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ABSTRACT
This research was designed to investigate the foliar zinc application effect for increasing the nutritional value of
barley by the way of improving zinc grain density. At presowing soil application of NH4NO3 and ZnSO4.7H2O (10 mg/
kg soil each) and foliar application of 0.5% ZnSO4.7H2O aqua solution at different plant growth stages were given.
Barley (Hordeum vulgare L.) var. K551 were grown in earthen pots in glass house in October and subjected to six
different treatments of foliar application of Zn at 35d (T1), 45d (T2), 55d (T3), 35+45d (T4), 35+45+55d (T5) and
45+55d (T6) with control (T). Observations were taken at 35,45 and 55 days after sowing for pigments analysis and
enzyme activities while all other observation were taken on all treatment stages. The results demonstrate that all the
growth parameters like plant height, flag leaf area, number of tillers plant-1 and chlorophyll content as well as enzyme
activities of peroxidase and carbonic anhydrase in young leaves were increased significantly in comparison to control.
Maximum plant height (72.80 cm), flag leaf area (79.17 cm2), tiller plant-1 (12.66), number of grain (51.66), dry
matter production (35.41 g) and more Zn translocation from flag leaf to grain and its accumulation were obtained at
35+45+55d (T5). Zn foliar application at T5 was observed more significant as compared to other stages of treatment.
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INTRODUCTION
The productivity of the crop may be related to physiological attributes such as flag leaf area, relative growth rate
and photosynthesis rate. Higher photosynthetic rate indicates better growth and development which depends on flag
leaf area. The interaction of these physiological traits with the nutrient should make it possible to work out the
information required for obtaining yield. Zinc is an essential micronutrient hence its deficiency adversely affects crop
productivity. It is generally presumed that soil deficient in zinc may adversely affect early vigour, chlorophyll content,
photosynthesis and activity of carbonic anhydrase [1,2] which, in turn results in drastic reduction in crop yield. Grain
yield reduction of up to 80% along with reduced grain Zn density has been observed under Zn deficiency [3]. Zinc
deficiency leads to severe decrease in wheat production and nutritional quality of grain [4]. Barley grains are highly
nutritious, carbohydrate and fiber rich food source for human. Nitrogen plays a key role in photosynthetic activity
and contributes around 40% yield [5]. Nitrogen being a constituent of different proteins increases the food nutritive
value as well [6]. Improving nutritional status of nitrogen in plants increases Zn accumulation in grain. It supports that
nitrogen content of plants plays a significant role in Zn biofortification of cereal grain [7]. Present investigation was
carried out to investigate the impact of soil Zn at presowing and foliar Zn applied at different interval of plant growth
in barley for enhancement of grain Zn density. Because of widespread deficiency of Zn in soil in the India, its use as
a fertilizer has become a regular feature of getting optimum yield of the crops.
MATERIAL AND METHODS
The experimental plant Barley (Hordeum vulgare L.) var. K551 was grown in pots each containing 10 kg soil, and
subjected to combined treatment of zinc sulphate (ZnSO4.7H2O) and ammonium nitrate (NH4NO3) (10 mg kg−1soil
each pot) at pre-sowing and 0.5% ZnSO4.7H2O aqua solution foliar spray at different stages of plant growth at an
ambient temperature (25-30oC) in a glass house. Experimental pot soil was loamy- sand having pH 7.30, electrical
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conductivity 0.354 dsm−1 and Diethylenetriaminepentaacetate (DTPA)–extractable Zinc (Zn) was 1.158 ppm before
soil application. Analytical reagent grade ones chemical were used. The six foliar Zn treatments which applied to
plants at 35d (T1), 45d (T2), 55d (T3), 35+45d (T4), 35+45+55d (T5) and 45+55d (T6) with control (no foliar
application) and arranged in complete randomized block design.
There were three replicates in each treatment. After emergence, seedlings were thinned uniformly in each pot to
maintain two plants per pot. The growth and yield parameter were taken such as flag leaf area (Systronic Leaf Area
Meter 211), number of tillers plant-1, plant height, number of grain ear-1, weight of grain ear-1, dry matter and grain yield,
and Zn concentration in different plant parts including the grains in all treatments with control. Carbonic anhydrase
[8], peroxidase [9], and photosynthetic pigments [10] were observed in young leaves of all treated plants. At 120d
plants were harvested and sampled for yield and separated into different plant parts such as root, stem, leaves and
grains for determination of dry matter production and Zn tissue concentration by atomic absorption spectrophotometer
(Thermo Jerrell Ash Video 12E: AA/AE Chicago, IL). On harvest the plant parts were separated, chopped and placed
in paper bags after proper washing and rinsed with distilled water. The plant materials were oven dried at 70oC for 48
h and digested 1 g dried plant parts in nitric acid-perchloric acid (10:1) for Zn measurement by method of piper [11].
Soil pH, Electrical Conductivity (EC), organic carbon [12] and soil Zn concentration [13] were analyzed in soil at
presowing and after harvesting the crop. The presented valves in all data are the mean of three replicates (± SE; n=3).
The data were analyzed by one way ANOVA using software program Sigma Stats 3.5. It was followed by Holm Sidak
method at p≤0.05.
RESULTS AND DISCUSSION
Significantly increased in plant height (5.59%, 9.65%, 18.74%, 20.74%, 23.05% & 21.24%) flag leaf area (16.63%,
35.08%, 38.55%, 37.37%, 61.76% & 59.76%) and tillers plant-1 (30.54%, 39.16%, 43.69%, 52.21%, 65.27% &
47.91%) were achieved at 35d (T1), 45d (T2), 55d (T3), 35+45d (T4), 35+45+55d (T5) and 45+55d (T6) respectively
by foliar Zn treatment as referred to Table 1. At T5 stage of zinc foliar application was obtained maximum plant height
(72.80 cm), flag leaf area (79.17 cm2) and tillers plant-1 (12.66) (Table 1). Foliar application of Zn probably increase
the biomass production, it might be due to indirect role of Zn in photosynthesis process, biochemical and physiological
activities which reflect its importance in achieving higher yields [14]. The increase in flag leaf area and chlorophyll
contents is also attributed to dry matter production [15] which increased the synthesis of photosynthetic products and
their transport and accumulation to the site of grain production. Growth parameters such as plant height and flag leaf
area improved probably, due to increase in amino acids which are main components in leaf area expansion. According
to Firouzi, foliar spray of Zn increases flag leaf area due to an increase in length and width of leaves with increase in
auxin [16].
Table 1: Effect of Zn foliar application at different days of plant growth on plant height, flag leaf area, grain yield and dry matter
in barley.
Days of foliar spray
with treatment
Control (T)
35d (T1)
45d (T2)
55d(T3)
35+45d (T4)
35+45+55d (T5)
45+55d(T6)

