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ABSTRACT

Among the environmental stresses, drought stresadsof the important factors that influence on yiedd, yield

components and physiological characteristic of¢thaps under rain-fed conditions. As regards, in litsen the most
cropping area of the chickpea is rain-fed, so, gsif the biological agents with once performancppéemental
irrigation during growth can be effective in imping the nutritional status of the chickpea. So thetfield

experiment was conducted as split-factorial baseéRandomized Complete Block Design with threecefptins, at
the Experimental Farm at Campus of Agriculture awatural Resources of Razi University, in 2010-20The

main plots consisted of the supplemental irrigatidrtime of the flowering and non- irrigation andbsplots were
including use and non-use of the Mycorrhiza, Rhirmband humic acid as factorial. Traits includinglative water
content (RWC), biological yield, grain yield, numtzd pods per plant, number of grains per plantymher of

grains per pod, 100-grains weight and harvest indexe results showed that the main effect of thpplemental
irrigation on yield, yield components (except 10@Hys weight), RWC, N and P content were significatso, the
effect of the humic acid was significant on RW®@|dgjical yield, grain yield, harvest index and Pntent but the
Rhizobium wasn’t effective on the traits. The Mygttiaa only was significant for grain yield and Pntent. Also the
interaction effects between supplemental irrigateord humic acid were significant for biological ideand grain

yield and P content. Overall, application of theoplemental irrigation with use of biological andnslyiosis agents
was effective in improving physiological traits.

Keywords: Chickpea; Humic acid; Mycorrhiza; Rhizobium; Sugpkental irrigation.

INTRODUCTION

Chickpea is one of the most important pulses invthdd. This product provides the cheap proteirt,déspecially
for poor people. The total of amino acids in theeath chickpea diet provides the perfect combinatibamino

acids [4]. Also, due to capable of nitrogen fixatican be improved soil fertility [1]. Drought is emwf the abiotic
stresses that can reduce the production of chickbgaAs regards, the 90 percent of cultivationcbfckpea is as
rain-fed and it is cultivated in arid and semi-daland [16], so that drought is a limited factoattiinfluenced the
yield of this product. In this regard, the use fifceency supplemental irrigation in order to impeothe chickpea
yield which cultivated as rain-fed can be usefud #re time of it should be when, with less wateaikable at during
critical stages of crop growth achieve optimunid/id9]. The grain yield of chickpea is affectedthe number of
pods per plant, the number of grains per plantl@@grain weight and supplemental irrigation hasrbable effect
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on the pod formation and grain filling stage hasréased the grain yield of chickpea [15]. Food &u# is also
limiting growth of crop [23]. Phosphorus is one tbk essential nutrient elements for crop that guired for
growing grain legumes [12] and is involved in marhysiological processes such as the use of sughstanch,
photosynthesis and saving, transfer of energy. tregudue to the large energy consumption in fixitigpgen need
more phosphorus [24] and the reactions of it compieacidic and alkaline soils [23]. Nitrogen is structure of
chlorophyll, protoplasm, protein and nucleic acilat is associated with higher photosynthetic\aigti power
growth producing leaves and branches and alsotaffegrain protein quality [1]. On the other haptknty rats of
nitrogen and phosphorus increased the grain yissd ender deficit moisture conditions [10]. In theply of crop
nutrients use of biological fertilizers are preéstthan chemical fertilizers [20]. Biological fditers are important
aspects of economically and ecologically. Thesenataral fertilizers that including bacteria, algaengi alone or
in combination with each other and increase actessutrient for the crops. Materials humic are afethe
biological fertilizers that can be effective in thecess of availability of phosphorus, growth cesl finally in
increasing of crop yield [13]. On the other harejumes such as chickpea can get tripartite synsbioish fungi
(Glomus intraradicesand bacteria (Rhizobium). This symbiosis is a@blsupply phosphorus and nitrogen for the
crops [25]. This can increase the absorption ofsphorus. More phosphorus absorbed by effect omithegen
fixation, increased amount of nitrogen [18]. Thiperiment was conducted to investigate the effetckso-fertilizer
(humic acid) and symbiosis agents (Mycorrhiza amiz&bium) on the yield and yield components of kph&a
under supplemental irrigation.

