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Abstract: This research aims to explore the effect of inoculation with nitrogen-fixing
bacteria and with or without chemical nitrogen fertilizer on the growth and productivity
of chickpea under field conditions. The experiment was carried out in split-plot design
with three replicates at Hout Research Station of Agricultural Scientific Research Center in
As-Suwayda governorate. Nitrogen fertilizer treatments (N 0%, N 100% of recommended
dose) were according to the ministry of agriculture recommendation; the bacterial
treatments were ten (eight treatments were inoculation with different chickpea bacterial
isolates and a ninth one was inoculation with mixture of eight isolates and the tenth
was uninoculated control treatment). The results showed that the isolates R1, R4 and
R8 exceeded all others in terms of productivity (t ha'), weight of dry matter, weight
of dry nodules per plant (g plant?), plant height (cm) and seeds number per plant. As
for the interaction between bacterial inoculation and chemical nitrogen fertilization, the
treatments R1 N 100% and R4 N 100% exceeded all others in terms of all the studied
parameters of growth and productivity. Rhizobia inoculation and chemical nitrogen
fertilization for the treatments R1 N 100% increased the weight of dry nodules per plant
by 228.66% compared to non-inoculated plants. Results indicated that application of
suitable amounts of N fertilizer can be beneficial to improve nodulation, growth, and
final yield of inoculated chickpea plants. Based on results, it can be concluded that the
two strains R1 and R4 can be promising to increase the growth and productivity of
chickpea plants.
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Low soil fertility is one of the major problems
that limits economically successful agricultural
production worldwide. Depletion of nutrients
from the soil is a specific problem in the areas
where grain legumes, one of the most important
economic resources for small landowners, are
heavily cultivated (Baset and Shamsuddin,
2010). Studies showed that annual average value
of nutrients loss is 22 kg nitrogen ha™' (N ha?),
25 kg phosphorus ha™ and 15 kg potassium ha.
Therefore, the addition of fertilizers has become
an urgent need to correct low soil fertility
and provide the nutrients needed for optimal
crop growth (Elsheikh et al., 2005). Chickpea
requires about 13-41 kg N ha™ for growth and
development (Siddiqi and Mahmood, 2001).
As a legume plant, it also has a significant
impact on improving soil fertility and growth
of succeeding field crops. This is achieved by
entering into a symbiotic (mutually beneficial)
relationship with nodulating bacteria, where

*E-mail: alkhateebrawan71@gmail.com

the plant provides bacteria with photosynthates
and the bacteria supply the plant with fixed
nitrogen (Peoples et al., 1995; Andrews et al.,
2017; Sprent et al., 2017; Vanlauwe et al., 2019).
It is therefore not necessary to add nitrogen
to chickpea crop because it meets 60-80% of
its requirement from the atmospheric nitrogen
(Siddigi and Mahmood, 2001; Kucuk and
Kivanc, 2008). Legumes use their seed/root
exudate to control plant and microbial growth
in soil, and subsequently promote germination
and growth of specific species. Though legumes
and N»-fixing diazotrophs, through their N,
fixation ability puts them at an advantage
over non-fixing systems in occupying various
ecological niches (Dakora, 2004).

Biological nitrogen fixation (BNF) is carried
out by a specific group of prokaryotes, which
use an enzyme called nitrogenase to catalyze
the conversion of atmospheric nitrogen (N3)
to ammonia (NH4+); i.e. a form that can be
easily absorbed by the plant (Franche et al.,



10

Table 1. Physical, chemical and fertility characteristics of site soils
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Depth pH EC OM CaCOs N P,0Os KO SAND SILT CLAY
cm dSm* % % ppm ppm ppm % % %
0-15 7.74 0.24 0.90 1.00 9.43 8.6 450 12 22 60
15-30 6.77 0.25 0.90 0.00 9.63 8.0 400 10 21 68
30-45 7.99 0.18 0.79 0.00 6.88 0.5 80 14 21 65
45-60 8.00 0.13 0.65 1.00 7.10 1.0 80 22 18 60
2009). Bio-fertilization through atmospheric = Materials and Methods

nitrogen-fixing bacteria is a natural method of
increasing soil nitrogen content, meeting crop
nutrient requirements, and thus sustaining
agricultural systems (Papastylianou and Danso,
1991; Rhinhart et al., 2003). Innoculation of
plants with rhizobia increases root nodule
number, nitrogen uptake, growth and weight of
100 seeds, yield of grain (70-72%) and protein
content of chickpea seeds (Rudresh et al., 2005;
Sogut, 2006; Erman et al., 2011).

