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Pis satiyr were examined. Pot experimet was conducted to grow Pisum saIivum

at four levels ofCaSO, (0.5, 1.0, 2.5 an5.0ف mM) and NaCl (1,25, 50 and 100 mM).

wنH le NeCl sigaifcantiy reduced blat growti;;addition of CaSO, increased plant

height leaf number and biomass 6fsalt teatedplants. A signifcant calciumlsodiumn

interaction was not seen for 1odule brHer.
Oradلau increase of CaSO, concentation fom (0.5-2.5 mل) signifcantly

increase nodule numbe of salt-suessed plants, wHile signiicant depression ia nodule

number at 100 mM NaCl ndم 0.5 mM CaSO, was show. Higk levels (1-5) of c lciumم

sulfate clearly promoted the fomAtion of nodules,

The effects of CaSO, d مه NaCl on the conteat of n trogenت i stem and leaves

were completely different The nitogen coatent of stem was depressed a4 high NaCl

lsvel (100 mM) and dditionه of CaSO, did aot offset this effect. 0n the other hand
.leawes nitrogen content showed considerable increase. by sلa t concentation increase,

while CaSO, promoted grow @N- content) up to (2.5 mM) ten declined. The

improvement ofPisum gDvu volerence to as tل by eddition f م CaSO, mAy be attribued

to the effect of calcium in ningتaitaد the seledive permeability of cell meabmane.

 م ا
٢

latroduetion:

Pea @sm stivm) an كز imporuant food in Egypt Soils of Egyp are

chunectenized by the presnce of excessive soluble sال s (HElemish and El-لammeG ,

1987). To obtain satisعaf tory yeld of Pisum satvm in such saline soils varieties of$

Rhizgbiv and host genotype that reص tolemant to the stresses assciated wit theعs soil
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are desired (Ilelamish, 1986). Thisauthor found that the Rhiفz bim of Pisum sativm،
(local isolate) grew at wide pH manges with mAximum rowhع at pH values from (4.5-

5.0) She A saل found tat the sمme smain could be growwn in cultres having various

concentatioكn of Nacl wth maximum rowhع at 0.2-0.5% NaCl alاhough growth was

low at extremely higher concentration, On the other hand Minchin and Pate (1975)

reported very low rates of nitrogen accumulation in DisLm gativur when grow in

nuLrient solution wiuh the upper nodulated root zone exposed to the air. Such situation

easily arise in tropical regions where high salt concentauion and high evaporation result

i saht deposition on the soil surfice (Sprent end Sprent, 1990).

Calcium plays an imporuAnt role in the functioning of nodules @N,-fixation) by

many legumes (Banath et a1966ل., ). Under severe calcium deficiency .1he amount ofN,­

fixed is Lmited by restricted bost plant growh, Whereas under conditions of mild

calcium deficiency impaired nodule function mAy lead t0 symptoms of nitogen

defciency (Edwards, 1977).

High pH as well As low pH geneلar ly reduces nodulation. 'THis may come ebout

because of reduced growh and multiplication of rhizobia in soil (Kumar ndه Garay,

1980 and 1981) on high pH and (Rice et l., 1977 and Mulder t ( ,.لع1977 on low pH.
Acid soil may also be low in levels of available calcium and conain معله levels of

aluminium and manganese toxic to the host plant (Munns, 1977 a and b). Liming can
id soil, it encourages rhizbial growth and reduce levcls ofع lleviate the effsct of aم 

mangamese and aluminum (Sprenr and Sprent, 1990). Munns and Fox, (1977) observed

that the greatest yield increase of legume occuied on a Hawaiin Oxisnl when the soil

was limed above pH 5.9. They sIggested that iht increaseف was due to the increase in

calcium activity. Since abowe pH 6 exchangeable and soluble aluminum and manganese

evels were low and almost wnchangig (Hunsen and Munns, 1988 b).

Although several extensive reviews on Pism sAtiwm have been wTiten in the

last ten years, little has been noted conceming iاs salinity tolerane and the interartive'

effects of CaSO, and NaC] on its growth and nodulation.

