International Journal of Environment and Climate Change

Volume 13, Issue 11, Page 3222-3229, 2023; Article no.lJECC.109483

ISSN: 2581-8627
(Past name: British Journal of Environment & Climate Change, Past ISSN: 2231-4784)

Response of Kabuli Chickpea (Cicer
kabulinum L.) Varieties to Seed
Inoculation with Biofertilizers and
Supplementation with Molybdenum

Mukesh Barfa @*, Monika Chouhan &
Neelendra Singh Verma °#, Bhumika Singh lodhi ¢**
and Amit Kumar Jha ®t

aR.A.K College of Agriculture, Sehore, Madhya Pradesh-466001, India.

b Department of Agronomy, Jawaharlal Nehru Krishi Vishwavidyalaya, Jabalpur,
Madhya Pradesh-482004, India.

¢ Department of Genetics and Plant Breeding, College of Agriculture, Indore,
RVSKVV, Madhya Pradesh, India.

Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information
DOI: 10.9734/IJECC/2023/v13i113494

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,
peer review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/109483

Received: 10/09/2023

. . Accepted: 15/11/2023
Original Research Article Published: 16/11/2023

ABSTRACT

The present investigation was conducted during rabi season 2016-17 at ICARDA, Amlaha farm,
Sehore to study the supplementation of Mo along with Rhizobium + PSB inoculation in chickpea
cultivars on biological nitrogen fixation and productivity. Research title “Response of Kabuli
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Chickpea (Cicer kabulinum L.) Varieties to Seed Inoculation with Biofertilizers and Supplementation
with Molybdenum”. Six inoculants, with two kabuli chickpea varieties evaluated in Factorial
randomized block design (FRBD) with three replications. The results of present study revealed The
seed inoculation, lIsRh.+ PSB + Mo@1 g AMkg seed was found best among other inoculants with
respect to productivity and profitability in chickpea, and Variety Phule G 0517 produced higher

values of growth and yield attributing .

Keywords: Seed inoculation; AM-Ammonium Molybdate; chickpea; rhizobium; varieties.

1. INTRODUCTION

“Chickpea (Cicer arietinum L.) is a legume crop
of the Fabaceae family, Faboideae subfamily. It
originated in southeastern Turkey” [1]. The name
Cicer is of Latin origin, derived from the Greek
word 'kikus' meaning force or strength. It is also
known as gram or Bengal gram, garbanzo or
garbanzo bean, and is sometimes known as
Egyptian pea, or chana. In Turkey, Romania,
Bulgaria, Afghanistan, and adjacent parts of
Russia, chickpea is called 'nakhut’ or 'nohut' [2].
“There are two different kinds of chickpea, Desi
and Kabuli, based on the size, shape and color
of the seeds. Kabuli type is grown in temperate
regions while the desi type chickpea is grown in
the semi-arid tropics [3,4]. Nutritionally, it
contains 24% protein, 59.6% carbohydrates and
3.2% minerals” [5]. “It has the ability to fix
atmospheric nitrogen and can also tolerate high
temperatures during and after flowering” [6]. “It is
one of the earliest cultivated legumes: 7,500-
year-old remains have been found in the Middle
East” [7].

“During 2021-22 (fourth estimate),chickpea
production of India was 13.75 million tonnes from
an acreage of 10.91 milion ha. with a
productivity of 12.6 qg./ha (DES 2023,
MOAF&W,Gol).Chickpea, solely contributes
nearly 50% of the Indian pulse production. States
like Maharashtra (25.97% contribution to national
production), Madhya Pradesh (18.59%),
Rajasthan (20.65%), Gujarat (10.10%) and Uttar
Pradesh (5.64%) are major chickpea producing
states of India”. (ICAR-IIPR Report)

“Chickpea is considered to sustain cropping
system productivity due to its ability to fix
atmospheric nitrogen. This crop possess nodules
on its roots where bacteria of the genus
Rhizobium live with a specific function of
converting the atmospheric nitrogen into plant
available form called biological nitrogen fixation
(BNF). In this way an appreciable amount of free
of cost nitrogen is deposited in the soil which can
be used by the same crop and the subsequent

