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Abstract This study presents a comparative account of bio-
chemical responses evoked by a high-zinc-accumulating
(HZnG) and a low-zinc-accumulating (LZnG) genotype of
chickpea (Cicer arietinum L.) under conditions of zinc defi-
ciency (0 mg ZnSO4kg

−1 soil) and on exogenous zinc supply
(2.5, 5, and 10 mg ZnSO4kg

−1 soil), at different growth stages
(pre-flowering, flowering, and post-flowering) of the crop.
Both the genotypes exhibited significant variation in contents
of chlorophyll, protein, nitrate, and leghemoglobin, and in the
activity of enzymes (nitrate reductase, superoxide dismutase,
and carbonic anhydrase), under zinc-limiting condition. The
HZnG maintained a significantly higher level of biochemical
parameters at deficient zinc levels, while LZnG was more
affected by Zn deficiency (with reduced biochemical attri-
butes), compared to HZnG. However, application of soil zinc
alleviated the Zn-induced disturbance and improved the bio-
chemical parameters in both genotypes. The differential bio-
chemical response of plants to Zn deficiency indicated exis-
tence of genotypic variation in efficient utilization of the avail-
able Zn. The HZnG was more effective in overcoming Zn
deficiency than the LZnG. This study suggests that metal-
dependent biochemical parameters can be used as reliable
indices for selection of genotypes with a better Zn utilization
capacity, i.e., the Zn-efficient genotypes.
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Introduction

The growth and yield potential of plants depend on their
genetic background and environmental factors. Zinc (Zn)
deficiency in soils represents a common environmental
factor that limits crop production; it reduces not only
the yield but also the nutritional quality of grain, affect-
ing billions of people worldwide. The magnitude of Zn-
deficient soils is increasing rapidly in many regions of
the world including India. If this trend continues, the
present level of nearly 50 % Zn-deficient soil in the
country is likely to become about 63 % by the year
2025 (Das and Green 2013). Given the high prices of
animal products, use of chickpea (Cicer arietinum L.)
as a source of energy and high-quality dietary proteins
is desirable, particularly in developing countries like
ours. However, deficiency of zinc in these regions
(Saxena 1993; Singh 2008) causes significant yield
losses in chickpea crop, which is sensitive to zinc defi-
ciency (Ahlawat et al. 2007). Chickpea genotypes differ
in their requirement of zinc, and hence in their tolerance
to Zn deficiency (Khan et al. 1998, 2000). Furthermore,
genotypes with high Zn accumulation capacity can thrive
with low level of zinc and maintain a better growth and
yield (Khan et al. 1998; Siddiqui et al. 2013). Therefore,
cultivating high-zinc-accumulating chickpea genotypes
capable of maximizing their yield with low availability
of Zn (Zn-efficient genotypes) seems to be a key ap-
proach for improving chickpea production under rapidly
increasing Zn deficiency in the soil. However, a better
understanding of zinc utilization mechanism is necessary
to define the strategies adopted by the plant to combat
Zn deficiency. Therefore, inclusion of available physio-
logical Zn in criteria for selecting plant genotypes with
enhanced utilization of Zn is warranted.
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Zinc, an essential micronutrient for plants, is involved in
synthesis of indole-3-acetic acid (IAA) and protein, carbohy-
drate metabolism, photosynthesis, and the nitrogen fixation in
legumes (Broadley et al. 2007; Cherif et al. 2011). It is also a
key constituent of enzymes like carbonic anhydrase (CA) and
superoxide dismutase (SOD). As a cofactor of CA, Zn is im-
portant in photosynthesis; the activity of CA is highly corre-
lated with photosynthetic rate (Ohki 1976; Rengel 1995).
Evidence indicates that much of the injury to plants due to
environmental stresses is associated with oxidative damage
through direct or indirect formation of reactive oxygen species
(ROS), which are very unstable molecules and interact non-
specifically with many cellular components, including photo-
synthetic pigments, proteins, nucleic acids, and lipids, and
damage their normal functions. Zn modulates free radicals
and their damaging effects by enhancing the plants’ antioxi-
dant systems (Zago and Oteiza 2001). It has a role in stabili-
zation and protection of biomembranes against oxidative and
peroxidative damage, loss of plasma membrane integrity, and
alteration of membrane permeability (Bettger and O Dell
1981). Therefore, the Zn-deficiency-induced increase inmem-
brane permeability and the decrease in detoxification mecha-
nisms (Cakmak 2000; Pandey et al. 2012) seem to be respon-
sible for impairment of various cellular functions in Zn-
deficient plants. Furthermore, being involved in the regulation
of cell metabolic pathways (Andreini et al. 2006), inadequate
amount of Zn negatively affects several enzymatic systems
and associated metabolic functions (Alloway 2004), and
limits plant growth and development (Cakmak et al. 1999).
Zinc deficiency retards photosynthesis and nitrogen metabo-
lism, reduces flowering and fruit development, prolongs
growth periods (resulting in delayedmaturity), decreases yield
and quality, and causes suboptimal nutrient use efficiency
(Das and Green 2013). Therefore, exogenous supply of zinc
to maintain its balanced level in plant cells is critical.

