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Table 1. Results of climatic properties of experimental location in 2014-2015
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Table 2. Results of soil physical and chemical properties of experimental location
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Table 3. Analysis of variance of activities of antioxidative enzymes and physologiceal characteristics of different
chickpea cultivars under PGPR

a4 gz yollo eS|y g
e galio L Adesls bl ST g, e o 35 gonnyd
S.OV @5l Chiorophyll  Chiorophyll o @1 o iace  Catalase Y & Superoxide
df ¢ ° RWC MAD digmutase
Replication S 2 142 1.45 132.14 66.05 147.17 1307.46 132.51
Cultivar o3, 0.80™ 0.87™ 263.03™ 107.13™ 193.63™ 2815.03 148.90™
Chemical .
and Bio- ’ ‘5‘:::95 8 5.26™ 2.74™ 627.01 68.69™ 1098.96™  34143.18™ 279.30™
fertilizer s
Cultivarx
chem- Bio- 355 XS, 24 0.073™ 0.033™ 46.73™ 1.58" 39.89™ 872.96™ 8.19™
fertilizer
Error Uas 70 0.009 0.0058 0.80 0.52 15.88 86.53 1.05
I
CV% ):u )'"D - 5.07 5.16 2.60 6.61 4.06 211 5.35
.LA)Q

ns, * and **: Non-significant and significant at 5% and 1%, respectively
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Table 4. Interaction effect of PGPR and cultivar on activities of antioxidative enzymes and physologiceal
characteristics of chickpea

S| 1 ga

3B o Sl .,'Wu‘ 0 o9l
lao N bds ks SR ey TR S sl il
Traits JOPSC AT peSeke) s ol ko s st sl u:dé Ghosllaaids o
(036 Sy p,S (036 Sy p 5 (20,9) (oo (L'xfﬂ”sf, 12 (w9 p 05 (5 Sy
slewd Chlorophyll  Chlorophyll ~ RWC Superoxide Peroxidase Catalase MAD (Nano
Treatment a(mg/gFW) b (mg/gFw) (%) Dismutase (absorption (absorption mol per
(enzyme per per mmute_ per per mmute_ per leaf)
mg protein) mg protein) mg protein)
No inoculation*No N fertilizer 0.966° 0.766% 30.331 11.33% 5.66, 6.461 84.33"
No inoculation*10 kg Nitrogen 1.016" 0.866™ 31.66¢ 12.83%* 7.16" 7.46% 74.33
No inoculation*20 kg Nitrogen 1.066q"™ 0.966™ 35.33° 13.83M 8.16'" 8.46™ 69.33¢
Azesperilluim*No fertilizer 1.50'™ 1.204 37.66" 15.50™° 9.16" 9.16'™ 49.33%
Arman Azesperilluim*10 kg Nitrogen 2.40°f 1.90% 76.00% 22.66% 11.16% 14.16° 34.33"
Azesperilluim*20 kg Nitrogen 2.109 1.70% 71.66" 20.009" 10.66" 13.16f 39.33"
Azetobacter*No fertilizer 1.70% 1.401 42.66' 17.53km 9.66™ 10.16% 44.33'
Azetobacter*10 kg Nitrogen 2.866b 2.133%¢ 89.00° 28.56° 14.30%9 16.73% 27.33°
Azetobacter*20 kg Nitrogen 2.40°f 1.800¢f 76.66f 22.00%f 10.50™ 14.16¢ 39.33™
No inoculation*No N fertilizer 1.16P 0.866™ 33.33° 14.33°4 7.66™ 7.46% 74.33f
No inoculation*10 kg Nitrogen 1.216%9 0.966™ 35.33° 15.76™° 8.16"" 8.46™ 79.33¢
No inoculation*20 kg Nitrogen 1.266™° 1.066™ 38.33" 16.30"" 10.16" 9.464 74.33f
Azesperilluim*No fertilizer 1.90" 1.50" 45,664 19.4591 12.66° 11.16" 49.33%
Azad Azesperilluim*10 kg Nitrogen 3.153° 2.266° 91.33® 30.5° 16.16% 16.73% 21.33"
Azesperilluim*20 kg Nitrogen 2.50% 1.90% 79.66° 23.66% 14.16%¢ 15.16¢ 44.33'
Azetobacter*No fertilizer 1.70% 1.30% 40.66™ 17.50km 12.16% 10.16% 54,331
Azetobacter*10 kg Nitrogen 2.60% 2.00« 79.66° 25.00% 14.16"¢ 15.16¢ 39.33™
Azetobacter*20 kg Nitrogen 2.30f 1.80¢f 74.669 22.00%f 13.66°¢ 14.16° 44.33'
No inoculation*No N fertilizer 1.266™° 1.066'™ 35.33° 16.33'" 9.66'« 7.46% 79.33¢
No inoculation*10 kg Nitrogen 1.316™° 1.166 37.33" 17.83" 10.16" 10.46" 81.33°
No inoculation*20 kg Nitrogen 1.366™° 1.266% 40.33" 18.66"« 12.16% 11.469" 76.33¢
Azesperilluim*No fertilizer 2.00%" 1.70% 47.66' 20.50" 13.66%¢ 13.13 54.33
Hashem Azesperilluim*10 kg Nitrogen 3.00® 2.266° 92.66° 29.83° 15.33%® 18.16% 23.661
Azesperilluim*20 kg Nitrogen 2.60% 2.10% 81.66 25.00% 15.16% 17.16° 49,33k
Azetobacter*No fertilizer 1.80 1.500M 42.66' 18.507 13.16%" 12.169 59.33'
Azetobacter*10 kg Nitrogen 2.700° 2.20%® 81.66¢ 26.00° 15.16% 17.16° 44.33'
Azetobacter*20 kg Nitrogen 2.40°f 2.00%¢ 76.66f 23.00¢ 14.66 16.16° 49.33%
No inoculation*No N fertilizer 0.916° 0.666° 28.33" 10.33 5.16° 5.66" 86.33°
No inoculation*10 kg Nitrogen 0.966° 0.766° 30.33 11.83 7.00" 6.66" 69.339
No inoculation*20 kg Nitrogen 1.018" 0.866™ 33.33° 12.83%* 7.66™ 7.66"° 64.33"
Azesperilluim*No fertilizer 1.40™ 1.00m 35.66° 13.50% 8.664™ 8.16™ 44,33
Mahali Azesperilluim*10 kg Nitrogen 2.30f 1.70% 74.669 21.00%9 10.66" 13.16f 29.33°
Azesperilluim*20 kg Nitrogen 2.00%" 1.50" 69.66' 18.00" 10.16" 12.169 34.33"
Azetobacter*No fertilizer 1.60¢ 1.20¢ 40.66™ 15.50™P 9.16" 9.66/ 39.33"
Azetobacter*10 kg Nitrogen 2.60% 2.11% 85.66° 25.00% 13.03¢f 14.16° 32.66"
Azetobacter*20 kg Nitrogen 2.30f 1.60%" 74.669 20.009" 10.66" 13.16f 34.33"

