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ABSTRACT 

Thesis title: “Response of various zinc application methods and concentrations of 

phytohormones on yield and grain enrichment of zinc in early and late sown wheat 

(Triticum aestivum L.) varieties” 

The field experiment was performed at agriculture farm, School of 

Agriculture, Lovely Professional University, Phagwara, Punjab during the rabi 

seasons of 2021-22 and 2022-23. The first objective was to study the effect of various 

zinc (Zn) application methods on Zn uptake, grain yield and quality of early and late 

sown wheat varieties. The second objective was to evaluate the impact of various 

concentrations of phytohormones on uptake of Zn, its transport and grain quality of 

early and late sown wheat varieties. The third objective was to study the comparative 

economics of various zinc application methods and concentrations of phytohormones 

on early and late sown wheat varieties. While the last objective was to evaluate the 

effect of various Zn application methods on nutrient status of the soil. The design of 

experiment was split-split plot replicated thrice for each treatment. The main plots 

consisted of two varieties, namely V725 (PBW 725) and V752 (PBW 752) that 

were split into three sub plots: Zn0 (no zinc application), Zn62.5 (62.5 kg/ha of zinc 

sulphate applied to the soil) and Zn31.25,F (31.25 kg/ha of zinc sulphate applied to the 

soil together with a foliar spray of 0.5% zinc sulphate solution). The subplots were 

further split into four sub-sub plots, namely H0 (no hormone application), H1 (10 

mg/L GA), H2 (10 mg/L cytokinin) and H3 (5 mg/L GA plus 5 mg/L cytokinin). For 

growth parameters, maximum height of plant and accumulation of dry matter were 

recorded under treatment V725+Zn31.25,F+H1 while number of tillers and leaf area index 

were recorded maximum under treatment V725+Zn31.25,F+H2. Among the yield 

contributing attributes, the treatment V725+Zn31.25,F+H2 reported maximum number of 

effective tillers, spike length, 1000-grain weight and number of grains per spike. The 

grain yield was recorded maximum under treatment V725+Zn31.25,F+H2 while the straw 

yield and harvest index were recorded maximum under treatment V725+Zn31.25,F+H1. 

On accessing the quality of wheat, grain Zn content and protein content was 

maximum under treatment V725+Zn31.25,F+H2. The Zn content in stem and leaves were 

recorded maximum under treatment V725+Zn31.25,F+H1. The grain phytic acid was 

recorded minimum under treatment V725+Zn31.25,F+H2. The soil Zn content was found 

maximum under treatment V725+Zn62.5+H3. Maximum benefit-cost ratio was found 
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under treatment V725+Zn31.25,F+H2. Identical outcomes were reported for both the 

2021-22 and 2022-23 seasons. 

Keywords: Wheat, zinc, cytokinin, gibberellic acid and fertilizer application methods 
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CHAPTER – I INTRODUCTION 
 

Triticum aestivum L., Triticum durum L. and Triticum dicoccum L. are species 

of wheat which are cultivated in the Indian subcontinent from ancient times. The data 

from the Ohalo sites in Israel showed that wheat is under cultivation since 19,000 

years (Kislev et al., 1992). Researchers and historians claim that the wheat cultivation 

may be traced back to a time period between 3000 BC and 5000 BC. According to 

Hasan et al. (2016), wheat is the most widely consumed crop in the world and is 

number one in terms of production among the major cereals. Its worldwide production 

was greater than 800 million tonnes in the year 2022-23. In terms of production, it 

ranks second in India after rice. The production reached a record-breaking 108 million 

tonnes in the same year (Anonymous, 2023). Around fifty percent of the total calories 

consumed daily in India are derived from wheat. Micronutrient deficiencies are more 

widespread in various regions of the world compared to low-calorie consumption and 

inadequate food quality (Stewart et al., 2010). Zinc (Zn), iron (Fe) and Vitamin A 

deficiency is accountable for about 20% of fatality in children below the age five 

(Prentice et al., 2008). Considering the fact that it is a low-cost food resource, it is 

important to improve wheat quality. 

Zinc is a mineral nutrient that is required for all living beings. Todd, Elvehjem 

and Hart in 1933, discovered it as essential for growth and nourishment of fungus 

Aspergillus niper and subsequently it was recognised as essential for mice and rats. It 

was in 1960s that scientists recognised Zn as an essential trace element for human 

health (Zhao et al., 2021). Zinc is a crucial component of a variety of proteins & 

enzymes and it plays a catalytic, functional, structural and regulatory role in different 

immunological, clinical and biochemical processes. These processes include immune 

function, transcription of DNA, synthesis of blood etc (Kambe et al., 2015). 

According to Noulas et al. (2018), plants require Zn at a concentration between 30 

and 100 mg/kg for their normal development. 

Both quantity and quality of wheat are greatly impacted when there is a 

deficiency of Zn. This is because Zn is an essential component for biosynthesis of 

auxin, synthesis of proteins, development of pollen grains and maintenance of ion 

transport systems. If Zn concentrations is less than 15-20 mg/kg in plants, they 

display brownish spots on their uppermost leaves, interveinal chlorosis on their young 

leaves and midribs, as well as retard the growth and induce sterility of spikelets 
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(Sinclair and Kramer, 2012). Zinc application to crops resulted in an increase in the 

count of tillers, accumulation of dry matter and leaf area index. The wheat crop 

showed an increased number of productive tillers and number of ears, which led to 

increased yield and productivity. In developing nations, Zn deficiency is sixth largest 

cause of sickness and mortality. Approximately there are 3 billion people globally 

who are suffering from Fe and Zn deficiency (Cakmak, 2002). The skin, 

gastrointestinal tract, immunological system, central nervous system and reproductive 

system are all affected by Zn deficiency in humans. 

Because of its superior agronomic flexibility, nutritional content, ease of 

storage and palatability, wheat is main source of sustenance for around 33% of global 

population spread over forty different countries. Wheat comprises 28% of the total 

edible dry matter produce, sixty percent of daily calorie intake and 20 % of protein 

that is consumed per person on a worldwide scale (Long, 2019). Although, wheat has 

a relatively low content of Zn, it is nonetheless an important component of the diets of 

those living in developing nations. For fulfilling the requirements of human body, Zn 

content in wheat grains should be at least 45 mg/kg. However, according to statistical 

analysis, the average wheat grain Zn content over the world is merely 28 mg/kg, 

which is an amount less than the quantity that is necessary for growth and 

development (Wang, 2011). According to Wang et al. (2020), one of the most 

important strategies for addressing Zn deficiency is to increase the daily intake of Zn 

through the consumption of wheat-based processed food items. 

Wheat endosperm has a lower Zn level than the seed coat because of several 

processes that prevent Zn transportation from seed coat into the endosperm. Phytic 

acid is also responsible for the sequestration of Zn as insoluble ligands by aleurone 

cells (Persson et al., 2016). Transporter proteins like Zn-regulated, Fe-regulated 

transporter-like proteins (ZIP) and yellow stripe-like (YSL) as well as chelating 

molecules such as 20-deoxymugineic acid and nicotianamine are present in the seed’s 

external tissue area, also known as bran. It is during germination that Zn is transported 

to the inner parts of the endosperm (Walker and Waters, 2011). Consequently, the 

minimum activity of the transporters and small number of the chelating molecules 

cause a reduction in the concentration of Zn that is transported from the bran to 

endosperm during the reproductive stage of crop (Zhao et al., 2021). The endosperm 

cavity is responsible for isolating the endosperm crease and this dis-continuity in the 

channel of transport may serve as an additional barrier to the transfer of Zn into 
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endosperm (Persson et al., 2016; Ajiboye et al., 2015). Furthermore, the number of 

transporters and their activity in the transfer cells that govern efflux and/or uptake of 

Zn in modified aleurone cells are very low, which has the limiting effect on 

accumulation process of Zn into wheat endosperm (Wang et al., 2011). 

Therefore, many methods have been used to enhance the Zn content in wheat 

where in, Zn biofortification through agronomic or genetic engineering techniques are 

regarded as effective (Nakandalage et al., 2016). Agronomic biofortification with Zn 

fertilisation, more especially foliar application of Zn, is commonly believed to be an 

instant and economically feasible solution to the problem of Zn deficiency in wheat 

grains (Ram et al., 2016). Previous research has showed that foliar spray of Zn has 

the potential to improve the concentration of Zn in wheat grains (Wang et al., 2012). 

When it comes to determine the concentration of Zn in wheat grain, the type of 

fertiliser, concentration and the time of the foliar application are all extremely 

important factors. As, anthesis is considered as an optimal stage for enhancing the 

content of Zn in wheat grains hence, foliar application at this stage is advisable (Saha 

et al., 2017). 

The term "plant growth regulators" is widely used to refer the phytohormones, 

are chemical substances that are found in plant body in relatively low concentrations. 

These include auxin, cytokinin, gibberellin, abscisic acid and ethylene. Cytokinin is 

produced in the roots and play a substantial role in the process of aiding cell division, 

boosting germination and delaying senescence (Honig et al., 2018). In addition, it 

controls the amount of leaf primordia that are produced as well as the size of the shoot 

meristem. These functions of cytokinin help the plants to stay green during different 

stress conditions boosting assimilation and biomass production. Further, the transport 

of cytokinin takes place through the xylem demonstrating its role in improving 

availability of nutrients. Gibberellin, which is often referred to as gibberellic acid 

(GA), accelerates the process of cellular elongation, increases the size of fruits and 

hastens seed germination (Niharika et al., 2021). The hormones not only help plants 

to achieve optimal growth and functioning, but they also help plants in dealing with 

stressful situations. 

Cytokinin and GA plays a crucial role in the process of Zn translocation from 

straw to grain as well as in the synthesis of proteins through a variety of direct and 

indirect modes of action. Cytokinin application promotes the gene expression of 

TaCKX (Triticum aestivum cytokinin oxidase/dehydrogenase). The TaCKX plays a 
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role in controlling the cytokinin concentration inside the wheat plant and increases 

nutrient translocation especially of Zn to the grains (Zarea et al., 2023). Cytokinin 

enhance the sink strength by promoting the endospermic cell division which results in 

greater assimilate translocation leading to heavier and nutrient rich grains. According 

to Gao et al. (2019), both hormones are responsible for regulating ZIP and heavy 

metal ATPase (HMA) proteins that assists the translocation of Zn throughout the plant 

body. Increasing the concentrations of these hormones through exogenous application 

results in increased Zn in the grains of the wheat crop (Ren et al., 2023). In addition, 

the hormones activate the production of RNA, which is associated with an increased 

protein content in the grains (Karunadasa et al., 2020; Prasad, 2022). Taking into 

consideration the points presented above, the current study hypothesizes that 

application of Zn and phytohormones (GA and cytokines) play vital role in improving 

the growth, yield and quality of wheat.  

The present study was carried out with following objectives.  

Objectives: 

1. To study the effect of various methods of zinc application on zinc uptake, 

yield and quality of early and late sown wheat varieties. 

2. To evaluate the impact of various concentrations of phytohormones on 

zinc uptake, transport and quality of early and late sown wheat varieties. 

3. To study the comparative economics of various methods of zinc 

application and concentrations of phytohormones on early and late sown 

wheat varieties. 

4. To evaluate the effect of various methods of zinc application on Zn 

nutrient status of the soil. 
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CHAPTER – II REVIEW LITERATURE 
 

2.1 Wheat characteristics 

Wheat is an imperative staple food crop for 1/3rd of the global population 

(Grote et al., 2021). It provides more proteins and calories to the global diet than the 

rest of the cereal crops (Abdel-Aal et al., 1998; Adam et al., 2002; Shewry et al., 

2009). It possesses high nutritional value, has convenient storage and transportation 

capabilities and may be transformed into numerous food items through processing. 

Wheat is regarded as a valuable source of minerals, proteins, vitamin B-complex and 

dietary fibres (Iqbal et al.,2022; Shewry et al., 2007; Simmonds et al., 1989). 

However, the nutritional content of wheat grains including its bran coating, 

vitamins and minerals can be influenced by environmental circumstances. Despite 

this, wheat remains an exceptional food for promoting good health. Wheat flour is 

utilised in the production of bread, cookies, confectionery items, noodles and essential 

wheat gluten or seitan (Guzman et al., 2022). Wheat has several purposes including 

being utilised as animal feed, for the manufacturing of ethanol, in beer brewing, as 

cosmetics raw material, as meat substitute protein and in the creation of wheat straw 

composites (Belcar et al., 2022). 

Wheat germ and bran are beneficial for their high dietary fibre content which 

aids in preventing and treating certain digestive diseases and consuming whole-wheat 

bread is beneficial for one's overall health (Joye, 2020). Undoubtedly, the success of 

wheat may be attributed to its adaptability and high yields. However, these factors 

alone do not fully explain its current dominance in the temperate regions. One 

distinguishing feature that gives wheat an edge over other crops in temperate regions 

is the exceptional qualities of dough made from wheat flours. These qualities enable it 

to be transformed into many types of baked goods (such as cakes and cookies), pasta, 

noodles, breads and various other processed meals (Guzman et al., 2022). The 

features of wheat proteins are determined by their structures and interactions, which 

collectively constitute the gluten protein fraction. Lutein is the most abundant 

carotenoid found in wheat (Guan et al., 2022). Lutein, in conjunction with 

zeaxanthin, plays a crucial role in maintaining the well-being of the human skin and 

eye. The bran/germ portions of wheat have higher levels of antioxidants 

and carotenoids compared to the endosperm portions (Baublis et al., 2000). 
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Table 2.1: The nutritional value of different parts of wheat per 100 gram edible 

portion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most recent version of the USDA Diet Guidelines explicitly specifies that 

all adults must consume a minimum of three servings of whole grains on a daily basis. 

It aids in the prevention of both cardiovascular illnesses and cancer, hence reducing 

mortality rates. The prevention of heart disease might happen from the consumption 

of whole grains, phytochemicals, vitamins, antioxidants, fibre and trace minerals 

(Slavin et al., 2001). Whole grains aid in the prevention of diabetes by enhancing 

insulin sensitivity and reducing the impaired insulin activity associated with metabolic 

syndrome (Kumar et al., 2011). The identical compounds found in whole grains 

which provide protection against heart-related diseases, also have a preventive effect 

on several types of cancer (Slavin, 2004). The fibre and specific types of 

carbohydrates found in whole grains undergo fermentation in the colon, resulting in 

the production of compounds that have the potential to inhibit the cancer-promoting 

properties of bile acids. In addition, experts hypothesise that certain compounds 

included in whole grains might influence level of hormones and perhaps reduce the 

likelihood of hormone related malignancies such as breast cancer. Wheat has several 

forms such as wheat berries, wheat bran, grouts and cracked wheat. These forms are 

rich in fibre and can help lower the risk of colon cancer (Francavilla et al., 2020; 

Nutrients Wheat bran Wheat flour Wheat germ 

Carbohydrate (g) 26.8 68.5 44.7 

Fat (g) 5.5 2.0 9.2 

Protein (g) 14.1 12.6 26.7 

Starch (g) 2.0 66.8 28.7 

Total sugar (g) 3.8 1.7 16.0 

Riboflavin (mg) 0.36 0.07 0.72 

Vitamin E (mg) 2.6 0.6 22.0 

Thiamine (mg) 0.89 0.30 2.01 

Niacin (mg) 39.6 1.7 45.0 

Folate (ug) 260.0 51.0 - 
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Guo et al., 2022). Consuming wheat decreases estrogen levels in the bloodstream, 

hence decreasing the likelihood of developing prostate and breast cancers. Whole 

grains also include antioxidants that are linked to a decreased risk of certain types of 

cancer. 

2.1.1 Nutritional importance of wheat 

There are billions of people globally who heavily depend on wheat as a 

significant component of their diet. Hence, the significance of wheat proteins in terms 

of nutrition should not be undervalued, especially in underdeveloped nations where 

bread, noodles and other food items may contribute significantly to the overall diet 

(Adams et al., 2002). Wheat contributes around 55% of the total carbohydrate intake 

and supplies around 20% of the total calories consumed in meals. The composition of 

wheat consists of 78.10% carbohydrates, 12.70% proteins, 2.10% fat, and 2.10% 

minerals (Iqbal et al.,2022). Additionally, it includes significant amounts of vitamins 

(namely vitamin-B and thiamine) as well as minerals such as iron (Fe). Wheat grain is 

a valuable source of trace elements such as selenium (Se) and magnesium (Mg), 

which are crucial for maintaining good health (Shewry et al., 2006; Fraley, 2003). 

The wheat grain is referred to as caryopsis, which is composed of fruit or pericarp and 

true seed. Seed endosperm stores proteins (around 72 %), accounting for 8-15% of the 

total protein per weight of grain. Wheat grains contain significant amounts of sugars, 

riboflavin, pantothenic acid and other minerals. The barn is composed of aleurone, 

pericarp and testa that serves as a nutritional source of fibre, phosphorus (P), 

potassium (K), calcium (Ca), magnesium (Mg) and niacin in limited amounts 

(Topping et al., 2007). 

The wheat kernel contains a reservoir of vital nutrients that are necessary for 

the human diet. The endosperm constitutes approximately 83% of the kernel weight 

and serves as the primary source of white wheat flour. The kernel endosperm includes 

the highest proportion of carbohydrates, protein, Fe and various B-complex vitamins, 

including niacin, riboflavin and thiamine. Bran constitutes approximately 14.5 % of 

the weight of kernel (Drankhan et al., 2003; Blechl et al., 2007; Uauy et al., 2006). 

Bran is also a constituent of whole-wheat flour and it contains a little quantity of 

protein, significant amounts of B-complex vitamins, indigestible cellulose material 

and trace minerals. Wheat germ is the embryonic part of the kernel has a 

comparatively high amount of protein, lipids and numerous B-complex vitamins 

(Adams et al., 2002). The endosperm’s exterior layers and the aleurone have a greater 
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abundance of vitamins, phytic acid and proteins compared to the interior endosperm. 

The interior endosperm of the grain contains the majority of protein content and 

starch. Table 2.1 displays the nutritional makeup of several wheat products. Wheat 

germ is devoid of salt and cholesterol and it is highly concentrated in nutrients. The 

grain has high levels of Mg, vitamin E, pantothenic acid, thiamin, phosphorus (P) 

and niacin. Additionally, it serves as a provider of PABA (para-aminobenzoic acid) 

and coenzyme Q10 (ubiquinone) (Shewry, 2007; Shewry, 2009). Wheat germ is rich 

in fibre with an estimated content of 1 gram fibre per tablespoon. A fibre-rich diet can 

effectively regulate bowel function by minimising constipation. It is often advised for 

individuals who are at risk of developing heart disease, colon disease and diabetes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wheat played a vital role in the achievement of green revolution and 

tremendously aided in transforming our country from a state where we relied on food 

imports to being self-sufficient. Despite the significant increase in wheat production 

during the "Green Revolution" (Evenson, 2003), the current yield is projected to be 

just 64% of its maximum potential (Neumann et al., 2010). The current status of 

wheat production in India and world are presented in figure 2.1 and 2.2. It serves as 

 

 

Figure 2.1: States leading in wheat production (million tonnes) in India 

(Anonymous, 2024). 
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an affordable source of both calories and protein (Zhuang, 2003). It accounts 

for around 50 % of daily intake of calories in many developing nations (Cakmak, 

2008; Ghasal et al., 2017a). 

 

Figure 2.2: Leading countries in wheat production (million tonnes) 

(FAOSTAT, 2024). 

Wheat is a main component of the human diet and fulfils a high nutrition 

requirement by supplying over 60% of the protein and calories (Khalil and Jan, 

2002; Arshad, 2021; Adil et al., 2022). Recurrent consumption of wheat-based goods 

might result in deficiency of Zn due to the low wheat grain Zn content and are high in 

phytate, which reduces the availability of Zn (Cakmak, 2008). Given the inter- and 

intra-specific diversity, it is plausible to identify wheat cultivars that exhibit higher 

input-use efficiency. The lack of nitrogen and phosphorus, in addition to Zn, has a 

significant negative effect on the average yield of wheat, leading to a decrease in 

productivity (Hotz and Braun, 2004). 

2.2 Status of Zn in soil 

Zinc (Zn) is the 2nd most abundant metal and 23rd most prevalent element in 

the lithosphere (earth's crust) and is commonly discovered in polymetallic mines 

(Kaur et al., 2024). Zinc in the soil occurs in several forms, such as water-soluble, 
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organically adsorbed, chelated, exchangeable and Zn soil solution. Zinc 

bioavailability in the soil is significantly impacted by parent material of the soil (Jalal 

et al., 2024). The natural soil Zn concentration varies from 10 – 300 mg/kg, with a 

average value of 50 mg/kg. Volcanic rocks have a soil Zn concentration of around 70 

– 130 mg/kg, whereas sandstone and carbonated rocks have soil Zn around 16 and 20 

mg/kg, respectively (Alloway, 2009). Large-scale analysis of Indian soils showed 

varying degree of Zn deficiency across the country as shown in figure 2.3. 

