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ABSTRACT

Bioavailability of zinc (Zn) and iron (Fe) is a serious 
worldwide problem and both these micronutrients 
plays significant role in regulating activities of anti-
oxidant enzymes in plants. Therefore, to examine the 
influence of both the micronutrients on biochemical 
responses of wheat, a greenhouse experiment was 
planned in the Department of Plant Physiology, 
G.B. Pant University of Agriculture & Technology, 
Pantnagar. Two wheat genotypes viz., UP2628 and 
UP262 were examined in experiment. Tested levels 

of Zn (0, 0.25 and 0.5% ZnSO4) and Fe (0, 0.5 and 
1.0% FeSO4) were sprayed at tillering, flowering and 
grain filling stage of crop. Maximum (0.135 Units/
min) superoxide dismutase (SOD) activity was found 
at 0.5% Zn alone in UP2628 whereas at the same 
level of Zn, carbonic anhydrase (CA) activity was 
also recorded maximum (22.95 Units/mg fr. wt.) in 
UP2628. Regarding catalase (CAT) activity, maxi-
mum  (26.87 Units/mg fr. wt.) was found at 1.0% Fe 
+ 0% Zn in UP262 while variety UP2628 expressed 
maximum (0.211 Units/mg fr. wt.) peroxidase (POD) 
activity by the use of 1.0% Fe + 0% Zn. A positive 
correlation was reported between Zn + Fe levels and 
grain protein content. On comparison of both the 
varieties, UP2628 was found to be expressed all the 
enzymes and protein content in more concentration in 
comparison to UP262, so found to be more efficient 
in utilization of both the micronutrients.

Keywords     SOD,  CA,  CAT,  POD,  Protein content 
in wheat grain.

INTRODUCTION

Among all  cereal  crops  wheat  (Triticum aestivum 
L.) act as a staple food crop because of its universal 
consumption by vast majority of the human popula-
tion (Bhatt et al. 2020).  On a global basis,  wheat  
provides more nourishment than any other food crop.   
It is one of the most popular food crops as a wide va-
riety of food products can be prepared from it (Tiwari 
and  Shoran 2012). Deficiency of micronutrients in the 
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soil is a severe issue, affecting production of major 
crops including wheat. Micronutrients plays very im-
portant role to regulate the growth and development 
of both humans as well as crops but still there is a lot 
to explore pertaining to their availability in soil and 
translocation to grains (Shiwakoti et al. 2019).  The 
main reason behind this deficiency is the low content 
of Zn and Fe in plant derived food or presence of an-
tinutritional compounds in high concentration which 
makes them unavailable for humans (Ghandilyan et 
al. 2006).

Both Zn and Fe influence many enzyme ac-
tivities in plants by being either structural part or 
act as a cofactor (Tabatabai et al. 2015). Among all 
superoxide dismutases (SODs), carbonic anhydrase 
(CA),  peroxidase (POD) and catalase (CAT) are key 
enzymes which are Zn and Fe dependent. Superoxide 
dismutase (SOD) is a key enzyme which is required 
to fight against environmental stress and scavenges 
harmful reactive oxygen species (ROS) (Yavas and 
Unay 2016). This enzyme has a Zn atom that catalyzes 
CO2 hydration and the enzyme activity is depends 
on Zn concentration in the plant (Marschner 1995). 
There are three isoforms of SOD depending upon type 
of metal cofactor viz., (Mn-SOD), Fe (Fe-SOD) or 
Zn and Cu (Cu/Zn-SOD). Cu/Zn-SOD is located in 
the chloroplast and in cytosol. It has been revealed 
from studies that Zn plays a catalytic role while Cu 
has a structural role (Streller et al. 1994, Mondola 
et al. 2016).  

Another Zn containing enzyme is carbonic an-
hydrase (CA), which is present in dimer, tetramer, 
hexamer or an octamer form and affects metabolism 
of  carbohydrates  in plants. The enzyme is present in 
chloroplast and dependent on  Zn concentration for 
its activity  (Marschner 1995). Zinc concentration 
modulates  the CA activity and therefore the fixation 
of CO2 in plants (Alloway 2004).  Long known me-
talloenzymes,  CAT and  POD are one of the most ef-
ficient  protein catalysis known. Under Fe-deficiency 
these showed reduced activity for detoxifying H2O2 
that is generated during oxidative stress. Deficiency 
of Fe resulted in oxidative stress in plants due to 
H2O2 accumulation which results reduced activity of 
peroxidase (Ranieri et al. 2001). As both Zn and Fe 
are important for the activities of major plant enzymes 

so an experiment was planned to evaluate their impact 
on important plant enzymes. 

