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ABSTRACT : The response of chickpea (Cicer arietinum
L.) to dual inoculation with Rhizobium (R) and arbuscular
mycorrhiza (AM), nitrogen (N) and phosphorus (P) was
studied on spore abundance and colonization of AM, nod-
ulation, growth, yield attributes and yield. In all the
parameters of the crop the performance of Rhizobium
inoculant alone was superior to control. Dual inoculation
with Rhizobium and AM in presence of P performed the
best in recording number of spore 100 g rhizosphere soil
and root colonization, number and dry weight of nodule,
dry weights of shoot and root, number of pod plant?,
number of seed pod™, seed and stover yields of chickpea.
The maximum seed yield of 3.33 g plant” was obtained by
inoculating chickpea plants with Rhizobium and AM in
association with P. From the view point of nodulation,
growth, yield attributes and yield of chickpea, dual inocu-
lation with Rhizobium and AM along with P was consid-
ered to be the balanced combination of nutrients for
achieving the highest output from cultivation of chickpea
in Shallow Red Brown Terrace Soil of Bangladesh.

" Keywords: chickpea, Rhizobium, arbuscular mycorrhiza, nitro-
gen, phosphorus

hickpea (Cicer arietinum L.) is one of the protein rich

legume crops. This crop has occupied sixth position
both in production (10,380 mt.) and acreage (34,370 ac.) in
Bangladesh (Anonymous, 2004). Although predominantly
consumed as a pulse, dry chickpea is also used in preparing
a variety of snack foods, sweets and condiments (Saxena,
1987). Nutritionally, chickpea is relatively free from various
antinutritional factors, has a high protein digestibility and is
richer in P and calcium than other pulses (Ramalho — Ribero
and Portugal Melo, 1988). Because of its higher fat content
and better fiber digestibility chickpea holds great promise as
a protein and calorie source for animal food for both rumi-
nants and nonruminants {Cordesse, 1988). Two types of
symbiotic association can form with microorganisms and
the leguminous crops in which Rhizobium is involved in
atmospheric N fixation and AM fungi is concerned with the
uptake of P (Abdel — Fattah, 1997). Arbuscular mycorrhizal
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fungi increase uptake of immobile nutrients, especially
phosphorus and micronutrients (Douds and Miller, 1999).
Many tropical legume crops are in fact highly mycorrhizal
dependent (Adholeya ef al., 1995). Normally legume crops
have less extensive root systems and are dependent on colo-
nization by native AM fungi for their nutritional needs
(Benthlenfalvay and Newton, 1991). The root system of
chickpea can be colonized by AM fungi and nodulated by N
fixing bacteria. These two microbes are beneficial to the
legume crop and the possibility of a direct interaction
between the fungus and bacterium was considered to supply
a good amount of N and P. A positive response of inocula-
tion of chickpea with AM and Rhizobium was observed in
respect of AM colonization and spore population, nodula-
tion, growth and yield (Solaiman ef /., 2005, Khanam et al.,
2005). However, further study is needed to confirm these
findings. Keeping these facts in mind, the present investiga-
tion was carried out to assess the response of chickpea to
dual inoculation with RAizobium inoculant and AM fungi, N
and P on spore abundance and colonization of AM, nodula-
tion, growth, yield attributes and yield of chickpea.