MATERIALS AND METHODS

Study Site: This experiment was conducted at the Research Baf@ampus of Agriculture and Natural Resources
of Razi University, Kermanshah, Iran with the Idode 34° 21 N and 47° 9 E and the elevation 1319 m above
the sea. The soil texture was silt-clay with a gH ®. The rates of nitrogen, phosphorus and potasim the soil
before the experiment were 0.11%, 8.6 and 410 ppspectivelyMonthly temperature (°C) and total rainfall (mm)
in year of the experiment are shown in Figure 1.

The experiment designA field experiment was conducted as split-factobated on Randomized Complete Block
Design with three replications, in 2010-2011. Thamplots consisted of the supplemental irrigatdtime of the
flowering and non-use of supplemental irrigationl @ub-plots were including use and non-use of tlyedvthiza,
Rhizobium and humic acid as factorial. The spadaéen planting rows was 25 cm. The density of gamis 50
plants per square meter. The seeding was performaedially in November 24, 2010.

Application of treatment: The Rhizobium used as seed treatment at sowing, tMycorrhiza fungi Glomus
intraradiceg, was applied on seeds at sowing time and alsdadanid was applied as foliar application at early
vegetative growth stage. The seeds chickpea weagl Aaltivar. This cultivar is a new chickpea cudtivior dry-
land moderate and semi warm climate of the Iran.

Traits: At the harvesting time a square meter separated fhe soil surface of each plot and seed yiellphical
yield were obtained. The numbers of pods per pkadds per pod counted of ten plants of each @ot wbtained.
The harvesting index was calculated by dividinggbed yield on the biological yield as a percentagaf relative
water content (RWC) was determined according to mfehods of Cornic (1994) [5], based on the folluyvi
equation:

RWC = (FW— DW) / (SW — DW) x 100

Where FW Leaf fresh weight and DW\Dry weight of leaves after drying at 85°C for 3ysaSW turgid weight of
leaves after soaking in water for 4 h at room tenajpee (approximately 20°C). The percentage of sté@negen
was determined by Kjeldahl method [3] at flowerstgge. The percentage of stem phosphorus alsardeést at
flowering stage [2]. The data analysis, mean compas were conducted with the software’'s SAS 9d.MBTAT-
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Figure 1. Monthly total rainfall (mm) and temperatures (°C) (Max and Min), in year of experiment
RESULTS AND DISCUSSION

Number of pods per plant: The effect of supplemleintigation was significant on the number of pgus plant
(table 1). The number of pods is one of the mogtoirrant yield components that can have much infteesn the
yield. Jalilian et al., founds, the supplementaigation increased the pods per plant of chickpeH.[Due to
increased temperatures during pod growth, respiratate increases and the amount of photosyntheierial
available for transfer to the developing seedsdsdased [26].

Number of grains per pod: The simple effect of demental irrigation also, was significant for thiait (table 1).
But other treatment effects were not significanttie® number of grains per pod (Table 1). The highember of
the grains per pod (1.17) was related to the itioga(Table 2). The grain number is one of the d/iebmponents
that have the more variability to the grain weighd it can affect the yield [6]. In the chickpea tiumber of seeds
per pod in addition, it is under genetic contrak aontrolled by environmental factors such asaitefvater [27].
When there is a limitation of photosynthetic maikrthe seeds that are formed initially aborted esdliced the
number seeds per pod. So, drought stress at theateye stage, as way will reduced average of theler of seeds
per pod [28].

Table 1. Analysis of Variance for yield and yield omponents and harvest index (MS)

S 0.V df Number of pods of,\gjgg?r?serper Number of grains g];gi?;s Qrain Biolpgical Harvest
per plant per plant . yield Yield Index
pod weight

Ir 1 234.08 0.35 810.16" 48.56°  6919804.68 16042968.75 450.18
Error (Ea) 2 3.52 0.32 125.27 144.54 26875.00 66832.75 11.43
Hu 1 5.33¢ 0.07* 74.00¢ 18.30¢ 1890117.18  2180268.75 500.52
Rh 1 7.36* 0.07* 74.50¢ 6.13* 196992.18 56718.7% 88.02¢

