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Abstract
An experiment conducted to evaluate the effect of hormones and Acinetobacter in salt-stressed induced Chickpea cultivars. In
this experiment, salinity levels imposed were 4dS/m, 8dS/m and 12dS/m were tested by using conductivity meter. The stock of
growth hormones was prepared as 5mg/L and 3 days incubated bacterial suspension culture (Acinetobacter spp.) was used for
further study. This experiment shows that the germination percentage, seed vigor index, root, and shoot length significantly
decreases with an increase in salt concentration. In the analysis of biochemical level, as the increases salt stress, there was a
decrease in chlorophyll and protein content but increased in Catalase, Superoxide dismutase and proline were increased. After
the treatments of Acinetobacter and growth hormones, there were different results observed in morphological and biochemical
parameters. Salt stressed induced plants treated with Acinetobacter and growth hormones were showed high root-shoot length
and increased in chlorophyll and protein content and decreased in Catalase, Superoxide dismutase, proline content. In SDSPAGE analysis, both cultivars showing extra bands in increased salinity stress but after the treatment of Acinetobacter and
growth hormones, these bands were disappeared. On the above result, Acinetobacter and growth hormones were responsible
for maintaining the catalase, SOD, chlorophyll, proline and protein content and also responsible for regaining the root-shoot
length. Hence, Acinetobacter and growth hormones treated plants show a better result to overcome problems that occurred
with salt stress. Growth hormones showed a better result than Acinetobacter, Specially NAA worked more prominently than
IBA. NAA shows better results as compared to IBA on chickpea and nullifies the effect of salt stress and overcome the
problem occurred with salt stress.
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1. Introduction
Chickpea (Cicer arietinum L.) is a legume crop and belongs
to the family Fabaceae, kingdom Plantae, division
Magnoliophyta, class Magnoliopsida, order Fabales, family
Fabaceae, subfamily faboideae, genus Cicer and species
Cicer arietinum [27]. Chickpea is self-pollinated, diploid
(2n=2x=16) with a genome size of 740 Mbp. It is an annual
crop that can complete its life cycle in 90 to 180 days
depending on the prevailing meteorological conditions [10].
Chickpea is the third most important pulse crop in the world
in terms of total production which is mostly grown in semiarid regions such as South Asia, West Asia, North Africa,
East Africa, Southern Europe, North and South America,
and Australia. It is cultivated in more than 50 countries with
over 11 million hectares, and its total annual world
production is around 8.4 million tons [1]. Chickpea is a
valuable source of protein, carbohydrate, fibre and many
essential vitamins and minerals. Chickpea nitrogen fixation
plays an important role in maintenance of the soil fertility,
particularly in the arid and low rainfall areas [4]. In cerealbased diets, chickpea seed is a protein-rich source [26].
Chickpea is one of the oldest crops grown mainly for their
seed which contain 20.6 % protein, 2.2% fat and 61.2%
carbohydrates [19]. Stress in plants can be defined as any
external factor that negatively influences plant growth,
productivity, reproductive capacity or survival [28]. The crop
growth and development are constantly influenced by
environmental conditions such as stresses which are the

