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Cultivations of high yield varieties and unbalanced fertilization have induced micronutrient
deficiency in crops especially in wheat across the globe.Zinc (Zn) deficiency is most
common in alkaline calcareous soils. Therefore, this study aimed to evaluate the effect of
Zinc, applied either alone or in combination with foliar or soil application, on the quality
and production of wheat grown in alkaline soil. Zn was applied in the form of zinc sulfate
(ZnSo,), applied bet&to the soil ané*as a foliar spray during the sowing and tillering stage,

respectively. Results showed that Zn fertilization to wheat irrespective of modes of its
application significantly increased grain and biological yield, grain per spike and 1000
grain weight over control, however, its effect was more noticeable when applied as 7.50 kg

ha™ of soil Zn in combination with foliar Zn at 2.5 kg ha™. The Zn application significantly
increased the grain protein content, from 9.40 % in control to a maximum 11.83 % with an

application rate of 10 kg Zn ha™. Similarly, Zinc addition promoted wheat Zn, Nitrogren (N),
Phosphoreus (P) and Potassium (K) uptake. Moreover, Zinc application had a significant
impact on the P content in the grains. Therefore, zinc supplementation is very crucial for
improving crop quality and wheat yield.
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Abstract: Cultivations of high yield varieties and unbalanced fertilization have induced micronutrient deficiency in
crops especially in wheat across the globe. Zinc (Zn) deficiency is most common in alkaline calcareous soils.
Therefore, this study aimed to evaluate the effect of Zinc, applied either alone or in combination with foliar or soil
application, on the quality and production of wheat grown in alkaline soil. Zn was applied in the form of zinc sulfate
(ZnSoy), applied both to the soil and as a foliar spray during the sowing and tillering stage, respectively. Results
showed that Zn fertilization to wheat irrespective of modes of its application significantly increased grain and
biological yield, grain per spike and 1000 grain weight over control, however, its effect was more noticeable when
applied as 7.50 kg ha! of soil Zn in combination with foliar Zn at 2.5 kg ha-'. The Zn application significantly increased
the grain protein content, from 9.40 % in control to a maximum 11.83 % with an application rate of 10 kg Zn ha™..
Similarly, Zinc addition promoted wheat Zn, Nitrogren (N), Phosphorous (P) and Potassium (K) uptake. Moreover,
Zinc application had a significant impact on the P content in the grains. Therefore, zinc supplementation is very crucial

for improving crop quality and wheat yield.

Keywords: Zinc, foliar spray, wheat yield, grain quality, alkaline soil

Peer] reviewing PDF | (2023:01:81320:1:0:NEW 18 Mar 2023)


mailto:farhatk304@gmail.com
mailto:1047800045@qq.com
mailto:adnan_aup@yahoo.com
mailto:quyuanyuan@nwafu.edu.cn
mailto:Madnan@uoswabi.edu.pk
mailto:Shah_fahad80@yahoo.com
mailto:afnankhan123@gmail.com
mailto:saudhort@gmail.com
mailto:184108@hainanu.edu.cn
mailto:shah_fahad80@yahoo.com
mailto:xuxuexuan@nwsuaf.edu.cn

Peer]

37

38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

1. Introduction

Wheat (Fritiewmestivumls) belongs to g family Poaceae and is the key cereal crop for the vast majority of people on,
globe. For almost 36% of the global population (2 billion people) Wheat is the most favored staple food. Wheat
accounts for nearly 55% of all carbohydrates and 20% of all food calories consumed worldwide (Azeem et al. 2019;
Jat et al. 2018). Pakistan is one of the top wheat-producing countries in the world, ranking 8th and accounting for
approximately 3.17% of the total global wheat production (Sher et al. 2022). Wheat's substantial production
contribution makes it a crucial food grain crop for the country's economy. Wheat grain yield is affected by several
biotic and abiotic factors. Among abiotic factors, one of the primary causes of low yield is nutritional imbalance and
lack of essential macro and micro nutrients (Azeem et al. 2019). Though to some extent wheat yield has been improved
due to inelusien of nitrogen and phosphorous application to the crop by many farmers but yet it potential yield has not
been achieved (Khan et al. 2017). By 2050, the world's population is expected to reach 9.8 billion, presenting a major
challenge for scientists to not only increase food production expenentially but also improve the nutritional quality of
the food produced, especially in developing regions (Ahmad et al. 2023).

