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Abstract

Edalatjo, R., M. Mirzaeiheydari and A. Maleki, 2017. The effect of phosphorus solubilising bacteria on spring and 
autumn chickpea yield and yield components under supplemental irrigation condition. Bulg. J. Agric. Sci., 23 (5): 
750–756

Phosphorus (P) is one of the most important but the least available mineral nutrients to plants in many cropping environ-
ments. The use of P solubilising bacteria (PSB) as seed or soil inoculants can enhance P uptake by the plant and thereby en-
hance crop yields. In this study, the effect of seed inoculation by the PSB (Pseudomonas putida and Pantoea agglomerans) on 
spring and autumn chickpea yield and yield components under supplemental irrigation condition was studied in Iran during the 
2013 – 2014 growing seasons. Three levels of supplemental irrigation (no irrigation, one time irrigation and two time irriga-
tion) were allocated to the main plots and cultivation season (spring and autumn) with two levels of PSB (no PSP inoculation 
and PSB inoculation) were applied to the subplots. Results showed that the highest biologic yield (2231.7 kg ha-1), seed and 
pod weight (6.9 g per plant), 100 seeds weight (27.6 g), pods per plant (55.9), and seed yield (838.7 kg ha-1) were achieved from 
the two time irrigation treatment. It was observed that the effects of cultivation season were signifi cant on the number of pods 
per plant, number of seeds per plant, 100 seeds weight, seed yield, and biologic yield. PSB inoculation signifi cantly affected 
the number of pods per plant, number of seeds per plant, 100 seeds weight, seed and pod weight, seed yield, and biologic yield, 
so that, compared to the no PSB inoculation treatment, the highest seed yield (857.14 kg ha-1) was resulted from the inoculation 
with PSB. Also, the highest seed yield (911.4 kg ha-1) and biologic yield (2296.8 kg ha-1) was obtained in the autumn cultivation 
season. According to results of this research, the interaction among these three factors had a signifi cant effect on the seed yield. 
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Introduction

Being a legume, chickpea contains around 12.4% -28.1% 
raw proteins, 78% of which is digestible. More ever, contain-
ing 50-60% of different carbohydrates, 6% oil, and a consid-
erable amount of phosphorus, iron, calcium, and A, B1, B2, 
B4, and C vitamins has made it an important component of 
the developed countries diets (Geeravani, 1991). 

People from different countries, with various diets, use 
this legume to prepare their foods. From the beginning, they 
have been using it as a fresh vegetable, full seed, germinated 

seed, as well as fl our. In addition to its numerous nutritive 
applications, chickpea has prominent therapeutic effects 
(Muehlbare and Tullu, 1997). Beside all these benefi ts, its 
plant fi xes the atmospheric nitrogen molecules which sup-
plies the plant with the needed nitrogen, and also plays an 
important role in the process of soil fertilization. Under ap-
propriate conditions, 23-97 kg ha-1 of nitrogen is being fi xed 
by chickpea. Therefore, it can play a terrifi c role in crop rota-
tion (Wani et al., 2007).

During the last years, thanks to its favorable weather con-
ditions and fertile soils, Ilam province has been among the 
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top rating provinces in producing rain-fed chickpea. Increas-
ing the yield per hectare has been proposed as an approach to 
increase agricultural crop production. 

The gap between genetic potential and potential yield has 
been mainly attributed to factors beyond the environmen-
tal stresses. Drought is one of these factors which reduces 
chickpea yield in West Asia and North Africa. This decline 
depends on the severity of the stress and the tolerance of the 
variety (Canony, 1998). During the occurrence of drought 
stress, meeting the plant needs in drought vulnerable stages 
would help to achieve maximum yield. Podding and seed 
fi lling stages are the most drought vulnerable stages of this 
plant. Thus supplemental irrigation during growth critical 
stages could abate the loss and increase the yield (Baghery 
et al., 1997). Dahiya et al. (1993) suggested that two time 
irrigations during podding and branching stages result in the 
highest seed yield. 

