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ABSTRACT
The study was conducted to find out the effect of adding a mixture inoculation and its tolerance to
salinity and lack of moisture on the growth of cowpea plant and its absorption of N, P and K
nutrients, After planting and growing cowpea plant for a period of 60 days, then the plants were
harvested and dried at 70°C for 48 hours, and their dry weight was taken, then milled, sifted and
digested , then N, P and K were measured, and the roots of the plant was separated using a light
water current and were count the number of root nodules for each plant.
The results showed that:
1- The mixed inoculation treatment (I,) increased the rate of dry weight, root nodule number and
nitrogen, phosphorus and potassium concentration in cowpea plant.
2- An increase in salinity levels reduced the rate of dry weight, average root nodule number,
nitrogen, phosphorus and potassium concentration in cowpea plant and the same results were
obtained with reducing moisture condition.
3- The mixed inoculation were increase the tolerance of cowpea plant to the salinity and drought
condition led to an increase in N , P , K absorption and enhances the root nodules formation and
increase dry weight .
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INTRODUCTION Rhizobium and the formation of root nodules is

very weak [1]. Scientists have estimated that there
Some legumes are characterized by their ability to is evidence of nitrogen coexistence with legumes
tolerate conditions of climatic extremism and salt in the world about (155) million tonnes .year”
stress, but their susceptibility to infection the [2,3]. An attempt has been made to increase the
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efficiency of the Rhizobiumbacteria, which is the
most important bacteria that scientific research
seeks to use in the agricultural field in the range of
Bio fertilizers with the highest possible efficiency,
which is a biological method that does not result
in any environmental pollution. Which is
considered one of the methods of microbial
technology in the field of biological fertilizers
[4,5,6]. Friel et al. [1] found that it is not possible
to completely rely on the native Rhizobium
bacteria to infect roots of leguminous plants , As
most of the soils contain a less number of local
Rhizobium bacteria with high efficiency in causing
infection, it is common that 1-25% of the local
Rhizobium bacteria in the soil are characterized by
a low ability to cause infection and 50% of them
are characterized by medium capacity and 25% of
them are distinguished. With high efficiency in
causing infection [7] also, the slow-growing
Rhizobium bacteria are less tolerant of the
extremes of biotic and abiotic conditions than the
rapidly  growing  Rhizobium  bacteria [2].
Therefore, the link between Mycorrhizae and
legumes is one of the beneficial relationships that
can enhance plant resistance to biotic and abiotic
stresses [2]. This relationship is through which the
exchange of two different compounds is
controlled: nitrogen (N) and carbon (C), as plant
supplies microorganism with carbohydrates,
which are used as a source of carbon and energy
[8], and in return, the microorganisms stimulates
the N2 fixation process by the root nodules of
legumes [9] Also, fixation of atmospheric
nitrogen by Rhizobium requires presence of
phosphorus in optimum quantities in leguminous
plants [10].

The using of bio-fertilizers such as Mycorrhizal
fungi and phosphate-dissolving bacteria in
leguminous crops is a promising technique that
could be an alternative source of nitrogen and
phosphorus to support the efficiency of rhizobium
bacteria [11]. In addition, the co-inoculation
system for cowpea plants was applied in the field
using Pseudomonas, mycorrhizae, and
Rhizophagus fungi, alone or in combination .
Inoculation of seeds with (P. libanensis + R.
iriformis) (PMR) led to significant increases in
plant dry weight (76%), and the number of
nodules , seed count per plant (52% and 56%,
respectively) and grain yield (56%) in comparison
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with non-inoculated control treatments. The fat
content also increased Grains increased by (25%)
in PMR-inoculated plants compared to control,
and high soil organic matter and low pH were
observed in PMR treatment [12]. Method that
relies on inoculating seeds, soil or both with one
or more of beneficial microorganisms as co-
inoculation behaves defending against the hostile
microbes and pathogen and supplies it with the
necessary nutrients [13].