Since different chickpea genotypes differ in their response
to Zn deficiency, genotypes with diverse Zn accumulation
capacity might trigger biochemical responses differently un-
der zinc-limiting conditions, and these responses might indi-
cate genotypic difference in zinc utilization. Screening of
crops not just for yield, but even for individual yield compo-
nents, may provide adequate information on mechanisms un-
derlying protection against low availability of plant nutrients.
Since plant responses differ during different growth phases
(Cao et al. 2013), induced biochemical responses in chickpea
under Zn deficiency may also vary with developmental stages
of the crop. Therefore, the present study with a high-Zn-
accumulating (HZnG) and a low-Zn-accumulating (LZnG)
chickpea genotype was carried out to understand how they
cope with zinc deficiency at physiological level during differ-
ent stages of plant growth, and how the soil Zn application
works in modulating the biochemical processes and alleviat-
ing the effect of Zn deficiency.

Materials and methods

Plant material and growth conditions

Two chickpea genotypes, HZnG (IC269837) and LZnG
(IC269867), differing in their Zn accumulation and sensi-
tivity to Zn deficiency (Siddiqui et al. 2013), were evaluat-
ed for their performance in a pot experiment under natural
field condition at Jamia Hamdard, New Delhi (India). The
soil used for the experiment had a sandy loam texture
(83.6 % sand, 6.8 % silt, and 9.6 % clay), with pH 7.1,
and 0.78 mg diethylenetriamine pentaacetic acid (DTPA)-
extractable Zn per kilogram of soil (Ankerman and Large
1974).

Ten healthy equal-sized chickpea seeds of each genotype
were surface-sterilized with 0.1 % mercuric chloride for
5 min, washed thoroughly with deionized water, and then
germinated in the dark in noncontaminated sand moistened
with deionized water. After 1 week, five most vigorous and
equally developed seedlings were transferred to 23-cm-
diameter soil-filled earthen pots lined with polythene bags
(to avoid contamination). The entire experiment was conduct-
ed under naturally illuminated field condition with 32/20±
4 °C average day/night temperatures and relative humidity
of 70–76 %. The soil used in pots was mixed homogenously
with recommended basal doses of N, P, K, and S to get
25 kg N, 20 kg P, 30 kg K, and 20 kg S ha−1. The sources of
N, P, K, and S were urea, single super phosphate, muriate of
potash (KCl), and gypsum, respectively. Zinc at concentra-
tions of 0, 2.5, 5, and 10 mg kg−1, symbolized as Zn0, Zn2.5,
Zn5, and Zn10, respectively, was added to the soil as ZnSO4·
7H2O and thoroughly mixed. The treatments were arranged in
a randomized design with three replications. Growth was vi-
sually assessed at every 5 weeks until the final harvest. The
necessary aftercare operations and plant protection measures
were carried out as and when required to maintain a good and
healthy crop. The crop was also given protective irrigation,
depending upon water requirement.

The first sampling was done at pre-flowering stage, i.e.,
40 days after sowing (DAS), and four plants were maintained
in each pot up to 60 DAS. The second sampling was done at
flowering stage (60 DAS), and three healthy plants of uniform
size were maintained in each pot until the third sampling at
post-flowering stage (90 DAS). Data on contents of chloro-
phyll, protein, and nitrate, and activity of nitrate reductase
(NR), SOD, and CA enzyme in leaves were collected at each
growth stage. For this, fully expanded fresh leaves on the
upper one half to one third of the stem were sampled and
cleaned with deionized water to remove any surface contam-
ination before biochemical analysis. The leghemoglobin
(LHb) content was determined from fresh root nodules, to find
out the capacity of both chickpea genotypes to fix the atmo-
spheric nitrogen. Plants were carefully uprooted with root
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system intact. The roots were rinsed several times with deion-
ized water, and the nodules were detached carefully with
forceps.

Chemicals used

The chemicals of analytical grade were obtained from E.
Merck, SRL, and Sigma-Aldrich (St. Louis, MO, USA), and
a high-purity deionized water was used.