Alkaline calcareous soils in developing countries, due to declining soil fertility, have resulted in decreased crop
productivity and quality (Bhatt et al. 2020). Zn deficiency is most common in alkaline calcareous soils. Micronutrients,
like zinc (Zn) is neglected which is as much essential as macronutrients. The nature of most soils in Pakistan is
calcareous, which can cause putrients to become unavailable due to factors such as high pH, low organic matter, salt
stress, and imbalanced application of synthetic fertilizers (Hafeez et al. 2013). These issues can collectively contribute
to nutrient deficiencies in the soil. It is now an established fact that Pakistan's soil is deficient in zinc, which can cause
a further decrease in the yield of certain cereal crops, such as wheat. Therefore, those who consume a diet high in
cereals may experience health issues linked to Mjcronutrient deficiencies (zinc), such as impaired brain and immune
function, stunted growth in children, harm to physical development, weakened resistance to disease, unfavorable
pregnancy outcomes in women, and increased morbidity and mortality (Cakmak 2008). In Pakistan, approximately
12 million children suffer from stunted growth, whereas zinc deficiency affects 22.1% of women and 18.6% of

children under the age of five (Sher et al. 2022).

In Pakistan (Yoshida & Tanaka ,1969), first recognized zinc problem in soils and later studies confirmed the
widespread Zn deficit in all rice-growing regions. In alkaline soil of Pakistan (Khattak et al. 2015), observed that
Wheat responded well when Zn applied @ 5 kg ha! and 15 kg ha'!, increased the yield as 18% and 41% over control,
respectively. They also observed that application of Zn through foliar spray and soil increased the Wheat grain protein
content by 29.5%. In another study, (Walaszek et al. 2018) reported that Zn has a strong affinity for clay adsorption
and also tends to accumulate unusable Zn hydroxide in alkaline pH.. Reducing Zn deficiency in plants can be achieved
through a variety of practices such as supplementary applications, diverse diets, and bio-fortification (Peter et al,
2017). Mineral Zn fertilizers are conventionally the most commonly used due to their low cost and high solubility
(Roohani et al. 2013). However, fixation reactions can reduce the bioavailability of zinc in soils with low organic

matter, high carbonate content, and high pH. This can lead to the adsorption ef calcite or precipitation of Zn(OH), or
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ZnCOs, making conventional fertilizers ineffective for crop zinc uptake (Recena et al. 2021; Rehman et al. 2020).
Zinc foliar application is a technique used to enhance the zinc status of wheat by externally applying solid or liquid

zinc fertilizers to the crop leaves at the appropriate growth stage.

There have been numerous attempts to address Zn deficiency. However, increasing zinc content in food crops using
agronomic methods is an excellent strategy to address its deficit in developing world. The size of the soil's accessible
Zn pools has a significant impact on zinc levels. The majority of the cereal-growing regions, there are some chemical
and physical obstacles that considerably decrease access of Zn to plant roots. Ultimately the newly developed cultivars
(biofortified) would not take up the adequate amount of zinc from soil and translocate it in the grain. Therefore, it
necessitates have a short term strategy to enhance Zn in cereal grains. In this connection agronomic biofortification is
a fast idea to above problems and presents useful and sustainable solution to the existing breeding programmers
(Cakmak 2008). Keeping the above facts in view, the current study aimed to address the problem of limited Zinc
availability in alkaline soils. This was achieved by evaluating the following set of objectives (i) to evaluate the effect
of Zinc application, either alone or in combination with foliar or soil application, on the quality and production of
wheat grown in alkaline soil (ii) to determine the optimal rate of Zinc application for maximum wheat yield and quality

(iii) to investigate the effect of Zinc application on the protein content of wheat grains in alkaline soil.
2. MATERIALS AND MATHODS
2.1 Experimental Site

