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ABSTRACT: Two pot experiments wcre conducted during the two
winter seasons of 2002/2003 and 2003/2004 , to investigate the effect
of salt stress treatments, the application of biofertilizer (Halex 2) or
mineral fertilizer (zinc) at different levels and their interaction on
plant growth characters, leaf water relations, chemical components,
_yield and its attributes as well as seed quality of pea plants. The
obtained results indicated that plant growth characters were
differently affected by salt stress conditions. Under low salinity
treatment (60 mM NaCl) there was a significant reduction in some
growth characters, i.e., plant height, number of leaves, fresh and dry
weights of stems and leaves as well as leaf area. On the other hand,
this low saline concentration significantly increasced leaflet length,
leaflet width, as well as root fresh and dry weights. Application of
higher salt concentration (120 mM NaCl) led to more significant
decrease in all studied growth characters. The inoculation with
biofertilizer (Halex 2) or the addition of supplemental mineral
fertilizer (zinc) at different levels significantly increased all studied
growth characters. Better results were recorded by inoculation with
Halex 2. Under salt stress conditions, the inoculation with Halex 2 or
the use of different zinc concentrations not only mitigated the
inhibitory effect of saline stress treatments on plant growth
characters but also increased these characters significantly
compared with there owing controls. Increasing salinity Jevel in root
media decreased relative water content % and degree of
sclerophylly% but increased lcaf water deficit %. Under NaCl
salinity stress, the inoculation with Halex 2 or the addition of zinc
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overcome the inhibitory effect of salinity hazard on leaf water
relations and improved water status of pea leaves. A highly
significant reduction in the concentration of photosynthetic pigments
(chl. a, chl. b, ehl. a+b and carotenoids), total soluble sugars, total
carbohydrates and total protein was observed in response to salinity
stress treatments. The highest decrement in these chemical
parameters was more pronounced at the highest NaCl level (120
mM). The inoculation with Halex 2 or the application of zinc
significantly increased these chemical components. The interaction
between saline stress treatments and the application of Halex 2 or
zine limited the inhibitory effect of saline stress and significantly
improved photosynthetic pigments, total soluble sugars, total
carbohydrates and total protein concentrations. Proline
concentration was significantly increased in salinized pea leaves
compared with the control. The inoculation with Halex 2 or the
usage of zinc markedly depressed proline accumulation in pea leaves,
particularly under salt siress conditions. With rising salinity Ievel in
root media, concentrations of N, P, K, Ca* and Zn in pea leaves as
well as K'/Na' and Ca®/Na' ratio were progressively decreased
comparing to the control and the highest decrease was obvious at 120
mM NaCl. Under salt stress conditions, the inoculation with
biofertilizer or the application of mineral fertilizer alleviated the
jnhibitory effect of salinity treatments and increased N, P, K, Ca™
and Zn as well as K'/Na* and Ca®/Na’ ratio compared with
untreated plants. On the other ha;ni:l, the accumulation of Na® in pea
leaves was significantly increased as the salinity increased. The
application of Halex 2 or zinc especially under salinity stress
treatments led to a significant decrement in Na* accumulation in pea
leaves. Pea yield and its components represented by number of
pods/plant, weight of pods/plant, pod length, pod width, number of
seeds/pod, wcight of seeds/pod and weight of 100 seeds (seed index)
as well as seed quality expressed as total carbohydrates and total
protein were significantly decreased in response to salt stress
treatments. The inoculation with Halex 2 or the addition of zinc
increased pea yield and seed quality.
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INTRODUCTION

Pea (Pisum sativum 1..) is a very
popular vegetable . crop and
considercd one of the most

important legume crops in Egypt

for local consumption and
exportation. This crop is widely
used as a souwrce of protein in
human diets due to its high content

of  protein, ascorbic  acid,
carbohydrates, balanced amino
acids composition and good

digestibility. In general, this crop

gives high yield and ensures. high-

profits, especially when cultivated
for green pods. Therefore, it
occupics a prominent position
among other legumes in the
Egyptian agriculture.

Salinity has a considerable

effect on world agriculture, results -

in reducing productivity of
agricultural plants. Soil salinity is

an increasing threat for agriculture

and is a major factor in decreasing
plant production. Due to over
irrigation, salinity, which hampers
metabolic activities in plant cells,
is increasing in many areas around

the world (Sanan-Mishra et al.,

2005).

Salt affected soils represent a
stress condition for crop plants that
is of increasing importance in
agriculture. Of the world's
cultivated lands, about 23% are
saline.
aggravate

year by year,

This situation tends to.
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particularly in the arid and
semiarid regions, where it is
necessary to use low quality water
for irrigation (Rengel, 1992). The
reduction in plant growth by
salinity depends on the solute
concentration in the soil solution
and on the ‘plant species
(Greenway and Munns, 1980).

Growth suppression may be a
non-specific  effect of salts,
depending more on the total
concentration of soluble salts than

. on specific ions (Adams, 1991).

Although salinify may reduce
growth, it can induce water stress
as it increascs the osmotic pressure
in the soil solution. Moreover, high
salinity may also result in too high
internal ion concentration (ion
toxic) and thus causes growth
reduction (Greenway and Munn,
1980). :

Water stress induced by salinity
may influence plant growth by

-adverse effects on dry matter

partitioning, cell extension, cell
division, leaf  photosynthesis
and/or transpiration (Greenway
and Munns, 1980).

- Plant growth and production on
saline areas, is often limited by a
lack of nitrogen. = The danger of
increasing the soil salinity and the
pollution of agro-ecosystem as
well as deterioration of soil
fertility is likely to further limit the
application of N to saline soil
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(Mohammad et al, 1989).
Therefore the importance of
biological fixation to nitrogen has
increased. '

In legumes  salt  stress
significantly limits productivity
because of the adverse effects on
growth of plants, root nodule
bacteria and the mitrogen fixation

capacity (Bekki er al., 1987). In

Vicia faba, salinity of the culture
medium ‘decreased total plant N
content as well as the nitrogen
fixation by affecting both the
appearance of new root nodules
and the efficiency of association
{Cordovilla ef al., 1994).

It has been suggested that
Azospirillum
enhance plant growth and yield by

promoting mineral and water
uptake in  colonized roots
(Kapulnik et af., 1985). Many
Azospirillum  species  produce

several plant hormones such as
indole acetic acid, isobutyric acid
and cytokinins in liquid culture
(Omay et al., 1993), and it is
firmly stated that hormonal effects
are the main mechanism by which
Azospirillum  enhances  plant
growth. Furthermore, phytohor-
mones such as IAA, gibberellic
acid and kinetin known to be
involved in the regulation of plant
response to salinity stress, these
hormones were found to be
reversed the adverse effect of

inoculation could
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stress conditions (Walker and
Dumbroff, 1981).
Micro-nutrients play an

important role in plant metabolism.
The role of zinc as a micro-
element has been reported by
many researchers (Etman, 1992).

Zinc is known to be required for

‘a variety of metabolic processes in

plants such as photosynthetic
reactions, nucleic acids
metabolism, proteins and
carbohydrates  biosynthesis and

starch metabolism (Marschner,
1986). Zinc is necessary for the
synthesis of tryptophan and hence
indirectly for the synthesis of
auxin. The activities of a number

of respiratory enzymes, the
accumulation of quinines and
catechol aggregates, respiratory

impairment, changes in the levels
of proteins and amino acids have
been reported to follow restrictions
in the zinc supply (Klein et al.,
1962). It is well known, that zinc
positively affects cell division and
expansion. Moreover, zinc was
found to ameliorate plant growth
under saline soils (Shukla and
Mukhi, 1985).

The positive effects of zinc on
the growth and yield of legume
plants have been observed by
many investigators such as Singh
et al. (1992) and Etman (1992).
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The aim of this study is to
evaluate the effect of salt stress
treatments, the application of

biofertilizer (Halex 2) or mineral -

fertilizer ~ (zinc) and  their
interaction on growth characters,
leaf water relations, -chemical
composition,  yield
characteristics as well as seed
quality of pea plants, in an attempt
to alleviate the inhibitory effect of
salt stress on studied parameters.

MATERIALS AND
METHODS

Two pot experiments were
performed at the Experimental
Farm, Faculty of Agriculture,
Minufiya University, Shibin El-
Kom, during the two successive

' winter seasons of 2002/2003 and’

2003/2004 in order to study the
-responses of vegetative growth
characters, leaf water relations,
chemical parameters as well as

vield and seed quality of pea -

- (Pisum sativum L.) plants fo
salinity stress treatments and to
investigpate ~ the  effect  of
* biofertilizer (Halex 2) or mineral
fertilizer (zinc) at different levels
in alleviating salinity stress.