In our current research, this microorganism was
represented in a Dbacterium (Pseudomonas
fluorescence) that produces the antibiotic, which is
characterized by an anti-biotic relationship in its
relationship with other soil microbes, and
Glomusmosseae, which provides its haves and
provides Rhizobium with nutrients and moisture,
and can reduce the effect of pollution with heavy
elements.

The research aim to use efficient isolate of
Rhizobium in a companion inoculate that includes
Pseudomonas and Mycorrhizae fungi for the
purpose of enhancing the growth and efficiency of
Rhizobium bacteria in infection of cowpea plant
and promote its growth under different salt and
moisture conditions.

MATERIALS AND METHODS

This experiment was conducted in a Green house,
as plastic pots with a capacity of 5 kg soil were
prepared. Surface sterilized each pot with 95%
ethanol. Then inside each pot a piece of glass
wool was placed on the bottom. Spread a quantity
of sterile washed gravel on top of 1-0.5 cm
diameters with a depth of 2 c¢m, then filled in each
pot ofKteeban soil samples with electrical
conductivity 3.99 dS. m"' was salted with
drainage water to salinity levels 6, 12, 24 dS . m'l,
and the original soil was washed with RO water
up to the salt level 3 dS. m' .A total of 72
containers of 18 pots were filled with a level of
salt from the levels prepared above at a rate of 5
kg. pot' .The mixed inoculation treatment I,
(RgtP+M) was added (as Rg is an isolate of
Rhizobium bacteria isolated from the roots of the
cowpea plant, and P is an isolation of
Pseudomonas Dbacteria and M aremycorrhizal
fungi).



Pots were inoculated with Mycorrhizae by placing
100 g of inoculant under the surface of the potted
soil, 5 cm deep, and another 100 g of inoculation
was mixed with the surface layer of the soil and
left the pots without inoculation as control ( Iy).
Homogeneous and superficially sterilized cowpea
seeds were inoculated with rhizobia (isolate Rg)
and pseudomonas P [14] at a density of 0.85 *
10%fu .ml" of the inoculum [15,16] by soaking
them in the inoculum suspension for half an hour
with the addition of gum Arabic to increase the
adhesion of bacteria to the seeds, then the
inoculated seeds were left to dry for an hour and a
half away from direct sunlight [17]. Added with
four prepared salt levels (S;, S,, S3, S,;) and three
moisture levels (1, 1/2 , 1/4) of soil field capacity
of M;, M,, M;. After sowing, the pots were
weighed daily in order to compensate for the loss
in weight for the duration of the experiment by
adding water.

To each pot was added a triple superphosphate
fertilizer of 100 kg . ha P,Os (47%), potassium
sulfate fertilizer of 100 kg . ha” K,0 (52%) and
urea fertilizer of 30 kg. ha' N (46%) which
represented 75% of the fertilizer recommendation
for nitrogen Additive as activated dose and
organic fertilizer was added in the amount of 5
tons. ha™.

The experiment lasted for 60 days, after which the
plants were harvested and dried at 70°C. The dry
weight was estimated and milled, then digested
and its content of N, P and K were estimated [18].
Then the root groups of the plants were carefully
removed so that all parts of the root system could
be seen. A weak stream of tap water was directed
to the soil. Then the entire root system of each
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plant in each pot was examined and the number of
root nodules were recorded.

