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ABSTRACT

A  field  experiment  was  conducted  during  2011-12 on sandy loam soils with factorial
randomized  block  design consisting of four techniques of moisture conservation techniques viz.
(control, straw mulching @ 5t/ha, kaolin @ 6% and  PMA (Phenyl mercuric acetate) @ 0.3Mm
and four levels of biofertilizers inoculation viz., no inoculation, phosphate solubilizing bacteria
(PSB), vesicular arbuscular mycorrhizae (VAM) and PSB+VAM. Result showed that the yield
attributes like number of pods plant-1, number of grains plant-1and test weight were highest
in treatment receiving straw mulching and dual inoculation of PSB+VAM. The grain yield
was highest (1634 kg ha-1) in treatment receiving straw mulching and lowest grain yield (1169
kg ha-1) at control plot. Grain yield was highest (1653 kg ha-1) in treatment receiving PSB+VAM
application over no inoculation. The highest grain yield (2047 kg ha-1) was recorded in crop
receiving straw mulching and dual inoculation of PSB+VAM.
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INTRODUCTION

The chickpea (Cicer arietinum L.) as a healthy vegetarian food has an important role in human food and
domestic animal feed. Chickpea is the first most important pulse crop and is grown under varied agro
climatic conditions (Shivaraja et al., 2013). It is a cheap source of high quality protein in the diets of
millions of people in developing countries. Phosphorus and moisture are the most common limiting
factors for sustaining productivity of chickpea. For amelioration of phosphorus, the use of microbes like
phosphate-solubilizing microbes helps to soluble insoluble phosphorus and vesicular arbuscular
mycorrhizal microbes are also known to increase the uptake of immobile nutrients through solubilize and
mobilize, especially phosphorus to the host plant, which in turn is known to stimulate nitrogen fixation.
PSB are one of the well known solubilizer of phosphate and  to produce plant growth hormones like IAA,
they have broad spectrum antagonistic activity against plant pathogens such as antibiosis (Didick, 2000),
siderophore production (Fankem, 2006), and nutrition or site competition (Farah Ahmad et al., 2005). So,
different bio-molecules and antagonistic microorganism can be used successfully to manage the crops
without hampering the ecological balance (Mondal and Mondal, 2012). Some species produce higher
levels hydrogen cyanide that is toxic to certain pathogenic fungi (Gloria and Hoadley, 1976). These
characteristics make species good candidate for use as seed inoculants and root dips for biological control
of soil borne plant pathogens. VAM also improves leaf water and turgor potential and protect the plant
from root pathogens such as Fusarium, Rhizoctonia, Phythium and Phytophthora. To increase the
duration of moisture availability in soil, the use of antitranspirants and mulches are also importance.
Therefore, the current trend needs to explore the possibility of supplementing chemical fertilizers with
organic ones, more particularly bio fertilizers of microbial origin. Research efforts are therefore, needed
to develop low input technology for farmers. Hence, an experiment was conducted to study the yield
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performance of chickpea (Cicer arietinum L.) to different moisture conservation techniques with
phosphate solubilizing and mobilizing microbes under rainfed condition.

MATERIALS AND METHODS

A field experiment was conducted during the rabi season of 2011-2012 at Agricultural research farm,
(Institute of Agriculture), Visva-Bharati, Sriniketan, Birbhum. The soil was slightly acidic (pH-5.8), low
in available nitrogen (138 kg ha-1), phosphorus (12.50 kg ha-1) and medium in potassium (162.5 kg ha-

1).The experiment was laid out in factorial randomized block design with four levels of moisture
conservation techniques viz. (control, straw mulching @ 5t/ha, kaolin @ 6% and  PMA (Phenyl mercuric
acetate) @ 0.3Mm) and four levels of biofertilizers inoculation (no inoculation, phosphate solubilizing
bacteria (PSB), vesicular arbuscular mycorrhizae (VAM) and PSB+VAM). In all sixteen treatments
replicated three times. The chickpea, ‘Anuradha’ was sown on November 15 during 2011-2012. The seed
was inoculated with PSB by slurry method whereas the soil was inoculated with VAM inoculum (Mfg. by
Symbiotic Sciences, New Delhi). The VAM inoculum was placed at the seeding depth of the soil @ 2g
seed-1 and then pre-inoculated seeds were sown according to the treatment.
Statistical Analysis
The data were statistically analyzed applying the techniques of analysis of variance  and the significance
of different sources of variations were tested by error mean square of Fisher Snedecor’s ‘F’ test at
probability level 0.05 (Cochran and Cox, 1977).