Leaf chlorophyll content

Chlorophyll was extracted from freshly sampled leaves fol-
lowing the DMSO method described by Hiscox and
Israelstam (1979). The absorbance of leaf extract was record-
ed at 645 and 663 nm, using DMSO as a blank, by a spectro-
photometer (model DU 640, Beckman, USA). Content of total
chlorophyll (TChl) was calculated using the following formu-
la given by Arnon (1949):

TChl ¼ 20:2OD645 þ 8:02OD663

Soluble protein content

The total soluble protein content in leaf tissue was estimated
following the method of Bradford (1976), using 0.5 g chopped
fresh leaves, homogenized in 1.5 ml of phosphate buffer
(0.1 M, pH 7.0) with a pre-chilled mortar and pestle. The
homogenate was centrifuged at 5000 rpm for 20 min at 4 °C
(REMI CPR24, New Delhi, India). An equal amount of
chilled 10 % TCA was added to 0.5 ml of the supernatant,
and then again centrifuged at 3300 rpm for 30 min. The su-
pernatant was discarded and the pellet left was washed with
acetone. It was then dissolved in 1 ml of NaOH (0.1 N). To a
0.2-ml aliquot, 1 ml of the Bradford’s reagent was added and
vortexed. The tubes were kept for 10 min for optimal color
development. The absorbance was then recorded at 595 nm.
Calculations for leaf protein contents were made using the
calibration curve of bovine serum albumin (BSA). The protein
content was expressed in milligrams per gram fresh weight
(mg g−1 F.W.).

Nitrate content

Nitrate content of leaves was estimated using the method of
Grover et al. (1978). For extraction of nitrate, 0.5 g fresh
leaves were taken in a conical flask; 50 mg charcoal and
10 ml distilled water were added to it and boiled for 4–
5 min. After filtration, the volume was made up to 50 ml by
adding DDW. An aliquot (1 ml) of the extract was added with
0.5 ml CuSO4 solution, 0.25 ml hydrazine sulfate, and

0.25 ml of 0.1 N NaOH in sequence. The vials were kept in
water bath incubator for 10 min at 33 °C and then transferred
to ice, before adding 0.5 ml chilled acetone and 1.0 ml
sulphanilamide and N-(1-napthyl) ethylene diamine
dihydrochloride (NEDD) to it. The volume was increased to
6 ml by adding 1.5 ml DDW, and the vials were kept for
20 min for color development. Optical density of the pink
solution was read at 540 nm. The nitrate content was
expressed as micromoles per gram (μmol g−1) F.W. The con-
centration of nitrate was determined against the standard curve
prepared by using potassium nitrate (KNO3) solution.

Leghemoglobin content

LHb content of nodules was determined by the method of
Wilson and Reisenauer (1963). An amount of 0.5 g fresh
and bold nodules was homogenized with 10 ml of pre-
cooled Drabkins solution (Wilson and Reisenauer 1963),
using chilled mortar and pestle. The homogenate was
squeezed through four layers of cheesecloth and then centri-
fuged at 5000 rpm in a cooling centrifuge at 4 °C for 30 min.
The supernatant obtained was used for the assay of LHb. The
absorbance of the supernatant was read at 540 nm (Wilson and
Reisenauer 1963). LHb concentration was calculated by using
bovine hemoglobin (Sigma, USA) as a standard, and values
were expressed in milligrams per gram of the nodule mass
(mg g−1 nodule) F.W.

Nitrate reductase (EC 1.6.6.1) activity

Activity of NR in leaf was estimated, as per the method of
Jaworski (1971), by suspending 250-mg leaf material in
2.5 ml phosphate buffer (0.1 M, pH 7.5) containing equal
amounts of potassium nitrate solution (0.2M) and isopropanol
(5 %), and two drops of chloramphenicol (0.5 %), in a screw-
capped vial. After sealing, the vials were incubated at 30 °C in
the dark for about 2 h. The aliquot (0.4 ml) was added with
0.3 ml of 3 NHCl solution containing 1% sulphanilamide and
0.02 % aqueous NEDD. The final volume was made up to
5 ml by DDW. After 20 min, the absorbance was read at
540 nm. A standard curve was plotted, using varying concen-
trations of potassium nitrate (KNO3), and used for calculation.
The enzyme activity was expressed as micromoles of nitrite
per hour per gram (μmol nitrite h−1 g−1) F.W.

Superoxide dismutase (EC 1.15.1.1) activity

Fresh leaf tissues (0.5 g) were ground in extraction buffer
containing 0.05 % (v/v) Triton X-100 and 1 % (w/v) polyvi-
nylpyrrolidone in potassium phosphate buffer (100 mM,
pH 7.5) under cold condition (4 °C) with the help of pre-
chilled mortar and pestle. The homogenate was centrifuged
at 10,000 rpm for 10 min at 4 °C. The supernatant obtained
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was used for determination of SOD. The activity of SOD was
assayed according to Dhindsa et al. (1981) by monitoring the
inhibition of photochemical reduction of nitroblue tetrazolium
(NBT). The photoreduction of NBT (production of blue
formazan) was measured at 560 nm by UV-Vis spectropho-
tometer; 50 % inhibition of NBT reduction was considered as
one unit of enzyme activity. SOD activity was expressed in
unit per milligram of protein per hour (U mg−1 protein h−1).