most important yield reducing factors in the world [15]. Salt
stress that occurred in the soils with high salt reduces the
ability of plants to absorb water, and this quickly reduces
seedling growth [17]. Salinity is one of the major obstacles in
increasing production in chickpea growing areas. Salinity
stress is a major environmental factor that extremely affects
crop production throughout the world, it is a danger to both
agriculture and the soil body [19]. It is estimated that around
20% of total land in the world and nearly half of all irrigated
land are adversely influenced by salinity stress. Salinity
causes not only physiological dehydration (water stress) in
plants, but nutrient ion imbalance. Under saline conditions,
reactive oxygen species (ROS) are commonly generated and
accumulated by which oxidative damage occurs in biomolecules such as lipids and proteins, resulting in cell death
later in the process. In the main cultivation areas of chickpea
like arid and semi-arid regions of the world, Soil salinity is
known as a major inevitable constraint [4]. Plants reduce
tissue potential by accumulating inorganic and organic
solutes for adapting in high salt concentrated soil. Cations
Na+ and K+ are known to be the major inorganic
components of the osmotic potential. Cation Na+ may cause
metabolic disturbances in processes where low Na+ and high
K+ or Ca2+ are required for optimum function [7]. The effect
of soil salinity on chickpea is wide ranging and mainly
chickpea is affected at germination and early stage [26]. Plant
growth regulators are now used on over million hectares
worldwide on a diversity of crops each year [22]. Application
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of growth promoting hormones is a recent technique in this
direction. Plant hormones in a broad sense are organic
compounds which play an important role in plant growth
development and yield of crops to prevent the fruit and
flower drop for a longer period [6]. Plant Growth Promoting
Rhizobacteria are groups of bacteria that can actively
colonize plant roots and increase plant growth. PGPR can
stimulate plant growth, increase yield, reduce pathogen
infection and reduce biotic or abiotic plant stress [13]. PGPR
either directly helps to provide nutrient to the host plant,
indirectly influence root growth and morphology or aide
other beneficial symbiotic relationships [14]. Biological
approaches such as inoculation of seeds/plants with plant
growth promoting bacteria (PGPR) and application of
growth regulators to induce resistance against stress have
already been attempt. In last few decades, a large array of
bacteria including the species of Pseudomonas,
Burkholderia, Agrobacterium, Erwinia, Xanthomonas,
Azospirillum,
Bacillus,
Enterobacter,
Rhizobium,
Alcaligenes, Arthrobacter, Acetobacter, Acinetobacter,
Achromobacter, Aerobacter, Artrobacter, Azotobacter,
Clostridium, Klebsiellla, Micrococcus, Rhodobacter,
Rhodospirrilum, Flavobacterium and Serratia have been
reported to enhance plant growth [18]. In this investigation,
the effect of salt stress along with hormones and
acinetobacter on different varieties of Chickpea (Cicer
arietinum L.) are studied. The experiment is carried out in
pots containing soil which is treated with NaCl at different
concentrations. After salt treatment germination percentage
is observed and providing treatment of acinetobacter and
growth hormones for nullifying the salt stress. Seedlings are
observed before and after treatment of acinetbacter and
growth hormones. Morphological and biochemical
parameters are observed.
2. Materials and Methods
2.1 Collection of samples
Phule-G-9425-9 and Phule-G-9425-5 varieties of Chickpea
were collected from Mahatma Phule Krishi Vidyapeeth,
Rahuri, Ahmednagar-413722, and Acinetobacter tandoii
spp. was collected from the Department of Botany,
Savitribai Phule Pune University, Pune.
2.2 Treatment of NaCl to chickpea seedlings
Chickpea seedlings were treated with different salt
concentrations (4dS/m, 8dS/m, and 14 ds/m) [25].
2.3 Treatment of Acinetobacter spp. and hormones to salt
stressed chickpea
Chickpea seedlings were treated by a spread with different
NAA and IBA at 5mg/L [21] and the bacterial culture
suspension was incubated for 3 days and 5ml of bacterial
suspension are spread after incubation [20].
2.4 Morphological parameters
After seven days seed germination percentage was
calculated by using the following formula [9]:

Root and shoot length of chickpea seedlings were measured
under various treatment of salt concentration. After 10, 20
and 30 days interval root and shoot length measured by

using the scale. Seed vigor index was calculated by using
the following formula: [3]

2.5 Biochemical parameters
Amount of total chlorophyll content in control and stress
treated seedling was estimated by arnon method and
calculated by using following formula: [5]

