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Response of Kaller Grass (Leptochloa fusca L.) To Biofertilizer Inoculation under
Different Levels of Seawater Irrigation
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Abstract: Two pot experiments were conducted in the halophytic green house of the National Research
Centre, Dokki, Giza to study the effect of biofertilizer inoculation with N fixing bacteria (cerealine) and P
solublizing bacteria (phosphorein) on biomass production, biochemical composition and some physiological
aspects of Leptochloa fusca plants grown under different levels of seawater concentration (Tap water, 12.5%,
25.0%, 37.5% and 50.0%). Increasing saline irrigation level generally increased the content of soluble
carbohydrates, proline, sodium, calcium and the value of succulence and osmotic potential (OP) as well as
salinity tolerance index (STI) particularly under 50.0% seawater concentration. On the other hand, raising
the level of seawater used for irrigation adversely affected the content of potassium and phosphorus as well
as K/Na and Ca/Na ratio. However, moderate concentration of seawater increased biomass production, crop
growth rate (CGR) and the content of chlorophyll a+b and crude protein. Biofertilizer inoculation positively
affected all the growth and physiological criteria as well as salinity tolerance of the tested plants. Cerealine
surpass phosphorein especially at high levels of saline irrigation. Moreover dual inoculation surpass single
one.

Key wards: Seawater irrigation, Leptochloa fusca, Biofertilizer inoculation 

INTRODUCTION

Worldwide, there is insufficient fresh water to
develop all potential arable land. So, the use of saline
water in agriculture is a subject of vital importance for
arid and semi-arid zones to meet the increasing food
demand. The notion of using seawater to grow
halophytic plants seems to be an ideal management
practice when fresh water is not sufficient[10].

Leptochloa fusca is a highly salt tolerant C4
perennial halophytic forage plants grown well in coastal
salt marsh. It has a special place in newly emerging
farming systems, especially in coastal areas and where
freshwater resources are not available or in short supply.
However, few forage halophytes have been domesticated
and hence special management practices for their
cultivation, adaptation and new agronomic traits must be
developed and tested[2].

Use of soil microorganisms which can either fix
atmospheric nitrogen or solublize phosphate or stimulate
plant growth through synthesis of growth promoting
substances or by enhancing the decomposition of plant
residues to release vital nutrients and increase humic
content of soils, will be environmentally benign
approach for nutrient  management  and ecosystem
function[32]. Kaci et al.,[16] added that, these
microorganisms are known to deliver a number of
benefits including plant nutrition, disease resistance and
tolerance to adverse soil and climatic conditions.

The aim of this experiment was to investigate the
effect of biofertilizer inoculation with N fixing bacteria
(cerealine) and P solublizing bacteria (phosphorein) on
biomass production,  biochemical  composition  and

some  physiological aspects of Leptochloa fusca plants
and develop a management technique for productive use
of halophytes grown under high levels of seawater
irrigation. 

MATERIALS AND METHODS

Two pot experiments were conducted in the
halophytic  green  house  of  the National Research
Centre, Dokki, Giza during the two successive seasons
of 2004 and 2005 to study the effect of biofertilizer
inoculation on biomass production, biochemical
composition and some physiological aspects of
Leptochloa fusca plants grown under different levels of
seawater irrigation. Pots were arranged in complete
randomize design with 3 replicates, and included 20
treatments which were the combination of four
biofertilizer treatments [control i.e. without inoculation,
inoculation with cerealine (nitrogen fixing bacteria
include Azospirilum sp strains), inoculation with
phosphorein (phosphate dissolving bacteria include
Bacillus megaterium and dual inoculation with cerealine
and phosphorein ] X five levels of saline irrigation [Tap
water, 12.5%, 25.0%, 37.5% and 50.0 % seawater
oncentration].

Both cerealine and phosphorein are produced by
biofertilizers unit, General Organization of Agriculture
Equalization Fund ( G.O.A.E.F. ), Agriculture Research
Centre, Ministry of Agriculture, Giza, Egypt.

