International Journal of Biological and Environmental Engineering

2018; 1(1): 10-16
http://www.aascit.org/journal/ijbee

American Association for
Science and Technology

AASCI])

Effect of Foliar Zinc Spray on Growth and Yield of
Heat Tolerant Wheat Under Water Stress

Md Hasibur Rahaman Heral, Mohammod Hossain" *, Alok Kumar Paul®

'Plant Pathology Division, Bangladesh Rice Research Institute, Gazipur, Bangladesh

Department of Soil Science, Sher-e-Bangla Agricultural University, Dhaka, Bangladesh

Email address
hossainmbd(@yahoo.com (M. Hossain)
*Corresponding author

Citation

Md Hasibur Rahaman Hera, Mohammod Hossain, Alok Kumar Paul. Effect of Foliar Zinc Spray on Growth and Yield of Heat Tolerant
Wheat Under Water Stress. International Journal of Biological and Environmental Engineering. Vol. 1, No. 1, 2018, pp. 10-16.

Received: January 16, 2018; Accepted: February 11, 2018; Published: March 23, 2018

Abstract: Crop production under field conditions decrease by several abiotic stresses including water stress. An experiment
was conducted to investigate the effect of foliar application of Zinc (Zn) on growth and yield of heat tolerant wheat (7riticum
aestivum L. cv. BARI ghom?25) under water stress conditions. Treatments comprised of four water stress (control, skipping one
irrigation at crown root initiation (CRI) stage, skipping one irrigation at booting, and heading and flowering stage) and foliar
application Zn (0.04%). The results showed that irrigation skipping at CRI stage affected the growth and yield whereas
irrigation skipping at both booting, and heading and flowering stage did not effect. Foliar application of Zn could mitigate the
adverse effects of water stress at CRI stage and irrigation skipping at both booting, and heading and flowering stage also
affected growth and yield of wheat. It is suggest that BARI ghom25 appeared to be sensitive to water shortage during CRI
stage and foliar application of Zn could mitigate the adverse effects on growth and yield caused by water stress at CRI stage.
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1. Introduction

Wheat (Triticum aestivum L.) belongs to family Poaceae
and is very important crop as it contributes major portion of
staple food for the world’s population and provides more
calories and protein in the world’s diet than any other cereal
[1]. Water stress reduces plant growth and manifests several
morphological, physiological and biochemical alterations
leading to massive loss in yield [2]. The response of plants
to water stress depends on several factors such as develop-
mental stage; timing, severity and duration of stress and
cultivar genetics [3, 4]. The crop water need is related to
moisture sensitive periods. Water shortage at critical growth
stages such as crown root initiation, tillering, booting,
anthesis and grain filling has deleterious effects on plant
growth, development and economic yield of wheat [5, 6].

During water shortage, plants that used the methods to
obtain tolerance to water stress [7]. One of these methods is
using nutritional element supplies such as zinc (Zn) [8].
Although plants need a little amount of zinc, if sufficient
amount of this eclement is not available, plants suffer
physiological stresses resulted from inefficiency of various

enzyme systems and other metabolic functions related to zinc
[9, 10]. According to Brown et al. [11] formation of male and
female reproductive organs and pollination process are
disturbed in Zn deficiency, which in result causes a sever
reduction in plant yield. Several studies have shown that
foliar application of Zn can increase growth and yield of
crops [12, 13]. Zn is required for plant growth as an activator
of several enzymes and is directly involved in the
biosynthesis of growth regulators such as auxin, which
promotes production of more plant cells and biomass that
will be stored in the plant organs especially in seeds [14].
Productivity is often limited by periods of water deficit and
in a number of regions Zn deficiency occurs, but the
interaction between zinc nutrition and water stress has not
been studied extensively [15].