Autumn and rain-fed plantings help chickpea to be pho-
nologically adapted to desired temperature and moisture re-
gimes. They also prolong the prefl owering stage, so the plant 
has more opportunity for vegetative growth. This stage co-
incides with temperature and daytime reduction. In addition, 
the vegetative growth will be prolonged and, compared to 
spring planting, coincides with more appropriate thermal and 
moisture conditions (Pezeshkpour, 2004). The application of 
microbes as a biofertilizers is the most natural and desirable 
solution for keeping the soil system alive and active. 

The PSB induced chemical changes in the rhizosphere 
enable the plant to enhance P uptake and crop yield by sol-
ubilisation of P fertilizers (Khan et al., 2009; Singh et al., 
2011; Abou-el-Seoud and Abdel-Megeed, 2012). The PSB 
produce a number of organic acids to dissolve phosphates 
by means of anion exchange or chelating Ca, Fe or Al ions 
linked with the phosphates. These organic acids include cit-
ric, butyric, succinic, malic, acetic, glyconic, adipic, oxalic, 
malonic, lactic, gluconic, fumaric, and 2-ketogluconic acid. 
(Gyaneshwar et al., 2002; Chen et al., 2006; Yadav et al. 
2011).

Materials and Methods

This experiment was conducted in Malekshahi town, 
Ilam province, 2013-2014. The mean precipitation of this re-
gion is 427 mm. This study was conducted in a split plot fac-
torial design laid out in a randomized complete blocks with 
three replications. Three primary factors were addressed, 
including supplemental irrigation in the main plots (I1: no ir-
rigation, I2: one time irrigation, and I3: two time irrigation), 
and cultivation season (S1: spring cultivation season and S2: 
autumn cultivation season) and PSP (Pseudomonas putida 

and Pantoea agglomerans) inoculation (P1: not applying the 
PSB and P2: applying the PSB) were allocated to the sub-
plots in a factorial design. 

The free variety of chickpea was studied in this research, 
since it has been suggested for autumn cultivation in Ilam 
region. A biofertilizer with a brand entitled No.2 fertile, one 
of phosphorus bacteria with a population up to 108 and from 
Pseudomonas putida and Pantoea agglomerans strain P5 
and CFU/g, was chosen to be the phosphorus biofertilizer 
treatment. It was applied to the soil and in adjacent to the 
seeds in a soluble form and as Pseudomonas putida and Pan-
toea agglomerans. The fi eld had been lied autumn now in the 
past few years. 

Chickpea cultivation and experimental treatments ap-
plication was conducted after the rain autumn and reach-
ing fi eld capacity moisture at 2013.12.11 and 2014.03.01, 
respectively. During the cultivation, chickpea seeds were 
inoculated with No.2 fertile through adding Arabian gum 
and were left to dry away from sunlight then were immedi-
ately cultivated. Cultivation density was determined to be 60 
plants per m2. Seeds were cultivated 7 cm below soil surface 
inside the furrows with 10 cm away from each other. During 
the cultivation season, weeds were removed two times me-
chanically and by hands. 

In order to determine the effects of the treatments on 
yield and its components, the fi rst two rows of each plot was 
considered as plot’s margin. Ignoring the fi rst and last 0.5m 
of each plot, 1 m2 was randomly selected from the middle 
three rows and after counting the plants, its yield was evalu-
ated. Data was analyzed using the MSTACT software pack-
age (to perform simple variance analysis and compare the 
means). More ever, Duncan’s multiple range test was carried 
out to compare the means of the treatments at the 5% statisti-
cal level of signifi cance. 

Results and Discussions 

The effect of supplemental irrigation on the number of 
pods per area was signifi cant (Table 1). The highest num-
ber of pods per area was obtained from the two time sup-
plemental irrigation and the control treatment (Table 2). 
Moisture stress causes the abscission of around 30-40% of 
fl ower buds. During fl owering stage, the rise in temperature 
along with drought stress shortens this stage which in turn, 
decrease the number of fl owers. It seems that the high num-
ber of pods per area in the supplemental irrigation treatments 
is due to vegetative growth prolongation and plant biomass 
increase which leads to allocating more photosynthetic ma-
terials for a longer period of time to plant pods. Aggrawal et 
al. (1984) reported the number of pods per plant as the most 
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variable trait among yield components and suggested that the 
number of seeds per pod depends on the location of the given 
pod on the plant. 