Rhizomes  of  Leptochloa  fusca  were  collected
from  the  wetland  of  Lake  Qaron coast. Fayum,
Egypt. 
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Table 1: Mechanical and chemical analysis of the soil ( Average values of  2004 and 2005 seasons ). 
Mechanical analysis Chemical analysis
-------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
Sand 98.36 pH 8.45 Mg ( mg / 100 g ) 22.85
-------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
Silt 0.91 CaCO3 % 1.15 Na ( mg / 100 g ) 8.39
-------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
Clay 0.73 Organic Matter (OM) % 0.24 Fe   ( ppm ) 2.49
-------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
Texture class Sandy soil N ( mg / 100 g ) 38.12 Mn   ( ppm ) 4.22

----------------------------------------------------------------------------------------------------------------------
P ( mg / 100 g ) 1.12 Zn   ( ppm ) 1.28
----------------------------------------------------------------------------------------------------------------------
K ( mg / 100 g ) 9.05 Cu   ( ppm ) 1.11

Table 2: Chemical analysis of diluted seawater used for irrigation. ( Average values of  2004 and 2005 seasons ).
Characters Tap water 12.50% 25.00% 37.50% 50.00%
Na ( mg / L) 76.36 1869.00 5136.25 5864.36 6589.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K ( mg / L) 3.24 65.36 115.25 151.35 181.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cl ( mg / L) 561.02 3659.25 6555.48 7842.36 8947.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ca ( mg / L) 94.36 98.36 111.36 122.36 131.36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg ( mg / L) 11.03 33.35 66.58 81.56 974.25
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH 7.56 8.02 8.06 8.26 8.36
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EC ( dS / m ) 0.88 10.36 12.36 18.25 23.58

Rhizomes were transplanted on May 7 th and 11th in the
first and second seasons, respectively in plastic pots 40
cm in diameter and 40 cm in height filled with mixture
of peat-moss and sand (1:3). The mechanical and
chemical analysis of the soil was carried out by using
the standard method described by klute[18]. Data of soil
analysis are given in Table (1). 

Each pot was fertilized with 6.2 g. calcium
superphosphate (15.5% P2O5), 1.5 g. potassium sulphate
(48.0 % K20) and 6.75 g. urea (46.5% N) at the rate of
32 kg. P205/fed., 24 kg. K20/fed. and 105 kg N/fed.
respectively. Biofertilizers inoculation treatments were
done by mixing the specified inoculums with the soil at
the rate of 900 g /fed. 

Each pot was irrigated three times per week with
the specified seawater concentration. The chemical
analysis of the irrigation water is given in Table (2).

Three cuttings were taken at 42 days intervals. Four
replicates were taken for each seawater treatment to
determine biomass production (g), total productivity of
the three cuttings (g) and crop growth rate CGR=[(W2-
W1)/(T2-T1) g/week] Where W1 and W2 refer to dry
weight of the whole plant at time T1 and T2 in week,
respectively.

Salt tolerance index was calculated as total plant dry
weight obtained from different seawater irrigation
compared to total plant dry weight obtained from plants
irrigated with tap water, STI = [(TDW at Sx / TDW at
S1) x 100], whereas STI = salt tolerance index, TDW =
total dry weight, S1 = control treatment, Sx = x
treatment[26].

The following physiochemical measurements were
determined in the fresh harvested shoot of the second
cutting: chlorophyll a+b (mg/g fresh weight) according
to von Wettstein[31], proline (µg/g) according to Bates

and Tear[4], osmotic potential were then obtained from
the corresponding values of cell sap concentration tables
given by Gusev[12]. Then the harvested shoots were then
dried to constant weight at 70° and the values of
succulence (ratio of fresh weight/dry weight) were
calculated according to Tiku equation[30]. The dried
plants were then thoroughly ground to fine powder and
total nitrogen percentage was determined according to
the method described by A.O.A.C.[1] and the crude
protein content was calculated by multiplying total
nitrogen concentration by factor of 6.25. Soluble
carbohydrates content was also determined by the
method described by Dubois et al.,[8]. The content of
sodium and potassium were determined in the digested
material using Jenway flame photometer as described by
Eppendrof and Hing[9]. Calcium was determined by
versinte method according to Jackson[15]. K/Na, then
Ca/Na ratio was also calculated for each treatment.
Phosphorus was also determined according to Chapman
and Pratt[5].

The obtained results were subjected to statistical
analysis of variance according to method described by
Snedecor and Cochran[28] and the combined analysis of
the two seasons was calculated according to the method
of Steel and Torrie[29].

