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A B S T R ACT 

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

As the concentration of the sea water increased the im­
bibition (percent water uptake) was decreased in genotypes 
BDN-1 and lCPL-8~. Only 2.6 and 6.8 percent germination was 
observed 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 waters the RRGR and radicle length were more than tha~ 
of seeds germinated directly in diluted sea waters. 

Out of the twenty eight genotypes tested only three 
genotypes germinated at 24 h with 40 percent sea water, 
whereas with distilled water all the genotypes germinated. 
Maximum reduction in 40 percent sea water over control was 
observed in PDA5 and ICPL 296 (46.3 and 43.4 percent 
respectively) at 48 h after sowing. Genotypes BDNA-5; ICPL-
312. C-11. MRG 67. 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 phytomass 
of 46.7 and 44.0 mg plant- 1 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 percent respectively which was maximum as 
compared to other genotypes. The percentage reduction in 
root dry weight was maximum in lCPL 337 (3t.0 percent) due 
to sea water treatment. All the genotypes except C-11 showed 



a reduction in root length due to the treatment. 

Among the three plant parts the increase in sodium con­
tent due to ·sea water treatment was more in roots followed 
by stem and leaves. Minimum Sodium percent was found in C-
11. There was a decrease in K and Zn content in all the 
plant parts of pigeonpea due to 15 percent sea water treat­
ment. The Mn content of leaves, stem and root 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, items and roots of all 
genotypes grown in sea water. Reduction in 0< amylase ac­
tivity due to sea water treatment was also observed during 
germination. Genotypic differences were observed for reduc­
t i on of ~ amylase act i v i ty due to sea wate r treatment. 
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great Variability in this regard has been reported at varie­

tal and species levels. The Salt in the nutrient media have 

different e"ects on grOwth, PhYSiOlogy and accumUlation 0' 

AgriCUltural crops in general Show marked differences 

in their ability to grow under Salt stress Conditions and 
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varioUS 
organic 

and 
inorganic 

SOlutes in legumes. 
ThOUgh 

the Salt 
tOlerance of a species Or a variety is highly 

< 

dYnamic 
and 

Changes With the stages of growth but a satis_ 'acto

ry 

percentage Of germination is Very essential for 

maintaining an OPtimum PO~lation density in the 'ield to 

get higher Yields. Salinity CaUses specific ion e"ects 

cOUPled With osmotic e"ects on various growth Processes 0' 
Plant. The mOst important initial stages of Plant growth are 

germination and seedling development. There'ore studies on 

the e"ect 0' salinity on these PhYSiOlogical Processes had 

been carried Out in various crops in order to investigate 

the nature 0' damage caused by salinity, mechanism 0' Salt 
injury and genetic tOlerance. 

Salt stress USUally leads to suppression of growth and 

it increases as the Salt concentration increasees in the 

sOil until the Plants dies o'f (Gauch and Eaton, 
1978). 

1942; Mass 
The varietal differences in Salt 

tOlerance are knOwn to eXist in certain crops (Wallhab, 

961, BeY-nstein, J975). While reVieWing salt tOlerance at 

'rmination stage, ~liwal and Pali~l (1~9) POinted Out 

at germinating capaCity of a seed Significantly varies 
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with the nature of crop, its variety, type 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 ~f pigeonpea and.cow-

pea varieties are salt tolerant from 6 to 12 dSm- 1 ~ In 

.general, pigeonpea is more tolerant than cowpea. The effects 

of salinity on plant growth may vary depending 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 concept that the established plants 

tolerate salt stress more efficiently than the germinating 

seed was explained by Kling (1954) by suggesting that the 

initiation of photosynthetic activity in seedlings increased 

their osmotic pressure and hence the increased salt 

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 availability or to a 

specific ion effect. The ions present in excess in saline 

soils bring out specific changes in some plant species. 

Beyond certain levels, salt concentrations within the plant 
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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 nutrient media have 

different effects on growth, physiology and accumulation of 

various organic and inorganic solutes in legumes. Though 

the salt tolerance of a species or a variety is highly 
I 

dynamic and changes with the stages of growth but a satis-

factory percentage of germination is Very essential for 

maintaining an optimum population density in the field to 

get higher yields. Salinity causes specific ion effects 

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' 

been carried out in various crops in order to investigate 

the nature of damage caused by salinity, mechanism of salt 

injury and genetic tolerance. 

Salt stress usually leads to suppression of growth and 

it increases as the salt concentration increasees in the 

soil until the plants dies off (Gauch .nd Eaton, 1942; Mass 

and Nieman, 1978) • The varietal differences in salt 

tolerance are known to 

1961; BeY'nstein, 1975) • 

rm.fna&.zon 5t&lge , N~.1.fwa.l 

e~dst in certain crops (Wallhab, 

It tolerance at While reviewing sa 

and Pa.1.fwa.1 (1969) po.fnted out 
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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 nutrient media have 

different effects on growth, physiology and accumulation of 

various organic and inorganic solutes in legumes. Though 

the salt tolerance of a species or a variety is highly 

dynamic and changes with the stages of growth but a satis­

factory percentage of germination is very essential for 

maintaining an optimum popula~ion density in the field to 

get higher yields. Salinity causes specific ion effects 

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' 

been carried out in various crops in order to investigate 

the nature 0' damage caused by salinity, mechanism of salt 

injury and genetic tolerance. 

Salt stress usually leads to suppression of growth and 

it increas~s as the salt concentration increasees in the 

soil until the plants dies of' (Gauch and Eaton, 1942; Mass 

and Nie~an, 1978) • T~e varietal differences in salt 

tolerance are known to exist in certain crops (Wallhab, 

1961; BeY·nstein, 1975). While reviewing salt tolerance at 

germin~tion stage, Maliwal and Paliwal (1969) pointed out 

that germinating capacity of a seed significantly varies 
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with the nature of crop, its variety, type 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 varieties are salt tolerant from 6 to 12 dSm- 1 • In 

~eneral, pigeonpea is more tolerant than cowpea. The effects 

of salinity on plant growth may vary depending 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 concept that the established plants 

tolerate salt stress more efficiently than the germinating 

seed was explained by Kling (1954) by suggesting that the 

initiation of photosynthetic activity in seedlings increased 

their osmotic pressure and hence the increased salt 

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 availability or to a 

specific ion effect. The ions present in excess in saline 

soi~s bring out specific changes in some plant species. 

Beyond certain levels, salt concentrations within the plant 
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cell alter the rate of metabolic reactions to various de-

grees depending upon the plant species. The free p~oline 

content in the wheat plants decreased with NaCI salinity and 

with CaCl a and MgCl a salinities (Chauhan ~~. 1983). 

Hitherto in most of the experiments t~e salt stress was 

induced by NaCI, KCI or Cael a • Sea water contains large 
I 

amount of salts (about 3% with high EC value 

which impairs the normal growth and development of the 

plant •. Number of varieties o~ ~igeonpea have screened for 

salt tolerance using NaCI, KCI and CaCl a etc., but not with 

sea water which contains predomin~ntly Na and CI (457 and 

536 mM). 

The possibility of using saline water for irrigation, 

specially underground water, is very limited because, this 

water contains a considerable amount of harmful salts. The 

applicability of saline water for irrigation is first 

depends upon the concentration and composition of salts dis-

solved therein, and upon the degree t~ which plants are 

salt-resistant (Saidi and H~wash, 1971). Peacock and Dudeck 

(1986) studied the physiological responses of turfgrass to 

increasing levels of salinity derived from synthetic water 

in solution cult4re. Recently the possibilities of Using 

saline water and sea water to supplement the irrigation of 

plants growing on sandy soils have been investigated in many 

countries (Kurian, 1977). Therefore an investigation has 



-

been envisaged With the 'OIIOWing Objectives. 
5 

1. To study the e"ect 0' diluted Sea water on imbibition, 

germination and seedling growth 0' Pigeonpea. 

2. Screening 0' Pigeonpea genotYpes 'or Salt tOlerance at 
germination stage. 

3. Screening 0' Pigeonpea genotypes 'or salt tOlerance at 
seedling stage. 

4. To study the mineral UPtake and e"ect on the hYdrolYSing 
enzYme activities. 



REVIEW OF LITERATURE 



7 

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 that contribute to salinity. On a 

world-wide basis it is estimated that there are between 400 

and 950x10b hectares are primarily located in arid or semi­

arid areas where the problem may become further exacerbated 

by use of low-quality (i.e. saline) irrigation water. Both 

the extent of salt - affected land and economic losses are 

likely to increase in the future because of competition for 

high-quality water between agriculture and growing urban 

populations. 

Salinity is characterized by two main creteria namely 

low osmotic potential and high concentrations of potentially 

toxic ions such as Na, Ca, CI and others. Plants grown in 

saline soil are subjected to salt stress. Various modes of 

action of salinity in affecting plant responses have been 

advanced from time to time. These include a reduced water 

availability in the substrate, that is "Physiological 

drought" in the sense that effects 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 elemeMts. 

Salinity affects plants at all stages of development, 
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but sensitivity sometimes varies from one growth stage to 

the next. A comparison of salt tolerance during germination 

~nd emergence with later growth stages is difficult because 

different criteria must be used to evaluate plant response. 

A comparison of 50X reduction in yi~ld and emergence of 

several crops is shown by Maas (1986). Usually, crops are as 

tolerant, if not more so, at the germination stage a~ at 

later stages. One k~own exception is iugarbeet, which is 

more sensitive during germination. Other crops, e.g. barley, 

corn, cowpea, rice, 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 wetted, water is taken up, 

respiration, protein synthesis and other metabolic ac-

tivities begin and after a certain p~riod of time the embryo 

from the seed, generally redicle first; the seed has ger-

minated. Various requirements must obviously be satisfied 

before these events can occur. The first process which oc­

curs during germination is the uptake of water by the seed. 

This uptake is due to the process of imbibition. The extent 

to which imbibition occurs is determined by three factors, 

the composition of the seed, the permeability of the seed 

coat or fruit to water, and the availability of water in 

liquid br gaseous form in the environment. 
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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. In 

addition, however, a direct effect of the ions on the seed 

is also frequently observed. Toxic effects may be present, 

for example under 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 ability of a given species or its variety to 
• 

germinate is generally a limiting factor in the crop produc-

.tion under such conditions (Kapp, 1947; Devalle and Babe 

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 ultimate 

number of seedling which emerges. Higher level of salinity 

delays emergence of seedlings and also decreases final ger-

mination. At a moisture level of 75% of the water holdin~ 

capacity 100 percent germination of maize was (Wahaab, 1961) 

observed upto 0.3 percent NaCI concentration but 0.6 percent 
I 

Na concentration reduced the germination to 50 percent. In 

case of rice 0.4 percent salt concentration did not effect 

the germination, but n O.6 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 attempt was made by Maliwal 

and Paliwal (1966, 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/I.) and SAR (5, 10, 25, 50 and 100) values, they 

observed that emergence time was delayed and percentage ger-

mination decreased linearly as the degree of salinity or SAR 

or both were decreased. It was also noted th~t germination 

percentage did not generally increase after the 10th day and 
, 

at lower salinity the maximum germination percentage was al-

most independent of SAR. Bains tl i!l (1966) reported that 

berseem is a sensitive crop to salinity at germination and 

the seedling stages. 
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Abel and Mackenzie (1964) evaluated six soybean 

varieties ~or their reactions to salinized during germina-

tion and later growth. Seed germination studies at 28°C ±1°C 

with soil salinities ranging from 3.1 to 13.7 dSm-~ showed 

that salinity decreased percent and rate of emergence. And 

he also found that there is no apparent relation bet~een 
I 

salt tolerances of a variety during germination and during 

later growth. 

Younis and Hatata (1971) investigated the effects of 

single salt solutions of NaCI, Naa S04, Kel, Ka S04 , MgCl a and 

MgS04 on germination of wheat 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 cation were 

equally' effective on germination ~t equi-equivalent con-

centrations. They found t~at the suppressive action of ger-

~ination decreased in the order of Mg --) K --) Na forequi~ 

equivalent concentrations. They concluded that the suppres-

sive action of salts on germination, could be attributed to 

their effect on metabolism and not their osmotic action. At 

different salinity levels at various concentratins of NaCl + 

CaCl a Paliwal and Maliwal (1973) observed the reduction in 

germination -percentage and seedling height in all varieties 

of Cajanus indicus and ~ sinensis. 

Salinity generally decreases germination. But if the 
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solution concentration between the growth 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 tl 21 (1974) observed that soaking sUoJar­

beet seed in 1.0 M ~odium Chloride solution killed 6 per 

cent of the seeds but the remainder germinated when tr~ns­

ferred to more dilute ( <0.28 M) solutions. Padmanathan and 

Rao (1975) reported that artificial salinisation resulted in 

a reduction in germination in ~orghum varieties. Narayanan 

(1975) observed that germination was depressed in all wheat 

varieties used and the reduction in germination increased 

with increase in the level of salinity, but the degree of 

reduction at each level of salinity varied in different 

varieties. He also reported that salt stress. not only 

brought about a reduct i on in the final -numbe r of ge rmi nated 

seeds but also delayed the initiation as well as the com­

petetion of germination of the sprouted seeds thus hampered 

germination. Rathore tl al (-1977) studied the effect of dif­

ferent levels of salinity (0. 24, 32 and 40 dSm- 1 ) on ger­

mination of the seeds of 22 varieties of barley (Hordeum 

vul'J~ L.). They observed that 'Jermination was delayed and 

the percentage of germination decreased with an increase in 

salinity levels. DL-70 and ROB-57 varieties of B~rley showed 

only 13--161. 'Jermination at 20 dSm-'1 EC level Kumar tl II 

(1981)~ The percentage of germination decreased and germina­

tion was delayed with an increase in salinity in the 
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varieties of corn (Zea ~~~.) also (Lal ~ 2l(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, soybean· 

and mustard was decreased as well as delayed with the in-

Sinha et al (1982) reported crease of salinity. 

seed germination of all thr.e grasses under 

that " the 

study was 

~elayed 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. 

Soil 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 EC~ (the electrical conductivity of the soil solution) 

of 4.0 to 17.0 dSm-~ caused an average decrease of 23.5 g 

of emergence force. Emergence force by a cotton grown in 

saline solutions of 9 to about 30 mmhos.cm-~ was a linear 

function of solution salinity caused a 20 9 decrea~e in em­

vergence force. Sarma et al (1983) reported that increasin';} 

salinity of water decreased germination, infiltration rate 

and yield of ra.;}i. Francois et 's\..l (·1984) reported that grain 

sorghum was significantly more tolerant at germination than 

at later stages of growth. Total germination of 6 cultivars 

of perennial ryegrass (Lolium Qerenne L.> was unaffected by 
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L 
upto 10,000 ppm 6f salinity in the germination 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 NaCI 

salinity on germination and early seedling growth of cot~on. 

They found that germination was both delayed and reduced by 

200 mol m-3 NaCI in the presence of a complete nutrient 

medium. The addition of supplemental Ca·· (10 mol m-3 as 

S04 or Cl-~ ) to the medium did not improve germination but, 

to a large degree, offset the reduction in root growth 

caused by NaCI. Kenaf (Hibiscus cannabinus L.) a stem-fiber 

plant was only slightly impaired by NaCI salinity upto 200 m 

mol L-~. (Curtis and Lauchli 1985). 

2.3 SEEDLING DEVELOPMENT 

The degree of salinity injury was noted to be propor-

tional to the osmotic lowering that impairs uptake of water 

whether by seed or seedlings. The seed germination and sub-

sequent seedling growth are seed reserve dependent. The 

polymerized reserves are metabolically hydrolized following 

uptake. Seedling vigor, particulatly root growth, is ex-

tremely important for stand establishment. In addition to 

inhibition 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 osmotic concentration. Addition of 10 

me.I- 1 of NaHC03 to irrigation water was very harmful to 

young rice seedlings. Working with the rice, Pearson et: al -, 

(1966) also observed that the dry weight of rice seedlings 

was reduced 50i. weight at a mean E.C value of 

6.4 dSm- 1 • So the ability of ric. seed to germinate at high 

salinity values (30 to 40 dSm- 1 ) is of no practical sig-

nificance, since the young seedlings were very much less 

tolerant to saline conditions. But the seedlings of wheat 

were susceptible to salt concentrations even at 5 dSm- 1 • 

Carbonate and bicarbonate salts were more detrimental than 

sulphate and chloride salts. Calcium chloride promoted 

growth at 5 mmhos and was less harmfUl than the othr salts 

(Sharma tl II 197·1). 

Kumar et al (1981) observed that length and dryweight 

of shoot and root of barley seedlings decreased as the level 

of stress increased except in varieties DL-157 and DL-171 

which showed initially an increasing trend upto 

12 dSm- 1 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 Maliwal (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 growth of sorghum seedling by Amthor (1983). He 

also observed that seedlings derived from samll seeds were 

most sensitive to salinity. 

There are some reports in the literature pertaining to 

~he importance of adequate lev~l~ of CaR. in alleviating the 

deleterious effects of salinity on plant growth (Epstein, 

1961. 1972; -Rains 1972). Two processes of great 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 CaR. (Epstein 1972; Mengel 

and Kirkby, 1982). 

Kent and L~uchli (1985) observed large reduction in 

Na/K+Ca ratios. in the salt stressed roots of seedlings of 

cotton grown with suplemental CaR. may vary well have a sig-

nificant effect on the metabolic functions of the plant, 

particularly on enzymic activity. They also observed the 

maintenance of K+/Na selectivity in the plant. due to the 

presence of supplemental CaR. in a highly saline medium. 

Lauchli and. Stelter. (1982) found K·/Na+ selectivity to be an 

import~nt factor in the salt tolerance of iotton. 
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2.4 VARIETAL DIFFERENCES 

Not only the plant species but also their varieties 

show a differential behaviour to salt at germination and 

seedling stages. Significant varietal differences were 

demonstrated by Qta and Yasue (1957) for salt tolerance of 

wheat when germinated upto one percent solution of sodium 

chloride. Kaddah (1963) observed that Rice varieties dif-

fered in their tolerance at the seedling stage. The or-

der of tolerance might not confirm with the varietal order 

for· grain production when salinity is introduced after the 

seedling stage. Abel and Mackenzie (1964) reported that in 

soyabean varietal differences in emrgence rate at the lower 

salinities were not related to the di'ferences in the emer­

gence rate at the higher. Uptake of chloride in stems and 

leaves ~f salt tolerant varieties was controlled to an ex­

ceedingly low level. The more salt sensitive varieties ac­

cumulated chloride and plant mortality occured when chloride 

contents of stems and leaves exceeded 15,000 ppm and 30,000 

ppm respectively. 