Plant height (cm)
59.16 ± 0.28
62.47 ± 0.38*
64.87 ± 0.17*
70.25 ± 0.52*
71.43 ± 0.66*
72.80 ± 0.15*
71.73 ± 0.24*

Flag leaf area
(cm2)
48.94 ± 0.37
57.08 ± 0.29*
66.11 ± 0.33*
67.23 ± 0.14*
67.81 ± 0.40*
79.17 ± 0.20*
78.19 ± 0.17*

No. of tiller
plants-1
7.66 ± 0.66
10.00 ± 0.57*
10.66 ± 0.33*
11.00 ± 0.57*
11.66 ± 0.33*
12.66 ± 0.66*
11.33 ± 0.66*

No. of grain ear-1
37.00 ± 0.57
46.66 ± 0.88*
47.66 ± 0.33*
48.33 ± 0.33*
50.00 ± 0.57*
51.66 ± 0.33*
48.00 ± 0.57*

Weight of grains
(g ear-1)
1.66 ± 0.024
2.32 ± 0.026
2.43 ± 0.011
2.46 ± 0.003
2.53 ± 0.005
2.66 ± 0.008
2.51 ± 0.008

Dry weight (g
plant-1)
22.60 ± 0.20
28.26 ± 0.13*
30.49 ± 0.04*
32.63 ± 0.12*
34.22 ± 0.07*
35.41 ± 0.07*
29.72 ± 0.31*

*Significant difference from the control at p≤0.05
Photosynthetic pigments were recorded at control (T), 35d (T1), 45d (T2) and 55d (T3) stage of treatment (Figures 1
A-D). The leaf chlorophyll content was recorded maximum at 35d (T1) of Zn treatment as compared to control and
other treatments. Enzyme activities of Zn treated plant at three stage of treatment with control, the specific activity of
carbonic anhydrase was found to be significantly increased at 45d (T2) stage as compared to control (Figure 2). The
activity of carbonic anhydrase and leaf zinc showed a parallelism as both increased with zinc supply suggesting the
enzyme activity as an indicator of Zn status in plants. Carbonic anhydrase is a hydrolase enzyme that catalyzes the
reversible hydration of carbon dioxide, increasing absorption of carbon dioxide per unit leaf area,
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Figure 1(A-D): Effect of Zn foliar application at 35d, 45d and 55d on Chlorophyll a, Chlorophyll b, Carotenoid and total
Chlorophyll (mg g-1 fresh tissue) in barley leaf. Values are mean of 3 replication ± SE.

thereby increasing photosynthesis and biomass production [17,18]. The increased enzyme activity of peroxidase
at later stage might be attributed to the concentration of free radicals and phenol compound accumulate in leaves
which is redundant for plant metabolism (Figure 3). It appears that zinc supply is more useful for plant growth at T5
stage because it includes tillering, booting and heading stage of plant growth and treatment at this stage significantly
increased yield, quality and tissue Zn density in barley grain.