RESULTS AND DISCUSSIONS

Effect on biomass production and crop growth rates
(CGR): Data presented in Table (3) show that
increasing seawater concentration in the irrigation water
up to 25.00 % significantly increased dry weight and
crop growth rate (CGR) in the three cuttings and
consequently the total productivity. However, higher
saline irrigation levels adversely  affect  the  previous
characters. Similar results
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Table 3: Effect of biofertilizer inoculation and saline irrigation on biomass production ( g dry weight / pot ) and crop growth rate (CGR) of
Leptochloa fusca. (Average values of  2004 and 2005 seasons). 

First cutting Second cutting Third cutting Total productivity
Seawater Biofertilizer -------------------- ------------------------ ----------------------- --------------------------
Concentration  inoculation Dry wt. CGR Dry wt. CGR Dry wt. CGR Dry wt. CGR
Tap water Without inoculation 19.98 3.33 20.68 3.45 23.61 3.94 64.27 3.57

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine 21.20 3.53 21.05 3.51 25.69 4.28 67.94 3.77
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorein 20.10 3.35 20.29 3.38 24.58 4.10 64.97 3.61
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine + Phosphorein 22.30 3.72 21.74 3.62 26.15 4.36 70.19 3.90

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12.5% Without inoculation 20.12 3.35 21.29 3.55 23.55 3.93 64.96 3.61

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine 22.36 3.73 20.67 3.45 26.23 4.37 69.26 3.85
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorein 21.58 3.60 21.53 3.59 25.01 4.17 68.12 3.78
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine + Phosphorein 22.15 3.69 22.06 3.68 27.15 4.53 71.36 3.96

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25.0% Without inoculation 23.69 3.95 23.58 3.93 24.23 4.04 71.50 3.97

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine 25.48 4.25 25.64 4.27 26.58 4.43 77.70 4.32
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorein 24.98 4.16 24.15 4.03 25.17 4.20 74.30 4.13
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine + Phosphorein 26.58 4.43 26.98 4.50 27.65 4.61 81.21 4.51

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
37.5% Without inoculation 14.65 2.44 15.60 2.60 17.26 2.88 47.51 2.64

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine 17.65 2.94 17.72 2.95 17.98 3.00 53.35 2.96
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorein 15.36 2.56 16.23 2.70 17.23 2.87 48.82 2.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine + Phosphorein 17.65 2.94 17.31 2.88 18.02 3.00 52.98 2.94

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50.0% Without inoculation 9.48 1.58 10.50 1.75 11.36 1.89 31.34 1.74

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine 12.17 2.03 12.58 2.10 14.35 2.39 39.10 2.17
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorein 11.98 2.00 12.22 2.04 13.56 2.26 37.76 2.10
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine + Phosphorein 12.48 2.08 13.00 2.17 14.66 2.44 40.14 2.23

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline Tap water 20.90 3.48 20.94 3.49 25.01 4.17 66.84 3.71
irrigation ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
mean 12.50% 21.55 3.59 21.39 3.56 25.49 4.25 68.42 3.80

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
25.00% 25.18 4.20 25.09 4.18 25.91 4.32 76.18 4.23
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
37.50% 16.33 2.72 16.71 2.79 17.62 2.94 50.66 2.81
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
50.00% 11.53 1.92 12.07 2.01 13.48 2.25 37.08 2.06

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculation Without inoculation 17.58 2.93 18.33 3.05 20.00 3.33 55.91 3.11
mean ---------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cerealine 19.77 3.30 19.53 3.26 22.17 3.69 61.47 3.41
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorein 18.80 3.13 18.88 3.15 21.11 3.52 58.79 3.27
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cerealine + Phosphorein 20.23 3.37 20.22 3.37 22.73 3.79 63.17 3.51

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD   5% Saline irrigation 1.23 0.31 1.36 0.34 1.41 0.35 3.51 0.32

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Inoculation 1.10 0.27 1.22 0.30 1.26 0.32 3.14 0.29
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saline X Inoculation 2.46 0.62 2.72 0.68 2.82 0.71 7.02 0.64
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Fig. 4: Effect of irrigation with diluted seawater on chemical constituents and some  physiological aspects of Leptochloa fusca. ( Average values
of  2004 and 2005 seasons ).

