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ABSTRACT

The present study assesses the effect of Zinc and Iron nutrition on the growth
and yield of chickpea along with Zn and Fe concentrations in seed. Results of
the study revealed that the cultivar GNG 2207 performed slightly better than
JG 14 to seed yield (1280 kg/ha), net returns (Rs. 38992/ha) and B: C ratio (2.41).
The RDF + Foliar spray of 0.5% each of ZnSO, and FeSO, at pre-flowering and
pod initiation stages recorded significantly higher seed yield (1326 kg/ha), net
returns (INR 41,640/ha) and B: C ratio (2.50) which was statistically at par with
RDF + 0.5% ZnSO, foliar application and RDF + 0.5% FeSO, foliar application
over rest of the treatments. The same results were also observed for Zn (31.28

-31.69 ppm) and Fe (60.82- 63.94 ppm) content in chickpea seed.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is one of the
leading and important Rabi pulse crops of India
occupying a 9.46 m ha area, producing 11.58 mt
with an average productivity of 1224 kg/ha during
2023-24 (Anonymous 2024). It plays an important
role in the diet of the Indian population and the
agricultural economy. It is high in protein, low in fat
and sodium, free of cholesterol, and is an excellent
source of fibre, CHO, vitamins, and minerals. Being
a rich and cheap source of protein chickpeas can
help people to improve the nutritional quality of
their diets.

In modern agriculture, micronutrients are
becoming deficient day by day due to intensive
cultivation of high-yielding crop varieties, use of
imbalance and high doses of fertilizers, low soil
micronutrient status, and no use of organic manures
for crop production, which in turn produce
micronutrient deficient foods. The widespread
prevalence of Fe and Zn micronutrient deficiency
in human populations is due to their low intake.
Deficiencies of micronutrients drastically affect the
growth, metabolism, and reproductive phase of
plants, animals, and human beings (Kuldeep ef al.
2018). Micronutrient deficiencies are a significant
cause of malnutrition worldwide affecting about
one-third of the global population, particularly in
developing countries (Ullah et al. 2020, Alloyway
2008) and in particular Fe and Zn deficiencies in

human nutrition are widespread in developing
Asian countries including India (Kuldeep et al.
2018). Among the pulses, chickpeas are highly
sensitive to Zn and Fe deficiency in the country,
which affects productivity. In developing countries,
large proportions of the population consume
less than the recommended dietary iron and
hence face the problem of anemia. Iron deficiency
limits oxygen delivery to cells, leading to fatigue,
poor work performance, decreased immunity,
and death (Jones et al. 1996). Iron is an essential
micronutrient that plays a vital role in several
enzymatic reactions and metabolism in plant as
well as human growth. It plays an important role in
several enzymic chlorophyll synthesis, nodulation,
and N, fixation and thereby enhances the grain
yield of crops. Iron deficiency causes chlorosis and
necrosis in plants, restricts crop productivity and
yield, and lowers the nutritional quality of grains
(Phattarakul et al. 2012, Chen et al. 2017). Zinc is
also an essential plant nutrient for plant growth and
development and it plays an important role in the
formation of chlorophyll and growth hormones.
Zinc is also recognized as an essential component
of several enzyme systems having vital roles in
plant metabolism. Zinc helps to increase water
use efficiency, nodulation, and nitrogen fixation
in pulses (Roy et al. 2013). Zinc deficiency impairs
plant growth and development by reducing
enzyme activity, disturbing ribosomal stabilization,
and decreasing the rate of protein synthesis. Zinc
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deficiency also induces flower abortion and ovule
infertility leading to low seed set and substantial
yield reduction. To combat micronutrient deficiency,
crops must have improved nutritional qualities or
be biofortified.