The soil of these experiments
was clay loam, the texture and
certain  properties of  the
experimental soil were analyzed

according to Page ef al. (1982) and

their data are presented in Table 1.

and iis -
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Table 1.Physical and chemical
properties of  the
experimental soil in the
Experimental Farm,
Faculty of Agriculture,
Minufiya University,
Shibin El- Xom, Egypt

Particle Size Properties

Sand % 35%

" Silt % 18.3%

Clay % 46.7%

Seil texture Clay

EC (dsm™) 1.03

pH ' 7.76

Soluble cations (meq/l)

- Ca** 3.25

Mg* 3.15

Na” 4.34

K 1.51

Soluble anions (meq/T)

HCO, 2.48

Cr 5.60

Seeds of pea cultivar Litile
Marvel were obtained from the
Agricultural  Research  Center,
Cairo, Egypt. Iive pea seeds were
sown on October 31 and 28" in
the first and the second seasons,
respectively, in plastic pots, 30 cm
inner diameter and 30 cm depth
filled with 7 kg air dried soil and
fertilized with 1.6 g P,Os in form
of calcium superphosphate (15.5%
P,Qs). Soil moisture was kept at
65% of the total water holding
capacity of the soil during the
growth period by irmrigation with
tap water whenever. Three weeks
after- sowing, the seedlings were
thinned to three uniformed plants
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per pot. Pots were fertilized with N
at 1.36 g/pot and K at 0.8 g/pot in
form of ammonium nitrate (33.5%
N) and potassium sulphate {48%
K;0), respectively, during the
experimental period. Other
agricultural practices were done as
commonly  recommended in
growing pea.

Four weeks after planting pots
were irrigated with saline water at
60 mM NaCl, 120 mM NaCl and
tap water as a control.

Halex 2, a  biofertilizer
containing a mixture of growth

promoting N-fixing bacteria of.

genera Azospirillum, Azotobacter
and Klebsiella, which was kindly
supplied by Prof. Dr. M. G.
Hassouna, Biofertilizer Unit, Plant

Pathology Dept., Alex. Univ., was

used in this study and was added in
irrigation water at a rate of 1 g/pot
after 6 wecks from sowing.

Zinc sulphate (ZnSO4 H,0 =
36% Zn) was used as a source of
zinc at rates of 20 mg/kg soil (Zn
1) and 40 mg/kg soil (Zn 2) and
was added in irrigated water after 6
weeks from sowing.

The experimental design was
split-plot in randomized complete
blocks, with five replications. Each
experiment included 12 treatments,
which  were  all  possible
combinations of three salinity

stress conditions 0 (control), 60

El-Ghinbihi, Fatma H.

and 120 mM NaCl as well as four
fertilizer  treatments  Control,
Biofertilizer (Bio), Zn at 20 and 40
mg/kg soil. The salinity treatments
were considered as the main plots
and the fertilizer treatments were
considered as the sub-plots and
were randomly assigned within
each main plot.

RECORDED DATA

Vegetative growth characters

After 60 days from sowing, a
sample of four plants from each
plot was taken randomly. In each
plant sample, plant height (cm),
number of leaves/plant, leaflet
length (cm), leaflet width (cm),
fresh and dry weights of roots,
stems and leaves, (dried at 70°C
for 72 hours) g/plant and leaf area
cm’/plant using the dry weight
method described by Aase (1978)
were recorded. '

Leaf water relations

Relative water content
(RWC%), leaf water deficit
(LWD%) and the degree of
sclerophyll (DScl%) were
estimated according to Kalapos
(1994).

Chemical analysis

The same samples were used
for determination of the following
chemical characters:

a- Photosynthetic pigments were
estimated in fresh leaves as
described by = Wettestein
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- (1957), then calculated as mg/g
dry weight.

b- Total soluble sugars and total

carbohydrates of dry leaves

were determined colorimetric-

ally using the phenol sulfuric
acid method of Dubois ef al.
(1956).

¢c- Free proline in fresh leaf
: samples was estimated using
the method described by Bates
etal. (1973).

d- Total nitrogen concentration in

dry leaves was determined

using micro-kjeldahl method .

according to Ling (1963).

e- Phosphorous in dry leaves was
determined  colorimetrically
following the hydroquinone
method as described by Snell
and Snell (1954).

" f- Potassium and calcium -were
cstimated in dried leaves using
Flame Photometer according to
Allen (1974). _

g- Sodium and zinc  were
measured in dry leaves using
the atomic absorption
spectrophotometer according to
Cottenie ef al. (1982).

h- Total- protein concentration
was calculated by multiplica-
tion total nitrogen by 6.25.

Total Yield

Characteristics
Green pods yield
Marketable green pods - were

picked, 80 days after planting and

the following data were recorded:

- Number of pods/plant.

and its
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- Length of pod (cm).
- Width of pod (cm).

Seed yield
Pea plants were left until full

‘plant maturity (drying stage) then

the  following data  were
determined:
-Number of seeds per pod.

-Weight of seeds per pod (g).
-Weight of 100seeds (seed index,
g). :

Seed quality

Protein and total carbohydrates
concentrations in dry sceds were

. estimated, as above mentioned, for
~dry leaves.

The collected data of both
seasons were statistically analyzed
using Costat Software program
(1985). Treatment means were
compared based on the revised L.
S. D. test at 0.05, level (Snedecor
and Cochran, 1981).

RESULTS AND
DISCUSSION

Growth Characters

Data recorded in Table 2 show
that treating pea plants with
different soil salinity levels (60
and 120 mM Na(Cl) significantly
decreased plant height and number
of leaves compared with untreated
plants. At 120 mM NaCl the
reduction reached to 25.83% and
28.86% for plant height and-
26.14% and 35.23% for number of
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Table 2. Vegetative growth characters of pea plants as affected by salinity stress treatments and the
application of biofertilizer (Halex 2) or mineral fertilizer (zinc) and their interaction, in 2002/2003
and 2003/2004 seasons after 60 days from sowing.

Treatments Plant height Number of Leaflength = Leaf width Root fresh Stem fresh
NaClI Fertili (cm) leaves / plant {cm) (cm) weight (g) weight (g)
Level e:;tzzer First Second First Second First Second First Second First Second First Sccond
mM season season season sg¢ason Season season season season season season season season

0 26.21% 27.86° 1L.17° 1L58™ 291° 2,037 20687 2037 045° 0437 1147 1447

60 23.13% 2382" 983% 9337 334* 2434 2504 2.43* 054* 057 098° 1.02°
120 19.44C 19.82°¢ 825° 750 2.44°¢ 167¢ 187 1.67° 036° 0.32° 084¢ 074°

Control 17.87° 18.59€¢ 811° 811¢ 240 1.53¢ 1.87¢ 1.53° 034° 033¢ 072¢ 086°€
Bio 28.094 29.80*% 11.66° 11.44™ 3.49% 246* 247* 246* 057% 057% L4a1? 1312
Zn1 2458% 2518% 1022°% 078°% 3.01°% 2174% 219% 217°% 0.49°% 0462 1.02° 1Lu*"
Zn2 2118 21,765 9.0 € 855 2.697C 201% 208€ 201F 041° 0417 079¢ 0977

0 Control 20.50% 22,70%% 933 10.67° 2.40% 2.30% 193% 1.43° ¢35% 033% 0.80% 1.24°
Bio 32.10* 36.73° 13.33° 13.33" 3.60%" 337 230 247%* 045™ 058" 173" 173"
Zn1 27.70*° 2827% 11.33° 11.33% 303" 2939 210 223 0479 0.41™% 1,17 146
Zn?2 2453% 23.73% 1067 11.0 ® 2.60°%° 2477 20 % 20 % 0.44°% 039 0.85% 132°

60 Control 17.60° 18.30% 833 80 ¢ 3.0 "™ 297 230" 197" 039 041" 0.73¢ 0.72%
Bio 28.50°° 2920 11.33" 11.33° 3.73* 3.70° 2.77° 2.80° 0.68° 074" 131b 1.32°%
Znl 2497 25.60"¢ 10.33% 9.67% 3.43*® 320" 2.50*" 250" 0.62% 0.61*° 1.05¢d 1.07°%"
Zn2 2147 22.17%%9.33% g33° 320" 2.80% 2.40°% 2.43* 048 0.53**¢ 0.83 de 0.95 "

120 Control 15509 1477° 6.67° 5679 1.807 1938 1377 1207 0277 025° 063e 0.61°
Bio 23.67% 23,47"% 10,33 9,67 3,13 2.73% 230" 2,10 048 0.38“" 1.20 bc 0.88 °*
Zn 1 2107 21.67%% 90 ¢ 833° 257 2337 197 177" 038°% 0.36% 0.84de 0.82°*
Zn?2 17539 1937 70° 633° 2279 217% 183° 1.60% 032 030° 0.70e 0.64°

Values marked with same alphabetical letter(s), within a comparable group of means, do not significantly differ using revised
L.S.D. test at 0.05 level. ' :
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leaves, in the first and second
seasons, respectively, compared
with the control plants. These
results are in agreement with those
obtained by Cachorro ef al. (1994)
who reported that plant shoot

growth of Phaseolus vulgaris was

inhibited after cxposure to an
external NaCl. In this concern,
Mansour et al. (1996) found that
shoot length and number of leaves
of the salinized faba bean plants
were significantly reduced in
comparison to their controls.
Additionally, Yadav. and Yadav
{1998) indicated that plant height
of pea planis decreased "with
increasing salinity.