Seawater concentration
------------------------------------------------------------------------------------------------------ LSD

Charcters Tap water 12.50% 25.00% 37.50% 50.00% 5%
Chlorophyll a + b (mg/g dry wt.) 2.56 2.72 3.17 2.90 2.44 0.18
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soluble carbohydrates% 42.12 44.33 45.92 47.85 49.24 3.02
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude protein % 8.24 8.67 10.00 9.21 7.83 0.75
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Proline (ug/g dry weight) 288.75 323.25 416.75 485.75 560.75 31.25
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Potassium content (mg/g dry wt.) 11.48 11.10 10.09 9.68 8.72 0.52
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sodium content(mg/g dry wt.) 7.05 8.80 11.82 13.63 15.61 1.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Calcium content (mg/g dry wt.) 2.56 2.85 3.38 3.90 4.12 0.12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K/Na ratio 1.63 1.42 1.03 0.91 0.76 0.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ca/Na ratio 0.36 0.32 0.28 0.28 0.26 0.03
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorus content (mg/g dry wt.) 8.47 8.09 7.09 6.68 5.71 0.58
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Succulence (fresh wt./dry wt.) 2.40 2.61 2.76 2.84 3.07 0.19
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Osmotic potential 6.81 7.59 9.82 10.81 12.91 1.89
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Salinity Tolerance Index (STI) 104.00 106.46 118.53 79.81 57.70 9.87

were obtained by Akhter et al.,[2] who reported that low
NaCl concentrations stimulate growth of some
halophytic species. Such stimulatory effect of moderate
salinity on growth of some halophytic plants may be
attributed to improved shoot osmotic status as a result of
increased ions uptake[23]. On the other hand, the
reduction in growth and yield under high salinity levels
could be due to reduction in photosynthesis, disturbance
in mineral uptake, protein synthesis or carbohydrate
metabolism[11]. He added that in most halophytic species
growth decreases gradually with the increase of salt rate
in the culture medium above a critical threshold specific
to each species. In addition, Ashour et al.[3] attributed
the reduction in growth at higher salinity level to
reduced turgor and high energy cost of massive salt
secretion and osmoregulation. 

The same table cleared also that, all biofertilizer
inoculation treatments significantly increased dry weight
and crop growth rate (CGR) in the three cuttings and
consequently the total productivity. Moreover, dual
inoculation with cerealine, and phosphrein surpassed
significantly the single one. However, the increment
percentages of the total productivity were 9.93, 5.15 and
12.98 for cerealine, phosphrein and dual inoculation
respectively compared with control plants. Our results
are in agreement with those obtained by Akhter et al.,[2]

. The stimulatory effect of biofertilizers is proposed to
be mainly due to the bacterial production of nitrogen,
phosphorus and indole-3-acetic acid in the
rhizosphere[25]. Moreover, Microbial inoculum not only
increased the nutritional assimilation of plant (total N, P

and K), but also improved soil properties, such as
organic matter content and total N in soil[32].

As for the interaction effect of saline irrigation and
biofertilizer inoculation, the highest values for the dry
weight as well as CGR amounting to 81.21 g/pot and
4.51g dry wt. /week respectively were recorded in
Leptochloa fusca plants inoculated with cerealine and
phosphorein and irrigated with 25.0% seawater
concentration.On the other hand, the lowest values were
recorded in the uninoculated plants(control) at the level
of 50.0% seawater irrigation. Similar result were
obtained by Hamdia et al.,[13] who proved that
biofertilizer inoculation reduced the deleterious effects
of NaCl on growth.
 
Effect on biochemical composition and some
physiological aspects: Saline irrigation affects the
studied parameters in different ways. Data presented in
Table (4) show that raising irrigation salinity levels
significantly increase the content of soluble
carbohydrates, proline, calcium and sodium as well as
succulence and osmotic potential values. On the other
hand the same treatment decreased the content of
potassium and phosphorus  as well as the ratio of K/Na
and Ca/Na. However moderate saline irrigation up to
25.0 % generally increased chlorophyll a+b and crude
protein content. Similar results were obtained by Ashour
et al.,[3]. In this respect, Murphy et al.,[22] suggested that
both proline and soluble carbohydrates act as compatible
solutes  under high salinity levels. Kusaka et al.,[19]

added
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Table 5: Effect of biofertilizer inoculation on chemical constituents and some physiological aspects of Leptochloa fusca. ( Average values of
2004 and 2005 seasons ). 