Approximately 50 % of the soil in cereal-growing regions of whole world has limited 

Zn availability (Alloway, 2008; Cakmak, 2008; Zou et al., 2008). Figure 2.5 shows 

that Zn shortage continues to be prevalent in soils in tropical regions, as evidenced by 

the worldwide Zn deficiency index. Plants may access soil Zn in the form of Zn2+, 

ZnOH+ and soluble organic Zn complexes. However, the availability of these forms 

can be influenced by factors such as high levels of bicarbonates, carbonates, soil pH, 

content of phosphorous and unbalanced macronutrient fertilisers (Leite et al., 2019). 

2.2.1 Soil factors leading to Zn deficiency 

Zn availability to plants and the process of leaching might differ depending on 

the organic matter level and clay content in the soil. The adsorption of Zn to clay 

particles is not uniform, this is due to the occurrence of high levels of aluminium (Al) 

and Fe oxides as well as organic materials, which reduce Zn availability. The 

Zn availability for plant uptake in soil solution is negatively correlated to the pH of 

soil. Increased soil pH inhibits the release of Zn bound to soil organic matter 

and clay particles, resulting in a decrease in the availability of Zn2+ ions to the plants 

(Knijnenburg et al., 2019). Zinc deficiency arises from improper distribution and 

solubility of Zn in soil solutions, resulting in a worldwide lack of Zn in agricultural 

plants. This deficiency causes poor growth and deformed leaves, that leads to reduced 

crop productivity and the production of undernourished grains (Sudha et al., 2017). 

Zinc is a nutrient that does not move easily in the soil solution. Its ability to move is 

limited by factors such as high pH of soil, Ca content, intense agricultural methods, 

excessive use of fertilisers and adsorption to particles of soil colloid. The most 

common micronutrient deficiency seen in tropical agricultural systems is Zn 

deficiency, which limits grain production. Tropical soils often experience significant 

weathering, which can lead to the breakdown of primary minerals found in igneous 

and sedimentary rocks, resulting in a deficiency of both micro and macro-nutrients in 

the soil. Rising demand for phosphorus (P) in tropical agriculture poses a significant 
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obstacle to the availability and functioning of many micronutrients, particularly Zn. 

This can lead to an increase of reactive oxygen species (ROS) and negatively impact 

crop development and production (Alloway, 2008). 

 

 

Figure 2.3: State-wise data showing percent Zn deficiency in soils (Shukla et al., 

2016). 

2.2.2 Importance of Zinc for plant 

Zinc is an essential nutrient that is necessary for the consistent crop growth 

and development. A modest quantity of Zn is needed for the appropriate 

physiological, metabolic and enzymatic processes that occur in plants (Khatun et al., 

2018). Zinc serves as a cofactor and structural component for various proteins and 

enzymes involved in multiple metabolic processes, including glucose synthesis, 

photosynthesis, metabolism of proteins, pollen production, cell membranes, and 
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pathogenic resistance (Khatun et al., 2018; Suganya et al., 2020). Zinc has an impact 

on the growth of roots, their structure and plant biomass. It is a beneficial nutrient that 

improves the process of germination, stability of cell membranes, movement of 

stomata, photosynthesis, and regulation of respiration. It also interacts with protein 

synthesis and antioxidant enzymes, that ultimately improves plant health and 

productivity. However, a lack of Zn can result in reduced protein synthesis and 

chlorophyll content (Hassan et al., 2020). Zinc homeostasis in the cytosol involves 

the participation of low molecular weight compounds, chelates, and proteins, as well 

as the storage of Zn in intracellular compartments. Zinc homeostasis is an intricate 

process that occurs inside many subcellular compartments, including vacuoles (which 

provide protection against Zn toxicity), vesicles and cell walls. The mobilisation of Zn 

from subcellular compartments is essential during periods of shortage, senescence or 

abscission (Sinclair et al., 2012; Gupta et al., 2016). 

Critical concentration of Zn required for the earliest emerged leaves of 

wheat is 14 mg/kg dry weight (Brennan, 2001). At the tillering stage, the 

critical concentration is 16.5 mg/kg of dry weight while at anthesis it is 7 mg/kg dry 

weight (Riley et al., 1992). For grains, the critical concentration is 10 mg/kg (Riley et 

al., 1992; Rengel and Graham, 1995). Zinc plays a crucial role in several 

physiological processes  in wheat,  such as  activation of enzymes,  synthesis 

of proteins, metabolism of nucleic acids and carbohydrates (Cakmak, 2000; Palmer 

and Guerinot, 2009). Zinc finger proteins which regulate cell differentiation and 

proliferation have Zn as a structural component (Palmer and Guerinot, 2009). 

Application of Zn boosts the concentration of glutenin, globulin, albumin and gliadins 

thus increases the quality and quantity of proteins in wheat grain (Liu et al., 2015). 

Moreover, the Zn concentration is strongly associated with the gluten content in the 

grain (Peck et al., 2008). It also regulates the small proportion of polymeric protein 

that can be extracted by sodium dodecyl sulphate (SDS) (Peck et al., 2008). 

Zinc deficiency impairs protein synthesis by reducing biosynthesis of RNA 

and/or by causing deformity in ribosomes (Alloway, 2008). Therefore, Zn is 

necessary for protein synthesis and improves wheat quality. It also mitigates heat 

stress by sustaining the activity of superoxide dismutase, which helps detoxify ROS 

and maintains the plant's ability to perform photosynthesis at high temperatures 

(Cakmak, 2000). Zinc has a crucial role in protecting membrane lipids, proteins, 

DNA and other essential cellular constituents (Cakmak, 2000). It aids in preserving 
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the structural integrity of cellular membranes by shielding proteins and lipids from 

superoxide radicals and other ROS (Cakmak and Marschner, 1988; Rehman et al., 

2018). 

2.2.3 Importance of Zn for humans 

Zinc has a more significant role in critical life functions compared to any 

other micronutrient. It acts as a catalyst and regulator in many metabolic 

processes, expression of genes, hormone function, immunological defence systems, 

and other significant functions (Wessels et al., 2021; Lowe et al., 2024). This makes 

it extremely important for overall health and growth throughout life (Livingstone, 

2015; King, 2011). Zinc deficiency is a prevalent kind of micronutrient malnutrition 

worldwide, yet it is still not well acknowledged. Approximately 17% of global 

population is at danger of having deficiency of Zn with the rates being as high as 19% 

in Asian and 24% in African continents (Wessells et al., 2012; Kumssa et al., 2015). 

Status of Zn deficiency in Indian population is shown in the figure 2.4. The symptoms 

of Zn deficiency are not specific and their severity depends on factors like duration, 

age and the existence of other underlying disorders (Shah et al., 2016). It acts as a 

major constraint for growth in children residing in low to middle income countries 

(Carducci et al., 2021), leading to stunted growth in both apparently healthy 

(Nakamura et al., 1993) and malnourished children (Ruz et al., 1997). Severe Zn 

deficiency not only increases the likelihood of several childhood health problems, but 

also leads to recurrent infections, cognitive impairment, diarrhea and delay in wound 

healing. Deficiency of Zn in adolescents and adults adversely impacts reproduction 

(Bernhardt et al., 2012; Kawade, 2012). 

There is an increasing body of research that also establishes a connection 

between Zn deficiency and an elevated risk of cardiometabolic diseases (Tamura, 

2021). Zinc has a significant impact on the release of insulin and the regulation of 

glucose levels in the body. When Zn level is low, it has been linked to more severe 

cases of type 2 diabetes mellitus. The status of Zn also has an influence on lipid 

metabolism, which includes the process of absorbing, synthesising, and metabolising 

fatty acids. This, in turn, changes the lipid profile in the bloodstream and may 

potentially raise the risk of cardiovascular disease (Olechnowicz et al., 2018; 

Banaszak et al., 2021). Zinc has a variety of important roles in vital health functions, 

particularly in relation to immunocompetence. One example is the process of T-cell 

activation, which is an important step in the immune response that is necessary for 
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eliminating virus-infected cells and neoplasms. This activation relies on the 

complex formation between Lck protein and T-cell coreceptor CD8 or CD4, which is 

reliant on the presence of Zn. Zinc have an imperative role in controlling 

dephosphorylation and phosphorylation processes involved in signalling of immune 

cell receptors. Additionally, Zn finger structures are essential for the transcriptional 

regulation of genes involved in host defence (Wessels et al., 2017). Zinc aids the 

production of retinoic acid and accumulation of Zn thereby, eliminating harmful 

bacteria by playing a catalytic role for proteases that break down proteins 

derived from pathogens and facilitating the conversion of cytotoxic superoxide anions 

produced during the body's defence mechanism (Gao et al., 2018). 

Therapeutic Zn supplementation has been found to have positive benefits in 

treating several illnesses, such as diarrhea and acute lower respiratory tract infections 

(Read et al., 2019). These infections are significant causes of illness and mortality in 

children below age 5 in low to middle income countries. Zinc supplementation in low 

to middle income countries has a preventive effect, reducing the occurrence of 

diarrhea, perhaps lowering the frequency of acute infections in lower respiratory tract 

and decreasing rates of child mortality (Brown et al., 2009; Lassi et al., 2016; Lassi 

et al., 2020). Zinc has a variety of important functions in metabolic health and it is 

essential for the production of insulin crystals, which is necessary for their release in 

to the bloodstream (Dunn et al., 2005). Insulin secretion triggers Zn to signal 

pancreatic β-cells, preventing excessive release of insulin (Zhou et al., 2007). 

Additionally, Zn-dependent modulation of phosphorylation enhances insulin receptor 

sensitivity (Cruz et al., 2018). 

Albumin, the extracellular Zn carrier protein, facilitates the transport of free 

fatty acids present in lipoprotein lipase to the cells during lipolysis. When free fatty 

acids get attached to albumin, it causes the release of Zn (Lu et al., 2012), which is 

then absorbed by tissues postprandially (Lowe et al., 1998). Chronic exposure to high 

blood glucose levels might cause albumin to undergo glycation, which decreases its 

ability to transport Zn and free fatty acids (Iqbal et al., 2018; Anguizola et al., 2013). 

The metabolism of essential fatty acids, which plays a critical role in regulating 

inflammation, is also influenced by variations in Zn consumption (Hernandez et al., 

2020). Zinc has an imperative role in responding to oxidative stress, primarily by 

acting as a catalyst for the activity of enzyme superoxide dismutase (Wessels et al., 

2017). It also helps in signalling cellular response to oxidative stress in presence of 



15  

ROS when released from metallothionein (Ling et al., 2016). Zinc also controls 

vascular tone, triggers vasorelaxation (Betrie et al., 2021) and decreases the stiffness 

of blood clots (Xia et al., 2021). 

 

 

Figure 2.4: State-wise data of deficiency of Zn in humans in India 

(Pullakhandam et al., 2021). 

Subclinical Zn deficiency can lead to a disruption of metabolic function and 

inflammation, which in turn can contribute to the development of (NCDs) non- 

communicable diseases. The recent meta-analyses have indicated that individuals who 

consume a higher amount of Zn in their diet have a 13% lower likelihood of 

developing type – 2 diabetes (Fernandez-Cao et al., 2019). Additionally, the use of 

low-dose Zn supplementation has been shown to significantly decrease the risk 

factors for type 2 diabetes and cardiovascular disease, such as blood glucose during 
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high fasting, total cholesterol level, insulin resistance and low – density lipoprotein 

cholesterol levels (Pompano et al., 2021). 

Table 2.2: Zn fertilizer sources and their Zn content. 
 

Fertilizer Formula Zn content (%) 

Inorganic fertilizers 

 

Ammoniated Zn Zn(NH3)4SO4 10 

Zinc frits Fritted glass 10-30 

Zinc sulphate heptahydrate ZnSO4.7H2O 22 

Zinc nitrate Zn(NO3)2.3H2O 23 

Zinc oxysulphate ZnO.ZnSO4 20-50 

Zinc sulphate monohydrate ZnSO4.H2O 36 

Zinc carbonate ZnCO3 50-56 

Zinc oxide ZnO 50-80 

Zinc phosphate Zn3(PO4)2 50 

Zinc chloride ZnCl2 50 

Basic zinc sulphate ZnSO4.4Zn(OH)2 55 

Organic fertilizers 

Zinc lignosulphonate - 5-8 

Zinc polyflavonoid - 5-10 

Sodium Zn HEDTA NaZnHEDTA 6-10 

Disodium Zn EDTA Na2ZnEDTA 8-14 

Sodium Zn EDTA NaZnEDTA 9-13 

2.2.4 Zinc fertilizers 

The Zn fertilizers have multipurpose usage in agriculture. Different forms of 

fertilizers and their Zn content is shown in table 2.2. Zinc oxide (ZnO) nanoparticles 

possess the qualities of being non-toxic, environmentally benign and well-suited for 

biological purposes and they have been employed as fungicides in the field of 

agriculture as well (Ahmed et al., 2016; Supraja et al., 2018). The efficacy of ZnO 

nanoparticles in addressing deficiency of Zn in plants has been well known (Munir et 

al., 2018). The study conducted by Helmy et al., (2020) evaluated the antifungal 

effects of ZnO nanoparticles when applied before and after harvesting on 

pomegranate, specifically against Aspergillus niger fungus. The researchers 

discovered that antifungal properties of Zn are a result of its ability to generate ROS 
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and induce morphological anomalies, such as the distortion of fungal hyphae 

which leads to the death of fungal cells (Savi et al., 2013). Nanoparticles exert an 

influence on the proteins in cell wall and traverse the cell membrane by virtue of their 

physical characteristics. This is facilitated by their capacity to generate ROS, 

ultimately leading to cellular malfunction (Arciniegas-Grijalba et al., 2019). 

Zinc is an essential nutrient required for production of the 

protochlorophyllides and synthesis of chlorophylls (Faizan and Hayat, 2019). As per 

reports, nitrogen (N) metabolism is crucial for the chlorophyll synthesis and it 

enhance the absorption of N by plants indirectly (Dimkpa et al., 2019). The 

efficiency of photosynthesis is enhanced by the transfer of energy from Zn 

nanoparticles to chlorophyll, which leads to an increase in pigments involved in 

photosynthesis and absorption of light (Faizan and Hayat, 2019; Xu et al., 2018). 

The zinc nanoparticles enhance photosynthetic efficiency by accumulation of proline 

and bolstering the antioxidant defence mechanism (Faizan et al., 2018). On the other 

hand, the presence of Zn in cells, organs and tissues increases the activity of carbonic 

anhydrase, an enzyme that helps in the movement of carbon dioxide (CO2) and 

protons across the biological membranes. Consequently, a deficit of Zn leads to a 

decline in stomatal conductance, resulting in a lower CO2 concentration in the inter- 

cellular spaces in leaves (Tavallali et al., 2009). The presence of ZnO-NPs in the 

tissue culture medium has been found to enhance the length of stem and biomass of 

pomegranates (El-Mahdy and Elazab, 2020). Zinc oxide-nanoparticles have shown 

involvement in cells of meristem tissues, metabolic pathways and their involvement in 

the synthesis of precursor of the auxin biosynthesis that plays an important role in 

determining the rate of plant growth (Faizan and Hayat, 2019). 

2.2.4.1 Methods of Zn fertilizer application 

Various methodologies are being employed to determine the most suitable 

approach, form and dosage of Zn fertiliser for application to plants. The predominant 

methods for Zn fertilisation include soil and foliar treatment as well as seed priming. 

These approaches serve as effective alternatives which enables the plant to thrive in 

soils deficient in Zn by enhancing crop performance, growth and yield (Rehman et 

al., 2020). Zinc fertilisers are administered by several methods, including 

broadcasting and spraying over the soil, applying in bands, using foliar sprays, 

priming seeds, or root dipping of transplanting crops (Rehman et al., 2020; Jalal et 

al., 2022). Various forms of Zn fertilisers exist and each one is utilised according to 
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its efficacy for crops. There are several types of Zn fertilisers available, such as Zn 

oxide (ZnO), Zn oxy-sulphate, Zn sulphate (ZnSO4), Zn chloride (ZnCl2) and Zn- 

coated urea/superphosphate. Zinc sulphate and Zn oxides are the predominant Zn 

fertilisers utilised globally. Zinc oxide has had a recent surge in usage, mostly in the 

field of agriculture, especially in crop production (Zou et al., 2012; Weisany et al., 

2021). Zinc fertilisation exhibits a significant impact on soils with low Zn 

concentration, resulting in increased concentration of Zn in grains compared to soils 

with high Zn fertility. 

2.2.5 Limitation in Zn uptake and transportation 

Plants must engage in the processes of absorption, mobilisation and 

transportation of Zn from the soil to the grains so that they could accumulate Zn. 

These processes encompass several intricate physiological mechanisms occurring at 

different levels inside the plant (Swamy et al., 2016). If there is enough Zn in the soil, 

the genotypes should be genetically capable and physiologically efficient to 

effectively use it. Comprehensive knowledge of the physiological mechanisms 

underlying the absorption, translocation and distribution of Zn in plants, as well as its 

regulation and efficient accumulation in grains is crucial for the biofortification of 

wheat (Olsen and Palmgren, 2014; Stomph et al., 2009). 

Typically, there are 3 primary obstacles or barriers that restrict the rate of 

effective Zn accumulation in grains: 

1) Barriers from the soil to the roots. 

2) Barriers from the roots to the shoots. 

3) Barriers that prevent the Zn loading into grains. 

The initial step in the mechanism of accumulating Zn into the grains is the 

absorption of Zn by the roots of the plant. Plant characteristics that influence the Zn 

absorption by roots  include  the  structure of the  roots, number  of root 

hairs, development of crown roots, surface area of the roots, anatomical structures of 

the roots and the modification of the chemistry of rhizosphere through proton 

exudation. These protons can alter the pH of the soil, making Zn more soluble and 

allowing it to move more easily to the surface of the roots (Rose et al., 2013). The Zn 

availability for all crops is influenced by numerous soil variables like soil texture, pH 

of soil, content of organic matter, mineralogy, soil microbial population, total sulphur 

concentration and soluble bicarbonate (White and Broadley, 2011; Hacisalihoglu 

and Kochian, 2003; Impa and Johnson-Beebout, 2012). Therefore, it is crucial to 
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employ both genetic approaches and agronomic management measures in order to 

optimize soil health conditions and boost the Zn absorption by plant roots, 

respectively. 

The primary sources of Zn in the grains are direct root absorption, 

remobilization from vegetative tissues or it may be a combination of both processes 

(Impa et al., 2013a). Transpiration facilitates the continuous flow of Zn 

through xylem from the root to the grain, enabling the direct transportation to grains 

(Krishnan and Dayanandan, 2003). But Zn movement is limited by barriers that 

hinder the transfer of Zn from the roots to the shoot, as well as the internal allocation 

and reallocation of Zn with in and among vegetative and reproductive tissues. 

Consequently, this restriction results in a decreased grain accumulation (Jiang et al., 

2008). Root-to-shoot obstacles for transport of Zn include suberin present in casparian 

strips and cell wall, sequestration of Zn in vacuoles and cytoplasm and structural 

differences at the root-shoot junction (Yamaji et al., 2013; Yamaguchi et al., 2012). 

Zinc absorbed by the roots is transported to various plant parts through the phloem 

and xylem. There is significant variability in the distribution and redistribution of Zn 

across different tissues, organs and cells of both the shoot and root (Jiang et al., 

2008). Nevertheless, there are variations among different genotypes in the mechanism 

of Zn transportation through the xylem & phloem and distribution to different tissues 

(Jiang et al., 2008). This suggests that through selective breeding, it may be possible 

to enhance effectiveness of Zn uptake through roots, transportation of Zn from roots 

to shoots, and the internal distribution of Zn. 

Effective Zn uptake into grains, particularly the endospermic cavity, is crucial 

for enhancing the Zn content (Waters and Sankaran, 2011). Despite the presence of 

large quantities of Zn inside the vegetative tissues of rice, the transfer from these 

tissues to the reproductive parts and ultimately to the grain is restricted. This 

limitation is caused by the selective movement of Zn through the phloem, which 

transport Zn from older tissue to newer tissue and eventually to grain (Impa et al., 

2013b; Wu et al., 2010). The flag leaf is crucial for photosynthesis and production of 

grains, has shown minimal impact on grain Zn levels (Sperotto et al., 2013). Wu et 

al., (2010) revealed Zn transfer from the flag leaf to grain in large quantities. An 

essential characteristic of Zn efficient genotypes is the continuous delivery of Zn to 

various tissues through phloem remobilization and translocation to the grains (Yin et 

al., 2016). Several studies have emphasized the significance of effective Zn 
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absorption and unobstructed Zn movement across various plant tissues, particularly 

during the grain filling phase (Ishimaru et al., 2005; Sasaki et al., 2014; Yamaji et 

al., 2013; Chandel et al., 2010). 