Amount of protein concentration in control and stress
treated seedling was estimated by Bradford method: [24].
Amount of proline concentration in control and stress
treated seedling was estimated by ninhydrin method and
calculated by using following formula: [8]. (Where 115.5 is
the molecular weight of proline)

In SDS-APGE analysis, protein was extracted from fresh
leaf by using extraction buffer containing Tris HCl- 0.05 M,
0.02% SDS, 30.3% Urea, 1% 2- β mercaptoethanol in a
chilled mortar and pestle. The extracted protein was
separated out with the help of polyacrylamide gel
electrophoresis [16]. In antioxidant Enzyme Assay, 200 mg
samples were homogenized in a chilled mortarand pestle
with 2 ml of an ice-cold 0.1 mM potassium phosphate buffer
(pH 7.5) containing 1 mM EDTA, 1 mM PMSF and 5%
(w/v) PVP. The homogenates was centrifuged at 4°C for 20
min at 15,000rpm. The supernatant fraction was used as
crude extract for enzyme activity assays, like superoxide
dismutase (SOD) and catalase (CAT) [11]. Superoxide
dismutase activity was determined by measuring its ability
to inhibit the photochemical reduction of nitroblue
tetrazolium. One unit of SOD was defined as the amount of
enzyme required to cause 50 per cent inhibition of NBT
reduction per min at 560 nm [12]. For measurement of
catalase enzyme activity, the decline in absorbance was
recorded at 240 nm for three min at an interval of 30 sec.
The amount of hydrogen peroxide decomposed was
determined from molar extinction coefficient (ε36 M-1 cm1
). The enzyme activity was expressed as μmoles of H2O2
decomposed mg-1 protein min-1 [2].
∆ O.D. = Initial absorbance – final absorbance
Catalase activity = ∆ O.D. x 36 M-1/cm (extinction
coefficient)
Specific activity (unit/mg) = catalase activity /mg of protein
in 0.2 ml of extract.
3. Results and discussion
3.1 Morphological Parameter
The germination percentage was decreased with an increase
in NaCl concentrations. Phule-G-9425-9 showed 100% in
control, 4dS/m and 8dS/m, in 12ds/m showed 90%. PhuleG-9425-5 showed 100% in control and 4dS/m. where 90%
in 8dS/m and 70% in 12dS/m seen. Seed vigor index
decreased in responses of increasing salt stress. The root and
shoot length of Phule-G-9425-9 and Phule-G-9425-5
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decreased with an increase in NaCl concentrations. After
30th days acinetobacter and hormones treatments were
provided and obtain statistics. In which, acinetobacter and
hormones treatments were showed positive results on stress
induce chickpea. The above-obtained statistics mention in
Fig 1.

was observed decreased proline content. Protein content
become lower was seen. The above-obtained statistics
mention in Figures 3 and 4.

Fig 3: Proline content of chickpea cultivars.

Fig 1: Root and shoot length of Phule-G-9425-9 and Phule-G9425-5 seedlings.

3.2 Biochemical parameters
Total chlorophyll content in Chickpea cultivars was
decreased with an increase in salt concentrations but after
treatment of acinetobacter and growth hormones, there was
observed increased chlorophyll content. Growth hormones
show better results than acinetobacter. NAA and IBA
showed high total chlorophyll content than acinetobacter
and salt-stressed plants. It may be the acinetobacter and
growth hormones, which help to regain the total chlorophyll
content in salt-stressed plants. The above-obtained statistics
mention in Fig 2.

Fig 4: Protein content in chickpea cultivars.

In the antioxidant enzyme assay, there were catalase and
SOD. Both antioxidant enzymes increased in chickpea when
salt stress was increased. In stress-induced Phule-G-9425-9
and Phule-G-9425-5 provided treatments of acinetobacter
and growth hormones, after that, they showed less catalase
and SOD activity. Detail statistics are presented in Figures 5
and 6.

Fig 2: Total chlorophyll content of Phule-G-9425-9 and Phule-G9425-5 seedlings.