Pearson ~ a~ (1966) studied relative salt tolerance of 

14 rice varieties during germination in sand culture. Rice 

seeds germinated in solutions h~ving electrical conductivity 

values as high as 40 dSm- 1 and the electric~l conductivity 

values associated with a 50 per cent reduction in germina­

tion one week after planting ranged from 21.2 to 30.5 dSm- 1 • 
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for these varieties. 

While 'studying thirty-three varieties of pearl millet 

and ten of sorghum for salt toierance. Abichandani and Bhatt 

(1965) observed that among the pearl millet varieties. 

eleven showed no significant differences upto an EC of 16 

dSm- 1 and nineteen showed no differences in germination upto , 

8 dSm- 1 only. Maliwal and Paliwal (1966. 1967) and Maliwal 

( '1967) studied few varieties of some crop species at dif-

ferent salinity and SAR levels. Germination work on 15 

varieties of pearl millet. 11 of maize. 6 of Paddy. '18 of 

sorghum. 6 of tobacco, 6 of mung. 13 of barley and 13 of 

wheat showed significant varietal differences among the crop 

spec.ies studied. Further work on twa varieties of each 

crop showed that germination percentage increased by replac-

ing fifty percent sodium by potassium in the above solu-

tions. A better response was observ.d in solutions of high 

SAR values. The tolerance of varieties of barley to salt 

stress was found to differ significantly at different 

salinity levels Kumar tl 2l. ('1981). 

In a study of salt tolerance of five varieties of corn 

at salinity levels of O. 40, 80. 120. 160 and 200 me.I- 1 • 

Lal et al (1981) found that there was a significant dif-

ference among varieties in germination and seedling growth. 

In general Neelum was found to be more tolerant than the 

other varieties. Germination studies were carried out by 
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Maliwal and Paliwal (1982) on 18 varieties of chickpea and 6 

of linseed,some varieties of 

and mustard at five levels 

groundnut, sesamum, soyabean 

of salinity (3,6,9,12 and 18 

dSm- 1 in 1/5 Hoagland solution in sand culture. They found 

that varieties showed significant differences in relation tti 

duration and percentage of germinati~n and height of the 

seedlings. Salt tolerant cell lines of Oryza sativa I 

L. Cvs Kiran and Madhu have been isolated by exposing the 

cultures, to increase levels of NaCl (0.5%, 1%, 2% and 3% 

w/v). The salt selected line of cells gr~w better than un-

selected cells at high level of salt (Paul and ~hosh 1986). 

2.5 MINERAL NUTRITION 

Plants need minerals in sufficient quantities, but an 

excess of inorganic ions in the soil affects plant growth in 

several respects. In most cases it ii not the major plant 

nutrients such as nitrogen, phosphate and Potassium that 

prevail in salt affected soils, but ions of minor importance 

such as Na+, CI-, HC03 -, Mg2+, sulphate and borate (Szabolcs 

1971). 

In saline 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 effect on plants. In 

this respect, high concentrations of borate, sulphate and 

magnesium of calcium are particularly harmful. In most 
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cases, however, poor plant growth in saline medium is not 

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 water by plant roots is reduced. This reduc-

tion is not necessarily connected with a reduced rate of up-

take (Hanson and Bonner 1954', 
') 

but a lower water up~ake 

mostly means lower transpiration and threrefore in many 

cases also a hampered transport Qf inorganic and organic 

solutes from the roots to the upper parts of the plant. 

2.5.1 Mineral composition of plants 

Apart from osmotic effects, soil salinity is known to 

exert its deleterious effects on plant gr~wth through caus-

ing ionic imbalance and nutritional deficiencies (Bernstein 

tl ll·, ·1974). Sal ini ty responses on mineral composi tion and 

ionic balance in plants might depend on a variety of factors 

including the doses of salinity application and its timing 

as well as the nature of species and crop. 

Palfi(1965) found that shoots of rice plants grown on a 

nutrient medium rich in Na contain less nitrogen and phos-

phorus than plants grown in a normal nutrient containing 

same a~ount of Na and P as the 'high Na medium'. Th~ 

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 Nand P. The NalP quotient was 4.2 in 

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

Narayanan (1975) reported that KINa and K/Ca decreased 

progressively with increase in soil salinity in all the 

plant parts of three varieties of wheat tested. Irrigating , 

the rice plants grown in plastic pots with irrigation water 

at three salinity levels showed that Ca. Na and Cl increased 

with increasing salinity; Mg and K contents were not af-

fected by irrigation salinity, soil type. and drainage rate 

<Kaddah et ai, 1975). The e:<perimental data of Helal et al 

(1975) showed that NaCl salinazation resulted in increased 

Na contents of roots and shoots of barley plants. This in-

crease of Na content was considerably higher than the in-

crease in the K conteht caused by the additions of KCI. 

There is a reduction in Ca and Mg contents in roots and 

shoots caused by NaCI salinization and this reduction had no 

great influence on plant growth, since in the treatment~ 

with KCl additions the highest yields were obtained. al-

though the Mg and Ca contents were low. 

The mineral analyses of the leaves and stem of pearl 

millet seedlings irrigated with sea water reveals that 

S6dium and .Potassium were most accumulated in stem whereas 

nitrogeh. calcium and magnesium 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 directly 

proportional to the concentration of those minerals in the 

.irrigation media, suggesting that their uptake was not 

hindered by salinity (Kurian 1976). Salinity-fertility 

studies showed a marked interactive effect of salinity and 

nutrient Pi(P inorganic) on Corn Plant~. Nieman and clark 

(1976) reported two effects of salinity on P Utilization 

that suggest damage to transport processes; a loss of con­

trol of internal Pi concentration and an accumulation of P-

esters in source leaves. In the presence of 0.1 mM Pi, 

salinity decreased the concentration of Pi 

nearly half. 

in leaves by 

Heikal (1977) found that species differed in their 

mineral composition when they were grown in saline culture 

solutions prepared by adding NaCI and CaCl a to Pfeffer's 

nutrient solution. Sodium and calcium content of all saf­

flower, sunflower, wheat and radish plants was generally in­

creased progressively with salinity. The total nitrogen con­

tent of safflower and sunflower leaves was significantly in­

creased, whereas that of wheat and radish leaves was almost 

significantly decreased by salinity. Salinity induced non­

significant effect on pho~phorus content of all test plants. 

,Potassium content of the test plants was significantly 

reduced. by s~linity. Magnesium content of. safflower and 

sunflower was significantly decreased by salinity, but the 

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

,Shanon (1978) evaluated a screening procedure for salt 

tolerance in detecting variations among introductions of 

tall wheat grass (Ag.!..Q..Qy':ron ti..Q.n_gatum). Mineral analysis in­

dicated that tolerance was associated with restricted ac­

cumulation of Na. Ca and Cl in the shoots. The disturbance 

of the KINa balance in young barley plants led to impairment 

of protein (enzyme) metabolism (Helal and Mengal 1979). 

Peanut plants, when grown under saline conditions showed 

growth suppression. Growth depression under saline condi­

tions, apart from other factors results from sharp decrease 

in the uptake of nutrients particularly phosphorus. 

Malakondaiah and Rao (1979) sprayed the peanut leaves 

with phosphorus and found that there was an in~rease in ac­

cumulation of P both in control and ~alinized plants. The 

sodium content was high in all plant parts of salinized 

plants compared to control plants. In a sand culture studies 

with pearl Millet. sorghum, greengram and blackgram at dif­

ferent salinity levels it was found that Na:K ratio in the 

plant was nearly constant or slightly decreased with the in-

crease of salinity. In roo'ts, the trend was similar except 

in pearl millet where this ratio increased with salinity. 

The Ca:Mg ratio both in plant and root was drastically 

reduced with the increase of salinity in all the crops. The 

ratio of Ca/Na and (Ca+Mg) (Na + K) regularly decreased with 
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the ,increase of salinity in the plants and roots of all the 

crops (Paliwal and Maliwal 1980). 

Chavan and Karadge (1980) had made an attempt to study 

the effect of NaCI and NaaSO ... salinities on uptake and dis-

tribution of some important mineral elements in peanut 
• 

variety TMV-10. Analysis o-f mineral constituents in root, 

stem, leaf and gynophore showed that alongwith increse in 

salinity Na accumulates in all parts of the plant and in 

this respect NaCI is more effective than NaaSO .... The CI con-

tent in plants treated with NaCl also registers co~siderable 

rise in all parts. K content in various parts of salt 

stressed peanut plants was differentially influenced by NaCI 

and NaaSO.... As against K and Ca. P. Fe and Mn content in-

creased due to salt stress in all plant parts. In a similar 

study Rathert (1983) grown two cotton varieties Dandara and 

Giza 45 in saline media with a ratio of 20 KCl:180 NaCl m 

mol.I- 1
• The results showed that salt stress increased Na+ 

and Cl- in tissues of bath varieties. It also decreased K+, 

Ca2 +, and Mg2+ in bath. There were same differences between 

the varieties, for e :< am pie, cations tended to be little 

higher under stress in Giza 45, but CI- was higher in Dan-

dara. 

Robinson et & (-1983) also observed that spinach leaves 

from plant grown with 200 mM NaCl contains more leaf Na+ and 

leaf CI- and leaf K+ than control plants. 
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In French Beans also Bhi.are and Nimbalkar (1~4) ob­

ser.ed that Salt rich en.ironement disturbed the normal in-

organic Contents in ~.!L!!l.~ (ll .ar.Vaghya. The 

Contents o,~, Ca, F •• nd Mg were greater while those 0' N,K,Cu and Zn were low. 

differential response. 
The Contents 0' P .nd Mn showed • 
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In French Beans also Bhivare and Nimbalkar (1984) ob­

served that salt rich environement disturbed the normal in­

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

contents of Na, Ca, F~ and Mg were 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 Fiild Pea (Pisum sativum L.var. 

Arvensis). The results showed that in salt affected organs 

total nitrogen, potassium and magnesium contents were 

decreased, while contents of phosphorus. calcium, sodium and 

chloride were enhanced. Salt stress also disturbed the 

ratio~ of NIP, Kip, KINa, 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 (Cajanu5 cajan L. Var.C-11) under sodium chloride 

and sodium sulphate salinities. The poor performance of the 

salt sensitive variety of 'wheat under NaCl was traced to ex­

cessive accumUlation of Na and CI ions and the better per­

formance of the salt resistant kharchia was b~cause of its 

success in osmotic adjustment without ex~osing itself to 

e:< cess Qf i Qns. Ken t a.nd Lauch 1 i ('1985) s tudi ed the IJe rmi na-
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tion and root growth of cotton seedlings raised in saline 

medium supplemented with Cae +. They observed that supplemen-

tal Caa+ to a large degree, offset the reduction in root 

growth caused by NaCI. The benefecial effect of high Ca2 • 

concentrations on root growth of cotton seedlings in a 

saline environment may be due to maintainence of KINa selec­

tivity and adequate Ca status in the root. 

2.5.2 Absorption and translocation 

Salinity effects on the absorption and translocation of 

minerals by the plant. Calcium is considered to maintain the 

integrity of plant cell membranes and hence to prevent the 

free diffusion of potentially toxic ions prevalent in a 

saline environment. It also influence on selective absorp-

tion and transport of other ions in plants. The results of 

Ayoub (1974) showed that calcium inhibited the sodium up­

take 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 II al (1975) observed that salinization had a 

negative influence on N uptake, which became particularly 

evident in the high NaCl treatment in young barley plants. 

This negative influence was alleviated by th~ K+ additions 

to 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 metabolism which in the first case was weakened 

and the latter improved. Salt stress reduced the potassium 

uptake of wheat plants and thus brought about an ionic im­

~alance (Narayanan 1975). Another int.resting finding of his 

study was an enhancement of total phosphorus absorption by 

wheat varieties due to salt stress. Similar response was 

reported by Ehrler and Bernstein (1958) for rice and Asana 

and Kale (1965) for wheat. l~ sblution culture trials with 

pearl millet, sorghum, greengram, and blackgram Paliwal and 

Maliwal (1980) observed that relative uptake of K in plant 

was not 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 suphate on mineral nutrition of 

groundnut var. TMV-10. They reported that u~take of K was 

hampered by both salts whereas Ca uptake was retarded mainly 

by NaaSO~. By using a multi-compartment transport box with 

e:<cised roots of, barley Kawasaki tl il (1983) examined the 

effects of high concentration of NaCI and PEG with excised 

barley roots when no Ca was added, a high concentration of 

NaCI inhibited the dbsorption and translocatin of K and P, 

although the 'inhibition of K was more pronounced as compared 

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

a high conc. of NaCl was recovered in the presence of Ca. 
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Salinization of the medium inhibited both K uptake by ex-

cised barley roots and K release from their stele, as 

measured by short-term e·Rb. 

2.6 ENZYMES 

There is a lack of agreement among various laboratories 

on the effect of salinity on enzyme levels in plants. Some 

investigators believe that 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 plants. The plants grown in saline media were stunted 

but the specific activities of the 18 enzymes were the same 

in the given tissues of all plants. Also the electrophoretic 
, 

pattern of isozymes of malate dehydrogenase was not altered 

by growth of the plants in a saline medium, However, the 

isozyme pattern of peroxidase from roots of salt-grawn 

~lants was altered in that two of the five detectable 

isozymes migrated a little more slowly. than those in ex-

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

Hiatt and Evans (1960) found that optimal concentration 

of sodium salts of chlorine, fluorine, iodine, bromine, 

nitrate and phosphate increased the activity of the malic 

dehydrogenase enzyme by twa to three fold. ~otassium salts 
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of these ions produced similar effects in spinach leaves. 

Enzymes extracted from plants salt sensitive of fhaseolus 

vulgaris. salt tolerant Atri~.le){ .§..J;;.on._;]iosa and Salicornia 

australis grown in saline cultures showed no important 

changes in specific activity or salt sensitivity. Interac-

tion of pH optima and NaCl concentrations suggests that en-

zymes may differ in the way they respond to salt treatment 

(Greenway and Osmond 1972). 

Inhibition of phosphoen-or pyruvate carbo){ylase by the 

inorganic salts Kel, NaCl, and Naa S04 depended on the source 

of the enzyme. Osmond and Greenway (1972) reported that PEP 

carboxylase isolated from leaves of C4 plants was extremely 

sensitive, ~hereas the enzyme extracted from roots of C4 

plants or from b9th shoots and roots of C3 plants was much 

less sensitive. Ribulose - 1,5 bisphosphate carboxylase was 
. 

less salt-sensitive than the PEP-Carboxylase. Salt tolerant 

wheat variety H.D-4502 showed a higher increse in polyphenol 

oxidase activity under stress treatments and showed a 

decrease in content of total phenolics ad compared to the 

tolerant variety Kharchia (Sharma and. Bal, 1982). Rathert 

( ·1983) studied the salt stress effects on the activity of 

amylases. phosphorylase and invertase of two cotton 

varieties Dandara and the more salt-tolerant Giza 45. He ob-

~erved at little change in amylolytic activity while a 

marked rise of phosphorylasee activity in both varieties was 

of no correlation with the starch content. 
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Nitrate redu~tase activity, determined by either in 

vitro or "anaeaerobic" in vivo assay was affected similarly 

when the barley seedlings were grown in saline solutions. In 

contrast. when salts were added in the assay medium, the in 

vitro enzymatic activity was severely inhibited, where as 

the "anaerobic" in vivo nitrate reductase activity was af­

fected only slightly. This indicates that in situ nitrate 

reductase activity i5 protected from salt injury. Aslam et 

& (1984). 

2.7 SEA WATER - BASED CROP PRODUCTION 

Salinity is the feature that makes seawater unfit to 

drink and unfit for conventional irrigation of crops 

Epstein and Norlyn (1977). Murthy (~985) Epstein (1978); Abd 

- El - rahman tl a1 (1975) estimated various elements 

preseent in seawater. 
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-------------------------------------~----------------------

Element Millil~rarn/L Element Mi 11 i I~ ram/L 

Chlorine 19,000 Tin 0.003 

Sodium 10,000 Uraniun. 0.003 

Magnesium '1,300 Manganese 0.002 

Potassium 380 Nickel 0.002 

Bromine 65 Cerium 0.0004 

Strontium 8 Lanthanum 0.0003 

Lithium 0.2 Chromium 5:< 10-~ 

Rubidium O. '12 Mercury 3:·: '10-~ 

Iodine 0.05 Boron 4.6 

Aluminium 0.0'1 Silicon 3.0 

Zinc 0.01 Calcium 4.0 

Co ppe r 0.002 

-------------------_._--_-----------------------------------
" 

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 salt content of dif-

ferent sample of seawater the concentration ratio of major 

dissolved components remains essentially constant. There is 

no fundamental biological imcompatability between plant life 

~nd highly saline conditions; wittness the marine algae and 

the hal~phy terrestrial plants-those indigenous to the 

seashore, the estuaries and deltas, and to salt marshes and 
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saline desert soils. And althQugh nearly all crop plants 

are sensitive to salinity, much variability neverthless ex-

ists in this regard. 

The possibility of using saline water for irrigation, 

is very limited because, this water contain a considerable 

amount of harmful salts. The applicability of saline J w,ate r 

for irrigatin is first of all dependent upon the concentra-

tion of salts dissolved therein, and upon the degree to 

which planL~ ~re salt-resistant._ From the study of Lunin 

tl al (196'1) it was observed that gradual salinization in-

itiated at preplanting of beans 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 

growth at which salinization occurred. Lunin et &. ('1964 ) 

given supplemental irrigation wit~ dilutions of synthetic 

sea water to the small pots containing alfalfa, Kentucky 31 

~escue, Orehardgrass, and ladino clover. They obtained sig-

nificant increases in yield due to irrigation in only a few 

instances during the second through fourth year of study, 

but during the first year two of the four cuttings of all 

four crops responded to supplemental irrigation. Where 

several irrigations were applied, yields tended to decrease 

with increasing salinity, with ladino clover being the most 

sensitive of the four craps tested. The Na content of all 

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

clover. 

Saidi and Hawash (1971) studied the effect of using 

saline water for irrigation on the growth, the economic 

yield, and chemical P I" ope r tie s 0 f tJI e I" ass e 11 e pi an t s 

(Hibiscus sabdariff~ L.>. They supplied irrigation with tap 

water as control, and water containing 4000 PPm. of NaCl and 

Naa S04 and 6000 PPm NaCI and Naa S04 as treatments. It was 

observed that salinity caus~d-a decrease in plant height, 

dry weight of roots, stem and leaves, and this was related 

to the level of salts in irrigation water. Using saline 

water for irrigation in general caused an increase. in total 

nitrogen and total phosphorus in the stem and ieaves on the 

other hand, the total carbohydrate content decrease. and 

salinity delayed flowering date about one week. Bernstein 
, 

and Francois ( '1975) found that the average height of all 

bell pepper. plants sprinkled with low-salt water was 94 em, 

decreasing to 84 em and 69 cm with increasing salinity of 

the irrigation water. Thus height decreased overall only 27% 

when yield decreases averaged 57%. Low frequency sprinkling 

(average interval~ 4.75 days) produced taller plants than 

more frequent sprinkling. 