Furthermore, researchers (Goldani and Rezavani Moghad-
am, 2004) reported that environmental conditions signifi cant-
ly affect the yield and its components. Drought stress caused 
by dry farming, compared to supplemental irrigation treat-
ment, increases the hollow pods. It seems that supplying more 
available moisture through supplemental irrigation expands 
the plant canopy, so more radiative energy is absorbed by the 
plant which in turn, increases yield components (including 
number of pods per area). Turk et al. (2003) suggested that 
moisture defi ciency decreases the number of pods per plant. 

Cultivation season signifi cantly affected the number 
of pods per area (Table 1). The highest number of pods 
was obtained from autumn cultivation season (Table 3). 
The number of single seed pods per area depends on cul-
tivation date, irrigation regime, cultivation intensity and 
other factors (Jalota et al., 2006). The amount of pods is 
among the most important yield components which deep-
ly infl uences seed yield. The effect of cultivation date on 
producing single seed pods was very signifi cant. It seems 
that due to prolonged vegetative growth stage in autumn 
cultivation, more stems are produced and vice versa as the 
reproductive growth stage prolongs, more pods are pro-
duced per stem. 

 Table 1
Results of variance analysis (mean square) of quantitative traits measured in different treatments
Source of Variation Degree of 

Freedom
Pods per Plant Seeds per Pod 100 Seeds 

Weight
Weight of Seed and 

Single Bush Pod
Seed Yield

Replication 2 173.2ns 202.1 ns 19.9 ns 5.92 ns 45410.3 ns

Factor a
(Supplemental Irrigation)

2 897** 248.6 ns 2.86 ns 1.55 ns 101241.7**

Error a 4 33.9 69.8 2.67 0.51 3894.9
Factor b
(cultivation season)

1 860.4* 1474.6** 12.39* 1.12 ns 893025**

a×b 2 105.1 ns 127.8 ns 4.81 ns 0.15 ns 3086.3 ns

Factor c
(No.2 Fertile Phosphate)

1 655.4* 355.9* 148.3** 3.86* 385392.6**

a×c 2 233.6 ns 219.1* 2.86 ns 0.33 ns 12838 ns

b×c 1 621.7* 243.4* 2.2 ns 0.290 ns 39256.8*

a×b×c 2 64.3 ns 17.3 ns 13.8* 0.420 ns 31613.9*

Total Error 18 118.20 71.4 2.72 0.631 8360.63
Variation Coeffi cient ------ 22.3 18.2 6.1 12.2 12.1

Ns, *, ** refer to not signifi cant, signifi cant at 5% and 1% signifi cance level, respectively

Table 2
Comparison between supplemental irrigation and control treatment on seed yield and yield components of chickpea
Supplemental Irrigation Pods per Plant Seeds per Pod 100 Seeds Weight Weight of Seed and 

Single Bush Pod
Seed Yield

I: Control 38.8c 41.4b 26.6a 6.2b 656.3c

I2: One time irrigation 49.5b 47.5ab 27.1a 6.3ab 766.6b

I3: Two time irrigation 55.9a 50.3a 27.6a 6.9a 838.8a

Based on Duncan’s multiple range test, those means which have at least a common letter, are not signifi cantly different (at 5% signifi cance level)

Table 3 
Comparison between cultivation season effects on seed yield and yield components of chickpea
cultivation season Pods per Plant Seeds per Pod 100 Seeds Weight Weight of Seed and 