M 1 4.08¢ 0.07¢ 69.12* 1.82¢ 73242.18 18018.75° 42.18°
IrxHu 1 0.33¢ 0.07* 47.20¢ 0.00* 354492.18 486018.75 172.52¢
IrxRh 1 0.08* 0.07* 38.52¢ 0.00* 117.18° 18.78¢ 6.02*
IrxM 1 0.08* 0.07* 43.32¢ 0.08* 117.18° 18.75¢ 1.68*
HuxRh 1 0.33¢ 0.00* 0.10 0.20¢ 1054.68° 468.75° 0.02*
HuxM 1 0.33¢ 0.00* 0.00* 0.48¢ 117.18° 468.75° 0.52¢
RhxM 1 0.08* 0.00* 0.00* 0.48¢ 9492.18° 918.7%¢ 9.18¢
IrxHuxRh 1 0.33¢ 0.00* 0.10 0.03* 1054.68° 468.75° 0.52¢
IrxHuxM 1 1.33¢ 0.00* 3.20¢ 0.20* 117.18° 168.75¢ 0.52¢
IrxRhxM 1 0.08* 0.00* 0.00* 0.20¢ 117.18° 468.75° 0.52¢
HuxRhxM 1 0.33¢ 0.09* 36.40° 0.20* 5742.18 168.75¢ 4.68¢
IrxHuxRhxM 1 0.33¢ 0.09* 36.40° 0.48¢ 117.18° 4218.75° 2.527¢
Error (Eb) 28 2.40 0.04 25.42 12.90 52366.07 60612.93 73.74
CV (%) - 7.63 20.39 22.70 13.22 14.01 7.38 17.75

ns : Non- significant, * and **: Significant at 5nd 1% probability levels, respectively: Supplemental Irrigation; Hu: Humic acid; Rh:
Rhizobium; M: Mycorrhiza
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Table 2. Mean comparisons for yield and yield compeents in chickpea under supplemental irrigation and
Bio-fertilizers

. . 100-grain Grain Biological Harvest
Treatments Numgrer lc;fn;t)ods Numbgrr o(f)grams Numbeerr cl);r?trams weights yield yield index
perp perp perp @ (kgha') (kg ha) (%)
Irrigation
- 18.10 1.00 18.10 26.16 1253.13 2756.25 45.29
+ 22.51 1.17 26.31 28.17 2012.50 3912.50 51.41
Isd (50%) 2.33 0.70 13.90 14.93 203.62 321.10 4.20
Humic acid
- 19.97 1.04 20.96 26.55 1434.38 3121.25 45,12
+ 20.64 1.12 23.45 27.78 1831.25 3547.50 51.58
Isd (s0s) 0.91 0.13 2.98 2.12 135.32 145.58 5.07
Rhizobium
- 19.91 1.04 20.96 26.81 1568.75 3300.00 47.00
+ 20.7G 1.12 23.45 27.52 1696.88 3368.75 49.70
Isd (50%) 0.91 0.13 2.98 2.12 135.32 145.58 5.07
Mycorrhiza
- 20.01 1.04 21.00 26.97 1593.75 3315.00 47.41
+ 20.60 1.12 23.40 27.36 1671.88 3353.75 49.29
15d 5%9) 0.91 0.13 2.98 2.12 135.32 145.58 5.07

+, application and—no application

Table 3. Analysis of variance for N, P content an&elative Water Content (RWC) in chickpea under
supplementalirrigation and Bio-fertilizers (MS)
S.0.V df N P RWC

Replication 2 0.06" 0.0003¢ 75.7¢

Ir 1 147" 0.03"°  21484"
Error (Ea) 2 0.03 0.0003 94.1

Hu 1 0.008¢ 0.009° 3058.7

Rh 1 0.03 0.0006°  134.r
M 1 0.01* 0.001 23.5¢
IrxHu 1 0.00r 0.002° 0.2¢
IrxRh 1 0.0002 0.0001* 4.2¢
IrxM 1 0.0 0.000%  39.5¢
HuxRh 1 0.0002° 0.00007 32.9¢
HuxM 1 0.0018 0.00007  2.3¢
RhxM 1 0.0002° 0.00007% 11.8"
IrxHuxRh 1 0.0  0.0003 13.8¢
IrxHuxM 1 0.00r* 0.000*  20.8¢
IrxRhxM 1 0.008¢ 0.000%  76.I"
HuxRhxM 1 0.0002° 0.0000%  32.9¢
IrxHuxRhxM 1 0.008¢  0.0001* 8.7
Error (Eb) 28  0.04 0.007 55.9
CV (%) - 1596 7.77 9.4

ns: Non- significant, * and **: Significant at 5 drll% probability levels, respectively: Supplemental Irrigation; Hu: Humic acid; Rh:
Rhizobium; M: Mycorrhiza

Table 4. Mean comparisons for N content, P contersnd Relative Water Content in chickpea under

supplemental irrigation and Bio-fertilizer
Treatments N (%) P (%) RWC (%)

