 61.8 79.4
76.2 49.5 64.8
8z2.6 53.2 75.2
83.3 60.4 79.5
80.6 58.5 70.48
79.7 44,7 72.8
77.5 47.5 65.8
a8z2.7 52.0 70.3
81.8 51.4 62.0
76.8 49.9 67.8
81.4 55.3 65.8
80.1 54.0 70.8
83.1 51.1 78.4
74.4 42.6 67.8
79.5 50.9 65.2
76.4 54.1 68.4
80.5 58.5 70.8
78.8 57.6 69.1
77 .4 55.5 68.5
78.4 53.5 70.5
85.7 49.5 76.4
81.9 52.1 70.3
79.9 50.1 70.1
78.3 49.2 68.5
83.0 50.6 74.8
80.1 53.3 70.9

2.8 4.1 4.3

49.3
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The content of zinc in stem decreased due to treatment
in all genotypes excepl in MRG 67, ICPL 344 and §-80. The
maximum decrease was found in ICPL 273. The maximum content

of zinc was found in C-11 in both control and treatment.

There was a decrease in zinc contént of rools in lreat-
ment compared Lo control in all the 28 pigeonpea genétypes
except S-80. The decrease was in the range of 0 to 2.7 ppm.
The maximum ziqc content was in €C-11 in both the control and

treatment.

There was a decrease in In cantent in root due to
treatment in all the genolypes except ICPL 344, ICPL. 270,
RMG &6 and ICPL 348. The genotypes differed in the zinc con-
tent in leaves due to treatment, excepl three genolypes,
all the others showed a decrease in stem zinc content due to

treatment.
4.6.4 Manganese

The data on concentration of manganese in various plant
parts of 28 pigeonpea genotypes are given in Table 24. The
content of manganese was more in leaf followed by stem and

rootl.

The content of manganese in leaves was in the range of

25.5. to 28.4 ppm. With the treatment of sea water, only a
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Table 24 : Effect of 19% sea water on Manganese content(ppm)
in various plant parls of pigeaonpea
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S. Control 15% Sea Water
No Genotypes Leaves Stem Roaot Leaves Stem Root
1 PANT A 106 28.2 21.5 2.5 29.1 22.4 10.2
2 BDNA 5 27.5 20.2 8.5 28.0 21.5 9.3
3  ICPL 312 25.5 22.0 7.9 25.9 23 .1 8.5
4 C-11 26.5 21.9 10.2 = 26.3 22.8 10.7
5  MRG &7 28.4 - 22.5 a5 28.7 23.1 8.9
&  PDA-5 25.6 19.8 8.2 26.2 21.2 9.5
7  ICPL-361 26.8 18.9 - g.2 27.0 19.5 9.7
&  JUNA 424 27.2 20.3 2.1 28.1 21.4 9.8
9  BDNA-7 28.1 21.2 8.6 28.5 22.6 9.4
10  ICPL-344 27.8 20.9 8.7 27.9 23.4 9.7
11 1CPL-262 28.4 22.2 7.9 28.3 22.5 8.9
12 ICPL-273 27.9 22.0 8.1 28.2 22.7 10.3
13 ICPL-270 26.8 24.8 7.8 27.5 25.3 8.2
14  6223-5 27.4 19.2 8.5 28.2 20.8 9.2
15 s-80 = ' 27.0 19.8 9.0 27.9 20.3 9.6
16 RMG 66  28.2  19.7 8.8 28.7 19.5 8.9
17 PDM-1 28.3 20.2 7.6 29 .1 21.6 8.7
18  EDN-3 27.9 20.6 7.8 27.8 20.8 8.6
19  ICPL 333 27.3 19.8 7.8~ 27.2 21.5 8.6
20 MRG 53 26.7 19.5 7.5 27.3 22.4 8.6
21 MA 162 27.4 20.2 8.2 28.2 2z2.2 9.9
22  ICPL 295 28.4 20.5 8.5 28.9 20.0 9.7
23  ICPL 296 25.5 18.4 7.1 27.5 - 20.7 8.4
24  ICPL 348 26.5 19.6 7.5 26.8 22.4 8.3
25  PDA-3 27.5 19.9 7.9 28.4 23.4 8.5
26  ICPL 338 27 .4 20.5 8.2 27.0 22.3 9.0
27  ICPL 337 28.0 21.6 8.0 26.8 23.4 9.2
28  ICPL 342 27.8 21.2 9.6 28.4 22.9 8.5
Mean ‘27.4 © 20.7 8.3 27.8 21.9 9.1
Standard '

deviation 0.9 1.3 0.7 0.9 1.3 0.7
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marginal increase was observed in most of lhe genotypes. The

increase was in the range of 0.1 to 2.0%4.

