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Abstract 

Wheat is the most important grain crop for providing adequate nutrition to humans, animals, and other 

living things. Wheat crops require this nutrient for their growth, development, and yield. Earlier research 

on the role of nutrients, nutrient shortage, and toxicity in wheat crops was addressed in this review 

article. Wheat crops require macronutrients as well as micronutrients. Each nutrient has its own 

personality and is involved in several metabolic processes in wheat crops. Actually, nutrient inadequacy 

and toxicity circumstances prevent wheat crops from growing, developing, and exhibiting typical 

symptoms. Wheat crops require a balance of nutrients for optimal growth, development, and yield. To 

improve wheat crop yield and other characteristics, a balanced application of primary nutrients (N, P, 

and K), secondary nutrients (S), and some additional micronutrients (Zn, B) is required. To determine 

the amount of fertilizer recommended for wheat crops, soil tests and crop nutrient requirements should 

be evaluated. This review article study would be a beneficial tool for wheat growers and researchers 

looking for a more sustainable and higher yielding wheat crop.  
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INTRODUCTION 

 Wheat (Triticum aestivum L.), a Poaceae family member, is the world's second most important 

grain crop. It is the world's most important staple meal, meeting the majority of people's protein needs. 

Wheat is India's second most popular grain after rice. It is grown on 29.58 million hectares with a yield 

of 99.70 million tonnes and a productivity of 3.37 tonnes ha-1 (Anonymous, 2019). Wheat demand in 

India is expected to exceed 140 million tonnes by 2050, according to the Indian Council of Agricultural 

Research. Because the land area under wheat is not likely to expand, the majority of this demand in 

output will have to be met by boosting productivity. Wheat is a more nutrient-dense cereal than the 

others. With 12.1 percent protein, 1.8 percent fats, 1.8 percent ash, 2.0 percent reducing sugars, 6.7 

percent pentose, and 314 Kcal/100g of food, it has a decent nutritional profile. Calcium (37 mg/100g), 

iron (4.1 mg/100g), thiamine (0.45 mg/100g), riboflavin (0.13 mg/100g), and nicotinic acid (5.4 

mg/100mg) are all good sources of minerals and vitamins in wheat. Wheat, unlike other cereals, includes 

a high level of gluten, a protein that gives the elasticity required for successful bread production. Hard 
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wheat has high protein content (10-17%) and produces gluten-rich flour, making it ideal for yeast bread. 

Wheat, despite its low productivity, is vulnerable to a variety of biotic and abiotic stresses. In addition, 

fertilizer inconsistency and incorrect application, a lack of information on varieties, edaphic features, 

mismanagement of farmers' field operations, and technology are all problems (Ali et al., 2018; Kumar et 

al., 2005; Meena et al., 2013).  

 Wheat fertilizer requirements are determined by how accessible the crops are to the soil (Krentos 

and Orphanos, 1979). Before applying fertilizer, it's critical to assess the soil's nutritional state as well as 

plant nutrient uptake. Under conditions of insufficient moisture and humidity, crops are unable to 

respond adequately to fertilizer present in the soil. Plants that have been fertilized demand more 

moisture than plants that have not been fertilized (Ralph and Ridgman, 1981). Furthermore, plant 

species and genotypes differ in terms of water, nutrient absorption, and stress response. A cultivar that 

does well in one type of soil may underperform in another, and vice versa (Adhikari et al., 2019). The 

wheat plant produces modest yields, and organic manure alone cannot meet the nutrient demand 

(Sheoran et al., 2017). On-time use of chemical fertilizers to wheat results in increased wheat production 

(Lewis et al., 1938). The appropriate application of mineral fertilizers and organic manures boosts plant 

inputs, agricultural field efficiency, and water use efficiency, according to a report (Zhang et al., 2016).  

 Wheat growth characteristics are changing substantially as a result of biological fertilizer 

injection (Ahmed et al., 2011). It increases the tiller's chances of surviving until harvest (Singh and 

Turkhede, 1986). Micronutrients can be applied in a variety of ways, including seed priming, soil 

treatment, and fortification, although foliar spray is the most helpful. According to a group of 

researchers, spraying micronutrients on wheat roots can boost root growth and increase macro and 

micronutrient uptake (Bameri et al., 2012). Micronutrients aid in the healthy, vigorous, and consistent 

growth of plants, resulting in bigger yields and a larger harvest. Micronutrient deficiencies such as iron 

(Fe), manganese (Mn), copper (Cu), zinc (Zn), boron (B), and molybdenum (Mo) have become more 

prevalent in crops around the world in recent years. Intensification of cropping systems, chemical 

fertilizers (NPK), over-liming of acid soils, and the rising desire for high-yielding varieties to feed the 

world's population are all factors that contribute to deficiency concerns (Fageria et al., 2007). 

Fertilization with Fe, Mn, Zn, and Cu enhanced grain and straw yield, test weight, and the number of 

grains per spikelet, according to Ziaeian and Malakouti (Ziaeian and Malakouti, 2001).  