In the alkaline soil of the Kohat region (72°N, 33°50’E and 72°30°N, 33°25°E), a field experiment was carried out to
assess the impact of soil and foliar applied zinc on the growth, yield, and quality of wheat crop during Rabi 2020-
2021. The study site has a humid and subtropical climate with a yearly average rainfall of 638 mm. During the summer
months of May to September, the mean maximum and minimum temperatures are 39 and 25 °C, respectively.
According to the International Union of Soil Sciences (IUSS) working Group WRB, the pH and EC in the soil were
7.6 and 0.32 dSm'!. The soil texture was clay loam with 22, 38, 40% silt, sand, clay respectively. Furthermore, soil
organic matter (0.69%), AB-DTPA extractable P (1.5 mg kg '), Potassium (55.00 mgkg™"), and Zn was (0.58 mgkg™).

2.2 Experimental Procedure

The Randomized Complete Block Design (RCBD) was used in this study, with three replications. The area of each
plot was 9 m? (3 m x 3), and there were a total of 33 plots. Wheat was sown at 120 kg ha! on 22nd November, 2020,
and harvested on 5th May, 2021. There were 11treatments including; control, soil Zn 5 kg ha"'+0 kg ha'! foliar Zn
(T1), soil Zn 3.75+1.25foliar Zn (T2), Soil Zn 2.5+foliar Zn 2.5 (T3), Soil Zn 1.25+foliar Zn3.75 (T4), Soil Zn O+foliar
Zn 5 (T5), Soil Zn 10+foiliar Zn 0 (T6), Soil Zn 7.25+foliar Zn2.50 (T7), Soil Zn 5.00+foliar Zn 5.00 (T8), Soil Zn
2.50+foliar Zn 7.50 (T9) and Soil Zn 0+foliar Zn 10 (T10). Soil application of Zn was done at the time of sowing and
foliar spray was done at tillering stage. Each treatment received a base dose of N P K @ 120:90:60 that were applied
as Urea, DAP, and SOP, respectively, at the time of sowing.
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23 Agronomic observation

For data concerning tillers per plant, 5 plants were randomly taken from each treatment, counted after that averaged.
1000 grains were collected randomly from each treatment via grain counter machine and weighed. For grain and
Biological yield central four rows of each treatment were threshed by mini wheat thresher, and then weighed to convert

into kg ha-l.
2.4 Soil and plant analysis

Appropriate techniques were used to determine the pH of the soil by (McLean 1983) and electrical conductivity (EC)
by (Rhoades 1996). The (Bouyoucos 1962) and (Nelson & Sommers 1996) methods were used to determine the texture
and organic matter content, respectively. The AB-DTPA extractable P, K and Zn were determined by the method of
(Soltanpour & Schwab 1977). Total Nitrogen in samples was determined by Kjeldhal method (Bremner 1996) . 0.5 g
of grain flour samples was obtained in triplicate to determine the protein content of the grain. After adding 0.25 mL
of protein buffer, centrifuging the mixture for 15 minutes at 13 K rpm after combining it with a vortex mixer. By using
an ultraviolet spectrophotometer, for spectroscopic analysis, the supernatant was taken out at E-280 nm in mg/mL, or

nearly 1 optical density (OD). % protein was estimated as follows by multiplying the absorbance by the dilution factor:
100
1000

% protein = absorbance reading X dilution X

Applying sodium dodecyl sulphate-polyacrylamide gel electrophoresis, the impact of Zn on the protein composition

of wheat grain was investigated (Sironi et al. 2005).
2.5 Statistical Analysis

Using SPSS version 20.0 software, the data were statistically examined by variance analysis (ANOVA) and compared
using the Duncan test (P < 0.05).
3. RESULT,