However recommendation of a biological
fertilizer also depends on ability to fix
atmospheric nitrogen within a wide range
of environmental conditions, competition of
other strains, reproduction in the environment,
survival in the carrier, survival when
incorporated into seed coated materials,
formation of root nodules and fixation of
atmospheric nitrogen in the presence of
soil nitrogen, confronting inappropriate
environmental factors, especially physical ones
such as drought, high temperature, freezing
and finally genetic stability (Keyser et al.,
1993). Thus, it is necessary to inoculate with
strains that have high ability to fix atmospheric
nitrogen (more efficient) and are acclimatized
to local environmental conditions. Thus, the
present research aims in identifying promising
nitrogen fixers, in relation to applied nitrogen
fertilizers for enhancing food-security of the
citizen by increasing expansion in legumes
cultivation, which leads to increase in the
productivity and economic profitibilty of these
crops.

So, the objective of the present research is
to evaluate efficiency of local rhizobia bacteria
in chickpea in Syria (at many locations in As-
Suwayda governorate) with respect to their
competence in root nodule formation and
nitrogen fixation in comparison to the existing
soil micro-organisms so as to improve growth
and productivity of chickpea crop.

Study area

A field experiment was conducted in Hout
Research Station of the Agricultural Scientific
Research Center at As-Suwayda governorate,
Syria, which is located 30 km south of As-
Suwayda city center (32°42'45"N 36°34'00"E).
Fertility characteristics of soil were determined.
Mineral nitrogen, total phosphorus and total
potassium were determined (FAO, 2007).
Samples were taken from three profiles of soil
(one in each replicates) and from four depths
as shown in Table 1.

Two treatments of nitrogen fertilizer are:
N 0%: without fertilizer

N 100%: Treatment using (20 kg N ha) of
chemical nitrogen fertilizer (urea) and ten
treatments of bacterial inoculation were as
follows: eight treatments using chickpea
bacterial isolates such as: R1, R2, R3, R4, R5,
R6, R7, R8, R9 (treatment with mixture of the
R1 to R8) and R10 (untreated control).

Characterization tests: To define rhizobia isolates,
the following essential tests were performed:
Gram test (Suslow et al., 1982), Catalase test
(Goszczynska et al., 2000), Lactose metabolism
(De oliveira et al., 2007), growth test on YMA
(yeast manitol agar; medium mannitol 1%, agar
1.5%, yeast 0.1%, di-potassium phosphate 0.08%,
sodium chlorine 0.01%, calcium carbonate 0.1%,
aqueous magnesium water 0.02%), oxidase test,
gelatin decomposition by Frasier method, and
test of sugary oxidation, sporulation, starch
degradation, respiration, dye, and accumulation
of poly-B-hydroxybutyrate granules (Abu
Ghurra, 1997).

The experiment was designed in split-plot
design, statistical analysis was performed by
taking the mean of three replicates and the
data was analyzed using MSTAT-C. Treatment
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effects were assessed based on the Duncan test
at a significant level of 0.05.

Preparation of bacterial suspension

Pure bacterial isolates from (Rhizobia)
bacteria, used in this research, were isolated
and characterized in plant disease laboratory
(at the Faculty of Agriculture, Damascus
University). First, these isolates were grown on
petri dishes containing yeast mannitol agar and
incubated at 28°C for 48 hours. Then, 200 ml
of LP liquid medium (Peptone: 7 g L, yeast:
7 g L") was sterilized within flasks and left
to cool. Next, jugs containing the sterile LP
liquid were inoculated with 1 ml of bacterial
suspensions which were prepared from dishes
containing the isolates, and incubated at 28°C
with speed shaking of 100 r min™ for 48 hours
(Kantar et al., 2003).