The results of a three year study (Dhir. tl 21... 1975) on 

crop growth 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- 1 and that of 

saturated extract of soil less than 11.5 dSm- 1 average to 

.,;}_o 0 d Y i e 1 d s 0 f 'Kharchia' wheat were obtained. Growth, 

chemical composition and yield in two varieties of rice have 

been studied on plants growing at EC of 4 and 8 dSm- 1 of 

salinity throu<::lh addition of synthetic sea water (paricha ,tl 

ll. '1975). It was observed that .;;!rowth was reduced in 

treated plants but for a given salinity level growth and 

yield were much higher in the resistant variety, 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 various nutritive salts and with 15,000 

PPm sea water. He observed that irri~ation 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 

tolerant of diluted seawater and the deleterious effects of 

irrigation with Seawater can b~ reduced to a certain extent 

by appropriate supplemening with nutritiVe salts. Epstein 

and Norlyn (1977) studied the possibillity of growing barley 

ih seawater culture. They concluded that barley has marked 

phenotypic plasticity enabling it to mak~ appreciable 

physiological adjustments to 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- 1 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 17% for a 1 mmho.cm- 1 increase 

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 wi~~- Riverside tap water to 

which 0.35.70 and 105 meq/liter of Nacl and Cacla were added 

in a 1:1 milliequivalent ratio. Salinity levels of the ir­

rigation waters were 0.76, 4.6, 7.8 and 11.0 dSm- 1 , respec­

tively. Marketable yield, total dry weight, vinedry weight, 

and total fruit weight of all cultivars decreaseed with in­

c reas i ng sal in i ty. Reddy e t al. ( 1982) al so 0 bse rved that 

the increase in the salinity of ir'rigation water. 

nificantly decrease in pod yield of groundnut. 

sig-

Sharma et al (1983) reported that ra.]i crop could be 

grown ~atisfactorily using saline water. having EC upto 4 

dSm- 1 on light soils of coastral region. When using saline 

water of 4 dSm-~ 25 percent increase in seed rate is nec­

cessary to compensate the loss in population. Irrigation 

water of higher salinity level led to significant decrease 

in drymatter, yield, leaf area, height and nut~ient uptake of 

maize and sorghum genotypes (Torawat and Meht~, 1985). 
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PasterITtark at .st!. (1985) pla.nted Atri~,le:< nuITtITtularia a 

halophyte in field plots and irrigated with 15,50,75, and 100% 

Sea Water. The corresponding annual yields of drymatter were 

1.53, 2.12 and 2.89 Kg.m-e • The ash content was very high, from 

25 to 40% of the dry weight, depending on the treatment and 

season. The crude protein content was 15-12%. Dudeck and 

peacock(1985); Peacock and Dudeck (1985) ~tudied the effect of 

synthetic sea water on growth and mineral nutrition of seashore 

paspalum. Synthetic sea water formulated with a salt mixture 

was added at 0, 3.5,10.5,17.5,24.5 and 31.5 g.1-1 in half­

strength Hoagland·s number 2 solution to give electrical con­

ductivity (EC) levels of 0.9, 6.2, 15.6, 24.7, 32.9 and 39.7 

dsm- 1 , respectively. It was observed that top growth in both 

cultivars Adalayd, FSP-1 decreased quadratically with increased 

salinity. Root growth response of 'Adalayd· decreased linearly, 

but rooting in 'FSP-1· was unaffected. 

was unaffected, whereas crown tissue 

crown tissue in \FSP-1· 

in 'Adalayd· decreased 

linearly in response to salt levels. Salinity differentially 

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

grasses but had no affect on N which averaged 37.3 g Kg-~. 

Peacock and Dudeck (1986) exposed the eight turfgrass cul­

tivars to increasing levels of sea water mixture. They observed 

that cultivars differed in their response in leaf water poten­

tial and osmotic potential as salinity increased. All grasses 

rapidly adjusted osmotically within 48 h following increase in 

salinity. 



MATERIALS AND METHODS' 



The following experiments were conducted at the Plant 

Physiology Laboratory of A9r~cultural College, Bapatla. 

Sea water from Bay of Bengal 10 km from Bapatla 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-'1 

pH 8.03 

Total salts 2.4'l. 

Ca '17.5 me,~1-'1 

Mg 97.5 ,. 

Na 402.2 II 

K . 9.4 II . 
HCO::. 7.5 II 

CI 475.0 II 

S04- 33.5 II 

B 5.52 ppm 
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3.1 EFFECT OF DILLUTED SEA WATER ON IMBIBITION OF SEEDS 

Pigeonpea cv ICPL 87 sup~ed 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 water. 

'1. 100i. Sea water (pure sea water) 

2. 75i. sea water (75 ml of sea water + 25 ml of distilled 

water) 

3. 50i. sea water (50 ml of sea water + 50 ml of distilled 

water) 

4. 251. 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 of particle size 0.5 

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

then soaked with 10i. 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 with dis­

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

petridish excess watering was avoided. Seeds were sampled at 

2 h inte~vals. The seeds were blotted with blotting paper to 

remove the moisture droplets present on the surface of the 

seeds. Immediately after blotting fresh weight of the seeds 
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were recorded. Later the seeds were dried in a hot air oven 

at 800 C for 48 h, and then dry weight was taken. The per 

~ent of water uptake was calculated from the data on initial 

weight basis. 

Where, W1 

Wa 

Initial weight of the seed 

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 

sowing upto 12 h. The water uptake was calculated based on 

the basis of seed dry weight. 

Per cent of wat~r We - W1 X 100 

W1 

Fresh weight of the seed after imbibition 

Dry weight of the seed. 

Th~ difference in per cent of water 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 PIGEONPEA 

Pigeonpea cvs ICPL 87 and BON-1 supplied by Regional 

Agricultural Research Station, APAU~ Lam Farm were used for 

this study. The seeds were treated with 

chloride to arrest the fungal infection. 

seeds were sown in petridishes filled with 

0.1% mercuric 

Twenty five good 

Quartz Sand of 

particle size 0.5 to 0.7 mm. lhe 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 

solution was added to eath petridish. Excess watering 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 ~onsidered as germina­

tion. The experiment was replicated thrice with twenty five 

seeds in each replication. 

The treatments consisted of the following dilutions of 

sea water 

1. 100% sea water 

2. 87.5% sea water (87.5 ml sea water + 12.5 ml distilled 

water) 

3. 75.0% sea water (75.0 ml sea water + 25.0 ml distlled 

water) 
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4. 62.5% sea water (62.5 ml sea water + 37.5 ml distilled 

water) 

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% sea water (12.5 ml sea water + 87.5 ml distilled 

water) 

9. Distilled water 

Based on the results the concentration of test solution 

and sampling interval was decided to screen the genotypes of 

salt tolerance. 

3.3 EFFECT OF DILUTED SEA WATER ON ROOT GROWTH OF PIGEONPEA 

3.3.1 Seeds germinated and grown in different concentra­

tions of sea water. 

Seeds of pigeonpea cv BDN-1 was u~Bd for this study. 

Fully developed seeds were sown in washed Quartz sand soaked 

with different concentrations of sea water. After 48 h of 

sowing the seedlings were transfered into test tubes lined 

inside ~ith a roll of filter paper in such a way that radi­

cle pointed downward and plumule upward. The seedlings were 

in between the walls of the test tube and filter paper roll. 
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Sea water at different dilutions was added into the 

test tubes. Care was taken in maintaining the filter paper 

always in moist conditions. This experiment was conducted in 

normal conditions. Radicle length was taken from third J~y 

from sowing upto 8th day. Absolute root ~rowth rate (AGR) , 

relative root growth rate (RGR) was calculated from the 

data. 

AGR La - L., . 

-
cm. day-'" 

Ta - T" 

cm.em-" day-" 

Ta - T" 

Where La and L ... = length of root in em at Ta and T,,· 

times respectively. 

Ta and T" = Time in days. 

The treatments consisted of the following dilutions of sea 

water: 

1. 62.5% sea water (62.5 ml sea water + 37.5 ml distilled 

water) 

2. 50.0% sea water (50.0 ml sea water + 50.0 rol 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 water (25.0 ml sea water + 75.0 ml distilled 

water) 

5. 12.5% sea water (12.5 ml sea water + 87.5 ml distilled 

water) 

6. Distilled water. 

3.3.2 Seeds germinated in distilled water and grown in 

different concentrations of sea water. 

A similar experiment was conducted in the same way as 

the above experiment. But in this experiment the seeds were 

first imbibed in distilled water for one day and on the next 

day the sprouts were transfered into test tubes lined with 

filter paper. The treatments were same as above. 

3.4 SCREENING OF GENOTYPES FOR SALT TOLERANCE AT GERMINA­

TION STAGE: 

Twenty eight pigeonpea genotypes ieceived from Regional 

Agricultural research Station, Lam Farm, Guntur were used 

for this study. 

Ten seeds were sown in each petridish filled with 

washed quartz sand, of particle size 0.5 to 0.7 mm. The sand 

was thoroughly washed with tap water and then soaked with 
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Pigeonpea Genotypes used for the study were: 

S.No. Genoty"'~le S.No. Genoty"'pe 

·1 PANT A ·106 ·15 S-80 

-
2 BONA 5 ·16 RMG 66 

3 ICPL·3·12 ·17 POM ·1 

4 C- .1"1 ·18 BON 3 

5 MRG 67 ·19 ICPL 333 

6 POA 5 .20 MRG 53 

7 ICPL 36·1 2·1 MA ·162 

8 JNA 42·1 22 JCPL ~95 

9 BONA 7 23 ICPL 296 

·10 ICPL 344 24 ICPL 348 

·1 ·1 ICPL 362 25 POA 3 

·12 ICPL 273 26 ICPL 338 

·13 ICPL 270 27 ICPL 337 

·14 6223-5 28 .ICPL 342 
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10% HCl for overnight, and washed with tap water followed by 

demineralised water until the rinsings were free of acid. 

Afterwards it was washed with distilled water. The pH of the 

washings of the sand was tested and neutral. The seeds were 

first washed with 0.1% mercuric chloride followed by dis­

tilled water. The sand was wetted with 40% sea water and for 

control with distilled water. Care was taken to keep the 

sand always in moist condition. Excess watering was avoided 

to remove the anerobic conditions. 

Germination countings were taken at 24 h, 36 hand 48 h 

after sowing. As soon as radicle emerged from the seed coat 

it was considered that the seed was germinated. Germination 

percentage and rate of germination were calcualted as: 

No.of seeds germinated 

Germination percent = ---------------------- x 100 

Total no.of seeds kept 

for 'Jermlnation 

Rate of .;}ermination No. germina~ed h- 1 

3.5 SCREENING OF PIGEONPEA FOR SALT TOLERANCE AT 

SEEDLINGS STAGE: 

Twenty eight pigeonpea cvs received from Regional 

Agricultural Research Stat ion, Lam Farm were used for this 

study. 



Seeds were germinated in plastic trays filled with 

washed quartz sand of particle size 0.5 to 0.7 mm. For ger­

mination distilled water was used. 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 beakers filled with 1/2 Hoagland 

solution prepared with distilled water (Epstein, 1972), 

(Table 2). The beakers were wr~pped with brown paper. After 

five days the solution was changed with 1/2 Hoagland solu­

tion prepared with 15% sea water. For the control the see­

dlings wer~ grown in 1/2 Hoagland solution prepared with 

distilled water. 

Aeration to the roots was provided by bubbling air in 

the solution using an aquarium air pump. Asbestas 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 introduced through the hole and fixed 

with a pad of cotton so as the roots were completely im-

mersed in the solution. The seedlings were raised for 5 days 

after introducing the 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 BOoC for 4B h. After 

determining the dry ~eight of these samples, they were 

ground to powder in a wiley mill using a 40 mesh screen. The 

ground samples were analysed for Mn, Zn, Fe, Cu, Na, K. In 

Mn, Zn, Fe, Cu, Na, K in plant parts were estimated in 

an extract obtained from wet digestion of the samples 

(P i pe r, '1950). 

0.5 g of oven dry powere~ 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 ex-

tract was made upto 25 ml and suitable aliquot was used for 

estimation of Mn, Zn, Fe, 'Cu, Na, K. These elements were 

determined by dirett feeding of the extract to the Atomic 

absorption spe~trophotometer after adjusting the instruments 

with suit~ble standards as per the method given by Allan 

(1970) • 
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3.5.2 Assay': of 0( - amaly':se activi tY.: in 'Jerminatin';}_ 

.~I i 9 eon ~I e a see d s : 

Extracts were prepared by IJrindin.;J the se~s wi th 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 activity was determined by a method given by 
-

Shioster and Gifford (1962). A starch solution was prepared 

by heating to boil 67 mg of soluble starch in 100 ml of 0.06 

m KM a P04 • One ml of this solution was added to enzyme and 

water to' !;Jive a final volume of ·2.0 mI. After 5 min incuba-

tion at 25°C the reactidn was stopped by the addition of 1.0 

ml of lodine-HCL solution, consisting at 60 mg of KI and 5 

mg of I in 100 ml of 0.05 HCI. Then 5 ml of water was added 

and the optical density of the resulting values which are 

proportion to enzyme concentration. Specific gravity 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 volume at whole solution to 5 ml with 

glass distilled water and read absorbance at 620 nm. 
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3.5.3 Sea water anal~ 

Sea water was analysed as per the metllods given Uni ted 

States Salinity laboratory staff (1954). 

pH: pH of sea water was mea5ured by using a Digital pH 

meter. 

Electrical conductivity: EC was measured by EC meter. 

3.5.4 Total salts 

An porcelin dish was carefully cleaned and weighed in 

sensitive balance. 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 Determination of calcium' 

50-100 ml of sea water was taken and added 2-3 crystals 

of carbamate and 5 ml of 16% NaOH solUtion. To it 40-50 mg 

of the indicatory powder was added. It was titrated with 

0.01N EDTA solution till the colour gradually changed from 

~range red to reddish violet (purple). The end point was 

compare4 wit~ a blank reading. 



S2 

Milli equivalents of calcium present 

ml of versanate used x normality of versanate 

= ---------------------~----------------------- x 100 

ml of aliquot taken 

3.5.6 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 0.01N 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 EDT A x normality of EDTA 

= ------------------------------ x 100 

ml of solution taken 

me of Mg per litre = me (Ca+Mg> - me of Ca 

3.5.7 Determination of sodium and potassium 

Sodium and potassium was estimated directly feeding the 

sea water )nto flame photometer. 
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3.5.8 Determination of carbonate and Bicarbonate 

Taken 50-100 ml of sea water with pipetVe into a clean 

flask. Added 5 drops of 1% phenophthalein indicator. Pink 

colour showed the presence of carbonate~. It was titrated 

against O.iN sulphuric acid, till the solution becomes 

colourless. 

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

titrate with O.iN sulphuric acid till the colour changed 

from yellow to rose red. 

meq of C03 2- per litre 2:< X 0.0030 :< -100 :< -1000 

50 30 

Where 2x = Tota\acid required for,the complete 

neutralization of carbonate 

Milli equivalents of M CO~- per litre 

<y-x) x 0.0061 x 1000 x 1000 

= -----------------_-------------

Where Y-v 
" = 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 by 

titration with standard solution of Ag N0 3 using Ka Cr O~ as 

an indicator. Taken 100 ml of s~a water and added sufficient 

0.1N Ha S04 to neutralise carbonate and bicarbonate com­

pletely and added a few mg of CaC03 and a few drops of the 

indicator and titfated with standard Ag N0 3 solution until 

the chacolate red colour appeared. Repeated this process 

twice or thrice so as to get a number of concordant reading. 

In the same way conducted a blank titration also and sub­

staracted this reading from the actual calculated results as 

Cl ions per 1000 litres (ppm) 

3.5.10 Determination of sulphate b~ 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 BaCIa. 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. 

the standard. 

of sulph~te by comparing with 
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3.5.11 Determination of Boron 

2 ml of sea water was taken in 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 to 

stand atleast for 45 minu~es for colour development. Deter-

mined the percent transmittance at 585 nm against a 

reference solution of 2 ml of distilled water carried 

through the same procedure. Calculated the boron concentra-

tion from the standard curve which has been drawn by' taking 

p, 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 <\,anse and Suk-

hatme, 1978). 

---A-P-A-U"'-~-'b-r-~-T-~-i~-~--L-l.~k~~~~~y~-t 

Ace: No: I 



RESULTS 



4~1 EFFECT OF DILUTED SEA WATER ON IMBIBITION OF SEEDS: 

Experiments were conducted to study the effect of dif­

ferent dilutions of sea water on Imbibition of seeds. In the 

first experiment the imbibition in terms of per cent water 

uptake was calculated based on initial seed weight. The ini­

tial weight of twenty five seeds var ICPL 87 used in dif­

ferent treatments was almost same (Table 3). There was a in­

crease in the weight of the seeds due to imbibition over 

time. But there was no particular trend in imbibition among 

the treatments. This was because of hard seeds present in 

seed lot which are not imbibed. 

The per cent of water uptake duri~g 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 16.7 per cent water uptake in 100% sea water, 

whereas with distilled water it was 10.2 per cent after 2 

hours imbibition. Even after 8 h 15.2 p~r cent more water 

was taken in distilled water treatment over 100 per cent sea 

water, there was no particular tre~d in im~bition among the 

t~eatments. As stated earlier this may be due to hard seeds 

present in the seed lot. 
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To avoid this lacuna similar experiment was conducted, 

but calculated the percent of water uptake on dry weight 

b~sis. The fresh weight and dry weight of seeds was shown in 

Table 5. The fresh weight of the seeds was not significantly 

different among treatments after imbibition at each inter-

val. but there was.a significant increase over time. The dry 

weight of the seeds also not significant different among the 

treatmments and also at different intervals. 

The percent of water uptake calculated on dry weight 

basis is given in Table 6. The percent of water uptake from 

undiluted sea water was 39.0 after 2 hand 108.3 af~ 12 h. 
A 

Whereas it was 49.8 after 2 hand 135.5 after 12 h from dis-

tilled water. The water uptake by imbibition increased with 

decrease in concentration of sea water. Such result was very 

clear only from 8 h imbibition onward~. Earlier to this 

period the differences in water uptake varied considerably 

with the treatment. The uptake of water was more during ini-

tial stages of imbibition but during later stages it was 

less or almost constant. With sea water and 75 percent sea 

water the uptake of water extended upto 12 h but with rest 

of the treatments it was only upto 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 water is shown in Table 7. In sea water the seeds 

started germination only after 72 hand 1.66 seeds out of 25 

seeds germinated after 84 h. In 87.5 perce.nt sea water the 

~ermination 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 the seeds started germination even after 36 

h. In 37.5. 25.0. 12.5 percent sea water and ~istilled water 

the seeds started germination after 24 h and reached the 

maximum at 48 h. Afterwards there was no significant in­

crease in germination. There was a significant difference in 

germination with salinity treatments. 