Bio-fortification of staple food crops with
fundamental nutrients is a practical and sustainable
approach, which refers to the increase in the
amount and bioavailability of micronutrients in
plant parts consumed by humans using nutritional
management techniques and plant biotechnology
(Bouis et al. 2011), to improve human well-being and
nourishment. Bio-fortification of Fe and Zn through
agronomic intervention in chickpea crops canreduce
malnourishment in humans and animals (Bouis et
al. 2011). Foliar application of micronutrients is an
effective strategy for improving grain yield and
enhancing micronutrient concentration in grain
(Johnson et al. 2005, Ullah et al. 2020). Therefore,
keeping these in view an experiment was planned
to evaluate the effect of Zn and Fe nutrition on
the growth and yield of chickpea as well as their
concentration in the grains of chickpea.

MATERIALS AND METHODS

Experimental site and weather conditions

In the present investigation, a field experiment
was conducted over two years (2021-22 and 2022-
23) during the Rabi season at AAU-ZRS, Shillongani,
Nagaon, Assam which is situated at a latitude of 26°
N, longitude of 90°45/ E and at an altitude of 50.2
m above from the mean sea level. The soil of the
experimental field was sandy clay loam having pH
5.6, organic carbon 0.82 %, available nitrogen 298.54
kg/ha, available P,0, 21.76 kg/ha, and K,0 154.44
kg/ha. The climate of the experimental site was sub-
tropical with hot humid summer as well as dry and
cold winter. During the crop growth period, a total
rainfall of 381.6 and 244.20 mm with rainy days of
36 and 24 was received during 2021-22 and 2022-23,
respectively. The mean maximum and minimum
temperatures ranged from 31.90 to 24.25°C and
20.95 to 11.30°C, respectively (means of two years).
The weather variables during the crop season of
2021-22 and 2022-23 are presented in Figure 1.

Experimental design

The treatments comprised two chickpea
cultivars and six nutrient levels which were tested
in Split Plot Design with 4 replications. The main
plot consisted of two chickpea cultivars viz. GNG
2207 ang JG 14 and subplot six nutrient levels viz.

RDF (control), RDF + 0.5% ZnSO, foliar spray, RDF
+0.5% FeSO, foliar, RDF+ ZnSO, and FeSO, foliar,
RDF+ Seed treatment @ 2 g ZnSO, /kg of seed and
RDF+ Soil application of ZnSO, @ 25 kg/ha. The
plot size was 6m x 5m. The chickpea varieties were
sown at 30 cm x 10 cm on November 15, 2021 and
November 17, 2022, and harvested during 1% week
of April during both years of experimentation. The
recommended fertilizer dose (20:40:15 kg/ha as N:
P,0O, and K,0) was applied at the time of sowing
of chickpea through urea, single super phosphate,
and muriate of potash. Gap-filling and thinning
operations were carried out wherever necessary
to maintain the required plant population. Soil
application of ZnSO, was done at the time of sowing.
Foliar application of 0.5% Zn and 0.5% Fe was done
through ZnSO,.7H,0 (23% Zn) and FeSO,.H,0 (20%
Fe) at pre-flowering and pod initiation stage using
500 litres of water per hectare as per treatments.
Weeds were controlled by one hand weeding at
30-35 DAS and 45-50 DAS. Regarding agronomic
characters, five plants were randomly selected
from each plot and observations were recorded for
growth and yield attributes. Whereas, seed yield
obtained from the net plot area was recorded and
expressed in kg/ha. At harvest, plant samples were
collected from each plot for chemical analysis of Zn
and Fe by using di-acid (HCIO, + HNO, in 3:10 ratio)
digestion in Atomic Absorption Spectrophotometer
(Prasad et al. 2006).

The economics was calculated based on the
prevailing market price of inputs and outputs
in Indian rupees. The total cost of cultivation of
chickpea crops was calculated based on different
operations performed and inputs used for raising
the crop. The net return was calculated as:

Net return: Gross return-Cost of cultivation
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Fig. 1. Monthly weather parameters during crop season of
2021-22 and 2022-23
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Statistical analysis

The data about each of the characters of the
experimental crops were tabulated and finally
statistically analyzed. The significance or non-
significance of the variances due to treatment effects
was tested by the ‘F’ test. Analysis of variance was
performed using the online statistical program
OPSTAT. Comparisons of treatment mean values
were performed using the least significant difference
(LSD, p=0.05).