The content of mahganese in stem increased in all the
genotlypes with the‘treatment. The maximum increase (2.9 ppm)
was found in MRG 53. There was not much difference in stem
manganese content in control. The maximum slem mangénese

content was found in ICPL 344 and ICPL 337.

The content of manganese in rool was increased due to
treatment. The increase was in the range of 0.1 to 2.2 ppm
aover control with maximum increase in ICPL 273. The maximum
manjanese content of 10.7 ppm and 10.2 ppm were found in C-—

11 in lhe trealment and control respeclively.
4.6.5 Copper

The effect of sea water on concentraltion of copper in
various plant parts of pigeonpea are given in Table Z5. The
concentration of copper was more in root followed by leaf and

stem in both control and trealtment.

The copper content in leqf q; decreased marginally in
19 genotypes. The decrease was in the range of 0.1 to 1.1
ppm over control. Remaining 9 genolypes showed a slight in-
crease in copper content. The increase was in the range of

0.1 to 1.1 ppm. In C-11 the leaf contained méximum when com—



Table 25 ¢ Effect of 157 sea water

Genolypes

on Copper content (ppm)
in various plant parls of pigeonpea
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BDNA 5
ICPL 312
C—11

MRG &7
PDA-5
ICPL-361
JNA 421
BDNA-7
ICPL-344
ICPL-262
ICPL-273
1ICPL-270
62235
5~80

RMG &6
PDM~1
EDN-3
ICPL 333
MRG 53
MA 162
ICPL 295
ICPL 296
ICPL 348
PDA-3
ICPL 338
ICPL 337
ICPL 342

Mean
Standard

deviation

Control

Leaves Stem Root
12.1 16.8 25.5
20.5 20.2 28.0
18.1 17 .5 30.8
21.5 19.8 279.8
12.8 192.0 26.8
17 .6 17.7 24.5
18.3 17.8 27.9
17.8 18.2 28.4
16.7 14.8 23.3
16.95 15.3 20.5
17.2 16.4 24.7
19.4 17.8 26.4
20.1 15.4 25.8
19.8 17.1 25.0
18.7 18.8 27 .1
17.9 18.2 28.0
17.5 18.1 27.3
12.0 17.8 25.4
18.1 16.5 26.4
18.4 18.2 27.2
17.8 17.1 30.1
18.8 17.9 e27.7
19.1 192.0 30.2
18.6 18.4 28.3
17.9 17.6 28.46
17 .4 17.0 27.0
18.2 18.3 24.7
18.4 18.8 25.9
Ig.5 17.7 26.8

1.1 1.3 2.2

154 Sea Water
Leaves Stem Root
18.0 17.5 25.7
21.2 20.5 28.7
17.2 17.8 29.4
22.0 20.1 28.5
19.4 18.7 ° 26.2
17.0 17.5 25.6
17 .9 18.2 26.5
18.1 18.1 28.0
16.5 15.2 22.2
15.9 16.1 18.5
17.5 16.8 25.0
192.0 17.5 26.2
19.8 15,1 24.9
18.7 17.5 25.3
18.0 18.5 25.8
17.2 17.8 27.5
17.0 17.5 26.2
18.9 18.0 25.0
18.3 16.2 25.9
18.0 17.9 26.8
17.9 17 .0 28.1
18.2 17.7 27.6
18.4 17 .9 28.4
18.0 18.2 30.1
17.6 16.5 27.4
16.9 16.5 25.6
18.1 17.9 22.5
18.8 19.4 24.8
18.2 17.4 26.1

1.3 1.2 2.4
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pared with other genotypes bolh in control and treatment.