Carbonic anhydrase (EC 4.2.1.1) activity

Freshly sampled leaf tissues (0.2 g) were homogenized in
10 mL of solution containing 50 mM HEPES-NaOH
(pH 7.5), 0.5 mM EDTA, 10 mM DTT, and 10 % (v/v) glyc-
erol, using chilled mortar and pestle. Triton X-100 was added
to it in a final concentration of 0.1 % (v/v). The homogenate
was then centrifuged at 10,000 rpm for 10 min at 4 °C, and the
supernatant obtained was used for the assay of CA activity,
based on the method described by Makino et al. (1992).
Activity of CAwas determined in Wilbur-Anderson unit, fol-
lowing time-dependent reduction in pH from 8.25 to 7.45 at
0–4 °C. The unit (U) of enzyme activity was calculated ac-
cording to the formula U=10 (T−T0)/T0, where T and T0

represent the time required to change the pH from 8.25 to
7.45, with and without the extract of crude enzyme, respec-
tively. The enzyme activity was presented as units per milli-
gram of protein (U mg−1 protein).

Statistical analyses

Analysis of variance (ANOVA) was performed using the
GraphPad Prism software program (GraphPad Prism version
5, San Diego, CA, USA) to detect differences among the
variables measured and to separate the main effects of Zn
supply and genotypes and their interactive effects.
Comparison of treatment means was carried out using the
Duncan’s multiple range test (DMRT) (p<0.05).

Results

Soil Zn deficiency significantly hampered biochemical pro-
cesses in both genotypes, which differ in their ability to re-
spond to Zn-limiting conditions; LZnG exhibited more de-
pression in vital biochemical activities than HZnG.
Exogenous supply of soil Zn alleviated the decrease in meta-
bolic activities and caused improvement in parameters
studied.

Chlorophyll content

In general, chlorophyll content was the maximum at flowering
stage and significantly depressed at post-flowering stage

(Table 1). The effect of applied Zn on total chlorophyll content
was significant at each stage in both genotypes, although the
flowering and post-flowering stages were more responsive
(p<0.001) than the pre-flowering stage (p<0.05) (Table 1).
Treatment Zn5 was most effective, causing an increase of
2.05, 5.62, and 7.29 % in HZnG and 23.14, 13.17, and
16.66 % in LZnG at pre-flowering, flowering, and post-
flowering stages, respectively, compared to the control.
Although the amount of chlorophyll was maximum in
HZnG, the improvement was more in LZnG. The difference
between the Zn-treated plants of the two genotypes was sig-
nificant (p<0.001). Interaction effect of genotype and treat-
ment (G × Zn) was nonsignificant (p>0.05) at all stages of
plant growth.

Total soluble protein content

Application of zinc had a positive and significant
(p<0.001) effect on total soluble protein content at each
stage of plant growth (Table 2). Zn5 dose was most benefi-
cial, compared to the control of both the genotypes. A sig-
nificant difference (p<0.001) between genotypes was noted
in control (Zn0) as well as Zn-fertilized plants at all growth
stages. HZnG had a higher content than LZnG in all Zn
treatments. LZnG was more responsive to additional zinc
supply. The maximum increase in protein content in LZnG
(20.87 %) was recorded at the flowering stage with Zn5
treatment. Plants of both genotypes grown at higher zinc
level (Zn10) exhibited a nonsignificant (p>0.05) difference
from those grown at Zn5 treatment. The interaction (G ×
Zn) effect was significant at pre-flowering (p<0.01) and
flowering (p<0.001) stages.

Nitrate content

The Zn effect on nitrate content in leaves differed significantly
(p<0.001) between the two genotypes at each growth stage
(Table 3). A statistically higher value was recorded for HZnG
than LZnG at all growth stages with each treatment. However,
difference among Zn-treated plants in both genotypes
remained nonsignificant (p>0.05) at all growth stages. The
nitrate content of plants grown at higher zinc level (Zn10)
was statistically similar to those grown at Zn5 treatment in
both genotypes. Flowering stage exhibited the highest nitrate
content. Interactive (G × Zn) effect was nonsignificant
(p>0.05).