Inoculation with Halex 2

showed the highest significant
increase in plant height and
number of leaves than

supplemental zinc levels Table 2.

The highest increment was 57.19%

and 60.30% for plant height and
43.77% and 41.06% for number of
leaves of Halex 2 tested plants, in

the first and second seasons,
respectively,  compared — with
unireated plants.

Under saline stress conditions
the inoculation of pea plants with
Halex 2 or the application of zinc
resulted in an increase in plant
height and number of leaves
compared with the control plants
Table 2.
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Results listed in Tables 2 and 3
demonstrate that under the low
salinity level (60 mM NaCl) there
was a significant increase in leaflet
length, leaflet width, root fresh and
dry weights in both seasons
compared to the nonsalinized
plants. Meanwhile, increasing soil
salinity level up to 120 mM NaCl
had adversal effect on these

. characters and caused significant

decrease in these parameters
comparing with untreated plants.

The inoculation of pea plants
with biofertilizer or the usage of
zinc at different levels markedly
incrcased the above mentioned
characteristics compared with the
control plants. The maximum
increment in these mean values
was observed by using Halex 2
followed by the lower zinc
concentration (Znl).

The data in Tables 2 and 3
reveal that under salts stress
conditions the usage of Halex 2 or
zinc at different concentrations
alleviated the inhibitory effect of
salinity and increased the leaflet
width, leaflet length as well as root
fresh and dry weights. The second
season showed the same trend.
Similar results were obtained by
Bhatti and Sarwar (1977) who
found that application of zinc
increased the dry weight of corn
roots at all salt treatments.
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Table 3. Vegetative growth characters of pea plants as affected by salinity stress treatments and biofertilizer
(Halex 2) or mineral fertilizer (zinc) and their interaction, in 2002/2003 and 2003/2004 seasons after
60 days from sowing.

Treatments Leaves fresh Root dry Stem dry Leaves dry weight Leaf area
NaCl Fertilizer weight (g) weight (g) weight (g) (g) (cm?)
Level Rate First Second First Second First Second First Second  First Second

mM . season s$eason Season sSeason season season season s¢asaon season S€ason
0 3514 368" 0.053° 0.041" 027 031% 0.84% 0934  25594" 270.80°
60 280% 282% 0102  0.0664 020% 0.19% 058 056 168.70° 157.15°
120 2.16¢ 2.08° 0.035°€ 0.027 € 0.13¢ 011¢ 035% 0.39°¢ 94.45% 97.48°¢
Control 1.71¢ 2.15¢ 0.050° 0.034 € 0.13¢  0.13¢ 038 038°C 128.66" 12429°

Bio 3.99% 367 0.080*% 0060 030* 027* 086* 090" 216.06* 217.67*

Zn 1 294%  299®  0.065° 0046  020° 021 062 0.66° 196657 197.827
Zn2 266°  2.63% 0.056°  0.037°  017° 019" 050° 056° 150.75€ 160.79 €

0 Control 227° 2.60°% 0.043° 0.033% 017" 021 0.49% 059 192799 217.16¢
Bio 4.87*  492*  0.063° 0.085™ 045" 039" 1.29° 137° 313.17° 319.01°
Zn1l 3.49% 381" 0.057° 0.041%  025° 034 090° 096° 311,18° 312.96°
Zn2 3.42%4 33954 go49%  0.036°%C 022%™ 031% 067" 080 206.61° 234.05°

60 Control 1.61° 232" 0077"  0.047% 013% 011% 0367 032  9335" 81.85;
Bio 396" 343%™ 0142° 0.092* 026" 028" 0.84% 083" 22820" 215.23
Zn 1 3,00 291 g102” 0.07° 0.22% 0,19 0.59°® (057 1870 ¢ 171.15°
Zn 2 2,52 261° 008"  0.053% 020" 017°% 051" 0.52° 166.26° 160.36'

120 Control 124° 1547 0031° 0.21° 009 00777 028f 022f 9984°% 7383k
Bio 315" 267 o0.042° 0.034°% 020" 0.14°%" 0.44%" 051" 10682° 118.76%
Znl 2.23% 224%F  (.036° 0.027% 014 011% 0379 046% 91.78" 109.35"
Zn2 2.03% 1.88¢ 0.032° 0.023° 010 010 ¢ 0329 037¢ 7937 87.95i

Values marked with same alphabetical letter(s), within a comparable group of means, do not signi_ﬁcantly differ using revised
L.S.D. test at 0.05 level.
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Data recorded in Tables 2 and 3
point out that fresh and dry weight
of pea stems and leaves as well as
leaf area were significantly
reduced under NaCl stress. Similar
results were observed by Mansour
(1991) working on soybean, Ismail
(1996) working on Phaseolus
vulgaris, Garg et al. (1997) and
Sibole ef al. (1998) working on

bean who reported that salinity

induced a reduction in plant height,
plant fresh and dry weight and leaf
growth. Furthermore, Marcelis and
Van Hooijdonk (1999) indicated
that under salinity stress conditions
the reduction in dry weight growth
of the radish plants could largely
be attributed to the reduced leaf
area. The decrease in shoot dry
matter under high salinity could be
attributed to interference in the
absorption of plant nutrients and
physiological water stress created
by high salt concentration due to
increased osmotic pressure of soil
solution (Shukla and Mukhi,1985).

As seen in Tables 2 and 3

results show clearly significant
increases in the above mentioned
parameters compared with
untreated plants. Data also reveal
that the inoculation with Halex 2
caused highly significant increase

in the fresh and dry weights of pea-

stems and leaves as well as leaf
‘area followed by lower zinc
concentration {Znl) and higher
zinc level (Zn2). In this
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connection, Singh ef al. (1992)
mentioned that zinc application
resuited in more - vigorous
vegetative growth than in control
pea plants.

Concerning the interaction
between salinity and the treatments
with Halex 2 or zinc at different
concentrations, data in Tables 2
and 3 show that under saline
conditions the usage of Halex 2 or
zine supply significantly
stimulated fresh and dry weights
of stems and leaves as well as leaf
area of pea plants compared with
untreated plants. These results are
in agreement with those obtained
by Hamdia and El-Komy (1998)
who showed that under saline
condition Azospirillum inoculation
increased fresh and dry weights of
maize plants. Furthermore, FEl

- Sherif ef al. (1990 a) and Alpaslan

et al. (1999) reported that under
saline conditions the addition of
zinc increased the fresh and dry
weight of tomato plants. This
increase in shoot dry matter with
zinc under salt affected soil
conditions was perhaps, related to
increased concentration of Ca2+,
K" and 7Zn and decreased
concentration of Na",

It could be concluded that saline
stress  treatments  negatively
affected the vegetative growth
characters of pea plants and the
application of biofertilizer (Halex
2) or mineral fertilizer (zinc)
ameliorate this inhibitory effect.
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The reduction in most growth
characters may be related to
direction toxicity due to the
accumulation of  high ion
concentration in plant tissue
{Sibole et al, 1998), or to the
osmotic stress due to the lowering
of the external water potential
(Greenway and Munns, 1980). The
inhibitory effect of NaCl salinity
on the growth of seedling has been
attributed to decreasing water
uptake thus reducing the activity of
certain enzymes by decreasing the
rate of transcription and/or
translation (Dodd and Donovan,
1999). Moreover, decreasing
growth  parameters,
imbalance due to increasing ABA
and reducing cytokinins, GA; and
TIAA (Roy et al., 1995), or toxic
effects caused by sodium and
chloride 1ons (Dodd and Donovan,
1999) may decrease growth of pea
plants. Application of biofertilizer
under salinity conditions may
result in an increase in root depth,
which increase the nutrients uptake
as shown in Tables 1 and 2 and
previously reported by Turner and
Backman (1991) and promotion
growth substances (mainly IAA,
GA; and cytokinin) produced by
the microorganisms (Omay et al.,
1993) may enhance the growth of
tested pea plants. The positive
- effect of zinc on plant growth
characters in relations to salinity
stress was observed also by El
Sherif ef al. (1990 a) who reported
that zinc application cnhanced

hormoenal

. The
. agreement with those obtained by
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plant growth characters under

saline soil conditions.