The genotypes differed in their response in copper con-
tent in the stem. Twelve cultivars showed a slight increase
in their copper content due to the treatmen} and other 16
genolypes showed a marginal decrease in the copper con%ent.
The maximum content was present in BDNA 5 both in control

and treatment.

The copper content in rool decreased in trealment com-
pared with the control was observed in twently two cultivars.
The decrease was in the range of 0.1 te " 1.8 ppm. Maximum
decrease was found in ICPL 348, and the maximum copper con—

tent was found in the same genolype in the trealment.

4.6.6 1lron

The effect of sea water on iron content 1in various
plant pérts are given in Table 2&. The concentration of iron

was more in root followed by leaf and stem.

There was an increase in the iron content of leaf in
té;tment than control in é}l lhe genolypes. The maximum in-
.crease was found in PQA 32 and miﬁimum in €C-11. The maximum
iron content was found in the leaf of ICPL 344 and minimum

in ICPL 278.
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Table 26 i Effect of 15%Z sea water on Iron content (ppm)
in various plant parts of pigeonpea
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S. Control 154 Sea Water
No Genotypes Leaves Stem Rootl Leaves Stem Root
1 PANT A 106 286.5 240.8 342.8 226.5 256.5 376.8
2 BDNA 5 261.4 259.4 335.7 285.2 272.8 385.6
3 ICPL 312 305.7 280.7 328.1 315.4 308.8 360.5
4 C-11 305.1 256.7 325.8 295.6 315.1 388.4
5 MRG 67 315.7 270.5 334.5 325.6 322.8: 3795.8
6 PDA-S 315.3 267.5 318.4 324.8 315.9 365.2
7 ICPL-361 310.1 251.1 316.8 330.5 320.4 370.3
8 JNA 421 319.4 258.1 333.4 326.5 325.6 409.1
9 BDNA-7 . 285.1 271.2 T 325.4 315.4 2?24.3 378.0
10 ICPL-344 326.4 269.5 335.9 334.8 335.6 381.2
11 ICPL-262 284.5 258.1 345.8 290.5 295.4 389.7
12 ICPL-273 279.0 249.2 334.5 283.6 285.1 380.4
13 I1CPL-270 289.9 274.5 324.2 305.8 285.1 375.4
14 6223-5 274.8 281.7 342.6 289.4 270.5 400.5
15 S-80 285.7 25%2.3 328.4 304.5 295.4 372.3
16 RMG 66 315.5 254.8 330.8 326.4 326.6 385.2
17 PDM-1 305.6 265.7 346.5 325.6 306.1 395.8
18 BDN-3 280.7 243.4 329.6 295.8 285.6 378.4
19 ICPL 333 288.4 256.5 334.5 300.3 298.4 384.1
20 MRG 53 309.3 261.0 336.9 319.5 315.6 385.0
21 MA 162 289 .9 249.9 340.6 306.9 304.2 372.6
22 ICPL 295 315.3 250.5 349.8 323.7 325.7 37%2.4
23 ICPL 296 303.0 248.7 335.3 315.8 30%.4 370.5
24 ICPL 348 284.4 252.6 325.6 304.6 295.8 384.2
25 PDA-3 295.4 249.6 3392.5 325.4 307.4 385.4
26 ICPL 338 280.9 251.1 328.8 290.7 28%.2 384.5
27 ICPL 337 307.4 258.7 342.8 310.8 324.5 395.5
28 ICPL 342 287 .1 250.9 333.9 301.8 298.4 385.4
Mean 296.7 258.6 333.8 309.7 303.8 382.7
Standard

deviation 16.1 10.6 8.2 15.2 18.3 10.7
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In the stem also the iron content was increased due to
the trealment in all the genotypes. Maximum increase 735.7
ppm over control was found in JNA 421. The minimum increase

29.6 ppm was found in ICPL 295.
The iron content in root was increased due to trealment
in all the genotypes. Maximum increase was found in JNA 421

(75.7 ppm).

Of all the three plant parts, - the increase was more in

root in most of the genotypes.