2.2.6 Approaches to improve bioavailability of Zn 

Zinc fertiliser application through the soil and leaves is extensively researched 

and widely practiced in tropical regions to improve not only the growth and yield but 

nutritional status of crops. Efficacy of Zn fertilisation is more accurately determined 

by the timing of its application. Zinc fertiliser may be administered to the soil before 

sowing and by foliar spray to the plants at different stages of growth like vegetative, 

flowering and early grain-filling (Jalal et al., 2022; Zou et al., 2012). Applying Zn to 

the soil is a commonly used method to boost the concentration of grains Zn and 

improve crop production. The distribution of Zn applied to the soil is influenced by 

many transformation pathways, which are dependent on factors such as soil type, crop 

type, and environmental circumstances. Agricultural soils contain a range of Zn 

concentration that is determined by factors such as leaching, plant uptake, adsorption, 

extractability and interaction with the other minerals. Comprehending the efficacy of 

applying Zn to soil, plant and the environment along with its dispersion and 

movement in soil solution, is of utmost importance (Barreto et al., 2024; Maqbool 

and Beshir, 2019). Effectiveness of soil application of Zn is reduced because of its 

(Zn) limited mobility through soil, adsorption in soil, application of phosphorous 

fertilisers, and the presence of high levels of oxide and carbonate compounds in 

tropical agricultural soils. These factors negatively impact Zn nutrition (Malecki et 

al., 2016). 

Applying nutrients directly to the leaves is another approach to tackle the 

existing difficulties in agricultural production systems. The administration of Zn to 

plant leaves known as foliar application, has gained significant interest in recent 

times. This method is favoured for its ability to be quickly absorbed by plants, being 

cost-effective and its little impact on soil health when addressing plant deficiency 

(Dimkpa et al., 2022). Foliar Zn application during the vegetative phases of crops is 

absorbed through the leaves and rapidly employed in plant’s metabolic activities. 
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Figure 2.5: Global soil Zn status (Jalal et al., 2023). 
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The absorption rate of Zn might vary depending on the method of 

application to the leaf surface as it enters the leaves through stomata and is then 

transported to different parts of the plant by apoplastic and symplastic routes. 

Epidermal cells readily absorb Zn and deliver it to grain tissues through the vascular 

system. The application of a small amount of foliar Zn can enhance the ability of 

plants to withstand oxidative stress by protecting and preserving the cell’s membrane 

(Burman et al., 2013; Hong et al., 2021). Furthermore, the process of treating 

selected crop’s seeds with a solution containing Zn is employed to ensure consistent 

distribution of Zn, a crucial factor in promoting optimal crop growth in Zn deficient 

soil and challenging environmental circumstances. This procedure is sustainable and 

effectively accelerates the establishment of seeds and improves their quality, leading 

to enhanced plant growth. 

Various research has documented that priming of seeds enhances their 

germination and emergence, as well as growth by influencing nutrient absorption, 

water use efficiency and enhancing protection against both abiotic and biotic stresses 

(Salam et al., 2022; Rai-kalal and Jajoo, 2021). Immersing roots of crops ready to 

be transplanted in a solution of Zn has a significant influence on the root profile, 

stimulating the plant’s growth, antioxidant system and photosynthetic efficiency 

(Faizan et al., 2018). These strategies can enhance the absorption of Zn by the roots 

and its distribution from the roots to the grains, hence improving agronomic 

biofortification. 

2.3 Phytohormones 

Phytohormones may be categorized into ten distinct groups according to their 

physiological roles. These groups include auxin, gibberellins, cytokinin, ethylene, 

abscisic acid, brassinosteroids (BR), oligolactones, jasmonic acid, salicylic acid and 

plant growth retardants. From a functional standpoint, phytohormones have the ability 

to influence several aspects of plant development such as germination, cell division, 

growth and differentiation, flowering, fruiting and sexual characteristics of plants 

(Campos et al., 2023; Zhang et al., 2023). They also control important aspects of 

plant’s growth as well as development such as division, expansion and differentiation 

of cells (Guo et al., 2024). The use of phytohormones can result in environmental 

residues, soil and water pollution as well as negative impacts on non-target 

vegetation. The remnants and discharges of phytohormones possess the capacity to 

affect the environment and human well-being (Falchi et al., 2020). 
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Table 2.3: The impact of phytohormones on wheat are as follows. 
 

Growth 

and yield 

Phytohormones can directly influence the development and 

productivity of wheat. They have the ability to enhance root 

development of wheat, facilitate nutrient absorption and optimize 

water utilization, fostering the growth of roots, stems and leaves. 

Meanwhile, phytohormones control the timing of flower initiation 

in wheat and also enhance the amount and weight of grains. The 

functional benefits have a significant positive influence on both the 

production and quality of wheat (Bakhoum et al., 2023). 

Quality Phytohormones exert a significant influence on the quality of wheat. 

They have the ability to control the morphology of wheat caryopsis, 

resulting in enhanced quality parameters such as protein content and 

lysine levels. By employing suitable methods, phytohormones can 

enhance the gluten strength, baking quality and flavour of wheat, 

therefore satisfying customers' demands for wheat-based goods 

(Bakhoum et al., 2023). 

Environ- 

-mental 

conservation 

Phytohormones are crucial in the implementation of water-conserving 

practices in wheat farming. Phytohormones have the potential to 

improve the efficiency of water – use in wheat by minimising water 

evaporation, waste and greenhouse gas emissions. This has immense 

importance for wheat production in regions with limited water 

availability and phytohormones can efficiently conserve water 

resources and enhance wheat's capacity to thrive in dry situations (Al- 

Huqail et al., 2023). 

Stress 

tolerance 

Phytohormones have the ability to augment the stress tolerance of 

wheat. Studies have demonstrated that phytohormones may 

effectively control the various mechanisms that leads to improved 

disease and insect resistance as well as increased tolerance to drought 

and salt alkalinity (Kholssi et al., 2021). Phytohormones can enhance 

the survival and yield stability of wheat. This helps to mitigate the 

negative impact of harsh conditions on wheat output (Gao et al., 

2023). Overall, phytohormones have the ability to enhance the growth 

of wheat roots, while also improving its resistance to diseases and 

pests, increasing output and enhancing its ability to withstand stress. 



24  

Microbial degradation offers several benefits in the treatment of 

phytohormone residues. It is a sustainable, secure and effective method to mitigate the 

influence of phytohormones on the natural environment and human health to some 

degree (Wang et al., 2016). Hence, the utilization of various phytohormone can 

enhance agricultural productivity ensuring a good food supply while microbes play a 

crucial role in mitigating residual issues (Zhang et al., 2022). Phytohormones are 

widely used in wheat production and primarily modes of application include seed 

treatment, soil application and foliar spray. Phytohormone have the potential to 

enhance crop’s ability to withstand diseases and pests, as well as their capacity to 

adapt to challenging conditions and increase crop output (Zahid et al., 2023). These 

can efficiently stimulate the growth and development of wheat as described in table 

2.3. Figure 2.6 represents notable functions of cytokinin and GA in wheat. 

2.3.1 Gibberellin or gibberellic acid 

Gibberellic acid (GA) is an essential phytohormone that plays several roles, 

such as it induces germination, promotes cell division, disrupts seed dormancy and 

increases leaf growth (Niharika et al., 2021). Furthermore, GA is crucial in 

enhancing plant defence systems against stress by counteracting surplus ROS and 

enhancing the activities of antioxidant enzymes (Sabagh et al., 2021). Research has 

shown that the external application of GA to wheat plants can reduce the detrimental 

effects of saline stress, enhance the uptake of nutrients and increase crop output. It 

also plays a crucial role in several developmental processes, including seed 

development, root growth, morphology of leaves, floral formation, pollination and 

fruit expansion. 

2.3.2 Cytokinin 

Cytokinins are a prominent group of plant hormones that exert a significant 

influence on the cell cycle and impact the plant's growth as well as development 

(Honig et al., 2018). Cytokinins not only stimulate cell division and plant growth, but 

they also prevent plant ageing by inhibiting the breakdown of nucleic 

acids, chlorophyll, proteins and other substances in plants. Additionally, they 

redistribute essential amino acids, hormones, inorganic salts and other compounds to 

different parts of the plant (Ullah et al., 2018). 



25  

 

 

 
 

 

Figure 2.6: Diagrammatical representation of cytokinin and GA functioning in wheat. 
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Recent studies have demonstrated that cytokinins have the ability to mitigate 

the harm inflicted on plants by various abiotic stimuli (Keshishian et al., 2018; Mi et 

al., 2017; Prerostova et al., 2018). However, the processes by which cytokinins 

alleviate stress vary depending on the specific type of stress encountered. 

2.3.3 Role of phytohormones (Cytokinin and GA) on uptake and translocation of 

Zn 

Cytokinin improves Zn accumulation in the grains. Application of cytokinin 

upregulates the expression of TaCKX gene that controls the cytokinin concentration. 

The TaCKX enhances translocation of assimilates during the grain development 

stages. This leads to increased grain weight, size and nutrient (Zn) content in the 

grains (Zarea et al., 2023). Cytokinin and GA regulate the activity of proteins like 

ZIP and HMA (heavy metal ATPase) inside the plant body. These proteins improve 

root Zn uptake to shoots and then from shoots to grains via different mechanisms 

(Gao et al., 2019; Ren et al., 2023). 

The ZIP family plays a significant function in the transfer of Zn and the 

maintenance of metal balance in plants (Wang et al., 2017). Both the ZIP3 and ZIP1 

present in Arabidopsis have a role in the Zn uptake from the soil into the roots (Grotz 

and Guerinot, 2006). The ZIP3 has a role in the process of Zn absorption and its 

distribution during the initial stages of reproductive growth in Vitis vinifera (Gainza- 

Cortes et al., 2012). Overexpression of ZmZIP5 led to higher levels of Fe and Zn in 

the shoots and roots of maize (Zea mays L.) (Li et al., 2019). However, there would 

be a decrease in the amount of these minerals in the seeds. The expression of OsZIP4 

is increased in response to lower Zn levels and controls the Zn transport to the 

tillering bud in rice plant (Mu et al., 2021; Ishimaru et al., 2005).In barley (Hordeum 

vulgare L.), three specific proteins, HvZIP8, HvZIP5 and HvZIP3 function as Zn 

transporters. These proteins play a critical role in maintenance of balance of Zn2+ ions 

inside the plant's cells (Pedas et al., 2009; Zhang et al., 2024). 

Heavy-metal ATPase (HMA), also known as P1B-type ATPase, is a very 

significant transporter of heavy metal ions. It utilises ATP hydrolysis and metal ions 

to aid in the uptake and movement of heavy metal ions (such as Zn2+, Cu2+, Cd2+, Pb2+ 

and Co2+) across cell membranes (Huang et al., 2022; Williams and Mills, 2005). 

Currently, the HMA proteins have been studied and characterized in several plants, 

such as A. thaliana, maize (Zea mays L.), wheat (Triticum aestivum L.) and rice 

(Oryza sativa L.) at the genomic and molecular level (Takahashi et al., 2012; Zhiguo 
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et al., 2018; Williams and Mills, 2005; Zahra et al., 2023). The functioning of 

HMA genes differs across many plant species, with each gene playing particular 

tasks. The OsHMA2, AtHMA2, and AtHMA4 play an imperative role in the 

movement of Zn2+ ions and Cd2+ ions from the xylem of the roots to the shoots inside 

the plant (Fan et al., 2018; Satoh-Nagasawa et al., 2012). Higher concentration of 

Zn was found in the roots than the shoots in AtHMA4 null mutant, indicating that 

AtHMA4 is important in xylem loading of Zn (Hussain et al., 2004). The enhanced 

translocation efficiency of Zn from roots to shoots in Arabidopsis halleri is attributed 

to the increased expression of AhHMA4 in the roots (Verret et al., 2004). In rice, 

OsHMA1 and OsHMA2 are involved in transportation of Zn during the processes of 

flowering and seed development (Suzuki et al., 2012; Williams and Mills, 2005; 

Huang et al., 2022; Khan et al., 2024). 
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CHAPTER – III MATERIALS AND METHODS 
 

The research trial was performed at the agriculture farm, School of Agriculture, 

Lovely Professional University, Phagwara, Punjab during the rabi seasons of 2021-22 

and 2022-23. Geographically, the farm is placed at 232 meters above mean sea level 

and latitude 31.25◦N and a longitude 75◦E. The meteorological data for season 2021- 

22 and 2022-23 is presented in figure 3.1 and figure 3.2. Jalandhar has a semiarid 

climate where both winters and summers are extreme. The climate of experimental 

site is characterized by sub-tropical and semi-arid type of climate with hot and dry 

summer from April to June, hot and humid from July to September and cold winter 

from November to January.  

Table 3.1: Physical and chemical properties of the soil before trial. 
 

Soil character Depth of soil 

(0-15 cm) 

Rating Instrument/Methods used 

Mechanical Analysis 

Silt (%) 12.0  International pipette method (Piper, 

2019) 
Clay (%) 13.8  

Sand (%) 74.2  

Textural class Sandy loam  

Chemical analysis 

pH 7.4 Normal Beckman’s glass electrode pH meter in 

soil-water suspension of 1:2 ratio 

(Jackson, 2005) 

Electrical 

conductivity 

(ds/m) at 25° C 

0.266 Normal Solubridge conductivity meter in soil- 

water suspension of 1:2 ratio (Jackson, 

2005) 

Organic carbon 

(C) (%) 

0.470 Medium Rapid titration method by Walkley and 

Black (Piper, 2019) 

Available nitrogen 

(N) (kg/ha) 

220 Low Modified alkaline kMnO4 method 

(Subbiah and Asija, 1956) 

Available 

phosphorus (P) 

(kg/ha) 

14.6 Medium 0.5 N NaHCO3 extractable phosphorus 

by Olsen’s Method (Olsen et al., 1954) 

Available 

potassium (K) 

(kg/ha) 

140 Medium 1 N ammonium acetate extractable 

potassium (K) (Jackson, 2005) 

DTPA extractable 

Zn (mg/kg) 

0.47 Low DTPA extract (Microwave plasma 

atomic emission spectroscopy) 
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Figure 3.1: Weekly mean meteorological data recorded for season 2021-22 and 2022-23. 
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Figure 3.2: Weekly mean meteorological data recorded for season 2021-22 and 2022-23. 
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The maximum and minimum temperatures show considerable fluctuation during 

both summer and winter season. Maximum temperature goes above 47°C during 

summer, while temperature below 4°C accompanied by frosty spells is quite 

common during the months of December and January. The average annual rainfall is 

about 500-750 mm, most of which is received during the monsoon period from July 

to September. However, a few showers were received during winter season also. 

Winter season (December to March) with temperature ranges from 0°C to 15°C. The 

soil texture of experimental site was sandy loam, soil pH of 7.4 and electric 

conductivity (EC) of 0.266 dS/m. The readily oxidisable carbon (C) was 10.5 g and 

soil had 1.67 kg/ha of DTPA extractable zinc/kg soil, 220 kg of alkaline KMnO4 

hydrolysable N, Olsen P was 14.6 kg and ammonium acetate extractable K was 140 

kg per ha. 

3.1 Experiment details 

The two wheat varieties, i.e., PBW 725 (timely sown variety) and PBW 752 

(late sown variety) were used and their seeds were obtained from Punjab Agricultural 

University, Ludhiana, Punjab, India. Zinc (Zn) was applied via different modes, viz., 

no Zn application (Zn0), soil application of Zn @ 62.5 kg/ha (Zn62.5) and soil 

application of Zn @ 31.25 kg/hectare + foliar spray of 0.5% ZnSO4.7H2O (Zn31.25,F). 

Soil application of Zn (ZnSO4.7H2O) was done before sowing. Three (3) zinc foliar 

applications were done at 40, at 80 and at 120 days after sowing (DAS). The 

concentration of Zn solution which was applied to plant’s foliage was 0.05 %. 

Concentrations of plant growth regulators (PGR) used for experiment were no 

hormone (H0), 10 mg/L GA (H1), 10 mg/L cytokinin (H2) and 5 mg/L GA + 5 mg/L 

cytokinin (H3). The source of gibberellic acid and cytokinin used in the experiment 

was GA3 and benzyl aminopurine (BAP), respectively. Hormones were applied 

foliarly and it was done instantaneously after the Zn foliar spray. 

The design of experiment was split-split plot with each treatment having with 3 

replications. The varieties were kept in main plot, the sub plots were assigned to Zn 

application methods and hormones were applied in the sub-sub plots. Two main plots 

(V725 and V752) were divided into three sub plots (Zn0, Zn62.5 and Zn31.25,F). Each sub 

plot was further divided into 4 sub-sub plots (H0, H1, H2 and H3). 

3.2 Layout of the experiment 

Layout of experiment area is displayed in figure 3.3. 

3.3 Agronomic practices 
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Following agronomic practices were followed for raising the wheat varieties 

during rabi season of 2021-22 and 2022-23. 

Table 3.2: Detail of the experiment 
 

A. Main plot detail 

Varieties 

V725 : PBW 725 

V752 : PBW 752 

B. Sub plot detail 

Zinc levels (kg/ha) 

Zn0 : No application of Zn 

Zn62.5 : Soil application at 100% RDF (62.5 kg/hectare) 

Zn31.25,F : 50% RDF (31.25 kg/hectare) soil application + 

foliar spray of ZnSO4 (0.5%) solution 

C. Sub – Sub plot detail 

Growth hormone Levels (ppm) 

H0 : No application of hormone 

H1 : 10 mg/L foliar spray of GA 

H2 : 10 mg/L foliar spray of cytokinin 

H3 : 5 mg/L foliar spray of GA + 5 mg/L foliar spray of cytokinin 

*RDF of Zn : Recommended dose of fertilizer (62.5 kg 

ZnSO4.7H2O/ha) 

Treatment : 
 

 

Replications : 
 

 

Total no. of plots : 
 

 

Design : Split – split plot design (SPD) 

Gross plot size : 
 

 

Net plot size : 
 

 

Seed rate : 100 kg/ha 

Row-row Spacing : 20 cm 

Total area : 770 m2 

Sowing time : 29 Nov, 2021 and 2022 for V725 (timely sown variety)  

10 Dec, 2021 and 2022 for V752 (late sown variety) 
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Table 3.3: Treatment details 
 

Symbol Treatment 

T1 V725 Zn0 H0 

T2 V725 Zn0 H1 

T3 V725 Zn0 H2 

T4 V725 Zn0 H3 

T5 V725 Zn62.5 H0 

T6 V725 Zn62.5 H1 

T7 V725 Zn62.5 H2 

T8 V725 Zn62.5 H3 

T9 V725 Zn31.25,F H0 

T10 V725 Zn31.25,F H1 

T11 V725 Zn31.25,F H2 

T12 V725 Zn31.25,F H3 

T13 V752 Zn0 H0 

T14 V752 Zn0 H1 

T15 V752 Zn0 H2 

T16 V752 Zn0 H3 

T17 V752 Zn62.5 H0 

T18 V752 Zn62.5 H1 

T19 V752 Zn62.5 H2 

T20 V752 Zn62.5 H3 

T21 V752 Zn31.25,F H0 

T22 V752 Zn31.25,F H1 

T23 V752 Zn31.25,F H2 

T24 V752 Zn31.25,F H3 

3.3.1  Field preparation 

Rauni (Pre-sowing irrigation) was done on November 6 during 2021-22 and 

2022-23 after removing the weeds manually from the field. Field was prepared on 

November 27 with two ploughings followed by planking for sowing of early sown 

wheat variety PBW 725. While, for late sown variety PBW 752, rauni was given on 

20 November, followed by field preparation on 8 December. 

3.3.3 Fertilizer application 

Fertilizers were applied according to the respective treatment. The phosphorus 

fertilizer used was diammonium phosphate (DAP). Nitrogen which was added 

through application of DAP was deducted from the total N required and rest was 

supplied through urea (46% N). It was then applied in three (3) splits i.e., 1/3rd at 

sowing, 1/3rd at 1st irrigation and leftover 1/3rd at the time of 2nd irrigation. Potassium 

requirement of crop was fulfilled by application of muriate of potash (MOP) at the 

recommended dose of 50 kg/ha. 
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Table 3.4: Calendar of operation 

S.N. Operation 
2021-22 2022-23 

V725 V752 V725 V752 

1 
Preparation of field 

layout 
27/11/21 8/12/21 27/11/22 8/12/22 

2 
Application of basal dose 

of N, P and K fertilizers 
27/11/21 8/12/21 27/11/22 8/12/22 

3 Sowing 29/11/21 10/12/21 29/11/22 10/12/22 

 

4 

Pre-emergence herbicide 

application 

(Pendimethalin) 

 

30/11/21 

 

11/12/21 

 

30/11/22 

 

11/12/22 

5 Hand weeding 17/12/21 10/1/22 17/12/22 5/1/23 

 

 

6 

Post-emergence herbicide 

application 

(sulfosulfuron + 

metsulfuron) 

 

 

- 

 

 

- 

 

 

30/12/22 

 

 

12/1/23 

7 
Insecticide application 

(thiamethoxam) 
13/3/22 13/3/22 13/3/23 13/3/23 

 Irrigation     

 (1st) 20/12/1 Rainfall 20/12/22 7/1/23 

8 (2nd) Rainfall Rainfall 20/1/23 21/2/23 

 (3rd) Rainfall 15/3/22 21/2/23 Rainfall 

 (4th) 15/3/22 - Rainfall - 

 Zn foliar spray     

9 
(1st) 

(2nd) 

10/1/22 

21/2/22 

19/1/22 

27/2//22 

10/1/23 

20/2/23 

19/1/22 

27/2//22 

 (3rd) 30/3/22 7/4/22 30/3/23 7/4/22 

 

 

10 

Hormone foliar spray (1st) 

(2nd) 

(3rd) 

 

11/1/22 

22/2/22 

 

20/1/22 

28/2//22 

 

11/1/22 

22/2/22 

 

20/1/22 

28/2//22 

  31/3/22 8/4/22 31/3/22 8/4/22 

11 Harvesting 18/4/22 18/4/22 18/4/23 18/4/23 

12 Threshing 20/4/22 20/4/22 20/4/23 20/4/23 
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3.3.4 Weed control 

Stomp 30 EC (pendimethalin) was used as a pre-emergence herbicide within 2 

DAS. Manual weeding was done to remove the weeds at 35 DAS. The weeds in 

wheat crop rows were eradicated by the use of khurpa. A spray of Total/ Markpower 

75 WG (sulfosulfuron + metsulfuron) was also done to control Phalaris minor. 

3.3.5 Insecticide application 

One spray of Actara/ Taiyo (thiamethoxam) 25 WG @ 50 g/ha was done in 

March, to reduce aphid population. 