RESULTS AND DISCUSSION

Growth attributes

Results of the present study revealed that
between two chickpea varieties, GNG 2207
performed slightly better in all the growth
parameters over JG 14 but failed to bring significant
variation in all the growth attributes over both
years except plant height during 2022-23 (Table
1). Among the nutrient levels, significantly higher
plant height at 100 DAS and secondary branches
per plant at 60 DAS during 2022-23, and primary
branches per plant at 60 DAS in both years were
found in the treatment RDF + two foliar sprays of
0.5% each of ZnSO, and FeSO, at pre-flowering
and pod initiation stages which was statistically at
par with RDF along with two foliar sprays of 0.5%
ZnS0O, and RDF along with two foliar sprays of 0.5%
FeSO, as compared to rest of the treatments. Similar
findings were also reported by Singh et al. (2015)
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and Banjara and Majgahe (2019).

Yield attributes

Varieties had a significant effect on pod weight
per plant and seed weight per plant during 2022-
23. Maximum number of pods/plant (49.58 and
53.96) and seed weight per plant (16.93 and 11.97
g) were recorded by GNG 2207 over JG 14 (Table
2). Nutrient levels had a significant effect on all
the yield attributes except on pod weight per plant
during 2021-22 (Table 2) and seeds per pod (Table 3).
A significantly higher number of pods, pod weight,
seed weight per plant, and 100 seed weight were
found under the treatment RDF + two foliar sprays
of 0.5% each of ZnSO, and FeSO, which was closely
followed by treatment RDF + two foliar sprays of
0.5% ZnSO, and RDF + two foliar sprays of 0.5%
FeSO, over rest of the treatments. The increase in
yield attributes under these treatments might be
attributed to the positive effect of foliar application
of Fe and Zn on the growth and development of
chickpea crops, as chickpea is sensitive to Fe and Zn
deficiency. Similar findings were also reported by
Singh et al. (2015) and Banjara and Majgahe (2019).

Yield

Varieties had brought significant variation in
seed yield and harvest index in 2022-23 only. The
chickpea variety GNG 2207 recorded significantly
higher seed yield and harvest index over JG 14
(Table 4). Further, the pooled data of two years

Table 1. Effect of iron and zinc nutrition on growth parameters of chickpea

Plant height (cm) at 100

No. of primary branches/  No. of secondary branches/

Treatments DAS plants at 60 DAS plant at 60 DAS
2021-22 2022-23 2021-22 2022-23 2021-22 2022-23
Variety (V)
GNG 2207 69.42 51.62 2.80 2.69 14.92 8.78
JG14 70.33 58.03 2.78 2.57 14.37 8.07
SEmz* 1.58 0.98 0.13 0.09 0.60 0.29
CD (p=0.05) NS 441 NS NS NS NS
Nutrient levels (N)
RDF (control) 64.00 49.08 2.62 2.25 12.25 6.69
RDF + 0.5% ZnSO4 Foliar 72.62 57.70 3.00 2.75 15.62 9.35
RDF + 0.5% FeSO4 Foliar 71.12 56.20 2.87 2.63 14.75 7.93
RDF + 0.5% ZnSO4 + 0.5% FeSO, Foliar 74.87 59.20 3.38 3.28 16.87 9.76
RDF + Seed treatment @ 2 g ZnSO4/kg of 66.62 51.70 2.75 2.63 13.75 8.53
seed
RDF + Soil application of ZnSO, @ 25 kg/ 70.00 55.08 212 2.25 14.62 8.30
ha
SEmz+ 2.73 2.04 0.33 0.15 1.04 0.51
CD (p=0.05) NS 6.15 0.67 0.44 NS 1.46
Interactions (VxN) NS NS NS NS NS NS
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Table 2. Effect of iron and zinc nutrition on yield parameters of chickpea