4.6.7 at-Amylase aclivily

The effect of sea water on theotamylase activily was
given in the Table 27. There was a reduction in amylase ac~
tivity due to sea water treatment.‘ Maximum activity was
found in C-11 (24.4 mg reducing sugar/g fresh wt/hr) and
least was in ICPL 337 in control. Varietal differences were
observed in the reduction ofstamylase acltivity due to sea

water treatment. Maximum reducltion inkamylase activity was

found in RMG &6 and minimum in S-80.
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Table 27 & Effect of 15% sea water on«wamylase
activity in the colyledons of pigeonpea
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= Amylase activitylmd swuerd swjar (8 Friatn)

No. Genotypes Control 15% Sea water
1 PANT A 106 22.6 19.2
2 BEDNA 5 22.8 18.9
3 ICPL 312 23.2 20.1
4 C-11 24.4 21.8
5 MRG &7 23.1 21.1
& PDA-5 23.5 17.4
7 ICPL—-361 23.3 20.0
8 JNA 421 - 23.4 20.8
9 BDNA-7 22.8 i 19.5

10 ICPL—-344 22.5 19.2

11 ICPL-262 22.0 19.0

12 ICPL-273 22.2 18.9

13 ICPL~-270 23.6 20.2

14 - 6223-5 23.1 20.0

15 S—-80 22.4 20.1

16 RMG 66 23.23 1841

17 PDM~1 22.8 20.0

18 BDN-3 22.1 19.4

19 ICPL 333 23.9 192.9

20 MRG 33 22.5 18.7

21 MA 162 23.1 19.7

22 ICPL 29% 23.0 19.3

23 ICPL 296 22.7 18.4

24  ICPL 348 2z .2 19.0

25 PDA-3 23.1 12.5

26 ICPL 338 22.9 18.7

27 ICPL 337 21.9 18.9

28 1CPL 342 22.4 19.2

Mean 22.9 19.4
Standard
deviation 0.6 0.9
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Seed germination which starts with imbibition of water
is adversely effected due to salinity due to decreased water
availability by lowered water polential. The percent of
water uptake by the pigeonpea seeds showed (Table‘ 4) that
the sea waler effected the imbibition of water by seed. This
was because of high concentration of salls present in sea
water. GSimilar results were found by Ramesh Babu and Sunil
Kumar (1979) in C. cajan and Cawarietinum where the water
uptake after 24 hours of imbibition was low as the (E.C. of
the medium increase) osmotic potential decreased. The reason
was largely due to osmotic effecls. Younis and Hatata (1971)
also found that high concenltrations of salt adversely af-
fected the seeds during imbibition and as a resull they lost

their viability.

As Lhe concentration of the sea water decreased the im-
bibition (%4 water upltake) was increased, because of the
dilution of salts producing less detrimental effeclt. Maximum -
imbibition was observed in distilled water (with minimum im-—
bibition at 100%Z sea water) at all intervals and confirmed
that salts present.%n the sea water reduced the imbibition
process. The rate of water'uptake was also maximum in dis-
‘ tilled watler(49.8%) when compared 1o the treatment (39.0)

even at 2 h after sowing.
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Nhen seeds placed in distilled water in petridishes un-
der optimum conditions for germination showed a triphasic
pattern of water uptake. Initial uptake of wate? in phase 1
(i.e. imbibition) was a consegquence of the mgtric forces of
the cell walls and cell contents of the seed, phase 11 Qas
the 1lag period of water uptake, phase 111 assaciated with
visible germination. The percentage of water uptake EFig.S)
showed that with distilled water the seeds have entred into
phase 11 10 h after sowing, but 100% sea water, and 75%% sea -
water the phase I was still continuing even after 12 h after

sowing.

