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Abstract

To evaluate the effect of Zinc fertilizer on performance of wheat cv. BARI gom30, an experiment was carried out at Agronomy Field
Laboratory, Bangladesh Agricultural University, Mymensingh, from November 2015 to March 2016. The experiment comprised four
levels of Zinc (Zn) viz., 0, 1.5, 2 and 2.5 kg/ha. The experiment was laid out in a randomized complete block design with three replica-
tions. Application of Zinc (Zn) plant height, number of total tillers/plant, number of effective tillers/plant, spike length, number of fertile
spikelets/spike numbers of sterile spikelets/spike number of grains/ spike, grain yield and straw yield were found significant. But there
was no significant effect of the treatment on 1000-grain weight. The highest number of total tiller/plant (4.42), number of effective till-
ers/plant (3.92), number of grains/spike (47.70), 1000-grain weight (47.73 g), grain yield (5.06 t/ha), straw yield (6.21 t/ha) was obtained
from 2 kg Zn/ha. The highest plant height (94.08 cm), spike length (9.92 cm), number of fertile spikelets/spike (19.59) and sterile spike-
lets/spike (3.22) and harvest index (46.16%) were recorded at 0 kg Zn/ha respectively. The control treatment indicated the lowest value
for the yield attributing characters except the number of sterile spikelets/spike. Grain yield was found to be significantly and positively
correlated with number of grains/spike and straw yield. It is recommended that application of 2 kg Zn/ha is the best for maximum yield
of BARI gom30.
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1. Introduction

Wheat (Triticum aestivum L.) is the most important cereal crop of the world. It ranks first both in area and production. About one third of
the total population of the world live on it. Wheat is the second staple food in Bangladesh. Wheat contains 12.1% protein compared to
8.29% in rice.

Zn is a micronutrient which is required for plant growth relatively in a small amount. Zn deficiency is one of the most wide spread limit-
ing factors to crop production. Zn is an essential element required by all plants as it is a critical component of many enzymes and pro-
teins. Zinc is an important essential element present in plant enzymatic systems. The integrity of cellular membranes also re-
quires Zn to preserve the structural orientation of macro molecules and keep ion transport system Chauhan et al.
(2014).

Zn contributed in photosynthesis, chlorophyll, metabolism of starch formation and enzyme carbonic anhydrase accelerating carbohydrate
formation, the maximum requirements Zn were enough to accumulate suitable carbohydrate contents. It also activate glutamic dehydro-
genase enzyme, synthesis of RNA and DNA enhancing gliadin and glutenin content, which are main protein components of gluten ac-
cumulated in the later stages of grain filling. The results are in conformity with the findings of Singh (2002), Seadh et al. (2009) and
Soleimani and Shahrajabian (2012).

Ranjbar and Bahmaniar (2007) conducted an experiment in order to investigate the role of Zn application (soil + foliar application) on
growth traits, yield, its concentration and accumulation in wheat leaves and grains, two common cultivars of wheat namely Tajan and
Nye 60 have been selected. Four Zn fertilizer levels including Zno (no zinc fertilizer), Zn1 (5 kg Zn/ha in soil + 300 g Zn/ha in foliar ap-
plication), Zn2 (10 kg Zn/ha in soil + 600 g Zn/ha in foliar application) and Zns (15 kg Zn/ha in soil + 900 g Zn/ha in foliar application)
both from ZnSO4 source have been applied in planting and booting stage in soil and as foliar application. Zn had increasing effects on
grain yield, total dry matter, yield, 1000 grain weight, number of tiller, grain Zn content, flag leaf Zn content, plant height, number of
node, protein content and grain Fe content.

Zn is known to have an important role either as a metal component of enzymes or as a functional, structural or regulatory co-factor of a
large number of enzymes (Grotz and Guerinot, 2006).