55 (gl e S a0 500 Jlais| s 10 (Sl (glasalaiz fgaT (bl il ge S e By S JBlas glls a5 gt o 0 lonSile
Means within each column with a letter in common are not significantly different at o= 0.05.
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Table 5. Analysis of variance for Interaction effect of root growth of different chickpea cultivars under PGPR

a0 . (039 < .
5 b ~J 3 Al y x> ny ado ) Job oS K Jus oS PHECIPYS
S o V &3 Root - Root Total of Active Grain vield
~ af volume Root dry lenght nodal nodal y
) weight
Replication e 2 4.5 3.47 197.76 130.95 80.21 0.00055578
Cultivar o, 3 17.54" 9.64™ 129.77* 9147 6855°  0.00176310"
Che”}'ca.' and Bio- Tanied 8 79.44" 114.69" 63206 28505 666.97"  0.00898719™
ertilizer wlbosd
C“'“"ig’r‘ti‘i?zi“r"' Bio- 555 ey 24 0.98™ 0.66™ 15.70" 415" 357" 0.00022260"
Error s 70 0.09 0.15 0.75 0.28 0.52 0.00006054
Ol i g
C.\V% e - 5.28 5,59 352 3.98 5.88 8.10
(%o,0)

ns, * and **: Non-significant and significant at 5% and 1%, respectively
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Table 6. Interaction effect of PGPR and cultivar on grain yield and root growth of chickpea