The resultls of Jaiswal and Singh (1985) suggested that
high salt concentration not only inhibited the germination
of seéds of Tomoto bul also delayed. Similar resulls were
also obtained in the present study. In both the genolypes,
there was no germination upto iE h after sowing with 100%
sea water. Only 2.46% and 6.8 percent germination was ob-
served in BDN-1 and ICPL 87 respectively even after 84 h.
Whereas in control it was 847% ana 57.3% in BDN-1 and ICPL 87
respecltively at 24 h. The inhibition of germination in com-
parison to control may be associated with osmotic effect,
specific ion or altred enzyme activities (Kurian and Iyen-
gar, 1267). Nieman (1962) associaled the poor germinalion of
seed to the specific ion effect or the_abnormal activities
of enzymes. Prisco and oleary (1970) reported that the in-

hibition of germination was due to both toxic and osmotic
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pressure effect of higher sall concenlralion.

Similar results of reduction‘ of germination due to
sglinity was observed by many authors (Abel and Mackenzie
1964; paliwal and Maliwal, 1973; Rathore gt al., 1977).

The rate of germination was delayed due 1lo the
salinity. In bolh the genolypes, the germination started by
24 h with 37.54 sea water and reached maximum within 24 h,
whereas increased concentration of sea water delayed the in-
itiation of germination. The final germination percentage by
84 h was decreased wilh the increased salinity. %7.3%,
?7.3%4, 89.3%, 88.0%L, 86.6%4, 74.6%, 70.6%, 18.6% and 2.6% in
BDN—-1 in distilled water, 12.3%, 25.92, 37.5%, 50.0%4, 62.5%,
75.0%4, 87.%4 and 1004 sea water r;spectively. Similar trend
was also found in pigeonpea genotype ICPL 87. Paliwal and
Maliwal (1973) also got the same resﬁlts wilth some arhar
and cowpea varieties. The major metabolic events which take
place in preparaltion for 9germination wundoubtedly occur
during phase 11. This was shown by recenlt work on a variety

of seeds (like Allium cepa. Daucus caretla, Apium grareolens,

;mpatiens 5p.) (Bewley and Black, i??&). At high concentra-
tions of saltls, the seeds allow phase I to occur but not
phase 11X, and seeds were held in phase 11 for long time and
thus germination delayed. This may be the reason for delayed
germination at 72 h in both the genotypes.:Similarly Paliwal

and Maliwal (1982) observed that germination of crop
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varieties of groundnul, sesamum, soybean and mustard was
decreased as well as delayed with the increase of salinily
(3 to 18 dSmP—"1). The interaction between salt concenltra-~

tiong and time was significant.

The length of the radicle was decreased wilh increasing
salinity (Table 11). At 62.5% sea water the radicle length
was increased upto 5th day and‘afterwards there was no in-
crease. This may bhe due to high osmolic pressure, which
binds the water and renders it less available to plant
roolts. As the concentration of sea water decreased the root
length was increased and reached maximum in distilled water.
The root lenglh was more in Experiment(B) than Experiment(A)
at all intervals. The reason is that in Experiment (R) the
seeds were first imbibed in distilled waler so al the later
stage the growth was more in all the treatments when com—

-

pared with the same treatments in Experimenlt (A)

The relative growth rate was also decreased with in— '’
creasing sea waler concentration. RRGR of rool growth showed
a decline over time. In 62.%% sea waler and, 50.0%4 sea waler
the RRGR was =zero between 7-8 days after sowing in
Experiment(A). This confirms that eventhough there was a
limited rool growth during initial period, because of high
concentration of the salts in the medium,; the growth was
later affected. As the concentration .of the sea water

decreased the RGR was increased to maximum in distilled
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water, 48% of seeds were germinated 50% sea water and 77.3%
in 37.5% sea water. So the concentration that reduced 350%
germination was considered as a optimum concentration for

screening.

The data on germination percentage for the 28 pigeonpea
genotypes are given in Table 14. Out of twenty' eight
genolypes tested only three germinated at 24 h with 40% sea

water, whereas with the distilled water all the genotypes

gerﬁinated.

At 36 h  ICPL 270, PDA-5 and ICPL 296 showed 50.0%,
46.3%, A5.9% reduction in germination percentages compared
to control. Genolypic differences were observed in germina-
tion with 40% sea water. Similar observation was made with
the varielies of pigeonpea and cowpea by Paliwal and Maliwal
(1973) and in wheat (Narayanan 197%). Padmanathan and Rao

(1975) reported that artificial salinisation resulted in a

reduction in germination in sorghum varieties.