RESULTS AND DISCUSSION

Plant height

Data on mean plant height (cm) recorded at various growth stages of the crop are presented in Table 1.
Plant height increased progressively with the advancement of the crop up to 100 DAS. Application of
moisture conservation techniques also influenced the plant height at 20, 40, 60, 80 and 100 DAS (Table
1). Straw mulching at 5t ha-1 was recorded significantly higher plant height than other treatments. There
was no significant different between Kaolin at 6% and PMA at 0.3Mm in regard to plant height under
moisture conservation techniques at all the growth stages. Plant height was found to be significantly
increased with the inoculation of biofertilizers. The tallest plant was recorded at dual inoculation of
PSB+VAM than other treatments at all growth stages under this study. The increase in growth might be
due to the enhanced photosynthetic efficiency of PSB + VAM inoculated plant. This showed a strong
synergistic effect between PSB + VAM. Inoculation of PSB which are known to produce growth
hormones (Sattar and Gaur, 1987) are likely to favour increased plant height. The results are conformity
with those of Pramanik and Bera (2012). The dwarf plant was recorded from the control plot at all growth
stages under this study.
Dry matter accumulation

Data on dry matter accumulation (g m-2) are presented in Table 1. Application of moisture conservation
techniques influenced the dry matter accumulation (g m-2) at 90 DAS. Maximum dry matter production
(192.5g m-2) was recorded at straw mulching at 5t ha-1. The lowest dry matter production (180.0g m-2)
was noted from the plots under control. There was no significant different between Kaolin at 6% and
PMA at 0.3Mm in regard to dry matter production under moisture conservation techniques. Application
of biofertilizers significantly increases in dry matter accumulation at 90 DAS. Combined application of
PSB+VAM was recorded significantly higher dry matter accumulation as compared to no inoculation,
PSB and VAM inoculation. Increased dry matter accumulation by PSB+VAM might be due to better
development of  root systems resulting in tapping larger volume of bound soil water and nutrients
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especially phosphorus. This result is in conformity with the findings of Mukherjee and Rai (2000) and
Pramanik (2003).

Table 1. Plant height (cm) and dry matter accumulation (g m-2) as influenced by biofertilizers and
moisture conservation techniques