31 Agronomic attributes

The results indicate that certain rates of zinc fertilizer application, whether applied as soil or foliar, can have a positive
impact on both the biological and grain yield of wheat (Table 1). Regardless of the method, Zn application had a
considerable positive impact on grain yield. The plots with the maximum grain yield (3639 kg ha!) received soil +
foliar Zn at rates of 7.50 kg ha-! and 2.50 kg ha'!, respectively; followed by plots received soil Zn 5 kg ha'! + 5 kg ha"!
foliar Zn with an average yield (3608 kg ha™!). The lowest grain yield (2712 kg ha'!') was found in the control.The
yield was higher in plots that received zinc both as soil and foliar spray. Similarly, the highest dry matter in wheat was
found in the plots whereZn was given as soil and foliar @ 7.50 kgha! and 2.50 kg ha’!, respectively, which produced
8802 kg ha'! biological yield,followed by plots that received 5 kg ha'! of zinc fertilizers in both soil and foliar, which
had an average dry matter of 7994 kg ha!. The lowest biological yield was found in under control plot,
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The outcome of our experiment predicts that tiller per plant were statistically significant (Table 1). The maximum
number of tillers (7.56) were found in the plots received Zn fertilizer at the rate 10 kg Zn ha-! as foliar, followed by
the plot which were administered with zinc through soil + foliar (5:5 kg ha'! and 2.5:7.5 kg ha'!') respectively,
producing 7.50 and 7.45 tiller per plant. Most of the treatments were significantly different from the control. The

numbers of tiller per plant were more in plots where foliar ratio of Zn was kept higher than soil.

The results showed that Zn addition to wheat crop had increased 1000 grain weight but not significantly with exception
of T; and T,. Data on 1000 grain weight ranges from 40.36 -48.37g. The maximum 1000 grain weight was recorded
in Tg (48.373g) and T, (47.470 g) followed by Te (47.380 g) while the minimum (40.357 g) was recorded in T,

(control).
3.2 Grain Zn, P and K nutrition

The findings regarding grain Zn, K and P as affected by Zinc addition at various levels through soil and foliar are
presented in Table 2.These results indicated that zinc application synergies P up boot stage and translocate parallel to
each other but after depletion they hinder each other translocation. The lowest concentration (0.12%) of grain’s P was
found in the control. Maximum Zn concentration (0.51%) was recorded in control plot followed by (0.49%) in soil
application Zn @ 5 kg ha''. The minimum Zn in Wheat grain was recorded in plots receiving Zn both as soil and foliar
application. Zn level has a considerable impact on wheat grains' potassium content. Potassium concentration in grain
increased 6.24% over the control with foliar Zn spray @ 5 kg ha-!. The plot that received Zn as soil @ 10 kg ha! had

the minimum Wheat grain’s K content.
33 Grain protein content

Zinc fertilization, whether applied as foliar spray or to the soil, significantly increased the protein content of the wheat
grains (Table 3). There are significant differences among the means of some treatments while some have shown simple
increase over control. From above T all are significantly different from rest of the treatments. These treatments are
at par with each other statistically showing 14.54% to 25.88 % increase over control. As a whole all the 2-10 treatments
showed increase in protein content from 2.48% to 25.88% over control. The data also showed that soil Zn increasing

level in combination with decreasing level of foliar amount enhanced protein % in grain gradually.
34 Correlation analysis

Zn in grain was negatively correlated with the others (Table 4). Phosphorous in grain was positively correlated with
the others except potassium in grain, and the positive correlation between phosphorous in grain and grain weight was
not significant. The protein content of Wheat grains and grain’s potassium were significantly linked. Grain weight
was positively correlated with till per plant, grain yield, biological yield. There are positive correlations among protein

content, biological yield, grain yield and tiller per plant, except protein content and tiller per plant.

4. Discussion
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4.1 Wheat ¥Yjeld and yield components

Zn was applied as soil and foliar @ 7.50 kg ha'! and 2.50 kg ha’!, respectively, which greatly improved wheat grain
production. These results highlight the significance of zinc availability in reducing the wheat yield gap (the difference
amid realized and expected production). According to (Khattak et al. 2006), in alkaline soils of Pakistan, adding Zn
at a rate of 5 kg ha'! or twice as a foliar spray increased maize grain yield by 29 % and 14%, respectively. With soil +
foliar treated plots, better photosynthetic activity and biomass accumulation resulted in better yields, this could be
explained by a sufficient Zn supply up until harvesting and an increase in several enzymatic activity, which in turn
led to greater yields (Hussain & Yasin 2004; Paramesh et al. 2014). Zn increases photosynthesis, carbohydrate
transformation, and seed development, according to the study of (Alloway 2008). Our findings are consistent with
results of (Imran & Rehim 2017), who revealed that in comparison to soil application alone, combine application of
soil + foliar would be more advantageous for enhancing grain yield and plant development. Other authors have also
been shown benefits of using Zn fertilization to wheat yield and yield components (Cakmak et al. 2010; Nawaz et al.
2015).