As the NaCl concentrations were increased there was
increased in proline content in both cultivars of chickpea. In
Phule-G-9425-5 it was found higher than Phule-G-9425-9.
Protein content decreased up to 8 dS/m but again little bit
increment was seen in 12 dS/m salt concentrations. But after
the treatment of acinetobacter and growth hormones, there

Fig 5: Catalase content in chickpea cultivars.
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4. Conclusion
The above results finally concluded that chickpea cultivars
are majorly affected by salt stress on the morphological and
biochemical levels. Therefor Acinetobacter and growth
hormones are play important role in chickpea cultivars.
Acinetobacter and growth hormones are responsible for
nullifying the effect of salt stress. Those are able to maintain
catalase, SOD, Chlorophyll content, proline, and protein
content, which was unstable by salt stress. Majorly NAA
has nullified the stress effect more prominently.

Fig 6: SOD content in chickpea cultivars.

The protein was extracted from Phule-G-9425-9 and PhuleG-9425-5 and seen in SDS-PAGE. In both salt-stressed
induced chickpea cultivars, extra protein bands were seen.
Extra protein bands were saw in Phule-G-9425-9, which
was in the range of 48 and 63 KDa. In Phule-G-9425-5 saw
in the range of 135 and 100 KDa. But after the treatment of
acinetobacter and growth hormone, those bands were
disappeared. Stress-induced chickpea treated with
acinetobacter and growth hormones does not show this kind
of protein banding. Protein profiling is presented in Figure 7
and 8.

Fig 7: Protein profiling of Phule-G-9425-9

Fig 8: Protein profiling of Phule-G-9425-5

5. Acknowledgement
The authors are thankful to the Management, Head of Plant
Biotechnology department, Modern College of Agricultural
Biotechnology, Pune, and the head of the Botany
Department, Savitribai Phule Pune University, Pune, for
their constant support to carrying out this work. As well as
thankful of Mahatma Phule Krishi Vidyapeeth, Rahuri for
providing us chickpea varieties. Also our heartfelt thanks to
parents for their motivation and encouragement.
6. Conflict of interest
All authors declare that they have no conflict of interest.
7. References
1. Anonymous. Food and Agriculture Organization
Corporate Statistical Database, 2011.
2. Aebi H. Catalase in vitro. Methods Enzymology. 1984;
105:121-126.
3. Anderson J, Abdul-Baki A. Vigor determination in
soybeen seed by multiple criteria. Journal of crop
Science. 1973; 13:630-633.
4. Arefian M, Vessal S, Bagheri A. Biochemical changes
in response to salinity in Chickpea (Cicer arientinum
L.) during early stages of seedling growth. The Journal
of Animal & Plant Sciences. 2014; 24(6):1849-1857.
5. Arnon D. Copper enzyme in isolated chloroplast,
polyphenol oxidase in Beta vulgaris. Journal of Plant
Physiology. 1949; 21(1):1-15.
6. Aslam M, Ahmed E, Saguu A, Hussain K, Ataz M,
Ullah A. Sarhad Journal of Agriculture. 2010;
26(3):325-335.
7. Azimi S, Amirnia R, Tajbakhsh M, Ghiyasi M. Effects
of salt stress on growth and nutrients concentrations in
Chickpea (Cicer arietinum L.). Journal of Advances in
Environmental Biology. 2012; 6(2):907-911.
8. Bates S, Walren E, Teare D. Rapid determination of
free proline for water-stress studies. Plant and Soil.
1973; 39(1):207-222.
9. Brenchley P, Probert R. Seed germination response to
some environmental factors in the sea grass Zostera
capricorni from Eastern Austrelia. Aquatic Botany.
1998; 62(3):177-188.
10. Chaudhary R, kumar M, Sengar R, Kumar P, Singh S,
Kumar Y. Effect of salinity stress on Photosynthesis
and expression of salt tolerant genes Chickpea (Cicer
arietinum L.). International Journal of Chemical
Studies. 2017; 5(5):229-237.
11. Costa V, Amorim M, Quintaniha A, Morades P.
Hydrogen peroxide induced carbonylation of key
metabolic enzymes in Saccharomyces Cerevisiae: the

46

European Journal of Biotechnology and Bioscience

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.
24.