Cultivation conditions

Soil was ploughed well before planting and
nitrogen fertilizers were added at the rate of
20 kg N ha™ in the form of urea in two equal
batches (i.e. each batch of 10 kg N ha™) at the
planting and flowering stage. Phosphorus and
potassium fertilizers were not added due to
their high content in soil. Chickpea seeds were
planted on 10.03.2018 for the first season and on
11.03.2019 for the second season, after soaking
in bacterial suspension with 1*10° CFU ml™" for
two hours. Seeds were planted in experimental
plots of 3 m length and 2 m width and in 5 lines

Table 2. Vital characterizing qualities of the used isolates
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in each experimental plot. Planting distances
were 40 cm between lines and 20 cm between
plants, with three seeds per groove. Later they
were thinned at a four-leaf phase and one plant
was left in each groove.

Growth and yield parameters

The following parameters were recorded:
plants height (cm), seeds average number
per plant (seed plant'), average weight of
plant dry matter (g plant'), average weight
of dry nodules (g plant?), plant productivity
calculation (t ha™) [Average weight of grain per
square meter was calculated and converted to
t ha' (FAO, 2007)].

Results and Discussion

Definition of isolated rhizobia isolates

Laboratory analysis that included biological
and phenotypic tests for bacterial colonies
besides microscopy, are presented in Table 2.
These results showed that the eight isolates
are similar in terms of the studied parameters:
single-cell, bacilli-shaped, dimensions less
than 2 microns, accumulation of poly-B-
hydroxybutyrate granules and colonies
bacterial growth on the medium of mannitol
yeast has a full-edged convex circular shape
with creamy-color and negative Gram stain.
This corresponds to the morphological traits
of rhizobia (Holt et al., 1994). Also, all isolates
are positive for catalase, negative oxidase
activity and are able to use some sugars like
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Table 3. Mean effect of rhizobia inoculation on chickpea growth and productivity during consecutive agriculture seasons

(mean over both nitrogen levels)

Treatment  Production Weight of dry Plant height No. of seeds per Weight of dry
(that) matter (g plant™) (cm) plant (seed plant’)  nodules (g plant?)
R1 151 A 1516 A 4225 A 97.50 A 0.402 A
R4 1.36 B 1249 B 40.00 B 80.83 B 0.323 B
R8 1.34B 1248 B 39.75B 77.67 B 0.305C
R9 1.26 C 11.15C 38.63 C 64.00 C 0.268 D
R3 116 D 10.43D 37.67D 59.83 D 0.275D
R5 1.12E 925E 36.62E 4933 E 0.243 E
R7 1.12E 9.07F 36.58 E 4800 E 0.238 EF
R2 1.08 F 9.01F 36.18 E 46.17 E 0227 F
R6 093G 6.88 G 3440 F 39.00 F 0.192G
R10 083 H 599H 3275G 32.00G 0.167H
LSD 0.017 0.174 0.634 3.744 0.012

Values followed by different letter in column are significantly different w.r.t. the parameter.

xylose, maltose, fructose, galactose, sucrose
and mannitol as a carbon source, and these
results are consistent with the characteristics
of rhizobia mentioned by Deora et al., 2010;
Fatima ef al., 2008; Kanika et al., 2010;Teng et
al., 2015.

Additionally, they were able to metabolize
glucose but were not able to metabolize lactose
and this is consistent with the results of Oliveira
et al., 1997. Further, all isolates were non-
sporadic, reflected aerobic oxidation, gelatin
decomposition and were unable to utilize starch
and these responses were consistent with that
of Rosenberg et al., 2014.

Effect of atmospheric nitrogen fixation by
bacteria on plant productivity (t ha™)

Grain yield was significantly affected by
inoculation with rhizobia bacteria and plants
inoculated with R1 surpassed significantly
all other plants that were treated with other
isolates (Table 3); noticeably the average grain
yield resulting from this isolate was (1.51 t ha'!),
followed by isolates R4 and R8, and lowest
value of grain yield was in non-inoculated
plants (0.83 t ha'). Increase in production due
to rhizobia inoculation has also been reported

in legumes from other parts of world (Singh,
1977; Sinha and Ramakrishna, 1996).

Fertilizer treatment N 100% exceeded the
fertilizer treatment N 0% with an increase of
26.21% (Table 4).