RESULTS AND DISCUSSION

It is noticed from Table 1 that the inoculation,
level of humidity and the level of salinity have a
significant effect on increasing the dry weight of
cowpea plant , as all inoculation and moisture
level interaction treatments exceeded the
comparison treatment and the recorded values
were(15.91, 13.49, 9.99) g.pot'for LM, , I,M,
and I;M; respectively, while the comparison
treatment was (8.08, 8.33, 6.33) g .pot"'with I ¢ M
1,1oMjand Iy M 3, respectively .This difference
in the dry weight between the comparison
treatment and the inoculated treatment may be due
to the fact that these organisms have the ability to
increase supply of nutrients to the plant, which
leads to the elongation of the plant and its increase
in weight [19]. The increase in level of salinity led
to a decrease in average dry weight of shoot,
reaching 15.99, 11.49, 7.99 and 5.94 g for each of
S1, S2, S3 and S4 respectively, that increase of
salts leads to a negative effect on the plant by its
direct and secondary effect. The high levels of
salinity lead to lower levels of plant nutrient
supplies due to the absorption process that occurs
in the soil solution , thus reducing root growth and
a direct effect on plant growth, height and weight
[20]. The interaction between the inoculation
treatments and the salinity and moisture levels
showed a significant effect on the dry weight of
the shoot, as treatment (I,+S;+M;) gave the
highest rate of 29.66 g, followed by treatment
(I;S;M,) reached 26.33 g.pot'l, while the
comparison treatment (Iy+S4+M;) reached to 4.00

g.pot’l.

Table 1. The effect of adding biological Inoculation with different salt and moisture levels on the

average dry weight of shoot g.pot™

Averagel*M Salinity level Moisture level
Sy S; S, S Inoculants
8.08 8.00 7.00 9.00 8.33 Ml Ip
8.33 7.00 6.66 9.33 10.33 M2
6.33 4.00 8.00 5.66 6.66 M3
15.91 5.66 13.00 15.33 29.66 Ml I
13.49 6.00 8.00 13.66 26.33 M2
9.99 5.00 5.33 16.00 14.66 M3
5.94 8.00 11.50 16.00 Average S

ISM=4.767 , IM=2.383 , S=1.946 LSD




The treatment (I,+S,+M;) and (I+S;+M;) were
16, 14.66 gpot' due to inoculation with
cowpea Rhizobium that secrete lipopolysac-
charides, the most important compound for
osmatic resistance and helping the bacteria to
fixing nitrogen, this was agreement with [2]
and [21] they found that some strain of
Rhizobium were enter inside the root tissues as
low molecular weight organic compounds, this
mechanism help the organisms adapt to high
salinity.

It is noted from Table 2 that the interaction
between inoculated with I, treatment and levels of
moisture were affected significantly on nodule
formation as all inoculated treatments exceeded
the comparison treatment and the values were
(18.833, 8.499 and 4.416) nodules.pot™ for each of
IM;, I;Mand I;M; respectively, while in the
comparative treatment 1.999, 0.749 and 0.000

nodules.pot™ for IM;, IMsand IM;
respectively. This difference in the total
number of root nodules between @ the

comparison and the inoculated treatment may be
due to the fact that these organisms have the
ability to supply the nutrients of the plant
significantly, which leads to the formation of root
nodules, as well as the joint inoculation
increases the length and mass of the root,
and thus the number of larger sites of infection
and the formation of nodules by Rhizobium
bacteria [22].

The increase in the salinity level has led to a
decrease in the average number of total root
nodules, reaching 15.55, 4.944, 1.944, and 0.555
nodules.pot'1 for Sy, S,, S3 and S, respectively. As
salinity, extreme temperatures and insufficient or
excessive soil moisture impose restrictions in the
ability to supply nitrogen, phosphorus and
potassium to the host plant by the Rhizobium
bacteria. Salinity which rise a water stress that
affects the rate of photosynthesis or may be affect
the formation of root nodules directly [2]. The
triple interaction between the inoculation and
levels of salinity and humidity showed a
significant effect on the characteristic of the total
number of root nodules. As the treatment I; with
the level of salinity of S; and the level of moisture
of M, gave the highest rate of 54,333 nodules.pot™
, while the comparison treatment with the level of

81

salinity of S, and the level of moisture of M; the
lowest value 0.000 nodules.pot™.