Leaf Water Relations
Relative water content %
(rwc %) and leaf water deficit
% (lwd %) :
Data illustrated in Fig. 1 sho
that with increasing salinity level
in root media RWC% was sharply
decreased, meanwhile, LWD%
was increased compared with
unsalinized plants. The maximum
reduction in RWC% and the
highest increment in LWD% was
obvious by the usage of 120 mM
NaCl. In this connection, El-Kady
et al. (1983) reporied that the
inhibitory effects of salinity on
plant behavior might be duc to
unavailability of water to the plant
as a result of increasing osmotic
pressure and toxicity of salt. The
increase in leaf osmotic pressure as
salinity levels increased could be
attributed to, cither the accumu-
lation of organic substances or to
more absorption of mineral salts.
obtained results are in

Ruilian and Gang (1997) and
Fedina and Tsonev (1997) working
on pea who mentioned that relative
water content % was significantly
reduced  under salt  stress
treatments. . Furthermore,
Herpandez ef al. (1999) reported
that leaf water relations in pea
plants decreased progressively
with increasing NaCl stress.
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Fig. 1. RWC% and LWD% of pea plants aé affected by NaCl treatments and the

application of biofertilizer (Halex 2) or mineral fertilizer (zinc) and their
interaction in 2002/2003 season.
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Fig. 2. DScl% of pea plants as affected by NaCl treatments and the application of

biofertilizer (Halex 2) or mineral fertilizer (zinc) and their interaction in
2002/2003 season
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Resuits in Fig. 1 reveal that the
addition of biofertilizer (Halex 2)
or mineral fertilizer (zinc)
increased RWC% and decreased
LWD% compared with the control.
The inoculation with Halex 2 led

to the highest increase in RWC%

and the maximum reduction in
LWD% followed by Znl and Zn2,
respectively. In this concern, El-

Ghinbihi and Abd El-Fattah (2001)

showed that inoculation of taro
plants with Halex 2 significantly
increased relative water content%.

The obiained data Fig. 1

indicate that under saline stress

conditions the application of
biofertilizer (Halex 2) or mineral
fertilizer (Znl1 and Zn2) overcome
- the inhibitory effect of salimity
hazard and improved water status
in pea leaves as compared with
untreated plants. Similar results

were obtained by Noel et al.

(1996) who found that the

application of biofertilizer under

saline condition alleviated the
depressive effect of salinity by
improving leaf water potential and
water uptake. The second season
showed the same trend.

Degree of sclerophylly %

(DScl %) ’

Results illustrated in Fig. 2
demonstrate that there was a
reduction in DScl% of pea leaves
as a results of increasing salinity
level compared with unsalinized
plants. The highest reduction in

El-Ghinbihi, Fatma H.

DScl % was observed under high
salinity rate (120 mM NaCh).

“According to the effect of
biofertilizer (Halex 2) or mineral
fertilizer (Znl and Zn2) on DSci%,

‘data in Fig 2 indicate that the

inoculation with Halex 2 generaily
decreased this paramcters
compared with  uninoculated
plants, meanwhile, the usage of
zine increased DScl % mean value
compared with untreated plants.
The highest increment was

recorded by Znl. ‘

Data in Fig. 2 show that under
salinity stress treatments the
application of mineral fertilizer
(zinc) alleviated the inhibitory
effect of salinity stress conditions
on DScl% and increase its mean
value. Similar results were
obtained in the second season.

Chemical Composition
Photosynthetic pigments
Results presented in Table 4

indicate thai under  saline

conditions the concentration of chl.

a, chl. b, chl. a+b and carotenoids

was  significantly  decreased

compared with unsalinized plants.

The application of 120 mM NaCl .

severely affected photosynthetic:

pigments and caused the highest
significant reduction in the
photosynthetic  pigments. This

decreasc was 34.14% and 33.16%

for chl. a, 72% and 75.41% for chl.

b, 46.24% and 46.75% for chl. a+b

as well as 60.83% and 61.72% for



Table 4 Photosynthetic pigments, total seluble sugars, total carbohydrates and protein concentrations of pea leaves as
affected by salinity stress treatments and the application of biofertilizer (Halex 2) or mineral fertilizer (zinc)
and their interaction (as mg/g d. wt.), in 2002/2003 and 2003/2004 scasons after 60 days from sowing..

—Jresfments _ chiorophylia Chlorophyllb Chlorophyll ab  Carotemoids 18} soluble Fotal Protein
NaCl Fer ﬁlizer supars carbohydrates concentration
Level = b te First Second First Second First Second First Second First Second First Second First Second
mM Season Season  season  SEAsan  Season Season Sedason SERSOM SeAasOn SEASOn season season Season season

0 4,13% 386 %204 183 6124 5694 2074 2094 38.11* 40.71* 145931500 * 183.16% 17574%
60 3258 310 P1.68% 1.57° 4.93% 4678 1.66° 1.60% 2533" 2689% 121.51° 126.10° 148.35® 141,78°
120 272€ 258 ©0.72¢ 0555 3.44°C 313 085 080¢ 200 ¢ 22.05€ 100.68° 106.27€ 12642C 11861°€

Control 2.06° 1.95 0,917 0.83° 2977 2787 086" 0.83° 15067 16677 7058 P 84.48° 128837 12223°
Bio 298€ 285 ©1.29° 109° 427C€ 394C 1.0 © 094° 2233° 24.04€ 10661°11220€ 187.56* 181.58*
Znl 3917 367 ®1.65% 1.51® 5562 5187 1.84% 176" 3092° 3345% 143.83% 147.80% 156.54® 148.08°
Zn2 451% 425 4201 1.84* 652 A 6.09% 2534 245% 4293 45374 160.81* 16533* 137.63° 12961°C

149.63 ¢
221.44

8 Control 2.67% 2,565 1.27° 1.14¢ 394% 370" 122% 1187 19.59' 21.32" 95.63 ' 99.84 | 154.88
Bio 3.43%321% 1679 1437 5.10% 4.64° 146° 139° 27.33° 29779 13277713820 © 225.94

3
a

Zal 477 Y437 %228 217" 7.05 % 654% 227° 2.19° 4355" 46.55° 167.50°171.42 ° 18569 " 174.88°
d

7n2 563 %528 %276 259 B39 7.87° 373 359° 51957 65.21° 187.81°190.52 * 166.13 ¢ 1570 °
[ . R .
0 Control 2.17% 210" 1.02¢ 097" 3.19% 307k 3.077 1.0 * 1427% 15757 7813k 83.74 k 13031 ° 122,63 *
Bio 270 2878 1851¢ 1399 421°% 3958 1.07' 1.03%F 20.74" 22,23¢ 101.95"107.20 P 179.56 ¢ 1740 °©
Zn1l 390%372°9191° 1.78° 581 5509 2097 1989 26957 28.44° 14656915035 ¢ 150.63 ¢ 143.31 °©
Zn2 421% 4027229 2.13% 650 615° 245" 239° 3937° 41.12° 159.38°163.11 ¢ 132.88 " 12719 f
120

Control 1.33" 1.19° 0457 0.38° 178° 1.57' 06.34' 0.30° 1131 1294k 64.97' 69.87 ' 10131 % 9444 °
Bio 282%276% 0697 045° 351% 3211 045k 041" 18931 2041% 85107 91217 157.19 ¢ 14931 ¢
Znl 3.057 202 p76" 0570 381% 3.49F L17" 1127 22.27% 25377 117.43%121.63 ¢ 13331 * 12606 '
Zn2 3683447 098% 081°% 4.66¢ 4257 1407 136° 27487 29.77¢ 13525°142.36 © 11388 ! 10463 "

2007 (€) ON 3¢ 0y “say 18y { SizeSey

"Values marked with same alphabetical letter(s), within a comparable group of means, do not mgmﬁcantly differ using
revised L.S.D. test at 0.05 level
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- carotenoids in the first and second
seasons, respectively, compared
with unsalinized plants.
Furthermore, the obtained data
reveal that under the high salinity
level (120 mM NaCl) the reduction
was greater in chl. b followed by
carotenoids. This reduction in
photosynthetic  pigments which
observed in pea plants may be

attributed to the depressive effect.

of salimty on the absorption of
ions such as iron which involved in
chloroplast biosynthesis (Maria,
1992) and /or due to increased
ABA concentration resulting in

promoting chlorophyll breakdown'

(Hall and McWha, 1981). In this
connection, Ismail (1996) on
Phaseolus vulgaris, Garg ei al.
(1997) and Sibole er al. (1998) on
bean and Hernandez er al. (1999)
on pea reported that NaCl salinity
decreased chlorophyll
concentration.