one. The efficiency of such crop in fixing
maximum nitrogen depends upon the cultivar,
efficient strain and management practices.
Artificial seed inoculation of chickpea in those
soils lacking native effective rhizobia is a Very
useful practice for improving root nodulation and
yield of the crop” [8,9]. “Microbial inoculants are
cost effective, ecofriendly, and renewable
sources of plant nutrients” [10]. “Rhizobium and
phosphate solubilizing bacteria (PSB) assume a
great importance on account of their vital role in
No-fixation and  P-solubilisation. Use  of
Rhizobium and PSB had shown advantage in
enhancing chickpea productivity” [11]. “Further,
the efficiency of N2 fixation can be increased by
seed dressing with Molybdenum (Mo) because
Mo is an essential component of nitrate
reductase and nitrogenase, which control the
reduction of inorganic nitrate and helps in fixing
N2 to NHs. Mo is also required for growth of most
biological organisms including plants” [12].
Generally, Mo is an essential micronutrient for
plants and bacteria [13,14]. Reported that Mo is
the key to nitrogen fixation by legumes. Since
the information on response of cultivars of
chickpea to inoculation with Rhizobium and
phosphate solubilizing bacterial inoculants with
Mo seed treatment is meager. Therefore the
researches need to be done on the beneficial
effect of molybdenum along with different
biofertilizers on growth and yield of chickpea.
The present investigation was conducted during
rabi 2016-17 at ICARDA, Amlaha farm, Sehore
to study the supplementation of Mo along with
Rhizobium + PSB inoculation in chickpea
cultivars on biological nitrogen fixation and
productivity.

2. MATERIALS AND METHODS

The experiment was executed during Rabi 2016-
17 at the ICARDA-IRP, Amlaha, Sehore (M.P.),
India. Experiment consisted of twelve treatment
combination, laid out in Factorial randomized
block design (FRBD) with three replications. The
treatment included six inoculants, with two kabuli
chickpea varieties for estimate the individual or
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combined effect of various treatment on
production and symbiotic traits at field level.

The soil condition of the experimental field was
good health with proper drainage system, soil
status tested in Soil Science laboratory (Deptt. of
Soil Science and Agricultural Chemistry) at
R.A.K. College of Agriculture, Sehore. Soil was
medium clay loam (vertisol), low in available
nitrogen, medium in phosphorus,and high in
available potash with Neutral pH .Various growth
and yield attributing characters were studied.

3. RESULTS AND DISCUSSION
3.1 Number of Pods per Plant

The number of pods per plant is one of the
important yield attributes which have direct
correlation with seed yield. The observation on
this attribute was recorded at maturity. A perusal
of data Table 2 showed that the numbers of pods
per plant was affected significantly by seed
inoculants However varieties showed non-
significant effect. Inoculation of chickpea with Is
(Rh.+ PSB + Mo seed treatment@ 1.0 g AM kg
seed) produced significantly maximum number of
pods per plant (35.00) as compared to no
inoculation or l1 (control, 27.17). There was also
significant difference between inoculants 12 (Rh. +
PSB) (29.17), 13 (Mo Seed treatment @ 0.5 g AM
kg! seed) (31.00) and ls (Mo Seed treatment @
1 g AM kg?! seed) (32.17) treatment but
statistically at par with inoculants Is (Rh. +PSB +
Mo seed treatment @ 0.5g AM kg? seed).
Between varieties, V2 (Phule G 0517) observed
numerically higher pod per plant (31.67) whereas
minimum value was observed with Vi1 (RVSJKG
102) (31.06).The interaction between seed
inoculants and varieties (IxV) was found non-
significant effect on number of pods per plant.

3.2 Seeds per Pod

The number of seeds per pod is one of the most
important yield attributes, which has direct
correlation with the grain yield. The observation
on this attribute was recorded at maturity. The
data on seed per pod under different treatments
are presented in Table 2. Seeds per pod was
varied significantly due to seed inoculants and
varieties. Inoculants Is (Rh.+ PSB + Mo seed
treatment@ 1.0 g AM kg! seed) produced
significantly higher seeds per pod (1.13) and
which was on par with Is (Rh. + PSB + Mo seed
treatment @ 0.5 g AM kg? seed) and l4 (Mo
Seed treatment @ 1 g AM kg seed). Minimum

number of seeds per pod found under control.
Between varieties, V2 (Phule G 0517) recorded
significantly higher pods per plant (1.09) than V1
(RVSJIKG 102). However, interaction (I x V)
effect was non-significant.

