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Summary: . = ' "

The interactive effects of CaSO, and NaCl on the growth anrl nodulation of
Pisum sativum were examiried. Pot experiment Was conducted to grow Pisum sativum
at four levels of CaSO, (0.5, 1.0, 2.5 and 5.0 mM) and NaCl (1, 25, 50 and 100 mM).
While NaCl significantly reduced plant growﬂ:., addition of CaSQO, increased plant
height leaf number and biomass Qf salt treated” plan.s A significant calcium/sodium
interaction was not seen for qodu.le mu'nber

Gradual increase of CaSO, concantratmn from (0.5-2.5 mM) significantly
increase nodule number of salt-swessed plants, while significant depression in nodule
fiumber at 100 mM NaCl and 0.5 mM CaSO, was shown. High levels (1-5) of calcium
sulfate clearly promoted Lhe formation of nodules,

The effects of CaSO, and NaCl on the content of nitrogen in stem and leaves
were completely different, The nitrogen content of stem was depressed at high NaCl
level (100 mM) and addition of CaSO, did not offsst this effect. On the other hand
leaves nitrogen content showed considerable increase by salt concentration increase,
while CaSO, promoted growth (N- contenl) up to (2.5 mM) then declined. The
improvement of Pisum sativum tolerancc.to salt by eddition of CaSO, may be attributed
to the effect of calcium in maintaining the selective permeability of cell membrane.

Introduction:

Pea (Pisum sativum) is an important food in Egypt. Soils of Egypt are
characterized by the presence of excessive soluble salis (Helemish and El-Gammal,
1987). To obtain satisfactory yield of Pisum sativum in such saline soils, varieties of
Rhizobium and host genotype that are tolerant to the stresses associated with these soil
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are desired (Ilelemish, 1986). This-author found that the Rhizobium of Pisum sativum
(local isolate) grew at wide pH ranges with maximum growth at pH values from (4.5-
5.0) She also found that the same strain could be grown in cultures having various
concentrations of NaCl with maximum growth at 0.2-0.5% NaCl although growth was
low at extremely higher concentration. On the other hand Minchin and Pate (1975)
reported very low rates of mitrogen accumulation in Pisum sativam when grown in
notrient solution with the upper nodulated root zone exposed to the air. Such situation
easily arise in tropical regions where high salt concentration and high evaporation result
in salt deposition on the soil surfece (Sprent and Sprent, 1990).

Calcium plays an important role in the functioning of nodules (N,-fixation) by
many legumes (Banath et al., 1966). Under severe calcium deficiency the amount of N,-
fixed is limited by restricted host plant growth, Whereas under conditions of mild
calcium deficiency impaired nodule function may lead to symptoms of nitrogen
deficiency {Edwards, 1977).

" High pH as well as low pH generally reduces nodulation. This may come about
because of reduced growth and multiplication of rhizobia in soil (Kumar and Garay,
1980 and 1981} on high pH and (Rice et al., 1977 and Mulder et al., 1977) on low pH.
Acid soil may also be low in levels of available calcium é.nd also contain levels of
aluminium and manganese toxic to the host plﬁnt (Munns, 1977 a and b). Liming can
eileviate the effect of acid soil, it encourages rhizobial growth end reduce levels of
manganese and aluminum (Sprent and Sprent, 1990). Munns and Fox, (1977) observed
that the greatest yield increase of legume occurred on a Hawaiin Oxisol when the soil
was limed above pH 5.9. They suggested that this incrcase was due to the increase in _
calcium activity, Since above pH 6 exchangeable and soluble aluminum and manganese
levels were low and almost unchanging (Hunsen and Munns, 1988 b).

Although several extensive reviews on Pisum gativum have been written in the
last ten years, little has been noted concemning its salinity tolerance and the interactive”
effects of CaS0, and NaCl on its growth and nodulation.