Cell membrane is one of the first targets of many plant
stresses [16] and it is generally accepted that maintenance of
their integrity and stability under water deficit conditions is
major component of drought tolerance in plants [17]. Zinc
sulfate fertilizer plays a more important role in adjusting
stomata and ionic balance in plant system to decrease stresses
caused by water shortage [18, 19] and adequately applied
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zinc has been shown to improve the water use efficiency of
wheat plants [20]. Zinc can provide thermo-tolerance to the
photosynthetic apparatus of wheat [21]. In this study we
investigated the effect of foliar application of Zn on growth
and yield of heat tolerant wheat at different growth stages
under water stress.

2. Materials and Methods

The experiment was conducted at the experimental field of
Sher-e-Bangla Agricultural University, Bangladesh during
the period from October 2013 to February 2014 on a Deep
Red Brown Terrace Soil of Madhupur Tract. A physico-
chemical property of soil of the experimental plot is shown in
Table 1. Very little rainfall, low humidity, and bright sunny
days were the characteristic features of the growing season
(Table 2). Wheat (Triticum aestivum L., cv. BARI ghom25)
was chosen as the plant material. The seeds of wheat were
obtained from Bangladesh Agricultural Research Institute
(BARI), Gazipur, Bangladesh. The experiment was laid out
in randomized complete block design (RCBD) with factorial
arrangement and replicated thrice. The plot size was 2 m x 2
m. Row to row distance was 20 cm. Nitrogen, Phosphorus
and Potassium were applied at 150, 125, 67 kg ha™ using
urea, triple super phosphate and muriate of potash,
respectively. The irrigation levels were imposed in the
experiment to stimulate the type of stress. i.e., control
(regular irrigation), skipping irrigation at CRI stage (stressed
by skipping one irrigation at CRI stage), skipping irrigation
at booting stage (stressed by skipping one irrigation at
booting stage), skipping irrigation at heading and flowering
stage (stressed by skipping one irrigation at heading and

flowering stage). Zinc sulphate Monohydrated (ZnSO4.H,0)
at 0.04% was used as a source of Zn. Foliar application of Zn
was done during the skipping irrigation at respective days.
All agronomic practices were carried out uniformly for all
treatments. At maturity, when 90% of the crops became
brown in color data on five plants per treatment were selected
at random, tagged and leveled properly to record plant
height, spike length, number of grain spike™, 1000-grain
weight. Weight of grains of the demarcated area (1 m?) at the
centre ?f each plot was taken and then converted to the yield
intha™.

Table 1. Physical and chemical properties of the initial soil sample.

Characteristics Value
Particle size analysis

% Sand 30

% Silt 40

% Clay 30
Textural class Clay loam
CEC (¢ mol/kg) 17.9
pH 5.6
Bulk Density (g/cc) 1.45
Particle Density (g/cc) 2.52
Organic carbon (%) 0.68
Organic matter (%) 1.18
Total N (%) 0.06
Available P (ppm) 19.85
Exchangeable K (meq/100g soil) 0.12
Available S (ppm) 22

Available Calcium
Available Boron
Available Iron
Available Zinc

3.60 meq/100g soil
0.48 pg/g soil
262.6 ng/g soil
3.32 pg/g soil

Table 2. Monthly records of air temperature, relative humidity, rainfall and sunshine hours during the period from October 2013 to February 2014.

Monthly average air temperature (°C)

Av. relative Total rainfall Total sunshine

Month Year

Maximum Minimum Mean humidity (%) (mm) (hours)
October 2013 29.36 18.54 23.95 74.80 Trace 218.50
November 2013 28.52 16.30 22.41 68.92 Trace 216.50
December 2013 27.19 14.91 21.05 70.05 Trace 212.50
January 2014 25.23 18.20 21.80 74.90 4.0 195.00
February 2014 31.35 19.40 25.33 68.78 3.0 225.50

Source: Bangladesh Meteorological Department (Climate division), Dhaka-1212

3. Results and Discussion

Wheat grain yield is a result of shared factors of some
yield-related traits, i.e. Plant height, spike length, number of
grain per spike, and weight. Water stress diminished the yield
under CRI stage due to marked reduction in traits relevant to
yield in BARI ghom25.