3.3 Seed Yield Plant?(g), Seed Yield Plot*
(kg) and Seed Index (g)

The data on seed yield/plant, seed yield/plot and
seed Index are presented in Table 2. The data
indicated that seed inoculants and variety
showed significant effect on seed vyield/ plant.
The inoculants ls (Rh.+ PSB + Mo seed
treatment@ 1.0 g AM kg seed) was significantly
superior over other inoculants (9.92 g). Variety
V2 (Phule G 0517) recorded significantly higher
seed yield per plant than V1 (RVSJKJ 102).Seed
yield/plot differed significantly due to seed
inoculants and varieties, Inoculation ls (Rh.+ PSB
+ Mo seed treatment@ 1.0 g AM kg seed) was
recorded significantly higher seed yield/plot (2.65
kg) but this was  statistically at par with
inoculation 14 (Mo Seed treatment @ 1 g AM kg
seed) and Is (Rh. + PSB + Mo seed treatment @
0.5 g AM kg! seed). Variety Phule G 0517
recorded significantly higher seed yield per plot
(2.32 kg) than RVSJKG 102. Seed index not
differed significantly due to seed inoculants and
varieties. However, numerically maximum values
were recorded by inoculants Iz (Rh. + PSB)(54.95
g) and Variety V2 (Phule G 0517) (51.42 g).

The higher yield attributes in ls (Rh. + PSB + Mo
@ 1.0 g AM kgseed) might be due to adequate
availability of N and P which might have
facilitated the production of primary branches,
secondary branches and plant height which
might in turn have contributed for the production
of higher number of total pods, seeds per pod
and seed yield per plant. Inoculation had a
significant effect on growth, N contents and
uptake in shoots increased its size in order to
intercept light for photosynthesis, yield and yield
components of chickpea. This may probably be
due to the cumulative effect of phosphorus in the
processes of cell division and balanced nutrition.
The present result are in conformity with
Gangwar and Dubey [15]; Khan et al. [16].

“Variety effect on yield component were found
also significant except pods per plant. The
variety Phule G 0517 produce maximum at all
yield component, where minimum effect on yield
component produce by RVSJKG 102. Variation
in yield component by variety was due to genetic
effect of variety and natural habit also climatic
effect on plant” [17,18,19].
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Table 1. Treatment details

A. Inoculants- 06

I1:Control

I2:Rhizobium(Rh.)+phosphate solubilizing bacteria (PSB) seed inoculation.

I3 : Molybdenum (Mo)@0.5 g AM* kg seed

l4 :Molybdenum @1.0 g AM kg seed

Is:Rh.+PSB+Mo seed treatment @0.5g AMKg-! seed

ls :Rh.+PSB+Mo seed treatment 1.0g AM kg

seed

B. Variety — 02

Vi: RVSIKG 102

Vz2: Phule G 0517

Table 2. Yield and yield attributing traits influenced by inoculants and varieties

Treatments Pods/ Seeds/ Seed Seed Seed

Plant Pod yield/plant yield/ index
9) plot(9) (9)

Seed Inoculants (1)

l1 : Control 27.17 1.04 5.17 1.64 49.52

I2 : Rhizobium+ PSB 290.17 1.03 5.83 1.88 54.95

I3 : Mo Seed treatment @ 0.5 g AM 31.00 1.06 7.37 2.22 49.82

kg seed
l4: Mo Seed treatment @ 1 g AM kg?seed 32.17 1.08 7.65 2.40 44.88
Is: Rh.+ PSB +Mo seed treatment@ 0.5 g 33.67 1.10 8.55 251 52.98
AM kg seed

ls:Rh. + PSB +Mo seed treatment @1g AM 35.00 1.13 9.92 2.65 51.54

kg? seed

SEm+ 0.78 0.02 0.42 0.13 1.71

CD5% 2.27 0.06 1.25 0.37 NS

Varieties : 02

V1 : RVSJKG 102 31.06 1.05 6.97 2.11 49.81

V2 : Phule G 0517 31.67 1.09 7.86 2.32 51.42

S.Em #: 0.32 0.01 0.25 0.07 2.96

CD5% NS 0.03 0.72 0.21 NS

Interactions (IxV)

S.Emz+ 1.09 0.03 0.60 0.18 4.19

C.D. (p=0.05) NS NS NS NS NS

DAS : days after sowing ;NS : Non-significant ;AM : Ammonium Molybdate

3.4 Seed Yield (kg ha)

The seed yield is an important character and
superiority of the treatment judged by its capacity
to produce more seed vyield, enables the
investigators to select superior treatment
combination. The data pertaining to seed yield
(kg ha?l) are presented in Table 3. The data
indicated that seed vyield per hectare differed
significantly due to different inoculants and
varieties. Seed yield was significantly higher with
inoculation Is (Rh.+ PSB + Mo seed treatment@
1.0 g AM kg?! seed) (2453 kg hal) but
statistically at par with inoculants I+ (Mo Seed
treatment @ 1 g AM kg seed) (2226kg ha') and

Is(Rh. + PSB + Mo seed treatment @ 0.5 g AM
kg?seed) (2322 kg ha?).