MATERIALS  AND  METHODS

The present investigation was carried out in green 
house of Plant Physiology Department of G.B. Pant 
University of Agriculture & Technology, Pantnagar. 
Seeds of varieties UP 262 and UP 2628 were sown 
in pots of 4 kg capacity which were filled with Zn 
deficient soil. Foliar spray of Zn (0, 0.25 and 0.5% 
ZnSO4) and Fe (0, 0.5 and 1.0% FeSO4) levels was 
done  at  tillering,  flowering and grain filling stage 
of crop.  Samples were collected from flag leaf of 
both the  varieties  at  flowering stage and used for 
the quantification of following enzyme activities 
while protein content was estimated in grains after 
harvesting of crop. The experimental design was 
three factorial completely randomized with three rep-
lications  of each treatment. Data analysis was done 
by analysis of  variance  (ANOVA) using software 
developed by University  and the means were tested 
at p ≤ 0.05 level of significance.

SOD  activity

Estimation of SOD activity was done in flag leaf 
at flowering stage of crop by method followed by 
(Mathpal et al. 2015). 

CA  activity

Quantification of CA activity was done at flowering 
stage by using a procedure followed by (Mathpal et 
al. 2015). 

POD  activity

Quantification of peroxidase activity was done at 
flowering stage of both the varieties according to 
method followed by (Mathpal et al. 2018). 

CAT  activity

Catalase (CAT) activity was measured at flowering 
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stage of crop according to the procedure given by 
(Mathpal et al. 2018). 

Proteins content in grains

Quantification of protein content in grains was done 
as per procedure used by (Mathpal et al. 2015). 

RESULTS  AND  DISCUSSION

SOD  activity

Superoxide dismutase (SOD) activity of two wheat 
varieties namely UP2628 and UP262 is presented in 
(Fig. 1). The use of 0.5% Fe + 0% Zn and 1.0% Fe + 

Fig.  1.   SOD  activity  (Units/ min)   under various levels of Zn and Fe.   Standard  deviation  (±) is  represented by vertical bars on 
each  column.

Fig.  2.  CA  activity  (Units/mg  fr. wt.) under various levels of Zn and Fe.  Standard deviation (±) is represented by vertical bars on 
each  column. 
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0% Zn combinations reduced enzyme activity by 8.6 
and 12.0% in UP2628 while by 19.0 and 21.8% in 
UP262 respectively than 0% Fe + 0% Zn. The foliar 
spray of 0.5% Fe + 0.25% Zn and 1.0% Fe + 0.5% 
Zn resulted in a decrement by 10.5% and 13.8% in 
UP2628 whereas in UP262 the enzyme activity was 
reduced by 12.2% and 15.7%, respectively as com-
pared to 0% Fe + 0.25% Zn. Although, spray of 0% 
Fe + 0.5% Zn increased the SOD activity in both the 
varieties as compared to 0% Fe + 0% Zn and 0% Fe 
+ 0.25% Zn levels but the application of 0.5% Fe + 
0.5% Zn and 1.0% Fe + 0.5% Zn solution decreased 
the SOD activity by 17.0 and 20.0% in UP2628 and 
by 10.5 and 17.0% in UP262, respectively than 0% 
Fe + 0.5% Zn.  As a whole, the highest (0.135 Units/
min) SOD  activity was noted at a combination of 
0% Fe + 0.5% Zn in UP2628 while the lowest (0.086 
Units/min) in UP262 at 1.0% Fe + 0% Zn. 

The above mentioned results clearly indicated 
that SOD activity improved with increasing Zn lev-
els and showed a reduction with increasing levels of 
Fe.  It might be ascribed to the fact that Cu/Zn-SOD 
occurs in higher proportion as compared to its other 
isoforms and iron may inhibit its binding to the 
enzyme which is essential for its activity.  Between 
the two genotypes, UP2628 showed relatively more 
activity than UP262 as it was considered a Zn efficient 

variety. Superoxide  dismutase requires Zn for its 
activity and under Zn deficient conditions a reduc-
tion in activity has been reported (Chen et al. 2003). 
Bharti et al. (2013) also reported enhanced (19.3% 
at maximum tillering and 14.7% at flowering) SOD 
activity in different wheat genotypes under 20 kg Zn 
ha-1 + 0.5 % zinc sulfate in comparison to without Zn 
application. An enhanced  expression  of SOD activity 
under increasing levels of Zn was also  reported by 
Ma et al. 2017.