The purpose of this study was t٥ test whether high alcium levels increase the

salt tolerance 0f Pisum stiyr when gnown in saline soil at pH 9 by exAmining the
 ة

-313-

 و
 ر

،

,

1
، ا

 ر



 م

}

١

 و

 م١

٣8

«

• ذ·3

i ·عانة٠ ة  ي ه
women's Coll. Ann. Rev..
Vol 17 (1992).

growth and noduiation response of nodulatedPigm sAtvum Giz2م to varying leveisء «،» 

of CaSO, (0.5 t٥ 5.0 mM) and NaCl (1-100 mM)in pot 'experiment

Materiaks and mcthods:

Rot eتn eriment was conducted to Evahuate the.interactive of CaSO, and RaClAt

four levels of CaSO, (0.5, 1.0, 2.5 and 5.0 mM) and iour. Levels of NaCl (1,25;50 aفه 
100 mM) with a totel of sixteen teatments bn the growb and nodulation of Pigur

sativum, CaSO, levels were applie ten days afier.gcrmiination, NaCl uخatmeit6 30 days،

afer gemination (Hunsen and Munns, 1988 a and b)..

Seeds of Pisum sativum Giza 2 were obtained from Ministery of Agriculturc.، د 

Uniform seeDs were selected and scarified for 5 minutes in suhfuric acid, rinsed

horoughly and soaked overnight in distilled water. Then seeds vere planted in plastie

po1s 25 cm in &iameter with drainage. Once te £eedlings emergenced tcy were

walered with whe levels ofCaSO, that would be used throughout the experinent. W'iنn

Seven days of plenاing, more than 50% of the seeds bad gemminated. Ten days afer

planting, tLe seedlings were inoculated with Rhizobiuny lepuminosaRm spcific for، ج 

Piumn sgtiv. Sediings were waاered with a solution conuining 0.5, 1.0, 2.5 or 5.0"

mM CaSO. When plzatك were 25 d ysع old and the reoUs were nodulated, heا

three repLicAtons each containing. sixteen pots with fiveلا مز peniment ws set oت 

plants in each pot, then NaCl treatment (1,25, 50 ndم 100 mM) were begun. NaCl was

addud to times weelly. lhe salts were added gradually to avoid sudden largs

decreases in water poteDtiaL. Growth peNmneters were recorded at harvest afier 65 d ys ج

of planting. These including plant heigbt, dry matter accumnulation of root, shoot, leaves

and yied, in addition to nodule and leave numbsr, Stem and lcAves N was a soل

recorded. Plants were rinsed in water, separAعt d into rot, shoots, leaves nd nodules,

dried ٥t 70%C for three days and weighed. Number of nodules and lcaves of each plant

was counted. At the end of he experiment (65 days afuer planing) oven dried plant

samples were ground and toroughy hoLnogenized in a moNliex mil to pass through

a 20 mesh screen For estimation of total nitrogen in shoots and leaves, samples Were

digested in concentrated H,S0, and measured by microkjeldahl method (Jعa kson, 1967).
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EAch valae was the mean of turee replications. Statistical calculatons of the signif.'ant

levels of the difference among the teatmets was eanried out using L.S.D. test

(Snedecor and Cohran, 1972).

Results:

Plant height (Fig. 1) showed.a clear .ac ciursodiumل interacا on, sodium hc orideل

depressed growth significanUy and CsS0 parLy ofset this efcct especially at the

higher concentrations of NaCl. At harvest, leaf number {Fig. 2) showed a very

siنng ficant interaction. Lncreasing NsCl concentration depressed leaf number especially

at higher NeCl levels (100 mM) comoparing uo lower lewels or control (1 mM).

Moreover gradual increase of CaSO, improwed i and maximum increase was atained

at (2,5 mM) thuen declined at (S mM).

Cacemning nodule nLmber (Fig. 3) noticeable increAكe was show coresponding

t٥ NaCl increse (mM الت(50 tea decresed at (100 mM). Higher CaSO, levels

enhanced nodule numiber by more tan S0% up to cerإقin limit @2.5 mM) and dعpressed

it at (5 mM). lncreasing NaCl levels decreased root dry weight @Fig. 4) comparing to

the control (non-saline treatment or 1 mM NaCD), it was 0.25 plant/ع comparing to 0.20,
,at 25, 50 and 100 mM NaCl levels respectively and at lower CaSO0.07هn0.22 ف

levels (0.5 mM), while rcot dry weight was increase sigenificntiy at both higher

conceDtaLion of CaSO, wnd NaCl, The same trend is shown wiith respect to stem and

leAf' dry weight (Fig. 5 and 6). However, at hقrvest a signifcant calciumlsodium
inteعar lion was seEn, Calciصu sulfaue improved growh of sait sureGsed planاs (Fig. 4,

5 and 6).