The reason for the decrease in the total root nodule
rate with the low moisture content of the soil is
due to the decrease in the number of thread
infection formed on the root capillaries, and thus
less root nodules formation [2]. These results are
consistent with the previous findings [23].

The result in Table 3 showed that the interaction
between inoculated with mixed isolation (I;) and
levels of moisture were significant effect on
nitrogen present in cowpea plant. The inoculated
treatments  exceeded the  non-inoculation
treatment with 2.83, 2.56and 2.13% for each of
ILM;, LM, and I;M; respectively. The non-
inoculated treatment recorded 1.72, 1.56 and
1.47% in treatmentsIyM;, IoMsand
IoMsrespectively . This difference in the nitrogen
concentration in the plant between the comparison
and inoculated treatment may be due to the fact
that these organisms have the ability to
significantly supply the plant nutrients [5].
Bacterial inoculation lead to an increase in the
supply of nutrients involved in the process of plant
building, plant elongation and increase in growth
[1]. The increase in the salinity level led to a
decrease in the average nitrogen concentration in
the plant, reaching 2.72, 2.25, 1.77, and 1.44 % for
each of Sy, S,, S; and S, respectively. The increase
in salt levels leads to a negative effect on the
plant. The high levels of salinity lead to lower
levels of nutrient availability for the plant due to
the osmotic stress and non- equilibrium process
that occurs in the soil solution , thus reducing the
growth of roots and the direct effect on the
growth, height and weight of the plant .The
interaction between the mixed inoculation and the
levels of salinity and moisture showed a
significant effect on nitrogen concentration
in the plant, as the treatment (I;+ S;+ M)
gave the highest rate of 4.03%, while the
comparison treatment ( I + S4 + M,) reached the
lowest value 1.28%. The result showed not
significant ~ differences between treatments
(I+S,+M,)  and  (I;+S;+M,) and between
(I;+S;+M3) and (I;+S;+M3). It indicated that the
inoculation with mixed inoculation increased the
plant tolerances to the salinity and drought
conditions of soil.
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Table 2. The effect of adding biological Inoculation with different salt and moisture levels on the

average number of root nodules (nodules.pot'l)

Averagel*M Salinity level Moisture le
Sy S; S, S Inoculants
1.999 .000 333 3.666 4.000 Ml Io
0.749 .000 .000 1.666 1.333 M2
0.000 .000 .000 .000 .000 M3
18.833 333 7.666 13.000 54.333 Ml I
8.499 1.666 2.000 8.666 21.666 M2
4.416 1.333 1.666 2.666 12.000 M3
0.56 1.94 4.94 15.56 AverageS
ISM=4.537 ,IM=2.269 , S=1.852 LSD

Table 3. The effect of adding biological Inoculation with different salt and moisture levels on the

rate of nitrogen in plant (%)

Averagel*M Salinity level Moisture le
Sy S3 S, N Inoculants
1.72 1.40 1.50 1.76 2.23 M1 Io
1.56 1.28 1.46 1.60 1.93 M2
1.47 1.36 1.30 1.43 1.80 M3
2.83 1.50 2.56 3.26 4.03 M1 I;
2.56 1.60 2.10 3.06 3.50 M2
2.13 1.53 1.70 243 2.86 M3
1.441 1.773 2.256 2.725 Average S
ISM=0.4432 , IM=0.2216 , S=0.1810 LSD
The result in Table 4 showed the double (I7+S;+M,) gave the highest rate of 0.41% , while

interaction between inoculation and moisture
levels had effect significantly on phosphorous
concentration as all the inoculated treatments
exceeded the non-inoculation treatment with 0.30,
0.27and0.21 % for each of I;M;, I;M, and
I;M; respectively, while the non-inoculation
treatmentloM,, I¢\M,, IoMsrecorded 0.19, 0.19 and
0.14% and that effect of treatment increased by
579, 42.1 and 50 % compared with out
inoculation respectively.