Treatments
Plant height (cm) at different growth stages

Dry matter
accumulation

20 DAS 40 DAS 60 DAS 80 DAS 100
DAS

90 DAS

Moisture conservation techniques

Control 19.4 27.5 30.4 37.7 41.1 180.0

Straw mulching 21.9 30.2 40.4 46.7 51.8 192.5

Kaolin 19.0 26.6 33.0 39.3 43.3 179.6

PMA 19.3 27.0 34.0 41.0 46.0 179.2

SEm± 0.4 0.5 0.6 0.7 0.7 1.0

C.D.(p=0.05) 1.0 1.5 1.9 2.0 2.0 2.7

Biofertilizers

No inoculation 18.3 24.7 30.5 36.3 38.1 170.5

PSB 20.6 26.2 33.0 39.0 45.2 181.6

VAM 18.5 26.4 34.2 42.4 47.2 182.0

PSB+VAM 22.2 34.0 40.0 47.0 51.8 197.1

SEm± 0.4 0.5 0.6 0.7 0.7 1.0

C.D.(p=0.05) 1.0 1.5 1.9 2.0 2.0 2.7

CV(%) 6.3 6.6 6.5 5.7 5.2 1.8

Number of pods plant-1

Data on number of pods plant-1 as affected by biofertilizers and moisture conservation techniques are
presented in Table 2. Application of moisture conservation techniques significantly influenced the
number of pods plant-1. Application straw mulching at 5t ha-1 was recorded significantly higher number of
pods plant-1 (19.5) as compared to control, kaolin at 6% and PMA (Phenyl mercuric acetate) at 0.3Mm
moisture conservation techniques. The lowest number of pods plant-1 (15.9) was recorded from the crop
receiving no conservation techniques. Number of pods plant-1 was significantly influenced by
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biofertilizers inoculation. The highest number of pods plant-1 (21.1) was recorded from the crop at dual
inoculation of PSB + VAM and it was significantly greater than that of the crop under PSB, VAM and
control. The lowest number of pods plant-1 (13.7) was recorded from the crop without inoculation. This
increase in yield parameter by PSB + VAM inoculation might be due to dry matter production that could
be ascribed to a better translocation of photosynthate towards the yield attribute. Yadav and Shrivastava
(1997) and Pramanik and Bera (2012) were recorded similar findings.

Number of grains plant-1

Data on number of grains plant-1 are statistically analyzed and presented in Table 2. Application of
moisture conservation techniques influenced the number of grains plant-1. The results showed that
moisture conservation techniques had a significant effect on the number of grains plant-1. The highest
number of grains plant-1 (32) was recorded from the crop at straw mulching and it was significantly
greater than that of the crop under other moisture conservation techniques. This might be due to the more
favourable condition under straw mulching. The lowest number of grains plant-1 (26.2) was recorded from
the crop at straw mulching and it was significantly greater than that of the crop under other moisture
conservation techniques. It was also observed from the results that biofertilizers inoculation had
significant effect on producing the number of grains plant-1. The dual inoculation of PSB+VAM recorded
distinctly higher number of grains plant-1 (34.9) over the other inoculated plot during the study. This
might be due to develop the more number of pods plant-1might be responsible for producing higher
number of grains plant-1. But the treatment difference between phosphate solubilizing bacteria and
vesicular arbuscular mycorrhizae was at par. The lowest number of grains plant-1 (22.5) was recorded
from the crop at control and it was significantly less than that of the crop under other biofertilizers
treatment.

Test weight

The test weight (1000-grain weight) recorded at maturity of the crop was statistically analyzed and shown
in table 2. The results revealed that moisture conservation techniques had considerable effect on the test
weight of chickpea grain. The crop grown at straw mulching recorded higher test weight (219.8 g) and it
was significantly higher than other moisture conservation techniques during the study (Table 2). The
lowest test weight (199.9 g) of grain was recorded from the crop grown under control. It was also
observed from the results that biofertilizers inoculation had significant effect on test weight. The
combined application of PSB+VAM g recorded distinctly higher test weight (234 g) over the other
biofertilizers inoculation during the study. This might be due to the synergistic effect between PSB and
VAM that encouraged proper crop growth and development and assimilate synthesis in the grains.

Grain yield
Grain yield from each plot recorded after threshing and drying was statistically analyzed and presented in
table 2. The moisture conservation techniques exerted significant effect on grain yield of chickpea. The
crop grown under straw mulching throughout the growing period produced the highest grain yield of 1634
kg ha-1 and it was significantly greater than that of the crop grown under other moisture conservation
techniques during the experimentation (Table 2). The crop under control condition recorded the lowest
grain yield of 1169 kg ha-1 and it was significantly lower than other moisture conservation techniques.
There was no significant difference between the moisture conservation techniques of kaolin and PMA in
respect of grain yield. The percentage increased with straw mulching over control, kaolin and PMA was
38.9, 24.9 and 20.9, respectively. The crop under straw mulching recorded greater dry matter production,
number of pods plant-1 and higher values of test weight which are responsible for enhancing the grain
development per plant-1 and ultimately very high grain yield in comparison to that of the crop grown
under other moisture conservation techniques during the experimentation.
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Table 2. Yield attributes and yields as influenced by biofertilizers and   moisture conservation
techniques