MATERIALS AND METHODS

The experiment was carried out at Bangabandhu Sheikh
Mujbur Rahman Agricultural University, Gazipur, Bang-
ladesh using chickpea variety BARI Chola-5 as the test
crop. The soil was silty clay loam having sand 17.7%, silt
46.9%, clay 35.4%, organic carbon 0.93%, pH 6.80, CEC
15.30 meq 100 g soil, total nitrogen 0.067%, available P
11.30 ppm, available K 0.31 meq 100 g soil, exchangeable
Ca 6.60 meq 100 g'! soil, exchangeable K 7.32 meq 100 g’!
soil, exchangeable Mg 3.10 meq 100 g”' soil, exchangeable
Na 0.73 meq 100 g’ soil, number of Rhizobium 4.1 x 10° g!
soil. The collected soil samples were autoclaved at 121°C
for 20 minutes before use. Five-kilogram autoclaved soil
were put in each earthen pot. Nitrogen 0.27 g pot™ in the
form of urea, phosphorus 0.40 g P,Os pot ™ in the form of tri-
ple super phosphate, inoculant containing arbuscular mycor-
rhizae 60 g pot' were applied to pot according to the
treatments assigned. Potassium 0.48 K,O pot™', sulphur 0.28
g S pot! and molybdenum 0.01g Mo pot™ were applied as
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basal dose in the form of muriate of potash, zypsum and
sodium molybdenum, respectively. Roots of sorghum (Sor-
ghum vulgare L.) with rhizosphere soil propagules were
used as AM inoculant which was collected from Soil Micro-
biology Section, Bangladesh Agricultural Research Insti-
tute, Gazipur, Bangladesh. Strain RCa-201 was used as
Rhizobium inoculant. Counts of viable rhizobia in the Rhizo-
bium inoculant were taken following the Drop Plate Method
of Miles and Misra (1938). An amount of 1.12 g Rhizobium
inoculant containing 1.5x 10° cells ¢! was mixed with 56g
seeds with the help of gum arabic. The experiment was laid
out in a complete randomized design (CRD) with three rep-
lications. There were ten treatment combinations, viz. T;:
control, T»: Arbuscular mycorrhiza (AM), Ts: Rhizobium
R), T AM+R, Ts: AM+R+N, Te: AM+ R +P, T;: AM
+N+P, Tg: AM+N, To: AM+Pand T\p: AM+R+N+P.
Six seeds of chickpea treated with mercuric chloride for sur-
face sterilization were sown in each pot. A layer of AM
inoculant was first placed in each pot filled with sterilized
soil and was covered with a thin soil layer of 2 cm in which
seeds were sown. Pots were watered up to saturation to allow
the soil and inoculant to settle down in the pots. Two healthy
seedlings were allowed to grow pot’ after germination of
seeds. To maintain soil moisture pots were watered whenever
necessary. Weeding and mulching were done as and when
necessary ensuring the normal growth of the chickpea plant.
The pots were carefully observed regularly to record any
change of plant growth. During the growth period no pesti-
cide was used as the plants were free from pests.

With minimum disturbance of roots the plants were care-
fully uprooted at 50 per cent flowering stage so that no nod-
ules were left in the soil. The roots were washed with tap
water and finally rinsed with distilled water. The nodules

from the roots were separated and then nodule number and
weight were recorded. The root, nodules and shoot were first
air-dried and then oven-dried at 65°C for 72 hours. Accord-
ing to Koske and Gemma (1989) one hundred (100) root
segments of 1 cm long were stained for assessing AM colo-
nization. The spore abundance was counted following the
Wet Sieving and Decanting Method (Gerdemann and Nicol-
son, 1963) and the percentage of AM root colonization was
estimated by Root Slide Technique (Read ef al., 1976). All
data were analyzed in the computer using [IRRISTAT pro-
gram.

RESULTS AND DISCUSSION
Root colonization

The maximum root colonization (47%) was found with
the treatment Tg (AM + R + P) and T;o (AM + R + N + P)
which was significantly higher over other treatments (Table
1). The second highest root colonization was found in T,
(AM + R). Control treatment gave the lowest colonization.
Per cent root colonization was increased significantly by
dual inoculation than single inoculation. This result has the
resemblance with the result of Khanam et al. (2005) who
observed that root colonization percentage in chickpea was
higher due to dual inoculation of the crop with Rhizobium
and AM in presence of P compared to single inoculation
with Rhizobium or AM. The results are also in good agree-
ment with Andrade er al. (1998) who reported increased col-
onization in pea due to dual inoculation with Rhizobium and
AM as compared to single inoculation with Rhizobium or
AM. Balachandar and Nagarjan (1999) found higher root
colonization in greengram by dual inoculation with Rhizo-

Table 1. Root colonization and abundance of spore in rhizosphere soil of chickpea.

Treatment Per cent root colonization Number of spore 100 g* soil
T, : Control 0.00 ¢" 0.00 h
T, : Arbuscular mycorrhiza (AM) 2033 f 30.00 g
Ts: Rhizobium (R) 0.00g 0.00 h
T,: AM+R 36.67b 4633¢c
Ts:AM+R+N 3333¢ 44.33d
Te: AM+R+P 46.67 a 65.00 a
T;: AM+N+P 30.00d 4133 ef
Tg: AM+N 26.67 e 43.00 de
To: AM+P 30.00d 40.67 f
Tiw:AM+R+N+P 46.67 a 50.67b
CV (%) 2.60 2.60

*Means followed by common letter(s) in a column are not significantly different at 5 % level by DMRT
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bium + AM. Pandey et al. (1998) also reported increased per
cent root colonization by dual inoculation of Rhizobium +
AM in cowpea.