Biofertilizer inoculation
---------------------------------------------------------------------------------------------------- LSD

Charcters Control Cerealine phosphorein Cer+Phos 5%
Chlorophyll a + b (mg/g dry wt.) 2.59 2.90 2.66 2.87 0.16
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Soluble carbohydrates% 47.31 45.37 46.25 44.64 2.70
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude protein % 8.27 9.29 8.49 9.11 0.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Proline (ug/g dry weight) 491.8 388.0 402.8 377.6 27.94
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Potassium content (mg/g dry wt.) 9.83 10.36 10.15 10.51 0.46
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sodium content(mg/g dry wt.) 12.05 11.13 11.45 10.80 0.99
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Calcium content (mg/g dry wt.) 3.44 3.18 3.67 3.15 0.11
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K/Na ratio 1.03 1.19 1.13 1.25 0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ca/Na ratio 0.29 0.29 0.33 0.29 0.02
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Phosphorus content (mg/g dry wt.) 6.82 7.36 7.15 7.50 0.52
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Succulence (fresh wt./dry wt.) 2.93 2.65 2.97 2.56 0.17
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Osmotic potential 10.23 9.38 9.74 9.01 0.80
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Salinity Tolerance Index (STI) 86.99 95.83 91.47 98.89 8.82

that, the observed increase in the osmotic potential
might be due to the accumulation of inorganic solutes,
several organic components such as sucrose, glucose,
quaternary ammonium compounds and amino acids
including proline. Furthermore, the greatest
accumulation of sodium by plants at high salt
concentration may be attributed to the damage of the
protoplasm of plant cells and as a result, the selective
salt absorption is replaced by passive absorption which
causes abnormal accumulation of salts in plant organs[17].
They added that under saline conditions sodium influx
across the plasmalemma to the vacuole might play a
major role in permitting turgor maintenance. He et al.,[17]

added that the accumulation of sodium ions inside the
vacuoles reduce the toxic levels of sodium in cytosol
and increase the vacuolar osmotic potential with the
concomitant generation of a more negative water
potential that favors water uptake by the cell and better
tissue water retention under high salinity levels. 

On the other hand,the depressing effect of salinity
on potassium and phosphorus content could be attributed
to the difficulty of its uptake due to competition with
the high concentration of the sodium in the root
medium. Furthermore, Chartzoulakis et al.,[6] recorded
that the decrease in P concentration associated with
salinity conditions may be ascribed to the high pH
values which might hinder P availability to plants.

Lacerda et al.,[20] reported that the greatest salinity
tolerance observed in plants under saline conditions was
associated with lower  Na/K ratio and greater capacity
for osmotic adjustment. Lycoskoufis[21] stated that the
inhibition of photosynthesis under high salinity levels
predominantly due to reduced stomatal conductance. 

The stimulating effect of moderate salinity on
protein accumulation of some halophytic plants may be
due to the increased synthesis of certain new sorts of
proteins[7]. On the other hand, the reduction in protein
content under high salinity level may be due to the
disturbance in nitrogen metabolism, inhibition of nitrate
absorption or the decrease of the availability of amino
acids and denaturation of the enzymes involved in
amino acid and protein synthesis Sher Mohamed et
al.,[27].

As for the biofertilizer treatments Table (5) cleared
that biofertilizer inoculation generally increased the
content of chlorophyll a+b, crude protein, potassium,
calcium and phosphorus as will as the ratio of K/Na and
Ca/Na as compared with control (uninoculated plants).
However dual inoculation with serialin and phosphorin
insignificantly surpassed the single one. On the other
hand, the previous treatments decrease the content of
soluble carbohydrates, proline and sodium as well as the
values of succulence and osmotic potential. Our results
coincide with those obtained by Wu et al.,[32]. 