Single Bush Pod
Seed Yield

S1: Spring 43.2b 40.1 b 26.4 b 6.3 a 596.3 b

S2: Autumn 53a 52.8 a 27.6 a 6.7 a 911.4 a

 Based on Duncan’s multiple range test, those means which have at least a common letter, are not signifi cantly different (at 5% signifi cance level)
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Some researchers (Goldani et al., 2000) have claimed 
that delay in cultivation date leads to less pods per plant. 
Apparently, more available moisture leads to expanded plant 
canopy which in turn, increases the amount of produced 
photosynthetic materials and nurtures bigger reproductive 
store. These results are consistent with those of Singh et 
al. (1997). It seems that supplying more available moisture 
through supplemental irrigation expands the plant canopy, 
so more radiative energy is absorbed by the plant which in 
turn, increases yield components (including number of pods 
per area). During fl owering stage, the rise in temperature 
along with drought stress shortens this stage which in turn, 
decreases the number of fl owers. The high number of pods 
per area in the supplemental irrigation treatments is due to 
vegetative growth prolongation and plant biomass increase 
which leads to allocating more photosynthetic materials for 
a longer period of time to plant pods (Goldani et al., 2000).

Comparison among the treatments indicated that there is 
a signifi cant difference among No.2 fertile phosphate inocu-
lation different levels, since the number of pods per plant in 
the No.2 fertile phosphate treatment (Table 4), is about 20% 
more than the other treatment (not applying fertile phos-
phate). 

In terms of No.2 fertile phosphate fertilizer effects on 
the number of reproductive pods, it should be mentioned 
that this may be due to increased level of phosphorus ab-
sorption and consequently its infl uence on improving the 
photosynthesis level and chickpea plant growth which in 
turn leads to more absorption of radioactive energy by the 
plant. All these would increase yield components, including 
the number of reproductive pods per plant. Comparing the 
interactive effects of two cultivation season on No.2 fertile 
phosphate inoculation also showed a signifi cant difference. 
Thus, the number of pods per plant in the autumn cultivated 
plots which were inoculated by fertile phosphate was much 
more than spring cultivated plots without application of fer-
tile phosphate. This result highlights the synergistic effects 
of the two treatments on each other. 

In autumn cultivated plots, positive interaction between 
pseudomonas bacteria and Nitrogen fi xing bacteria at the 
roots of chickpea plant, through increasing nitrogen fi xing 
nodes, provides more nitrogen for the plant. Therefore, an 

infl uential factor in pod reproduction and seed production 
(i.e., supplying the plant with adequate nutrients) is being 
provided (Rokhzadi and Toashi, 2011). 

According to results presented in Table 1 and Table 3, 
the effects of two factors (namely cultivation season and 
No.2 fertile phosphate inoculation) on the number of pods 
per plant were signifi cant at 5% statistical level, respectively. 
Furthermore, the interactive effects of supplemental irriga-
tion, cultivation season, and No.2 fertile phosphate inocu-
lation on the number of seeds per plant were signifi cant at 
5% statistical level. Comparing the mean of the treatments 
showed that the number of seeds per plant in autumn culti-
vated plots (50.4) was about 21% more than that of control 
treatment (41.5). Also, it was observed that the number of 
seeds per plant in the inoculated treatment (49.6) was about 
14.5% more than that of not inoculated treatment (43.3).

Considering the means of interaction between cultivation 
season and supplemental irrigation, it signifi cantly affected 
the number of seeds per plant so that the highest number 
(53.2) was obtained from the two time irrigation in the au-
tumn cultivated plot (Table 1). In terms of the interaction 
between cultivation season and No.2 fertile phosphate inocu-
lation on the number of seeds per plant, it was signifi cant and 
the highest number (58.2) was obtained from the inoculated 
autumn cultivated plot (Table 1).

It can be noticed that No.2 fertile phosphate inoculation, 
through providing adequate nutrients and increasing plant 
biomass, accelerates the fl owering stage and propagates the 
number of pods per plant. This is consistent with the fi ndings 
of Singh and Kapoor (1998). 

Regarding the not irrigated treatment, the temperature 
rises in the pods, due to prolonged drought stress, resulting 
in a higher breathing rate and a decreased amount of avail-
able photosynthetic substrates to be transported to the grow-
ing seed, thus more pods would be lost. 

It seems that during autumn cultivation season, available 
moisture increases which leads to a prolonged reproductive 
stage and a higher photosynthesis level. In turn, this would 
produce more fl owers at the infl orescence. 