The difference in phosphorus concentration in the
plant between the inoculation and non-inoculation
treatment were due to the ability of these
organisms to supply nutrients to the plant and
improved the moisture content [24].

Increase in level of salinity has led to a decrease in
average concentration of phosphorus in plant,
reaching 0.31, 0.24, 0.19, and 0.14% for S;, S,, S;3
and S, respectively, as salinity, impose restriction
on ability to supply phosphorus to host plant by
the Rhizobium bacteria [2].

interaction between three factors
that the treatment (I,+S;+M;) and

The triple
showed
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the comparison treatment (Iy+S, + M3 )reached the
lowest value 0.09% which indicated that the
combined inoculation is very beneficial even with
an increased percentage of available phosphorous
to plant [25].

It is noted from Table (5) , that the double
interaction between inoculation treatment and
moisture level were significant effect on
potassium concentration in the plant, as all
inoculated treatments exceeded the comparison
treatment (2.04, 1.77 and 1.21)% for each of ;M
I;Myand I;M; respectively , while it was0.51,
0.48and 0.43% in comparison treatment [,M;,
IoM; and I,M; respectively.

This difference in potassium concentration in
plants between the inoculation and non-
inoculation treatment may be due to the fact that
these organisms increase the absorption of
nutrients, increase the rate of photosynthesis and
tolerate abiotic stress [26].

The increase in the salinity level led to a decrease
in the average potassium concentration in the
plant, reaching 1.57, 1.42, 0.84, and 0.46% for
each of S|, S,, S; and S,, respectively.
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Table 4. The effect of adding biological Inoculation with different salt and moisture levels on the

rate of phosphorus in plant (%)

Averagel*M Salinity level Moisture le
Sy S; S, S Inoculants
0.19 0.11 0.19 0.21 0.27 Ml Io
0.19 0.11 0.15 0.23 0.27 M2
0.14 0.09 0.12 0.15 0.23 M3
0.30 0.20 0.24 0.36 0.41 Ml I
0.27 0.19 0.23 0.27 0.41 M2
0.21 0.16 0.22 0.24 0.25 M3
0.1458 0.1944 0.2472 0.3094 S Average
ISM=0.04664 , IM=0.02332 , S=0.01904 LSD

Table 5. The effect of adding biological Inoculation with different salt and moisture levels on the

rate of potassium in plant(%)

Averagel*M Salinity level Moisture le
Sy S3 S S Inoculants
0.51 0.49 0.50 0.53 0.52 Ml Ip
0.48 0.45 0.49 0.50 0.49 M2
0.43 0.43 0.45 0.43 0.42 M3
2.04 0.51 1.76 2.93 2.96 Ml I
1.77 0.46 1.30 2.40 2.93 M2
1.21 0.43 0.58 1.73 2.13 M3
0.461 0.846 1.42 1.575 S Average
ISM=0.2002 , IM=0.1001 , S=0.0817 LSD

The triple interaction between three factors
showed a significant effect on potassium
concentration in the plant, as the treatment (I; +
S; + M) gave the highest rate of 2.96%, followed
by the treatment (I; +S;+ M,) and (I; + S, + M;)
which reached to 2.93%, while the treatment
(Ip+S1+M3) reached the lowest value 0.42% . The
reason for the significant increase in the
concentration of potassium in the cowpea plant,
even with the increase in salinity and the reduction
of the moisture content, is mainly due to the role
of the co-inoculation, as the presence of
mycorrhizal fungi reduces the concentration of
salts by providing appropriate moisture [25].
And that the pseudomonas bacteria help
with phosphorous and some antibiotics that
protect the plant from pathogens and thus
encourage the process of root nodule formation
and absorption of the nutrients necessary to
complete the biological processes inside the plant

(2].
CONCLUSION
This study conclude that mixed inoculation led to

improve tolerance of cowpea Rhizobium to
salinity and drought condition and enhances the
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root nodule formation, and plant growth and its N,
P, K absorption.
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