3.1. Plant Height

Skipping one irrigation at booting, and heading and
flowering stage had no effect on plant height (cm) (Figure 1),
suggesting that BARI ghom25 copes with stress and showed
tolerance at booting, and heading and flowering stage except
CRI stage. Substantial decline in plant height has been

reported when irrigation was withheld at anthesis, however
tolerant genotypes attained more plant height [22]. The
decrease in plant height in response to water stress at CRI
stage could be due to decrease in relative turgidity and
dehydration of protoplasm, which is associated with a loss of
turgor and reduced expansion of cell and cell division [23,
24]. Foliar application of Zn increased plant height by
11.96% at CRI stage whereas at booting, and heading and
flowering stage, the percent of increased in the plant height
was 2.72 and 2.30 under water stress (Figure 1). These
suggest that Zn alleviated the inhibitory effect of water stress
at CRI stage. Zn is involved in biosynthesis of tryptophane, a
precursor of auxin, which is essential for cell elongation.
High osmotic pressure resulting from Zn deficiency is due to
reduced water uptake which is restricted by failure of cell
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walls to grow because of lack of auxin [25].
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Figure 1. Effect of foliar application of Zn on plant height of wheat grown under water stress conditions at different growth stages.

3.2. Spike Length

The data pertaining to spike length (cm) of wheat variety
BARI ghom25 as affected by foliar applied zinc under water
stress were shown in Figure 2. At CRI stage, skipping one
irrigation decreased the spike length by 2.71% as compared
to regular irrigation. Spike length was not reduced when
plants subjected to skipping one irrigation during booting,
and heading and flowering stages. Foliar application of Zn
improved the spike length at CRI stage by 1.05% under water
stress; whereas more spike length was recorded on the plants
applied with Zn at booting, and heading and flowering stages
by 4.37% and 7.09%, respectively (Figure 2). The shorter
spikes observed at stress at CRI stage could be as a result of

skipping one irrigation at that stage which resulted to shorter
plants (Figure 1). The decrease in stem height and ear length
due to water stress has been reported earlier in wheat [26].
The results of experiments by Mirbahar et al. [27] also
indicate that water stress decreased spike length of wheat.
Khan and Naqvi [22] reported that water deficit tolerant
wheat genotype showed minimum reduction on spike length
at vegetative stage whereas promotion has been noticed
under anthesis stress. It was reported that Zn through
improved catalytic activity in anther wheat and increased
spike length [28]. Also, Shaheen et al. [29] stated that
application of zinc increase spike length of wheat.
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Figure 2. Effect of foliar application of Zn on spike length of wheat grown under water stress conditions at different growth stages.
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3.3. Number of Grain Spike™

A marked decrease (8.12%) in number of grains per spike
has been noticed at CRI stage. However, Skipping one
irrigation at booting, and heading and flowering stage had no
effect on number of grains per spike (Figure 3). It may be
suggested that this genotype had the ability to cope the stress
or is tolerable to water stress at booting, and heading and
flowering stage. Dzisah [30] observed that heat tolerant
tomato variety recorded the highest fruit number or seed
number per fruit at deficit water treatment. Drought at crown-
root initiation in wheat caused significant reduction in
number of spikelets per spike [31, 32]. Zinc effect was

considerable on the grains per spike. Its spray under water
stress improved the number of grains per spike (Figure 3).
Among water stressed treatments, the maximum grain
number was obtained in plants treated with Zn at booting
(17.94%), and heading and flowering stages (21.5%) and
minimum (2.68%) was observed in plants which were given
water stress at CRI stage. Increase in number of grains per
spike due to foliar application of Zn might be due to the
involvement of Zn in pollen tube formation, resulting in more
seed set [33]. Our results are in line with that of Soleimani
[34] who also reported increase in number of grains spike™
for foliar application of zinc.
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Figure 3. Effect of foliar application of Zn on number of grain per spike plant of wheat grown under water stress conditions at different growth stages.