As a result, more fl owers would be inoculated, leading to 
a less number of lost fl owers and a higher number of seeds 
per plant (Saxena, 1993).

Table 4
Comparison between the effects of No.2 fertile phosphate on seed yield and its components of chickpea
Fertile Phosphate Pods per Plant Seeds per Pod 100 Seeds Weight Weight of Seed and 

Single Bush Pod
Seed Yield

P1: Not using 43.8b 43.3b 25b 6.1b 650.4b

P2: Use 52.4a 46.60a 29.1a 6.8 a 857.4 a

Based on Duncan’s multiple range test, those means which have at least a common letter, are not signifi cantly different (at 5% signifi cance level)
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Apparently, delayed cultivation date leads to a shorter 
reproductive stage, due to its coincidence with higher tem-
perature, thus fewer fl owers will be inoculated, and there-
fore less seeds would be obtained per plant. Saxena (1993) 
reported that in such a situation, higher temperature during 
pod growth stage increases breathing rate so there would be 
less photosynthetic substrate available for the growing seeds, 
hence more pods will be lost. It seems that the suffi ciency of 
available moisture leads to a prolonged reproductive stage 
and a higher level photosynthesis which in turn, results in 
more fl owers per infl orescence. 

Turk et al (2003) reported that delayed cultivation would 
decrease the number of seeds per area. They also suggested 
that the duration of growth period infl uences the number of 
seeds per pod, since as the growth period prolongs, so the 
duration of podding to seed fi lling stage would be prolonged, 
resulting in a higher number of seeds per pod and conse-
quently higher seeds per plant. 

Based on variance analysis results, it was determined that 
the effect of cultivation season and No.2 fertile phosphate 
inoculation were signifi cant on 100 seeds weight at 5% and 
1% signifi cance level, respectively (Table 1). Comparison 
between the means showed that levels of cultivation season 
are signifi cantly different and 100 seeds weight of autumn 
cultivated plot (27.7 g) was 5% more than that of spring cul-
tivated plot (26.4 g). In autumn cultivated plot, more phloem 
sap is transported to growing seeds which results in a heavier 
seeds. 

During fl owering and podding stages, chickpea plant 
is very vulnerable to drought stress and any moisture ten-
sion would castrate the fl owers and leads to immature seeds, 
therefore affects the 100 seeds weight and fi nally decreases 
the number of pods, seeds, harvest index an seed yield (Auld 
et al., 1980). 

Higher 100 seeds weight could be due to prolonged seed 
fi lling stage or accelerated fi lling speed or both. In autumn 
cultivation, because of a prolonged growth season, both fac-
tors may contribute to higher seed weight. This is consistent 
with Ghorbanzadeh and Nasiri (2005) fi ndings. Goldani et 
al. (2000) also reported that drought and high temperature 
shorten the seed fi lling stage of chickpea, leading to a de-
creased seed weight. 

The interaction of the three factors also showed a sig-
nifi cant difference, since autumn cultivated inoculated plots 
produced the highest 100 seeds weight. Thus, it is observed 
that the application of No.2 fertile phosphate in autumn cul-
tivated plot would positively affect 100 seeds weight. In or-
der to account for this observation, one can say that there is 
a synergistic and intensifying relationship between autumn 
cultivation and No.2 fertile phosphate which leads to the 

participation of soil microorganisms and increases their ac-
tivity. Then, higher level of photosynthesis which is caused 
by more absorption of mineral elements, particularly phos-
phorus and nitrogen, increases 100 seeds weight of chickpea. 

Based on the results of variance analysis (Table 1), the 
interactive effect of supplemental irrigation, cultivation sea-
son, and No.2 fertile phosphate inoculation was signifi cant 
at 1% statistical level and the interaction between cultiva-
tion season and No.2 fertile phosphate inoculation and the 
interaction among supplemental irrigation, cultivation sea-
son, and No.2 fertile phosphate inoculation were signifi cant 
at 5% statistical level.