No. of pods/plant Pod weight Seed weight
Treatments
2021-22 2022-23 2021-22 2022-23 2021-22 2022-23
Variety (V)
GNG 2207 49.58 53.96 19.70 13.62 16.93 11.97
JG14 46.71 49.25 19.15 12.40 16.60 11.38
SEm#+ 1.07 1.94 0.42 0.25 0.38 0.12
CD (p=0.05) NS NS NS 1.12 NS 0.54
Nutrient levels (N)
RDF (control) 39.62 43.13 18.02 10.60 15.32 8.51
RDF + 0.5% ZnSO4 Foliar 54.00 57.50 20.17 13.63 17.63 12.36
RDF + 0.5% FeSO4 Foliar 47.75 51.25 19.85 13.30 17.05 11.41
RDF +0.5% ZnSO4 + 0.5% FeSO, Foliar 60.75 64.13 20.56 15.64 18.07 13.79
RDF + Seed treatment @ 2 g ZnSO4/kg of seed 42.75 46.12 18.65 12.23 15.87 10.39
RDF + Soil application of ZnSO, @ 25 kg/ha 44.00 47.50 19.30 12.66 16.65 10.61
SEmz 1.85 3.36 0.72 0.43 0.65 0.22
CD (p=0.05) 5.36 9.72 NS 1.24 1.89 0.62
Interactions (VxN) NS NS NS NS NS NS

Table 3. Effect of iron and zinc nutrition on yield
parameters of chickpea

Seeds /pod 100 seed wt.
Treatments 2021 2021 (g)2022

22 2022-23 2 23
Variety (V)
GNG 2207 1.96 196 16.83 16.10
JG14 1.95 1.88 2375 2292
SEm=* 0.04 0.05 031 028
CD (p=0.05) NS NS 090 1.26
Nutrient levels (N)
RDF (control) 1.75 1.63 1950 18.69
RDF + 0.5% ZnSO4 Foliar 2.00 200 20.75 20.08
RDF + 0.5% FeSO4 Foliar 2.00 2.00 2050 19.74
RDF + 0.5% ZnSO4 + 0.5% 2.00 2.00 20.87 2015
FeSO, Foliar

RDF + Seed treatment @2 g 2.00 1.88  19.88 19.06
ZnS04/kg of seed

RDF + Soil application of 2.00 200 2025 19.34
ZnSO, @ 25 kg/ha

SEmz+ 0.07 0.09 054 050
CD (p=0.05) NS 0.27 NS NS

Interactions (VxIN) NS NS NS NS

indicated that the chickpea variety GNG 2207
recorded significantly higher seed yield (1280
kg/ha) over ]G 14 (Table 5). Among the different
nutrient treatments, RDF + 0.5% each of ZnSO,
and FeSO, foliar spray at pre-flowering and pod
initiation stages had resulted in significantly higher
seed yield (1326 kg/ha), stover yield and harvest
index (35.82% and 36.09%) during both the years
as compared to other treatments (Table 4 and Table
5). This was statistically at par with the treatments
of RDF + 0.5% ZnSO, foliar spray and RDF + 0.5%

FeSO, foliar application. Foliar application of ZnSO,
and FeSO, at pre-flowering and pod initiation stages
increased seed yield by 15.61% (Table 5) over control.
The increase in seed yield of chickpeas might be
attributed to higher values of growth and yield
attributes associated with foliar sprays of Zn and
Fe, which was due to the favourable effect of Fe and
Zn on dry matter accumulation, flower formation,
pollen functioning, ovule fertility and fertilization

(Pathak et al. 2012, Choudhury et al. 2015).