The germination percent of seeds is given in Figure 1. 

In sea water only 6.6% germination was observed at 84 h. As 

the dilution of sea water was increased the seed germination 

was more in lesser time. In distilled water 94.6 percent 

germination was observed within. 48 h. 'As the concentration 

of sea water increased there was a reduction in germination 

percentage. The rate of p~rcent of germination was given in 

Table 8. Germination was delayed with the increase in the 

concentr~tion of sea water. Up to 62.5 percent sea water the 

ma:<imum rate of germination was only after 36 h. while in 

other treatments the maximum rate was obs~rved between 24 
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Table 7 Effect of diluted sea water on germination of pi geon pea 
seeds cv. ICPL-B7 (out of 25 seeds) 

-----------------------------------------------------------~----------
S.No. Treatment/h after 

sawin.;) 24 36 4B 60 72 B4 Mean 
----------------------------------------------------------------------
'1 '100'/. sea water 0.0 0.0 0.0 0.0 1.3 '1. 7 '1. S 

2 B7.S'/. sea water 0.0 0.0 0.3 '1.0 3.0 4.7 2.2S 

3 7S.0'/. sea water 0.0 '1.0 S.O '10.7 '16.7 '17.3 10.14 

4 62.S'/. sea water 0.0 3.7 '1 '1 .3 '16.3 'lB.7 '19.7 '13.94 

S SO.O'/. sea water 0.0 '11.6 24.9 2B.0 2B.4 2B.9 24.36 

6 37.S'/. sea water 0.3 '12.3 '19.3 2'1.3 2'1.3 2'1.6 '16.02 

7 2S.0'/. sea water 4.6 '19.0 2'1.0 22.0 22.0 22.3 'lB.4B 

B '12.S'/. sea water 6.3 20.0 22.0 22.6 22.6 23.3 19.46 

9 Distilled water 14.3 20.7 23.6 23.6 23.6 23.7 2'1. SB 

Mean 2.B 9.B 14.2 16.2 17.S 1B.1 

LSO(O.OS) Treatment O. 'lS* 

Time O. '12 

Treatment:< time: 0 •. 36 

* Values are based on transformed value).,. Ux t- 1.0) 
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and 36 h e.cept in.distilled water where the maximum rate of 
germination was Within ~4 h. 

Germination of Pigeonpea seeds c. BON 1 is gi.en in 

Table 9. In s.a water Only 0.65 seeds Dut of 25 seeds ger­

minated after 84 h in 87.5 perCent sea Wat.
r 

the germination 

start.d 24 h early and 4.6 seeds out of 25 s.eds g.rminated 

after 84 h. With 75.0 P.rcent S.a wat.r the germination 

start.d only at 48 hand 17.6 seeds germinat.d aft.r 84 h. 

In 37.5, 25.0, 12.5 percent 'ea water and di.till

ed 

wat.

r the germination .tarted at 26 h. In distilled ~ter e.en at 

24 h, 21 'eed. out of 25· ••• d• g.rminat.d and the maximum Was reached after 36 h. 

The germination percent i. 'ho wn in Fig.2. In 'ea water 

Only 2.6 percent germination Was ob'
er 

•• 
d 

•• en after 84 h, 

whereas in di.till
ed 

Water maNimum percentage was reached by 

48 h. With 50, 37.5 and 25 percent 'ea water 50 perc.nt ger-
mination was ob'er • ed after 36 h. 

The resUlts show that as 
the .ea water conc.ntration Was increa'ed the percent ger­~ination reduced. 

The rate of germination is gi. en in Table 10. In .ea 

'ter the germination was .tarted after ~ h only. Th. rate 

s 2.~ betwe.n 72 and 84 h. A. the concentration of 'ea 

:er was increa'ed the rate 0' germination was delayed. With 
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and 36 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 water the germination 

started 24 h early and 4.6 seeds out of 25 seeds germinated 

after 84 h. With 75.0 percent sea water the germination 

started only at 48 hand 17.6 seeds germinated after 84 h. 

In 37.5, 25.0, 12.5 percent sea water and distilled water 

the germination started at 26 h. In distilled water even at 

24 h, 21 seeds out of 25'seeds germinated and the maximum 

was reached after 36 h. 

The germination percent is shown in Fig.2. In sea water 

only 2.6 percent germination was observed even after 84 h, 

whereas in distilled water maximum percentage was reached by 

48 h. With 50, 37.5 and 25 percent sea water 50 percent ger­

mination was observed after 36 h. The results show that as 

the sea water concentration was increased the percent ger­

mination reduced. 

The rate of germination is given in Table 10. In sea 

water the germination was started after 72 h only. The rate 

was 2.~ between 72 and 84 h. As the concentration of sea 

water was' increased the rate of germination w.as delayed.with 

25, 12.5 percent sea water ~nj distilled water. The maximum 
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Table 9 Effect of diluted sea water on ,_;}ermination of pigeonpea 
seeds ev. BDN-1 (out of 25 seeds) 

---------------------------------------------------------------------
S.Na. Treatment/h 

after sawin,:;) 24 36 48 60 72 84 t1ean 
---------------------------------------------------------------------

'1 1001. sea water 0.0 0.0 0.0 0.0 0.0 0.6 0.6 

2 87.51. sea water 0.0 0.0 0.0 0.6 '1.3 4.6 2.2 

3 75.01. sea water 0.0 0.0 1.0 9.6 '15.3 17.6 '10.9 

4 62.51. sea water 0.0 3.0 '1 '1 .0 '15.6 '17.6 '18.6 13.2 

5 50.01. sea water 0.0 12.0 21.3 2'1.6 2'1.6 2'1.6 '19.6 

6 37.51. sea water 2.6 19.3 2'1.3 2'1.3 22.0 22.0 '18. '1 

7 25.01. sea water '10.6 2'1.3 22.0 22.3 22.3 22.3 20. '1 

8 12.51. sea water '14.3 24.0 24.3 24.3 24.3 24.3 22.6 

9 Distilled water 2'1.0 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 O. ·16 .... 

time O. '13 

Treatment x time: 0.39 

--~-------------------------------------------------------------------

* Values are based on transformed value 
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2 
87.5% sea Water 

0.0 
0.0 

3 
75.0% sea wc."i ter 

0.0 
0.0 

4 
62.5% sea water 

0.0 
·12.0 

5 
50.0% sea Water 

0.0 
48.0 

J 
37.5% sea Water 

·10.6 
66.7 

25.0% sea Water 
42.6 

42.7 
·12.5% 

sea water 
57.3 

38.7 Distilled 
Water 

84.0 
·10.6 

--------------
S.No. T ••• tme~~----------_____________________________________ _ so", i Og 0-24 

---------------------------:-___ :~:!6 36-4B 4B-60 60-72 72-B4 

--------------
-------------

1 

10

0% se. "'.te. 0.0 0.0 ______ _ 

0.0 0.0 0.0 2.4 

0.0 0.0 0.0 

._----------------------

----------------------------
----------------

0.0 
2.6 

2.7 4.0 
34.6 

22.7 32.0 
·18.6 

8.0 37.3 
"1.3 

0.0 8.0 
0.0 

2.7 2.7 
1.3 

0.0 ·1.3 
0.0 

0.0 

4.0 

0.0 

0.0 

0.0 

0.0 
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rate was within 24 h after sowing, afterwards it was' 

decreased. In 50, 62.5, 75 and 87.5 percent sea water the 

maximum rate was delayed by 12 h, 24 h, 36 hand 60 h 

respectively. 

4.3 EFFECT OF DILUTED SEA WATER ON RADICLE GROWTH OF 

PIGEONPEA CV BDN-1: 

Radicle length of pigeonpea grown in various dilutions 

of sea water is given in Table 11. 

4.3.1 Seeds germinated and grown in different concentra­

tions of sea water: 

In 62.5% sea water there was a increase in radicle 

length upto 5d. afterwards, there was no significant in­

crease. In 50.0 and 37.5 percent sea water the increase was 

upto 7 d. In 25.0, 12.5 percent sea water and distilled 

water there was increase in root length even after 8 h(11A). 

There was significant reduction in root length with increase 

in the sea water concentration at all times. Maximum reduc­

tion was observed in 62.5% sea water treatment. Significant 

differences were observed between 12.5% sea water and dis-

tilled water treatments at all intervals. At higher con-

centrations of sea ~ater (62.5, 50.0 and 37.5 percent sea 

water), the root growth was inhibited after certain period. 
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Table °1 °1 Effect of diluted sea water on Radicle 1 en.;)th (em) of 
pi.;)eonpea ev. BDN':'°l 

---------------------------------------------------------------------
S.No. Treatment/days 

after sawin';) 3 4 5 6 7 8 Mean 
---------------------------------------------------------------------
(A) 1 62.51. sea water 0.60 0.76 0.94 °1. Q4 1 • °1 °1 1 • 01'1 0.69 

2 50.01. " °1.05 °1.30 °1.53 °1.72 °1.92 °1.92 1.18 

3 37.51. II 1.42 °1.76 2.29 2.81 3.12 3. °15 '1.82 

4 25.01. " °1.89 2.56 3.47 4.59 5.82 8. °18 3.3°1 

5 '12.51. " °1.96 3.00 4.69 6.53 8.68 °10.86 4.46 

6 Distilled water °1.20 2.58 4.93 8. °1°1 9.70 °1°1.20 ° 4.7'1 

(B)7 62.51. sea water 0.68 °1.2°1 °1.32 °1.35 °1.36 °1.37 0.9°1 

8 50.01. " 0.75 °1.27 °1 .9°1 2.28 2.5°1 2.53 °1.4°1 

9 37.51. " 0.91 °1.35 2.20 3. °17 3.6°1 3.96 °1.90 

'10 25.01. " °1. °15 °1.57 3.25 4.42 5.8°1 8.98 3.15 

1 °1 °12.51. " °1. 13 2.07 4.39 6.83 9.52 '11.80 4.47 

'12 Distilled water 01. 1°1 2.57 5.03 8. '19 10.28 °12.90 5.0°1 

Mean °1 • °15 °1.83 2.99 4.25 5.29 6.49 

LSD (0.05) Treatment 0.27 

time 0.19 

Treatment x time: 0.66 

---------------~-------~-----------------------~--------------------



4.3.2 Seeds germinated in distilled water and grown in 

different concentrations of sea water: 

71 

In this experiment also the results showed that with 

62.5% sea wa~er the radicle grow in length upto 5 d. after­

wards the increase was not significant. In 50% sea water the 

root length increased upto 7 d. but in 37.5. 25.07. 12.5 

percent sea water and distilled water there was an increase 

in root length even a~ter 8 d (Table 11 B). There was a 

gradual significant reduction in root length with the in­

crease in sea water concentrations. Here also the maximum 

reduction was in 62.5% sea water • 

. The radicle length 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 growth Rate (RRGR): 

tial 

The increase in radicle length based on the ini­

length of radicle ~as 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 wat~r7 there was a 
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Table 12 :Effect of diluted sea water on Relative radicle growth rate 
(RRGR) of pigeonpea cv. BDN-i. (cm.cm 1 -.d- 1 ) 

S.No. Treatment/days 
after sowin';) 3-4 

(A) 1 62.5% sea water 0.23 

2 50.01. " 

3 37.51. " 0.21 

4 25.01. II 0.63 

5 '12.51. " 0.42 

6 Distilled water 0.76 

(B) 7 62.51. sea water 0.57 

8 50.01. " 0.52 

9 37.5% " 0.39 

'10 25.01. II 0.3'1 

'1-1 12.51. " 0.60 

12 Distilled water 0.83 

4-5 

O. '16 

0.26 

0.30 

0.44 

0.64 

0.08 

0.40 

0.4.8 

0.72 

0.75 

0.67 

5-6 6-7 7-8 

O. '10 0.06 0.00 

0.00 

0.20 O. '10 0.0'1 

0.27 0.23 0.34 

0.33 0.28 0.22 

0.49 0.17 O. -14 

0.02 0.0'1 0.0'1 

O. '17 0.09 0.0'1 

0.36 O. '13 0.09 

0.30 0.27 0.43 

0.44 0.33 0.2'1 

0.48 0.22 .0.22 
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decline in RRGR at all sampling time. Maximum growth rate 

was observed in distilled water treatment. In 62.5 and 50.0 

percent sea water the growth rate was nil between 7 and 8 d. 

But in 25.0 percent sea water the RRGR decreased upto 7 d 

and afterwards there was an increase. Th~ 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 water and 

grown in diluted sea water, the RRGR decreaS~d with the in-

crease in the concentration of sea water. There w~s an in­

crease in RRGR from 3 to 5 d but later it was declining in 

all treatments except in 25 percent sea water treatment. The 

highest RRGR was observed in distilled water and lowest in 

62.5% 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 waters. Such higher RRGR was ob­

served in all the treatments in all sampling times.(Tabl~ 

·12B) • 

Absolute growth rate of radicle (AGR) 

The absolute growth rate of radicle is given in Table 

13. In 62.5, 50.0 and 37.5 percent sea water AGR increased 

upto 5 d and rater it was decreased. In 25.0·and 12.5 per-

cent seawater the AGR increased linearly. In distilled water 

the growth rate reached its peak of 3.18 ~m d-~ between 5 
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Table 13 : Effect of diluted sea water on Absolute growth rate of 
radicle (AGR) of pi'Jeonpea cv. BDN-·1. cm_.d-"1 

S.No. Treatment/days, 
after sowing 3-4 4-5 5-6 6-7 7-8 

----------------------------------------------------------~-----------
(A) '1 62.51. sea wate r O. '16 O. '18 0.10 0.07' 0.00 

2 50.01. " 0.25 0.23 0.19 0.20 0.00 

3 37.51. " 0.34 0.53 0.52 0.32 0.03 

4 25.01. " 0.67 '1. '12 '1.23 2.36 

5 '12.51. " '1.04 '1.69 '1.84 2.15 2.18 

6 Distilled water '1.38 2.35 3. '18 '1.59 '1 ~ 50 

(B)7 62.51. sea water 0.53 0.03 0.02 0.01 

8 50.01. " 0.52 0.64 0.37 0.23 0.02 

9 37.51. " 0.44 0.85 0.97 0.44 0.35 

'10 25.01. " 0.42 '1.68 '1 • '17 '1.39 3. '19 

'12.51. " 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 concentration of 

sea water increased there was a reduction in growth 

rates.(Table 13 A) 

In 62.5 and 50.0 percent sea water treatments there was 

a decrease in AGR with time <0.53 em d-~' and 0.01 cm d-~ be-

tween 3-4 and 7-8 d respectively). In 62.5 and 37.5 per~ent 

sea water. there was a increase in growth rate upto 6 d and 

later it was declined. In 25 and 12.5 percent sea water 

there was a increase in growth rate with time but in 12.5% 

sea water the growth rate decreased between 7 and 

distilled water the growth rate was maximum 

8 d. In 

over other 

treatments during the initial stages and later it was 

declined. Increase in concentration of sea water reduced the 

growth rate.(Table 13 B} 

Rate of radicle growth was more 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 STA~E: 

The data on germination of twenty eight pigeonpea 

genotypes are given in Table 14. By 24 h all the genotypes 

germinated in distilied water and significant differrences 
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Table 14: Effect of 40% sea water on germination of 
pigeonpea genotypes.(out of 10 seeds) 

-----------------------------------------------------------------S. 
No 

Genotypes/ 24h 
h after Disti- Sea 
Sowing lIed water 

24-36h 

water (40%) 

Disti- Sea 
lIed water 
water (40%) 

36-4Bh 
Disti- Sea 
lIed water 
wate r (40%) -----------------------------------------------------------------'1 

2 

3 

4 

5 

6 

7 

B 

9 

PANT A 106 7.7 

BDNA 5 9.7 

ICPL 3'12 B.O 

0.0 

0.0 

3.0 

0.0 

'1. 7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.7 

'10.0 

'10.0 

8.0 

9.7 

8.7 

9.7 

'10 

'1 '1 

12 

'13 

'14 

'15 

'16 

'17 

'lB 

19 

20 

2'1 

22 

23 

24 

25 

26 

27 

28 

C-11 B.O 

MRG 67 9.3 

PDA-5 3.3 

ICPL-36'l 7.3 

j NA 42 '1 '10 . 0 

BDNA-7 B.O 

ICPL-344 3.3 

ICPL-262 6.7 

ICPL-273 2.3 

ICPL-270 2.0 

6223-5 6.7 

S-BO 4.3 

RMG 66 6.3 

P DM- '1 '10 . 0 

BDN-3 7.3 

ICPL 333 B.3 

MRG 53 4.7 

MA '162 5.3 

ICPL 295 4.7 

ICPL 296 4.3 

ICPL 34B 7.0 

PDA-3 2.3 

ICPL 33B 6.7 

ICPL 337 5.7 

ICPL 342 B.7 
Mean 6.3 O. '18 

'10.0 

'10.0 

7.7 

9.0 

7.7 

'10.0 

9.3 

9.7 

B.O 

'10.0 

9.3 

9.3 

9.0 

9.7 

7.7 

B.O 

9.3 

9.0 

8.7 

9.7 

9.0 

9. '1 

8.3 

7.3 

9.7 

7.7 

9.3 

4.6 

7.7 

9.3 

8.7 

6.3 

6.7 

5.7 

5.0 

7.7 

7.0 

4.7 

8.3 

7.7 

5.7 

5.0 

6.0 

5.7 

4.3 

7~4 

7.0 

7.7 

6.0 

6.3 

7.2 

9.7 

'10.0 

'10.0 

8.0 

9.7 

B.7 

9.7 

'10.0 

'10 .0 

7.7 

9.0 

7.7 

'10.0 

9.3 

10.0 

8.3 

'10.0 

9.3 

9.3 

'10.0 

9.7 

8.3 

10.0 

9.3 

9.7 

8.7 

9.7 

9.0 

8.3 . 