25.

26.

27.

involvement of the oxidative stress response regulators.
Free Radical Biology and Medicine. 33(11):157-1515.
Dhindsa R, Dhindsa P, Thorpe T. Leaf senescene:
correlated with increased level of membrane
permeability and lipid peroxidation and decreased
levels of superoxide dismutase and catalase. Journal of
Experimental Botany. 1981; 32:93-101.
Dobbelaere S, Croonenborghs A, Thys A, Ptacel D,
Okon Y, Vanderleyden J. Effect of inoculation with
wild type Azospirillum beasilense and A. irakense and
nitrogen uptake of spring wheat and grain maize.
Biology and Fertility of Soils. 2002; 36:284-297.
Erturk Y, Cakmakci R, Duyar O, Turan M. The effects
of plant growth promotion rhizobacteria on vegetative
growth and leaf nutrient contents of hazelnut seedlings.
International Journal of Soil Science. 2011; 6(3):188198.
Fathi A, Tari D. Effect of draught stress and its
mechanism in plants. International Journal of Life
Sciences. 2016; 10(1):1-6.
Galyean R, Laney J. Sodium dodecyl sulphate
polyacrylamide
gel
electrophoresis
of
chromatographically fractionated egg white. Journal of
Food science. 1980; 45(3):460-462.
Honarmand S, Azari N, Cheghamirza K, Mansoorifar
S. Changes of seedling growth and ion uptake of
Chickpea genotypes under salt stress condition. Journal
of Applied Environmental and Biological Sciences.
2014; 4(3):266-272.
Hossain M, Das K, Yesmin S, Shahri S. Effect of plant
promoting rhizobacteria (PGPR) in seed germination
and root-shoot development of Chickpea under
different salinity condition. An Open Acess Peer
Reviewed Journal. 2016; 3(1):105-113.
Kandil A, Sharief A, Ahmed S. Germination and
seedling growth of some Chickpea cultivars (Cicer
arientinum L.) under Salinity Stress. Journal of Basics
& Applied Sciences. 2012; 8(2):561-571.
Kang S, Khan A, Hamayun M, Shinwari Z, Kim Y, Joo
G, Lee I. Acinetobacter calcoaceticus ameliorated plant
growth and influenced gibberellins and functional
biochemicals. Journal of Applied Biosciences. 2012;
44(1):365-372.
Minaei H, Kahrizi D, Zebarjadi A. Effects of Plant
Growth regulators and explant type upon cell
dedifferentiation and callus induction in Chickpea
(Cicer arietinum L.). Journal of Applied Biotechnology
Reports. 2015; 2(2):241-244.
Ranjan R, Purohit V, Prasad V. Plant Hormones:
Action and Application. Agrobios India, 2003, 183-189.
Rhodes D, Orczyk A. Plant strss physiology. Journal of
Encyclopedia of Life Science. 2001; 5(2):505-510.
Sadasivum S, Manickam A. Biochemical methods. 3rd
edn. New Age International Publisher, New Delhi,
India, 2008.
Shaheenuzzamn D. Screening of Chickpea genotypes
against salinity stress. Bangladesh Journal of
Agricultural Research. 2014; 39(4):605-619.
Shanko D, Jateni G, Debela A. Effect on salinity on
chickpea (Cicer arietinum L.) landraces during
germination stage. Biochemistry and Molecular
Biology journal. 2017; 3:2-9.
Snafi. The medical importance of Cicer arietinum.
Journal of Pharmacy. 2016; 6(3):29-40.
47