It is clear that inoculation improves all the tolerance
feature of Leptochloa fusca plants and increase plant
adaptation to saline irrigation. These results coincide
with the results obtained by Zahiroddini et al.,[33] who
stated that, the bacterial inoculant clearly enhanced
fermentation and consequently reduced soluble
carbohydrates. Moreover, Hamdia et al.,[13] added that,
biofertilizer inoculation markedly altered the selectivity
ions it restricted Na+ uptake and enhanced the uptake of
K+ and Ca++.

As for the interaction effect of between saline
irrigation  and biofertilizers treatments, Fig (1 – 12)
show
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Fig. 1: Interaction effect of seawater irrigation and
biofertilizer inoculation on Chl. a+b content.
LSD 5%: 0.36

Fig. 2: Interaction    effect    of   sea   water  irrigation
and biofertilizer inoculation on solube
carbohydrates %. LSD 5%: 6

Fig. 3: Interaction effect of seawater irrigation and
biofertilizer inoculation on crude protein %.
LSD 5%: 1.50

Fig. 4: Interaction effect of seawater irrigation and
fertilizer inoculation on proline content. LSD
5%: 62.5

Fig. 5: Interaction effect of seawater irrigation and
fertilizer inoculation on potassium content. LSD
5%: 1.04

Fig. 6: Interaction effect of seawater irrigation and
fertilizer inoculation on sodium content. LSD
5%: 2.22
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Fig. 7: Interaction effect of seawater irrigation and
fertilizer inoculation on calcium content. LSD
5%: 0.24

Fig. 8: Interaction effect of seawater irrigation and
fertilizer inoculation on K/Na ratio. LSD 5%:
0.14

Fig. 9: Interaction effect of seawater irrigation and
fertilizer inoculation on Ca/Na ratio. LSD 5%:
0.051

Fig. 10: Interaction effect of seawater irrigation and
fertilizer inoculation on phosphorus content.
LSD 5%: 1.16

Fig. 11: Interaction effect of seawater irrigation and
fertilizer inoculation on succulence content.
LSD 5%: 0.38

Fig. 12: Interaction effect of seawater irrigation and
fertilizer inoculation on osmotic potential ratio.
LSD 5%: 1.78
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Fig. 13: Interaction effect of seawater irrigation and
fertilizer inoculation on (STI) ratio. LSD 5%:
19.74

that the highest content of photosynthetic pigments and
crude protein were recorded in Leptochloa fusca plants
inoculated with cerealine and irrigated with 25.0%
seawater, while uninoculated plants irrigated with 50.0%
seawater gave the highest content of soluble
carbohydrates, proline and sodium as well as succulence
and osmotic potential values. On the other hand, the
treatment dual inoculation x tap water gave the highest
content of potassium and phosphorus. Similar results
were obtained by Reddy et al.,[24] who found that,
biofertilizer inoculation has been reported to decrease
fertilizers needed, improve the crude protein content and
counteract the effects of salinity. 

Salt   tolerance   index   (STI):   Data   presented in
Table (4 and 5) show the effect of seawater irrigation
and the inoculation on salt tolerance index (STI) of
Leptochloa fusca plants. It is evident that high levels of
seawater (37.5 and 50.0%) has the most deleterious
effect on (STI). In other wards, the deleterious effect of
salinity on its productivity increase with increasing the
level of salinity. On the other hand it can be noticed that
biofertilizer inoculation increase plant tolerant to salinity
stress by increasing STI values. Similar results were
obtained by Seydi[26].

Concerning the interaction effect of saline irrigation
and biofertilizer treatments. It is clear from Fig (13),
that the highest (STI) value was recorded under 25.0%
seawater and duel inoculation, while the least value was
recorded under 50.0% and uninoculated plants (control).

Conclusion: Halophytes irrigated with seawater
represent a considerable potential as crop plants. Their
growth may be stimulated by the presence of salts in the
growth medium. At high salinity their growth is
presumably limited by many factors but mainly because

an imbalance in nutrient uptake, essentially K and Ca.
Studies of salinity tolerance of plants irrigated with
seawater in a quick check system under greenhouse
conditions is the first step for the development of cash
crops. Increased research on the selection of halophytic
species which have an economic utilization may enable
the rehabilitation and revegetation of salt-affected lands
given that the appropriate soil and irrigation
management is applied.

However, additional research to identify the best
inoculates for these plant species is important in
developing strategies for their use in agro-forestry. 
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