Efect of NaCl and CaSO, on niurogen content of ts wasع show in Fig. (7).

Rrogressiwe increase of NaCl levels (l-100 mM) had decreased sاem N content at a lل

CaSO, tevels. It ws 3.49% for the control (non-saline treatmet, 1 mM NaCl) and at

100 ,m NeClل it ws 2.99, 2.93, 2.79 and 2.04 at 0.5, 1, 2.5 ndة 5 mM CSO,,

respectively (Fig. 7), Wiuh resec٤ to leaf" N content, noticeAble nitrogen iacreAse was

sعen by increasing NaCl levels (1-100 mM). Niuroge content of leaves at I00 mM.

NaCl was 4.53, 4.96, 4.58 and 4.62% and له2.5,1,0.5 5 mM CaSO,, mespeciively,
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compared to 3.96% ٥f non:لas ine control- (Fig. 8). Effect of NaC] d ه CS0, n ة
nitrogen conten appeaF inconcluisive.

DLscussio:

Saliaity tolerance f ه Rhiojium tat infeet Pisum satiyumin nutrient ugHe لu ث
have been stdied in previous paper by Helenish, (1986. The present work explتة n:

1) whether Pisum satyum could establish b terع growhad nodulatioh in saline Eilsي 

as did bacteria in solution culture and 2). fHe possibility of improving the saلinity

tolerance of plant groww in these sbils. in the presence of CaS0,. On these basis, tbe

present experiment was conducted to cvaluate the couteraction of CaSO, on NaCl

stressed plants and their interactive effects oD growth, nodulation and nitrogen content

of Pisum Gatiwm in pot experiuent.د ء 

Sodiصu chloride inhibitEd plant heighg, dry matter bioRass ndه numbr of leeves

and nodules of As tل trealed plants. This depended on salt concentration, rhizbial strain

and te tolerence limit to NaCl (Samir t ع .( ,لم1991 Lncreesing salt concentration

resulted ia a reduction of nodule number, nodule weight and total nitrogen fvAtion by

Glycine wighii (Wilson, 1970}. Other authors (Brenstein and OgauA, 1966; lslam aad

Chouiam, 1981 and Lauter t ع al., 1981) observed similar efFect of salinity on nodulation

and N,-fxation of Glycing DA, Yyiia {bA and Cicer arictirum, respectively, Lauter،

st al., (1987) indicated hatا the process of Dodulation wos very sensitive to as inityل in

igna rediata and Soybeai. Theze indications were confirmed by Knobel, (1987) wboلا 

fouad that NaCl reduced number of Todules of yieia fba at early sاages of plant

development In addition Sanir Et a}., (1991) found that increasing sodium choride in

inrigDtion water adversely affected the rate of nodule fomation, dry weight of'nodules

and shoots of Soybean plant. Similar results were obtained by Tu, (198 ,( لا who observed

that nodulation was completely eliminated at more than or equal to 1.2% Nو Cl nnd

incrcasing salinity caused a gradual and decline in Soybean freRh weight and plant

height. Kumar and Oarg, (1980) studied the effect of salinity end y لانمkli لاه on the

process of nodulation in peA and they found that salinity and alkaliniy or bouh reduced

number and weight of te nodules, furermore a complete failure of nodulation was
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observed at pH 10 wit aلإ l tHe studied salinity levels and at pH 9 with only high

salinity levels.

ln the present stد cy, feilure of nodulation in pea was due to higher sodium

chloride cocentration as wel as to soil pH ٥f9, This in accordance with the findings

obtained by Mulder and Veen, (1966) and Bunon, (1967) who repored that rhizabia

were scanty or absent in saline-alkaline soil, Moreover Bhardwaj, (1975) obscrved that

rhizobial strains of Rhizobium lecuminosArum survived a pH of 10 or lower but the

multiplications was drastically reduced above a pH of 9.5. Kumar and Grag, ( ا981)

confimned these finding and attrihutcd the ،complete failure or drastic reduction in

nodulation of salt stressed Pisum sativm plant to the inability of rhizobia to surive

.nd gow under these conditiorsم 

The nodule prdduction with increase in age of plants was low under saline-alkali

condition (Kumnar and Garg, (1980), however in this expcriment growth parameters and

nodule fornation were exemined afer 65 days 0f planting and at soil pH 9. These

resuls are in general agrcement with other studies regarding effect of salinity (Lakshmi

et aL., 1974 and Subba rمa £t al., 1972) and a kaliityل (Habish, 1970 and Laksmi gt Al.,

1974) on the nodulation of different crops.