'10.0 

9.3 

"10.0 

8.3 

9.7 

4.7 

7.7 

9.3 

9.7 

6.4 

7.7 

5.7 

7.7 

7.7 

8.7 

7.7 

9.0 

9.3 

5.7 

8.0 

7.7 

7.7 

5.7 

7.7 

8.7 

9.0 

9.0 

7.7 

7.7 
----------------------------------------------------------------
LSD (0.05> 
genotype: O. '100 
Time 0.204 
Treat 0.064. 

genotype :': time 
genotYI=·e :< treat 
Time :< treat 

0.054 
0.354 
0.289 
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were observed among genotypes. Maximum germinati~n of seeds 

(10 aut of 10 seeds) was observed in JNA 421 and minimum 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 67 at 24 h. By 36 h maximum number of seeds of almost 

all genotypes were germinated in distilled water. In treat-

ment 40 percent sea water maximum germination was observed 

in ICPL 312 (9.7 out of 10 seeds) and minimum in ICPL 296 

(4.3 out of 10 seeds). After 36 h there was no significant 

increase in germination in mast of the genotypes, but there 

was a significant increase of germination in 40 percent sea 

water in many genotypes. By 48 h BDN~-5and 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, genotype and 

treatment; 

treatment. 

time and treatment, and among genotype~ time and 

The percent of germination of 28 pigeonpea genotypes in 

!ea water is given in Table 15. By 24 h seeds of all 28 

genotypes germinated. Genotypes signific~ntly varied in ger­

mination even in distilled water. Cent percent germination 

was observed in PDM 1 and JNA 421 whereas ICPL 270 showed 

the least. By 24 h. genotype~ ICPL 312. MRG 67 and PDM 1 

only germinated in the -treatment with the germination per-

centage of 30.0, 16.6 and 3.3 respectively. There was 

reduction in germination .because of the treatment at 24 h. 
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At 36 h all the genotypes reached maximum percent of 

germination in distilled water. However the germination 

percentage was minimum (76.6) in ICPL 3~4 and ICPL 273. The 

germination percentage was less in mos~ of the genotypes in 

40 percent sea water treatment compared to distilled water 

control. e:<cept in ICPL 338 where it was :{p_iYl\L percent in 

both treatments. 

-
AT 48 h in most of the genotypes the percent germina-

tion was almost equal in both treatments. The minimum per-

cent germination was observed in PDA 5 having 46.6 percent 

in treatment and it was 86.6 percent in control. 

Maximum reduction in 40 percent sea water, over control 

was observed in PDA 5 and ICPL 296 (46.3, 43.4 percent 

respectively). Genotypes BDNA 5, ICPL 3-12, C -1-1, MRG 67, -BDN 

3 and ICPL 338 showed cent percent germination in 40 percent 

sea water also. 

Rate of germination of pigeonpea genot~pes: 

The rate of germination of 28 pigeonpea genotype is 

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 followed BDNA 5. In 

the sea water treatment" all the genotypes ex~ept ICPL 312, 
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Table 16: Effect of 40% sea water on the rate of germination of 
' pigeonpea cultivars'l~l) 

-----_._----------------------------------------------------------S. 
No 

Genotypes/ 0-24h 
h after Disti- Sea 
Sowing lied water 

36-48h 
Disti- Sea 

wate t- (40%) 

24-361-L_ 
Disti- Sea 
lied water 
wate r (40%) 

-----------------------------------------------------------------
lied water 
wate r (40%) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

PANT A '106 3. '19 

BDNA 5 4.02 
0.0 

0.0 
'1.67 

0.28 

'1.67 

0.0 

0.27 

4.44 

'1.94 

0.00 

'1.67 

3.6'1 

'1.95 

4.44 

6.67 

2.22 

4.44 

'1.42 

0.00 

'1.67 

0.83 

3.62 

3.63 

2.50 

3.06 

'1.94 

5.56 

2.22 

3.33 

0.28 

'10 

'11 

'12 

'13 

'14 

'15 

'16 

'17 

'18 

19 

20 

2'1 

22 

23 

24 

25 

26 

27 

ICPL 3'12 

C-'1'1 

MRG 67 

PDA-5 

ICPL-36'1 

JNA 42'1 

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 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

3.33 

3.33 

3:89 

'1.39 

3.05 

4. '17 

3.33 

'1.39 

2.77 

0.97 

0.83 

2.77 

'1.84 

2.62 

4. '17 

3.05 

3.47 

'1.94 

2.21 

'1.94 

'1.80 

2.92 

0.97 

2.77 

2.36 

3.6'1 

2.53 

'1.25 

0.0 

0.79 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O. '14 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.07 2.27 

6.94 

6. '1 '1 

5.55 

6.38 

6.39 

3.88 

6.38 

7.77 

7.22 

5.27 

5.55 

4.72 

4. '17 

6.38 

5.83 

3.88 

6.67 

6.38 

4.72 

4. '17 

,5.00 

4.72 

3.6'1 

6. '13 

5.83 

7.78 

5.00 

5.27 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.28 

0.27 

0.0 _ 

0.0 

0.0 

0.83 

0.0 

0.56 

'1.67 

0.0 

0.55 

0.0 

0.0 

0.0 

0.0 

~.22 

0.28 

0.56 

0.27 

0.0 

0.0 

0.0 

0.83 

0.02 

0.83 

0.50 

2.22 

0.00 

'1.38 

2.50 

0.56 

'1.39 

0.00 

2.50 

'1.38 

'1.67 

'1. 1'1 

0.25 

'1.38 

0.00 

2.50 

1 • 1 '1 

5.63 O. '15 
----------------------------------------------------------------0.89 
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MRG 67. and PDM 1 had no germination. 

During 24-36 h period the germination rate was maximum 

in the treatment than in control in most of the genotypes 

and it was maximum during this period as compared with other 

intervals. There was no further increase in germination 

after 24 h in C 11. JNA 421 and PDM 1 in control. 

During 36-48 h there was no germination in all the cul­

tivars in control except cv S BO, RMG 66. MRG 53, ICPL 295 

and PDA 3. Out of 2B, 20 pigeonpea cultivars germinated 

after 36 h after sowing. The maximum germination rate was 

observed in cv lCPL 337 and minimum in ICPL 334. 

4.5 SCREENING OF GENOTYPES FOR SALT TOLERANCE AT SEEDLING 

STAGE: 

The effects of 15 percent sea water prepared in 1/2 

Hoailand solution on the phytomass accumulation in 

parts of 2B genotypes of pigeonpea are given below: 

4.5.1 Leaves 

plant 

The dry weight of leaves of 2B genotypes is given in 

Table 17. The dry weight of leaves of all genotypes except 

PANT A 106 was significantly decreased by sea water treat­

ment. Hi9hest 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. Genotypes differed significantly in phytomass content 

both in control and sea water treatments. The interaction 

between genotype and tratment was significant. ICPL 344 had 

the lowest leaf phytomass both in control and in sea water 

treatments. 

. 
The percentage of decrease in leaf phytomass in sea 

water was more in ICPL 342 (45.0%). The percentage of leaf 

phytomass was more (7.0%) in C 11 followed by ICPL 295 and 

MA 162 in sea water. The range of reduction in leaf 

phytomass was 0 to 45.0% in most of the genotypes only a 

minimal reduction in leaf phytomass was observed due to sea 

water treatment. 

4.5.2 Stem 

The dry weight of the stem of 2S pigeonpea genotypes is 

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

dry weight of stem with 15% sea water in all the genotypes 

except PANT A 106, MRG 53. ICPL 342 had highest stem 

phytomass in control, whereas ICPL ~48 had high~st stem 

phytomass in 15% sea water followed by S-80, ICPL 270 and 

ICPL 361. Genotypes differed significantly in stem dry 

weight both in control and sea water treatments. 

The percent of decrease in stem d~y 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 (6.0%) in ICPL 348 fol­

lowed by 8 80 (4.0%). About 23 genotypes out of 28 genotypes 

showed 0 to 20% reduction and 3 genotypes more than 20% 

reduction in stem dry weight due to sea water treatment. 

4.5.3 Root 

The dry weight of roots of 28 pigeonpea genotypes is 

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

dry weight of root with 15% sea water in all the genotypes 

except in ICPL 273, 8-80 and RMG 66. ICPL 361 had highest 

root phytomass (21.6 mg) both in control and in 15% sea 

wa t e r ('18 • 6 m g ). G e not y pes d iff ere d s i 'J n i f i c a n:l yin roo t dry 

matter content both in control and 15% sea water. The inter­

action between genotype and treatment was significant. 

The percent of reduction in root dry weight was maximum 

in ICPL 337 (31.0%) due to sea water treatment. There was~~. 

increase in root dry weight by 40.0% in ICPL 270 followed by 

ICPL 312 (4.0%). About 7 genotypes showed 0-10%reductions, 9 

genotypes 10-20%, 7 genotypes 20-36% and one genotype more 

than 30% reduction in root growth due to sea water treat­

ment. 

Tbe total plant dry weight is given' in Table 17. In 

most.of the genotypes, there was a reduction in total plant 

dry weight due to 15% sea water treatment. ICPL 270 had ~ax-
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imum total dry weight and in control (83.1 mg) and in 15% 

sea water (82.8 mg). 

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 Root/shoot ratio 

Root/shoot ratio of 28 pigeonpea genotypes is given in 

Table 17. In most of the genotypes there was a reduction in 

root/shoot ratio when grown in 15% sea water treatment. In 

some genotypes like lCPL 342, ICPL 348, there was an in-

crease in the root/shoot ratio with 15% sea water treatment. 

4.5.5 Root len';Jth (cm) 

The effect of 15% sea water on root length of 28 

pigeonpea genotypes is given in Table 18. In general, there 

was a significant decrease in root length due to sea wa~er 

treatment and this genotypes differed significantly in their 

response to sea water. The maximum root length was observed 

in PDA 5 both in control and in treatment. There was no ef-

feet of sea water treatment on root length of C-11. In both 

cases the root length was 12.8 cm. In control maximum root 

length was obierved in ICPL 295 and ICPL 273 and in treat­

ment with C-·1·1. 



87 

Table 18 : Effect of 15% sea water on Root length and stem 
height of pigeonpea seedlings. 

-------------~------------.--------------------------------------------~ 

8. 
No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

'10 

'1"1 

'12 

'13 

'14 

'15 

'16 

'17 

'18 

'19 

20 

2'1 

22 

23 

24 

25 

26 

27 

28 

Genotypes 

PANT A '106 

BDNA 5 

ICPL 312 

C-'l '1 

MRG 67 

PDA-5 

ICPL-36'1 

JNA 42'1 

BDNA-7 

ICPL-344 

ICPL-262 

ICPL-273 

ICPL-270 

6223-5 

8-80 

RMG 66 

PDM-'l 

BDN--3 

ICPL 333 

MRG 53 

t1A '162 

ICPL 295 

ICPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Root length (Cm) .. _ 
control 15% sea % over 

'12.9 

'10.4 

'13.0 

'12.8 

'1 '1 .4 

8.5 

'1 '1 .0 

'10.5 

'l::LO 

'12.3 

'15.0 

'13.5 

'10.5 

'10.0 

'1 '1 .4 

'1 '1 .5 

'12.4 

'12.6 

12.2 

"'1.5 

'13.0 

'13.5 

'1 '1 .3 

'12.0 

11.4 

'1'1. 0 

'13.0 

'13.3 

'11.9 

. water control 

'12. '1 

'10.2 

'1 '1 .9 

'12.8 

'1 '1 .0 

7.0 

9.2 

8. '1 

'10.0 

'10.8 

'12.6 

'1 '1 .8 

8.9 

8.2 

8.6 

'10.0 

'10. '1 

'1 '1 .6 

9.0 

'11.2 

'1 '1 .3 

8.7 

'1 '1 .4 

9.8 

'10.4 

'10.3 

93.7 

98. '1 

9'1.5 

'100.8 

96.5 

82.3 

B3.6 

76.9 

76.9 

87.8 

84.0 

87.0 

84.0 

82.0 

84.2 

B6.9 

92.7 

83.3 

94. '1 

78.3 

86. '1 

83.7 

77.0 

95.0 

85.9 

94.5 

86.9 

BO.5 

86.9 

Stem hei9_ht (Cm) 
control 15% sea % over 

9.5 

7.3 

8.8 

9.2 

B. '1 

9.6 

'1 '1 .5 

'10.3 

'10. '1 

9. '1 

'10.0 

8.8 

'1'1 .0 

9.3 

9.6 

'10.5 

9.9 

'10.8 

1 '1 .2 

9.6 

9.8 

8.4 

B.7 

'10.8 

9.8 

9.4 

9.6 

'10.2 

9~6 

water control 

7.6 

6.9 

7.5 

B.8 

7.6 

8.5 

'10. ·1 

8.0 

7.2 

8.2 

7.0 

7.9 

9.4 

7.5 

B.5 

9.7 

8.8 

8.6 

9 ~, 

.c.. 

8.5 

9.0 

7.6 

7.7 

·10.4 

9. ·1 

8.7 

8.5 

9.0 

8.4 

80.0 

94.5 

85.2 

95.6 

93.8 

8B·.5 

87.8 

7·1.3 

71.3 

90. ·1 

70.0 

89.8 

85.4 

BO.6 

B8.5 

92.4 

88.9 

79.6 

82. ·1 

88.5 

9·1.B 

90.5 

80.4 

96.3 

92.8 

92.5 

88.5 

88.2 

86.9 

------------------_._-------------------------------------------------_. 

Root lent;:Jth 

LSO(O.05) genotype 1.55 

treatments 0.41 

genotype x treatment NS 

Stem heit;:Jht 

1.68 

0.45 

NS 
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All the genotypes except C-11 showed a reduction in 

root length due to sea water treatment. The maximum percent 

reduction in root length (23%) was observeed in ICPL 296. 

JNA 421 and BDNA1 

ran'_;je of 0-·10% 

Eight genotypes showed a reduction in the 

15 genotypes 10-20% and 4 genotypes showed 

more than 20 percent of reduction in root length. 

4.5.6 Stem height (cm) 

The effect of 15% sea water on stem height of 28 

pigeonpea genotypes is given in Table 18. There was a sig­

nificant reduction in stem height in all the genotypes ex­

cept ICPL 348 and C-11. ICPL .361 had maximum stem height in 

both the control and sea water treatments. The genotypes 

differed in their response to salinty. 

The percent of reduction over control for ICPL 262 was 

30.0% followed by JNA 421 and BONA 7, (29.0%). The percent 

of reduction in stem height differed with genotype. Ten 

genotypes showed reductin in stem height in the range of 0-

10%, 14 genotypes in the range of 10~20% and remaining 4 

genotypes showed more than 20% reduction over control due to 

sea water treatment. 
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4.5.7 Leaf area .(lm~ 

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 leaf 
I 

area of 7.36 cms per plant was observed in ICPL 296 whereas 

in treatment it was observed in ICPL 337. 

The maximum percent reduction over control (70%) was 

observed in BDN 3 followed by 68% in PANT A 106. The percent 

of reduction differed with genotype. Two genotypes showed a . 

percent reduction in leaf area over control in the range of 

60-70%, 2 genotypes 50-60%, 7 genotypes 40-50%, 3 genotypes 

30-40%, 7 genotypes 20-30%, 3 genotypes 10-20%, and 3 

genotypes 0-10%. ICPL 295 showed an increase in leaf area 

due to sea water treatment. 

4.5.8 SQecific leaf area (SLA) cm.wt- 1 

The effect of sea watei on specific leaf area, a 

measure of leaf thickness is given in Table 19. In all the 

genntypes except BONA 5, ICPL 295, ICPL 337 and ICPL 342 

'there was a reduction in specific leaf area due to sea water 

treatment. ICPL 344 showed a maximum specific leaf area of 

0.2776 and 0.1496 in both control and treatment respec-

tively. 
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Table 19: Effect of 15% sea water on the Leaf area and specific 
leaf area of pigeonpea seedlings. (seedling-1) 

\10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

'10 

1 '1 

12 

13 

14 

15 

16 

17 

18 

19 

Genotypes 

PANT A '106 

BDNA 5 

ICPL 312 

C- 'l'1 

MRG 67 

PDA-5 

ICPL-361 

JNA 42'1 

BDNA-7 

ICPL-344 

ICPL-262 

ICPL-273 

ICPL-270 

6223-5 

5-80 

RMG 66 

PDM-'l 

BDN-3 

ICPL 333 

MRG 53 

MA '162 

ICPL 295 

ICPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Leaf area (cma ) 
control 15% sea % over 

4.34 

3.54 

3.80 

2.55 

4.2-1 

3. -12 

3.63 

4.49 

4.50 

·4.89 

2.68 

3.79 

3.95 

4.50 

4.08 

3. -12 

3.04 

6.52 

4.23 

3.24 

3.90 

2.69 

7.36 

3.02 

3.8-1 

4.26 

6. ·15 

5.94 

4. '12 

water control 

-1.41 

3.36 

2.02 

2.36 

2. '19 

2.26 

2.25 

2.67 

3.07 

'1.63 

2.6'1 

3.13 

3.24 

3.2-1 

2.84 

'1 .7'1 

-1.99 

3.03 

'1.77 

2.94 

3.05 

3.62 

2.46 

2.65 

2.43 

4.95 

3.46 

2.67 

:;32.5 

94.8 

52.9 

92.4 

5'1.9 

72.5· 

7'1.9 

49.9 

59.4 

62.6 

60.8 

68.9 

79.2 

71.9 

78.6 

90.9 

56.2 

30.5 

7'1.5 

54.7 

74.3 

'1-13.4 

49.1 

8-1.2 

83.3 

57. '1 

80.6 

58.2 

64.9 

Specific Leaf area(cm.Wt- 1 ) 

control 15% sea % over 

O. -138 

O. -132 

0.099 

0.089 

O • .,., 9 

0.098 

0.097 

O. '128 

O. '118 

0.278 

0.089 

O. '104 

0.085 

o. '125 

0.114 

0.096 

0.094 

O. '188 

O. '1-19 

0.095 

0.129 

0.094 

0.2-16 

0.093 

0.096 

0.-13-1 

0.128 

o. -124 

O. -122 

water control 

0.045 

0.142 

0.064 

0.077 

0.07'1 

0.077 

0.073 

0.10'1 

0.076 

O. '149 

0.06'1 

0.079 

0.071 

0.095 

0.094 

0.09'1 

0.059 

0.064 

O. -lOS 

0.058 

0.094 

O. '10-1 

O • .,., 7 

0.087 

0.084 

0.092 

O. '187 

O. -130 

0.090 

32.6 

-107.3 

63.9 

86.3 

59. -1 

78.5 

74.8 

78.8 

64.0 

53.9 

67.7 

75.8 

84. -1 

76.0 

82.9 

94.7 

62.7 

33.9 

88.5 

61.4 

72.8 

107.5 

54.2 

93.9 

87.5 

70.3 

-146.0 

-105.5 

74.5 

----------------------------------------------------------------------

_5D(0.05) genotype 

treatments 

Leaf area 

2. '18 

0.6'1 
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The percent of reduction in SLA was maximum in 67% in 

PANT A 106 followed by 66% in BDN 3. Two cultivars showed a 

reduction in the range of 60-70%; 3 genotypes 50-40%; 5 

genotypes 30-40%; 7 genotypes 20-30%; 5 genotypes 10-20%; 

and 2 genotypes less than 10% reduction in SLA ., due to sea 

water treatment. 