Number of spore 100 g soil

The effects of different treatment combinations signifi-
cantly increased spore population over control (Table 1).
Treatment Ts (AM + R + P) recorded the highest number of
population (65.0 100 g soil). The effect of this treatment
was significantly different to other treatments. Abruscular
mycorrhizal colonization, either individually or in combina-
tion with Rhizobium or dual inoculation along with N and P
fertilizers significantly increased spore population over con-
trol. Khanam ef al. (2005) supported these observations.
They reported that dual inoculation of chickpea with Rhizo-
bium and AM along with P fertilizer significantly increased
spore population over control. Similar results were also
found by Tarafdar and Rao (1997) who found that the num-
bers of AM spores in the rhizosphere soil of clusterbean,
mungbean and mothbean were increased significantly upon
AM inoculation. Treatment receiving Rhizobium alone and
control did not show any spore in this study.

Nodulation

Treatment Ty receiving Rhizobium along with AM and P
gave the highest nodule number (12.5 plant™') but the effect
of this treatment was statistically similar to T, (Table 2).
The effects of Rhizobium inoculant alone was significantly
higher over all the treatments except Ty, Ts, Tg and Tyo. The
maximum nodule number was obtained with AM + R + P

that might be attributed to greater availability of P, which
was crucial for nodulation (Hayman, 1986). This is likely as
dual inoculation might helped plant in increased P uptake
which was essential for nodulation. Dual inoculation pro-
duced significantly higher nodule number and nodule
weight as compared to single inoculation. Zheng and Song
(2000) documented similar result. Burity er af. (2000)
recorded significantly increased nodulation due to dual inoc-
ulation over single inoculation with Rhizobium. In case of
dry weight of nodule, the highest weight (0.054 g) was also
recorded with the treatment T which was statistically simi-
lar to Ty and Ty. EL-Didamony and Abdel-Fattah (1998)
observed that dual inoculation of Vicia faba with AM fun-
gus and rhizobia significantly increased the number of nod-
ules, the biomass production and the total nitrogen.

Plant height

The effects of different treatments on plant height of
chickpea were found significant (Table 2). The highest plant
height (30.33cm) was recorded with the treatment Ty receiv-
ing AM + R + P. This result differed significantly with all
other treatments. Balachandar and Nagarajan (1999) found
the highest shoot length in greengram by dual inoculation of
Rhizobium and AM along with 50% recommended N and P
fertilizers. In this study single inoculation of chickpea either
with Rhizobium or AM could not perform well in recording
plant height.

Root length

There were significant variations in root length of chick-

Table 2. Effect of different combinations of arbuscular mycorrhiza, Rhizobium inoculant, nitrogen and phosphorus on growth of chickpea.

Number of Dry weight of

Number of Dry weight of Dry weight of

Treatment nodule nodule (g) Plant height  Root length branch shoot (g) root (g)

plant™ plant” (om) (cm) plant” plant” plant”

T, : Control 133 f* 0.013¢ 19.17 f 20.60 g- 333e 1.131 1.00e
T, : Arbuscular mycorrhiza (AM) 450e 0.021 de 22.83 de 3795¢ 3.60d 1.50 g 1.27d
T; : Rhizobium (R) 8.00 ¢ 0.023 cd 21.00 ¢ 46.83 b 3.67 cd 1.36h 1.30d
T,: AM+R 10.33 b 0.031 be 21.00 e 41.00d 423b 1.70 f 1.57 ¢
Ts: AM+R+N 11.00 b 0.033b 2433 cd 34.67f 4.00 be 2.07¢ 1.63 ¢
Te: AM+R+P 1250 a 0.054a 3033 a 52.67a 483 a 323a 217a
T;: AM+N+P 4.00e 0.019 de 2533 be 40.00d 3.67 cd 2.40d 1.80b
Tg: AM+N 6.00d 0.023 cd 25.67 be 4433 ¢ 4.87a 283 ¢ 1.87b
Tg: AM+P 5.00de 0.037 ab 26.00 be 37.36¢ 3.63d 280¢ 1.53¢
Tiw:AM+R+N+P 11.40 ab 0.044 a 26.67b 46461 4.67a 290b 2.06a