CA  activity

The  CA  activity  in two contrasting varieties of 
wheat is significantly affected by various levels of 
Zn and Fe (Fig. 2).  Application  of  0.5% Fe + 0% 
Zn and 1.0% Fe + 0% Zn decreased the CA activity 
by 26.8 and 39.0% in UP2628 and by 4.8 and 23.0% 
in UP262, respectively than 0% Fe + 0%  Zn combi-
nation. The application of 0.5% Fe + 0.25% Zn and 
1.0% Fe + 0.25% Zn reduced the enzyme activity by 
14.8 and 34.5% in UP2628 whereas by 5.3 and 11.6% 
in UP262,  respectively than 0%  Fe + 0.25% Zn.  
A  reduction of 28.7 and 30.3% in UP2628 while in 
UP262 a reduction of 10.0 and 18.0% was recorded by 
the use of 0.5% Fe + 0.5%  Zn  and 1.0% Fe + 0.5% 
Zn respectively than 0% Fe + 0.5% Zn. In general, 
the  highest (22.95 Units/mg fr. wt.)  CA activity was 
found at 0% Fe + 0.5% Zn in UP2628 whereas the 

Fig.  3.  CAT  activity  (Units/mg fr. wt.) under various levels of Zn and Fe. Standard deviation (±) is represented by vertical bars on 
each column. 



1328

lowest (10.80 Units/mg fr. wt.) was noted for UP262 
at 1.0% Fe +0% Zn. 

Carbonic anhydrase plays a very important role 
during dark reaction of photosynthesis as it is required 
to convert carbon di-oxide into bicarbonate which 
will be utilized further for CO2  assimilation. The 
data clearly showed that a positive correlation was 
found between CA activity and  Zn levels. Variety 
UP2628 being a Zn efficient variety showed higher 
activity of enzyme as compared to UP262  which was 
considered as Zn inefficient variety.  A decline in the 
CA activity has been found in response to reduced Zn 
supply earlier by (Sasaki et al. 1998). A reduction in 
enzyme activity was found in a Zn inefficient variety 
when sown in Zn scarce condition (Hacisalihoglu et 
al. 2003). Similar results have also been reported 
where increasing levels of Zn were found to improve 
CA activity in leave of rice crop (Mathpal et al. 2018).

CAT activity

Effect  of Zn and Fe levels on CAT activity is pre-
sented in Fig 3.  A reduction in enzyme activity of 
9.1 and 18.1% in UP2628 and of 7.0 and 16.3% in 
UP262 was observed by the spray of 0% Fe + 0.25% 

Zn and 0% Fe + 0.5% Zn, respectively as compared to 
0% Fe + 0% Zn. Similarly, foliarly applied solutions 
of 0.5% Fe + 0.25% Zn and 0.5% Fe + 0.5%  Zn 
resulted in a decrement of 1.3 and  2.6% in UP2628 
while in UP262 a decrement of 8.3% and 16.5% was 
noted than 0.5% Fe + 0% Zn. At 1.0% level of FeSO4, 
use of 1.0% Fe + 0.25% Zn and 1.0% Fe + 0.5% Zn 
reduced the CAT activity in UP2628 by 1.2 and 6.1% 
whereas in UP262 by 8.8 and 10.1%,  respectively in 
comparison to 1.0% Fe + 0% Zn. The highest (26.87 
Units/mg fr. wt.).  CAT  activity  was noted in UP262 
at 1.0%  Fe + 0% Zn while the lowest (18.42 Units/
mg fr. wt.) was also found for UP262 under 0% Fe 
+ 0.5% Zn combination of Zn and FeSO4  solutions.

Activity of CAT is directly influenced by the 
Fe content of the plant cell as Fe is an essential re-
quirement for its proper functioning. Results clearly 
indicated a direct dependence of CAT activity on 
applied Fe levels and showed an enhancement as con-
centration was increased from 0% to 1.0%. Regarding 
effect of Zn, increasing the zinc sulfate levels (0% 
to 0.5%) reduced the activity of CAT. The possible 
reason behind these outcomes may be ascribed to 
the fact that both Zn and Fe compete for active site 
of enzyme (Kabata-Pendias 2001,  Alloway 2008).  
On comparing both the varieties, UP2628 reported 

Fig.  4.  POD  activity  (Units/mg fr. wt.) under various levels of Zn and Fe.  Standard  deviation (±)  is  represented by vertical bars 
on each  column.
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better in expressing CAT than UP262. An increment 
of 33 % was reported with increasing Fe doses from 
0 to 200 µM in rice genotypes (Zhang et al. 2010). 
Similarly, an enhanced activity of CAT was also re-
corded by Babaei et al. (2017)  under the application 
of Fe- nano oxides. 