At 48 h after sowing all the 28 genolypes reached it
maximum percentage of germination. Bul, 53.7%4 and 56.6%,
60.7% germination over‘control was observed in PDA-S, ICPL-
.296 and ICPL 333 respectively. Not only the plant species
but;also\their genolypes showed and a differential behaviour
to sall at germination and seedling stagé. While studying 30

varielties of barley under controlled conditions, Ayers
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watey (Binet 1960) . Seedsg germlnated in fresy Water 4t 83.0%
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cal conductivit levels-from 0 to
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11 genolypes showed less than 20% reduction over control.

The root 1length and stem height (Table 18) showed a
significant reduction due to treatments. Similar response
was observed by Padmanathan and Rao (1975) in sorghum see-
dlings. The tolerant varieties recorded belter rootl develop-
ment as compared Lo susceptable varieties. They also ob-
served this in shoot length. Maximum reduction’in roat
length and stem height was observed in JNA 421, BDNA 7 and
ICPL 262. Paliwal and Maliwal (1973) observed thal weight of
the seedlings of pigeonpea was decreased by 50 to 90 per

cent at the highest level of salinity (& mmhos/cm).

Kent and Lauchli (1985) also found that the addition of
200 mol m~= NaCl to growing media resulted in a large reduc~
tion in roolt fresh weight, but this was ameliorated by about
3074 by the addition of 10 mol m~3 CaS04 or CaClg. Probably,
the salinity caused .inhibition‘ of root growth which per-—
sisted at high Ca®* supply is related to the difference 1in
water potential of the control and high salt treatment and

thus due  to an osmotlic effect.

The leaf area was decreased due to the treatment in all
the genotypes except ICPL 29% (Table 19). Out of 28
genotypes tlested, 11 genotypes showed more than 404 reduc-—

tion in leaf area over control. It is in_confirmation with

the results of Joshi and Nimbalkar (1983). They observed
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Table 28 ¢ Effect of 15% sea waler on K/Na ratio in various
plant parts of pigeonpea

ot e at e b s o200 e Vb B Y R Rt 41948 bmmnd POAAR SmitY SHem G454 seeve Tirin Seseh Srene e (it SAAYS veben FOoSe et ST SRS FUVSD PSS Pt S PR Sheas St Seaks Pobsy 4hiss FmreS SRt tnsas sebes Seben Sreim Pams Sk Smade heven et Seess febem Sea MO Sasse S FreSs boecs M dukry Seres St Vo o S et

S. Control 15% Sea Water
No Genolypes Leaves Stem Root Leaves Stem Root
1 PANT A 106 24.13 19.44 15.36 8.85 5.07 2.02
2 EBEDNA 3 21.92 17 .62 12.78 8.16 5.27 1.82
3 ICPL 312 14.06 14 .32 13.53 5.09 5.56 2.03
4 C—-11 23.47 14.27 14.25 8.51 3.6? 2.78
5 MRG &7 19 .44 16.33 15.38 7.28 3.05 1.87
1) PDA~5 14.85 15.14 13.33 6.28 4.01 2.43
7 ICPL~361 25.36 17 .56 13.05 8.69 5.09 2.49
8 JNA 421 25.08 14.32 13.72 5.87 5.74 1.91
9  BDNA-7 22.42 11.87  ~ 14.08 7.55 4,11 2.09
10 ICPL—-344 ?.58 14.38 16.47 11.52 3.94 1.03
11 ICPL—-2462 23.58 14.94 16 .01 7.94 3.78 1.93
12 ICPL—-273 18.48 23.81 13.98 5.12 5.64 ' 2.14
13 1CPL—-270 27.14 20.%0 12.59 b.67 5.02 2.07
14 62235 25.00 23.67 14.57 10.58 4.97 2.52
15 5-80 28.20 12.83 15.59 ?.37 ' 5.32 1.81
16 RMG &6 21.03 20.39 15.18 6.60 5.89 2.76
17 PDM-1 21.32 21.72 14.18 5.87 4.81 2.24
18 BDN-3 22.99 23.39 15746 5.55 4.91 1.79
19 ICPL 333  26.22  19.09 17.37 7.30 4.57 2.00
20 MRG 53 27.35 22.13 17 .19 7.03 5.32 2.10
21 MA 162 28.50 21.86 15.06 ?2.36 5.53 2.19
22 ICPL 295 24.12 22.84 14.82 8.71 4.65 1.98
23 ICPL 296 20.35 21.93 13.33 8.38 4.80 1.93
24 ICPL 348 25.72 25.33 14 .38 6£.50 4.51 2.24
25 PDA-3 21.26 21.35 14.55 | 7.26 5.79 1.63
26 ICPL 338 18.83  14.39 16.40 7.52 3.53 1.78
27 ICPL 337 21.38 14.83 16.29 7.87 5.14 1.94
28 ICPL 342 .25.31 13.83 12.79 6.71 4,67 1.75
Mean 22.39 18.61 14.74 7.58 4.79 2.04