A significantly greater preduction-of biological yield was observed when both foliar and soil Zinc supply were used
in combination. It might be because of the wheat crop's successful response to foliar Zn spraying. The fact that zinc is
known to crucial for different enzymes as a metal component or as a functional, structural, or regulatory co-factor may
be supportive of the increase in biological output caused by zinc nutrition (Singh et al. 2018), essential ingredient in
the production and breakdown of proteins, nucleic acids, and carbohydrates (Cakmak 2008), as a result, it plays a
crucial role in biomass synthesis as a co-factor of auxins and lipids (Chattha et al. 2017; Hassan et al. 2019).
Furthermore, (Mosanna & Behrozyar 2015) shown that soil Zn with foliar treatment had greater pigment content and
biological outcome production of maize crop (75 and 54 %, respectively). According to a prior study, maintaining
protein synthesis in wheat meristems necessitates a high Zn concentration (Mat Hassan et al. 2012). Our results are
supported by (Paramesh et al. 2020), who recorded highest wheat straw yield (6.92 t ha'!) by both soil Zn application

+ foliar spray.

The numbers of tiller plant were more in plots where foliar ratio of Zn was kept higher than soil. Our findings are in
accordance with the result of (Soleimani 2006), they reported that foliar zinc spray improved the number of plant
tillers.. Zn is thought to influence carbohydrate metabolism through photosynthesis and sugar conversions, and Zn
deficiency can cause net photosynthesis to drop by 50-70%, causing drastic changes in yield components (Alloway,
2004). The current experiment's findings are also corroborated by (Gul et al. 2011; Ramzan et al. 2020), they came up
with the conclusion that Zn treatment raised the proportion of productive tillers; this could be due to additional
nutrients being available to growing tillers. Our results showed that Zn addition to wheat crop had increased 1000
grain weight but not significantly with exception of the treatment (Soil Zn7.50+Foliar Zn2.50). Zinc is required for
growth hormone synthesis, starch production, and maturation, all of which contribute to seed weight gain (Sarkar et
al. 2007). Zinc external fertilization increased 1000-grain weight, possibly reason could be zinc's strong mobility
within the plant from leaves to stems, roots, and maturing grains (Rengel 2001). Another study found that when zinc

is applied to wheat, the weight of 1000 grains increases substantially (Torun et al. 2001).
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4.2 Plant nutrient concentration in wheat grain

Data regarding grain Zn, K and P as affected by Zinc addition at various levels through soil and foliar indicated that
grain P decreased while Zn concentration increased with Zn fertilizer either soil or foliar application, this might be
caused by the negative interaction between Zn and P. These results also indicates that zinc is friendly with P up to
boot stage and translocate parallel to each other but after depletion there they hinder each other translocation to given
part if the one increases the other decreases and vice versa. (Ryan et al. 2008) mentioned that because of the dilution
effect, increasing P fertilizer application causes Zn deficiency in plants. Almost identical results in alkaline soils were
achieved by (Khattak et al. 2006), who shown that P retention in leaf and grain increased by zinc increasing level, yet
it behaved differently in parts of plant. It showed much concentration in grain with zinc increasing level by either
method of its application. After attaining maximum value of phosphorous with 10 kg ha'! addition one foliar
application of zinc presented higher concentration of P in leaves while two foliar application indicated a decrease in
this content (-13.5%). They attributed these phenomena to Zn and P antagonistic effect on each other. Our results are
consistent with those of (Paramesh et al. 2014), who observed soil + foliar Zn spraying produced the maximum P
concentration in wheat grain. Plants absorbed more P from the soil after receiving zinc as a foliar spray (Bukvié et al.

2003).

Zn levels have a significant on the K content of wheat grains. It was evident that potassium concentration in grain
increased considerably over the control with soil Zn + foliar spray. The increase in K content of wheat grain with soil
Zn + foliar spray might be due to zinc synergistic relationship with potassium (Razzaq et al. 2013). Zn application
through foliar spray have been shown to improve the macro-nutrient components of plants (Sayed et al. 2004). (Szakal

1989) observed that Zn treatment in maize grain increased the Mg and K content.