CV (%) 10.40 17.10 4.50 2.40 4.60 1.70 5.80

"Means followed by common letter(s) in a column are not significantly different at 5 % level by DMRT
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pea recorded with different treatments (Table 2). The highest
root length (52.67 cm) was recorded with AM + R + P. This
might be due to the adequate supply of N from biological
fixation by Rhizobium and proper supply of P fertilizer,
which increased vegetative growth and greater translocation
of photosynthate and thereby root growth, which is in agree-
ment with the findings of Balachandar and Nagarajan (1999),
Nagqvi and Mukerji (1998). All the treatments recorded sig-
nificantly higher root length over control.

Number of branch plant”

With respect to number of branch plant™, the highest num-
ber (4.87) was recorded with the treatment Tj receiving AM
+ N which was statistically similar to Treceiving AM + R +
P and T,greceiving AM + R + N + P (Table 2). The effects
of this treatments were superior to rest of the treatments of
this study. Prasad (2000) reported enhanced plant growth of
chickpea through increased branching due to double symbi-
osis with AM and Rhizobium. Barea et al. (1996) recorded
higher degree of branching due to double symbiosis with
AM and Rhizobium.

Dry weight of shoot

There was a significant variation in dry weight of shoot
with different treatments (Table 2). The highest dry weight
of shoot (3.23 g) was obtained with the treatment T receiv-
ing AM + R + P and the effect of this treatment was statisti-
cally superior to other treatments. This results has the
resemblance with the results of Solaiman et al. (2005) who
reported that dual inoculation of chickpea with Rhizobium

and AM in presence of N and P produced the highest dry
weight of shoot. In this study the lowest dry weight of shoot
was obtained in control. :

Dry weight of root

Different treatments had significant influence on dry
weight of root of chickpea (Table 2). The highest dry weight
of root (2.17 g) was recorded by the treatment T receiving
AM + R + P and the effect of this treatment was statistically
similar to To but significantly higher over other treatments.
Control gave the lowest dry weight of root. This has an
agreement with Nurlaeny et al. (1996) who recorded greater
root weights of inoculated plants compared to uninoculated
one’s.

Number of pod plant™

Data in Table 3 revealed that significantly higher number
of pod plant™ was obtained with Rhizobium + AM + P. Dou-
ble symbiosis (AM+R) increased pod number significantly
compared to single inoculation either with AM or Rhizo-
bium. Control treatment gave the lowest number of pod
plant™. Das et al. (1997) recorded increased number of pod
plant’ in greengram by dual inoculation compared to con-
trol. Similar results were documented by Carling et al.
(1996) who reported that AM fungi and P fertilization
increased pod of groundnut.

Number of seed pod™!

Plant receiving Rhizobium and AM in combination with P

Table 3. Effect of different combinations of arbuscular mycorrhiza, Rhizobium inoculant, nitrogen and phosphorus on yield attributes and

yield of chickpea.
Treatment Number of pod ~ Number of seed IOQO-seed Seed yield (g) Stover yield (g)

plant™! pod”! weight (g) plant’! plant’!

T, : Control 2.00f 0.67¢g 48.60 g 0.28f 1.67h
+ Ty: Arbuscular mycorrhiza (AM) 2.16f 1.00 f 68.50 ¢ 073 e 1.79¢
T; : Rhizobium (R) 2.83d 1.67d 79.76 ¢ 0.80 de 1.90 f
T,: AM+R 3.60c¢ 1.33e 66.36 f 0.87d 2.38¢
T;: AM+R+N 4.16b 1.67d 83.40b 1.67b 1.80 g
Te: AM+R+P 6.33a 2.67a 112.30 a 333a 320a
T;: AM+N+P 3.00d 2.00¢ 7845 ¢ 1.57b 240¢
Tg: AM+N 2.66 de 2.00¢ 6542 f 140 ¢ 2.18¢
To: AM+P 233 ef 1.33¢ 76.33d 140c 227d
Tig: AM+R+N+P 4.00b 2.31b 84.20b 1.63 b 2.51b

CV (%) 6.80 4.90 1.50 5.10 1.00

*Means followed by common letter(s) in a column are not significantly different at 5 % level by DMRT
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produced the highest number of seeds pod™. The effect of
this treatment was statistically superior to other treatments.
'Rhizboium inoculant alone recorded comparatively higher
number of seeds than AM. Control treatment recorded the
lowest seed pod’. Singh (1997) obtained significantly
higher seed yield in pigeonpea with AM + R compared with
no inoculation.