Standard

deviation 4.39 3.88 1.29 1.55 0.75 0.35
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oarginally increased
. Chavan nd Karadge (1980) Notey that
ltherg was 4 1ncrease In My Conteny due to the Salt Stregg 1
ali] plant bPartg of groundnut but Bhivare nd NimbalPar
(1984) observed that content of M showed 1Fferent1 1
€Sponse |
The Coppe, co tent wa ecreased In the Footg dye to
the salinit . Bhivare an Nimbalkar (1984) bserved the
Coppea, Co tent wasg Oow j Phaseolus ggiuaris in the treat~
ment whep compared With the control.
he ; on content wag ncreased in a3 the Flant Fartg
of 2g cultivars tested The 1ncrease Wasg Mora in Footg fo)l-
lopwed by lten &ng 1eaves The content Fe wasg
to salinity in h
1984,

(Bhivare and Nimbalk r,
re Markeay differences in the increase of
on Content due to salinit \
The effect of Sea |, ley thexamylase a tivit wa
Jivep In the labje 27, There was g reduction amy ] 54 ac .
tivity Ue tq4 seq Wate, fatmea t. Maximum activ1t wasg
Found in C~14 (24 4 My reducing sugar/g Fresh Wl/hp) ang
least was jp ICp 337, Udhay 4 £l a3 (1987, CPortay that
he Saltg stress 1nduce 1nhib1t on ﬁxamylase activity and
timulatio of Starc phosphoryl 5 actiV1t in the
tyledons 0 horesegra during early period



124

Varietal differences were observed in the reduction of

amylase aclivily due to sea water treatment. Maximum reduc-

tion inXamylase activily was found in RMG &é& and minimum in
and Narayonar

5-&80. Faraccmes =g Barin (1968) proved that a supply of

salt resulted in the reduction of amylase acltivily observed

could be either due to a lowering of the symthesis of the

amylase enzyme protein or to an inhihition of the enzyme ac-

tivity.

Thus from the above mentioned studies il is concluded
that the high salt content inhibit the imbibition by the
pigjeonpea seeds, leading to delay in the germination. The
salinity also caused a reduction in seedling growth. In
pigeonpea cultivars the salt tolerance at gefmination and

seedling stage were different.

The mineral uptake by the plant at a fixed concentra-
tion of sall solution can be taken as a criteria for screen-
ing the cultivars. Minimum sodium percent was found in C-11,
suggésting that this variety may bhe lolerant to salinity.
The uptake of potassium alsv highly decreased in C-11 with
the sea water treatment. The A amylase activilty reduced with
the increase in the saltl content in water. Maximum aclivity
was found in C-11. Genotlypic differences were observed for-

reduction of o4 amylase activity due to sea water treatmentl.
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The effect of diluted sea water on imbibition of water
by pigeonpea seeds, germination of seeds was studied. Also
the screening of pigeonpea germplasm was done and eslimated

the chemical components in various planlt partis.