As shown in Table 4 data
demonstrate that the higher level
of zinc (Zn2) caused the highest
significant increase in chl. a, chl. b,
total c¢hl. (chl. atb) and
carotenoids followed with Halex 2.
This increase was 118.93% and

117.95% for chl. a, 154.43% and .

327.91% for chl. b, 129.58% and
155.88% for total chlorophyll as
well as 194.19% and 195.18% for
carotenoids in the first and second
seasons, respectively, compared
with untreated plants.

FI-Ghinbihi, Fatma H.

Data in the same Table reveal
that under  salinity  stress
treatments, the inoculation of pea
plants with Halex 2 or the
application of "zinc nutrition at
different levels (Znl and Zn2)
significantly enhanced photosy-
nthetic pigments compared with
the control plants. In this concern,
the usage of zinc at the higher
level (Zn2) led to the maximum
mean values of chl. a, chl. b, chl.
atb and carotenoids compared
with control plants. The obtained
results are in accordance with
those recorded by Hamida and El-
Koumy (1998) who mentioned that
the inhibitory effect of NaCl on

chlorophyll and carotenoid in
maize leaves was completely
eliminated by  Azospirillum
treatment. ‘

Total soluble sugars and total
carbohydrates concentrations

Results in Table 4 point out that
increasing salinity levels up to 120
mM NaCl significantly decreased
total soluble sugars and total
carbohydrates. The highest
decrcases (47.52% and 45.84% for
total soluble sugars as well as
31.0% and 29.15% for total
carbohydrates) were observed
under the higher level of salinity
(120 mM NaClI). Similar results

- were observed by Gendy and

Hammad (1993) who showed that
reducing and total sugars in
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soybean plants were decreased by
increasing salinity levels.
Furthermore, Ismail (1996) found
that increasing NaCl salinity
decreased carbohydrate metabo-
lism in phaseolus vulgaris plants.
The reduction in total
carbohydrates and total soluble
sugars may be attributed to the
adverse effect of salinity on
carbohydrate metabolism through
photosynthetic activity (Hammad,
1992). '

Data presented in Table 4

indicate that the inoculation of pea

plants with Halex 2 or the usage of
zinc at different concentrations had
a pronounced effect on the
concentration of total soluble
sugars and total carbohydrates in
pea leaves as compared (o the
control, Treatment with the higher
zinc level (Zn2) led to the highest
increase in this respect followed by
the treatment with the low zinc
concentration (Znl) and the
inoculation with Halex 2 compared
with untreated plants, in both
seasons. '

Presented data Table 4 show

that under salinity stress conditions.

treatments with Halex 2 or zinc
significantly enhanced the
concentration of total soluble
sugars and total carbohydrates
compared with untreated plants.
Furthermore, the higher zinc level

(Zn2) gave highly

significant
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increase in these parameters
compared with the other treatments
and the control, in both seasons. In
this concern, Hamida and El-
Koumy (1998) found that
treatment ~ with  Azospirillum
induced a marked increase in
soluble saccharide concentration in
shoots of maize plants under
salinity levels.

Total protein concentration
Results listed in Table 4 reveal
that total protein concentration in

pea leaves was significantly
deprcssed after salinity stress
treatments.  Increasing  NaCl

concentration significantly reduced
total protein conceniration. The
highest reduction (30.98% and
32.51% in the first and second
season, respectively, compared
with the control plants) was
detached by using 120 mM NaCl.
These results are in harmony with
those recorded by Fedina and
Tsonev (1997) working on pea and
Garg et al. (1997) working on bean
who observed that salt stress
decreased protein concentration.

Data presented in the same
Table state that the inoculation of
pea plants with Halex 2 caused the
maximum significant increment in
protein  concentration.  This
increment was 45.59% and 48.56%
in the first and second seasons,
respectively,  compared  with
uninoculated plants, followed by
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Zn! and Zn2. Thus biofertilizer

might play an important role in the
protein  biosynthesis either by
direct nitrogen supply (through

fixation of nitrogen) or indirectly-

by enhancing the uptake of soil
nitrogen and or by enhancing the
photosynthetic apparatus (Hamdia
and El-Komy, 1998).

The interaction between saline
stress treatments - and the

inoculation with Halex 2 or the.

application of different levels of
zin¢c nutrition had a pronounced
effect on the concentration of total
protein in pea leaves. Under
salinized conditions, the
inoculation of pea plants with
biofertilizer gave the highest
significant mean value of total
protein concentration followed by
Znl and Zn2. The second season
showed patterns similar to the first
one. In this concern, Hamida and
El-Koumy (1998) indicated that
Azospirillum  increased protein
~ concentration in maize plants
irrespective of the salinity level.

Proline concentration.

Data presented in Table 5 show
that increasing salinity stress
treatments significantly increased
the accumulation of proline in pea
leaves. The highest increase was
© observed by using 120 mM NaCl
~and reached to 51.07% and

50.94% in the first and second

' seasons, respectively, compared to
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untreated plants. Similar results
were reported by Fedina and
Tsonev (1997) on pea and Garg ef
al. (1997) on bean who mentioned
that salinity stress increased
proline concentration. The
accumulation of proline in pea
leaves under salinity stress
conditions may be related to the
decrease in leaf osmotic potential
and/or the stimulation of iis
biosynthesis, inhibition of its
oxidation and inhibition of protein
synthesis (Stewart and Hanson,
1980). Proline is a substance
inducing osmotic adjustment, it is
a source of energy, carbon and
nitrogen for the recovering tissues
and protects several enzymes
against the inactivating effect of
heat (Stewart and Lee, 1974).

Results in the same Table
indicate that the use of biofertilizer
(Halex 2) or mineral fertilizer
(zinc) significantly decrcased
proline accumulation in pea leaves.
In this concern, Halex 2 led to the
highest reduction in proline
concentration followed by the
lower zinc concentration (Znl).

Data in Table 5 demonstrate

. that under saline stress conditions
~ the inoculation with Halex 2 or the

application of zinc significantly
decreased proline accumulation in
pea leaves compares with the
control plants, in both seasons. In
this connection, Del Zoppo et al.



Table 5. Proline (ug/g d. wt.} and mineral concentrations (mg/g d. wt.) of pea leaves as affected by salt stress treatnients
and the application of biofertilizer (Halex 2)or mineral fertilizer (zinc) and their interaction, in 2002/2003 and
2003/2004 seasons after 60 days from sowing.

NT(’:‘;‘“““’"“  Proline N | P K Ca*
Leval Fertilizer —— : : :
M te First  Second First  Second First Second TFirst  Second First Second
m season scason season season season season season season season S€eason
0 37228°% 362.95° 29314 28124 332% 3.84°% 30.84% 3164° 25.66° 24.41°
60 494062 485593 23.74% 2269% 2.82°% 350° 24.05% 2535® 21.54® 20.58°
120 56239% 547.83% 2023° 1898¢ 2.31¢ 287C 2091¢ 2214¢ 1797 1683°€

Control 559.23* 549.15* 20.61° 19.56" 216" 2.59° 2243° 2361 1750° 16.47°
‘Bio  403.07° 395357 30.05% 29.05* 247€¢ 3.04°  2502° 2613° 2043C 19.35°¢
Zn1l 44926°€ 43549°€ 25.05% 23.69% 280% 353% 2543% 26.46% 2334% 22.11°%
Zn2 493.41°% 481.84°% 22.02¢ 2074¢ 3.73% 4454 2820*% 2031% 25624 24.49°

0 Control 410327 402.13" 24.78¢ 23.94°% 251% 2913 27.52% 28199 21.90° 2062°
Bio © 32698i 32198k 36.15* 3543 296° 3327 3199 3287 23.86¢ 2247¢
Zn1l 368.65" 356365 29.71° 27.98" 365° 4.15° 29.52° 30.33° 2691" 2573°
Zn?2  383.18% 371331 265879 2512° 415" 4.98° 3433* 3517° 29.96° 28.81°

60 Control 572.45% 563.94" 20.85% 19.62% 2.16 j 2891 2166i 23127 17.16" 16277
Bio 411227 405.83% 2873° 27.84°" 246 3.03%  2293" 24168 2010F 19.32°f
Znt  469.19° 457987 2410F 2293° 2817 347° 2522F 2632° 23.72° 22489
Zn2 52336° 514.62¢ 21.26% 20357 385° 462" 26.40° 27.81% 2516° 2423°