3.3.6 Irrigations 

Irrigations were applied to all the plots according to the recommendations of 

Punjab Agricultural University, Ludhiana, Punjab, India. The first irrigation was 

applied at 22 DAS, i.e., at CRI (crown root initiation) stage. Subsequent irrigations 

were done as per crop requirement in accordance with rainfall received. 

3.3.7 Harvesting and threshing 

Crop was manually harvested by using sickle on maturity (18th April) during 

both the seasons. Bundles were weighed and threshing was done after sun drying for 

four days. Produce of all the plots were separately threshed by labour and weight of 

the grains were recorded after cleaning. The weight of straw was separately taken by 

deducting weight of the grains from weight of bundle. 

3.4 Observations recorded 

3.4.1 Plant height 

Height of plant was measured using metre scale at 30, at 60, at 90 and at 120 

DAS and at harvest. Average of five plants was taken by using metre scale and 

expressed in centimetre (cm). 

3.4.2 Tiller count 

Total number of tillers were counted at 30, at 60, at 90 and at 120 DAS. 

Counting of total quantity of tillers was done from 25 cm row length of 4 different 

rows of each plot and then changed to count of total tillers/metre2. 

3.4.3 Leaf area index (LAI) 

Leaves were harvested from randomly selected plants from 25 cm row length 

of each plot at 30, at 60, at 90 and at 120 DAS. Then, the leaf area meter was used to 

measure the leaf area. Thereafter, LAI was estimated by using the below mentioned 

formula where the ground area (1m2) has been converted into cm2. 
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Figure 3.3: Experimental Layout. 

 

3.4.4 Dry matter accumulation 

The shoot portion of plants was taken from 25 cm row length at 30, at 60, at 

90 and at 120 DAS. The plant samples were firstly dried in sun for 2 days. Thereafter, 

they were oven dried for 72 hours at a temperature of 65ºC to evaporate water content. 

The weight of dried plants was recorded and accumulation of dry matter was 

expressed in grams per metre square. 

3.4.5 Effective tillers 

The counting of effective tillers was done at crop maturity. Tillers having the 

ear were counted from 25 cm row length of 4 different rows of each plot. They were 

later expressed in effective tillers/metre2.  

3.4.6 Spike length 

From each plot, 5 ears were chosen randomly and their length was measured 

using metre scale from base of first spikelet to tip of last spikelet and then the mean 

length was calculated. 
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3.4.7 Number of grains/spike 

From each plot, 5 ears were selected randomly which were threshed manually. 

After counting of grains, the mean number of grains/spike were recorded. 

3.4.8 Thousand (1000) grain weight (grams) 

From each plot, thousand (1000) grains were collected and their weight (in 

grams) were recorded and expressed as 1000-grain weight. 

3.4.9 Grain yield 

From each plot, bundles of wheat varieties were separately threshed and grains 

were gathered in different bags. After cleaning, weighing of grains was done and the 

grain yield was noted. 

3.4.10 Straw yield 

Bundles of plants from each plot were sun-dried in open space for four days 

after harvesting. Later on, the bundles were threshed. After threshing, the grain weight 

was deducted from total weight of bundle and weight of remaining plant parts was 

considered as straw yield. 

3.4.11 Harvest index (HI) 

Harvest index was estimated of each plot by using the formula mentioned 

below. 

Harvest index = {Grain yield / Biological yield} 

3.5 Quality parameters 

3.5.1 Zinc content in different plant parts 

The Zn content of both the wheat varieties was calculated by following the 

method of Isaac and Kerber (1971). Double distilled water was used to wash the 

samples to remove contaminations. 

Procedure 

Wheat sample (0.1g) of different plant parts was taken in powder form and 

kept in conical flask of 100 ml. Ten ml (10 ml) mixture of tri-acid (HClO4:H2SO4: 

HNO3 in 1:4:10) was added into it. The samples were then placed on hot plate for 

digestion at 100oC. Twenty ml (20 ml) of 0.1 N HCl was added after the digestion. By 

adding double distilled water, final volume of sample was made 50 ml. The samples 

were then filtered by using filter paper of Whatman No. 41. One ml (1 ml) of filtrate 

was taken for the determination of Zn by using atomic absorption spectrometer. 
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3.5.2 Protein content in grains (Bradford Method) 

The grain protein content in wheat was estimated by following the method of 

Bradford (1976). The grains were washed by using double distilled water to remove 

contamination and then grinded to form powder. 

Extraction buffer 

Extraction buffer was prepared from NaCl (50mM), EDTA (5mM) and 

NaH2PO4 (25mM). The solutions of above-mentioned reagents (100 ml each) were 

separately prepared and mixed in a conical flask of 1000 ml. The pH of the buffer was 

maintained at 7.2. One gram (1g) of powdered grain sample was taken. Powder was 

mixed with cold extraction buffer (5 ml). Mixture was then centrifuged at 10,000 rpm 

at 4◦C for 20 minutes. 

Bradford dye 

One hundred grams of Coomassie-Brilliant blue G-250 was mixed with 50 ml 

of 95% ethanol. Hundred ml (100 ml) of ortho-phosphoric acid (85 %) was added to 

the above solution and the final volume was made 1000 ml by the addition of double 

distilled water. After filtration, the dye was stored at 4◦C in dark coloured bottle 

(amber bottle). 

Standard solution 

Stock solution having the strength of 1 mg/ml was prepared by adding 10 mg 

of bovine serum albumin (BSA) in 10 ml of double distilled water. 

Standard curve preparation 

A set of 5 test tubes was prepared having 0.2, 0.4, 0.6, 0.8, and 1.0 ml of BSA 

standard solution and addition of distilled water was done to make final volume 1 ml. 

Five ml (5 ml) of Bradford dye was added into each tube and mixed by using vortex 

mixture. After 10-30 minutes, absorbance was recorded at 595nm by using 

spectrophotometer. Blank was the test tube containing 1 ml of distilled water. The 

standard curve was prepared by plotting the absorbance against BSA concentration. 

Procedure for unknown sample 

One ml aliquot of unknown sample was taken in a test tube and 5 ml of 

bradford dye was added into it. Proper mixing was done by using vortex mixture. 

After  10-30  minutes,  the  absorbance  was  recorded  at  595nm  by  using 

spectrophotometer. The absorbance recorded was used to calculate the final protein 

content. 
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3.5.3 Phytic Acid 

Phytic acid in wheat grains was estimated by using following a method 

described by Harland and Oberleas (1977). 

Reagents: 

Sodium phytate 

A series of standard solutions were prepared containing 5-40 mg/L phytic 

acid. 

FeCl3.6H2O (0.03%) 

Ferric chloride [FeCl3.6H2O] (0.015g) was mixed in distilled water and final 

volume was made upto 50 ml. 

Sulfosalicylic acid (0.3%) 

Sulfosalicylic acid (0.15 g) was mixed in distilled water and final volume was 

made up to 50 ml. 

Hydrochloric acid (HCl) (0.65 N) 

Hydrochloric acid (31.55 ml) diluted by distilled water and final volume was 

made upto 500 ml using distilled water. 

Preparation of standard curve 

A range of standard solutions were prepared by dissolving 50 to 200 mg of 

phytic acid in 1000 ml of distilled water. Distilled water was used as a blank. Three 

ml (3 ml) of above prepared standard solution was pipetted into centrifuge tubes of 20 

ml capacity. One ml (1 ml) of Wade reagent (0.03% FeCl3.6H2O and 0.3% 

sulfosalicylic acid) was added to each tube. The tubes were then centrifuged at 4000 

rpm for duration of 10 mins. The absorbance was recorded at 500 nm by using a 

spectrophotometer. Absorbance of standard solution was subtracted from absorbance 

of blank. A standard curve was plotted by using the values of difference in absorbance 

against the concentration of standard solution. 

Procedure for unknown sample 

To determine the phytic acid content, 1 g of powdered wheat grains were kept 

in centrifuge tubes and extraction of phytic acid was done by using 2.4% HCl. One ml 

(1 ml) of Wade reagent was added in to it. The tubes were centrifuged for 10 mins at 

4000 rpm. The absorbance was recorded at 500 nm by using spectrophotometer. The 

recorded absorbance was used to calculate the phytic acid content of unknown 

sample. 
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3.6 Soil Zn content 

The soil Zn content was estimated using the DTPA extraction method by 

Lindsay and Norvell (1978). 

Diethylenetriamine penta-acetic acid (DTPA) extractant 

The extractant was prepared by dissolving 1.97g of DTPA in distilled water. 

Then, triethanolamine (14.92g) and calcium chloride dihydrate (1.47g) was added to 

it. The pH of the extract was adjusted to 7.3. It was later diluted to 1 litre by using 

distilled water. 

Procedure 

Ten grams (10g) of air-dried soil (< 2mm) was taken in centrifuge tube and 20 

ml of the DTPA extractant was added to it. The mixture was agitated for 2 hours on a 

mechanical shaker. The suspension was then filtered using filter paper (Whatman No. 

42). Atomic absorption spectrophotometer (AAS) was used to analyse Zn from the 

filtrates. 

3.7 Economics 

Economics of experiments of both the years was estimated using prevailing 

input prices and yield of the crop. By multiplying the wheat grain yield with its 

minimum support price, gross return was calculated. The crop’s cost of cultivation 

was estimated by using the inputs used. Additional cost involved and returns obtained 

under different treatment combination was worked out based on the market rates of all 

applied inputs throughout experiment on per hectare basis. The benefit :cost (B:C) 

ratio is computed by using following formula: - 

𝐵: 𝐶 𝑟𝑎𝑡𝑖𝑜 =  
𝐺𝑟𝑜𝑠𝑠 𝑟𝑒𝑡𝑢𝑟𝑛

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡
 

 

3.8 Statistical Analysis 

 

The data of all the observations was statistically analyzed by analysis of 

variance (ANOVA) using RStudio. Least significant difference (LSD) test was used 

for multiple comparisons at p≤0.05. 
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Source of variation  Formula  Degree of freedom 

Replications  (r – 1)  2 

Main plot (A) (a – 1)  1 

Error (A) (r – 1) (a – 1)  2 

Sub Plot (B) (b – 1)  2 

A * B (a – 1) (b – 1) 2 

Error (B) a (r – 1) (b – 1)  8 

Sub-sub plot (C) (c – 1) 3 

A * C (a – 1) (c – 1) 3 

B * C (b – 1) (c – 1) 6 

A * B * C (a – 1) (b – 1) (c – 1) 6 

Error (C) ab (r – 1) (c – 1) 36 

Total (rab – 1)  71 
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CHAPTER IV RESULT AND DISCUSSION 
 

4.1 Periodic plant height 

The impact of different treatments on periodic plant height is shown in table 

4.1. The results recorded for different wheat varieties showed significant increase in 

height of plant at all phases of growth in 2021-22 season. Maximum plant height was 

recorded at harvest for V725 (101.0 cm) followed by V752 (81.8 cm). As regard to Zn 

application methods, a significant effect on plant height was recorded at all phases of 

growth apart from at 30 DAS. Maximum height of plant was recorded at harvest 

under Zn31.25,F (92.9 cm) that was statistically at par with Zn62.5 (91.8 cm) and 

significantly higher than Zn0 (89.4 cm). Among the phytohormones, all levels 

significantly enhanced plant height at all growth phases apart from at 30 DAS. The 

level H1 showed maximum plant height (92.8 cm) at harvest followed by H3 (91.8 

cm), H2 (90.8 cm) and H0 (90.0 cm). Overall, the treatment combination V725 + 

Zn31.25,F + H1 was most efficient in enhancing the plant height and resulted in 

maximum (104.0 cm) at harvest. 

During season 2022-23, there was a significant varietal difference pertaining 

to the height of plant throughout all phases of growth. The plant height was maximum 

at harvest for V725 (104.9 cm) followed by V752 (88.7 cm). Pertaining to different Zn 

application methods, plant height was significantly affected at all phases of growth 

apart from at 30 DAS. Maximum height of plant was recorded under Zn31.25,F (99.3 

cm) at harvest followed by Zn62.5 (96.5 cm) and Zn0 (94.6 cm). The application of 

various plant hormones significantly enhanced height of plant at all phases of growth 

apart from at 30 DAS. Maximum height of plant was recorded at harvest under H1 

(99.1 cm) which was significantly higher than H3 (97.5 cm), H2 (95.9 cm) and H0 

(94.7 cm). Overall, the treatment combination V725 + Zn31.25,F + H1 was most efficient 

in enhancing the plant height and maximum (110.2 cm) was recorded at harvest. The 

interaction effect among Zn and hormones at harvest on plant height during 2022-23 

season is presented in table 4.1a. Maximum plant height was recorded under 

Zn31.25,F+H1 (101.8 cm) and minimum was recorded for Zn0+H0 (90.6 cm). 

Plant height is an important parameter of wheat crop that affects its growth 

and development over a period and increases with the advancement of age. The 

varietal difference was evident with respect to plant height. Height of wheat plant 

might also be enhanced due to the improved enzymatic activity by Zn application. 

Zinc is also involved in activation of tryptophan synthetase that upregulated the 
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tryptophan synthesis. 

Table 4.1: Effect of various treatments on periodic plant height (cm) of wheat during 
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Being a precursor of auxin, enhanced levels of tryptophan increase auxin 

biosynthesis which positively affect the meristem tissue involved in increasing the 

height. The results were supported by research outcomes of Dhaliwal et al. (2023), 

Kaur et al. (2023) and Singh et al. (2023). Increased cell division of the internodal 

area of the stem leads to increased height by external application of cytokinin and 

GA. Comparable results were stated by Alharby et al. (2021) and Arif et al. (2019). 

Table 4.1a: Interaction effect of Zn and hormones on plant height (cm) of wheat for 

2022-23 at harvest. 

 H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 
Cyt) 

Mean 

Zn0 (No 
application) 

90.6 97.9 94.5 95.2 94.6 

Zn62.5 (Soil) 95.8 97.8 95.0 97.4 96.5 

Zn31.25,F (Soil + 
Foliar) 

97.3 101.8 98.2 99.9 99.3 

Mean 94.7 99.1 95.9 97.5  

Zn x H (CD at p ≤ 0.05) = 1.8 

4.2 Periodic number of tillers per metre square 

The impact of different treatments on periodic tiller count of wheat is 

shown in table 4.2. Recorded results showed significant increase in tiller number due 

to different varieties in 2021-22 season. Maximum number of tillers were recorded in 

V725 (370.7) at 120 DAS which was significantly greater than V752 (313.3). The Zn 

application methods had a significant impact on the number of tillers at all growth 

phases. Mode Zn31.25,F (356.7) resulted in maximum number of tillers at 120 DAS 

which was statistically superior to Zn62.5 (351.1) and Zn0 (318.3). Among the 

phytohormones, all concentrations increased number of tillers significantly at all 

phases of growth except at 30 DAS. The level H2 (358.3) had highest number of 

tillers at 120 DAS followed by H3 (343.9), H1 (334.8) and H0 (330.9). Overall, the 

combination V725 + Zn31.25,F + H2 was notable in improving the number of tillers and 

resulted in maximum (402.3) at 120 DAS. 

In 2022-23 season, influence of varieties on number of tillers was observed to 

be statistically significant. The highest number of tillers were recorded for V725 

(396.4) at 120 DAS which was significantly greater than V752 (377.4). The Zn 

application methods had a significant influence on number of tillers at all growth 

phases. Mode Zn31.25,F resulted in highest number of tillers (402.8) at 120 DAS which 

was statistically superior to Zn62.5 (391.7) and Zn0 (366.1). 



45  

Table 4.2: Effect of various treatments on number of tillers per metre square of wheat 

during 2021-22 and 2022-23. 
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All the hormone concentrations increased count of tillers significantly at all 

phases of growth apart from at 30 DAS. Highest count of tillers were recorded at 120 

DAS under H2 (399.3) followed by H3 (395.4), H1 (379.4) and H0 (373.5). The 

treatment combination V725 + Zn31.25,F + H2 was notable in improving the number of 

tillers and maximum (423.2) were recorded at 120 DAS. 

Tillering is a key growth stage in wheat that help plants to compensate for low 

plant populations or to benefit from favourable growth circumstances. The emergence 

of tillers is closely synchronised with the leaf formation on main stem and the number 

of tillers produced are determined by variety and growth circumstances (Singh et al., 

2021). Application of Zn on the leaves may have enhanced the enzyme activity, 

chlorophyll, metabolite synthesis and nitrogen metabolism that allowed the plant to 

bear a greater number of tillers (Arif et al., 2017). Also, the exogeneous application 

of cytokinin enhanced chlorophyll synthesis which increased photosynthesis and 

sucrose production. Besides, increased the tiller bud growth resulted in higher number 

of tillers. The results inclined with the results of Yang et al. (2021). 

4.3 Periodic leaf area index (LAI) 

The influence of various treatments on periodic LAI is shown in table 4.3. 

During 2021-22 season, a comparison between wheat varieties showed significant 

results at 30, 60, 90 and 120 DAS. The highest LAI (4.14) was recorded at 90 DAS 

in V725 followed by V752 (3.87). Regarding the influence of Zn supply regimes, the 

effect was significant at 60, 90 and 120 DAS. Mode Zn31.25,F was statistically similar 

with Zn62.5 at 60 DAS. Maximum LAI was recorded at 90 DAS under Zn31.25,F (4.19) 

which was followed by Zn62.5 (4.0) and Zn0 (3.83). Amongst the plant hormones, all 

levels significantly increased the LAI at 30, at 60, at 90 and also at 120 DAS. Highest 

LAI was recorded at 90 DAS under H2 (4.15) followed by H3 (4.04), H1 (3.97) and H0 

(3.85). The levels H2 and H3 were statistically at par with each other at 90 DAS. In 

general, V725 + Zn31.25,F + H2 treatment combination was the most capable in 

improving the LAI and resulted in maximum (4.46) at 90 DAS. 

During season 2022-23, a comparison of wheat varieties displayed significant 

impact on LAI at 30, at 60, at 90 and at 120 DAS. Maximum LAI was recorded at 90 

DAS in V725 (5.29) which was significantly greater than V752 (4.71). Regarding the 

influence of Zn application methods, the effect was significant at 60, 90 and 120 

DAS. Mode Zn31.25,F was statistically similar with mode Zn62.5 at 60 DAS. Highest 

LAI was observed at 90 DAS under Zn31.25,F (5.23) which was significantly higher 
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than Zn62.5 (4.93) and Zn0 (4.84). All levels of plant hormones significantly affected 

the LAI at 60, 90 and 120 DAS. The level H2 was statistically similar with mode H3 at 

60 DAS. Highest LAI was recorded under H2 (5.15) at 90 DAS followed by H3 (4.99), 

H1 (4.96) and H0 (4.88). The levels H1 and H3 were statistically similar with each 

other at 90 DAS. In general, V725 + Zn31.25,F + H2 treatment combination was the most 

effective in enhancing the LAI (5.73) at 90 DAS. The interaction effect among Zn and 

hormones on LAI at 90 DAS is presented in table 4.3a where highest LAI was 

recorded in Zn31.25,F+H2 (5.44) and lowest LAI was recorded in Zn0+H0 (4.74). 