4.3 Grain protein content

Wheat grain’s protein content has increased as a result of soil or foliar applications of zinc fertilizer. Zn was one of
the main nutrient in improving the protein and amino acid content of grains, according to the current research findings.
Zinc is a stimulating component that enhances indoleacetic acid synthesis, increasing the protein and amino acids
content in grains. In another study conducted in alkaline soils, (Khattak et al. 2015) found that Zn treatment increased
grain protein content, with the most effective treatment beingZn at 5 kg ha ! applied to the soil, with one foliar spray.
The findings of this study were likewise consistent with those of (Paramesh et al. 2014), who shown that application
of Zn 25 kg ha'! into the soil resulted in an 11.8 % increase in grain’s protein compared to the control. Zn helps to
increase wheat -Carotene content, which improves protein and other quality characteristics (Kharub & Gupta 2003).
(Ozturk et al. 2006) shown, that during the seed formation, maximum zinc uptake and protein synthesis happen at the
same time. According to (Barunawati et al. 2013), Zn increased dry matter building and N uptake in the soil and on
the leaves application, which in turn raised the protein content of grains. Zn shortage is linked to N metabolism; when
Zn absorption in plants is reduced, the amount of protein in the plant reduces dramatically. A thinkable reason for
improvement in protein content is that zinc shortage impairs both RNA and ribosome production and structural

integrity, resulting in increased RNase activity. As a result, protein synthesis necessitates appropriate Zn

Peer] reviewing PDF | (2023:01:81320:1:0:NEW 18 Mar 2023)


Usuario
Comentario en el texto
please explain

Usuario
Tachado

Usuario
Comentario en el texto
Please reword and explain why.
What do you mean by "after depletion"?
Which results indicate the existence of two differentiated phases?

Usuario
Comentario en el texto
Are these results consistent or contrary to yours?
Why?

Usuario
Comentario en el texto
This cannot be seen in Table 2, which indicates that Zn concentrations in grain clearly decreased while P concentrations in grain somewhat increased by Zn application.
The decrease of Zn concentration at higher Zn application seems to result from a dilution effect (higher yield). This must be commented. Moreover, you should calculate the nutrient uptake (concentration multiplied by yield).

Usuario
Comentario en el texto
a significant effect?

Usuario
Comentario en el texto
This is not evident from Table 2: only the treatment consisting of 5 kg Zn ha-1 (foliar) resulted in K concentration significantly higher than in the control.

Usuario
Tachado

Usuario
Texto insertado
(

Usuario
Tachado

Usuario
Tachado

Usuario
Tachado

Usuario
Texto insertado
(

Usuario
Tachado

Usuario
Texto insertado
showed


Usuario
Tachado

Usuario
Texto insertado
(

Usuario
Comentario en el texto
by wheat?

Usuario
Comentario en el texto
reference?

Usuario
Comentario en el texto
reference?


Peer]

239
240

241

242
243
244
245
246
247
248
249
250
251

252

253
254
255
256

257

258

259

260

261
262
263
264
265
266
267
268
269
270
271

supplementation (Patel et al. 2007). The zinc nutrition could change the protein composition of wheat grain (Peck et

al. 2008). Wheat grain’s protein and grain zinc concentration were found to be positively correlated (Gao et al. 2012).

5. CONCLUSIONS.

The application of Zinc, whether through foliar spray or soil application, was found to benefit both the yield and
quality of Wheat. The treatment effect was more noticeable when applied as 7.50 kg ha'! of soil Zn in combination
with foliar Zn at 2.5 kg ha-!. Potassium and phosphorous grain concentrations were enhanced through Zn addition to
the crop, regardless of application method. The levels of Zn were increased by increasing the Zn application until the
boot stage, but its translocation to the seed part appeared to be weaker. As a result, the retention of Zn by the grain did
not increase, and it may have even slightly decreased, perhaps due to an antagonistic effect. That’s why, Zn application
is recommended in order to increase wheat grain production and quality. Further research could be conducted to
optimize the timing, dosage, and method of Zinc application to crops in order to maximize its efficiency and minimize
any potential negative effects. Additionally, the use of Zinc in agricultural practices could be expanded to increase the

productivity and quality of other crops beyond wheat, particularly in regions with Zinc-deficient soils.
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Table 1. Wheat grain, biological yield, tiller per plant, and thousand grain weight as affected by different
2 levels of soil and foliar applied Zn