120 Control 694.91" 681.37* 16.21i 15111 1801 198k 18121 19.52] 13.44 12.51i
Bio 4710 °© 458257 25.15° 23.80% 20k 276j 203k 21.37f 17.32 bo16.27"
Znl 509.95° 492.12° 21.33% 20.17F7 2225 297 21.54F 22.73"  19.39%  18.11°F
Zn2 573.69° 559.56°¢ 18.22" 16.74" 32! 3759 23.86% 24947 21.74° 2042°
Values marked with same alphabetical letter(s), willin a comparable group of means, do not significantly differ using revised
L.S.D. test at 0.05 level.
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(1999) reported that under saline
conditions application of
biofertilizer, may increase plant
resistance to
accumulation of soluble
compounds leading to osmotic
adjustment. '

-Mineral concentration
Nitrogen concentration (N)
Results in Table 5 point out that

treating pea plants with different
salinity levels (60 and 120 mM
NaCl) progressively decreased N
concenfration in pea. leaves
compared with untreated plants.
The usage of 120 mM NaCl led to
highly significant reduction in N
concentration compared with the
other trcatment and the control.
This reduction reached to 30.80%

and 32.50 in the first and second

seasons, respectively, compared
with unsalinized plants. Similar
findings were previously observed
by Ismail (1996) who found that N

concentration decreased
| significantly under salt stress
treatments.

Data presented in Table 5.

" indicate that N concentration was
increased as a result of the
inoculation with Halex 2 or the
application  of  zinc.  The
- inoculation with boifertilizer gave
the higher significant increase in N
concentration followed by the Znl.

. This increase reached to 45.61%

 and 48.52% in the first and second

salinity by
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seasons, respectively,
with untreated plants.

The interaction between salinity
levels and biofertilizer or mineral
fertilizer (zinc) treatments stated
that these treatments significantly
enhanced N concentration in pea

compared

- leaves and completely eliminated

the inhibitory effect of saline stress
conditions on N concentration, in
both seasons Table 5.

Phosphorous concentration (P)

Data in Table 5 show that with
increasing salinity level, there was
a significant decrease in P
concentration in pea leaves and the
maximum reduction was recorded
at 120 mM NaCl. This decrease
reached to 30.42% and 25.26% in
the first and second seasons,
respectively, compared with the
control plants. These results are in
agreement with those obtained by

- Dahiya and Singh (1976) who

reported that the concentration of P
in pea crop was greatly decreased
with increasing salinity. Moreover,
Ismail (1996) mentioned that NaCl
salinity decreased P concentration
in Phaseolus vulgars plants.

Application of  hiofertilizer
(Halex 2) or different mineral
fertilizer (zinc) levels caused a
significant increase in P  mean
value in pea lcaves. The usage of
higher zinc concentration (Zn2) led
to the maximum increase in this
respect. This increase was 72.69%
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and 71.81% in the first and sccond
seasons, respectively, compared
with untreated plants.

It can be noticed from Table S
that under salinized conditions, the

application of biofertilizer or

supplemental zinc alleviated the
inhibitory effect of salinity on P
concentration and increased P
mean value significantly. The
second season showed the same
trend.

Potassium concentration (K')

Results listed in Table 5
demonstrate that K* concentration
in pea leaves was significantly
decreased with raising salinity
level in root media. The maximum
reduction was recorded by 120
mM NaCl, which reached to
32.20% and 30.03% as compared
with unsalinized plants. These
resulis are in harmony with those
observed by Shukia and Mukhi
(1985) working on maize who
showed that increasing salinity
levels decreased shoot K due to
antagomst1c effect of Ca®", Mg and
Na" on K" Moreover Ismail
(1996) found that i mcreasmg NaCl
salinity decreased K
ation in Phaseolus vulgars plants.
Relatlvely high concentration of
Na" and CI” in the soil or plant
depressed the uptake of other ions
such as potassium, calcium,
magnesium, nitrate or phosphate
(Turhan and Er1s 2004). The
reduction in K’ concentration
under salinity stress conditions

concentr-
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- may be due to the disturbance in

the osmotic pressure of soil
solution which was responsible for
lowering the movement of water
and solvents from roots to
vegetative portions  (Al-Qubaie,
2002), and/or due to the reducing
effect of salinity on the activity of
xylem tissues which in turn
reduces the absorption and
translocation of nutrients towards
vegetative organs (Miller ef al,
1990).

Data in Table 5 indicate that

inoculation of pea plants with

Halex 2 or the
supplemental  zinc

addition -of
at different

“levels significantly increased K'
- accumulation in

pea leaves
compared with untreated plants,.
especially under salt stress
conditions. In this concemn, the
maximum increase was observed
by the higher zinc level (Zn2)
followed by the lower zinc
concentration (Znl). In this
concern, Shukla and Mukhi (1985)
mentioned that zinc application
counteracted the adverse effects of

‘salinity on K absorption and shoot

K' was invariably more after Zn
application. -

Calcium Concentration (Ca®")

- Analysis of variance show that
geherally increasing NaCl salinity
Ievel up to 120 mM NaCl caused a

% nificant decrease in pea leaf
Ca®" concentration comparing with
their controls Table 5. Under
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extremely sallmtg condition (120
mM NaCl) Ca”" concentration
recorded the highest reduction.
This decrease reached to 29.97%
and 31.05% in the first and second
seasons, respectively, comparing
with unsalinized plants.
results were observed by Shukla
and Mukhi (1985) who reported
that high salinity levels decreased
the concentration of Ca”" in maize
shoots. Furthermore, Cachorro et
al. (1994} found that Ca®

concentration in Phaseolus
vulgaris salinized seedlings was
lower than in  nonsalinized
seedlings and the transport of Ca*"
to the shoots was substantially
affected by salinity. NaCl inhibits
Ca®" transport from root to shoot
by mterfenng with the release of
Ca®* into the root xylem, possible
via an eﬂ'ect on the active loading
of Ca®"
and Lauchli, 1985).

Regarding the effect of Halex 2
inoculation or zine apphcatlon on
the accumulation of Ca”
leaves, data in Table 5 reveal that
the application of these treatments
significantly increased Ca*
concentration in pea leaves. In this

concern, zinc at high level (Zn2)

caused the grcatest
increase in Ca”'
(46.4% and 48.69%) foliowed by
low zinc level (Znl) and Halex 2.

Results in Table 5
indicate increasing  the

significant

shown
that

effect of

Similar-

into xylem vessels (Lynch

in pea

concentration
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concentration of zinc or using
Halex 2 at the root media of pea
plants grown under salinity
conditions alleviated the negatwe
salinity on Ca”
concentration, furthermore,
increased Ca®’ concentration in
pea leaves significantly compared
with untreated plants. In this
respect, El Sherif ef al. (1990 a)
mentioned  that the interaction
between  salinity and  zinc
application resulted in a marked
increase of Ca®" concentration.

Sodium concentration (Na®)

Results recorded in Table 6
demonstrate that with increasing
salinity levels, there was an
increase in Na' accumulation in
pea leaves. The highest increase in
Na' concentration was achieved by
120 mM NaCl and reached to
122.45% as well as 132.71% in the
first and second Seasons,
respectively,  compared  with
untreated plants. Similarly, Gendy
and Hammad (1993) observed that
increasing salinity levels increased
Na™ percentage in soybean plants.
Moreover, Sibole et al. (1998)
recorded that salt treated bean
plants showed an increasc in leaf
Na' concentration.