The percent of water wuptake by the pigeonpea seeds
showed that the sea water affected the imbibition of waler
. by seeds. As the concentration of the sea water increased
the imbibition (percent water wuptake) 'was decreased in
éenotypes BDN-1 and ICPL 87. There was no germination upto
72 h after sowing with 100 percent sea water. Only 2.&6%4Z and
6.8%4 germination was observed in EDN-1 and ICPL 87 respec—
tively even after 84 h. Whereas in control it was 84 percent
and 57.3 percenixfor EDN-1 and ICPL 87 respeclively at 24 h.

The rate of germination was delayed due to salinily.

When the seeds were germinated and grown in different
concentrations of sea water, the radicle length decreased
with increasing salinity. Al 62.5 percent sea -  water the
radicle lengtlh was increased wupto Sth day and afterwards
there was no increase. As the concentration of sea water
decreased the radicle lenglh was increased and reached maxi-
mum in distilled water. The radicle length was more when Ulhe
seeds were germinated in distilled water. When the seeds

were soaked in distilled water and grown in diluted sea

126
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waters, 1lhe RRGR was more lhan that of seeds germinated in
diluted sea walers. As the concentration of sea waler in-
creased there was a reduction in Absolutq growth rate of
radicle” Rate of radicle growth was mo?e when the seeds were
germinated in distilled water and latér grown in diluted sea
water as compared to the seeds germinated and grown in

diluted sea water.

Out of twenty eight genotypes tested only three ger-—
minated at 24 h with 40 percent sea water, whereas with dis~
tilled water all the 3jenolypes germinated. During 24-36 h
period the germination rate was maximum iﬁ the treatment

than in control in most of the genolypes.

DF} weight of leaves, stem and root was reduced in al-
most all the genotypes due to the sea waler treatment, but
the degree of reduction differed among genolypes. The
root/shoot ratio decreased with the treatment in 14
genolypes out of éB Jenolypes tested. The rool length and
stem height showed a significant reduction due to sea water
treatment. The leaf area was also decreased due to the
trealtment in all the genotlypes except ICPL 295. In all the
genolypes except BDNA 5, ICPL 295, ICPL 337 and ICPL 342
there wés a reduction in specific leaf area due to sea water

treatment.
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The total moisture content in plant was decreased ‘with
sea walter treatment in all the genotypes except ICPL 270,

ICPL 344, ICPL 348 and S-80.

There was an increase in the percentage of sodium about
.2 to 0.3 percént due to 15 percent sea water treatment in
all genotypes. The increase in sodium per cenlt in stem due
to treatment was in the range of O.16 to 0.43. Among the
three plant parts the increase in Sodium cotent was more in
root in all the 28 genotypes tested followed by stem and

leaves.

There was a decrease in potassium content of leaves due
to *5 percent sea water treatment in all the geﬁotypes. The
decrease was highest in C-11 and least in ICPL 342. The per
cent of potassium in stem and rool also decreased in all the
28 genotypes due to 15.percent sea water treatmenl. Among
the three plant parls the decrease in potassium content was

more in rools in most of the genolypes.

Thirteen genolypes showed an increase in zinc content
due to the treatment, but others showed decrease in zinc
content in leaves. The gontent of zinc in stem decreased due
to treatment in all genotypes a excepl in MRG 67, I1CPL 344
and 5-80. There was a decrease in Zn content in reool due to.

treatment in all th genotypes exceplt ICPL 344, ICPL 270.
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With the treatmént of sea water only a marginal in-
crease in Mn content of leaves observed in most of tlhe
genotypes. The content of the manganese ‘in stém increased in
all the genolypes with the treatment. The content of man—

ganese in rool also increased due to trealment.

The copper content in leaf decreased marginally in 19
genoltypes. The genolypes differed in their response in cop-
per content in the stem. The copper content in rool
decreased in treatment compared with the control was ob-

served in twenty two cullivars.

There was an increase in the iron content of leaves of
plant grown in sea waler in all the genotypes. Iron content
in stem and root was also increased due to the treatment in
all the genolypes. The maximum increase in stem was found in

PDA 3 and in root in the case of JNA 421.

The o amylase activity reduced with the increase in
the salt content in walter. MVarietal differences were ob-
served in the reduction of amylase activily due to sea water
treatment. Maximum reduction inamylase activity was found

in RMG && and minimum in $-80.
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