3.4. One Thousand Grain Weight (1000-Grain
Weight)

Results indicate that skipping one irrigation at CRI stage
decreased 1000-grain weight (gm) by 6.71% (Figure 4).
However, water stress imposed by skipping one irrigation at
booting, and heading and flowering stage did not decrease
1000-grain weight. Under drought conditions the availability
of current assimilates for extending seed filling will often be
severely reduced. In such circumstances, the variety that can
mobilize reserves of carbohydrates in the stem will be able to
maintain better seed filling. Dzisah [30] also observed that
heat tolerant tomato recorded the highest fruit weight at
deficit water treated plants. Zinc spray in stress treatments at
CRI stage, and heading and flowering stage increased the

1000-grain weight as 11.44% and 4.14%, respectively
(Figure 4). Zn increased thousand grains weight due to the
involvement of the Zn in enzyme activation [14], membrane
integrity [35, 36], chlorophyll formation [37], nitrogen
metabolism [38], stomatal regulation [39] and starch
utilization at early stages, while enhanced accumulation of
assimilate in the grains, which resulted in heavier grains.
These results are supported by Harris et al. [40] and Karim et
al. [41] who observed increase in 1000-grain weight with
each increment of Zn. Zinc by increasing the soluble sugars
and maintain osmotic potential able to store carbohydrates to
basic cell metabolism and increases the grain weight [42].
However, at booting stage Zn spray did not change 1000-
grain weight.
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Figure 4. Effect of foliar application of Zn on 1000-grain weight of wheat grown under water stress conditions at different growth stages.

3.5. Grain Yield

Result show that skipping one irrigation at CRI stage
29.38% decreased grain yield (t ha') of wheat. Foliar
application of Zn 32.11% increased grain yield of wheat at
CRI stage under water stress condition (Figure 5), due to
higher plant height (Figure 1) and highest 1000-grain weight
(Figure 4). Results showed that water stress imposed by
skipping one irrigation at booting, and heading and flowering
stages did not decrease grain yield, which might be due to the
stress tolerant. Ali et al. [43] reported that drought tolerant
genotypes produced higher grain yield in drought stress
conditions. Foliar application of Zn increased 22.27% and
36.45% grain yield at booting, and heading and flowering
stages, respectively under skipping one irrigation (Figure 5),

due to higher number of grain spike™ (Figure 3). The foliar
spray of Zn at tillering and/or booting and milking growth
stage (s) increased the grain yield of wheat [44, 45]. Zn plays
a key role in pollination and seed set processes; so that their
deficiency can cause to decrease in seed formation and
subsequent yield reduction [33]. Jiang and Huang [46]
reported that the yield and its components in wheat are
increased due to the effects of zinc on the amount of
chlorophyll. The increase of chlorophyll increases yield
through the increase of photosynthesis. Cakmak [47] reported
that Zn plays a fundamental role in structural and functional
integrity of biomembranes and photosynthetic carbon
metabolism.
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Figure 5. Effect of foliar application of Zn on yield of wheat grown under water stress conditions at different growth stages.
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4. Conclusion

It could be concluded that growth and yield attributes of
the heat tolerant wheat cultivar BARI ghom25 studied
respond differently to different growth stages under water
stress. Skipping irrigation at CRI stage decreased plant
height, spike length, number of grain spike”, 1000-grain
weight and grain yield compared with regular irrigation.
BARI ghom25 gave higher growth and yield under skipping
one irrigation at booting, and heading and flowering stage. It
is advised that wheat producers should use lower water
volumes or irrigation levels at booting, and heading and
flowering stage when cultivating heat tolerant wheat
cultivars. Foliar application of Zn mitigates adverse effects of
water stress at CRI stage by increasing growth and yield.
Interestingly, this micronutrient, at booting, and heading and
flowering stages, also increased yield under water stress.
Therefore, it seems essential to particular consider this
important nutritional element in the programs of fertilizer
recommendations at CRI stage under water stress condition
in BARI ghom25.
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