The purpose of this study was to test whether high calcium levels increase the
salt tolerance of Pisum sativurn when grown in saline soil at pH 9 by examining the
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growth and noduiation response of nodulatcdigi_gt_l_m sativom Glza 2 to varying lgvels
of CaSO, (0.5 to 5.0 mM) and NaCl (1-100 mM)in pot expériment. ;
Materisls and mcthoés: H

Pot experiment was conducted to evaluate the:interactive of CaSO, and NaCl at -
four levels of CaSQ, (0.5, 1.0, 2.5 and 5.0 mM) and Tour levels of NaCl (1,,25; 50 and
160 mM) with a totel of sixteen treatments on the gro'ﬁlh end nodulation of Eﬁg_n:‘l.
sativum. CaSO, levels were applied ten days after-germination, NaCl treatments 30 days
afler germination (Hunsen and Munns, 1588 a and b).

Seeds of Pisum sativum Giza 2 were obtained from Ministery of Agriculture,

Uniform seeds were selected and scarified for 5 minutes in sulfuric acid, rinsed
theroughly and soaked overnight in distilled water. Then seeds were planted in plastie
pots 25 cm in diameter with drainage. Once the seedlings emergenced they were
walered with the levels of CaS0, that would be used throughout the expr:riﬁent. Vithin
seven days of plenting, mare than 50% of the seeds bad germinated. Ten days after
planting, the seedlings were inoculated with Rhizobium leguminosarum specific. for
Pisum gativum. ’Seedlings were watered with a solution containing 0.5, 1.0, 2.5 or 5.0°
mM CaSO, When pl.ats were 25 days old and the reots were nodulated, the
experiment was set ow in three replications each containing sixteen pots with five
plants in each pot, then NaCi treatment (1, 25, 50 and 100 mM} were begun. NaCl was
added two times weckly., The salts were added gradually to avoid sudden large
decreases in water potential. Growth perameters were recorded at harvest afier 65 days
of planting, These including plant height, dry matter accumulation of root, shoat, ieaves
and yield, in addition to nodule and leave numbers. Stem and leaves N was also
recorded. Planls were rinsed in water, separated into roats, shoots, Jeaves and nodutes,
* dried ot 70°C for three days and weighed. Number of nodules and leaves of each plant
was counted. At the end of the experiment (65 days after planting) oven dried plont
samples were ground and thoroughly hoinogenized in 2 monliex mill to pass through
a 20 mesh screen For estimation of tetal nitrogen in shoots and leaves, samples were

digested in concentrated H,SO, and measured by microkjeldahl method (Jackson, 1967).
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Each valoe was the mean of three replications. Statistical calculations of the signifi-ant
levels of the difference among the treatments was earied out using L.S.D. test
(Snedecor and Cohran, 1972).

Results:

Plant height (Fig. 1) showed a clear calcium/sodium. interaction, sodium chloride
depressed growth significantly and CsSO, partly offset this effect especially at the
higher concentrations of NaCl. At harvest, leal number (Fig. 2) showed a very
significant interaction. Increasing NaCl concentration depressed leaf number especially
at higher NaCl levels (100 mM) comparing to lower levels or control (I mM).
Moreover gradual increase of CaSO, improved it and maximum increase was attained
at (2,5 mM) then declined at (5§ mM),

Concemning nodule number (Fig. 3) noticeable increase was shown corresponding
to NaCl increase till (50 mM) then decreased at (100 mM). Higher CaSO, levels
enhantced nodule number by more than 50% up to certain limit (2.5 mM) and depressed
it at (5 mM). Increasing NaCl levels decreased root dry weight (Fig. 4) comparing to
the control (non-saline treatment or 1 mM NaCl), it was 0.25 g/plant compa:il{g o 0.20,
0.22 and 0.07 at 25, 50 and 100 mM NaCl levels respectively and at lower CaSO,
levels (0.5 mM), while root dry weight was increased significantly at both higher
concentration of CaSO, and NaCl, The same trend is shown with respect to stem and
leaf dry weight (Fig. 5 and 6). However, at harvest 2 significant calcium/sodium
interaction was scen, Calcium sulfate improved growth of sait stressed plants (Fig. 4,
5 and 6).