4.5.9 Moisture content 

The effect of sea water on ~oisture content in various 

plant ~rgans is given in Table 20. 

In leaves, the sea water treatment brought a reduction 

in water content in all the 2B genotypes. The reduction dif-

fered with genotypes. The maximum moisture content of 251.7 

mg was observed in the leaves of ICPL 342 in control and it 

was 103.2 mg for ICPL 312 in sea water treatment. 

Ma:dmum percent reduction over control (ctO%) in mois-

ture content in leaves was in PANT A 106 with least in S BO. 

The reduction in percent moisture differed with genotype. 

In 19 out of 2B genot~pes there was an increase in 

~oisture content in roots, due to sea water treatment. The 

maximum moist~re content was observed in ICPL 270 (237.0 mg) 

with least (31.0 mg) in PANT A 106. 
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The maximum per~ent moisture content (249.2) over con-

trol was found in ICPL 348. In roots of JNA 421 there was 

53% percent reduction in moistu~e content due to sea water 

treatment. The change in moisture content differed with 

';Jenotypes. 

I 

There was a reduction in moisture content in stem in 

all the genotypes except in PANT A 106, ICPL 361 and ICPL 

344. The maximum moisture content was observed in PANT A 106 

(143.2 mg) in sea water treatment. 

The percent of increase in moisture content over (on-

trol in ICPL 344, PANT AI06 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. Except in ICPL 270, ICPL 344, ICPL 348 and 8-80 all the 

other genotypes showed less total moisture content than in 

control. The maximum moisture content of 567.0 mg was 

present in BDNA 7 in control and 405.S mg in ICPL 312 in sea 

water treatment. 

ICPL 270, ICPL 348, 8-80 and lCPL 341+: showed an i n-

crease in total plant moisture content by 24.7, 7.9, 6.9 and 

6.6% respectively. The ma:<imuITI of 65% reduction in total 

plant moisture content was observed in JNA 4"2"1. 
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4.6. CHANGES IN PERCENTAGE OF Na, K, Zn, Mn, Cu, and Fe: 

4.6. ·1 Sad i urn 

The data on percentage of sodium in various plant parts 

of 28 pigeonpea genotypes are presented in Table 21. The 

percentage of sodium in root was more and less in leaves 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-

~rease in the percentage of sodium about 0.2 to 0.3% due to 

15% 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 15% sea 

water treatment. There was not muc,h difference in percent 

sodium content in stem among the genotypes in the control. 

The maximum percentage of Na was 0.203 in BONA 7 and minimum 

0.017 in ICPL 348. The increase in sodium percent in stem 
..,.. 

due to treatment was in the ra.,'Je of O. ·16 to 0.43. The mini-

mum percent increase (0.16) was in ICPL 344 and maximum 0.43 

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

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

The percent of sodium in root was incre~sed due to sea 

water treatments in all the 28 genotypes tested. The in-

. crease was maximum in (0.94) PDA 3 over control and minimum 
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, 

Table 21 : Effect of 15X sea water on percentage of sodium 
in ~arious plant parts of pigeonpea 

--------------------------------------------------------------------S. 
No Control 

Genotypes Leaves Stem 15X sea water 
Root Leaves Stem Root --------------------------------------------------------------------1 

2 

3 

4 

5 

6 

7 

8 

9 

PANT A '106 

BDNA 5 

ICPL 3'12 

C-'11 

0.126 

O. '135 

O. '182 

O. '12'1 

O. '143 

0.171 

0.123 

0.122 

0.128 

0.263 

O. '134 

0.154 

O. '112 

0.143 

O. '147 

O. '162 

O. '180 

O. '158 

O. '173 

0.160 

0.176 

0.203 

0.178 

O. '162 

0.1'18 

O. '120 

O. '109 

O. '116 

O. '126 

O. '128 

0.118 

0.12'1 

0.122 

0.'1'18 

0 .. 109 

O. '110 

0.107 

O. '126 

O. '180 

O. '178 

0.188 

'10 

1 '1 

'12 

'13 

'14 

15 

'16 

17 

18 

19 

~O 

3 

4 

5 

6 

7 

g 

MRG 67 

PDA-5 

ICPL-36'l 

JNA 421 

BDNA-7 

ICPL-344 

ICPL-262 

ICPL-273 

ICPL-270 

6223-5 

S-80 

RMG 66 

PDM-'l 

BDN-3 

ICPL 333 

MRG 53 

MA '162 

ICPL 295 

ICPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Standard 

deviation 

, O. '126 

O. '1'13 

0.'12'1 

O. '136 

0.127 

0.1'19 

0.102 

0.100 

O. '13'1 

O. '142 

0.1'17 

O. '134 

0.128 

O. '130 

0.098 

0.133 

0.03'1 

0.144 

0.029 

O. '164 

O. '176 

O. '173 

O. '162 

O. '156 

0.192 

O. '190 

O. '172 

O. '164 

O. '122 

O. '158 

O. '17'1 

O. :178 

O. '169 

O. '152 

O. '168 

0.170 

0.163 

0.'14'1 

O. '139 

0.160 

O. '170 

O. '186 

0.178 

O. '167 

O. '153 

0.159 

O. '183 

O. '166 

0.0'15 

0.32'1 

0.252 

0.4'16 

0.24'1 

0.346 

0.352 

0.320 

0.402 

0.4'13 

0.2'10 

0.350 

0.426 

0.378 

0.289 

0.30'1 

0.312 

0.409 

0.382 

0.392 

0.407 

0.282 

0.342 

0.3'15 

0.372 

0.384 

0.306 

0.3'15 

0.374 

0.343 

0.057 

0.536 

0.387 

0.354 

0.512 

0.6'13 • 

0.384 

0.416 

,0.472 

0.538 

0.381 

0.502 

0.3'12 

0.426 

0.406 

0.397 

0.426 

0.452 

0.376 

0.472 

0.392 

0.42'1 

0.526 

0.497 

'0.482 

0.6'12 

0.482 

0.5'16 

0.453 

0.075 

0.975 

0.987 

0.875 

0.756 

'1,,026 

1.037 

0.853 

1.056 

0.947 

0.928 

'1.027 

'1.008 

0.928 

0.907 

'1.063 

0.943 

0.875 

1.024 

0.945 

0.976 

0.873 

0.921 

'1.087 

0.984 

'1.'13'1 

0.982 

'1.097 

1.048 

-
0.973 

0.084 
-------------------------------------------------------------------
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in (O.61X) C-11. There was not much difference in root 

sodium content of 28 genotypes in control. The maximum per­

~ent of sodium was found in lCPL 337 and minimum in C-11. 

Among the three plant parts, ~he 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 genotypes are presented in Table 22. 

The percentage of potassium was more in leaves followed by 

stem and root. There was a decrease in potassium content of 

leaves due to sea water treatment. in all the genotypes. The 

decrease was more in C-11, and minimum in ICPL 342. The per­

centage of potassium was in the range of 2.05 in C-11 to 

3.12 in BONA 7. There was not muth difference in leaf potas­

sium content among the genotypes. 

The percent of potassium in ste~ also decreased due to 

15X sea water treatment when compared with control in all 

the genotypes. In control, the maximum percent of potassium 

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 per~ent. There were differences in stem 

potassium content among the genotypes wi~h the treatment. 
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Table 22 : Effect of, 15% sea water on percentage of potassium 
in various plant parts of pigeonpea 

S. 
No 

'1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 -1 

12 

13 

'14 

-15 

16 

'17 

18 

9 

o 
1 

Control 
Genotypes Leaves Stem 

PANT A 106 3.04 

BDNA 5 2.96 

ICPL 312 2.56 

C-11 2.84 

MRG 67 2.78 

PDA-5 2.54 

ICPL-361 . 3. '12 

JNA 421 3.06 

BDNA-7 2.87 

lCPL-344 2.52 

ICPL-262 3.16 

ICPL-273 2.79 

ICPL-270 3.04 

6223-5 3.15 

S-80 3.19 

RMG 66 2.86 

PDM-'1 2.90 

BDN-3 2.92 

ICPL 333 3.12 

MRG 53 2.79 

MA 162 2.85 

ICPL 295 3.16 

ICPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Standard 

deviation 

2.89 

3.01 

2.85 

2.41 

2.78 

2.48 

2.17 

0.22 

2.78 

2.59 

2.32 

2.57 

2.58 

2.62 

2.8'1 

2.52 

2.4'1 

2.56 

2.42 

2.81 

2.46 

2.58 

2.34 

2.61 

2.78 

2.76 

2.3" 

2.70 

2.58 

2.49 

2.6" 

2.7'1 

2.69 

2.59 

2.64 

2.60 

2.59 

0.14 

Root 

2.52 

2.25 

2.34 

2.31 

2.40 

2.56 

2.48 

2.36 

2.5'1 

2.01 

2.53 

2.39 

2.42 

2.46 

2.37 

2.58 

2.41 

2.52 

2.45' 

2.39 

2.4'1 

2.52 

2.48 

2.56 

2.43 

2.5'1 

2.59 

2.34 

2.43 

0.12 

15% sea water 
Leaves Stem Root 

2.84 

2.75 

2.12 

2.05 

2.52 

2.2'1 

2.78 

2.36 

3.12 

2.42 

2.78 

2. '18 

2.52 

3.06 

2.82 

2.70 

2.40 

2.12 

2.85 

2-.86 

2.64 

2.98 

2.64 

2.42 

2.79 

2.30 

2.64 

2.51 

2.58 

0.29' 

2.72 

2.04 

'1.97 

'1.87 

2.42 

'1.54 

2. '12 

2.71 

2.2'1 

1.50 

'1.90 

1.76 

2. '14 

'1.98 

2. '16 

2.51 

2.05 

2.22 

1.72 

2.51 

2.17 

'1.96 

2.53 

2.24 

2.79 

2. '16 

2.48 

2.41 

2. -17 

0.34 

1.97 

1.80 

1.78 

2.-'10 

'1.92 

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 

".89 

2.05 

1.92 

'1.82 

2. '10 

2.21 

1.84 

'1.75 

2. '13 

1.83 

1.97 

0.27 
~ ____________________________________________ M __________________ _ 
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Table 22 : Effect of,15% sea water on percentage of potassium 
in various plant parts of pigeonpea 

--------------------------------------------------------------------S. 
No Genotypes Control 

Root Leaves Stem '15% sea water 

--------------------------------------------------------------------'1 

2 

3 

4 

5 

6 

7 

B 

9 

PANT A '106 

BDNA 5 

ICPL 312 

C-'1'l 

3.04 

2.96 

2.56 

2.B4 

2.7B 

2.54 

2.78 

2.59 

2.32 

2.57 

2.5B 

2.62 

2. B'l 

2.52 

2.4'1 

2.56 

2.42 

2.B1 

2.46 

2.5B 

2.34 

2.61 

2.78 

2.76 

2.3'1 

2.70 

2.58 

2.49 

2.6'1 

2.7'1 

2.69 

2.59 

2.64 

2.60 

2.52 

2.25 

2.34 

2.31 

2.40 

2.56 

2.4B 

2.36 

2.5'1 

2.0'1 

2.53 

2.39 

2.42 

2.46 

2.37 

3.5B 

2.4'1 

2.52 

2.45 

2.39 

2.4'1 

2.52 

2.48 

2.56 

2.43 

2.5'1 

2.59 

2.34 

Leaves Stem Root 

10 

1 '1 

12 

13 

14 

15 

16 

17 

18 

9 

o 
'1 

2 

3 

(j. 

MRG 67 

PDA-5 

ICPL-36'l 

JNA 421 

BDNA-7 

ICPL-344 

ICPL-262 

ICPL-273 

ICPL-270 

6223-5 

S-BO 

RMG 66 

PDM-1 

BDN-3 

ICPL 333 

MRG 53 

MA '1'62 

ICPL 295 

ICPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Standard 

deviation 

. 3. '12 

3.06 

2.B7 

2.52 

3. '16 

2.79 

3.04 

3.15 

3. '19 

2.86 

2.90 

2.92 

3. '12 

2.79 

2.85 

3. '16 

2.89 

3.01 

2.85 

2.41 

2.78 

2.48 

2. '17 

0.22 

2.59 2.43 

0.14 O. '12 

2.B4 

2.75 

2. '12 

2.05 

2.52 

2.2'1 

2.78 

2.36 

3. '12 

2.42 

2.7B 

2. 'lB 

2.52 

3.06 

2.82 

2.70 

2.40 

2.12 

2.85 

2.86 

2.64 

2.98 

2.64 

2.42 

2.79 

2.30 

2.64 

2.5'1 

2.58 

2.72 

2.04 

1.97 

1.87 

2.42' 

'1.54 

2. '12 

2.71 

2.2'1 

1.50 

'1.90 

1.76 

2. '14 

1.9B 

2. '16 

2.51 

2.05 

2.22 

1.72 

2.51 

2. '17 

'1.96 

2.53 

2.24 

2.79 

2. '16 

2.48 

2.4'1 

2. '17 

1.97 

1.80 

1.78 

2.·10 

'1.92 

2.50 

2. '13 

2.02 

'1.98 

0.96 

1.9B 

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 

0.34 
------------------------------------------------------------------0.27 
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The highest potassium content (2.79%) was found in PDA 3 and 

minimum (1.90) in ICPL 262. 

The percent of potassium in root was decieased due to 

sea water treatment in all the 28 genotypes. The decrese was 

maximum (1.15%) in ICPL 344 over control and minimum (0.06%) 

in PDA 5. The maximum percent of potassium was found in PDA 

5 and minimum in , ICPL 344. There was not much difference 

in root potassium content among 28 genotypes. 

There was a decrease in potassium content in all the 

plant parts of pigeonpea due to 15% sea water treatment. The 

decrease was more in roots in most of the genotypes. 

4.6.3 Zinc 

The data on concentration of 'zinc in various plant 

parts of 28 p~ge6npea genotypes 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 leaves 

due to 15% sea water treatment. Thirteen genotypes show.d an 

increase in zinc content due to the treatment. but others 

showed decrease in zinc content in leaves with treatment. 

The maximum ~~cre~se was in 3.3% in C-11 due to the treat­

ment. 
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Table 23 : Effect of 15% sea water on Zinc content (ppm) 
in various plant parts of pige6npea 

Control S. 
No Genotypes Leaves Stem 

1 

2 

PANT A '106 77.5 

BDNA 5 

3 ICPL 3'12 

4 C-'11 

5 MRG 67 

6 PDA-5 

7 ICPL-36'l 

8 JNA 421 

9 BDNA-7 

10 ICPL-344 

11 ICPL-262 

12 ICPL-273 

'13 ICPL-270 

'14 6223-5 

'15 S-80 

16 RMG 66 

'17 PDM-'l 

'18 BDN-3 

'19 ICPL 333 

20 MRG 53 

21 MA '162 

22 'ICPL 295 

23 ICPL 296 

24 ICPL 348 

25 PDA-3 

26 lCPL 338 

27 ICPL 337 

28 ICPL 342 

82.3 

79.6 

83.4 

76.2 

82.6 

83.3 

80.6 

79.7 

77.5 

82.7 

81.8 

76.8 

8'1.6 

80. '1 

83. '1 

74.4 

79.5 

76.4 

80.5 

78.8 

77.4 

78.4 

85.7 

8'1.9 

79.9 

78.3 

83.0 

Mean 80. '1 

Standard 

deviation 2.8 

56.4 

'56.4 

58.4 

6'1.8 

49.5 

53.2 

60.4 

58.5 

44.7 

47.5 

52.0 

5'1.4 

49.9 

55.3 

54.0 

5 '1 • '1 

49.6 

50.9 

54. '1 

58.5 

57.6 

55.5 

53.5 

49.5 

52. '1 

50. " 

49.2 

50.6. 

53.3 

4. '1 

Root 

65.8 

78.0 

70.4 

79.4 

64.8 

75.2 

79.5 

70.4 

72.8 

65.8 

70.3 

69.0 

67.8 

65.8 

70.8 

78.4 

67.8 

65.2 

68.4 

70.8 

69. '1 

68.5 

70.5 

76.4 

70.3 

70. " 

68.5 

74.8 

70.9 

4.3 

'15% sea wate r 
Leaves Stem Root 

78.5 

82.4 

8'1.2 

80.6 

74.8 

80.5 

84.8 

81.4 

79.7 

75.2 

8'1.8 

8'1.0 

76.9 

82.2 

78. '1 

83.5 

75. '1 

80.0 

77. '1 

80.5 

76.5 

77.0 

77.2 

83.5 

82.2 

80. " 

79.2 

84.2 

79.8 

2.8 

56.0 

55.8 

56.8 

6'1.2 

50. " 

53.3 

60.0 

57.8 

43.8 

48.1 

49.4 

48.7 

49.0 

53.5 

55.2 

50.9 

47.6 

49.8 

52.8 

56.9 

57.0 

54.8 

53.5 

48.4 

50.8 

50.2 

48.4 

49.3 

52.5 

4.2 

63.1 

76 .. 5 

70. '1 

76.8 

62.8 

75.0 

78.5 

69.2 

7'1.8 

66.2 

68.4 

69.4 

67.2 

64.8 

71.2 

78.1 

66.2 

65.0 

67.8 

68.8 

66.5 

68.0 

69.2 

76.8 

70.3 

69.4 

68.5 

72.8 

69.9 

4.4 

--------------------------------------------------------------------
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The content of zinc in stem decreased due to treatment 

in all genotypes except in MRG 67, ICPL 344 and 8-80. 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 cont~nt of roots in treat­

ment compared to control in all the 2B pigeonpea gencitypes 

except 8-BO. The decrease was in the range of 0 to 2.7 ppm. 

The maximum zinc content was in C-11 in both the control and 

treatment. 

There was a decrease in Zn content in root due to 

treatment in all the genotypes except ICPL 344, ICPL 270 1 

RMG 66 and ICPL 34B. The genotypes differed in the zinc con­

tent in leaves due to treatm~nt, except three genotypes, 

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 

root. 