The comparison of means indicated that various levels 
of supplemental irrigation are signifi cantly different, so that 
seed yield at two time irrigation treatment (839 kg ha-1) is 
about 9% more than that of one time irrigation treatment 
(767 kg ha-1) and 28% more than that of not irrigated treat-
ment (656 kg ha-1). The high yield in the third level is due to 
relative reduction in drought stress during pod fi lling stage 
through prolongation of seed fi lling stage and consequently 
higher 100 seeds weight.

Toba Bicer et al (2004) asserted that the highest seed yield 
was obtained from a treatment irrigated during 50% fl ower-
ing stage. The effect of cultivation season on seed yield was 
very signifi cant (Table 1) and the highest seed yield was ob-
tained from autumn cultivated plot. Delayed cultivation date 
and the presence of drought stress during seed fi lling stage 
decreased the seed yield. To account for this behavior of the 
plant, it seems that the rise in temperature prolongs seed fi ll-
ing stage and therefore decreases seed weight.

Research fi ndings has shown that yield stability is deeply 
depends on climatic condition during the critical period, so 
that warm weather associated with drought stress decrease 
plant growth and leads to less pods and seeds per pod. Ap-
parently, moisture availability results in plant higher persis-
tence and yield stability, while drought stress causes more 
loss and leads to less podded branches.

Comparing the means of treatments, it is obvious that 
there is a signifi cant difference between not inoculated plot 
(650 kg ha-1) and inoculated one (857 kg ha-1), which points 
to a 31% higher yield in the inoculated plot. 

The interaction of cultivation season and No.2 fertile 
phosphate inoculation also revealed a signifi cant difference, 
since higher yield were obtained from the inoculated plots. 
The interaction of the three factors was also signifi cantly dif-
ferent, because the application of all these factors together 
resulted in a higher yield (Figure 1). It is obvious that the two 
times irrigated autumn cultivated inoculated plot produced 
the highest yield (1103 kg ha-1). Pseudomonas is one of the 
most important bacteria that increases plant growth, and in 
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addition to biofi xing nitrogen and solving soil phosphorus, 
greatly affects agricultural yield through producing signifi -
cant nutrients and growth promoting hormone, particularly 
various auxins and gibberllines (Zahir et al., 2004). 

Since seed yield is a process consisted of different traits 
such as reproductive pods number per plant, 100 seed yield 
and biologic yield, the coexistence of this plant and microor-
ganisms would increase the seed yield. 

Through affecting features such as plant elevation, num-
ber of pods per plant, and biologic yield, phosphate biofer-
tilizer increases seed yield. By studying sugar cane plant, 
Sundara et al. (2002), concluded that applying Bacillus 
megatherium, a phosphate solving bacteria, with phosphate 
rocks, enhances the yield through increasing the activity of 
these microbes and increasing the solubility of phosphorus 
in the rhizosphere which leads to more tillering and stems. 
This would fi nally lead to higher stem yield. 

Annamalai et al. (2004) showed that applying phosphate 
solving bacteria in a medicinal plant, namely Phyllanthus 
amarus, produced a higher yield compared to the control 
treatment. Another two researches which studied the appli-
cation of phosphate solving microorganisms on wheat and 
green mung plants revealed that applying bacteria, namely 
Bacillus circulans, and a fungus, namely Cladosporium har-
barum, along with phosphate rocks signifi cantly increased 
the seed yield, compared to the control (Singh and Kapoor, 
1998). In this research, high seed yield was attributed to the 
rise in nutrients absorption, particularly phosphorus, and the 
enhancement of plant photosynthesis. 

Conclusions

Results showed that supplemental irrigation, cultivation 
season, and No.2 fertile phosphate inoculation applied singly 
or in combination signifi cantly increased the number of pods 
per plant, number of seeds per plant, 100 seeds weight, seed 
and pod weight, seed yield, and biologic yield. However, the 
greatest increases were obtained from a combined applica-
tion of all three factors. The highest seed yield (838.7 kg 
ha-1) were achieved from the two time irrigation treatment, 
the highest seed yield (857.14 kg ha-1) was resulted from the 
inoculation with No.2 fertile phosphate and Also, the high-
est seed yield (911.4 kg ha-1) was obtained in the autumn 
cultivation season. According to results of this research, the 
interaction among these three factors had a signifi cant effect 
on the seed yield (1103 kg ha-1). There is a synergistic and 
intensifying relationship between autumn cultivation and 
No.2 fertile phosphate which leads to the participation of soil 
microorganisms and increases their activity with two time 
irrigation. For these reasons the application of the factors in 
combination should be encouraged in chickpea growing and 
increased the yield.  