Irrigation

- 1.20 0.18 72.4

+ 151 0.23 85.79

Isd (s0s) 0.22 0.02 12.05
Humic acid

- 1.35 0.20 71.11

+ 1.37 0.22 87.08

Isd (5%) 0.12 0.009 4.41
Rhizobium

- 1.33 0.210 77.42

+ 1.38 0.217 80.77

Isd (5%) 0.12 0.009 4.41
Mycorrhiza

- 134 0.20 78.40
+ 137 0.22 79.80
Isd (s06) 0.12  0.009 4.41
+, application and —, no application
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Table 5. Interaction effects of supplemental irrigéion x humic acid on grain yield, biological yieldand P

content

Irrigation  Humic acid G(rkegnh)ggld B'OI(i%'%?l;“e'd (05:) )
Rain fed

- 968.8' 2443 0.18

+ 1538 3070 0.19
Supplemental irrigation

- 1900 3800 0.21

+ 2125 4025 0.26

Means at least one common letter in each columsedan Least Significant Difference (LSD) test%tl&vel are not significant-, application
and —, no application

Number of grains per plant: The number of grainsghent only was affected by supplemental irrigat{@able 1).
In an experiment the application of humic acid @ased the number of grains per plant of common Hegn

Grain yield: The simple effects of supplementaigation, humic acid and mycorrhiza on the graialdiwere
significant (Table 1). Also, the interaction effedff irrigation and humic acid also, was significéTable 1). The
highest grain yield was related to use of supplaaiarrigation and application of humic acid (21&%ha-1) (Table
5).

The application of humic acid can be increasedyibkel of grain (Table 2). Also, in different exjraent, the yield
and yield components of bean, soybean and vetechared by application of humic acid [7, 9].

Biological yield: The biological yield of chickpesas significantly affected by supplemental irrigatiand humic
acid (Table 1). Also, the interaction effects afgh treatments were significant. The highest anddoof biological
yield, were related to use of supplemental irrigatand application of humic acid (4025 kg*hand rain-fed
conditions and no application of humic acid (2448Hda") (Table 5). The effect of supplemental irrigation

increasing of biological yield of peas, also repdrby Pezeshkpour et al. [21].

100-grains weights: None of the effects of treatt®@m 100-grains weight were not significant (Eab).

Harvest index: The simple effects of irrigation dndnic acid only were significant on the harvester (Table 1).
The highest rate of harvesting index was obtairedrfigation and for humic acid related to applioa of it with

amounts (51.4% and 51.6%), respectively (TableR2ey et al., in their research studies on the Isainelex of
chickpea reached similar conclusions about theulrsegs of the supplemental irrigation and the dgfh2P].

N and P content: The effect of irrigation was diigant on the N and P content and also effectsumhib acid,
mycorrhiza and interaction effect of irrigation ahdmic acid were significant for P content. Theeeff of
Rhizobium was not significant for this trait (Tal8® The highest rate of P content related to apptin of humic
acid, mycorrhiza and irrigation condition (Table @)d for N content rate obtained irrigation (Taldle The
application of mycorrhiza increased the contemplafsphorous of the chickpea [25]. Also, the ratpladsphorous
and availability of it increased in corn by apptioa of humic acid [8].

RWC: RWC also was affected by irrigation and huraad (Table 3). The highest rate of it related s& wf
irrigation and humic acid (Table 4). Turkan et[8D], stated that water deficit obviously decreaBIC in bean.
Zaree et al. [31], also found drought stress resluekative water content.

CONCLUSION

According to these results, the use of supplemémightion at flowering stage had positive effeotsthe nutrients,
yield and yield components of chickpea. Also, thenpin this condition had higher RWC than rain-fezhditions.
Shoot nutrients analysis data showed that, supplthierigation had significant effect on the rafssteam nitrogen
and phosphorus of chickpea. Also, the supplemémigation increased numbers of pods per plantingraer pod,
grains per plant, grain yield, biological yield amarvesting index. These results also, reporte@dsaei et al. [29].
Application of mycorrhiza and humic acid, also, noyed the grain yield and rate of phosphorous afkgea. The
use of irrigation and application of humic acid dam effective on the rat of steam phosphorousngyild and
biological yield. In general, the use of supplenaéirtigation at the beginning of flowering stagedaapplication of
bio-fertilizer can be useful in nutritional needschickpea and & as way to increase yield of chickpea in the rain-
fed conditions.
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