Genc et al. (2006) reported that zinc has vast numbers of functions in plant metabolism and consequently zinc deficiency has a multitude
of effects on plant growth. Zinc sulphate increased the leaf area index, the total number of fertile tillers/m2, number of spikelets/spike,
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spike length, grain/spike, thousand grain weight, grain yield, straw yield and biological yield and decreased harvest index. All applica-
tions of zinc sulphate gave economic increases in margins over costs but the application of 5 kg/hagave the highest marginal rate of re-
turn.

Seilsepour (2006) conducted an experiment to optimize consumption of Zinc and evaluate of Zinc effects on quantitative and qualitative
traits of winter wheat under saline soil condition and found that use of 80 Kg/ha Zn as ZnSQs in soil was recommended to obtain highest
grain yield with high quality in saline condition.

Zinc has been found useful in improving yield and yield components of wheat (Cakmak et al., 1996; Modaihsh, 1997; Kaya et al., 2002;
Singh 2004) and adequately applied zinc has been shown to improve the water use efficiency of wheat plants (Bagci et al., 2007).

The variations in number of tillers per hill, panicle length, weight of 1000 grains, yields of grain and straw, zinc concentrations and zinc
uptake by grain and straw and zinc concentrations both pre-sowing and post-harvest soils clearly indicated that the native zinc concentra-
tion influenced them greatly and the variations were different in different locations. The nature of vegetations was also influenced by
application. In order to obtain an optimum production and quality crops application of zinc with other nutrients should be advised partic-
ularly for wheat cultivation (Riffat et al., 2007).

The effects of zinc on the yield and yield components of wheat cv. Kiziltan-91 were determined in a field experiment conducted in Anka-
ra, Turkey during 1998-2000. Zinc application increased the grain yield, number of seeds per spike and seed weight per spike of the crop
(Atak et al., 2004).

Zn supply is considered as an important factor in reproduction process. According to Brown et al. (1993) formation of male and female
reproductive organs and pollination process are disturbed in Zn deficiency which may be attributed to the reduction of Indol acetic acid

(IAA) synthesis.

Grain sterility is one of the serious problems in obtaining higher yield of wheat in Bangladesh. Among different micronutrient elements,
Zn is considered to be the most important which reduces the grain sterility and improves the grain quality. Zinc plays an important role
in completing the life cycle of plants and also a key role in nitrogen metabolism, photosynthesis and toxin synthesis.

Nutrient deficiency is one of the important yield limiting factors viz. delayed sowing, high weeds infestations, water shortage at critical

growth stages, intensive cultivation and imbalance and non-judicious fertilizers use. Deficiency of and response to zinc in wheat have
been reported from various zones of the world. Bangladesh soils are not an exception to this. Zinc, a micronutrient element, is required
for plant growth relatively to a smaller amount. The total zinc content of soil ranges from less than 10 ppm to 1000 ppm. The functional
role of zinc includes auxin metabolism in plants.
The increase in grain and straw yields as well as harvest index due to Zn fertilization might be due to the fact that Zn plays an important
role in biosynthesis of IAA. Initiation of primordial structures at reproductive phase occurs as a result of favourable effect of zinc on the
metabolic reactions within the plants. So it should be used in correct doses for increasing soil fertility and to boost crop yield. Consider-
ing the above importance of Zn in wheat cultivation, the research work was undertaken to examine the effect of Zn micronutrient on the
performance of BARI gom30.

2. Materials and methods

The experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh during the period
from November 2015 to March 2016 to investigate the effect of different levels of Zn on the yield performance of wheat. The experi-
mental site belongs to the ‘Old Brahmaputra Floodplain’ under Agro Ecological Zone-09 (UNDP and FAO, 1988). The topography of
the experimental plot was a medium high land which belongs to the ‘Sonatola’ series under the General Soil Type, Non-calcareous dark
grey floodplain soils. Soil pH was 6.7. Zinc value was 10.35 ppm.