POD  activity

The  results  pertaining  to influence  of Zn and Fe 
levels on POD activity are represented in Fig  4. The 
use of 0% Fe + 0.25% Zn and 0% Fe + 0.5% Zn 
reduced the peroxidase activity by 8.2 and 29.2% in 
UP2628 and by 4.0 and 32.9% in UP262, respectively 
than 0% Fe + 0% Zn. The foliar spray of 0.5% Fe + 
0.25% Zn and 0.5% Fe + 0.5% Zn solution reduced 
the POD activity in UP2628 by 10.2 and 30.6% 
whereas by 4.9 and 33.1% in UP262, respectively in 
comparison to a combination of 0.5% Fe + 0% Zn. 
The foliar spray of 1.0% Fe + 0.25% Zn and 1.0% Fe + 
0.5% Zn solution reduced the POD activity than 1.0% 
Fe + 0% Zn by 7.1 and 32.3% in UP2628 whereas 
in UP262 a decrement of 3.4 and 31.5% was noted, 
respectively.  The variety UP2628 showed maximum 
POD activity at 1.0% Fe + 0% Zn while the minimum 
activity was found for  UP262 under the 0% Fe + 
0.5% Zn combination of Zn and Fe. 

Peroxidase is another enzyme that uses Fe as a 
cofactor.  It was found that application of excess Fe 
induced POD synthesis in wheat. Results showed 
that an increment in POD activity was reported 
with increasing levels of Fe while a decrement was 
recorded in both the varieties at increasing levels 
of zinc sulfate. Fang and Kao (2000) also reported 
increased POD activity in rice plant in response to 
application of Fe. Similarly,  it was also found that 
application of organic   fertilizers improved availabil-
ity and mobilization of Fe that resulted in improved 
functioning of POD (Denre et al. 2013).  Application 
of nano Fe-oxide was also found to be effective in 
increasing POD activities in leaves of wheat crop 
(Babaei et al. 2017).

Protein  content

Result pertaining to protein content is presented in Fig 
5. The use of 0.5% Fe + 0% Zn and 1.0% Fe + 0% 
Zn enhanced the protein concentration by 10.1 and 
20.8% in UP2628 and by 10.8 and 21.7% in UP262, 
respectively over 0% Fe + 0% Zn. The use of 0.5% Fe 
+ 0.25% Zn and 1.0% Fe + 0.25% Zn combinations 
of Zn and Fe improved the protein concentration by 
8.3 and 13.7% in UP2628 and by 3.1 and 9.0% in 

Fig.  5.  Protein content (%) in grains under various levels of Zn and Fe. Standard deviation (±) is represented by vertical bars on each 
column.  
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UP262, respectively than 0% Fe + 0.25% Zn level 
of zinc and ferrous sulfate.  A further increment in 
protein content was recorded with the application of 
a combination of 0.5% Fe + 0.5% Zn and 1.0% Fe 
+ 0.5% Zn, a percent increment of 0.9 and 10.8 in 
UP2628 and of 4.2 and 15.9%  in UP262 was recorded 
as compared to 0% Fe + 0.5% Zn, respectively. The 
highest protein concentration was noted in UP2628 
under the 1.0% Fe + 0.5% Zn combination of zinc 
and ferrous sulfate while the minimum was noted at 
0% Fe + 0% Zn in UP262.

 
The results clearly depicted that a positive 

correlation was observed between Zn and Fe levels 
and grain protein content. It might be due to the 
involvement of Zn in gene expression by virtue of 
being an important part of Zn finger motifs (Roy et 
al. 2012). Besides this, both Zn and Fe are integral 
component of many proteins involved in plant me-
tabolism. Irrespective of the varying Zn and Fe lev-
els, higher protein content was recorded in UP2628 
which showed a better transport of Zn and Fe from 
vegetative parts to reproductive parts as compared to 
UP262. A percent increase of 4.40 in the wheat grain 
protein was reported under 40 kg Zn ha-1 than to zero 
use of Zn (Morshedi and Farahbakhshb 2010).   A 
positive correlation between applied Zn + Fe levels 
and grain protein content was also reported by Math-
pal et al. 2018. 

 
CONCLUSION

Results  of  study clearly indicated that variety 
UP2628  was performed best under all applied con-
centrations  of Zn and Fe and expressed more protein 
content in grains than UP262.   On the basis of find-
ings of study it can be concluded that UP2628 (Zn 
efficient) can be used for crop improvement program 
for the development of more Zn efficient varieties.
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