Leaf area index (LAI) is another important growth parameter of wheat that 

determines the potential of plants to trap solar radiation suitable for photosynthesis. 

The difference in leaf area was due to the variation in genetic makeup of the two 

varieties and the degree to which they are affected by the environment (Alzaayid and 

Aloush, 2021). Zinc application improves stomatal conductance, chlorophyll and 

other photosynthetic pigment content resulting in improved leaf area. Also, Zn is 

involved in regulation of auxin biosynthesis, which enhances root development and 

results in better nutrient and water intake, improving plant growth attributes (Ilyas et 

al., 2020). Similarly, cytokinin application increased chlorophyll biosynthesis and 

stomatal conductance. In addition, cytokinin maintained leaf expansion and delayed 

leaf senescence contributed to enhanced leaf area. Nagar et al. (2015) and Zaheer et 

al. (2019) supported results of the present study. 

4.4 Periodic dry matter accumulation (g/m2) 

Influence of various treatments on periodic dry matter accumulation is shown 

in table 4.4. The influence of wheat varieties on dry matter was found statistically 

significant at all growth stages in 2021-22 season. The highest dry matter was 

recorded in V725 (832.7 g/m2) which was significantly greater than V752 (725.2 g/m2) at 

120 DAS. A significant result was recorded in context to the different Zn application 

methods at 60, 90 and 120 DAS. Modes Zn31.25,F and Zn62.5 showed statistical parity at 

60 DAS. The dry matter accumulation at 120 DAS was significantly higher under 

Zn31.25,F (819.2 g/m2) than Zn62.5 (773.4 g/m2) and Zn0 (744.3 g/m2). Comparing the 

different levels of phytohormones, all had a significant effect at 90 and 120 DAS. 

Level H1 was statistically similar with H3 at 90 DAS. Maximum dry matter resulted at 

harvest under H1 (800.6 g/m2) followed by H3 (790.9 g/m2), H2 (789.0 g/m2) and H0 

(735.3 g/m2). Level H1 was statistically at par with H2 at harvest. Overall, the 

treatment 
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combination V725 + Zn31.25,F + H3 was recorded the most effective with maximum 

dry matter (903.3 g/m2) at harvest. 

Table 4.3: Effect of various treatments on leaf area index (LAI) of wheat during 2021-22 

and 2022-23. 
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Table 4.3a: Interaction effect of Zn and hormones on leaf area index (LAI) of wheat for 

2022-23 at 90 DAS. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 
Cyt) 

Mean 

Zn0 (No 
application) 

4.74 4.84 4.94 4.83 4.84 

Zn62.5 (Soil) 4.82 4.89 5.07 4.93 4.93 

Zn31.25.F (Soil + 
Foliar) 

5.08 5.17 5.44 5.22 5.23 

Mean 4.88 4.96 5.15 4.99  

Zn x H (CD at p≤ 0.05) = 0.07 

For season 2022-23, comparison of two wheat varieties revealed that there was 

significant varietal difference on dry matter accumulation at all phases of growth. The 

highest dry matter was recorded at 120 DAS in V725 (1067.3 g/m2) was statistically 

superior to V752 (916.6 g/m2). Concerning the methods of Zn application, all affected 

dry matter significantly at 60, at 90 and at 120 DAS. The mean dry matter under 

Zn31.25,F (1043.6 g/m2) at 120 DAS was significantly higher than Zn62.5 (989.3 g/m2) 

and Zn0 (942.9 g/m2). The different levels of phytohormones affected the dry matter 

significantly at all phases of growth apart from at 30 DAS. Level H1 was statistically 

similar with H3 at 60 and at 90 DAS. Levels H2 and H3 showed statistical parity at 120 

DAS. Highest accumulation of dry matter was recorded at 120 DAS under H1 (1026.8 

g/m2) which was followed by H3 (1003.9 g/m2), H2 (996.6 g/m2) and H0 (940.6 g/m2). 

Overall, V725 + Zn31.25,F + H1 treatment resulted in maximum dry matter (1162.0 g/m2) 

at 120 DAS. 

Dry matter accumulation is a vital parameter of growth that expresses the 

plant’s metabolic efficiency. Dry matter continuously increased over the crop life 

cycle. Higher leaf area, tiller per m2 and plant height collectively may be the reason of 

the improved dry matter, as increased leaf area resulted in improved interception and 

utilisation of solar energy, resulted in more photosynthesis and eventually more 

accumulation dry matter. The timely sown wheat variety had more time to accumulate 

dry matter than the late sown wheat variety. It may have caused the higher dry matter 

and yield in timely sown wheat variety (Arduini et al., 2006). The soil+foliar method 

increased the availability of Zn in plant system which led to improved metabolism 

and functioning of the plant by enhancing growth of roots, shoots and leaves, thus 

resulted in more accumulation of dry matter (Suganya et al., 2020). The hormone 

application upregulates the metabolic processes in the plant and the positive effect 
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was observed in height of plant, number of tillers and leaf area culminating to more 

accumulation of dry matter (Mathpal et al., 2023; Zaheer et al., 2022). 

Table 4.4: Effect of various treatments on dry matter accumulation (g/m
2
) of wheat 

during 2021-22 and 2022-23. 
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4.5 Number of effective tillers per metre square at harvest 

The influence of various treatments on number of effective tillers at harvest is 

shown in table 4.5. The recorded results for both the wheat varieties showed 

significant difference regarding the count of effective tillers in the season 2021-22. 

The highest effective tillers count was recorded in V725 (321.9) that was significantly 

greater than to V752 (270.3). Among the Zn application methods, all significantly 

influenced the count of effective tillers. The highest count of effective tillers resulted 

under Zn31.25,F (309.3) followed by Zn62.5 (306.6) and Zn0 (272.5). The methods Zn62.5 

and Zn31.25,F showed statistical parity to each other. A significant effect of plant 

hormones was recorded on count of effective tillers. The count of effective tiller were 

maximum under H2 (312.2) followed by H3 (298.4), H1 (288.7) and H0 (285.1). The 

levels H3 & H1 and H0 & H1 were statistically similar to each other. The treatment 

combination V725 + Zn31.25,F + H2 was most influential and had the highest count of 

effective tillers (351.6). 

For 2022-23 season, a significant variation in number of effective tillers was 

recorded between varieties. Maximum effective tillers count was recorded in V725 

(340.3) which was significantly higher than V752 (328.3). Pertaining to the methods of 

Zn application, the effective tillers count was significantly affected by the different 

methods. The method Zn31.25,F (352.2) had maximum effective tillers count which was 

significantly greater than to Zn62.5 (336.7) and Zn0 (314.0). All the hormone 

concentrations significantly influenced the number of effective tillers. Highest number 

of effective tillers were recorded under H2 (354.5) followed by H3 (341.1), H1 (326.5) 

and H0 (315.0). The interaction effect of Zn and hormones on count of effective tillers 

is presented in table 4.5a. Maximum effective tiller count was recorded under 

Zn31.25,F+H2 (375.5) and minimum was recorded under Zn0+H0 (299.4). The 

interaction effect of variety, Zn and hormones on effective tillers during 2022-23 

season is presented in table 4.5b. The treatment combination V725+ Zn31.25,F + H2 

resulted in maximum number of effective tillers (378.3). 

The effective tillers indicate the crop’s performance. Therefore, higher number 

of effective tillers signifies higher crop performance (Kaur et al., 2017). The 

differential capacity of different varieties to accumulate and transport assimilates from 

source to sink showed an effect on count of effective tillers (Madhu et al., 2018). 

Application of Zn enhances the enzymatic and metabolic activity, thus enhanced the 

count of effective tillers (Arif et al., 2017). The exogeneous cytokinin application 
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promotes the tiller bud growth and improves assimilate translocation so increased 

count of effective tillers. The results inclined with the results of Yang et al. (2021). 

Table 4.5: Effect of various treatments on yield contributing attributes of wheat during 

2021-22 and 2022-23. 
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Table 4.5a: Interaction effect of Zn and hormones on number of effective tillers per 

metre square of wheat for 2022-23. 

 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 

Cyt) 

 

Mean 

Zn0 (No 

application) 
299.4 308.7 330.2 317.7 314.0 

Zn62.5 (Soil) 316.8 328.2 357.9 343.8 336.7 

Zn31.25,F (Soil + 
Foliar) 

328.7 342.7 375.5 361.7 352.2 

Mean 315.0 326.5 354.5 341.1 
 

Zn x H (CD at p≤ 0.05) = 5.4 

Table 4.5b: Interaction effect of variety, Zn and hormones on number of effective tillers 

per metre square of wheat for 2022-23. 

 

V725 (PBW 725) V752 (PBW 752) 

 
Zn0 (No 

application) 

Zn62.5 

(Soil) 

Zn31.25,F  

(Soil + 
Foliar) 

Mean 
Zn0 (No 

application) 

Zn62.5 

(Soil) 

Zn31.25,F  

(Soil + 
Foliar) 

Mean 

H0 (No 

application) 
302.5 323.7 337.6 321.3 296.3 310.0 320.1 308.8 

 H1 (10 mg/L 

GA) 
314.0 334.0 352.0 333.3 303.3 322.3 333.3 319.7 

 H2 (10 mg/L 

cyt) 
339.4 365.4 378.3 361.0 321.0 350.4 372.7 348.0 

H3 (5 mg/L 

GA+ 5 mg/L 

cyt) 

 
324.0 

 
347.5 

 
365.0 

 
345.5 

 
311.3 

 
340.2 

 
358.4 

 
336.6 

 Mean 320.0 342.6 358.2 
 

308.0 330.7 346.1 
 

V x Zn x H (CD at p≤ 0.05) = 7.7 

Table 4.5c: Interaction effect of Zn and hormones on thousand grain weight (g) of wheat 

for 2022-23. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 

Cyt) 

 

Mean 

 Zn0 (No 

application) 
40.0 40.4 42.7 41.6 41.2 

Zn62.5 (Soil) 40.8 41.7 44.6 43.5 42.6 

 Zn31.25,F (Soil + 

Foliar) 
42.8 43.4 46.8 45.9 44.7 

Mean 41.2 41.8 44.7 43.7  

Zn x H (CD at p≤ 0.05) = 0.6 
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4.6 Spike length (cm) 

Data regarding the effect of various treatments on spike length is displayed in 

table 4.5. The varieties showed significant difference in the spike length during season 

2021-22. The maximum length of spike was recorded in V725 (10.3 cm) that was 

significantly higher than V752 (9.3 cm). The different Zn application methods 

significantly impacted the spike length. Mode Zn31.25,F had the longest spike (10.1 cm) 

that was followed by Zn62.5 (9.8 cm) and Zn0 (9.5 cm). The methods Zn62.5 & Zn62.5 

and Zn62.5 & Zn0 were statistically similar to each other. A significant impact was 

recorded on spike length by the different plant hormone levels. The longest spike 

resulted under H1 (10.0 cm) that was followed by H3 (9.9 cm), H1 (9.8 cm) and H0 

(9.5 cm). The levels H1, H2 and H3 were statistically similar. The treatment V725 + 

Zn31.25,F + H1 was most effective in increasing the spike length and resulted in longest 

spike (11.0 cm). 

During season 2022-23, the spike length of varieties varied significantly. The 

maximum length of spike was recorded in V725 (11.5 cm) that was significantly longer 

than V752 (10.5 cm). The various Zn application methods significantly influenced the 

spike length. The longest spike was recorded under Zn31.25,F (11.3 cm) that was 

significantly higher than Zn62.5 (11.0 cm) and Zn0 (10.6 cm). Regarding the various 

levels of plant hormone, a significant effect was recorded on spike length. The longest 

spike was recorded under H1 (11.2 cm) followed by H3 (11.1 cm), H2 (11.0 cm) and 

H0 (10.6 cm). The level H1 was statistically similar to H3 and H2. Overall, the 

combination V725 + Zn31.25,F + H1 was most effective in increasing the spike length 

and resulted the longest spike (12.3 cm). 

Spike length is a key component of wheat yield. An increase in the spike 

length promotes the number of spikelets/spike, increasing grains/spike and grain 

yield. The difference in spike length of the varieties was due to the inherent capacity 

of different genotypes (Madhu et al., 2018; Ullah et al., 2021). Zinc participates in 

various metabolic processes which leads to enhancement of green pigments, 

biosynthesis of flavonoids and photosynthetic efficiency leading to increased spike 

length (Sattar et al., 2022). Cytokinin accumulates in the meristem of inflorescence 

thus, regulates the development of spike by increasing flowering. Raza et al. (2020) 

supported the results and reported increase in spike length by the application of 

cytokinin at different stages of crop. 
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4.7 Number of grains/spike 

Influence of various treatments on number of grains/spike is displayed in table 

4.5. During 2021-22 season, the varieties differ significantly in the count of 

grains/spike. Higher grains/spike were recorded in V725 (45.3) followed by V752 

(39.2). A significant impact was recorded pertaining to the different Zn supply 

regimes. Mode Zn31.25,F had the maximum number of grains (45.0) followed by Zn62.5 

(41.8) and Zn0 (40.0). Modes Zn31.25,F & Zn62.5 and Zn62.5 & Zn0 were statistically at 

par with each other. Pertaining to the impact of various phytohormone levels, the 

number of grains/spike differed significantly. Maximum grain count was recorded 

under H2 (44.3) followed by H3 (42.9), H1 (42.9) and H0 (39.0). The levels H2, H3 and 

H1 were statistically similar. Overall, the treatment combination of V725 + Zn31.25,F + 

H2 was most efficient and had the maximum number of grains (50.0) per spike. 

During 2022-23 season, the varieties showed significant difference for the 

grain count per spike. The highest number was recorded in V725 (52.6) followed by 

V752 (47.1). A significant effect was recorded with respect to various methods of Zn 

application. The maximum number of grains per spike resulted under Zn31.25,F (53.1) 

which was followed by Zn62.5 (49.4) and Zn0 (47.0). There was a significant influence 

of various phytohormone levels on number of grains. Level H2 (52.2) had maximum 

number of grains followed by H3 (50.6), H1 (49.3) and H0 (47.2). Overall, the 

treatment combination of V725 + Zn31.25,F + H2 had highest number of grains/spike 

(58.3). 

The count of grains/spike is a pivotal yield attribute and increase in the 

grains/spike directly affects the grain yield. The variation among count of grains/spike 

for two varieties may be ascribed to the genetic make-up and flag leaf area of both the 

varieties. The results were supported by Alzaayid and Aloush (2021). Zinc (Zn) is an 

important part of different enzymes and metabolic processes. It helps in biosynthesis 

of chlorophyll, development the pollen tubes, pollen viability, utilization of starch 

which enhanced the number of grains per spike (Arif et al., 2017). Cell division in 

endosperm and boosted sink capacity by cytokinin resulted in increased assimilate 

accumulation culminating to higher number of grains/spike. The findings of the study 

were supported by Raza et al. (2020). 
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4.8 Thousand grain weight (g) 

Effect of different treatment on thousand grain weight is shown in table 4.5. 

The difference between varieties was found statistically significant during 2021-22 

season. Variety V725 (42.6 g) had significantly higher grain weight than variety V752 

(41.2 g). A significant impact was recorded pertaining to the Zn application methods 

on grain weight. The method Zn31.25,F (43.1 g) resulted in significantly heavier grains 

than Zn62.5 (41.7 g) and Zn0 (40.8 g). With regard to different levels of hormones, a 

significant effect was observed. The maximum grain weight was recorded under H2 

(43.1 g) followed by H3 (42.3 g), H1 (41.6 g) and H0 (40.6 g). The levels H2 & H3 and 

H1 & H3 were statistically at par with each other. Overall, V725 + Zn31.25,F + H2 

treatment was most efficient and resulted in the highest grain weight (45.3 g). 

During 2022-23 season, the varietal difference was found statistically 

significant regarding the grain weight. Heavier grains were recorded in V725 (43.7 g) 

than V752 (42.0 g). Pertaining to different methods of Zn application, a significant 

effect was recorded. Mode Zn31.25,F (44.7) resulted in significantly heavier grains 

followed by Zn62.5 (42.6 g) and Zn0 (41.2 g). There was a significant influence of 

various levels of phytohormone on the grain weight. The heaviest grains were 

recorded under H2 (44.7 g) which was significantly greater than H3 (43.7 g), H1 (41.8 

g) and H0 (41.2 g). Overall, the V725 + Zn31.25,F + H2 treatment combination resulted in 

heaviest grains (47.6 g). The interaction effect of Zn and hormones on grain weight 

during the 2022-23 season is presented in table 4.5c. The heaviest grains were 

recorded under Zn31.25,F+H2 (46.8 g) while the lightest grains were recorded under 

Zn0+H0 (40.0 g). 

Grain weight along with the number of grains are two important yield 

contributing attributes of crops. Heavier weight of grains is linked with better quality 

of grains. Hence, it is vital to increase grain weight not only to increase yield but also 

to produce high quality wheat. Varietal difference for grain weight is due to 

differential capacity of the various genotypes to translocate assimilate from source to 

sink (Madhu et al., 2018 and Ullah et al., 2021). Zinc fertilization through soil and 

foliar spray led to improved Zn content in plant which increase dry matter production 

and its translocation to grains, enhancing the grain size and weight. Findings of this 

study were corroborated by Ghasal et al. (2017b). Cytokinin increased assimilate 

translocation and enhanced the division of endospermic cells which further increased 

the sink strength and resulted in heavier grains in wheat (Raza et al., 2020). 
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4.9 Grain yield (q/ha) 

Influence of various treatments on grain yield is displayed in table 4.6. During 

2021-22 season, a significant difference was recorded between the wheat varieties. 

Higher grain yield was recorded in V725 (45.5 q/ha) which was significantly greater 

than V752 (41.4 q/ha). Grain yield was significantly influenced by the Zn application 

methods. The maximum yield was recorded under Zn31.25,F (45.6 q/ha) that was 

followed by Zn62.5 (43.5 q/ha) and Zn0 (41.3 q/ha). The methods Zn31.25,F was 

statistically at par with Zn62.5. The different levels phytohormone had a significant 

impact on grain yield. Highest wheat grain yield was recorded under H2 (45.1 q/ha) 

that was followed by H3 (44.1 q/ha), H1 (43.2 q/ha) and H0 (41.4 q/ha). The levels H2 

& H3 and H1 & H3 were statistically at par with each other. In general, treatment 

combination V725 + Zn31.25,F + H2 was the most effective in increasing grain yield 

(49.3 q/ha). 

During 2022-23 season, impact of varieties on grain yield was found 

statistically significant. Maximum grain yield was recorded for V725 (52.9 q/ha) which 

was significantly greater than V752 (46.3 q/ha). Regarding the impact of Zn on wheat, 

all methods had a significant influence on grain yield. Highest grain yield was 

recorded under Zn31.25,F (51.3 q/ha) which was significantly greater than Zn62.5 (49.7 

q/ha) and Zn0 (47.7 q/ha). For different levels of phytohormone, all had a significant 

impact on grain yield. Maximum grain yield was recorded under H2 (51.6 q/ha) that 

was followed by H3 (50.2 q/ha), H1 (48.8 q/ha) and H0 (47.7 q/ha). The interaction 

effect of variety and Zn on grain yield is presented in table 4.6a. Maximum grain yield 

was recorded for V725+Zn31.25,F (54.9 q/ha). The interaction effect of Zn and hormones 

on grain yield is presented in table 4.6b with Zn31.25,F+H2 having maximum grain 

yield (54.0 q/ha). The interaction effect of variety, Zn and hormones on grain yield is 

presented in table 4.6c. The treatment combination V725 + Zn31.25,F + H2 was the most 

effective and resulted in maximum grain yield (57.6 q/ha). 

Grain yield is the most commercially valued component of the crops. The 

difference in grain yield in two varieties was due to different dates of sowing wherein, 

the late sown variety had less duration of vegetative and reproductive phases 

(Panigrahi et al., 2022). Enhanced wheat grain yield maybe due to more 

carbohydrate synthesis in plants. The metabolic processes related to carbohydrate 

synthesis influenced by Zn which resulted in increased photosynthesis, sugar 

conversions and seed development. So, an increase in Zn content and its efficient 
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assimilation led to bolder grains, which subsequently led to an increased grain yield. 