Leghemoglobin content

The two genotypes behaved differently under Zn-limited con-
dition. In the control (Zn0), genotype HZnG had a higher LHb
content than LZnG in all growth stages, maintaining an aver-
age excess of 32.53 % (Fig. 1). Zinc deficiency significantly
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decreased the LHb content of nodules in the genotypes at all
stages of plant growth. It increased from pre-flowering to
post-flowering stage in the control as well as in Zn-treated
plants. Differences in LHb content due to zinc application
were significant (p<0.001) in both the genotypes at all the
sampling stages. The LHb content was significantly higher
under Zn5 treatment, i.e., by 52.38 % at pre-flowering,
36.63 % at flowering, and 21.4 % at post-flowering stages
with respect to their controls. Genotypic variation in LHb
content due to Zn application was significant (p<0.05) at
post-flowering stage only.

Nitrate reductase

Application of zinc significantly improved (p<0.05) the NR
activity in leaves of both the genotypes (Fig. 2). Differences
between HZnG and LZnG were not significant (p>0.05).
Growth stages affected the enzyme activity, as it increased
up to flowering stage, but declined at post-flowering stage in
both genotypes. It was highest at the flowering stage, irrespec-
tive of genotypes and treatments. Of all the treatments, Zn5
was most effective. Interaction effect of genotype and treat-
ment (G × Zn) was nonsignificant (p>0.05).

Table 1 Effect of Zn fertilization on total chlorophyll content (mg g−1 F.W.) in leaves of high-zinc-accumulating (HZnG) and low-zinc-accumulating
(LZnG) genotypes of chickpea (Cicer arietinum L.)

Pre-flowering stage Flowering stage Post-flowering stage

Treatments HZnG LZnG HZnG LZnG HZnG LZnG

Zn0 0.878±0.020 a 0.648±0.050 c 1.510±0.016 b 1.192±0.003 e 0.822±0.013 b 0.618±0.016 d

Zn2.5 0.895±0.012 a (1.93) 0.757±0.013 b (16.82) 1.579±0.016 a (4.56) 1.267±0.021 d (6.29) 0.854±0.011 ab (3.89) 0.681±0.023 c (10.19)

Zn5 0.896±0.011 a (2.05) 0.798±0.023 b (23.14) 1.595±0.010 a (5.62) 1.349±0.010 c (13.17) 0.882±0.010 a (7.29) 0.721±0.010 c (16.66)

Zn10 0.895±0.010 a (1.93) 0.783±0.020 b (20.83) 1.583±0.016 a (4.83) 1.329±0.022 c (11.49) 0.864±0.010 ab (5.10) 0.720±0.014 c (16.50)

ANOVA

Genotype
(G)

*** *** ***

Treatment
(T)

* *** ***

G × T Ns Ns Ns

Values in parenthesis indicate percent variation with reference to respective controls. Each value represents a mean±SE of three replicates. The data
followed by different letters are significantly different at p<0.05 (Duncan’s multiple range test). Sampling was done at three stages of plant growth

Ns not significant

*p<0.05 and ***p<0.001, significant

Table 2 Effect of Zn fertilization on protein content (mg g−1 F.W.) in leaves of high-zinc-accumulating (HZnG) and low-zinc-accumulating (LZnG)
genotypes of chickpea (Cicer arietinum L.)

Pre-flowering stage Flowering stage Post-flowering stage

Treatments HZnG LZnG HZnG LZnG HZnG LZnG

Zn0 15.22±0.176 b 12.11±0.093 c 19.07±0.101 b 14.23±0.255 d 14.16±0.140 b 11.94±0.046 d

Zn2.5 15.80±0.113 a (3.81) 13.71±0.166 c (13.21) 19.77±0.243 a (3.67) 16.72±0.354 c (17.49) 14.42±0.154 ab (1.83) 13.45±0.150 c (12.64)

Zn5 15.99±0.115 a (5.06) 13.88±0.180 c (14.61) 19.83±0.156 a (3.98) 17.2±0.257 c (20.87) 14.68±0.105 a (3.67) 13.77±0.079 c (15.32)

Zn10 15.96±0.089 a (4.86) 13.75±0.083 c (13.54) 19.77±0.224 a (3.67) 16.96±0.139 c (19.18) 14.59±0.198 a (3.03) 13.57±0.055 c (13.65)

ANOVA

Genotype
(G)

*** *** ***

Treatment
(T)

*** *** ***

G × T ** Ns ***

Values in parenthesis indicate percent variation with reference to respective controls. Each value represents mean±SE of three replicates. The data
followed by different letters are significantly different at p<0.05 (Duncan’s multiple range test). Sampling was done at three stages of plant growth