References

Abou-el-Seoud, I.I. and A. Abdel-Megeed, 2012. Impact of rock 
materials and biofertilizations on P and K availability for maize 
(Zea maize) under calcareous soil conditions. Saudi Journal of 
Biological Sciences, 19: 55-63. 

Aggrawal, P., K. Khanna, R. Chopra. and S . K. Sinha. 1984. 
Changes in leaf water potential in relation to growth and dry 
matter production. In: M. C. Saxena and K. B.Singh (Eds. 
1987), The Chickpea, C. A. B. International, UK, pp. 168-169.  

Annamalai, A., P.T.V. Lakshmi, D. Lalithakumari and K. 
Murugesan, 2004. Optimization of biofertilizers on growth, 
biomass and seed yield of Phyllanthus amarus (bhumalaki) in 
sandy loam soil. Journal of Medicinal and Aromatic Plants Sci-
emces, 26 (4).

Auld, D.L., B.L. Bettis, J.E. Crock and K.D. Depart, 1980. Plant-
ing date and temperature effects on germination, emergence, 
and seed yield of chickpea. Agron. J., 80: 909-914.

Baghery, A., A. Ahmadi, W. Ganjali and M. Pars, 1997. Pea Cul-
tivation and Breeding. Jihad Daneshgahi Press. Mashhad.

Canony, H. 1998. Causality evaluation and analysis of infl uential 
traits on seed yield in chickpea varieties under dry farming in 
Kordestan Province. Abstracts of Papers presented in Agrono-
my and Plant Breeding Conference, Karaj Institute of Seed and 
Sapling Breeding and Producing. 

Chen, Y.P., P.D. Rekha, A.B. Arun, F.T. Shen, W.A. Lai and C.C. 
Yang, 2006. Phosphate solubilizing bacteria from subtropical 
soil and their tricalcium phosphate solubilizing abilities. Appl. 
Soil Ecol., 34: 33-41. 

Dahiya, S, M. Singh and R.B. Singh, 1993. Economics and water 

Fig. 1. Effect of supplemental irrigation (I1: without 
irrigation, I2: one time irrigation and I3: two time irri-
gation), cultivation season (S1: spring cultivation season 

and S2: autumn cultivation season) and No.2 fertile 
phosphate inoculation (P1: not applying the fertile phos-
phate and P2: applying the fertile phosphate) on yield of 

chickpea 



756 Reza Edalatjo; Mohammad Mirzaei Heydari; Abbas Maleki

use effi ciency of chickpea as effected by genotypes irrigation 
and fertilizer application. Crop Res. Hisar., 6: 532-534.

Geervani, P., 1991. Utilization of chickpea in India scope for novel 
and alternative uses. In: Uses of Tropical Grain Legumes: Pro-
ceedings of Cansultants Meeting, 27-30 March 1989. ICRISAT 
Center, Patancheru, Andhra Pradesh, India, pp. 47-54.

Ghorbanzadeh, M. and M. N. Mahalati, 2005. The reaction of 
different soybean varieties seed yield and its components to 
delayed cultivation date. Journal of Agricultural Science, 15. 

Goldani, M. and P. R. Moghadam, 2004. The effect of drought 
level and cultivation date on yield and yield components of dry 
and irrigated chickpea varieties in Mashhad. Iranian Journal of 
Agricultural Researches, 2 (2). 

Goldani, M. M. Baghery and A. Nezami, 2000. The effect of cul-
tivation date on yield and yield components of chickpea (Cicer 
arietum L.) under Mashhad climatic conditions. Journal of Ag-
ricultural Sciences and Natural Resources, 1.

Gyaneshwar, P., G.N. Kumar, L.J. Parekh and P.S. Poole, 2002. 
Role of microorganisms in improving P nutrient of plants. Plant 
Soil, 245, 83-93.