This has also been reported by (Kalaghatagi
et al., 2000; Das et al., 2000; Leary et al., 2008;
Vora et al., 2019.

By comparing control treatments (without
and with nitrogen) treatment C N 100%
significantly exceeded C N 0% with an increase
of 28.57%. The results in Table 5 also showed
that highest value of productivity average
was in R1 N 100% (1.63 t ha™), followed by
R4 N 100% (1.54 t ha™), R8 N 100% (147 t ha™)
and M N 100% (1.45 t ha') in the sequence
mentioned. Lowest value of mean yields was
in the treatment C N 0% that was 0.7 t ha™.
This corroborates with the results of earlier
studies on various other crops (Karadavut and
Ozdemir, 2001; Fatima et al., 2008; Ogﬁtgﬁ etal.,
2010; Poole et al., 2018; Mathenge et al., 2019).

Since at low levels of nitrogen fertilizer, a
positive catalytic effect in the fixation process
has been reported, so adding a small amount
of mineral nitrogen (20-25 kg ha™') to the soil

Table 4. Mean effect of mineral nitrogen fertilization on chickpea growth and productivity (mean over all isolate

treatments)
Chemical fertilization Production Weight of dry Plant height  No. of seeds per Weight of dry
treatment (that) matter (g plant™) (cm) plant (seed plant’)  nodules (g plant™)
N 100% 1.3 12.24 39.34 73.97 0.309
N 0% 1.03 8.14 35.62 449 0.219
% increase 26.21 50.37 10.44 64.74 41.10




RHIZOBIA ON GROWTH AND YIELD OF CHICKPEA

13

Table 5. Interaction effects of rhizobia inoculation and mineral nitrogen fertilization on chickpea growth and productivity
(as mean of two consecutive agriculture seasons)

Treatment  Production = Weight of dry Plant’s height ~ No. of seeds per plant =~ Weight of dry nodules
(tha™) matter (g plant™) (cm) (seed plant™) (g plant™)
R1 N 100% 1.63 A 17.06A 43.83 A 127.00 A 0493 A
R1N 0% 1.39D 13.25F 40.67 DE 68.00 F 0310 F
R4 N 100% 1.54B 15.64 B 43.00 A 110.00 B 0.403 B
R4 N 0% 121 H 9.95] 37.50 GH 55.33 GH 0.2671
R8 N 100% 147C 15.00 C 42.00 B 100.00 C 0.360 C
R8 N 0% 1171 9.33K 37.00 HI 51.67 HI 0.250]
R9 N 100% 145C 1446 D 41.67 BC 85.33 D 0.343D
RI9N 0% 1.13] 847 L 36.271] 48.331] 0.243K
R3 N 100% 140D 13.83E 41.00 CD 79.67 E 0323 E
R3 N 0% 0.98 L 719N 35.00 KL 41.67 KL 0.227L
R5 N 100% 1.35E 1231 G 39.87E 60.33 G 0.300 G
R5N 0% 091 M 6.850 34.33 LM 38.67 LM 0.210N
R7 N 100% 130F 11.64H 38.90 F 5733 G 0.280H
R7 N 0% 0.86 N 6.39 P 33.67 MN 34.33 MN 0.207 N
R2 N 100% 127G 10.821 38.17 FG 57.00G 0217M
R2N 0% 0820 5.94Q 33.00 NO 33.00 N 01930
R6 N 100% 1.04 K 7.82M 35.80 JK 45.00 JK 0.183 P
R6 N 0% 0.800 5.82Q 32.500P 32.00 N 0.153 R
R10 N 100% 0.90 M 6.28 P 33.50 MN 34.00 MN 0.15R
R10 N 0% 0.70 P 570Q 32.00 P 30.00 N 0.15R
LSD 0.023 0.246 0.896 5.294 0.005

Significance of interaction between bacterial inoculation and chemical nitrogenous fertilizers denoted by different

following letters.

contributes to the formation of a sufficiently
flat leafy surface which in turn facilitates and
provides photosynthesis products which are
necessary for root nodules so as to perform
the fixation process from atmospheric nitrogen.
Other researchers also reported same results
with respect to the effects of N application
(McKenzie and Hill, 1995; Walley et al., 2005;
Achakzai and Bangulzai, 2006; Amany, 2007;
Caliskan et al., 2008; Salvagiotti et al., 2008) and
rhizobium inoculation (Singh, 1977; Shrivastava
et al., 2000; Rudresh et al., 2005; Malik et al.,
2006; Cheminingwa and Vessey, 2006; Albayrak
et al.,, 2006, Togay et al., 2008) ultimately
resulting in improved grain yield in different
legume crops.