Zn (kg ha) Grainyield | Biological yield | Tiller per | Thousand grain

Soil Foliar (kg ha) (kg ha'!) plant weight ®

0 0 2712.67 ¢ 6033.33¢ 6.59 ¢ 4036 ¢

5 0 2928.00 © 6422.33 1 7.20abe 43,57
3.75 1.25 3130.00¢ 6921.67 ¢ 7.072bed 45,11
2.5 2.5 3237.00¢ 7034.67 ¢ 6.69 ¢ 46.08
1.25 3.75 3252.33 ¢ 7246.67 4 6.87 46.68

0 5 3378.00¢ 7387.67 ¢ 6.89¢ 47,38

10 0 3454.67 ¢ 7631.00 © 7.02b¢d 47.47%
7.5 25 3639.67 ¢ 8002.33 7.44ab 4837

5 5 3608.67% 7994.00 @ 7,501 47.15%
2.5 7.5 3588.00% 7890.33% 7.443 4538

0 10 3504.000 7786.330 7.56 2 47.01

3 *values carrying different letter (s) in columns are significantly different at P< 0.05
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11

12
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Table 2. Grain Zn, K and P as affected by different levels of Zn as soil and foliar
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1 Table 2. Grain Zn, K and P as affected by different levels of Zn as soil and foliar

Zn K P
Zn (kg ha')
Sotl Foliar __ Concentration ( % )

0 0 0.51° 0.500<d 0.12°¢
5 0 0.492 0.512 0.13b¢
3.75 1.25 0.45° 0.494 0.132b¢
2.5 2.5 0.44° 0.48¢f 0.14¢rbe
1.25 3.75 0.46° 0.47f 0.14¢b
0 5 0.44° 0.522 014 2
10 0 0.45° 0.45> 0.14¢2b
7.5 2.5 0.44° 0.500¢ 0.142>
5 5 0.39¢ 0.50bed 0.152
2.5 7.5 0.39°¢ 0.49¢de 0.15¢@
0 10 0.39¢ 0.50¢cde 0.15°

3 *values carrying different letter (s) in columns are significantly different at P<0.053.3
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Table 3. Protein in grain as affected by different levels of Zn as soil and foliar application
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2 Table 3. Protein in grain as affected by different levels of Zn as soil and foliar application

Zn (kg ha) Protein in Grain Increase over control

Soil Foliar ( Mean Value) (%)

0 0 9.40 a

5 0 9.63 de 2.48
3.75 1.25 9.83 cde 4.6
2.5 2.5 10.13 bede 5.32
1.25 3.75 10.20 bede 8.51

0 5 10.53 abcde 12.05

10 0 11.83 a 25.88
7.5 2.5 11.46 ab 21.99

5 5 11.23 abc 19.5
2.5 7.5 10.96 abed 16.67

0 10 10.76 abcde 14.54

5  *values carrying different letter (s) in columns are significantly different at P< 0.05
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1 Table 4. Pearson’s correlation coefficients

Grain Tiller Grain Biological Protein | Kin Pin Zn in
Weight | Per yield yield content | Grain Grain Grain
Plant
Grain 1 0.349*% | 0.649%* | 0.645%* 0.459** | -0.008 0.333 -
Weight 0.474**
Tiller Per 1 0.604** | 0.597** 0.324 0.247 0.438* | -
Plant 0.608**
Grain 1 0.971%* 0.631*%* | 0.039 0.678** | -
yield 0.832%*
Biological 1 0.652** | 0.068 0.739%** | -
yield 0.838**
Protein 1 0.348* | 0.472%* | -
content 0.466**
Kin 1 -0.21 0.048
Grain
P in Grain 1 -
0.685%*
Zn in 1
Grain

2 **indicate significance at 95% level.
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