The results inclined with findings of Ghasal et al. (2017a) and Kumar et al. (2019). 

The cytokinin application increased the number of productive tillers and helped in 

transportation of assimilates to grains, increasing grain size, weight and yield. 

Koprna et al. (2020) and Zaheer et al. (2022) also supported the results of our study. 

During the 2021-22 season, heat stress was caused during the grain-filling and 

ripening stage due to increase in both maximum and minimum temperature by more 

than 3 degree Celsius. This resulted in the decreased grain yield. These results aligned 

with the findings of Singh et al., (2022). 

Table 4.6: Effect of various treatments on yield and harvest index of wheat during 2021- 

22 and 2022-23. 
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Table 4.6a: Interaction effect of variety and Zn on grain yield (q/ha) of wheat for 2022- 

23. 

 Zn0 (No 

application) 
Zn62.5 (Soil) 

Zn31.25,F (Soil + 

Foliar) 
Mean 

V725 (PBW 725) 50.5 53.3 54.9 52.9 

V752 (PBW 752) 44.9 46.1 47.7 46.3 

Mean 47.7 49.7 51.3 
 

V x Zn (CD at p ≤ 0.05) = 0.3 

Table 4.6b: Interaction effect of Zn and hormones on grain yield (q/ha) of wheat for 

2022-23. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 
Cyt) 

Mean 

 Zn0 (No 

application) 
46.3 47.2 49.2 48.2 47.7 

Zn62.5 (Soil) 47.9 49.0 51.6 50.4 49.7 

 Zn31.25,F (Soil + 

Foliar) 
49.1 50.2 54.0 52.0 51.3 

 Mean 47.7 48.8 51.6 51.2 
 

Zn x H (CD at p ≤ 0.05) = 0.4 

Table 4.6c: Interaction effect of variety, Zn and hormones on grain yield (q/ha) of wheat 

for 2022-23. 

V725 (PBW 725) V752 (PBW 752) 

 
Zn0 (No 

application) 

Zn62.5 

(Soil) 

Zn31.25,F 

(Soil + 

Foliar) 

 

Mean 
Zn0 (No 

application) 

Zn62.5 

(Soil) 

Zn31.25,F 

(Soil + 

Foliar) 

 

Mean 

H0 (No 

application) 
48.9 51.6 53.0 51.2 43.6 44.1 45.3 44.3 

 H1 (10 mg/L 

GA) 
50.0 52.7 53.8 52.1 44.5 45.3 46.5 45.4 

 H2 (10 mg/L 

cyt) 
52.1 55.0 57.6 54.9 46.2 48.1 50.5 48.3 

H3 (5 mg/L 

GA+ 5 mg/L 

cyt) 

51.1 53.8 55.2 53.4 45.3 47.0 48.7 47.0 

 Mean 50.5 53.3 54.9 
 

44.9 46.1 47.7 
 

V x Zn x H (CD at p≤ 0.05) = 0.5 
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4.10 Straw yield (q/ha) 

Influence of different treatments on the straw yield of the two wheat varieties 

is shown in table 4.6. During 2021-22 season, difference between two wheat varieties 

was found significant. The straw yield of V725 (63.0 q/ha) was significantly greater 

than V752 (55.7 q/ha). Pertaining to influence of Zn application methods on straw yield 

of wheat, all were significant in their effect. Maximum straw yield was recorded 

under Zn31.25,F (62.5 q/ha) that was followed by Zn62.5 (59.4 q/ha) and Zn0 (56.1 q/ha). 

Various phytohormone levels had a significant influence on enhancing the straw yield. 

Maximum was recorded under H1 (61.6 q/ha) followed by H3 (60.1 q/ha), H2 (59.3 

q/ha) and H0 (56.3 q/ha). The levels H1 & H3 and H2 & H3 showed statistical parity 

with each other. Overall, the treatment V725 + Zn31.25,F + H1 was the most influential 

resulted the highest straw yield (69.3 q/ha). 

During 2022-23 season, a significant varietal difference was recorded with 

regard to straw yield. The variety V725 (79.2 q/ha) had significantly higher straw yield 

than V752 (69.3 q/ha). The influence of Zn application methods on straw yield was 

found statistically significant. Maximum straw yield resulted under Zn31.25,F (76.7 

q/ha) that was followed by Zn62.5 (74.4 q/ha) and Zn0 (71.6 q/ha). Different levels of 

phytohormones significantly impacted the straw yield. The highest was recorded 

under H1 (77.4 q/ha) that was followed by H3 (75.1 q/ha), H2 (73.2 q/ha) and H0 (71.5 

q/ha). Overall, the treatment V725 + Zn31.25,F + H1 was the most effective, resulted in 

highest straw yield (86.2 q/ha). The interaction effect of variety and Zn on straw yield 

is presented in table 4.6d. Maximum straw yield was recorded for V725+Zn31.25,F (82.1 

q/ha). The interaction effect of Zn and hormones on straw yield is presented in table 

4.6e where the combination of Zn31.25,F+H1 resulted in maximum straw yield of 80.8 

q/ha. 

Mixed approaches of Zn fertilisation, i.e. soil + foliar application, was found 

to be superior than single fertilisation methods. It might be attributed to increased 

auxin production, which played a key role in division of cells and internode 

elongation in plants (Ghasal et al., 2017a). Thus, combined Zn application (soil + 

foliar) might be more promising than other fertilisation approaches in enhancing plant 

development and dry matter at maturity which resulted in higher straw yield (Imran 

& Rehim, 2017). Application of GA led to increased plant height and dry matter 

which contributed to higher straw yield (Mathpal et al., 2023). 
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Table 4.6d: Interaction effect of variety and Zn on straw yield (q/ha) of wheat for 2022- 

23. 

 Zn0 (No 
application) 

Zn62.5 (Soil) 
Zn31.25,F (Soil + 

Foliar) 
Mean 

V725 (PBW 725) 75.8 79.8 82.1 79.2 

V752 (PBW 752) 67.5 69.1 71.4 69.3 

Mean 71.6 74.4 76.7  

V x Zn (CD at p ≤ 0.05) = 0.4 

Table 4.6e: Interaction effect of Zn and hormones on straw yield (q/ha) of wheat for 

2022-23. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 

Cyt) 

Mean 

 Zn0 (No 

application) 
69.4 73.8 71.1 72.1 71.6 

Zn62.5 (Soil) 71.6 77.4 73.3 75.3 74.4 

 Zn31.25,F (Soil + 

Foliar) 
73.4 80.8 75.1 77.7 76.7 

Mean 71.5 77.4 73.2 75.1  

Zn x H (CD at p≤ 0.05) = 0.7 

4.11 Harvest index (%) 

Data regarding the impact of different treatments on harvest index (HI) is 

presented in table 4.6. In 2021-22 season, effect of both variety and Zn application 

methods on HI was statistically non-significant. The maximum HI was recorded in 

V752 (42.7 %) and minimum in V725 (42.0 %). Among the Zn applications methods, 

maximum HI was recorded under Zn0 (42.4 %) followed by Zn62.5 (42.3 %) and 

Zn31.25,F (42.2 %). A significant effect was recorded for the various levels of plant 

hormone. The level H2 (43.2 %) had maximum harvest index followed by H0 (42.4 

%), H3 (42.3 %) and H1 (41.3 %). The levels H2, H0 and H3; H0 and H3; H1 and H3 

were statistically at par of each other. In general, the treatment combination V752 + Zn0 

+ H2 was the most effective and resulted in highest harvest index (43.8 %). 

Similarly, in 2022-23 season, a non-significant effect was recorded for the 

varieties and Zn application methods. The higher HI was recorded in V725 (40.0 %) 

followed by V752 (40.0 %). For the various Zn supply regimes, Zn31.25,F (40.1 %) 

resulted in higher HI followed by Zn62.5 (40.1 %) and Zn0 (40.0 %). The HI was 

significantly affected by the different levels of plant hormone. Maximum HI was 

recorded under H2 (41.3 %) followed by H3 (40.1 %), H0 (40.1 %) and H1 (38.7 %). 

The level H0 and H3 were statistically at par with each other. Overall, V752 + 
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Zn31.25,F + H2 treatment combination was the most influential and resulted in highest 

harvest index (42.0 %). The interaction effect of Zn and hormones on harvest index is 

presented in table 4.6f, where Zn31.25,F+H2 had highest harvest index (41.9 %). The 

interaction effect of variety and hormones on harvest index is presented in table 4.6g. 

Maximum harvest index is recorded for V752+H2 (41.5 %). 

The harvest index (HI) of a crop determines its efficiency and capacity to 

convert total dry matter into commercial output. It is the proportion of grains in 

relation to the overall dry matter of crop. Greater the value of harvest index, more the 

physiological efficiency of dry matter conversion and vice versa. Soil + foliar method 

of Zn application increased wheat’s yield attributes such as count of effective tillers 

and grains/spike (Ghasal et al., 2017a). This was further enhanced by foliar spray of 

PGR which improved grain weight and size (Mathpal et al., 2023). The 

phytohormones via different mechanisms upregulated grain development. So, the 

increased effective tillers, grain weight and number of grains enhanced the grain yield 

that led to higher harvest index. 

Table 4.6f: Interaction effect of Zn and hormones on harvest index (HI) of wheat for 

2022-23. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 

Cyt) 

 

Mean 

 Zn0 (No 

application) 
40.0 39.0 40.9 40.0 40.0 

Zn62.5 (Soil) 40.1 38.7 41.3 40.1 40.1 

 Zn31.25,F (Soil + 

Foliar) 
40.1 38.3 41.9 40.1 40.1 

Mean 40.1 38.7 41.3 40.1 
 

Zn x H (CD at p≤ 0.05) = 0.2 

Table 4.6g: Interaction effect of variety and hormones on harvest index (HI) of wheat 

for 2022-23. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 

Cyt) 

 

Mean 

 V725 (PBW 725) 
40.1 38.8 41.2 40.1 40.0 

 V752 (PBW 752) 
40.0 38.6 41.5 40.1 40.0 

 Mean 40.1 38.7 41.3 40.1 
 

V x H (CD at p ≤ 0.05) = 0.2 
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4.12 Grain protein content (%) 

Table 4.7 illustrates the influence of different treatments on the grain protein 

content. During 2021-22 season, there was a significant varietal difference in the grain 

protein content. The results revealed that the protein content of V752 (12.0 %) was 

significantly greater than V725 (10.3 %). Regarding the influence of Zn application 

methods on wheat, all were statistically significant in their effect. The highest grain 

protein content was recorded under Zn31.25,F (11.7 %) followed by Zn62.5 (11.1 %) and 

Zn0 (10.6 %). A significant impact on grain protein content was recorded on 

comparing the various phytohormones. Maximum grain protein content was recorded 

under H2 (11.5 %) followed by H3 (11.2 %), H1 (11.0 %) and H0 (10.9 %). The levels 

H2 and H3; H0, H1 and H3 were statistically similar to each other. Overall, the 

treatment combination V752 + Zn31.25,F + H2 was the most efficient and resulted in 

maximum (13.1 

%) grain protein content. 

During 2022-23 season, protein content in grains was significantly impacted 

by varieties. Higher grain protein content was recorded in V752 (12.1 %) followed by 

V725 (11.0 %). The impact of Zn application methods was found statistically 

significant on the grain protein content and maximum was recorded under Zn31.25,F 

(12.1 %) which was significantly greater than Zn62.5 (11.5 %) and Zn0 (11.0 %). The 

method Zn62.5 was statistically at par with Zn0. On comparing the levels of 

phytohormone, all had a significant impact on grain protein content. Highest grain 

protein content was recorded under H2 (11.9 %) followed by H3 (11.6 %), H1 (11.4 

%) and H0 (11.3 %). The levels H2 and H3; H0, H1 and H3 were statistically similar. In 

general, the maximum grain protein content (13.2 %) was recorded for the V752 + 

Zn31.25,F + H2 treatment. 

The protein content of grain is a crucial quality parameter of wheat. The 

protein in wheat is crucial for its use in the baking industry. Wheat with a higher 

protein content is regarded as highly valuable and suitable for human consumption, 

whereas wheat with a lower protein content is often offered on the stock-feed market 

(Hare, 2017). The increased grain protein content of wheat variety PBW 752 might 

be attributed to its genetic superiority (Singh et al., 2021; Singh et al., 2023). Zinc 

application by both soil and foliar methods resulted in an improved Zn availability to 

wheat crop. This increase in Zn availability enhanced the activities of nitrate 

reductase and glutamine synthetase, which had a favourable impact on the grain 
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protein content (Tao et al., 2018). The application of cytokinin leads to an 

acceleration in the rates of protein synthesis (Tepfer and Fosket, 1978). The 

observed phenomenon was ascribed to the interactions between cytokinin and tRNA, 

which enhanced ribosome affinity for aminoacyl-tRNAs, hence improving codon 

recognition in the polyribosome complex (Karunadasa et al., 2020). 

Table 4.7: Effect of various treatments on grain protein content (%) of wheat during 

2021-22 and 2022-23. 
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4.13 Grain phytic acid (%) 

The impact of different treatments on the grain phytic acid content is 

illustrated in table 4.8. In 2021-22 season, the comparison between wheat varieties 

revealed a non-significant effect on the grain phytic acid content. The variety V752 

(1.05 %) had more phytic acid than V725 (1.03 %). Pertaining to the impact of 

different Zn application methods on grain phytic acid content, a significant effect was 

recorded. Highest concentration of phytic acid in the grain was recorded under Zn0 

(1.12 %) followed by Zn62.5 (1.02 %) and Zn31.25,F (0.97 %). Mode Zn62.5 was 

statistically at par with Zn31.25,F. The grain phytic acid content was significantly 

influenced by various plant hormone levels. Maximum grain phytic acid was recorded 

under H0 (1.09 %) which was significantly greater than H1 (1.05 %), H3 (1.02 %) and 

H2 (0.98 %). The levels H0 and H1; H1 and H3; H2 and H3 were statistically similar to 

each other. In general, the treatment combination V725 + Zn31.25,F + H2 was the most 

effective and resulted in maximum grain phytic acid (0.91 %). 

During 2022-23 season, there was a non-significant varietal difference 

pertaining to grain phytic acid. Maximum was recorded in V752 (0.98 %) and 

minimum in V725 (0.94 %). A significant result was recorded under different methods 

of Zn application on the grain phytic acid. The method Zn0 (1.13 %) had significantly 

higher grain phytic acid content than Zn62.5 (0.93 %) and Zn31.25,F (0.82 %). The 

method Zn31.25,F was statistically at par with Zn62.5. Various plant hormones 

significantly affected the grain phytic acid content and the highest was recorded under 

H0 (1.07 %) followed by H1 (0.99 %), H3 (0.92 %) and H2 (0.86 %). The levels H0 and 

H1; H1 and H3; H2 and H3 were statistically similar to each other. Overall, the 

treatment combination V725 + Zn31.25,F + H2 was the most effective resulting in highest 

grain phytic acid (0.70 %). 

Phytic acid is a naturally occurring chemical compound present in cereal 

grains. It acts as the primary reservoir of phosphorus in seeds (Zarea et al., 2023). It 

is an anti-nutritional compound and has the ability to bind with Zn that leads to 

deficiency of this mineral (Kumar et al., 2017). Both the varieties did not differ in 

phytic acid content significantly which indicates that phytic acid was a genetic 

character of the wheat crop. In present investigation, altered Zn application timing 

also had a favourable impact on the absorption of Zn. This might be attributed to 

either a modification in the reaction time or a reduced binding of Zn by the soil P. 

Wang et al. (2015) found a strong and positive correlation between increasing Zn 
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levels and enhanced Zn absorption. The increased absorption of Zn had a crucial role 

in decreasing the content of phytic acid and enhancing the Zn fortification in plants 

(Bibi et al., 2020). The phytohormones significantly enhanced the Zn content 

(Mathpal et al., 2023) and potentially contributed in the reduction of phytic acid 

content of the wheat grains. 

Table 4.8: Effect of different treatments on grain phytic acid content (%) of wheat 

during 2021-22 and 2022-23. 
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4.14 Grain Zn content 

Impact of various treatments on the Zn content in grains of two wheat varieties 

is presented in table 4.9. In 2021-22 season, comparison of wheat varieties revealed a 

significant impact on grain Zn content. The variety V725 (32.8 mg/kg) was 

significantly superior to variety V752 (26.9 mg/kg). Regarding the influence of Zn 

application methods, all exhibited a significant effect. The maximum grain Zn was 

recorded under Zn31.25,F (33.1 mg/kg) followed by Zn62.5 (30.0 mg/kg) and Zn0 (26.3 

mg/kg). Influence of different phytohormone levels was found significant on grain Zn 

content. The highest grain Zn resulted under H2 (31.3 mg/kg) followed by H3 (30.1 

mg/kg), H1 (29.5 mg/kg) and H0 (28.3 mg/kg). The levels H1 and H3 showed statistical 

parity with each other. Overall, treatment combination V725 + Zn31.25,F + H2 resulted in 

maximum grain Zn content (37.9 mg/kg). 

During 2022-23 season, the grain Zn of both the varieties differed 

significantly, where V725 (40.7 mg/kg) had significantly higher Zn content in grain 

than V752 (35.8 mg/kg). The influence of Zn application methods on Zn content of 

wheat grains was found statistically significant. Among all, the maximum grain Zn 

content resulted under Zn31.25,F (40.2 mg/kg) which was followed by Zn62.5 (37.6 

mg/kg) and Zn0 (36.9 mg/kg). Comparing the different phytohormones, all levels had 

a significant impact on the grain Zn concentration. Maximum grain Zn was recorded 

under H2 (39.6 mg/kg) followed by H3 (38.2 mg/kg), H1 (38.0 mg/kg) and H0 (37.2 

mg/kg). The levels H1 and H3 were statistically at par with each other. Overall, 

treatment combination V725 + Zn31.25,F + H2 had the highest impact and resulted in 

maximum grain Zn content (44.5 mg/kg). The interaction effect of Zn and hormones 

on grain Zn content during the 2022-23 season is presented in table 4.9a. Maximum 

grain Zn content was recorded under Zn31.25,F+H2 (42.1 mg/kg) and minimum under 

Zn0+H0 (36.1 mg/kg). 

The significant difference in Zn concentrations between both the varieties may 

be attributed to the differential capacity of these varieties to absorb and use nutrients 

from the soil. Shekari et al. (2015) revealed notable variations in micronutrient 

concentration among different varieties. Zinc application through soil + foliar method 

enhanced its content in the plant due to efficient uptake through leaves in addition to 

the Zn accumulated through roots. Leaves exhibited a higher capacity to absorb and 

transport Zn to reproductive organs, resulting in greater accumulation as compared to 

when only applied through the soil. Similar results were also reported by Ghasal et al. 
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(2017b) and Mathpal et al. (2015). Exogenous application of cytokinin upregulates 

the expression of CKX (cytokinin oxidase/dehydrogenase) genes which controls the 

concentration of cytokinin in wheat and increase Zn translocation to grains (Zarea et 

al., 2023). Furthermore, these hormones regulate the activity of transporter proteins 

like ZIP that are associated with uptake of Zn by roots and its transport through 

shoots. Therefore, enhancing the concentration of these hormones through exogenous 

application led to an increased concentration of grain Zn in wheat (Gao et al., 2019; 

Ren et al., 2023). Mathpal et al. (2022) found that applying cytokinin through foliar 

spray resulted in increased Zn content. Similarly, Wang et al. (2017) reported an 

increase in iron levels in rice seedlings when treated with paclobutrazol, a GA 

biosynthesis inhibitor (Mathpal et al., 2023). During the 2021-22 season, heat stress 

was caused during the grain-filling and ripening stage to the crop because both 

maximum and minimum temperatures increased by over 3 degree Celsius. This 

resulted in the decreased grain Zn content. The results were supported by the findings 

of Panigrahi et al., (2022). 

4.15 Stem Zn content 

Table 4.9 illustrates the impact of various treatments on the Zn concentration 

in the stems. During 2021-22 season, comparison of wheat varieties revealed a 

significant effect on stem Zn content. The stem Zn content in V725 (23.7 mg/kg) was 

significantly higher than V752 (18.9 mg/kg). The Zn application methods displayed a 

significant impact on the stem Zn content. Highest concentration of stem Zn resulted 

under Zn31.25,F (23.4 mg/kg) followed by Zn62.5 (21.1 mg/kg) and Zn0 (19.4 mg/kg). 

The different levels of phytohormones had a significant impact on stem Zn content. 