Eifect of NaCl and Ca50, on nitrogen content of stem was shown in Fig. (7).
Progressive increase of NaCl levels (1-100 mM) had decreased stem N content at all
CaSO, levels. It was 3.49% for the control (non-saline treatment, 1 mM NaCli) and at
100 mM NeCl, it was 2.99, 2.93, 2,79 and 2.04 at 0.5, 1, 2.5 and 5§ mM CsSO,,
respectively (Fig. 7). With respect to leaf N content, noticeable nitrogen increase was
seen by increasing NaCl levels (1-100 mM). Nitrogen content of leaves at 100 mM.
NaCl was 4.53, 4.96, 4.58 and 4.62% al 0.5, 1, 2,5 and 5 mM CaSO,, respectively,
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compared to 3.96% of non~sa11nc comxol (Fig. 8) Effect of NaCl and CaSO, on

nitrogen contens appeat inconclusive,

4

e
Discussion: 48

Salinity tolerance of lmbsum that infect Pisum s _tgu___ in nutnenl cullul-e
have been studied in previous paper by Helemish, (1986} The present work: eﬂ'p'mn
1) whether Pisum sativum could -establish befter growth’and rodulation in saline soils
as did bacteria in solution culture and 2). The possihﬂ'i.ty of improving the salinity
tolerance of plant grown in these soils in the presence of CaS(j.,. On these basis, the
present experiment was conducted to evaluate the counteraction of CaSO, on NaCl
stressed plants and thelr interactive effects on growth, nodulation and nitrogen content
of Pisum sativum in pot experiment.

Sodium chlcride inhibited plant height, dry matter biomass and number of leaves
and nodules of salt treated plants. This dcpendcd on salt concentration, rhizobial sirain
and the tolerence limit to NaCl (Samir gt al., 1991). Increasing salt concentration
resulted in a reduction of nodule number, nodule weight and total nitrogen fixation by
Glycine wighii (Wilson, 1970). Other authors (Brenstein and Ogata, 1966; Istam and
Choulam, 1981 and Lauter gt al., 1981) observed similar effect of salinity on nodulation
and N,-fixation of Glycine max, Vicia faba and Cicer arietinum, respectively, Lauter

et al., (1987) indicated that the process of nodulation was very sensitive to salinity in

Vipna radiata and Soybean. Thece indications were confirmed by Knobel, (1987) who
found that NaCl .n:duced number of rodules of Vicia faba at early stages of plam
development. In addition Samir gt al,, (1991) found that increasing sodium chloride in
irrigation water adversely affected the rate ol nodule formation, dry weight of nodules
and shoots of Soybean plant. Similar results were obtained by T, (1981), who observed
that nodulation was completely eliminated at more than or equal to 1.2% NaCl and
increasing salinity caused a gradual and decline in Soybean fresh weight and plant
height, Kumar and Garg, (1980) studied the effect of salinity end alkalinity on the
process of nodulation in pea and they found that salinity and alkalinity or both reduced
number and weight of the nodules, furthermore a complete failure of nodulation was
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observed at pH 10 with all the studied salinity levels and at pH 9 with only high
salinity levels.

In the present stucy, failure of nodulation in pea was due to higher sodium
chloride concentration as well as to soii pH of 9. This in accordance with the findings
obtained by Mulder and Veen, (1966) and Burion, {1967) who reported that rhizobia
were scanty or absent in saline-alkaline soil. Moreover Bhardwaj, (1975) observed that

rhizobial strains of Rhizobium Jegumingsarum survived a pH of 10 or lower bul the

multiplications was drastically reduced above a pH of 9.5, Kumar and Grag, (1581)
confinned these finding and attrihuted the complete failure or drastic reduction in
nodulation of sakt stressed Pisum sativim plant to the inability of rhizobia to survive
and grow under Lhese conditions.