Ns not significant

**p<0.01 and ***p<0.001, significant

Biochemical responses of chickpea genotypes 1339



Superoxide dismutase

The activity of SOD increased significantly with growing
plant age as well as zinc dose (Fig. 3). It was lowest at pre-
flowering stage and highest at post-flowering stage in both the
genotypes. In the control (Zn0), SOD activity was about 34,
20, and 23 % higher in HZnG than in LZnG at pre-flowering,
flowering, and post-flowering stages, respectively. With in-
crease in Zn level, the activity increased significantly
(p<0.001) in both HZnG and LZnG plants. Zn10 treatment
was most effective, with 60.42 % increase in SOD activity
over the control at the post-flowering stage. It is interesting
to note that at high Zn treatment (Zn10), SOD activity was
about 11, 10, and 8 % higher in LZnG than in HZnG at pre-
flowering, flowering, and post-flowering stages, respectively.
Interaction effect (G × Zn) was also significant (p<0.001) at
all stages of growth in both genotypes.

Carbonic anhydrase

In plants grown without zinc treatment (Zn0), CA activity in
leaves was significantly higher (by 41.17%) in the HZnG than
in LZnG. It increased in response to exogenous application of
zinc and with increasing plant age (Fig. 4). Exposing plants to
increased zinc levels resulted in significant (p<0.001) im-
provement in CA activity, compared to plants grown with
low Zn in both genotypes. On an average, the maximum re-
sponse was generated in plants treated with Zn10, showing an
increase of 51.23, 37.6, and 22.9 % over the control at the pre-
flowering, flowering, and post-flowering stages, respectively.
The highest enzyme activity was noticed at the post-flowering
stage. Genotype HZnG had a greater CA activity than LZnG

in the untreated (Zn0) as well as zinc-treated populations. In
plants with high zinc (Zn10) treatments, genotype HZnG had a
higher CA activity than LZnG. Interaction (G × Zn) effect was
significant (p<0.001) at all stages of plant development.

Discussion

Our study showed a significant reduction in the total chloro-
phyll, soluble protein, and leghemoglobin contents of the con-
trol plants than the Zn-treated plants of both the genotypes.
The decrease in these attributes is linked to Zn-deficiency-
induced metabolic damage within the plant. However,
HZnG could maintain significantly higher levels in zinc-
deficient condition (Tables 1, 2 and 3; Fig. 1). Nitrate content
does not show a significant difference between the control and
treated plants.

The differential biochemical status of the genotypes under
Zn-limiting condition is attributed to the availability of Zn and
its utilization at cellular level. The maintenance of normal
functioning in HZnG under Zn-limiting conditions is related
to its capability to secure adequate amounts of Zn in plant cells
through its inherent ability of extracting zinc efficiently from
the low-Zn growth medium, possibly due to an efficient ion-
transport system (Khan et al. 1998), and to its better Zn use
efficiency at the cellular level. Since zinc is a functional, struc-
tural, or regulatory cofactor for photosynthesis, protein pro-
duction, and maintenance of membrane structure (Marschner
1995), zinc-deficient plants underwent a functional decline
(Brown et al. 1993; Cakmak and Marschner 1993; Gurmani
et al. 2012). Increase in Zn supply significantly enhanced the
above parameters, except nitrate content (Tables 1, 2 and 3;

Table 3 Effect of Zn fertilization on nitrate content (μmol g−1 F.W.) in leaves of high-zinc-accumulating (HZnG) and low-zinc-accumulating (LZnG)
genotypes of chickpea (Cicer arietinum L.)

Pre-flowering stage Flowering stage Post-flowering stage

Treatments HZnG LZnG HZnG LZnG HZnG LZnG

Zn0 24.60±0.341 a 19.21±0.136 b 42.30±0.428 b 31.84±0.657 c 18.14±0.200 b 14.26±0.186 c

Zn2.5 25.19±0.550 a (2.39) 19.48±0.275 b (1.40) 42.77±0.231 ab (1.11) 31.91±0.115 c (0.21) 18.73±0.218 a (3.25) 14.41±0.247 c (1.05)

Zn5 25.37±0.225 a (3.13) 19.65±0.256 b (2.29) 43.82±0.159 a (3.59) 32.24±0.664 c (1.25) 18.79±0.170 a (3.58) 14.58±0.077 c (2.24)

Zn10 25.26±0.312 a (2.68) 19.53±0.781 b (1.66) 43.45±0.390 ab (2.71) 32.18±0.175 c (1.06) 18.77±0.174 a (3.47) 14.49±0.124 c (1.61)

ANOVA

Genotype
(G)

*** *** ***

Treatment
(T)

Ns Ns Ns

G × T Ns Ns Ns

Values in parenthesis indicate percent variation with reference to respective controls. Each value represents mean±SE of three replicates. The data
followed by different letters are significantly different at p<0.05 (Duncan’s multiple range test). Sampling was done at three stages of plant growth