The highest Zn content in wheat stem was recorded under H1 (22.5 mg/kg) followed 

by H3 (21.5 mg/kg), H2 (21.0 mg/kg) and H0 (20.2 mg/kg). The levels H2 and H3 

showed statistical parity with each other. The treatment combination V725 + Zn31.25,F + 

H1 was the most efficient and resulted in maximum Zn content in stem (27.1 mg/kg). 

During 2022-23 season, the wheat varieties significantly differed from each 

other with regard to stem Zn content. The Zn content in V725 (26.8 mg/kg) was 

significantly superior to V752 (22.5 mg/kg). Various Zn application methods 

significantly affected the Zn content in stem. Maximum stem Zn content resulted 

under Zn31.25,F (26.2 mg/kg) followed by Zn62.5 (25.4 mg/kg) and Zn0 (22.3 mg/kg). 

Application of phytohormones had a significant influence on the stem Zn content and 

the highest was recorded under H1 (25.6 mg/kg) followed by H3 (24.9 mg/kg), H2 
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(24.5 mg/kg) and H0 (23.5 mg/kg). The level H2 was statistically at par with H3. The 

treatment combination V725 + Zn31.25,F + H1 was the most efficient and resulted in 

highest stem Zn content (29.9 mg/kg). 

Table 4.9: Effect of various treatments on Zn content (mg/kg) in different parts of wheat 

during 2021-22 and 2022-23. 
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Table 4.9a: Interaction effect of Zn and hormones on grain Zn content (mg/kg) of wheat 

for 2022-23. 

 
H0 (No 

application) 

H1 (10 mg/L 

GA) 

H2 (10 mg/L 

Cyt) 

H3 (5 mg/L 

GA + 5 mg/L 

Cyt) 

 

Mean 

 Zn0 (No 

application) 
36.1 36.9 37.8 36.8 36.9 

Zn62.5 (Soil) 36.7 37.3 38.9 37.7 37.6 

 Zn31.25,F (Soil + 

Foliar) 
38.9 39.7 42.1 40.2 40.2 

Mean 37.2 38.0 39.6 38.2 
 

Zn x H (CD at p≤ 0.05) = 0.6 

The differential capacity of nutrient absorption from the soil might be the 

reason of variation in stem Zn content between the two varieties (Shekari et al., 

2015). Soil + foliar method of Zn application enhanced concentration of Zn in the 

plant due to efficient uptake as absorption through leaves minimise the losses 

associated with absorption via roots. Similar results were also reported by Ghasal et 

al. (2017b) and Mathpal et al. (2015). The results can be attributed to the influence 

of GA, which regulates the transporter proteins that facilitate the absorption and 

transportation of Zn. In addition to its involvement in regulating the expression of 

transporter proteins, GA also mitigate heavy metal toxicity (Ren et al., 2023). The 

results of our study aligned with the findings of Kamboj and Mathpal (2019), which 

reported an increase in Zn levels in rice when 20 mg/L GA was applied. 

4.16 Leaf Zn content 

Table 4.9 presents the influence of different treatments on the Zn content of 

leaves. During 2021-22 season, a significant result was recorded on comparing the 

wheat varieties. The leaf Zn content in V725 (9.9 mg/kg) was significantly higher than 

V752 (7.8 mg/kg). Pertaining to different Zn application methods, all significantly 

impacted the Zn content in leaves of wheat. Maximum content of leaf Zn was 

recorded under Zn31.25,F (9.9 mg/kg) followed by Zn62.5 (8.8 mg/kg) and Zn0 (7.9 

mg/kg). The various levels of plant hormones had a significant influence on the leaf 

Zn content. The highest leaf Zn content resulted under H1 (9.6 mg/kg) followed by H3 

(9.1 mg/kg), H2 (8.7 mg/kg) and H0 (8.0 mg/kg). The levels H2 and H3 were 

statistically at par with each other. The treatment combination V725 + Zn31.25,F + H1 

was most effective with highest Zn content of leaves (12.1 mg/kg). 
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During 2021-22 season, the leaf Zn content was significantly affected by the 

varieties. Maximum leaf Zn was recorded in V725 (10.5 mg/kg) followed by V752 (8.7 

mg/kg). Concerning the impact of different Zn application methods on leaf Zn 

content, a significant result was recorded. The maximum content was recorded under 

Zn31.25,F (10.2 mg/kg) followed by Zn62.5 (9.8 mg/kg) and Zn0 (8.8 mg/kg). The 

various plant hormone levels significantly affected the leaf Zn content. Highest Zn 

content in leaves resulted under H1 (10.0 mg/kg) followed by H3 (9.7 mg/kg), H2 (9.6 

mg/kg) and H0 (9.1 mg/kg). The levels H2 and H3 were statistically at par with each 

other. The V725 + Zn31.25,F + H1 treatment combination was the most effective, 

resulting in the highest leaf Zn content (11.7 mg/kg). 

The substantial variation in Zn contents between both the varieties might be 

linked to the varied capacities of absorption and utilisation of nutrients from the soil. 

Shekari et al. (2015) discovered significant variability in micronutrient content across 

various varieties. The application of Zn by soil+foliar method boosted its 

concentration in the plant owing to excellent absorption via leaves in addition to Zn 

accumulated through the plant roots. Leaves had a stronger potential to absorb Zn 

leading to its greater accumulation. Similar results were also reported by Ghasal et al. 

(2017b) and Mathpal et al. (2015). The transporter proteins that are involved in 

absorption and transport of Zn inside the plant system are being regulated by GA. 

Also, GA has been shown to reduce heavy metal toxicity, which confirm its role in 

nutrient remobilization (Ren et al., 2023). Our findings correspond with those of 

Kamboj and Mathpal (2019), which reported an increased Zn content when GA was 

applied foliarly. 

4.17 Soil Zn content 

The impact of various treatments on DTPA extractable soil Zn content is 

presented in table 4.10. Soil analysis after 2021-22 season revealed that the two 

varieties showed non-significant impact on soil Zn content. The value of soil Zn 

content in plots allocated for V725 was 0.49 mg/kg which was same to soil Zn content 

recorded in plots for V752. Regarding Zn application methods, the affect was found to 

be statistically significant. The soil Zn content in plots for Zn62.5 (0.52 mg/kg) was 

significantly higher than Zn31.25,F (0.50 mg/kg) and Zn0 (0.44 mg/kg). The methods 

Zn2 and Zn1 were statistically at par with each other. In context to different hormone 

levels, the result was found non-significant. The value recorded for soil Zn from plots 
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under H2, H3, H1 and H0 was 0.49 mg/kg. Overall, treatment V725 + Zn31.25,F + H2 and V752 

+ Zn62.5 + H2 resulted in the maximum Zn content (0.52 mg/kg) in soil. 

Table 4.10: Effect of different treatments on soil Zn content (mg/kg) of wheat during 

2021-22 and 2022-23. 
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Similarly, the soil Zn content after 2022-23 season, the influence of varieties 

was statistically non-significant. Soil Zn content in plots allocated for V725 was 0.50 

mg/kg which was same to soil Zn content recorded in plots for V752. The different Zn 

application methods significantly influenced soil Zn content. The highest soil Zn 

content was recorded from plots under Zn62.5 (0.56 mg/kg) which was significantly 

higher than Zn31.25,F (0.52 mg/kg) and Zn0 (0.42 mg/kg). The various plant hormones 

had non-significant impact on the soil Zn content. The value of soil Zn content 

resulted from plots under H2, H3, H1 and H0 was 0.50 mg/kg. Overall, treatment V725 

+ Zn62.5 + H3 and V752 + Zn62.5 + H3 resulted in the highest Zn content (0.56 mg/kg) in 

soil. The reduction in soil Zn was recorded under no application of Zn, however, an 

increase in soil Zn content was found under soil application. The results of this study 

were endorsed by Keram et al. (2012), Dhaliwal et al. (2019) and Amjadian et al. 

(2021). 

Table 4.11: Effect of different treatments on benefit-cost ratio of wheat during 2021-22 

and 2022-23. 

Benefit-cost ratio 

Treatments 2021-22 2022-23 

Variety 

V725 (PBW 725) 2.0 2.6 

V752 (PBW 752) 1.9 2.3 

Zinc application modes 

Zn0 (Control) 2.0 2.3 

Zn62.5 (Soil) 1.8 2.4 

Zn31.25,F (Soil + Foliar) 2.0 2.5 

Hormone application 

H0 (Control) 1.9 2.3 

H1 (10 mg/L GA) 1.9 2.4 

H2 (10 mg/L Cyt) 2.0 2.5 

H3 (5 mg/L GA+5 mg/L Cyt) 2.0 2.5 

4.18 Benefit-cost ratio (B:C ratio) 

The benefit-cost ratio expresses the extent of benefit or profit earned by 

applying a particular treatment over its cost. It was calculated for the different 

treatment combinations in both the seasons and presented in table 4.11. During 2021- 

22 season, the benefit-cost ratio in V725 (2.0) followed by V752 (1.9). Pertaining to 

different Zn application methods, Zn31.25,F and Zn0 had B:C ratio of 2.0 followed by 
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Zn62.5 (1.8). Among the various levels of plant hormones, the highest B:C ratio was 

recorded in H2 and H3 (2.0) followed by H0 and H1 (1.9). The treatment combination 

V725 + Zn31.25,F + H2 was most effective with B:C ratio (2.2). During 2022-23 season, 

the benefit-cost ratio in V725 (2.6) followed by V752 (2.3). Pertaining to different Zn 

application methods, Zn31.25,F had highest B:C ratio (2.5) followed by Zn62.5 (2.4) and 

Zn0 (2.3). Among the various levels of plant hormones, the maximum B:C ratio was 

recorded in H2 and H3 (2.5) which was followed by H1 (2.4) and H0 (2.3). The 

treatment combination V725 + Zn31.25,F + H2 was most effective with maximum B:C 

ratio (2.8). 
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CHAPTER – V SUMMARY AND CONCLUSIONS 
 

The field experiment entitled “Response of various zinc application 

methods and concentrations of phytohormones on yield and grain enrichment of 

zinc in early and late sown wheat (Triticum aestivum L.) varieties” was conducted 

at agriculture farm, School of Agriculture, Lovely Professional University, Phagwara, 

Punjab during the rabi season of 2021-22 and 2022-23. The first objective was to 

study the effect of various methods of zinc application on zinc uptake, yield and 

quality of early and late sown wheat varieties. The second objective was to evaluate 

the impact of various concentrations of phytohormones on zinc uptake, transport and 

quality of early and late sown wheat varieties. The third objective was to study the 

comparative economics of various methods of zinc application and concentrations of 

phytohormones on early and late sown wheat varieties. While the last objective was to 

evaluate the effect of various methods of zinc application on nutrient status of the soil.  

The low concentration of zinc (Zn) in cereal crops is primarily caused by Zn-

deficient soils and poor transportation from the source to sink. The study examined 

the impact of Zn, cytokinin and gibberellic acid (GA) on wheat growth, yield and 

quality. The design of experiment was split-split plot replicated thrice for each 

treatment. The main plots consisted of two varieties, namely V725 (PBW 725) and 

V752 (PBW 752) that were split into three sub plots: Zn0 (no zinc application), Zn62.5 

(62.5 kg/ha of zinc sulphate applied to the soil) and Zn31.25,F (31.25 kg/ha of zinc 

sulphate applied to the soil together with a foliar spray of 0.5% zinc sulphate solution). 

The subplots were further split into four sub-sub plots, namely H0 (no hormone 

application), H1 (10 mg/L GA), H2 (10 mg/L cytokinin) and H3 (5 mg/L GA plus 5 

mg/L cytokinin).  

A brief summary of experiment findings are given below. 

1. Height of plants was measured at 30, at 60, at 90, at 120 DAS and at harvest. All 

the treatments significantly affected the plant height at all growth stages. The 

maximum plant height was recorded at harvest and it was 104.0 cm and 110.2 cm 

during 2021-22 and 2022-23 seasons, respectively under treatment 

V725+Zn31.25,F+H1. The minimum plant height was recorded under treatment 

V752+Zn0+H0 and it was 78.9 cm and 83.6 cm during 2021-22 and 2022-23 seasons, 

respectively. 

2. The maximum number (402.3 and 423.2) of tillers were recorded at 120 DAS 
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during 2021-22 and 2022-23 seasons, respectively. They were maximum under the 

treatment V725+Zn31.25,F+H2 while the lowest number (277.0 and 340.5) of tillers 

were recorded under the treatment V752+Zn0+H0 during 2021-22 and 2022-23 

seasons, respectively. 

3. The leaf area index (LAI) was maximum at 90 days after sowing (DAS). During 

the 2021-22 season, maximum LAI was 4.5 under the treatment V725+Zn31.25,F+H2. 

Similarly, maximum LAI was 5.7 under same treatment during 2022-23 season. 

The minimum LAI (3.5 and 4.5) was recorded under treatment V752+Zn0+H0 

during both 2021-22 and 2022-23 seasons, respectively. 

4. The highest accumulation of dry matter was recorded at 120 DAS. Maximum dry 

matter was 903.3 g/m2 during 2021-22 season and 1162.0 g/m2 during 2022-23 

season under treatment V725+Zn31.25,F+H1 while, the minimum dry matter 

accumulation was 653.0 g/m2 and 821.5 g/m2 under treatment V752+Zn0+H0 during 2021-

22 and 2022-23 seasons, respectively. 

5. The highest number (351.62 and 378.33) of effective tillers were recorded under 

treatment V725+Zn31.25,F+H2 during 2021-22 and 2022-23 seasons, respectively. 

The lowest number (233.04 and 296.33) of effective tillers were recorded under 

treatment V752+Zn0+H0 during 2021-22 and 2022-23 seasons, respectively. 

6. The length of spike was significantly influenced by different treatments applied in 

the experiment. The maximum spike length during 2021-22 season was 11.0 cm 

under treatment V725+Zn31.25,F+H1 while maximum spike length during 2022-23 

season was 12.3 cm under treatment V725+Zn31.25,F+H2. The minimum spike length 

(8.8 cm and 9.9 cm) was recorded under V752+Zn0+H0 during 2021-22 and 2022-

23 seasons, respectively. 

7. The number of grains/spike directly correlates to the grain yield. The maximum 

number of grains per spike were recorded under V725+Zn31.25,F+H2 in both crop 

seasons. During the 2021-22 season, the number of grains were 50.0 and during 

2022-23 season, there were 58.3 grains. The lowest number of grains per spike 

(34.3 and 41.9) were recoded under V752+Zn0+H0 treatment during 2021-22 and 

2022-23 seasons, respectively. 

8. The 1000-grain weight indicates heaviness and thickness of the grains. The 

heaviest grains were recorded under V725+Zn31.25,F+H2 treatment. The weight 

recorded during 2021-22 season was 45.3 grams and during 2022-23 season was 

47.6 grams. The lightest grains were recorded under V752+Zn0+H0 treatment 

during both the seasons. The weight recorded was 38.7 grams and 39.2 grams 
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during 2021-22 and 2022-23 seasons, respectively. 

9. Different treatments significantly affected the grain yield during both the seasons. 

The highest grain yield (49.3 q/ha and 57.6 q/ha) was recorded under 

V725+Zn31.25,F+H2 during 2021-22 and 2022-23 seasons, respectively. While the 

minimum grain yield (37.3 q/ha and 43.6 q/ha) was recorded under V752+Zn0+H0 

treatment during 2021-22 and 2022-23 seasons, respectively. 

10. The highest straw yield (69.3 q/ha and 86.2 q/ha) was recorded under 

V725+Zn31.25,F+H1 during 2021-22 and 2022-23 seasons, respectively. The 

minimum straw yield (51.7 q/ha and 65.4 q/ha) was recorded under V752+Zn0+H0 

treatment during 2021-22 and 2022-23 seasons, respectively. 

11. Maximum harvest index was recorded 43.8 % under treatment V752+Zn31.25,F+H2 

during 2021-22 season and 42.0 % under same treatment during 2022-23 season. 

The minimum harvest index was recorded under V725+Zn31.25,F+H1 (40.2 %) 

during 2021-22 season and under V752+Zn31.25,F+H1 (39.0 %) during 2022-23 

season. 

12. The highest grain protein content (13.1 %) was recorded under V752+Zn31.25,F+H2 

treatment during 2021-22 season and it was 13.2 % under the same treatment 

during 2022-23 season. The lowest grain protein content (9.5 % and 10.2 %) was 

recorded under V725+Zn0+H0 for both the seasons, respectively. 

13. The lowest grain phytic acid content was recorded under V725+Zn31.25,F+H2 (0.91 

%) during 2021-22 and it was 0.70 % under the same treatment during 2022-23. 

The highest grain phytic acid content was recorded under treatment V752+Zn0+H0. 

The content was 1.19 % during 2021-22 season and 1.27 % during 2022-23 

season. 

14. The highest grain Zn content (37.9 mg/kg) was recorded under the 

V725+Zn31.25,F+H2 treatment during 2021-22 and 44.5 mg/kg during 2022-23 

season. The minimum grain Zn content (22.4 mg/kg and 33.8 mg/kg) was 

recorded under the treatment V752+Zn0+H0 during 2021-22 and 2022-23 seasons, 

respectively. 

15. The highest Zn content in stem was recorded under the V725+Zn31.25,F+H1 

treatment. The stem Zn content was 27.1 mg/kg during 2021-22 season and 29.9 

mg/kg during 2022-23 season. The minimum stem Zn content (16.0 mg/kg and 

19.5 mg/kg) was recorded under V752+Zn0+H0 treatment during 2021-22 and 

2022-23 seasons, respectively. 



78  

16. Similarly, the leaf Zn content was maximum under V725+Zn31.25,F+H1 treatment. 

The leaf Zn content was 12.1 mg/kg during 2021-22 season and 11.7 mg/kg 

during 2022-23 season. The minimum leaf Zn content (6.4 mg/kg and 7.7 mg/kg) 

was recorded under V752+Zn0+H0 treatment during 2021-22 and 2022-23 seasons, 

respectively. 

17. The DTPA extractable soil Zn was mainly affected by the Zn application modes, 

however in context to the effect of different treatment used in the experiment it 

was highest under V725+Zn62.5+H2 (0.52 mg/kg) after 2021-22 season and under 

V725+Zn62.5+H3 (0.56 mg/kg) after 2022-23 season. The lowest soil Zn content 

was recorded under the treatment V752+Zn0+H0. 

18. The benefit-cost ratio was calculated and it was maximum under treatment 

V725+Zn31.25,F+H2. During the 2021-22 season, the benefit-cost ratio was 2.4 while 

in season 2022-23, it was 2.7. The minimum benefit – cost ratio was recorded 

under V752+Zn62.5+H0 during season 2021-22 while during 2022-23 season 

V752+Zn62.5+H1 resulted minimum. 

Availability of Zn to the wheat crop decreases over time due to its fixation in 

soil. There are certain internal barriers which hinder its transport from root to shoots. 

This lead to stunted growth, yield reduction and poor quality of grains. This can 

overcome by foliar application of Zn on the foliage as leaves have higher efficiency 

for nutrient absorption. Furthermore, the source to sink translocation of Zn face 

multiple barriers such as low sink capacity and fixation by phytate inside the plant. 

These problems can be minimized by using phytohormones such as cytokinin and GA 

which improves translocation of Zn. These hormones positively affect proteins that 

are involved in Zn transport. The combined use of Zn and phytohormones enhanced 

the yield and quality of the crop and had higher benefit-cost ratio than the 

conventional practices justifying the additional expenditure of money for their use. 

The best results were recorded under the V725+Zn31.25,F+H2 treatment. Further studies 

are required for better understanding regarding the use of phytohormones in crop 

improvement under different climatic conditions. 
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Annexure 1 

Weekly mean meteorological data recorded for growing season 2021-22. 
 

Month Meteorological 

weeks 

Temperature 
(°C) 

Rainfall 

(mm) 

Relative 

Humidity 

(%) 

Wind 

speed 

(km/hr) 

  Max. Min.    