1000-seed weight

There was a significant effect of different treatments in
recording 1000- seed weight of chickpea (Table 3). The
highest weight of 1000-seed (112.3 g) was recorded with the
treatment Ts (AM + R + P). The combined effect of Rhizo-
bium inoculant, AM and P might have led to better assimila-
tion of N for the plants that resulted the larger seeds.
Solaiman e al. (2003) reported that Rhizobium inoculant
significantly increased 1000-seed weight of lentil over con-
trol. Solaiman er al. (2005) also reported significantly higher
1000-seed weight in chickpea due to inoculation with Rhizo-
bium and AM in presence N and P.

Seed yield

The effects of different combinations of Rhizobium, AM,
N and P on seed yield of chickpea were varied significantly
(Table 3). The maximum seed yield of 3.3 g plant' was
obtained with the treatment T4 receiving AM + R + P. The
effect of this treatment was statistically different from other
treatments. All the treatments produced significantly higher
seed yield compared to control. Increases in seed yield by
AM inoculation are in good agreement with the observation
of Gaur and Adholeya (2000). In this study dual inoculation
(AM + R) gave significantly higher seed yield over single
inoculation. Similar finding was reported by Carling ef al.
(1996) who found that AM and P fertilization increased seed
weight of groundnut. Solaiman et al. (2005) obtained signif-
icantly higher seed yield in chickpea through inoculation
with Rhizobium and AM along with N and P fertilizers.

Stover yield

Data presented in Table 3 show that dual inoculation (AM
+ R) along with P significantly increased stover yield. All
the treatments significantly increased stover yield over con-
trol. The highest stover yield (3.2 g) at harvesting stage was
recorded with the treatment T receiving AM + R + P which
was statistically different with other treatments. The trend of
increase in stover yield was similar as that of seed yield
plant’. This result has the resemblance with that of
Solaiman et al. (2005).
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01. 40% solution of gum arabic in 100 ml worm water (nearly boiling) was prepared
02. Seed wetted with adhesive solution (gum arabic) @ 20 ml kg™' seed, mixed thoroughly.

03. Inoculated was added to the seed @ 15 g kg seed.
04. Inoculant name : BARI Rca-201, Date : 05-10-2005

Initial status of soil (Kodda, Gazipur Sadar) :

Fertilizer :
Urea : 0.53 g per pot (10 kg™ soil) +2=0.27 g 5 kg
TSP : 1.80 g per pot (10 kg soil) + 2 =0.90 g 5 kg'!
MP : 0.95 per pot (10 kg soil) + 2 =0.48 g 5 kg

Total
AM x 24 pot (8 treatment x 3 replication)
Rhizobium x 15 pot (5 treatment x 3 replication)
Urea x 12 pot (4 treatment x 3 replication)
TSP x 12 pot (4 treatment x 3 replication)
MP x 30 pot (10 treatment x 3 replication)



Treatment :

RESPONSE OF CHICKPEA TO DUAL INOCULATION WITH RHIZOBIUM~

T, : Control

T, :  Arbuscular mycorrhiza (AM)

T3 : Rhizobium (R)

Ty : AMHR

Ts : AM+R+N

Ts : AM+R+P

T; : AM+N+P

Ty : AM+N

Ty : AM+tPand

T]() : AM+R+N+P

Design : CRD (10 x 3 sets = 30 pots)

Sowing date : 29-11-2005 (Tuesday)

Seed rate : Six seeds pot™, should be taken on 2 seedling in each pot
Amount of soil pot! : 5ke

Name of variety : BARI chola-5

Number of AM : ~ 350100 g”' soil

Amount of soil with inoculum : 60 g pot-1 (210 AM pot™)

(Soils with sorghum root)

Name of inoculum : BARI AM-1

Name of Rhizobium : BARI Rca-201 (Date of preparation October 5, 2005)

Surface sterilization of chickpea seed :

50 seeds in tuber

v
drain

v
drain

v

Shake with 5 ml of methyl alcohol for 30 seeds

Shake with 10 ml 0.2% HgCl, for 3-4 minutes

Rinse with sterile water for 6-7 times

drain and place in water agar.
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