The nodule production with increase in age of piants was low under saline-z]kali
condition (Kumar and Garg, (1980), however in this experiment growth parameters and
nodule formation were examined after 65 days of planting and at soil pH 9. These
results are in general agreement with other studies regarding effect of salinity (Lakshmi
et al., 1974 and Subba rao et al.,, 1972) end alkalinity (Habish, 1970 and Laksmi ct al.,
19'."4‘1)i on the nedulation of different crops.

Salinity has been reported to reduce rates of divisicd (Gaidamakinge, 1967 and
Kumar and Garg, 1980). As the production of nodules ond their growth essentially
involves localized cell division, ¢ reduclion in nodulation may well partly be ascribed
to this fector.

Depressed prowth due to high salinity is attributed to several factors: Water
stress, specific ion toxicity mand ion imbalance stress of induced nutrient deficiency
(Wyn Jones, 1981 and Hanson and Munns, 1988 a and b).

High Na+ concentration can produce a ealeium deficiency in cotton seedlings,
supplemental Cat++ significantly offset the toxic effect of high NaCl, resulting in
improved growth (Kent and L&uchli, 1985). Hanson and Munns, (1988 &) found that
growth mnd nitrogen fixation of Leucaena leucocephala were affected by higher

concentration of NaCl and addition of CaSQ, at different levels offset its deleterious

effect. Similar trends were observed in bean planis (LaHaye and Epsiein, 197t).
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Calcium is important in maintaining the selective permieability of membranes 4nd Na+
is known to enhance m’embranes leaka'ge rates (Hanson, 1§B4_and Leopold and Willing,
1984). The effect of calcium in pmmdting_ g.ali.nity tolemn_c;: is-widely retognichf(l(_g_ﬂ
and Léuchli, 1985; LaHaye and Esptein, 1971; Leopold angd Willing, 1984) and may e
related to the essential role of calcium-for membrane intggrfty. Calcium i3 thought to.
bind to the external surface of the negalifcly charped plasma membranes in complexés"-
with acid group of phospholipid and protein,. Through this binding the 'membraﬁe’l
tightens, so that passive ion fluxes are reduced end theé membrane becomes more
hydrophobic (Gary-Bobo, 1970 and Hanson and Monns, 1988 b). it is thoug_ht that
aqueous channels through the membrane close when if is tightened, preventing the
movement of hydride ions such as sodium or caleium. Milimolar co:‘léehlr’al'ion of -
calcium are needed for this tightening_ to occur (Hanson, 1984), Ttis thot;ght tHat Na+
could when present in high enough concentration, displace Ca++ of binding sites on the
plasma membrane. This disrupting the tightening of the membrane (Gramer et al,
1985). Large yield increase in other leguminous planis have been observed when acid,
low caleium soil is limed to a pH of 7.0. It is uncertain whether these increase are due
1o decrease in hydrogen, aluminum or manpganese concentration or to increase in
calcium and molybdenum concentration (Hanson and Munns, 1938 b). The Ca require-
ment might be greater under acid soils conditions than it was in this experiment at
alkali pH,

The concentration of N in the leaves was inversely proportional to the leaves dry
weight. This might considered to be a dilution effect by other components in the leaves.
The main concentration of N in the leaves ranged from 3.72-4.96%. The plants
appeared to be adequately supplied with N during the growing season and N was not
found to be a limiting factor in leaf production. Nitrogen, being a mobile element, was
translocated to the leaves from the maturing plant (Labanauskes gt al,, 1981},

In conclusion, the selection of & legume host from highly saline or non saline
habitats appeared to be the most important factor governing compatible Rhizobium

streins to nodulate and fix nitrogen in condition of high soil salinity.
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Reduction in nodule number of plants grown in saline soil may ascribed to
applications of highly salt levels as well as high soil pH. Salts may affect the symbiosis
through effects on the growth and survival of Rhizobium in soil restriction to root
colonization, inhibition of process of infection and nodule development or impairment
of active nodule functioning (Craig et al., 1991). These effects may be medicated
through 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 nodutation of Pisum sativum under soil saline-alkali condition.
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