Effect of atmospheric nitrogen fixation by
bacteria on dry matter weight

Weight of dry matter was significantly
affected by bacterial inoculation. Results
depicted in Table 3 shows that the highest
value of dry matter weight averages was

in plants treated with R1 isolation (15.16
g plant?), followed by isolates R4 and RS,
and lowest value of dry matter weight was
in non-inoculated plants (5.99 g plant”); this
corroborates with Kimiti and Odee, 2010; Gao
et al., 2019. Also, chemical nitrogen fertilization
treatment N 100% was superior to that of the
treatment N 0% reflecting an increase of 50.37 %
(Table 4).

As for the interaction between bacterial
inoculation and chemical nitrogen fertilization,
the weight of dry matter was significantly
affected by bacterial inoculation and chemical
nitrogen fertilization. Highest mean weight of
dry matter was found in treatments R1 N 100%
(17.06 g plant!) followed by R4 N 100% (15.64
g plant'), while lowest value of dry matter
weight was in control C N 0% (5.7 g plant™).

Results in Table 5 are consistent with studies
of (Ali et al., 2004; Amany, 2007; Caliskan et
al., 2008; Ogﬁtgﬁ et al., 2010). Poole et al., 2018
also reported that the fixed amount of N, is
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an important factor that directly affects the
growth of plant biomass. Nitrogen is known
to be an essential nutrient for plant growth and
development (Werner and Newton, 2005; Sogut,
2006; Salvagiotti et al., 2008) and it is involved
in vital plant functions such as photosynthesis,
DNA synthesis, protein formation, respiration,
and N, fixation (Werner and Newton, 2005;
Caliskan et al., 2008). Parameters of growth
such as leaf area index (LAI), biomass, and
leaf photosynthesis significantly decreased
because of unsatisfactory N availability (Malik
et al., 2006; Cheminingwa and Vessey, 2006;
Caliskan et al., 2008). Results obtained from
this study indicated that application of N
fertilization have positive effects on chickpea
yield and its attributes. Addition of N increases
the production of total dry matter in plants
(McKenzie and Hill, 1995; Salvagiotti et al.,
2008; Caliskan et al., 2008), which can improve
plant potential to gain more plant height and
produce more branches, pods and seeds that
ultimately resulted in high grain and biological
yields. Nitrogen fertilization increases the
total dry matter for a number of reasons: (i)
Nitrogen can increase LAl in plants (McKenzie
and Hill, 1995; Malik et al., 2006; Caliskan
et al., 2008). Increase in LAI subsequently
increases interception of solar radiation by
plant that consequently results in more biomass
accumulation (Caliskan et al., 2008), (ii) Nitrogen
can increase the photosynthesis rate in plants
which can be attributed to increase in amount
of chlorophyll pigments, because N is one of
the main components of chlorophyll (Werner
and Newton, 2005; Caliskan et al., 2008).
Thus, plants are able to positively influence
yield components that result in more grain
yield. Inoculation of legumes with rhizobia,
for the purpose of enhancing N fixation and
yield in legume crops, is considered possibly
as an oldest and most common method of
voluntarily-releasing-microorganism into the
environment (Werner and Newton, 2005;
Cheminingwa and Vessey, 2006). The influence
of rhizospheric bacteria on legume growth
promotion has been documented by many
researchers (Shrivastava et al., 2000; Rudresh
et al., 2005; Malik et al., 2006; Cheminingwa
and Vessey, 2006; Albayrak et al., 2006; Togay
et al., 2008). The observed benefits on chickpea
by rhizobium inoculation seem to be due to the
limited supply by N to the crop (Cheminingwa
and Vessey, 2006; Togay et al., 2008). Moreover,