2.1. Description of the planting material

Wheat variety “BARI Gom30” was used as plant material. BARI developed this variety and released in 2014. It is a most popular variety
now due to its high yielding potentials and suitable for late planting after harvesting Aman rice. This variety attains a height of 95-100
c¢m and takes 100-105 days to complete its life cycle. It is a short duration variety and resistant to leaf blight and leaf rust disease. It is
also a heat tolerant variety. The numbers of tillers/plant are 4-6 and the leaves are wide and deep green in color. It requires 60-65 days to
heading. Grains are white, light and middle in size. Its yield is 4.5-5.5 t/ha and 1000 grain weight is 44-48 g.

2.2. Treatments
The experiment consisted of the following treatments:
Zinc Dose (Zn)
i) 0 kg Zn/ha (Zno)
i) 1.5 kg Zn/ha(Znz)
iii) 2 kg Zn/ha(Znz)
iv) 2.5 kg Zn/ha (Zns)
2.3. Experimental design
The experiment was laid out in a randomized complete block design with three replications; each representing a block. Each block was

divided into 16 unit plots where 16 treatment combinations were allocated at random. The total number of unit plots in the experiment
was (16x3) 48. The size of each plot was 4.0mx2.5m. Inter block and inter plot spacing were 1 m and 0.5m, respectively.

2.4. Data collection techniques

2.4.1. Plant height

Plant height was measured from the ground level to the tip of the uppermost spike lets of the panicle and their average was calculated.
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2.4.2. Number of total tillers/ plant

Number of total tillers/plant from each plot was counted from ten sample plants one week before harvest and their averages were taken.
2.4.3. Number of effective tillers/ plant

Number of effective tillers/plant from each plot was counted from ten plants one week before harvest and their average was taken.
2.4.4. Length of spike

Length of spike was measured from the sample plants and their averages were calculated.

2.4.5. Number of spikelets/spike

Number of spikelets/spike was counted taking ten spikes from the ten selected plants of each plot and the average number was recorded.
2.4.6. Number of grains/spike

Number of grains/spike was counted taking ten spikes from the sample plants of each plot and the average number was recorded.

2.4.7. Number of sterile spikelets/spike

Number of sterile spikelets/spike was counted taking ten spikes from the ten selected plants of each plot and the averages were recorded.
2.4.8. Thousand grain weight (g)

The weight of 1000 seeds from each plot was measured in gram taking ten plants at random from each unit plot.

2.4.9. Grain yield (t/ha)

Grains obtained from each unit plot were sun dried and weighed carefully. The dry weight of grains of selected plants was added to the
respective unit plot to record the final yield/plot. The grain yield was finally converted to t/ha.

2.4.10. Straw yield (t/ha)

Straw obtained from each unit plot including the straw of sample plants of respective unit plot was dried in sun and
weighed to record the final straw yield/plot and finally converted to t/ha.

2.4.11. Biological yield (t/ha)
Total weight of aerial biomass (including the grain) at maturity was measured from 10 m? area of each plot and expressed as t/ha.
2.4.12. Harvest index

The harvest index was calculated as follows:
Biological yield = Grain yield + Straw yield

Harvest index (%) = _Grain yield X100
Biological yield

2.5. Statistical analysis

The collected data were analyzed statistically using the analysis of variance (ANOVA) technique and significances of mean differences
were adjudged by Duncans New Multiple Range Test (Zaman et al., 1982).

3. Results and discussion

A field experiment was carried out to study the effect of Zn fertilizer application on the yield of wheat (cv. BARI Ghom30) including
yield contributing characters. The effect of Nitrogen (N) on yield and yield contributing characters of wheat have been presented below.

3.1. Plant height

Application of different levels of zinc influenced plant height significantly. The maximum plant height (94.17 cm) was found when the
crop was fertilized with 2 kg Zn/ha (Zn2) and the shortest plant height (88.45 cm) was from control (Figure 1). Above findings shown
that plant height was greatly affected by Zn application. This result is strongly supported by Ananda and Patil, (2007). Several research-
ers reported that by application of 6 kg Zn/ha than other lower doses, plant height increased significantly (Genc et al.,2006; Jain and Da-
hama, 2006).
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Fig. 1: Effect of Zinc on Plant Height (Cm).