Varietal effect on seed yield was significantly
higher by V2 than Vi. The result agrees with the
work done by Khanet al. [20]; Sekhon and Singh
[21]. Who reported the varietal difference in
chickpea.

3.5 Straw Yield (kg ha™?)

The data Table 3 showed that straw yield was
influenced significantly by seed inoculants and
varieties. Seed inoculants, Is (Rh. + PSB + Mo
seed treatment@ 0.5 g AM kglseed) produced
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significantly higher straw yield (2717 kg ha) but
this was statistically at par with all inoculants
except 1 (Control) and 12 (Rh.+ PSB). The
minimum value was obtained by inoculants |1
(Control) (2115 kg ha'*) followed by |2 (Rh.+ PSB)
(2139 kg hal).The varietal effect on straw yield
was non-significant. However, numerically higher
yield of straw was noticed with Vi1 (RVSJKG 102)
(2465 kg hal) as compared to V2 (Phule G
0517).

3.6 Biological Yield (kg ha')

The result of biological yield from computed data
was found significant due to seed inoculants
presented in Table 3. Significantly higher
biological yield (5146 kg ha?) recorded by
inoculants ls but it was statistically at par with
inoculants l4 and Is . However, minimum value
was noticed in inoculant 11 (Control) (3643 kg ha
1).The varietal effect on biological yield was non-
significant. The observed seed yield and
biological yield improvements when inoculation
with ls (Rh. + PSB + Mo@1 g AM kg seed)
might be due to the increased N from
atmospheric nitrogen fixation from effective
nodule formation in the vicinity of root zone and
P availability by seed inoculants with PSB as

result of improvements observed for the yield
traits discussed above. These results are in line
with [15].

3.7 Harvest Index (%)

The data Table 3 showed that the seed
inoculants effect on harvest index was non-
significant. The higher value of harvest index
(47%) was obtained by ls (Rh.+ PSB + Mo seed
treatment@ 1.0 g AM kglseed) followed by I3
(Mo Seed treatment @ 0.5 g AM kg1 seed)
(46%) and Is (Rh. + PSB + Mo seed treatment @
0.5 g AM kg seed)(46%). The varietal effect on
harvest index was also non-significant and the
maximum value was showed by variety V2
(PHULE G 0517) (46%).

The interaction between seed inoculants and
variety was found non- significant for seed yield,
straw vyield and harvest index but it was
significant for biological yield Table 4.

Significantly higher biological yield was recorded
by interaction of leV2 but statistically at par with
IsV1, 1aV2 and IsV2 . The minimum value was
noticed with interaction effect of 11V1 (3851 kg
hat) and it was followed by Vali.

Table 3. Response of seed inoculant and variety on seed yield (kg ha-1), straw yield (kg ha-1),
biological yield (kg ha-1) and harvest index (%)

Treatments Seed yield Straw Biological Harvest
(kg ha?) yield Yield index

(kg ha') (kg ha™) (%)

Seed Inoculants (1)

l1 : Control 1519 2115 3634 42

I2 : Rhizobium+ PSB 1736 2139 3875 45

Is: Mo Seed treatment @ 0.5 g AM kg? 2058 2404 4462 46

seed

la : Mo Seed treatment @ 1g AM kg 2226 2629 4855 45

seed

Is: Rh.+ PSB +Mo seed treatment @ 0.5 2322 2717 5039 46

g AM kg seed

le:Rh. + PSB +Mo seed treatment @ 2453 2696 5146 47

1.0 g AM kg?seed

SEm# 116 144.98 154.68 2.25

CD5% 341.65 425.22 453.65 NS

Varieties : 02

V1 : RVSJKG 102 1954 2465 4419 44

V2 : Phule G 0517 2151 2435 4586 46

S.Em#: 67.25 83.71 89.30 1.30

CD5% 197.25 NS NS NS

Interactions (IxV)