growth promoting substances (phytohormones
like auxin) were also reported to be produced
by these organisms. Phytohormones are known
to play a key role in plant-growth regulation
through promotion of seed germination, root
elongation, and stimulation of leaf expansion.
In addition, root development and proliferation
of plants in response to rhizobia activities
enhances water and nutrient uptake (Werner
and Newton, 2005). While (Sogut, 2006). Further,
as symbiotic N is already in the organic reduced
form and it is hence more readily available for
plant metabolism. In contrast, in the absence of
symbiotic N, plants must spend a lot of energy
to take up nitrates and reduce them to the level
of NH;. Consequently, inoculation resulted in
more dry matter accumulation compared to
only N fertilization.

Effect of nitrogen fixation bacteria on plant
height

Height of plant was significantly improved
by bacterial inoculation (Table 3). The R1 isolate
was the best with respect to height (42.25 cm),
followed by isolates R4 and R8. The non-
inoculated plants (treatment C) recorded lowest
plant height (32.75 cm) and this corresponds to
the observations of Rao and Dass, 1989 where
they observed that inoculation with nitrogen
fixing bacteria enhanced height and dry weight
of plants as compared to the uninoculated
control plants. The chemical fertilization
treatment equivalent to N 100% was superior
to N 0% (without chemical fertilization) with
plant height (Table 4). With regard to the
interaction between bacterial inoculation and
chemical nitrogen fertilization, Table 5 shows
highest value of plant in treatment R1 N 100%
(43.83 cm), followed by treatment R4 N 100%
with a height of 43 cm, while lowest value of
control treatment C N 0% was with a plant
height of 32 cm. Similar observations have
also been reported in the studies of Rudresh
et al., 2005; Amany, 2007; Caliskan et al., 2008;
Namvar et al., 2011 and Liu et al., 2018 wherein
plant height increased with application of N
fertilization and rhizobia inoculation.

Effect of nitrogen fixation bacteria on seed
number per plant

Seed number per plant was significantly
affected by bacterial inoculation, where
isolation R1 recorded highest value for seeds
number in the plant (97.5 seeds plant') with
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a significant increase of 204.69% compared to
non-inoculated control, followed by isolates
R4 and R8 (Table 3). Chemical fertilization
treatment N 100% out performed the treatment
N 0% (without chemical fertilization) with
respect to seeds number (Table 4). As for the
interaction between bacterial inoculation and
chemical nitrogen fertilization, seeds number in
the plant was significantly affected by bacteria
inoculation along with chemical nitrogen
fertilization, where R1 N 100% was considerably
superior to the other treatments in terms of
seeds number (127 seeds plant?) followed by
treatment R4 N 100% with 110 seeds plant®
(Table 5). These findings correspond to those
observed by Walley et al., 2005; Amany, 2007
who reported that number of pods and grains
per plant was affected statistically with rhizobia
inoculation in chickpea. These researchers noted
that this trait increased from 11.50 pods per
plant in non-inoculated plants to 12.35 pods
per plant in inoculated plants. Application of
75 kg urea ha' in inoculated chickpea plants
increased grain number per plant by 40.82%
compared to the control (Namvar et al., 2011).
Maximum effect on grains number per plant
at 75 kg urea ha’ rather than other fertilizer
levels, may be due to more effectiveness of
rhizobia inoculation at this level compared to
other levels of N applied. Previous studies also
justified the positive effects of N application
and rhizobia inoculation on number of grains
per plant (Togay et al., 2008).

Effect of atmospheric nitrogen fixation by
bacteria on the weight of dry nodules per
plant

The highest value of the average weight
of dry nodules on plants was observed in the
isolate R1 (0.402 g plant™'), followed by isolate
R4 (0.323 g plant’) and the lowest value of
the average weight of dry nodules was with
non-inoculated plants (0.167 g plant™) (Table
3). This corresponds to the earlier observations
of Sinha and Ramakrishna, 1996.

It was noted that the fertilizer treatment N
100% was superior to fertilizer treatment N 0%,
with an increase of 41.10% (Table 4).