3.2. Number of total tillers/ plant

Application of Zn significantly affected the total number of tillers/plant. The maximum number of total tillers/plant (4.42) was obtained
from 2 kg Zn/ha (Zn2) and the minimum number of total tillers/plant (3.33) was from control (Figure 2). Similar results were also pub-
lished by Prasad et al. (1981). Other researchers reported that number of total tillers/plant increased significantly by application of 6 kg
Zn/ha than other lower doses (Dewal and Pareek, 2004 and Singh, 2004).

LSD(5%)= 0.079, SE=0.027, CV (5%)= 2.43
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Fig. 2: Effect of Zinc on Total No. of Tillers/Plant.

3.3. Spike length (cm)

Different levels of Zn fertilizer was significantly affected the length of spike (Appendix I11). Spike length increased with the increasing
rates of Zn up to 2 kg Zn/ha. The longest spike length (9.92 cm) was obtained from 2 kg Zn/ha (Zn2) (Figure 3). Jain and Dahama (2006)
have reported that application of 6 kg Zn/ha significantly increased all the growth and yield attributes. Zinc application improved spike
length and effective tillers plant™ (Islam et al., 1999).
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Fig. 3: Effect of Zinc on Spike Length (Cm).

3.4. Number of effective tillers/ plant

Zn had a significant effect on number of effective tillers/plant. The highest number of effective tillers/plant (3.76) was found when the
crop was fertilized with 2 kg Zn/ha (Zn2) and the lowest (2.88) was recorded in control (Table 1). It can be concluded that increase in Zn
levels caused considerable increase in number of effective tillers/plant. The positive effects of zinc application on effective tillers/plant of
wheat were reported by Islam et al. (1999).

Table 1: Effect of Zinc on Number of Effective Tillers/ Plant

Level of nitrogen Number of effective tillers/ plant
Zng 2.83d

Zng 3.418b

Zn, 3.918a

Zng 3.000c

LSDq.0s 0.126
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SE 0.043
Level of significance **
CV (%) 4.64

3.5. Number of fertile spikelets/ spike

Number of fertile spikelets/spike of wheat also varied significantly due to the levels of Zn fertilizer. The highest number of fertile spike-
lets/spike (19.59) was observed in 2 kg Zn/ha (Znz) treatment and the lowest number of fertile spikelets/spike (18.14) in control (Figure
4). In respect of number of fertile spikelets/spike 2 kg Zn was the superior treatment among different levels of zinc, which was statistical-
ly identical with 1.5 kg Zn/ha (Fig. 4). Mahendra and Yadav (2006) revealed that application of increasing dose of ZnSO4 improved
growth and yield parameters of wheat. Dewal and Pareek (2004) reported that the growth parameters, yield attributes, yield, net return
and benefit: cost ratio increased significantly with application of 5 kg Zn/ha.

LSD(5%)= 1.07, SE=0.37, CV (5%)= 6.82
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Fig. 4: Effect of Zinc on Number of Fertile Spikelets/ Spike.

3.6. Number of sterile spikelets/ spike

Results showed that the number of sterile spikelets/spike was significantly influenced by Zn fertilization. The highest number of sterile
spikelets/spike was obtained from the control and the lowest (2.78) was found in 2 kg Zn/ha (Zn2) which was statistically identical with
1.5 kg Zn/ha (Figure 5). Razvi et al. (2005) reported that the soil application of ZnSO4 at 10 kg/ha recorded significantly the lowest num-
ber of sterile spikelets/spike of wheat. It may be explained that the deficiency of Zn causes sterile spikelets/spike.
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Fig. 5: Effect of Zinc on Sterile Spikelets/ Spike.
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3.7. Number of grains/ spike

The influence of Zn on the number of grains/spike was statistically non-significant. Number of grains/spike increased with the increase
of Zn up to 2 kg/ha. Number of grains/spike was highest (47.70) at 2 kg Zn ha (Zn2) and the lowest (45.47) was at control (Figure 6). The
results are in conformity with that of Sundar et al. (2003) and Sundar and Choudhary (2002) who reported that 10 kg Zn/ha increased
grain number/spike. Soleimani (2012) also reported that the number of grains/spike was increased for the application of zinc. Zinc appli-
cation improved number of grains/plant (Genc et al., 2006).