Treatments Pods
plant-1

Grains
plant-1

Test
weight (g)

Grain
yield (kg
ha-1)

Stalk
yield (kg
ha-1)

Harvest
index

Moisture conservation techniques

Control 15.9 26.2 199.9 1169 2097 35.4

Straw mulching 19.5 32.0 219.8 1634 2683 37.7

Kaolin 16.4 27.2 201.1 1308 2380 35.3

PMA 18.0 29.3 209.0 1351 2559 34.3

SEm± 0.3 0.5 1.7 23.0 38.1 0.6

CD (p=0.05) 0.8 1.5 5.0 66.5 110.1 1.6

Biofertilizers

No inoculation 13.7 22.5 179.9 1044 2074 33.2

PSB
16.9 28.1 206.9 1304 2479 34.5

VAM 18.1 29.4 209.0 1460 2458 37.3

PSB+VAM 21.1 34.9 234.0 1653 2707 37.8

SEm± 0.3 0.5 1.7 23.0 38.1 0.6

CD (p=0.05) 0.8 1.5 5.0 66.5 110.1 1.6

CV(%) 5.5 6.2 2.9 5.8 5.4 5.5

The results showed a marked variation on grain yield due to biofertilizers application. The dual
inoculation of PSB+VAM recorded significantly higher grain yield (1653 kg ha-1) and it was significantly
over the other biofertilizers application. The lowest grain yield of 1044 kg ha-1 was recorded from crop
receiving no biofertilizers inoculation. The percentage increased in grain yield with inoculation of PSB +
VAM over no inoculation, PSB and VAM inoculation was 58.3, 26.7 and 13.3, respectively. It is well
known that PSB produce vitamins (Baya et al., 1981) and IAA, GA like growth substances (Satter and
Gaur, 1987). These growth factors in combination with better nutritional condition due to increased
availability of phosphorus in soil might have played a role increasing the grain yield. On the other hand,
VAM not only supplies essential nutrients but also water to plants resulting in better growth that led to
increasing grain yield. Shinde (1990) and Yadav and Shrivastava (1997) were recorded similar findings.
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Stalk yield

Stalk yield from each plot recorded after threshing and drying was statistically analyzed and presented in
table 2.

The moisture conservation techniques exerted significant effect on Stalk yield of chickpea. The crop
grown under straw mulching throughout the growing period produced the highest stalk yield of 2683 kg
ha-1 and it was significantly greater than that of the crop grown under other moisture conservation
techniques during the experimentation (Table 2). The crop under control condition recorded the lowest
stalk yield of 2097 kg ha-1 and it was significantly lower than other moisture conservation techniques.
There was a significant difference between the moisture conservation techniques of kaolin and PMA in
respect of stalk yield.

The results showed a marked variation on stalk yield due to biofertilizers application. The dual
inoculation of PSB+VAM recorded significantly higher stalk yield (2707 kg ha-1) and it was significantly
over the other biofertilizers application. The lowest stalk yield of 2074 kg ha-1 was recorded from crop
receiving no biofertilizers inoculation.

Harvest index

Harvest index estimated from the grain and biological (grain + stalk) yields of each plots were statistically
analyzed and presented in the table 2.

The data presented in the table 2 indicated that moisture conservation techniques had considerable effect
on harvest index of chickpea. The crop grown at straw mulching recorded higher harvest index (37.7%) as
compared to that of the crop grown under no moisture conservation techniques (35.4 %).

The results showed a marked variation on harvest index due to biofertilizers application. The dual
inoculation of PSB+VAM recorded significantly higher harvest index (37.8%) and it was significantly
over the other biofertilizers application. The lowest harvest index of 33.2% was recorded from crop
receiving no biofertilizers inoculation.

CONCLUSION

Based on the above results and discussion, following conclusion can be drawn that straw mulching at 5t
ha-1 as well as dual inoculation of PSB + VAM had a significant influence on growth parameters, yield
parameters, yield and harvest index (%) of chickpea under rainfed condition.
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