Ns not significant

***p<0.001, significant
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Fig. 1) almost at each stage of plant growth. In general, values
for biochemical parameters were the maximum at flowering
stage and minimum at post-flowering stage. Since Zn has a
positive influence on plant metabolism (Zhao et al. 2012), its
exogenous supply alleviated the decline caused by Zn defi-
ciency. Plants treated with Zn had significantly greater
amounts of pigment than the control (Table 1). The rise in
the chlorophyll and protein contents was the maximum with
Zn5, the lowest being in the control. Zinc may likely maintain
chlorophyll synthesis through sulphydryl group protection
(Cakmak 2000) and participates in chlorophyll synthesis (Li

et al. 2006) and in activation of several proteins (Broadley
et al. 2007). Earlier works also confirm that zinc application
improves chlorophyll content (Chaab et al. 2011; Weisany
et al. 2011; Gurmani et al. 2012).

Our results, showing increase in the soluble protein content
with increase in the soil Zn level, find support from similar
findings of Feng-Juan et al. (2005). However, the link was
weak for leaf nitrate content, as the effect was nonsignificant
at each growth stage (Table 3). Zinc application improved
leghemoglobin content, as was also observed by Shukla and
Yadav (1982). Any alteration in LHb content may cause poor

Fig. 1 Effect of different rates of applied Zn on leghemoglobin (LHb)
content (mg g−1 nodule F.W.) of high-zinc-accumulating (HZnG) and
low-zinc-accumulating (LZnG) genotypes of chickpea (Cicer arietinum
L.) at a pre-flowering, b flowering, and c post-flowering stages of plant
growth. Vertical bars represent±standard errors of means of three repli-
cates. The data followed by different letters are significantly different at
p<0.05 (Duncan’s multiple range test)

Fig. 2 Effect of different rates of applied Zn on nitrate reductase (NR)
activity (μmol nitrite h−1 g−1 F.W.) in leaves of high-zinc-accumulating
(HZnG) and low-zinc-accumulating (LZnG) genotypes of chickpea
(Cicer arietinum L.) at a pre-flowering, b flowering, and c post-
flowering stages of plant growth. Vertical bars represent±standard errors
of means of three replicates. The data followed by different letters are
significantly different at p<0.05 (Duncan’s multiple range test)
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root nodulation, which would retard the capacity of chickpea
plants to fix the atmospheric nitrogen (Ahlawat et al. 2007),
and hence to suppress crop yield. Although additional Zn
supply stimulated the biochemical activities more in LZnG
than in HZnG, the latter showed a significantly higher level
of all biochemical parameters.

Within the cell, efficient metabolism of nitrogen ensures a
proper utilization of the available nitrogen (N) resources,
which in turn depend on efficiency of enzymes involved.
Therefore, any alteration in the activity of the key nitrogen
assimilatory enzymes, such as NR, severely affects nitrogen
metabolism. NR activity was significantly lower in Zn-
deficient condition than in the Zn-sufficient plants of both

genotypes. However, control plants of HZnG could maintain
a significantly higher NR activity possibly due to their better
ability of Zn and nitrate uptake from soil solution, and effi-
cient utilization potential of available tissue zinc for normal
functioning of biomembrane, enzyme activation, and gene
expression (Kim et al 2002). The observed increase in re-
sponse to zinc fertilization (Fig. 2) could be due to an increase
in its respective substrate (NO3

−). The supply of N, either
through organic or inorganic sources, affects the NR activity
in plants, as do the environmental factors. Thus, supply of
nitrate from roots to leaves must have a regulatory role for
NR activity (Alguacil et al. 2006). The improved Zn level
possibly stabilizes membrane structure and its fluidity, which

Fig. 3 Effect of different rates of applied Zn on super oxide dismutase
(SOD) activity (U mg−1 protein h−1) in leaves of high-zinc-accumulating
(HZnG) and low-zinc-accumulating (LZnG) genotypes of chickpea
(Cicer arietinum L.) at a pre-flowering, b flowering, and c post-
flowering stages of plant growth. Vertical bars represent±standard errors
of means of three replicates. The data followed by different letters are
significantly different at p<0.05 (Duncan’s multiple range test)

Fig. 4 Effect of different rates of applied Zn on carbonic anhydrase (CA)
activity (U mg−1 protein) in leaves of high-zinc-accumulating (HZnG)
and low-zinc-accumulating (LZnG) genotypes of chickpea (Cicer
arietinum L.) at a pre-flowering, b flowering, and c post-flowering stages
of plant growth. Vertical bars represent±standard errors of means of three
replicates. The data followed by different letters are significantly different
at p<0.05 (Duncan’s multiple range test)
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might facilitate the uptake of nutrients, including nitrate,
thereby increasing the nitrate content, which is likely to induce
NR (Campbell 1999).