The content of manganese in leaves was in the range of 

25.5. to 2B.4 ppm. With the treatmeMt of iea water, only a 



Table 24 : Effect of 15%. sea water on Manganese content(ppm) 
in various plant parts of pigeonpea 

Control 15% Sea Water 
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S. 
No Genotypes Leaves Stem Root Leaves Stem Root 
--------------------------------------------------------------------

'1 

2 

3 

4 

5 

6 

7 

8 

9 

'10 

'1 '1 

12 

'13 

'14 

'15 

16 

'17 

'18 

'19 

20 

2'1 

22 

23 

24 

~5 

~6 

?7 

~8 

PANT A '106 

BDNA 5 

ICPL 3'12 

C- '1'1 

MRG 67 

PDA-5 

ICPL-361 

JNA 42'1 

BDNA-7 

ICPL-344 

ICPL-262 

ICPL-273 

ICPL-270 

6223-5 

S-80 
1, ,I 

RMG 66 

PDM-'l 

BDN-3 

rCPL 333 

MRG 53 

.MA '162 

ICPL 295 

lCPL 296 

lCPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Standard 

deviation 

28.2 

27.5 

25.5 

26.5 

28.4 

25.6 

26.8 

27.2 

28.1 

27.8 

28.4 

27.9 

26.8 

27.4 
, 

27~0 

28.2 

28.3 

27.9 

27.3 

26.7 

27.4 

28.4 

25.5 

26.5 

27.5 

27.4 

28.0 

27.8 

'27.4 

0.9 

2'1.5 

20.2 

22.0 

21.9 

22.5 

'19.8 

18.9 

20.3 

21.2 

20.9 

22.2 

22.0 

24 .• 8 

19.2 

'19.8 

'19.7 

20.2 

20.6 

'19.8 

19.5 

20.2 

20.5 

'18.4 

'19.6 

19.9 

20.5 

2'1.6 

21.2 

20.7 

'1.3 

9.5 

8.5 

7.9 

'10.2 

8.5 

8.2 

9.2 

9. '1 

8.6 

8.7 

7.9 

8. '1 

7.8 

8.5 

9.0 

8.8 

7.6 

7.8 

7.8' 

7.5 

8.2 

8.5 

7. '1 

7.5 

7.9 

8.2 

8.0 

9.6 

8.3 

0.7 

29. '1 

28.0 

25.9 

26.3 

28.7 

26.2 

27.0 

28.1 

28.5 

27.9 

28.3 

28.2 

27.5 

28.2 

27.9 

28.7 

29. '1 

27.8 

27.2 

27.3 

28.2 

28.9 

27.5 

26.8 

28.4 

27.0 

26.8 

28.4 

27.8 

22.4 

21.5 

23.1 

22.8 

23.1" 

21.2 

'19.5 

2'1.4 

22.6 

23.4 

22.5 

22.7 

25.3 

20.8 

20.3 

'19.5 

2'1.6 

20.8 

2'1.5 

22.4 

22.2 

20.0 

20.7 

22.4 

23.4 

22.3 

23.4 

22.9 

2'1.9 

'1.3 

'10.2 

9.3 

8.5 

'10.7 

8.9 

9.5 

9.7 

9.8 

9.4 

9.7 

8.9 

10.3 

8.2 

9.2 

9.6 

8.9 

8.7 

8.6 

8.6 

8.6 

9.9 

9.7 

8.4 

8.3 

8.5 

9.0 

9.2 

8.5 

9.1 

0.7 



102 

marginal increase was observed in most of the genotypes. the 

increase was in the range of 0.1 to 2.0%. 

The content of mahganese in stem increased in all the 

genotypes 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 stem manganese 

content was found in ICPL 344 and ICPL 337. 

The content of manganese ~n root was increased due to 

treatment. The increase was in the range of 0~1 to 2.2 ppm 

over control with maximum increase in lCPL 273. The maximum 

manganese content of 10.7 ppm and 10.2 ppm were found in C-

11 in the treatment and control respectively. 

The effect of sea water on concentration of copper in 

various plant parts of pigeonpea are given in Table 25. The 

concentration of copper was momin root followed by leaf and 

stem in bo~h control and treatment. 

The copper 
~ 

content .in leaf ws decreased marginally in 
~ 

19 genotypes. The decrease was in the range of 0.1 to 1.1 

ppm over control. Remaining 9 genotypes 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 maximum when com-



Table 25 : Effect of 15% sea water on Copper content <ppm) 
in various plant parts of pigeonpea 

S. 
No Genotypes 

'1 PANT A '106 

2 BDNA 5 

3 ICPL 3'12 

4 C-11 

5 MRG 67 

6 PDA-5 

7 ICPL-36'1 

8 JNA 421 

9 BDNA-7 

'10 ICPL-344 

'1 '1 ICPL-262 

'12 ICPL-273 

'13 ICPL -270 

'14 6223-5 

'15 5-80 

'16 RMG 66 

'17 PDM-t 

18 BDN-3 

'19 ICPL 333 

20 MRG 53 

21 MA '162 

22 lCPL 295 

23 ICPL 296 

24 ICPL 348 

25 PDA-3 

26 lCPL 338 

27 ICPL 337 

28' ICPL 342 

Mean 

Standard 

deviation 

Leaves 

19. '1 

20.5 

'18. '1 

21.5 

'19.8 

17.6 

'18.3 

17.8 

'16.7 

16.5 

'17.2 

'19.4 

20. '1 

'19.8 

'18.7 

'17.9 

'17.5 

'19.0 

'18. '1 

'18.4 

17.8 

18.8 

'19. '1 

'18.6 

'17.9 

17.4 

18.2 

18.6 

'1. 1 

Control 
Stem 

16.8 

20.2 

'17.5 

'19.8 

'19.0 

'17.7 

'17.8 

18.2 

14.8 

'15.3 

'16.4 

'17.8 

'15.4 

17. '1 

'18.8 

'18.2 

'18. 1 

'17.8 

'16.5 

'18.2 

'17.1 

17.9 

'19.0 

18.4 

'17.6 

17 .. 0 

18.3 

18.8 

'17.7 

1.3 

Root 

25.5 

28'.0 

30.8 

29.8 

26.8 

24.5 

27.9 

28.4 

23.3 

20.5 

24.7 

26.4 

25.8 

25.0 

27. '1 

28.0 

27.3 

25.6-

26.4 

27.2 

30. '1 

27.7 

30.2 

28.3 . 

28.6 

27.0 

24.7 

25.9 

26.8 

2.2 

'15% Sea Water 
Leaves 

18.0 

21.2 

'17.2 

22.0 

'19.4 

'17.0 

17.9 

18. '1 

'16.5 

'15.9 

17.5 

19.0 

'19.8 

'18.7 

'18.0 

'17.2 

'17.0 

18.9 

'18.3 

'18.0 

'17.9 

'18.2 

'18.4 

'18.0 

'17.6 

16.9 

'18. '1 

'18.8 

'18 .• 2 

'1.3' 

Stem 

'17.5 

20.5 

'17.8 

20.1 

'18.7 

17.5 

18.2 

'18.1 

'15.2 

'16. '1 

'16.8 

'17.5 

15. '1 

17.5 

18.5 

17.8 

'17.5 

18.0 

'16.2 

17.9 

'17.0 

'17.7 

'17.9 

18.2 

'16.5 

16.5 

'17.9 

19.4 

'17.6 

'1.2 
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Root 

25.7 

28.7 

29.4 

28.5 

26.2 

25.6 

26.5 

28.0 

22.2 

'18.5 

25.0 

26.2 

24.9 

25.3 

25.8 

27.5 

26.2 

25.0 

25.9 

26.8 

28,.1 

27.6 

28.4 

30.1 

27.4 

25.6 

22.5 

24.8 

26. '1 

2.4 
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pared with other genotypes both 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 treatment and other 16 

genotypes showed a marginal ~ecrease in the copper content • 
• 

The maximum content was present in BDNA ~ both in control 

and treatment. 

The copper content in root decreased in treatment com-

pared with the control was observed in twenty two cultivars. 

The decrease was in the ran'.;Je of O. '1 to' '1.8 ppm. Ma:<imum 

decrease was found in ICPL 348, and the maximum copper con-

tent was found in the same genotype in the treatment. 

4.6.6 Iron 

The effect of sea water on iron content in various 
, 

plant parts are given in Table 26. The concentration of iron 

was more in root followed by leaf and stem. 

There was an increase in the iron content of leaf in 

C2. 
tr"atment than control in a,ll the genotypes. The ma:<imum in-

.crease was found in PDA 3 and minimum in C-11. The maximum 

iron content was found in the leaf of ICPL 3'44 and minimum 

in ICPL 278. 



Table 26 : Effect of 15% sea water on Iron content (ppm) 
in various plant parts of pigeonpea 

Control 15% Sea Water 
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S. 
No Genotypes Leaves Stem Root Leaves Stem Root 

'1 

2 

3 

4 

5 

6 

7 

8 

9 

'10 

1 '1 

'12 

:13 

14 

15 

'16 

'17 

18 

19 

20 

2'1 

22 

23 

24 

25 

26 

27 

PANT A 106 

BONA 5 

ICPL 3'12 

C-11 

MRG 67 

POA-5 

ICPL-36'1 

JNA 421 

BDNA-7 

ICPL-344 

ICPL-262 

ICPL-273 

ICPL-270 

6223-5 

S-80 

RMG 66 

PDM-1 

BON-3 

ICPL 333 

MRG 53 

MA '162 

ICPL 295 

ICPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

Mean 

Standard 

deviation 

286.5 

261.4 

305.7 

305.1 

315.7 

3'15.3 

3'10.'1 

3'19.4 

285. '1 

326.4 

284.5 

279.0 

289.9 

274.8 

285.7 

3'15.5 

305.6 

280.7 

288.4 

309.3 

289.9 

3'15.3 

303.0 

284.4 

295.4 

280.9 

307.4 

287. '1 

296.7 

'16. '1 

240.8 

259.4 

280.7 

256.7 

270.5 

267.5 

25'1. '1 

258.1 

27'1.2 

269.5 

258.1 

249.2 

274.5 

28'1.7 

259.3 

254.8 

265.7 

243.4 

256.5 

26'1.0 

249.9 

250.5 

248.7 

252.6 

249.6 

25'1. '1 

258.7 

250.9 

258.6 

'10.6 

342.8 

335.7 

328.1 

325.8 

334.5 

3'18.4 

3'16.8 

333.4 

325.4 

335.9 

345.8 

334.5 

324.2. 

342.6 

328.4 

330.8 

346.5 

329.6 

334.5 

336.9 

340.6 

349.8 

335.3 

325.6 

339.5 

3,28.8 

342.8 

333.9 

333.8 

8.2 

296.5 

285.2 

3'15.4 

295.6 

325.6 

324.8 

330.5 

326.5 

3'15.4 

334.8 

290.5 

283.6 

305.8 

289.4 

304.5 

326.4 

325.6 

295.8 

300.3 

3'19.5 

306.9 

323.7 

3'15.8 

304.6 

325.4 

290.7 

310.8 

301.8 

309.7 

'15.2 

256.5 

272.8 

308.8 

315.1 

322.8' 

3'15.9 

320.4 

325.6 

294.3 

335.6 

295.4 

285.1 

285. '1 

290.5 

295.4 

326.6 

306.1 

285.6 

298.4 

3'15.6 

304.2 

325.7 

309.4 

295.8 

307.4 

289.2 

324.5 

298.4 

303.8 

'18.3 

376.8 

385.6 

360.5 

388.4 

395.8 

365.2 

370.3 

409.1 

378.0 

38'1.2 

389.7 

380.4 

375.4 

400.5 

372.3 

385.2 

395.8 

378.4 

384.1 

385.0 

372·.6 

379.4 

370.5 

384.2 

385.4 

384.5 

395.5 

385.4 

382.7 

'10.7 
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In the stem also the iron content was increased due to 

the treatment in all the genotypes. Maximum increase 75.7 

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 treatment 

in all the genotypes. Maximum increase Was found in JNA 421 

( 75. 7 ppm). 

Of all the three plant parfs, . the increase was more in 

root in most of the genotypes. 

4.6. 7 ol..·Am~ 1 as e act i vi t ~ 

The effect of sea water on theco<;,amylase activity 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 of«-amylase activity due to sea 

water treatment. Ma:<imum reduction in~amylase activity was 

found in RMG 66 and minimum in 8-80. 



Table 27 : Effect of '151. sea water on",arrrylase 
activity in the cotyledons of pigeonpea 
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----------------------~-8;~~~~~-~~~~~~~~~~-~W\<CA'~ ~~M' lit .P,~~lh) 

No. Genotypes Control 151. Sea water 

1 PANT A '106 22.6 '19.2 

2 BONA 5 22.8 '18.9 

3 ICPL 3'12 23.2 20. '1 

4 C-11 24.4 2'1.8 

5 MRG 67 23. '1 2'1 • '1 

6 PDA-5 23.5 17.4 

7 ICPL-36'1 23.3 20.0 

8 JNA 42'1 23.4 20.8 

9 BONA-7 22.8 '19.5 

10 ICPL-344 22.5 '19.2 

1 '1 ICPL-262 22.0 19.0 

12 ICPL-273 22.2 '18.9 

'13 ICfL-270 23.6 20.2 

'14 6223-5 23. '1 20.0 

'15 5-80 22.4 20. '1 

'16 RMG 66 23.3 18.1 

'17 POM-'l 22.8 20.0 . 
18 BDN-3 22. '1 '19.4 

'19 ICPL 333 23.9 19.9 

20 MRG 53 22.5 '18.7 

2'1 MA '162 23. '1 '19.7 

22 ICPL 295 23.0 '19.3 

23 ICPL 296 22.7 '18.4 

24 ICPL 348 22.2 '19.0 

25 POA-3 23. '1 '19.5 

26 ICPL 338 22.9 '18.7 

27 ICPL 337 2'1.9 '18.9 

28 ICPL 342 22.4 19.2 

Mean 22.9 '19.4 

Standard 

deviation 0.6 0.9 



DISCUSSION. AND CONCLUSIONS 
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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 potential. The percent of 

water uptake by the pigeonpea seeds showed (Table 4) that 

the sea water effected the imbibition of water by seed. This 

~as because of high concentration of salts present in sea 

water. Simi.lar resul ts were found by Rattlesh Babu and Suni I 

Kumar (1979) in h cajan and Ctwrarietinum where the water 

uptake afte r 24 hour s of imbfbi-t i on was low as the (E. C. of 

the ~edium increase) osmotic potential decreased. The reason 

was largely due to osmotic effects. Younis and Hatata (1971) 

also found that high concentrations of salt adversely af­

fected the seeds during imbibition and as a result they lost 

their viability. 

As the concentration of the sea water decreased the im­

bibition (% water uptake) was increased. because of the 

dilution of salts producing less detrimental effect. Maximum 

imbibition was observed in distilled water (with minimum im­

bibition at 100% sea water) at all intervals and confirmed 

that salts present. in the sea water reduced the imbibition 

process. The rate of w~ter uptake was also maximum in dis­

tilled water(49.8%) when compared to the treatment (39.0) 

even at 2 h-after sowing. 
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When seeds placed in distilled water in petridishes un-

der optimum conditinns for germination showed a triphasic 

pattern of water uptake. Initial uptake of water in phase I 

(i.e. imbibition) was a consequence of the matric forces of 

the cell walls and cell contents of the seed. phase II was 

the lag period of water uptake. phase III assQciated with 

• 
visible germination. The percentage of water uptake (Fig.3) 

showed that with distilled water the seeds have entred into 

phase II 10 h after sowing. but 100% sea water. and 75% sea 

water the phase I was still-c6ntinuing even after 12 h after 

sowing. 

The results of Jaiswal and Singh (1985) suggested that 

high salt concentration not only inhibited the germination 

of seeds of Tomoto but also delayed. Similar results were 

also obtained in the present study. In both the genotypes, 

there was no germination upto 72 h after sowing with 100% 

sea water. Only 2.6% and 6.8 percent germination was ob-

served in BDN-1 and ICPL 87 respectively even. after 84 h. 

W~ereas in control it was 84% and 57.3% in BDN-1 and ICPL 87 

respectively 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 lyen-

gar, 1967). Nieman (1962) associated the poor germination 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 t~xic and osmotic 
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pressure effect of higher salt concentration. 

Similar results of reduction of germination due to 

s~linity was observed by many authors (Abel and Mackenzie 

1964; pal iwal and Mal iwal, '1973; Rathore et al., 1977). 

The rate of germination was delayed due to the 

salinity. In both the genotypes. the germination started by 

24 h with 37.5% sea water ~nd 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 with the increased salinity. 97.3%. 

97.3%. 89.3%. 88.0%. 86.6%. 74.6%. 70.6%. 18.6% and 2.6% in 

BDN-1 in distilled water, 12.5%, 25.0%, 37.5%. 50.0%, 62.5%, 

75.0%, 87.5% and 100% sea water respectively. Similar trend 

was also found in pigeonpea genotype ICPL 87. Paliwal and 

Maliwal (1973) also ,,;)ot the sarrle results with some arhar 

and cowpea varieties. The major metabolic events which take 

place in preparation for germination undoubtedly occur 

during phase II. This was shown by recent work on a variety 

of seeds (I ike All ium ~p-a. Daucus carota. AJ;;'ium grareolens r 

1m J;,a tie n s .§p...) ( Be wi e y and B I a c k • 1978). At high concentra-

tions of salts, the seeds allow phase I to occur but not 

phase Ill, 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 germi~ation of crop 
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varieties of groundnut, sesamuITI, soybean and mustard was 

decreased as well as delayed with the increase of salinity 

(3 to 18 dSmP-~). The interaction between salt concentra-

tions and time was significant. 

The length of the radicle was decreased with increasing 

salinity (Table 11). At 62.5% sea water the radicl~ length 

was increased upto 5th day and afterwards there was no in-

crease. This may be due to high osmotic pressure, which 

-
binds the water and renders it less available to plant 

roots. As the concent~ation of sea water decreased the root 

length was increased and reached maximum in distilled water. 

The root length was more in Experiment(B) than ExperimentCA) 

at all intervals. The reason is that in Experiment (B) the 

seeds were first imbibed in distilled water so at the later 

stage the growth was more in all the treatments when com-

pared with the same treatments in Experiment (A) 

The relative growth rate was also decreased with in-

creasing sea water concentration. RRGR of roo~ growth showed 

a decline over time. In 62.5% sea water and, 50.0% sea water 

the RRGR was zero between 7-8 days after sowing in 

Experiment(A). This confirms that eventhough there was a 

limited root 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 



water. This again showed that as the concentration 0' Salts 

is decreased it had less detrimental e"ect on root growth. 

I<ent and Li'·uchl i (19B5) obserVed that NaCI sal ini ty redUced 

the germination and early seedling growth 0' Cotton. 
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When the seeds were imbibed in distilled water and then 

tranSferred to sea Water SOlution (Table 1i!i the 'RGR Wa, 

more at all the concentrations 0' the sea water at "11 the 

times than when the seeds were imbibed in sea Water. Thi, 

appears that the root devetoRed when the seeds were imbibed 

in distilled water it had contributed during later growth 0' 
.oot, but when the seeds we. e sOaked in Sea wate., Only 

Slight .oot growth took Place, but its COntribution '0. 
neWe • • oot growth Was decreased. This was again depended on 

the concentration 0' the sea Water. Experiment (a) also 

shoWed dec'eased .oot RGR ave. time and decreased With the 
increased concentration 0' the sea Water. 

The 'ates 0' g'owth 0' .oot in length was given in 

Table 13. The rate 0' growth was also decreased With the in­

creaSing salinity. aut at 37.5Y, sea, water the rate 0' grOwth 

~s maximum between 7-B dayS interval in both the e.peri_ ments. 