Jalota, S.K., S.Anil and W.L. Har. 2006. Assessing the response 
of chickpea (Cicer aeritinum L.) yield to irrigation water on 
two soils in Punjab (India): A simulation analysis using the 
CROPMAN model, Agricultural Water Management. Elsevier, 
ISSN 0378-3774, 79 (3). 

Khan, A.A., G. Jilani, M. Akhtar, S. Saqlan and M. Rasheed, 
2009. Phosphorus solubilizing bacteria: occurrence, mecha-
nisms and their role in crop production. Agriculture, 1: 48-58.

Muehlbauer, F. J. and A. Tullu. 1997. Pisum sativum L. New crop 
fact sheet. Purdue University Center for New Crops and Plant 
Products. 
www.hort.purdue.
edu/newcrop/cropfactsheets/pea.html

Pezeshkpour, P. and K. Khademi, 2004. Agricultural and genetic 
managements for drought tolerance in chickpea. Scientifi c-Pro-
motional Journal of Drought, 11. 

Rokhzadi, A. and V. Toashi, 2011. Nutrient uptake and yield of 
chickpea (Cicer arietinum L.) inoculated with plant growth 
promoting rhizobacteria. Australian Journal of Crop Science, 
5 (1): 44-48.

Saxena, M.C., 1993. The challenge of developing biotic and abi-
otic stress resistance in cool season. In: Singh, K.B. and M.C. 
Saxena (eds). Food Legumes. John Wiley and Sons, New York, 
NY, pp. 3-14. 

Singh, J.S., V.C. Pandey and D.P. Singh, 2011. Effi cient soil mi-
croorganisms: A new dimension for sustainable agriculture and 
environmental development. Agriculture, Ecosystems & Envi-
ronment. 140: 339-353.

Singh, K.B., R.S.Malhotra, M.C.Saxena and G. Bejiga.1997.
Superiority of winter sowing over traditional spring sowing of 
chickpea in the Mediterranean region. Agron. J., 89: 112-118.

Singh, S. and K.K. Kapoor, 1998. Effects of inoculation of phos-
phate solubilizing microorganisms and an arbuscular mycorrhi-
zal fungus on mungbean grown under natural soil condition. 
Mycorrhiza. 7: 249-253.

Sundara, B., V. Natarajan and K. Hari. 2002. Infl uence of phos-
phorus solubilizing bacteria on the changes in soil available 
phosphorus and sugar cane and sugar yields. Field Crop Re-
search, 77: 43-49.

Tuba Bicer, B., A. N. Kalender and D.A. Akar, 2004. The effect 
of irrigationon spring-sown chickpea. J. Agron. Asian Network 
Sci. Inform., 3: 154-158. 

Turk, M.A., A.M. Tawaha and M.K.J. El-Shatnawi, 2003.Re-
sponse of lentil (lens culinaris Medik) to plant density, sow-
ing date, phosphorus fertilization and ethephon application in 
the absence of moisture stress. J.Agronommy and Crop Sci-
ence,.189: 1-6.

Wani, P. M. Saghirkhan and A. Zaidi. 2007. Synergistic effects of 
the inoculation with nitrogen- fi xing and phosphate- solubiliz-
ing rhizobacteria on the performance of fi eld- grown chickpea. 
Journal of Plant Nutrition and Soil Science, 170 (2): 283-284. 

Wani, S. P., O. P. Rupela and K. Lee, 1995. Sustainable agri-
culture in the semi-arid tropical biological fi xation in grain le-
gumea. Plant and Soil, 174: 29-49.

Yadav, J., S. Yadav and S.G. Singh, 2011. Plant growth promotion 
in wheat crop under environmental condition by PSB as bio-
fertilizer. Research Journal of Agricultural Sciences, 2: 76-78.

Zahir, A., M. Arshad and W.F. Frankenberger, 2004. Plant 
growth promoting rhizobacteria: applications and perspectives 
in agriculture. Adv. Agron., 81: 97-168.

Received June, 23, 2016; accepted for printing September, 14, 2017



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