Figures 2 & 3: Effect of Zn foliar application at 35d, 45d and 55d on specific activities of carbonic anhydrase (measured as EU/ mg
protein) and peroxidase (measured as ΔOD/mg protein) in barley leaf. Values are mean of 3 replication ± SE. * denotes significant
difference from the control at p≤0.05.
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Table 1 showed significant increase in the number of grain ear-1 (20.18%, 26.18%, 30.62% 35.13%, 39.62% &
29.72%), weight of grain ear-1 (39.75% 46.38%, 48.19%, 51.20%, 52.40% & 60.24%) and dry matter production
(25.04%, 34.91%, 44.38%, 51.41%, 56.68%, 31.58%) at 35d (T1), 45d (T2), 55d (T3), 35+45d (T4), 35+45+55d
(T5) and 45+55d (T6) respectively (Table 1). Maximum dry matter production and grain yield were obtained at T5
stage of treatment as compared to control. The data in Table 2 represent the Zn tissue concentration in root, stem,
leaves and grain at different stages of Zn foliar treatment. Translocation and accumulation of Zn was from leaf to
grain (25.41%, 28.24%, 30.17%, 34.85% & 49.88%, 29.38%) was recorded at 35d (T1), 45d (T2), 55d (T3), 35+45d
(T4), 35+45+55d (T5) and 45+55d (T6) respectively. Reproductive growth was found most significant in barley &
Zinc concentration was found higher in leaves, which in turn translocated more Zn to grains [19]. At T3 to T5 stage
of Zn foliar application significantly increased Zn concentration up to 30.17% to 49.88% in grain and the highest
Zn concentration were achieved with foliar Zn application that was applied three times at 35+45+55d (T5) stage of
treatment. At this stage of treatments the zinc concentration decreased in the leaves, probably because zinc has been
more translocated from younger leaves to grain. Single dose of foliar application of Zn was not more effective and less
amount of Zn translocated into grain [20].
Table 2: Effect of Zn foliar application at different stages of treatment on tissue Zinc concentration in different plant parts of barley
at harvest stage.
Days of foliar spray with treatment
Control (T)
35d (T1)
45d (T2)
55d(T3)
35+45d (T4)
35+45+55d (T5)
45+55d(T6)

Root
41.39 ± 0.104
59.30 ± 0.110*
62.82 ± 0.052*
63.54 ± 0.035*
68.43 ± 0.056*
69.32 ± 0.115*
68.36 ± 0.141*

Stem
Leaves
Zinc concentration(µg g-1 dry matter)
27.79 ± 0.090
30.29 ± 0.095
33.23 ± 0.165*
62.32 ± 0.085*
52.41 ± 0.206*
61.43 ± 0.055*
62.60 ± 0.106*
58.46 ± 0.081*
85.45 ± 0.056*
52.37 ± 0.047*
*
88.66 ± 0.064
52.77 ± 0.055*
*
93.69 ± 0.069
59.36 ± 0.056*

Grain
07.56 ± 0.155
15.84 ± 0.103*
17.35 ± 0.072*
17.64 ± 0.118*
18.25 ± 0.059*
26.32 ± 0.061*
17.44 ± 0.031*

*Significant difference from the control at p≤0.05

Some workers found that soil application of nitrogen and zinc improved plant height, flag leaf area, dry matter production
and grain yield [21,22]. NH4NO3 maintains the pH of soil by acidifying effect which increases the availability of Zn
to plants in treatment as compared to control [23,24]. Zinc availability to plant roots is highly dependent on pH and
organic matter contents in soil as it is observed that available Zn increases with increase in organic matter in soil.
Before mixing DTPA extractable zinc was 1.158 ppm in experimental soil and after mixing it varied from 7.216 ppm
to 7.296 ppm it mean value 7.256 ppm in treatments. After harvesting of the crop it varied from 6.042 ppm to 5.234
ppm, the results indicate that 16.74% to 27.87% applied Zn was available to plant as compared to control. Soil pH
values varied ranging from 7.30 to 6.77, EC from 0.354 to 0.718 dsm−1 and organic carbon from 1.380 to 2.022% and
after harvest crop soil pH 7.75 to 7.11, EC 0.262 to 0.683 dsm−1 and OC 1.616 to 1.983% were obtained.
Combined application of soil and foliar Zn significantly increased yield as well as the Zn concentrations in grains of
barley. Foliar Zn spray at T5 (35+45+55d) stage was most suitable stage and has positive impact on growth, yield and
tissue concentration of barley in comparison to control.
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