LSD(5%)= 1.3, SE=0.45, CV (5%)= 3.36
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Fig. 6: Effect of Zinc on Grains/Spike.
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3.8. 1000-grain weight

Weight of 1000 grains was showed significant variation due to Zn application. The highest 1000-grain weight (47.73 g) was found by
applying Zn at the rate of 2 kg Zn/ha (Zn2) and the second highest 1000-grain weight (46.59 g) was found at 1.5 kg Zn/ha (Table 2).
Positive effects of Zn application on 1000-grain weight were also reported by Ananda and Patil (2007); Kenbaev and Sade (2002) and
Hosseini (2006) reported that yield components increased with the increase in zinc rate. Jiang et al. (2013) indicated increment of 1000
grains weight in response of soil supplement of Zn at the rate of 200 mg/kg in the form of ZnSOa.

Table 2: Effect of Zinc on 1000-Grain Weight (Gm)

Level of nitrogen 1000-grain weight (gm)
Zno 4536 b

Zn; 46.59 ab

Zn, 47.73 a

Zng 46.33 ab

LSDo.0s 1.42

SE 0.492

Level of significance **

CV (%) 3.67

3.9. Grain yield (t/ha)

Different Zn levels showed non-significant variations on grain yield of wheat. Among the treatments, 2 kg Zn/ha (Zn2) produced the
highest grain yield (5.06 t/ha) and the lowest (4.60 t/ha) was found from the control. The second highest was obtained from 1.5 kg Zn/ha
(Figure 7). These results agree with Torun et al. (2001) and Grewal et al. (1997), who reported increased grain yield for zinc application.
Many authors also showed that grain yield increased significantly with increasing Zn levels (EI-Majid et al., 2000 and Seilsepour, 2007).
Zinc application increased the grain yield, number of seeds per spike and seed weight per spike of the crop (Atak et al., 2004). Singh et
al. (2012) also reported that increasing levels of zinc increased wheat yield.

LSD(5%)= 083, SE=0.029, CV (5%)= 2.03
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Fig. 7: Effect of Zinc on Grain Yield (T/HA).

Grain yield (t/ha)

3.10. Straw yield

Zn is an important essential element present in plant enzymatic systems. The effect of different doses of Zn also showed significant effect
on straw yield. The production of highest straw yield was (6.23 t/ha) in 2 kg Zn/ha (Zn2) might be due to the fact that Zn tends primarily
to encourage vegetative growth. The lowest straw yield (5.37 t/ha) was obtained from control treatment (Figure 8). The findings for this
character agree with the result obtained by Genc et al. (2006). However, Seilsepour (2007) reported that zinc sulfate had not any effects
on straw yield of wheat. The results are in close conformity with findings of Goswami (2007).

LSD(5%)= 0158, SE=0.055, CV (5%)= 3.26
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Fig. 8: Effect of Zinc on Straw Yield (T/HA).
3.11. Biological yield

Different Zn levels significantly influenced the biological yield of wheat. It was noted that biological yield is calculated from the total of
grain yield and straw yield. The highest biological yield (11.27 t/ha) was obtained when the crop fertilized with 2 kg Zn/ha (Zn2) and the
lowest (9.97 t/ha) was from control. These results indicated that increasing Zn levels from 0 to 2 kg Zn/ha (Table 3). It is evident from
the results that Zn had remarkable influence on biological yield. Zn is an important element that present in plant enzymatic systems. Var-



International Journal of Advanced Geosciences 143

ious authors reported that biological yield of wheat increased with increased rate of Zn application (Ali et al., 2009 and Grewal et al.,
1997).