Nitrate reductase activity in plant tissue is proportional to
NO3

− contents of the soil; whereas its synthesis is regulated by
its flux rather than the contents of NO3

− within the leaf
(Shaner and Boyer 1976). Although we observed no signifi-
cant increase in leaf nitrate content due to zinc fertilization
(Table 3), NR activity improved significantly (Fig. 2). This
concentration-based effect of Zn could be because NR activity
was induced and/or its degradation was prevented at a given
concentration of Zn, which might induce NR synthesis by
mobilization of intracellular NO3

−, and provide protection to
in vivo NR degradation in the absence of NO3

− (Singh et al.
1997). Zn was stimulatory for NRA up to a level, above which
it became inhibitory or has no significant effect. Since the
content of any active protein (enzyme) represents a fine bal-
ance between its synthesis/activation and degradation/
inactivation (Jain and Srivastava 1981), Zn concentration
might play an active role in such a regulation where Zn con-
centration till certain level increased the NR activity.
Moreover, an efficient N assimilation is likely to be favored
by a high rate of CO2 assimilation (Ferrario et al. 1998). Since
increasing Zn level improves chlorophyll formation and CO2

assimilation, NR activity should also increase accordingly.
This study indicates that zinc has an impact on utilization of
nitrogen available within the plant. Therefore, zinc fertiliza-
tion might improve nitrogen utilization efficiency of chickpea
genotypes.

Zn supply to the soil low in available Zn was positively
correlated to the major Zn-requiring enzymes (SOD and CA)
in the two genotypes (Figs. 3 and 4) differing in their Zn
accumulation pattern. The low Zn content of the control plants
was attributed to low availability of Zn to plants, which leads
to a low enzyme activity (Singh et al. 2005).

SOD, which acts as the first line of defense against ROS,
protects the cell from oxidative damage (Alscher et al. 2002),
and zinc is a cofactor of SOD. An appropriate Zn fertilization
has a protective role against photo-oxidative damage of tissues
(Cakmak 2000; Wang and Jin 2005). In the present study,
increase in zinc levels as well as the plant age increased the
SOD activity in the chickpea genotypes differing in zinc ac-
cumulation capacity (Fig. 3). In Zn-deficient condition, HZnG
maintained a significantly higher SOD activity, compared
with LZnG (Fig. 3). This difference between the two geno-
types is attributed to the zinc status of the plant (Cakmak et al.
1997). A similar, differential activity of SOD was reported in
Zn-efficient and Zn-inefficient pea (Pisum sativum) genotypes
grown under Zn-deficient condition (Pandey et al. 2012). Zinc
deficiency in general suppressed SOD activity in both geno-
types (Fig. 3), as observed also in some earlier studies
(Sharma et al. 2004; Pandey et al. 2012). In our study, most
of the parameters responded up to Zn5 in both the genotypes,

while leaf SOD activity continued to increase up to Zn10
treatment.

CA is one of the most abundant Zn-containing
metalloenzymes in chloroplasts of C3 plants. Zinc addition,
particularly at Zn10, improved its activity in chickpea geno-
types differing in Zn accumulation capacity (Fig. 4). The con-
tent and activity of the enzyme are under fine regulation at the
level of transcription and/or translation (Okabe et al. 1980);
either of these processes was favored by Zn10 that increased
the CA activity (Fig. 4). It is known that a decline of CA
activity due to Zn deficiency substantially reduces the net
photosynthetic rate (PN) in plants (Cakmak and Engels
1999; Hacisalihoglu et al. 2003), and our results approved it.
Genotypic differences for CA activity were significant
(Fig. 4). Earlier, Fischer et al. (1997) showed a higher PN in
Zn-deficiency-resistant wheat cultivars than in a sensitive cul-
tivar. CA activity was reported to be high in tissues containing
high levels of zinc in wheat (Hacisalihoglu et al. 2003). The
activity was well correlated to zinc content of plants in the
present study; it increased with increasing zinc level and/or
plant age (Fig. 4). This suggests that CA activity could be used
as a laboratory tool for assessing the zinc status and hence the
zinc efficiency of chickpea genotypes.

In conclusion, there exists a genotypic variation for plant
capacity to utilize the available zinc. This study suggests that
by maintaining efficient antioxidant defense system and vital
metabolic processes, the HZnG of chickpea shows a lower
sensitivity toward Zn deficiency in comparison to LZnG.
Thus, HZnG is more effective than LZnG in overcoming the
Zn-related nutritional disorders in crops. Moreover, the metal-
associated biochemical processes may be taken as a criterion
while selecting Zn-efficient genotypes. Biochemical probing
is therefore necessary for identifying the efficient crop plants
and strengthening the potential genetic resources.
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