S.Emz+ 164.74 205.03 218.74 3.12

C.D. (p=0.05) NS NS 641.55 NS
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Table 4. Biological yield of chickpea influenced by the interaction of seed inoculants and

varieties
Variety Inoculant
I3 P I3 l4 Is ls
V1 RVSJKG 102 3851 3780 4211 4475 4793 5401
V2 Phule G 0517 3416 3970 4712 5237 5286 4891
SEmz 218.74
C.D at 5% 641.55
Table 5. Economics of the various treatments

Treatments Return Return from Gross  Cost of Net B:C

from grain  straw return  cultivation income ratio

(%/ha) (%/ha) (Xha)  (Tiha) (%/ha)
Seed Inoculants (1)
I1 : Control 129153 6344 135497 24018 111479 1.5.6
I> : Rhizobium+ PSB 147568 6418 153987 24072 129915 1:6.3
I3 : Mo Seed treatment 174996 7209 182206 24268 156938 1:7.5
@ 0.5 g AM kg seed
l4 : Mo Seed treatment 189281 7888 197170 24518 172652 1:8.0
@ 1g AM kg seed
Is: Rh.+ PSB +Mo seed 197440 8151 205591 24322 181269 1:8.4
treatment@ 0.5 g AM
kg?seed
ls:Rh. + PSB +Mo seed 208577 8077 216655 24572 192083 1:8.8
treatment@ 1g AM
kg?seed
Varieties : 02
V1 : RVSJKG 102 166098 7394 173493 24295 149198 1:7.1
V2 : Phule G 0517 182906 7302 190208 24295 166913 1:7.8

3.8 Economics Analysis

The economics of various treatments was
worked out by taking market rates of various
production inputs and produce into account
during the research period. According to the data
from Table 5, the maximum net profit (?192083
ha') and B:C ratio (1:8.8) obtained with ls (Rh.+
PSB + Mo seed treatment@ 1.0 g AM kg seed)
and lowest profit was recorded with 1.

(Control) (%111479 ha) with B:C ratio (1:5.6).
The highest gross return (?190208 ha?) and net
profit (%166913 hal) were recorded with variety
V2 (Phule G 0517) compared to V1 (RVSJIKG102)
(%173493 ha?) and (%149198 ha?l). The B: C
ratio was found same higher (1:7.8) due to V2
(Phule G 0517) compared than Vi
(RVSJIKG102)(1:7.3).

4. CONCLUSION

The following conclusion are drawn based on
results obtained by the present study:

1. The seed inoculation Rh.+ PSB + Mo@1 g
AM kgt seed was found best among other
inoculants with respect to productivity and
profitability in chickpea.

2. Variety Phule G 0517 produced higher
values of growth and vyield attributing
parameters and seed and biological yields
of kabuli chickpea.

3. Treatment combination Rh.+ PSB + Mo@1
g AM kg! seed with Phule G 0517
produce higher pods per plant,
seeds per pod, seed yield per
plant, however Rh. + PSB with Phule G
0517 on seed index prove better
combinations for higher production and
yield component.

The present study showcases the positive effect
inoculation of chickpea with ammonium
molybdate in varied quantity with rhizobium with
phosphate solubilizing bacteria. However further
researches need to be done for one or two year
with some more promising varieties of chickpea
along with different strain of rhizobium and
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different level of ammonium molybdate for further
validating the results.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Ladizinsky G, Pickersgill B, Yamamoto K.
Exploitation of wild relatives of the
foodlegumes. In: R.J. Summerfield (ed.),
World crops:Cool season food legumes.
Kluwer AcademicPublishers, Dordrecht the
Netherlands. 1988;67-78.

Van der Maesen LJG. CicerL. Origin,
history and taxonomy of chickpea. In: M.C.
Saxena  and K.B. Singh (ed.),
The Chickpea. C.A.b. International
Cambrian News Ltd, Aberystwyth, UK.
1987;11-34.

Malhotra RS, Pundir RPS, Slinkard AE.
Genetic resources of chickpea. In: Saxena
MC, Singh KB. (ed.), TheChickpea. C.A.B.
International ~ Cambrian News Ltd,
Aberystwyth, UK. 1987;67-81.

Muehlbauer FJ, Singh KB. Genetics of
chickpea. In: Saxena MC, Singh KB.
(eds.),The Chickpea. CAB. International,
Wallingford, Oxon, 0OX10 8DE, UK.
1987;99-125.