Table 3: Effect of Zinc on Biological Yield (T/HA)

Level of Zinc Biological yield (t/ha)
Zng 9.97d

Zn; 10.80 b

Zn, 11.27 a

Zng 10.49¢c

LSDq.05 0.207

SE 0.072

Level of significance el

CV (%) 2.34

3.12. Harvest index

The effects of Zn on harvest index showed significant variation. The highest harvest index (46.16%) was observed under control and the
lowest (44.88) from 2 kg Zn/ha (Zn2) (Table 4). The second highest was obtained from 2.5 kg Zn/ha. Khan et al. (2008) has reported that
zinc applications actually decreased harvest index.

Table 4: Effect of Zinc on Harvest Index (%)

Level of Zinc Harvest index (%)
Zno 46.16 a

Zn; 45.27 ab

Zn, 44.88Db

Zn; 4581 a

LSDq.05 0.862

SE 0.298

Level of significance &

CV (%) 2.28

3.13. Correlation and regression studies

The degree of statistical relationship between grain yield and number of effective tillers/plant, grain yield and number of fertile spike-
lets/spike, grain yield and number of grains/spike, grain yield and straw yield of wheat has been found out significant relationship at 1%
level of probability. The positive slopes exhibited positive relationship.

3.13.1. Grain yield and number of effective tillers/ plant

The degree of relationship between grain yield and number of effective tillers/plant of wheat was studied (Figure 9). The result revealed
that grain yield and number of effective tillers/plant have a direct significant positive relationship at 1% level of significance which has
been confirmed with correlation co-efficient r = 0.949 (Figure 9). The relationship was more evident by the equation Y= and sowing
gradual Y =0.3759x + 3.6046 increase in grain yield with the increase of number of effective tiller/plant.
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Fig. 9: Relation Between Grain Yield and No of Effective Tillers/Plant of Wheat Cv. BARI Gom30.
3.13.2. Grain yield and number of fertile spikelets/spike

A correlation matrix was done in order to observe the degree of interrelationship between grain yield and number of fertile spike-
lets/spike. The result showed that the grain yield and number of fertile spikelets/spike have a significant relationship at 1% level of sig-
nificance. The correlation coefficient r = 0.9772** (Figure 10) and the regression line of Y (grain yield) on X (number of fertile spike-
lets/spike) having the equation Y = 0.2955x - 0.7246.The positive slope indicates that grain yield and number of fertile spikelets/spike
are directly correlated, i.e. increase in number of fertile spikelets/spike.
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Fig. 10: Relation Between Grain Yield and Number of Fertile Spikelets/Spike of Wheat Cv. BARI Gom30.

3.13.3. Grain yield and number of grains/ spikelet

The degree of relationship between grain yield and number of grains/spike of wheat was studied (Figure 11). It is shown from the result
that there was a direct significant and positive relationship at 1% level of significance between grain yield and number of grains/spike.
The correlation co-efficient r = 0.8397** and the regression line of y (grain yield) on number of grains/spike having Y = 0.2855x —

8.3838. The positive slope indicates that grain yield and number of grains/spike are directly correlated, i.e. increase in number of
grains/spike.
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Fig.11: Relation Between Grain Yield and Number of Grains/Spikelet of Wheat Cv. BARI Gom30.

3.13.4. Grain yield and straw yield

From the results of experiment it is observed that grain yield showed significantly positive correlation with its straw yield (r = 0.9959**).
The regression equation of Y (grain yield) vs (straw yield) was found to be Y = 0.5383x + 1.7237 (Figure 12). It means that an increase
in straw yield will lead to an increase in grain yield.

The present experiment was undertaken with some objectives. The need of such a study under field conditions was justified by present-
ing and amplifying the review of literature. The overall results represented that the application of N and Zn played a significant role in

efficient wheat production. The definite information from above discussion will be useful for national policy making to achieve optimum
yield production of wheat in Bangladesh.
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Fig. 12: Relation between Grain Yield and Straw Yield of Wheat Cv. BARI Gom30.
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