It was 'ixed that 40y, Sea Water may be OPtimum 'or 

screening various genotYpes at germination stage. At 36 h 

(Fig.e) when ~.6Y, 0' seeds Were germinated in distilled 
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Water. This again shoWed that as the concentration of Salts 

is decreased it had less detrimental effect on rOot 

kent and lauchli (
19

85) observed that NaCI salinity redUced 

the germination and early seedling growth Of Cotton. 

the 
appears that the root developed When the seeds were imbibed 

in distilled Water it had Contributed during later grOWth Of 

Slight rOot growth too~. Pl~ce, b t 

• - u its COntribution for neWer rOot groWth was decreased. This was again depended on 

the concentration of the sea Water. Experiment (B) also 

Only 

The rates Of growth Of root . 1 

ln en9th ~s giVen in 
Table 13. The rate Of growth .. ~s ~lso 

-_ - decreased With the in-creaSing salinity. But at 37.51 sea Water the rate Of growth 

ments • 
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ed 

that 401 sea Water may be OPtimum for 

screening various genotYpes at germination stage. At 36 h 

in 
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water, 48'l. of seeds were germinated 50'l. sea water and 77.3'l. 

in 37.5'l. sea water. So the concentration that reduced 50'l. 

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 twentl eight 

genotypes tested only three germinated at 24 h with 40'l. sea 

water, whereas with the distilled water all the genotypes 

germinated. 

At 36 h ICPL 270, PDA-5 and ICPL 296 showed 50.0'l., 

46.3'l., 45.9'l. reduction in germination percentages compared 

to control. Genotypic differences were observed in germina­

tion with 40'l. sea water. Similar observation was made with 

the varieties of pigeonpea and cowpea by Paliwal and Maliwal 

(1973) and in wheat (Narayanan 1975). Padmanathan and Rao 

(1975) reported that artificial salinisation resulted in a 

reduction in germination in sorghum varieties. 

At 48 h after sowing all th~ 28 genotypes reached it 

maximum percentage of germination. But, 53.7'l. and 

60.7'l. germination over control was observed in PDA-5, 

56.6'l., 

ICPL-

296 and ICPL 333 respectively. Not only the plant species 

but .also their genotypes showed and a differential behaviour 

to salt at germination and seedling stage. While studying 30 

varieties of barley under controlled conditions, Ayers 
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(

19

53) found that there were significant differences in Salt 

tOlerance which may be of great importance. Similar observa_ 

tions were made by Bhumbl a .tl.ill. ( 1966) and Harris and Pit­t mea n ('19 '19 ) . 

The differential behavIour of Plgeonpea genotypes may 

be due to their Individual genetic ability to tOlerate 

e'cess salts. Similar reSUlts on differential va'ietal 

response were also reported by Kaliappan and RaJagOpal 

(1970) In chillies· and Jaiswal.tl.ill (1975) In peas. Salt 

stress may affect germination by increaSing the osmotic 

preSSure of the sOil SOlution to a POint WhiCh Will retard 

and Evanari (1974) repo'ted that an osmotic potential of -19 

bars (Of NaCI, 450 mM Or sea Water diluted 0.75) was the up­

per limit for germination of ~~. The ger-

mination percentages reached were found to be InverSely 

prOPOrtional to the osmotic Potential of the SOlution, 

. Ing toxi ci ty to the e"'brayO (Mehta and Desai, 
or prevent the Intake of water (BernStein, 1961) Or by caus-

'1958) . I< ere n 

~ ~ germinated POorly In treat',ents With Sea 
Water (Binet 1~0). Seeds germinated in fresh water at 83.01 

resPonse Of 9 varieties of 9Uar, when SUbjected to electri_ 
Cal conductivity levels ·from 0 to 11 dS

m

-,. 

also found Significant differences in the 
('1975 > 
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24-36 h afte r SO··'I· ng. 81· ·1 d 1 

- m, ar e aYed germination ~as ob-served by pal I~al and Mal I~al (1973); NaraYanan (

197

5). 

The dry Weight Of le~ves. t 

q s em and rOot ~as reduced In almost all the genotYpes due to th'e Se~ '.'~ter , 

.... w.... treatment, but 

Amthor-

he 
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dry Weight was more in rOot than leaves and stem. Similar 

ObserVations were made by l(umar.!U ;U'(19B1). They fOUnd 

that the dry Weight 0' the root of barley seedlings 

decreased as the Salt stress increased. NUmber Of roots also 

decreased as the leVel of Salt stress increased in all the 

The total Plant dry Weight also decreased due to treat_ 

ment in all the genotypes. The redUctl'on . (18 7.) 

, was maxlmum • % in PDA 3 and ICPL 33B. Prisco and 0' Leary (1973) observed a 

SUbstantial reduction in grOwth of rOots, shoots and leaf 

area of p~s '!.!!!g~ by sal t stress. In general the 

presence 0' SOluble Salts in the nutrient medium can af'ect 

Plant growth in two Ways. In the first Place high concentra_ 

tions Of speCific ions can be tOXic and induce PhYSiOlogical ~isorders. SeCOndly, SOlUble Salts depress the water Poten_ 

tial of the nutrient medium and hence restrict the ~ter up­take by Plant roots. 

The root/Shoot ratio decreased With the treatment in 14 

genotYpes Out Of 2B genotYpes tested. The maXimum reduction 

(~.BZ) ObserVed in PANT A 1~. Ahmed (19~) Showed that 

the Salt marSh ~ ~ Plants Were able to maintain root/ShOot ratios When gro'.'

n 

. 

w ln Water Culture Containing 
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11 genotypes showed'less than 20% reduction over control. 

The root length 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 better root develop~ 

ment as compared to susceptable varieties. They also ob­

served this in shoot length. Maximum reduction in root 

length and stem height was observed in JNA 421. BONA 7 and 

ICPL 262. Paliwal and Maliwal (1973) observed that weight of 

~he seedlings of pigeonpea was decreased by 50 to 90 per 

cent at the highest level of salinity (8 mmhos/cm). 

Kent and Lauchli ('1985) also found that the addition of 

200 mol m-3 NaCI to growing media resulted in a large reduc­

tion in root fresh weight, but this was ameliorated by about 

50% by the addition of 10 mol m- 3 CaS04 or CaCI.. Probably, 

the salinity caused .inhibition of root growth which per­

sisted at high Ca2 + supply is related to the difference in 

water potential of the control and high salt treatment and 

thus due- to an osmotic effect. 

The leaf area was decreased due to the treatment in all 

the genotypes except ICPL 295 (Table 19). Out of 28 

genotypes tested, 11 genotypes showed more than 40% reduc­

tion in l~af area over control. It is in confirmation with 

the results of Joshi and Nimbalkar (19B3)~ They observed 
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MOisture Content in various Plant organs are given in 

Table 20. The mOisture Content ~as reduced in all the Plant 

organs. The reduction ~as more in leaves fOllo~ed ~ stem 

and root. Out Of 28 CUltivars the roots of 17 CUltivars sho~ed more mOisture Content than Control. There have been 

Conflicting vie~s ~Xpressed in the litrature oVer the que~ 
tion of ~hether osmotic st.ess cauSes a ~ater deftcit in 

Plant tissue and hence inhibits gro~th (Wain~right, 
19

801. 

The percentage Of SOdium COntent in various Plant parts ~as given in Table 21. The ~ percent ~as increased due to 

the treatment In leaves, stem and root in all the genotypes. 

Similar obserVation ~as by Joshi (19841. He observed that 

SOdium Content increased to a Considerable e.tent Only at 15 

dSm-' 0' both Salts. It increased more under ~.S~ 
salinity than under NaCI salinity. Increase Na COntent dis_ 

turbed the nutrient balance, OSO~otlc regUlation and Caused 

specific ion to.IClty under Saline Conditions (eedunah and 

Trillca 

19

791. Kurian (19751 also observed that mOre Na ~as 
aCCumUlated in the stem than the leaves of pearl millet due 

to the ~ater dilutions Similar reSUlts ~ere Obtained in the present study also. 

roots fOllo~ed by stem and leaves. ACcumUlation Of ~ ~as more in 

Per cent Of SOdium was 

~Orking ~ith field Pea observed enhancement of S, ~ Content 
in the Plant due to salinity. 

(19B4) while 
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Potassium Content was decreased due to salinity in all 
the CUltivars in leaves, ste~ and root, 

mum in root. Potassium not Only particiPate in osomotic ad­

Justment under saline Condition but also in turgor mediated 

redUction was maxi-

in response like stomatal and lea' movements. 
selective 

Pigeonpe~ fails 
salinities (Joshi, 

'1984) • 

Increased Na Content decreases 
the K COntent Suggesting an antagOnism between ~ and K. 

Similarly ObserVations were made in the present study also. 

Lal and BharadwaJ (1984) also observed decreased Content 0' 
potassium due to salinity in 'ield Pea. 

K/~ ratio was decreased due to the salinity (Table 28) 

that the K/Na selectiv~ty in the Plant , due to the presence 

0' sUPPlemental Ca-· in a highly saline medium. Lauchli and 

Ostler (1982) 'ound K·/Na· selectiVity to be an importnat 
'actor in the Salt tOlerance 0' Cotton. 

serVed in cv. PANT A 106 and cv. C-11. 
tivars di"ered in the redUction. Maximum reduction was ob-

Marginal N"<lbAk""" -,ere observed in the zinc Content in 

lea, and stem (Table 23), but In Content 0' roots Was 

CUl-

balkar (1984) observed that Salt rich environment disturbed 

the normal inorganic contents in ~ .Y.!tl.~ (LI var. 

Bhivare and Nim-

VaghYa. The Content 0' In was decreased due to the salinity. 



Table 28 : Effect of 15/. sea water on KINa ratio in various 
plant parts of pigeonpea 

Control ·15% Sea Wate r 
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S. 
No Genotypes Leaves Stem Root Leaves Stem Root 
-~------------------------------------------------------------------

1 

2 

3 

4 

5 

6 

7 

8 

9 

·10 

1 ·1 

12 

·13 

14 

·15 

16 

·17 

·18 

·19 

20 

2·1 

22 

23 

24 

25 

26 

27 

28 

PANT A '106 

BONA 5 

ICPL 3·12 

C-1'l 

MRG 67 

PDA-5 

ICPL-36'1 

JNA 42'1 

BONA-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 

lCPL 295 

lCPL 296 

ICPL 348 

PDA-3 

ICPL 338 

ICPL 337 

ICPL 342 

24.13 

21.92 

·14.06 

23.47 

·19.44 

'14.85 

25.36 

25.08 

22.42 

9.58 

23.58 

·18.48 

27. ·14 

25.00 

28.20 

2·1.03 

2·1.32 

22.99 

26.22 

27.35 

28.50 

24. ·12 

20.35 

25.72 

2'1.26 

'18.83 

2'1.38 

25.31 

Mean 22.39 

Standard 

deviation 4.39 

19.44 

17.62 

'14.32 

·14.27 

'16.33 

15. ·14 

·17.56 

'14.32 

'1 .,_ 87 

·14.38 

'14.94 

23.8·1 

20.50 

23.67 

·19.83 

20.39 

2'1.72 

23.39 

·19.09 

22. '13 

2'1.86 

22.84 

2'1.93 

25.33 

2·1.35 

·14.39 

14.83 

'13.83 

18.6" 

3.88 

'15.36 

·12.78 

·13.53 

'14.25 

15.38 

13.33 

·13.05 

13.72 

14.08 

·16.47 

·16.0'1 

·13.98 

'13.59 

14.57 

·15.59 

·15. '18 

14. ·18 

'15 :46 

'17.37 

17. ·19 

'15.06 

·'4.82 

'13.33 

14.38 

·14.55 

16.40 

·16.29 

'12.79 

14.74 

1.29 

8.85 

8. ·16 

5.09 

8.5·1 

7.28 

6.28 

8.69 

5.87 

7.55 

'1 '1.52 

7.94 

5. ·12 

6.67 

'10.58 

9.37 

6.60 

5.87 

5.55 

7.30 

7.03 

9.36 

8.7" 

8.38 

6.50 

7.26 

7.52 

7.87 

6.7·1 

·7.58 

·1.55 

5.07 

5.27 

5.56 

3.65 , 
3.05 

4.01 

5.09 

5.74 

4.1'1 

3.94 

3.78 

5.64 

5.02 

4.97 

5.32 

5.89 

4.81 

4.91 

4.57 

5.32 

5.53 

4.65 

4.80 

4.51 

5.79 

3.53 

5. ·14 

4.67 

4.79 

0.75 

2.02 

1.82 

2.03 

2.78 

1.87 

2.43 

2.49 

., .9" 

2.09 

1.03 

·1.93 

2. ·14 

2.07 

2.52 

·1 .8'1 

2.76 

2.24 

·1.79 

2.00 

2. ·10 

2. '19 

·'.98 

'1.93 

2.24 

·1.63 

1.78 

1.94 

'1.75 

2.04 

0.35 

-----------------------------------------------------------------------
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there was a increase in "g Content due to the Salt stress in Plant 
Par-ts 

(Table 24) was marginally increased 

Chavan and Haradge (1980) noted that 

Content 

Content 

Was low in ~Ol'u'~s vUl"~rl. . to 
.~ ~~~ In e treat_ 

The iron Content was increased in all the 
or 28 CUltivars tested, 

The increase was more in rOots '01_ 
Plant 

to 
in 

There were marked differences in 
iron Content due to salinity, 

mg redUCing Sugar/g fresh wt/hr) and 

SUdh"kar .!t! a! ( 1987) repOrted that 

Parts 
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Varietal differences were observed in the reduction of 

~amylase activity due to sea water treatment. Maximum reduc-

tion in~mylase activity was found in RMG 66 and minimum in 
... ",A ", 0.1"1) 'Y 0.""0.'1"-

S-BO. r- .~ ~~ ";"\ - '~~ - ~ Sarin,(196B) proved that a supply of ..... 

salt resulted in the reduction of amylase activity observed 

could be either due to a lowering of the sy~thesis of the 

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

tivity. 

Thus from the above mentioned studies it is concluded 

that the high salt content inhibit the imbibition by the 

pigeonpea seeds, leading to delay in the germination. The 

salinity also caused a reduction in seedling growth. In 

pigeonpea cultivars the salt tolerance at germination and 

seedling stage were different. 

The mineral uptake by the plant at a fixed concentra-

tion of salt solution can be taken as a criteria-for screen-

ing the cultivars. Minimum sodium percent was found in C-11, 

suggesting that this variety may be tolerant to salinity. 

The uptake of potassium also highly decreased in C-11 with 

the sea water treatment. The cA.. amylase activity reduced with 

the increase in the salt ~ontent in water. Maximum activity 

was found in C-11. Genotypic differences were observed for" 

reduction of ~ amylase activity due to sea water treatment. 



SUMMARV 



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 estimated 

the chemical components in various plant parts. 

The percent of water uptake by the pigeonpea seeds 

showed that the sea water affected the imbibition of water 

by seeds. As the concentraticin of the sea water increased 

the imbibition (percent water uptake) was decreased in 

genotypes BDN-1 and ICPL 87. There was no germination upto 

72 h after sowing with 100 percent sea water. Only 2.6% and 

6.8% germination was observed in BDN-1 and ICPL 87 respec-

tively even after ~4 h. Whereas in control it was 84 percent 
~ 

and 57.3 percent for BDN-1 and ICPL 87 respectively at 24 h. 

The rate of germination was delayed due to salinity. 

When the seeds were germinated and grown in different 

concentrations of sea water, the radicle length decreased 

with increasing salinity. At 62.5 percent sea· water the 

radicle length was increased upto 5th day and afterwards 

there was no increase. As the concentration of sea water 

decreased the radicle length was increased and reached maxi-

mum in distilled water. The radicle length was more when the 

seeds were germinated in distilled water. When the seeds 

were soaked in distilled water and grown in diluted sea 
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waters. the RRGR was more than that of seeds germinated in 

diluted sea waters. As the concentration of sea water in-

creased there was a reduction in Absolute growth rate of 

radicle. Rate of radic~e growth was more 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. 

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 genotypes germinated. During 24-36 h 

period the germination rate was maximum in the treatment 

than in control in most of the genotypes. 

---Dry weight of leaves, stem and root was reduced in al-

most all the genotypes due to the sea water treatment, but 

the degree of reduction differed among genotypes. The 

root/shoot ratio decreased with the treatment in 14 

genotypes out of 28 genotyp~s tested. The root length and 

stem height showed a significant reduction due to sea water 

treatment. The leaf area was also decreased due to the 

treatment in all the genotypes 'except ICPL 295. In all the 

genotypes except BONA 5, ICPL 295, ICPL 337 and ICPL 342 

there was a reduction in specific leaf area due to sea water 

treatment. 
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The total moi~ture content in plant was decreased 'with 

sea water treatment in all the genotypes except ICPL 270, 

ICPL 344, ICPL 348 and 8-80. 

There was an increase in the percentage of sodium about 

0.2 to 0.3 percent due to 15 percent sea water treatment in 

all genotypes. The increase in sodium per cent in stem due 

to treatment was in the range of 0.16 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 aMd 

leaves. 

There was a decrease in potassium content of leaves due 

to '1\5 percent sea water treatment in all the .;]enotypes. The 

decrease was highest in C-11 and least in ICPL 342. The per 

cent of potassium in stem and root also decreased in all the 

28 genotypes due to 15 percent sea water treatment. Among 

the three plant parts the decrease in potassium content was 

more in roots in most of the genotypes. 

Thirteen genotypes showed an increase in zinc content 

due to the treatment, but others showed decrease in zinc 

content in leaves. The content of zinc in stem decreased due 

to treatment in all genotypes a except in MRG 67, lCPL 344 

and S-80. There was a decrease in Zn content in root due to 

treatment in all th genotypes except lCPL 344, lCPL 270. 
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With the treatment of sea water only a marginal in­

crease in Mn content of leaves observed in most of the 

genotypes. The content of the manganese in stem increased in 

all the genotypes with the treatment. The content of man­

ganese in root also increased due to treatment. 

The copper content in leaf decreased marginally in 19 

genotypes. The genotypes differed in their response in cop­

per content in the stem. The copper content in root 

decreased in treatment compared with the control was ob-

\ served in twenty two cultivars. 

There was an increase in ihe iron content of leaves of 

plant grown in sea water in all the genotypes. Iron content 

in stem and root was also increased due to the treatment in 

all the genotypes. The maximum increase in stem was foond in 

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

The ~ amylase activity reduced with the increase in 

the salt content in water. Varietal differences were ob­

served in the reduction of amylase activity due to sea water 

treatment. Maximum reduction in~amylase activity was found 

in RMG 66 and minimum in 8-80. 
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