Concerning the effect of the
inoculation with biofertilizer or the
addition of mineral zine nutrition
on Na" concentration in pea leavcs,
data in Table 6 indicate that these
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- Table 6. Mineral concentration, Ka'/Na* and Ca™*/Na" ratio of pea leaves
as affected by salt stress treatments and the application of
biofertilizer (Halex 2) or mineral fertilizer (zinc) and their
interaction, in 2002/2003 and 2003/2004 seasons after 60 days
from sowing. '

Treatments Na’ concentration Zn conceptration

+ - 2+ + =
(mgfg dry weight) (ugig dry weighty '~ /\& ratie  Ca*/Na’ratio

MNal’l Fertitizer
Level Rate First Second First  Second First Second First Second

mM S€ason season ) season season season season Season SE4ason
0 432¢ 376° 119.50* 12049* 7.74* 9654 651* 7594
60 727%  614F  0g02% 09.14% 352F 435P 3198 358%
120 961* 875% 78.05C¢ 79.28°¢ 24° 278¢ 2m€ 2.16°

Control 932%  843* 67067 68037 275 318" 2167 2257
Bio 7.61°% 685% 7145 C 72.68° 408C 470C 324¢ 3.40€
Inl 624 531 9197 % 9321% 479% 613% 4397 s5.16°F
Zn2 509" 426" 163.62% i6d4.63% 6514 837* 586* 6.964

0 Control 621" 587e 7855g 7932g 443 480e 353c¢ 3517
Bie 4267 392g 8253° 83747 751% 839° s560° 573¢
Znl 368 % 2.84% 114317 11559 8.02° 10.68° 731" 906"
ZnZ 302" 239 202.62* 203.32° 11.0* 1472° 960* 12.05°

60 Control 9.02°  748°  6551% 66447 240g 3000 190"  2.18i
Bio 8.18e¢ 6.8%¢ 70590 7182 i 2.80's 351" 246g 2.80g
Znl 6.72g 564e¢ 8532c 8652 e 3.75% 4677 353c 399
Zn2 5161 4537 17067 17177 sa12¢ 6141 488 s535¢

120 Control 12.72° 1193° 5713 ' - 5833' - 142" 164" 1.06i 1.05%
Bio 1038 974° 6124% 6247% 194" 219% 167" 167
Znl 833% 745° 7628 %" 7753 2597 3050 233 ¢ 243"
Zn2 699°' 587 ¢ 117.56° 118.79°¢ 341c’  425g 3117 3487
Values matked with same alphabetical letter(s), within a comparable group of means, do not
significantly differ using revised L.S.D. test at 0.05 level.

treatments decreased Na® uninoculated plants) followed by
accumulation in pea leaves the low zinc concentration (Znl).

compared with untreated plants.’ Under saline stress conditions

Furthermorg the high zmc.level the inoculation of pea plants with
(Zn2)  caused  the  highest py, oy 5 or the addition of different
significant  reduction i Na' gine jevels matipated  salinity
concentration (45.39% and 49.47%  pazard and significantly decreased
in the first and second seasons, Na* accumulation in pea leaves

respectively, ~ comparing  with  compared with their controls. The
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decrease in Na' concentration after

zinc application wunder saline
conditions could be explained from
the Zn-Na“ antagonism (Shukla
and Mukhi (1985). Moreover,
Alpaslan et al. (1999) pointed out
that Na" concentration in tomato
plants decreased with increasing
the rate of zinc application in
saline soils.

Zinc concentration (Zn)

~ Results presented in Table 6
point out that zinc concentration
was significantly decreased with
raising salinity level in root media.
The highest significant reduction
in Zn concentration was observed
by using high salinity level (120
mM NaCl), in both seasons.
Similar results were observed by
Barrow and Ellis (1986) who
reported that zinc concentration
decreased by high salt
concentration.

Data in the samc Table indicate

that the addition of supplemental
zinc in higher concentration (Zn2)
led to the maximum significant
increment in zinc concentration
(143.99% and 142%) followed by
the lower zinc concentration (Znl)
and Halex 2.

As seen in Table 6 under salt
stress conditions the application of
Halex 2 or zinc significantly
- enhanced zinc accumulation in pea
leaves and alleviated the inhibitory
cffect of salinily stress on zinc

El-Ghinbihi, Fatma H.

concentration in pea leaves, in both
seasons. In this concern, Shukla
and Mukhi (1985) observed that
shoot zinc was increased with zinc
application under salinity
treatments. Additionally, EI Sherif
et al. (1990 b) and Alpaslan.et al.
(1999) found that the addai%‘:n of
different zinc rates increased zinc
concentration in tomato plants in
the presence of soil salinity.

K'/Na™ and Ca**/Na* Ratios
Data recorded in Tab 6
demonstrate that with the i%ase
in NaCl salinity levels, the diflo of
K'/Na* and Ca*/Na* was
gradually decreased. Under salt
stress conditions, this ratio was
sharply depressed and the highest
reduction was recorded by using
120 mM NaCl. This decreasc was
69.77% and 71.19% for K'/Na'
ratio as well as 68.66% and
71.54% for Ca**/Na’ ratio in the
first and second scasons,
respectively, compared to owing
controls. In this concern, Shukla

~and Mukhi (1985) mentioned that

salinity ~ treatments . decreased
Ca’"/Na" and K'/Na' ratio in
maize plants. The reduction in
K'/Na" ratio under salt stress

~ conditions may be attributed to the

decrease in K uptake and the
increase in Na' uptake by NaCl
treatment resulted in a lower
K'/Na" ratio (Hoo-Kim Yeong et
al. 1999).

<
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Results in Table 6 show that
treatments with Halex 2 or zmc at
different levels increased K'/Na®
and Ca”*/Na' ratio significantly.
Increasing - the concentration of
zinc (Zn2)  causcd hlghly
51gn1ﬁcant increment of K'/Na’
and Ca®/Na" ratio.
inoculation of pea plants w1th
Halex 2 showed lower K'/Na* and
Ca®*/Na" ratio than  zince
supplemental. Similar results were

observed in the second season.

Presented data indicate that' zinc
treatments  increased Ca>/Na*
ratio, which may have a significant
effect on some essential enzymatic
activities (Rengel, 1992) Iti is well
known that a high Ca*/Na" ratio

protects, at least in part, the
selective permeability of
membranes agamst Nat  injury,
moreover, K'/Na® ratio is

considered to be important in the
response of plants to salinity
(Lauchli and Schubert, 1989),

The application of biofertilizer
or mineral fertilizer (zinc) at the
root media of pea plants grown

under sahmty qtress 31g111ﬁcantly'

increased K'/Na® and Ca’*/Na’

ratio compared with the control
plants Table 6. The increase in
Ca®'/Na* and K'/Na' ratio with
zinc application was due to
increased absorption of Ca**, K*
and decreased absorpuon of Na

This effect of zinc on Ca?* and K+

was also perhaps partly responsible

The .

for improved plant growth with
zinc under salt affected soil
conditions (Shukla and Mukhi,
1985).

It could be noticed that
increasing NaCl salinity had an
inhibitory effect ‘on minerals
accumulation in pea leaves. On the
other hand, the inoculation with
biofertilizer or the addition of
mineral fertilizer (zinc)
significantly improved mineral
status and alleviated the negative
effect of salinity stress in pea

leaves. In this  connection,
Caballero-Mellado et al. (1992)
reported that biofertilizer

inoculated plants showed betier
uptake of mineral ions from the
soil or applied fertilizer than
uninoculated plants. These bacteria
increase  nutrient  availability
through altering the root surface
characteristics involved in nutrient

- uptake (Lin et al.,1983). Moreover,

biofertilizer increases the - ion
concentration of plant shoots as
well as tissues water content,
biofertilizer might increase the
efficiency of water utilization
under stress conditions. Thus,
biofertilizer resulted in pronounced
increase in some organic and/or
inorganic  osmotically
components of the plant cell sap,
which in turn results in a
concomitant  decrease
of

adaptation to
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active -

m the .
osmotic potential as a possible
mechanism
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salinity (Hamida and El-Koumy,
1998). Furthermore, El Sherif et al.
(1990 b) concluded that the
application of zinc might increase
mineral concenirations in tomato
plants under saline soil conditions.

Yicld and its Components
Data recorded in Tables 7 and

8 show clearly that pea yield and-

its components expressed as
number of pods/plant, weight of
pods/plant, pod length, pod width,
number of seeds/pod, weight of
seeds/pod and weight of 100 seeds
(seed index) were significantly
decreased under salt  stress
treatments. The highest reduction
in pod number/plant (51.02% and
50.16%), weight of pods/plant
(44.53% and 33.44%), pod length

(10.70% and 23.11%), pod width

(24.69% and 22.92%), number of
seeds/pod (25.04% and 37.28%),
weight of seeds/pod (63.25% and
58.84%) and seed index (25.06%

and 26.96%) was obvious under

120 mM NaCl in the first and
second seasons, respectively,
compared to thewr controls. In this
concern, Dahiya and Singh (1976)
showed that the dry matter yield of
"~ pea crop decreased significantly
with increased in salinity levels.
Moreover, Garg et al. (1997)
reported that salinity stress reduced
bean seed yield. Yadav and Yadav
(1998) found that number of
pods/plant and yield/plant of peca
plants decreased with increasing
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salinity. This reduction in pea yield
and its components may be due to
the osmotic effect of soil solution
and the specific action of ions,
which caused decreasing in water
and nutrient uptake, furthermore,
absorption of toxic NaCl from
saline media and their
accumulation up to a toxic level,
which affect the metabolic activity
of plant tissues (El-Kouny, 2002).