Thus, weight of nodules on the total root
was significantly influenced by both bacterial
inoculation and chemical nitrogen fertilization.
Highest mean weight of dry nodules on plants
was in treatment R1 N 100% and that was 0.493

g plant™. The plants in the treatment (C N 0%)
and (C N 100%) gave the lowest mean weight
of dry nodules at 0.15 g plant’. These results
corroborate with those of Kurdali, 1996; Begum
et al., 2001; Adgo and Schulze, 2002; Rudresh
et al., 2005; Stancheva et al., 2006, Ogutcu et
al., 2008; Poole et al., 2018 and Liu et al., 2018.

It is evident from the literature that the
presence of high content of N in soil can inhibit
the nodulation and symbiotic N fixation in
legumes (Clayton et al., 2004; Walley et al., 2005;
Ogutcu et al.,, 2008). A negative exponential
relationship was observed between N fertilizer
rate and N fixation when N was applied in
the top 0-20 cm of soil or on the soil surface
(Salvagiotti et al., 2008). Further, mineral
nitrogen fertilization reduces the bacterial
efficiency in nodule formation and fixation
of atmospheric nitrogen. Mineral nitrogen is
one of the factors that inhibits the fixation
of atmospheric nitrogen during the different
phases of coexistence, including root capillary
injury, growth and development of nodules
and the effectiveness of nitrogenase enzyme
activity (Kurdali, 2001). Rawsthorne et al., 1985
considered the effects of supplemental nitrate
on chickpea and reported that nitrate at 0.71
and 1.43 mM stimulated early nodulation and
nodule growth, but higher concentrations
of nitrate (2.86 mM) decreased nodulation
and symbiotic N> assimilation significantly.
Biological N fixation begins around 2-5 weeks
after planting (Werner and Newton, 2005), and
therefore N uptake from biological N fixation
is negligible in early growth stages. Thus,
application of a small amount of N at planting
is beneficial to improve early growth and yield
of legumes in most cases (Walley et al., 2005;
Werner and Newton, 2005; Caliskan ef al., 2008).
Our study also indicated that application of N
at low dose (i.e., 20 kg urea ha) had positive
effects not only on yield and its components,
but also on nodulation of chickpea. In the
present study weight of nodules per plant
showed no statistically significant difference
in non-inoculated chickpea plants. This work
was in field conditions that are not sterile
soil, i.e. the possibility of presence of rhizobia
bacteria in the soil exists. So it is possible to
form root nodules. However, in actual study
it does not exist because soil was poor with
original strains of rhizobia; where the weight
of the dry nodules in non-inoculated chickpea
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plants (control) was 0.167 g plant® (Table 3).
This may be due to lack of native rhizobia that
inoculates chickpea in the experimental field.
Ideally, inoculation is required in the absence
of compatible resident rhizobia or where the
resident rhizobia population density is very low,
or where the resident rhizobia is less infective
and effective for N, fixation than alternative
(inoculant) strains (Cheminingwa and Vessey
2006; Herrmann et al.,, 2014). Soils lacking
in rhizobia are found in areas where either
indigenous related legumes are absent or where
levels of pH, osmotic stress, high temperature
and heavy metals are at detrimental levels for
rhizobia populations (Werner and Newton,
2005; Cheminingwa and Vessey, 2006).

Conclusion

Isolates R1, R4 and R8 outperformed all
other bacterial isolates and non-inoculated
control on its effect on yield (t ha'), dry matter
weight, plant height (cm), seeds number per
plant and nodulation. The treatment R1 N
100% exceeded the rest of the treatments for
all studied growth and productivity indicators
followed by treatment R4 N 100%. These results
are consistent with other studies (Karadavut
and Ozdemir, 2001; Fatima et al., 2008). The
results pointed out that N fertilization (20
kg urea ha™) can be beneficial to improve N
nutrition of inoculated chickpea and stimulate
BNF and this is consistent with Roy et al.,
2012. The study also emphasized that rhizobia
inoculation is also required to enhance the
nodulation and BNF in the experimental area.

So, this research suggests using isolated
bacteria to inoculate chickpea seeds and
to convert these isolates into commercial
inoculators for widespread use in order to
establish an economic project to produce
effective bacterial inoculation that will provide
good profits. Institution should also develop
the project and conduct similar studies on
isolates from different regions in Syria to
boost legume cultivation for long term goal
of nutritional security.
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