sl sSee . plbiefolas  CEPEROT S,
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No inoculation*No N fertilizer 0.0561% 18 8.83™ 1.43% 2.44%1 11.96°
No inoculation*10 kg Nitrogen 0.0602" 20.5° 10.22%v 1.93% 2.74% 14.96°"
No inoculation*20 kg Nitrogen 0.06344 22.20" 11.65%° 2.43%™ 3.04P¢ 16.98™
Azesperilluim*No fertilizer 0.0831i" 26.10% 15.04™ 5.43k 7.25'm 25.50
Arman  Azesperilluim*10 kg Nitrogen 0.1166% 30.32¢ 25,981 7.63%9 9.10%h 28.66°"
Azesperilluim*20 kg Nitrogen 0.1016" 28.329 23.64! 6.93" 8.8091 27.16M
Azetobacter*No fertilizer 0.0931" 27.32" 16.02'm 6.431 7.754 27.04M
Azetobacter*10 kg Nitrogen 0.1433%® 34.36" 28.66 9.20° 10.33% 36.66a
Azetobacter*20 kg Nitrogen 0.1166% 30.30° 25.64% 7.43 8.90" 30.16¢-e
No inoculation*No N fertilizer 0.0616* 194 9.43u-w 2.43m 2.94p1 13.56r
No inoculation*10 kg Nitrogen 0.0649° 21.50™ 10.55s-u 2.93% 3.25°" 15.96%
No inoculation*20 kg Nitrogen 0.0684° 23.23™ 11.98p-r 3.43" 3.55™P 17.98"
Azesperilluim*No fertilizer 0.0982" 27.33" 16.984 6.93M 8.25" 28.06%"
Azad Azesperilluim*10 kg Nitrogen 0.1533* 35.06% 30.83¢ 9.86° 11.50% 37.66°
Azesperilluim*20 kg Nitrogen 0.1216% 31.36¢ 26.64°9 7.93%f 9.40%9 31.16%
Azetobacter*No fertilizer 0.0881+" 27.13" 16.04'm 5.93k 7.72¢ 27.16"
Azetobacter*10 kg Nitrogen 0.01216% 31.33¢ 27.00% 8.13%¢ 9.60f 29.66%
Azetobacter*20 kg Nitrogen 0.1066°" 29.21f9 24.64M 7.43 9.10¢" 28.16M
No inoculation*No N fertilizer 0.0716™" 21.00% 11.16" 3.43™ 3.44™4 15.56%4
No inoculation*10 kg Nitrogen 0.0749™4 23.53m 12.59m 3.93" 3.75™ 18.13"
No inoculation*20 kg Nitrogen 0.0784"° 25.23% 14.01™ 443" 4.05" 19.98™
Azesperilluim*No fertilizer 0.1082¢%¢ 29.33f 18.01k 7.43 8.7591 29.95¢%
Hashem  Azesperilluim*10 kg Nitrogen 0.1416® 35.36° 29.73%® 9.80% 10.83° 36.83°
Azesperilluim*20 kg Nitrogen 0.1316% 33.32¢ 27.55¢- 8.43 9.90« 33.10°
Azetobacter*No fertilizer 0.0981 29.11 17.044 6.431 8.221k 29.16°0
Azetobacter*10 kg Nitrogen 0.1316% 33.32¢ 28.00% 8.63¢ 10.10¢ 31.66™
Azetobacter*20 kg Nitrogen 0.1166% 31.20% 25.58% 7.93%f 9.80%¢ 30.06%
No inoculation*No N fertilizer 0.0529" 17.20" 7.83% 0.93s 1.90¢ 11.16°
No inoculation*10 kg Nitrogen 0.0572" 19.53¢ 9.25\W 1.43rs 2.24v 14,23
No inoculation*20 kg Nitrogen 0.06044 21.28™ 10.67°¢ 1.93% 2.55"™ 16.09°
Azesperilluim*No fertilizer 0.0801'° 24.17" 13.05% 4,93 6.75™ 23.20'
Mahali  Azesperilluim*10 kg Nitrogen 0.1116%f 28.33¢ 24.00' 7.139 8.60M 25.66'
Azesperilluim*20 kg Nitrogen 0.09669%1 26.351 21.65/ 6.431 8.307 24.164
Azetobacter*No fertilizer 0.0901" 25.35¢ 14.03% 5.93k 7.88H 24,114
Azetobacter*10 kg Nitrogen 0.1216% 31.06% 25.72% 8.13%¢ 10.00« 31.66™
Azetobacter*20 kg Nitrogen 0.1116%f 28.329 23.65' 6.93" 8.40Mk 27.16"
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Introduction