Bakr MA, Afzal MA, Hamid A, Haque MM,

Aktar MS. Blackgram in Bangladesh.
Lentil, Blackgram  and Mungbean
Development  Pilot  Project, Pulses

Research Centre, BARI, Gazipur; 2004.
Cumming G, Jenkins L. Chickpea:
Effective crop establishment, sowing
window, row spacing, seeding depth and
rate. Northern Pulse Bull. 2011;7:6.

Bell S. The small but mighty chickpea.
Phys.Org; 2014.

[Accessed on 8 October 2015]

Hernandez LG, Hill GD. Response of
chickpea to inoculation and nitrogen
fertilizer application. Proceedings of the
Agronomy Society of New Zealand.
1984;14:101-104.

Tagore GS, Namdeo SL, Sharma SK,
Kumar N. Effect of Rhizobium and
Phosphate Solubilizing Bacterial Inoculants
on Symbiotic Traits, Nodule
Leghemoglobin, a Yield of Chickpea
Genotype. International  Journal  of
Agronomy. 2013;2013.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

3228

Khan MS, Zaidi A, Wani PA. Role of
phosphate solubilizing microorganisms in
sustainable agriculture. Agronomy for
Sustainable Development. 2007;27:
29-43.

Rudresh DL,Shivaprakash MK, Prasad
RD. Effect of combined application of
Rhizobium, phosphate solubilizing
bacterium and Trichoderma spp. on
growth, nutrient uptake and vyield of
chickpea (Cicer aritenium L.). Applied Soll
Ecology. 2005;28:139-146.

Graham RD, Stangoulis JRS. Molybdenum
and disease In Mineral nutrition and
plant diseases. (Dantoff L, Elmer W,
Huber D.Eds) St. Paul, MN: APS Press;
2005.

Meagher WR, Johnson M, Stout PR.
Molybdenum requirement of leguminous
plants supplied with fixed nitrogen. Plant
Physiol. 1991;27(2):623-629.

Williams RJP, Frausto Da Silva JJR.The
involvement of molybdenum in life.
Bioch.and  Biophy. Res. Commun.
2002;292:293-299.

Gangwar S, Dubey M. Chickpea (Cicer
arietinum L.) root nodulation and yield as
affected by micronutrients application and
Rhizobium inoculation Crop Res.
2012;44(1&2):37-41.

Khan N, Tarig M, Khitab Ullah, Dost
Muhammad, Khan |, Rahatullah K, Ahmed
N, Ahmed S. The effect of molybdenum
and iron on nodulation, nitrogen fixation
and vyield of chickpea genotypes (Cicer
arietinum L), J. Agric. and Veterinary Sci.
2014;7(1):63-79.

Goyal S, Verma HD, Nawange DD.
Studies on growth and vyield of kabuli
chickpea (Cicer arietinum 1) genotypes
under different plant densities and
fertility levels R.AKK. College of
Agriculture. Legume Res. 2010;33(3):
221-223.

Kanoun H, Farayrdi Y, Saeid Alj,
Sabaghpour SH. Stability analyses for
seed yield of Chickpea ( Cicer arietinum L.
) Genotypes in the western cold zone of
Iran J of Agric. Sci. 2015;7(5).

Samad Md. Abdus, Sarkar N, Deb AC.
Study of genetic association and direct and
indirect effects among vyield and vyield
contributing traits in Chickpea. Department
of Botany, University of Rajshahi, Rajshahi
- 6205, Bangladesh; 2015.

ISSN: 2320-0189



20.

Barfa et al.; Int. J. Environ. Clim. Change, vol. 13, no. 11, pp. 3222-3229, 2023; Article no.lIJECC.109483

Khan Zaidi A, Md A, Amil Md. Interactive
effect of rhizotrophic microorganisms on
yield and nutrient uptake of chickpea
(Cicer arietinum L.). European Journal of
Agronomy. 2003;19:15-21.

21.

Sekhon HS, Singh Gurigbal. response of
Kabuli  chickpea (Cicer arieetinum)
genotypes to seed rates. Indian Jornal
of Agricultural Sciences. 2008;78(7):641-
642.

© 2023 Barfa et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/109483

3229


http://www.sciencedirect.com/science/journal/11610301/19/1
http://creativecommons.org/licenses/by/2.0