Salinity been كمط reported to reduce rates of divisie (Gaidamakin, 1967 and

Fصu ar and GArg, 1980). As the production of nodules and their growh essentiلa ly

involves localized cel division, a reducLion in nodulation may well partly be ascribed

to this factor.

Depressed growth due to high salinity is attibuted to several factors: Water

strcSs, specific ion toxicity and ion imbalance stress of induced nutrient deficiency

(Wyn Jones, 198l and Hanson and Mun1988ك, a and b).

High Na+ concentmation can produce a cAlcium deficiency in cotton seedlings,

supplemental Ca++ significanty offset the toxic effect of high NaCl, resulting in

inproved growth (Kent and Lق uchli, 1985). Hanson and Munns, (1988 ( م found that

grwth wnd niumogen fixation of Leucaena leucocephala wcre affected by higher

concentration of NaCl and addiuion of CaSO, at diferent levels ofTset its deleterious

effect. Similar tends were observed in bean planLs (LaHaye and Epslein, 1971).

-317-

 ر



 ن٤3- ، ء-»٦,
-٥- ±= ء -م

 خد
 و

 ر

٤-
3-

womens Coll. Ann. Rev.
vol 17 (1992).

%

Calcium is imporant in maintAining the seleetive pemieability of membranes nd ة Na+

is known to enhance membanes leakage rates (Hanson, 1984 and Leopo!4 and Willing,

1984). THe effect of cAlciuh in promoting saliig tolerance is.widely recognized(Kent
and LEuchli, 1985; LaHaye nd ة Esptein, 1971; Leopold an& Willing 1984) may مه  آً

related to the esseatial role of calciuمm for membrane integrity. Calcium is thought tp.

bind to the extemal surfEce gf the negatively charged plasma. riembranes in complEexes'

with acid group of phospbolipid a dي protein, Thirough this binding the membrane

tightens, so that passive ion fluxes are reduced and the Tembrane becomes more

hydrophobic (Gary-Bobo, 1970 and Hanson and Munns, 1988 b). I is thought that

agueous chaNnels thiough the membrane close when it is uightened, preventing the

movement of hydride ions such as sadium or calcium. Milifblar copcentretion of

calcium are needed for this tightening to occur (HaNson, 1984), It is tHought tat Na+
could when present in high enough concentrEtion, displace CA++.of binding sites on the

plasma membrene. This disnupting the tigbtening of the membrane (Cramer et A].,

1985). LArge yield increase in other legumious plants have beeo observed when ,a idع

low calcium soi] is limed to a pH of 7.0. It is uncertain wheLher these increAsc are due

to decrease in hydrogen, aluminum or manganese concentretion or to increase in

calcium and molybdenum cocentmation (Hanson and Munns, 1988 b). The Careuire­
ment might be greater under acid soils conditions than it was in .this expEIimcnt at

alkali pH.
The concentration ofN in the leaves was inversely proportional to the leaves dry

weight Tis might considered to be a dilution effect by other corponents in the leaves.

The main concentration of N in the leaves ranged from 3.724.96%. The planGs

appeared to be Adequaغا ly supplied wit N duing the growing season and N was not

found to be a limiting factor in !eaf productioa. Nitrogen, being a mobile element, wAs

translocated to the leaves from the maturing plant (Labanauskas tع A198ل,, R).

ln conclusion, the selection of A legume host fiom hiلhg y saline or non saline

habitats appeared to be the most irportant factor governing compatible Rhizobiun

strAins to nodulate and fix nitogen in coDdition of high sil salinity.
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Redعu Lion in nodule numnber of piants grow in saline sil may ascribed to

applications of highly salt levels as well as bigh soil pH. Salts may affect the symbiosis

through effects on the growTh and survival of Rhizobium in soil restriction to root

colonization, inlibition of process of infection and nodule devclopment or impaircnt

of active nodule functioning (Cnaig et al., 1991). These effEcts may be medicated
thuough an effect of salt on the host or through a specific effect on the micro-symbiont

itself.
Calcium sulfate counteracted the effect of sodium chloride and improved growth

and nodulauion of Pisum satiwm under soil sAline-alلAk i condition.ب 
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