Zn and Fe content in seed

Variety had no significant effect on Zn and Fe
content in chickpea seeds. However, the chickpea
variety GNG 2207 recorded a slightly higher
concentration of Zn and Fe in seed as compared to
JG 14. Nutrient levels showed a significant effect on
Zn and Fe concentration in chickpea seeds during
both years (Table 5). Application of recommended
dose of NPK along with 0.5% each of ZnSO4
and FeSO, foliar spray at pre-flowering and pod
initiation stages resulted in higher concentrations of
Zn (31.28 ppm and 31.69 ppm in 2021-22 and 2022-
23, respectively) and Fe (60.82 ppm and 62.94 ppm
in 2021-22 and 2022-23, respectively) in chickpea
seeds (Gupta et al. 2021). This was at par with the
treatments of RDF + 0.5% ZnSO, foliar application
and RDF + 0.5% FeSO, foliar application. However,
the least Zn (23.49 ppm and 24.40 ppm in 2021-22
and 2022-23, respectively) and Fe (50.37 ppm and
51.15 ppm in 2021-22 and 2022-23, respectively)
content in seed was observed in RDF i.e., control.
The higher Zn and Fe concentration in chickpea
seeds might be attributed to the positive effect of
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Table 4. Effect of iron and zinc nutrition on yield of chickpea
Treatments Se(ig/};ll:)ld St(:zghyal)eld HI (%)
2021-22 2022-23 2021-22 2022-23 2021-22 2022-23
Variety (V)
GNG 2207 1263 1297 2329 2324 35.15 35.82
JG14 1244 1253 2319 2333 34.79 34.94
SEm#+ 8.50 7.24 15.67 11.27 0.16 0.13
CD (p=0.05) NS 32.55 NS NS NS 0.58
Nutrient levels (N)
RDF (control) 1131 1163 2196 2205 33.99 34.54
RDF + 0.5% ZnSO4 Foliar 1292 1309 2365 2367 35.34 35.71
RDF + 0.5% FeSO4 Foliar 1278 1298 2354 2352 35.18 35.57
RDF +0.5% ZnSO4 + 0.5% FeSO, Foliar 1319 1332 2364 2358 35.82 36.09
RDF + Seed treatment @ 2 g ZnSO4/kg of seed 1241 1264 2328 2329 34.77 35.19
RDF + Soil application of ZnSO, @ 25 kg/ha 1261 1285 2336 2370 34.72 35.14
SEm:+ 14.72 11.96 27.15 19.42 0.27 0.31
CD (p=0.05) 4256 36.04 78.46 58.52 0.78 0.93
Interactions (VxN) NS NS NS NS NS NS
Table 5. Effect of iron and zinc nutrition on yield and economics of chickpea (pooled of 2 years)
Treatments Seed yield (kg/ha) Gross return Net return B:C
2021-22 2022-23 Pooled (INR/ha) (INR/ha)
Variety (V)
GNG 2207 1263 1297 1280 66687 38992 241
JG 14 1244 1253 1249 65579 37884 2.37
SEm+ 8.50 7.24 6.64 347.55 347.27 0.013
CD (p=0.05) NS 32.55 29.85 NS NS
Nutrient levels (N)
RDF (control) 1131 1163 1147 59994 32299 217
RDF + 0.5% ZnSO4 Foliar 1292 1309 1301 68016 40321 2.46
RDF + 0.5% FeSO4 Foliar 1278 1298 1288 67372 39677 243
RDF + 0.5% ZnSO4 + 0.5% FeSO, Foliar 1319 1332 1326 69335 41640 2.50
RDF + Seed treatment @ 2 g ZnSO4/kg of seed 1241 1264 1253 65505 37810 2.36
RDF + Soil application of ZnSO, @ 25 kg/ha 1261 1285 1273 66575 38880 2.40
SEmz+ 14.72 11.96 11.99 627.14 627.17 0.023
CD (p=0.05) 4256 36.04 34.80 1820.08 1820.17 0.066
Interactions (VxN) NS NS NS NS NS NS

foliar fertilization of Zn + Fe in plants, as foliar spray
of micronutrients regulates their supply to the crop
through mineralization and prevents them from
leaching and other losses due to directly applied to
the leaves (Kumar et al. 2020). A similar result was
also noticed by Hidoto et al. (2017), Pal et al. (2019)
and Gupta et al. (2021).