 

N
o
v
em

b
er

 46 (12-18 Nov) 26.7 13.6 0.0 56.0 2.3 

47 (19-25 Nov) 24.3 13.3 0.0 57.0 1.4 

48 (26- 2 Dec) 21.4 11.0 0.0 56.4 0.6 

 49 (3 –9 Dec) 21.3 11.4 0.0 66.4 1.4 

 

D
ec

em
b
er

 

50 (10-16 Dec) 19.9 9.1 0.0 65.3 1.7 

51 (17 – 23 Dec) 20.1 9.0 0.0 67.1 0.9 

52 (24- 31 Dec) 18.9 8.8 0.1 65.0 1.0 

 
1 (1– 7 Jan) 16.3 8.4 9.0 74.1 1.1 

 Ja
n
u
ar

y
 

2 (8 –14 Jan) 14.6 10.3 6.1 76.0 3.1 

3 (15– 21 Jan) 17.4 11.4 0.3 74.9 2.0 

 4 (22– 28 Jan) 14.9 11.7 0.0 76.9 2.3 

 
5 (29 – 4 Feb) 16.4 8.4 0.1 78.3 3.0 

 

F
eb

ru
ar

y
 

6 (5– 11 Feb) 12.6 8.7 0.0 77.3 3.0 

7 (12 - 18 Feb) 12.6 8.7 0.0 77.3 3.0 

8 (19 -25 Feb) 17.1 8.4 0.0 75.7 3.2 

 
9 (26 – 4 March) 19.6 10.4 0.0 68.7 3.0 

 10 (5- 11 March) 17.1 9.3 2.3 60.9 3.1 

 

M
ar

ch
 

11(12–18 March) 21.3 14.3 0.0 54.7 1.1 

12(19–25 March) 26.9 19.9 0.0 55.1 2.3 

 
13 (26 - 1 April) 31.9 21.6 0.0 52.4 2.3 

 14 (2– 8 April) 31.4 21.0 0.0 51.1 4.0 

 A
p
ri

l 15 (9 – 15 April) 33.1 24.1 0.0 47.3 3.4 

16 (16– 22 April) 41.3 27.1 0.1 44.6 4.0 

 17 (23– 29 April) 39.4 28.7 0.0 41.7 12.3 
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Annexure 2 

Weekly mean meteorological data recorded for growing season 2022-23. 
 

Month Meteorological 

weeks 

Temperature 
(°C) 

Rainfall 

(mm) 

Relative 

Humidity 

(%) 

Wind 

speed 

(km/hr) 

  Max. Min.    

 

N
o
v
em

b
er

 46 (12-18 Nov) 26.7 13.6 0.0 56.0 2.3 

47 (19-25 Nov) 24.3 13.4 0.0 57.0 2.3 

48 (26- 2 Dec) 22.6 11.0 0.0 64.4 0.3 

 49 (3 –9 Dec) 27.0 10.9 0.0 86.6 3.3 

 

D
ec

em
b
er

 

50 (10-16 Dec) 26.7 11.4 0.0 89.1 8.4 

51 (17 – 23 Dec) 24.6 9.9 0.0 90.4 4.6 

52 (24- 31 Dec) 21.6 8.6 0.3 94.3 7.3 

 
1 (1– 7 Jan) 14.4 5.5 0.0 94.1 6.6 

 Ja
n
u
ar

y
 

2 (8 –14 Jan) 13.5 8.4 0.3 95.6 8.9 

3 (15– 21 Jan) 14.4 5.9 0.0 91.4 6.7 

 4 (22– 28 Jan) 18.7 7.6 4.9 84.1 7.7 

 
5 (29 – 4 Feb) 20.1 8.7 1.8 94.6 11.4 

 

F
eb

ru
ar

y
 

6 (5– 11 Feb) 23.7 11.8 0.0 80.3 10.1 

7 (12 - 18 Feb) 26.0 10.8 0.0 63.0 9.6 

8 (19 -25 Feb) 28.1 14.3 0.0 92.3 9.9 

 
9 (26 – 4 March) 27.4 14.0 0.0 66.3 9.1 

 10 (5- 11 March) 29.4 14.0 0.0 46.4 8.7 

 

M
ar

ch
 

11(12–18 March) 27.8 16.7 2.1 74.4 10.6 

12(19–25 March) 24.7 13.9 5.5 93.3 1.8 

 
13 (26 - 1 April) 27.6 15.7 0.3 88.7 10.1 

 14 (2– 8 April) 27.8 14.2 0.3 65.1 2.9 

 A
p
ri

l 15 (9 – 15 April) 35.5 16.1 0.0 75.7 3.4 

16 (16– 22 April) 35.3 17.2 1.3 79.6 4.9 

 17 (23– 29 April) 35.0 18.2 0.0 76.9 9.4 
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APPENDIX III 

ANOVA TABLES 

Plant height 30 DAS 2021-22 
 

 

 

 

Plant height 60 DAS 2021-22 
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Plant height 90 DAS 2021-22 

 

 

 

 

Plant height 120 DAS 2021-22 
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Plant height at harvest 2021-22 
 

 

 

 

Tillers 30 DAS 2021-22 
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Tillers 60 DAS 2021-22 
 

 

 

 

Tillers 90 DAS 2021-22 
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Tillers 120 DAS 2021-22 
 

 

 

 

LAI 30 DAS 2021-22 
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LAI 60 DAS 2021-22 
 

 

 

 

LAI 90 DAS 2021-22 
 

 



120  

LAI 120 DAS 2021-22 
 

 

 

 

DMA 30 DAS 2021-22 
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DMA 60 DAS 2021-22 
 

 

 

 

DMA 90 DAS 2021-22 
 

 



122  

DMA 120 DAS 2021-22 
 

 

 

 

Effective tillers 2021-22 
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Spike length 2021-22 
 

 

 

 

Number of grains per spike 2021-22 
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1000 – grain weight 2021-22 
 

 

 

 

Grain yield 2021-22 
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Straw yield 2021-22 
 

 

 

 

Harvest index 2021-22 
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Grain protein content 2021-22 
 

 

 

 

Grain phytic acid content 2021-22 
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Grain Zn content 2021-22 
 

 

 

 

Steam Zn content 2021-22 
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Leaf Zn content 2021-22 
 

 

 

 

Soil Zn content 2021-22 
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Plant height 30 DAS 2022-23 
 

 

 

 

Plant height 60 DAS 2022-23 
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Plant height 90 DAS 2022-23 
 

 

 

 

Plant height 120 DAS 2022-23 
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Plant height at harvest DAS 2022-23 
 

 

 

 

Tillers 30 DAS 2022-23 
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Tillers 90 DAS 2022-23 
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Tillers 120 DAS 2022-23 
 

 

 

 

LAI 30 DAS 2022-23 
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LAI 90 DAS 2022-23 
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LAI 120 DAS 2022-23 
 

 

 

 

DMA 30 DAS 2022-23 
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DMA 60 DAS 2022-23 
 

 

 

 

DMA 90 DAS 2022-23 
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DMA 120 DAS 2022-23 
 

 

 

 

Effective tillers 2022-23 
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Spike length 2022-23 
 

 

 

 

Number of grains per spike 2022-23 
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1000 – grain weight 2022-23 
 

 

 

 

Grain yield 2022-23 
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Straw yield 2022-23 
 

 

 

 

Harvest index 2022-23 
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Grain protein content 2022-23 
 

 

 

 

Grain phytic acid content 2022-23 
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Grain Zn content 2022-23 
 

 

 

 

Stem Zn content 2022-23 
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Leaf Zn content 2022-23 
 

 

 

 

Soil Zn content 2022-23 
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APPENDIX IV – COST OF CULTIVATION (FIXED COST) 2021-22 SEASON 
 

S.no Operation 
 

Quantity/duration 
Cost per 

quantity/hour 
Total 

1 Land preparation 
Tractor 

cost 
3 hr 500 1500 

2 
Layout 

preparation 

 
5 labours 400 per day 2000 

3 Seed  100 kg/ha 3775 3775 

4 

Sowing and 

fertilizer 

application 

 

10 labours 400 per day 4000 

5 Fertilizer     

 
Nitrogen Urea 225 kg/ha 

268 per 50 
kg/bag 

1206 

 
Phosphorus DAP 137.5 kg/ha 

1350 per 50 
kg/bag 

3713 

 
Potassium MOP 30 kg/ha 

872 per 50 

kg/bag 
524 

6 
Labour for split 

dose 

 3 splits x 2 

Labours per split 

(6) 

400 per day 2400 

7 
Intercultural 

operations 

    

 Hand weeding  6 Labours 400 per day 2400 

 

Spraying 

1 pre- 

emergence 

herbicide 

1 Labour 400 per day 400 

  1 post- 

emergence 

herbicide 

1 Labour 400 per day 400 

  1 plant 

protection 

chemicals 

1 Labour 400 per day 400 

8 Herbicides 
Pre- 

emergence 

herbicide 

Pendimethalin 

(3.75 litre/ha) 

350 rupees per 

litre 
1312 

  Post- 
emergence 

Total (40 g/ha) 500 rupees per 1250 
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  herbicide  16 g packet  

 Plant protection 

chemicals 
Insecticide 

Thiamethoxam (50 

g/ha) 

3000 rupees 

per 1 kg 
150 

9 
Irrigation for 

cropping season 

 
5 months 

1000 per 

month 
5000 

10 
Harvesting and 

shelling 

 
10 labours x 2 days 400 per day 8000 

11 

Land lease and 

miscellaneous for 

cropping season 

   

2000 

12 Total    40430 

 

COST OF CULTIVATION (VARIABLE COST) 
 

S. no 
Treatment 

combination 
Zn Cytokinin GA 

Total 

cost 

1 V725 Zn0 H0 0 0 0 0 

2 V725 Zn0 H1 0 0 315 315 

3 V725 Zn0 H2 0 350 0 350 

4 V725 Zn0 H3 0 175 158 333 

5 V725 Zn62.5 H0 6325 0 0 6325 

6 V725 Zn62.5 H1 6325 0 315 6640 

7 V725 Zn62.5 H2 6325 350 0 6675 

8 V725 Zn62.5 H3 6325 175 158 6658 

9 V725 Zn31.25,F H0 3846 0 0 3846 

10 V725 Zn31.25,F H1 3846 0 315 4161 

11 V725 Zn31.25,F H2 3846 350 0 4196 

12 V725 Zn31.25,F H3 3846 175 158 4179 

13 V752 Zn0 H0 0 0 0 0 

14 V752 Zn0 H1 0 0 315 315 

15 V752 Zn0 H2 0 350 0 350 

16 V752 Zn0 H3 0 175 158 333 

17 V752 Zn62.5 H0 6325 0 0 6325 

18 V752 Zn62.5 H1 6325 0 315 6640 

19 V752 Zn62.5 H2 6325 350 0 6675 

20 V752 Zn62.5 H3 6325 175 158 6658 

21 V752 Zn31.25,F H0 3846 0 0 3846 

22 V752 Zn31.25,F H1 3846 0 315 4161 

23 V752 Zn31.25,F H2 3846 350 0 4196 

24 V752 Zn31.25,F H3 3846 175 158 4179 
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TOTAL COST (FIXED + VARIABLE) 
 

 

S. no 

 

Treatment combination 

 

Fixed cost 

 

Variable cost 

Total 

cost 

1 V725 Zn0 H0 40430 0 40430 

2 V725 Zn0 H1 40430 315 40745 

3 V725 Zn0 H2 40430 350 40780 

4 V725 Zn0 H3 40430 333 40763 

5 V725 Zn62.5 H0 40430 6325 46755 

6 V725 Zn62.5 H1 40430 6640 47070 

7 V725 Zn62.5 H2 40430 6675 47105 

8 V725 Zn62.5 H3 40430 6658 47088 

9 V725 Zn31.25,F H0 40430 3846 44276 

10 V725 Zn31.25,F H1 40430 4161 44591 

11 V725 Zn31.25,F H2 40430 4196 44626 

12 V725 Zn31.25,F H3 40430 4179 44609 

13 V752 Zn0 H0 40430 0 40430 

14 V752 Zn0 H1 40430 315 40745 

15 V752 Zn0 H2 40430 350 40780 

16 V752 Zn0 H3 40430 333 40763 

17 V752 Zn62.5 H0 40430 6325 46755 

18 V752 Zn62.5 H1 40430 6640 47070 

19 V752 Zn62.5 H2 40430 6675 47105 

20 V752 Zn62.5 H3 40430 6658 47088 

21 V752 Zn31.25,F H0 40430 3846 44276 

22 V752 Zn31.25,F H1 40430 4161 44591 

23 V752 Zn31.25,F H2 40430 4196 44626 

24 V752 Zn31.25,F H3 40430 4179 44609 

 

Gross return = wheat yield × MSP of wheat (1975 rupees in 2021-22) 
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BENEFIT – COST RATIO 

 

2021-22 season 

  

S. no 

  

Treatment 

combination 

Cost of 

cultivation 

Gross 

return 

Net 

return 

B:C 

ratio 

1 V725 Zn0 H0 40430 83608 43178 2.07 

2 V725 Zn0 H1 40745 85518 44773 2.10 

3 V725 Zn0 H2 40780 88283 47503 2.16 

4 V725 Zn0 H3 40763 86835 46072 2.13 

5 V725 Zn62.5 H0 46755 86242 39487 1.84 

6 V725 Zn62.5 H1 47070 90192 43122 1.92 

7 V725 Zn62.5 H2 47105 92825 45720 1.97 

8 V725 Zn62.5 H3 47088 91508 44420 1.94 

9 V725 Zn31.25,F H0 44276 88875 44599 2.01 

10 V725 Zn31.25,F H1 44591 92167 47576 2.07 

11 V725 Zn31.25,F H2 44626 97433 52807 2.18 

12 V725 Zn31.25,F H3 44609 94800 50191 2.13 

13 V752 Zn0 H0 40430 73733 33303 1.82 

14 V752 Zn0 H1 40745 76367 35622 1.87 

15 V752 Zn0 H2 40780 79988 39208 1.96 

16 V752 Zn0 H3 40763 77815 37052 1.91 

17 V752 Zn62.5 H0 46755 77025 30270 1.65 

18 V752 Zn62.5 H1 47070 81963 34893 1.74 

19 V752 Zn62.5 H2 47105 84925 37820 1.80 

20 V752 Zn62.5 H3 47088 83280 36192 1.77 

21 V752 Zn31.25,F H0 44276 81633 37357 1.84 

22 V752 Zn31.25,F H1 44591 86242 41651 1.93 

23 V752 Zn31.25,F H2 44626 90850 46224 2.04 

24 V752 Zn31.25,F H3 44609 87769 43160 1.97 
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APPENDIX V – COST OF CULTIVATION (FIXED COST) 2022-23 SEASON 
 

S.no Operation 
 

Quantity/duration 
Cost per 

quantity/hour 
Total 

1 Land preparation 
Tractor 

cost 
3 hr 550 1650 

2 
Layout 

preparation 

 
5 labours 400 per day 2000 

3 Seed  100 kg/ha 3775 3775 

4 
Sowing and 

fertilizer 

application 

 
10 labours 400 per day 4000 

5 Fertilizer     

 
Nitrogen Urea 225 kg/ha 

268 per 50 

kg/bag 
1206 

 
Phosphorus DAP 137.5 kg/ha 

1350 per 50 

kg/bag 
3713 

 
Potassium MOP 30 kg/ha 

872 per 50 

kg/bag 
524 

6 
Labour for split 

dose 

 3 splits x 2 

Labours per split 

(6) 

400 per day 2400 

7 
Intercultural 

operations 

    

 Hand weeding  6 Labours 400 per day 2400 

 

Spraying 

1 pre- 

emergence 

herbicide 

1 Labour 400 per day 400 

  1 post- 

emergence 

herbicide 

1 Labour 400 per day 400 

  1 plant 

protection 

chemicals 

1 Labour 400 per day 400 

8 Herbicides 
Pre- 

emergence 

herbicide 

Pendimethalin 

(3.75 litre/ha) 

350 rupees per 

litre 
1312 

  Post- 
emergence 

Total (40 g/ha) 500 rupees per 1250 
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  herbicide  16 g packet  

 Plant protection 

chemicals 
Insecticide 

Thiamethoxam (50 

g/ha) 

3000 rupees 

per 1 kg 
150 

9 
Irrigation for 

cropping season 

 
5 months 

1000 per 

month 
5000 

10 
Harvesting and 

shelling 

 
10 labours x 2 days 400 per day 8000 

11 

Land lease and 

miscellaneous for 

cropping season 

   

2500 

12 Total    41080 

 

COST OF CULTIVATION (VARIABLE COST) 
 

S. no 
Treatment 

combination 
Zn Cytokinin GA 

Total 

cost 

1 V725 Zn0 H0 0 0 0 0 

2 V725 Zn0 H1 0 0 315 315 

3 V725 Zn0 H2 0 350 0 350 

4 V725 Zn0 H3 0 175 158 333 

5 V725 Zn62.5 H0 6325 0 0 6325 

6 V725 Zn62.5 H1 6325 0 315 6640 

7 V725 Zn62.5 H2 6325 350 0 6675 

8 V725 Zn62.5 H3 6325 175 158 6658 

9 V725 Zn31.25,F H0 3846 0 0 3846 

10 V725 Zn31.25,F H1 3846 0 315 4161 

11 V725 Zn31.25,F H2 3846 350 0 4196 

12 V725 Zn31.25,F H3 3846 175 158 4179 

13 V752 Zn0 H0 0 0 0 0 

14 V752 Zn0 H1 0 0 315 315 

15 V752 Zn0 H2 0 350 0 350 

16 V752 Zn0 H3 0 175 158 333 

17 V752 Zn62.5 H0 6325 0 0 6325 

18 V752 Zn62.5 H1 6325 0 315 6640 

19 V752 Zn62.5 H2 6325 350 0 6675 

20 V752 Zn62.5 H3 6325 175 158 6658 

21 V752 Zn31.25,F H0 3846 0 0 3846 

22 V752 Zn31.25,F H1 3846 0 315 4161 

23 V752 Zn31.25,F H2 3846 350 0 4196 

24 V752 Zn31.25,F H3 3846 175 158 4179 
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TOTAL COST (FIXED + VARIABLE) 
 

 

S. no 

 

Treatment combination 

 

Fixed cost 

 

Variable cost 

Total 

cost 

1 V725 Zn0 H0 41080 0 41080 

2 V725 Zn0 H1 41080 315 41395 

3 V725 Zn0 H2 41080 350 41430 

4 V725 Zn0 H3 41080 333 41413 

5 V725 Zn62.5 H0 41080 6325 47405 

6 V725 Zn62.5 H1 41080 6640 47720 

7 V725 Zn62.5 H2 41080 6675 47755 

8 V725 Zn62.5 H3 41080 6658 47738 

9 V725 Zn31.25,F H0 41080 3846 44926 

10 V725 Zn31.25,F H1 41080 4161 45241 

11 V725 Zn31.25,F H2 41080 4196 45276 

12 V725 Zn31.25,F H3 41080 4179 45259 

13 V752 Zn0 H0 41080 0 41080 

14 V752 Zn0 H1 41080 315 41395 

15 V752 Zn0 H2 41080 350 41430 

16 V752 Zn0 H3 41080 333 41413 

17 V752 Zn62.5 H0 41080 6325 47405 

18 V752 Zn62.5 H1 41080 6640 47720 

19 V752 Zn62.5 H2 41080 6675 47755 

20 V752 Zn62.5 H3 41080 6658 47738 

21 V752 Zn31.25,F H0 41080 3846 44926 

22 V752 Zn31.25,F H1 41080 4161 45241 

23 V752 Zn31.25,F H2 41080 4196 45276 

24 V752 Zn31.25,F H3 41080 4179 45259 

 

Gross return = wheat yield × MSP of wheat (2015 rupees in 2022-23) 



151  

BENEFIT – COST RATIO 

2022-23 season 

  
Treatment 

combination 

Cost of 

cultivation 

Gross 

return 
Net return B:C ratio S. no 

  

1 V725 Zn0 H0 41080 98601 57521 2.40 

2 V725 Zn0 H1 41080 100683 59603 2.45 

3 V725 Zn0 H2 41080 104982 63902 2.56 

4 V725 Zn0 H3 41080 102899 61819 2.50 

5 V725 Zn62.5 H0 41080 103974 62894 2.53 

6 V725 Zn62.5 H1 41080 106191 65111 2.58 

7 V725 Zn62.5 H2 41080 110893 69813 2.70 

8 V725 Zn62.5 H3 41080 108475 67395 2.64 

9 V725 Zn31.25,F H0 41080 106728 65648 2.60 

10 V725 Zn31.25,F H1 41080 108340 67260 2.64 

11 V725 Zn31.25,F H2 41080 115997 74917 2.82 

12 V725 Zn31.25,F H3 41080 111228 70148 2.71 

13 V752 Zn0 H0 41080 87787 46707 2.14 

14 V752 Zn0 H1 41080 89600 48520 2.18 

15 V752 Zn0 H2 41080 93093 52013 2.27 

16 V752 Zn0 H3 41080 91280 50200 2.22 

17 V752 Zn62.5 H0 41080 88929 47849 2.16 

18 V752 Zn62.5 H1 41080 91212 50132 2.22 

19 V752 Zn62.5 H2 41080 96989 55909 2.36 

20 V752 Zn62.5 H3 41080 94638 53558 2.30 

21 V752 Zn31.25,F H0 41080 91212 50132 2.22 

22 V752 Zn31.25,F H1 41080 93765 52685 2.28 

23 V752 Zn31.25,F H2 41080 101690 60610 2.48 

24 V752 Zn31.25,F H3 41080 98131 57051 2.39 
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