Chickpea is widely cultivated as an important cool season grain legume crop throughout the world.
According to FAO, Iran is one of the major chickpea (Cicer arietinum L.) producing countries in the world.
In Iran, chickpea is the most important pulse crop with respect to production and area under cultivation. This
crop is cultivated in about 500,000 ha, of which over 95 percent are grown under rainfed conditions. Average
chickpea yield in Iran is about 400 to 600 kg.ha™!, that is well below the world average of 900 kg.ha™'.
Drought and high temperature are two major factors limiting the growth and productivity of chickpea during
summer in many regions. Drought stress is common in many parts of the world and more than 50% of the
globe is arid or semi arid and plants are subjected to some level of drought stress. Drought stress can
adversely affect plant growth and production. Plant response to drought stress, at cellular and molecular
level, limits plant growth and yield. It has been shown that several PGPR can support plants by producing
antioxidant factors or modulate photosynthesis decreasing ROS and thus lowering the need for antioxidant
activity during stress which could explain why primed plants tend to decrease their own antioxidant defense
system. Over reduction of the photosynthetic electron transport chain induces the generation of reactive
oxygen species (ROS) such as singlet oxygen (10-), superoxide anion (O¢-), hydrogen peroxide (H20;), and
hydroxyl radical (*OH). Therefore, the decline in growth and productivity due to these stress factors is
associated with increased levels of ROS, which cause damage to cellular structures and macromolecules. In
order to maintain or increase crop productivity it becomes necessary to evolve efficient low-cost
technologies for abiotic stress management. It is now a priority area research for developing strategies to
cope with abiotic stresses including development of stress tolerant varieties, shifting crop calendars, resource
management practices etc. However, most of these techniques are cost-intensive and time taking. Recent
studies indicate that soil microorganisms can help crops withstand abiotic stresses more efficiently. These
include tolerance to salt and water stress (Azospirillum sp., Pseudomanas sp, Bacillus sp). The increased
H,O, content under stress conditions led to lipid peroxidation, which is widely used as an indicator of stress-
induced oxidative damage. The relative water content (RWC) and lower electrolyte ion leakage (EL) in
plants exposed to drought has been considered indicative of a relative tolerance to water stress. In our study,
RWC declined while %EL increased in both inoculated and uninoculated seedlings under drought stress
compared to normal irrigation. However, bacterial inoculation did help plants to increase their RWC and to
decrease their %EL as compared with uninoculated plants in drought stress. Investigations involving wheat
species and varieties have detected increases in the activity of superoxide dismutase (SOD), catalase (CAT),
and non-specific peroxidase (guaiacol peroxidase, POD). The main objective was to evaluate the effects of
Plant Growth Promoting Rhizohacteria on activities of antioxidative enzymes, physiologic traits and root
growth of chickpea in dry land conditions of llam province.
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Materials & Methods

To evaluate the effect of Plant Growth Promoting Rhizohacteria on activities of antioxidative enzymes,
physologiceal charactersitices and root growth of chickpea under dry land conditions of llam province, an
experimental field was conducted using factorial arrangement based on randomized complete block design
with three replications at Agricultural Research Research Center of llam during 2014-2015. Studied factors
included cultivars (Azad, Hashem, Arman and locallandrace) and Plant Growth Promoting Rhizohacteria
(without inoculation, 10 kg nitrogen, 20 kg nitrogen, Azospirillum + without nitrogen, Azospirillum + 10 kg
nitrogen, Azospirillum + 20 kg nitrogen, Azetobacter + without nitrogen, Azetobacter + 10 kg nitrogen,
Azetobacter + 20 kg nitrogen. Cultivars were sown on 16 November, 2013. Eeight rows with 30 cm width
and 4 m long were designed during the growth season, hand weeding was done in necessary times. Studied
traits were included of chlorophyll a and b, RWC, MAD, SOD, POD, CAT, root volum, dray root weight and
main root length. The data were analyzed statistically by SAS program and the data means were compared
by Duncan's multiple range test (DMRT).

Results & Discussion

The interaction effect between cultivarsx PGPR on chlorophyll a and b, RWC, MAD, SOD, POD, CAT,
root volume, dry root weight and main root length were significant. Application of nitrogen and PGPR in
different cultivars provided better nutrition condition for plant growth by reducing reactive oxygen species
(ROS) because these bacteria need these elements to grow and development. PGPR inoculation significantly
increased the contents of chlorophyll a and b, RWC and decresed MAD content in chickpea plants. PGPR
improved water status, enhance its defense system, and alleviate oxidative damage caused by drought stress.
Drought stress damage decrease, evaluated as MDA content, has been observed under different stress
conditions in PGPR. The improved plant growth under dry land farming was also observed in chickpea by
inoculation of PGPR and application of N, which was found to be associated with enhanced, root system in
field grown under rainfed condition.

Conclusion

Under dry land condition, due to the generation of reactive oxygen species, an efficient antioxidant
system is needed in the plant. It has been observed that PGPR increase the activity of antioxidant enzymes of
host plants. Study conducted on chickpea under dry land conditions showed that PGPR enhanced the
activities of antioxidant enzymes such as superoxide dismutase, peroxidase and catalase compared to those in
un-inoculated control plants.
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