Economics

In respect of economics also, variety GNG

2207 performed better compared to JG 14 (Table 5).
Among the nutrient treatments, the treatment RDF
+0.5% each of ZnSO, and FeSO, foliar spray at pre-
flowering and pod development stages recorded
significantly higher gross return, net return, and
B:C ratio and it was closely followed by RDF + 0.5%
ZnSO, foliar application. This might be attributed to
the higher productivity of the crop associated with
the treatment compared to others. Similar findings
were also reported by Gupta et al. (2021) and Majeed
et al. (2020).
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Table 6. Effect of iron and zinc nutrition on Fe and Zn
content in seed of chickpea

Zn contentin  Fe content in

Tratments T
2 2022-23 2 23

Variety (V)
GNG 2207 2826 2895 56.63 61.14
JG14 2759 2820 55.52 59.30
SEmz+ 0.44 0.32 0.88 070
CD (p=0.05) NS NS NS NS
Nutrient levels (N)
RDF (control) 2349 2440 5037 51.15
RDF + 0.5% ZnSO4 Foliar 29.76 3085 5591 6227
RDF + 0.5% FeSO4 Foliar 26.37 2687 59.04 6223
RDF + 0.5% ZnSO4 + 0.5%
FeSO, Foliar 3128 31.69 60.82 63.94

RDF + Seed treatment @2 g 26.53 2840 5479 60.36
ZnS04/kg of seed

RDF + Soil application of 30.13 2934 5554 6133
ZnSO, @ 25 kg/ha

SEmz 0.76 0.54 153 1.02
CD (p=0.05) 221 1.63 444  3.07
Interactions (VxN) NS NS NS NS

CONCLUSION

Based on the above results, it can be concluded
that the application of the recommended dose of
fertilizers (RDF) along with 0.5% each of Zn and
Fe foliar fertilization has a positive effect on Zn
and Fe content of chickpea seeds along with higher
seed yield and economics. It is a viable agronomic
intervention for getting higher productivity,
profitability, and nutritional security. Thus, it can
help in eliminating the micronutrient malnutrition
of Zn & Fe in human beings.

ACKNOWLEDGMENT

The authors are thankful to the Indian Council
of Agricultural Research (ICAR-IIPR, Kanpur) for
providing financial support as well as the Director
of Research (Agri.), AAU, Jorhat, and Chief Scientist,
AAU-ZRS, Shillongani for providing field staff,
facilities, and assistance in conducting this research.

REFERENCES

Alloway BJ. 2008. Micronutrients deficiencies in global
crop production. Springer, New York, pp. 1-539.

Anonymous. 2024. Director of Economics and Statistics,
Department of Agriculture, Cooperation and Farmers
Welfare (DAC & FW).

Banjara GP and Majgahe SK. 2019. Effect of Biofortification
of Zinc and Iron on yield attributes and yields of
chickpea (Cicer arietinum L.) through Agronomic

Intervention. The Pharma Innovation Journal 8(10):
45-47.

Bouis HE, Hotz C, McClafferty B, Meenakshi JV and
Pfeiffer WH. 2011. Biofortification: A new tool to
reduce micronutrient malnutrition. Food Nutrition
Bulletin 32 (Supplement 1): 31S-40S.

Chen X-P, Zhang Y-Q, Tong Y-P, Xue Y-F, Liu D-Y,
Zhang W, Deng Y, Meng Q-F, Yue S-C, Yan P. 2017.
Harvesting more grain zinc of wheat for human
health. Scientific Reports 7: 1-8.