With respect to the application
of biofertilizer or zinc at different
levels, results in Tables 7 and 8
indicate that the usage of these
substances exhibited a high
increase in pea yield and its
components.- The highest
significant increment was achieved
by inoculation with Halex 2 and
reached to 137.08% and 138.89%
for number of pods/plant, 80.42
and 62.53% for weight of
pods/plant, 33.53% and 29.63%
for pod length, 50.60% and
44.07% for pod width, 70.27% and
64.27 for number of seeds/pod,
219.63% and 165.29% for seed
weight/pod as well as 63.22% and

" 53.95% for seed index in the first

and second seasons, respectively,
compared with untreated plants. In
addition, the application of low
zine concentration (Znl)
significantly increased pea yield
and its characteristics. Similar
results were observed by Singh ef
al. (1992) who reported that
application of zinc resulted in
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Table 7. Yield and its characteristic of pea plants as affected by salt stress
treatments and the application of biofertilizer (Halex 2) or mineral
fertilizer (zin¢) and their interaction, in 2002/2003 and 2003/2004

s¢asons.
Treatments  Number of pods  Weight of pods Pod length Pod width
o per plant per plant {g) (cm) (em)
tili
Level ©°F l::er First Second First  Second First Second First Second
mM ‘Seastn  season  Season  season  Season  season  Season  season
0 3927 317% 676> 6.46° 897> 823~ 243> 240>
60 3.08% 233% s512% s548°% ge1® 733%® 2.11% 217%
120 1.92€¢ 1.58€¢ 375€ 430¢ 686¢ 632¢ 1.83€ 1.85°€
Control 1.78°% 1.44°¢ 3.78° 435° 680C 6.48¢ 168" 1777
Bio 4224 3.44* 682% 7.07* 908* 8404 253* 2554
Znl 333" 267% 539F 563% 8204 749% 226F 225
Zn2  256C 1.89° 484% 461¢ 7.61% 679¢ 1.98° 1.99¢
0 Control 2.33% 3.0 % 515% 520°% 7979 777% 2055 y1.97%
Bio 533 467" B8.05° 836" 988* 9233* 2852 280°
Zn 1 433 3.67° 725% 645% 923%" $407 2647 2.60%
Zn2  3.67° 233 6.63° 58]0 ggoc 7470% 218> 223«
60 Control 2.0 ® 133% 380" 455%% 70 < 633 1769 1.86°
Bio 433 333%™ 697 £97* 923°° §43°° 2.60* 243
Znl 333" 267" 5109 613" 830** 765 2.15° 223«
Zn2  2.67% 2.0 % 4.60% 4.28°% 7.50%¢ 690 205! 2.16°%
120 Control 1.0 ¢ 1.0 ¢ 2407 331% 543° 533% 1.30° 1.47'
Bio 2.0 % 233°F g54gbed 5gybede g gzabed g gybede g y3b 9 g3be
Znl  2.33%F 167" 3.81%F 43 B 73zbede g gydefe 5 bed 1930
Zn2  1.33%® 133 330 373% 653¢ 60 ® 177 157 f

Values marked with same alphabetical letter(s), within a comparable group of means, do
not significantly differ using revised 1..5.D. test at 0.05 level.

more pods/plant and higher pod
and seed yields in pea plants
compared with the controls.

Concerning the effect of salinity

stress conditions and application of -

Halex 2 or zinc at different
concentrations, the present results
indicate that the usage of Halex 2
or zinc not only mitigated the

adverse effect of salinily stress but
also resulted in significant
improvement in pea yield and its
components, in both seasons.

Seed Quality

Data recorded in Table 8
indicate that seced quality expressed
as total carbohydrates and total
protein was affected by salt stress,
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Table 8. Sced yield and its quality of pea plants as affected by salt stress treatments and boifertilizer (Halex 2)
or mineral fertilizer (zine) and their interaction in 2002/2003 and 2003/2004 seasons.

Treatments . ’ Seed index .

- Weight of seeds/ i Total carbohydrates Total protein
NaCl Pertiliver Number of seeds/pod pod (2) (weight o(fgl}(}o seeds) (m/g dry weight)  (mg/g dry weight)
Il‘:ﬁ Rate First Second First Second First  Second First Second First  Second

season season season season season season seasch season season season

0 6.67"  692% 3027 2947  13.17% 10.72% 308197 297187 24557% 236.28

60 583% 567% 2, 067 B 204®  11.43%  034% 292613 277.12% 216.66% 204.83°
120 50 ¢ 434¢ 111¢® 121°¢ 9.87¢ 7.83C 270.44° 257.36°C 183.83° 173.02°€

Control 4.44¢ 433¢ 107° 1.21¢ 88972 760¢ 253.54° 241.78° 176.19" 168.04°
Bio 7.56% 7114 342% 3214  1451% 11707 338924 321.96% 251.67* 240.50*
Znl 60 % 60 ® 213% 238% 1222% 941 302.90% 2930 B 226.69% 21329°
Zn2 5335  511%  1.64% 146° 1034€  847°C 26629°C 25214 206.86° 1970 €

0 Control 5.33" 567" 149%™ 1637 1056%" 913 ¥ 277.81°% 263.42% 207.69% 199.94 '
Bio  8.33° 8.67°  471°  443* 1620 1445 " 354.38° 342.63° 277.63" 264.88°
Znl 6.67° 7.0 ®  327%¢ 339" 1352" 1001 ™ 315259 307.92° 258.31° 250.81°
Zn2 633%™ 633" 260%™  231°% 12.41%7 920 ' 285317 274.73° 238.63°9 229.50¢

60 Control 4.33%  433°¢ 103% 1.32°% 911 765 “ 25625' 24355' 176.06k 168.38'
Bio 7.67" 7.0 ™ 383" 308" 1433"™ 1144 " 337.13" 312.49° 255.88° 2445 °©
Znl 60" 60 ™ 192 25 1214 930 " 308.13° 301.11% 230.19° 213.31°
Zn2 5.33% 533 1469  124%  10.13%F 895 ™ 268.94° 251.33% 204.50" 193.13°¢

120 Control 3.67° . 3.0 ¢ 0.68° 0.67¢ 70 ¥ 6.02 °. 22656k 21837k 144.81' 13581
Bio 667" 567%™ 171 212% 130%™ 921 "™ 32525° 310.75° 221507 212.13°
Znl 533 50 > 120% 1.23% 110 881 “ 285317 269977 191.56' 175.75"
Zn2 433"  367%* 085° 082% 849% 726 % 24463 230357 177.44) 168.38°
a UesS marKed wi same a abetical letter(s), wiIiinin a comparabie group ol meéans, do no Slgﬂ cantty fter
Val ked wilh 18h5t T Teth Vit parabl F do not significantly difTe
using revised L.S.D. test at 0.05 level.
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where the concentrations of these
components were significantly
decreased under salt
treatments. The highest reduction
in total carbohydrates concentr-
ation (12.25% and13.40%) or total
protein concentration (25.14% and
26.77%) werc obvious at 120 mM
NaCl in the first and second
seasons, respectively, comparing
with unsalinized plants.

Analysis of variance show that
application of Halex 2 or zinc at
different levels  significantly
improved pea seed quality Table 8,
moreover, the obtained results
revealed that the maximum
increment in total carbohydrates
and total protein concentrations
was observed after inoculation

with Halex 2 followed by low zinc

level (Znl).

Regarding the  interaction
between salt stress treatments and
the application of biofertilizer or
mineral fertilizer, data in Table 8

mention that the use of Halex 2 or.

zinc at different levels mitigated
the inhibitory effects of salinity
stress conditions and significantly

increased total carbohydrates and

total protein concentrations, in
both seasons.

It could be concluded that salt

stress  treatments ~ significantly
decreased most plant growth
characters, RWC%, DScl%,

chemical components, yield and its
characteristics as well as seed

stress.

491

quality in pea plants compared
with untreated plants. On the other
hand, low salt concentration (60
mM NaCl) significantly increased
leaflet length, leaflet width as well
as root fresh and dry weights.

Moreover, salinity  stress
treatments increased LWD% and
proline concentration. The

application of biofertlizer (Halex
2) or different concentrations of
mineral fertilizer (zinc)
significantly improved growth
parameters, leaf water relations,
chemical composition, yield and

 its attributes as well as seed quality

compared with the control in both
seasons. The interaction between
saline stress conditions and
biofertilizer or supplemental zinc
treatments revealed that under salt
stress conditions the inoculation
with biofertilizer or applying zinc
mitigated the inhibitory effect of
salt stress and induced significant
increment in all characters under
study. Therefore, it can be
recommended that the application
of biofertilizer (Halex 2) or
mineral fertilizer (zinc) can
overcome the inhibitory effects of
NaCl stress on growth characters,
water relations, chemical
components, yield and seed quality
of pea plants.
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