Choudhury SK, Mathur AK and Singh P. 2015. Effect of
micronutrient fertilization and method of application
on yield and quality of sorghum (Sorghum bicolor) in
sub-humid southern plains zone. Research on Crops
16(1): 59-63.

Gupta KC, Saxena R, Jain SK, Kumar V and Yadav MR.
2021. Yield and nutrient fortification of chickpea by

foliar Fe and Zn application. Journal of Crop and
Weed 17(3): 29-34.

Hidot L, Worku W, Mohammed H and Bunyami T. 2017.
Effects of zinc application strategy on zinc content and
productivity of chickpea grown under zinc deficient
soils. Journal of Soil Science and Plant Nutrition 17(1):
112-126.

Johnson S, Lauren ], Welch R and Duxbury J. 2005. A
comparison of the effects of micronutrient seed
priming and soil fertilization on the mineral nutrition
of chickpea (Cicer arietinum), lentil (Lens culinaris), rice
(Oryza sativa) and wheat (Triticum aestivum) in Nepal.
Experimental Agriculture 41: 427-448.

Jones DL, Darah PR and Kochian LV. 1996. Critical
evaluation of organic acid mediated iron dissolution

in the rhizosphere and its potential role in root iron
uptake. Plant and Soil 180: 57-66.

Kuldeep, Kumawat PD, bhanu V, Sumeriya HK and
Kumar V. 2018. Effect of Iron and Zinc nutrition
on growth attributes and yield of chickpea (Cicer
arietinum L.). Journal of Current Microbiology and
Applied Sciences 7(8): 2837-2841.

Kumar VV, Vijayan R, Nath R,and Sengupta K. 2020.
Effect of foliar spray of micronutrients on growth and
yield of late sown lentil (Lens culinaris) in new alluvial
zone of West Bengal. Journal of Food Legumes 33(4):
215-217.

Majeed A, Minhas WA, Mehboob N, Farooq S, Hussain
M and Alam S. 2020. Iron application improves

yield, economic return and grain-Fe concentration of
mungbean. PLoS ONE 15(3): e020720.

Pal V, Singh G and Dhaliwal SS. 2019. Agronomic
biofortification of chickpea with zinc and iron through
application of zinc and urea. Communications in Soil
Science and Plant Analysis 50(15): 1864-1877.

Pathak GC, Gupta B and Pandey N. 2012. Improving
reproductiveefficiency of chickpea by foliar application
of zinc. Brazilian Journal of Plant Physiology 24: 173-



Deka et al. : Effect of Zn and Fe fortification on growth and yield of chickpea 55

180. d0i:10.1590/51677-04202012000300004.

Phattarakul N, Rerkasem B, Li L], Wu LH, Zou CQ, Ram
H, Sohu VS, Kang BS, Surek H and Kalayci M. 2012.
Biofortification of rice grain with zinc through zinc
fertilization in different countries. Plant and Soil 361:
131-141.

Pingoliya KK, Dotaniya ML and Lata M. 2014. Effect of
iron on yield, quality and nutrient uptake of chickpea
(Cicer arietinum L.). African Journal of Agricultural
Research 9(37): 2842-2845.

Prasad R, Shivay YS, Kumar D and Sharma SN 2006.
Learning by Doing Exercise in Soil Fertility (A Practical
Manual for Soil Fertility). Division of Agronomy,

Indian Agricultural Institute, New Delhi, India.

Roy PD, Narwal RP, Malik RS, Saha BN and Kumar
S. 2013. Impact of zinc application methods on
greengram productivity and grain zinc fortification.
Journal of Environmental Biology 35: 851-854.

Singh U, Kumar N, Praharaj CS, Singh SS and Kumar
L. 2015. Ferti-fortification: an easy approach for
nutritional enrichment of chickpea. The Ecoscan
9(3&4): 731-736.

Ullah A, Farooq M, Rehman A, Hussain M and Siddique
KHM. 2020. Zinc nutrition in chickpea (Cicer

arietinum): A review. Crop and Pasture Science 71:
199-218.