 In previous research, the scientist discovered that foliar treatment of micronutrients (Fe, Mn, Zn, 

Cu, and B) at various growth stages of wheat enhanced plant height, grains per spike, test, weight, 

biological yield, harvest index, straw and grain output, and so on (Khan et al., 2010). The understanding 

of micronutrient status and its relationship to other soil qualities is critical for developing management 

methods that will ensure long-term sustainability and improved crop yields. Assessing the state of soil 

fertility in crop fields can aid in nutrient management. Soil testing and nutrient removal by grains and 

straw can be used to calculate the required nutrient quantities. The amount of nutrients required depends 

on soil fertility, climate conditions, cultivar traits, and yields. Crop nutrition requires a balanced 

utilization of macronutrients and micronutrients to optimize production and quality (Saeed et al., 2012). 

Wheat yield attributes such as leaf area index, leaf area duration, crop growth rate, net assimilation rate, 

relative growth rate plant height, spike length, spikelet's/ spike, grains/spike, test weight, tillers per 

square meter, grain yield, chlorophyll content, biological yield, and harvest index will all benefit from 

balanced micronutrient application. Balanced fertilizer application improves fertilizer efficiency while 

also improving the physical, chemical, and biological conditions of the soil, resulting in increased crop 

yield. The primary goal of this research was to learn more about the effects of various nutrients on wheat 

growth and productivity.  
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ROLE OF NUTRIENTS IN WHEAT 

Nitrogen (N)  

 Amino acids, nucleic acid, photosynthetic pigment, protein, and enzymes are all vital 

components of organisms, and nitrogen is one of them (Bungard et al., 1999). The use of nitrogen 

increases the amount of photosynthesis produced (Lawlor et al., 1989). Cereals' nitrogen requirements 

vary depending on their stage of development (Akhter et al., 2016; Biljana and Aca, 2009; Tranaviciene 

et al., 2008). The amount of nitrogen required by plants is determined by the chlorophyll concentration. 

The amount of chlorophyll in the wheat plant and leaves was found to be highly related to nitrogen 

levels (Akhter et al., 2016; Schlichting et al., 2015). We can attain the projected wheat production by 

using the appropriate nitrogen addition at the right time. The application of nitrogen fertilizers to wheat 

also results in a large rise in grain and straw. Normally, nitrogen is applied to the soil in three stages. 

The sowing cycle used one-third of the nitrogen, while the first irrigation used the other one-third.  

After the second irrigation, the remaining nitrogen application was completed. Various studies have 

demonstrated that applying different rates of nitrogen fertilizers at different times and using different 

application procedures improved wheat output (Long and Sherbakoff, 1951; Wahhab and Hussain, 

1957). (Fig. 1) 

 Wheat yields more nitrogen in irrigated areas than in non-irrigated areas. From emergence to 

tillage, the wheat plants' ability to absorb nitrogen is improved. Adding nitrogen at sowing or throughout 

the early season boosts wheat output without affecting the wheat's protein quality. When a field lacks 

nitrogen, using more than 151 kg ha-1 of nitrogen is not beneficial (Gasser and Thorburn, 1972). 

Elevated nitrogen levels increase the danger of lodging and illness, while also enhancing protein 

production in grains. The number of kernels per spike, the number of spikes per head, and the test 

weight had no effect on nitrogen germination. Nitrogen increases the amount of plant tillers, mature 

heads, and weight of the tests (Camberato and Bock, 1990; Wahhab and Hussain, 1957). Despite the 

addition of nitrogen, semi-dwarf cultivars' output is slightly reduced (Pearman et al., 1978). The amount 

of nitrogen absorbed by wheat plants is determined by the capacity and meteorological status of the 

wheat field. For irrigated and non-irrigated areas, the 90 kg N ha-1 formulation in granulated form 

boosted grain protein yield by 13.0 percent and 33.7 percent, and yield by 12.4 percent and 6.1 percent, 

respectively (Pushman and Bingham, 1976).  

 The grain dry matter increases with the fraction of nitrogen as NH4 when nitrification inhibitors 

such as EAS (enhanced ammonium supply) are available (Camberato and Bock, 1990). The nitrogen 

supply has no effect on tiller row length, but it does enhance tiller length and plant height (Sharma et al., 

2016). When nitrogen was added in excess of 40 kg ha-1 to 80 kg ha-1, wheat grain yields improved 

dramatically. Wheat usage has decreased by weight from 0 to 80 kg N ha-1 of 1000 grammes of wheat 

(Sharma et al., 2016). Nitrification inhibitors can be used to improve the number of vegetative tillers per 

plant (Camberato and Bock, 1990).  

 

Phosphorous (P)  

 It's a crucial component of the plasma membrane's skeleton, as well as nucleic acid, numerous 

coenzymes, and organic compounds like ATP and other phosphorylation products. It is crucial in energy 

transfer reactions as well as oxidation-reduction processes. Many physiological functions, such as 

energy accumulation and photosynthesis, transmission, respiration, cell expansion, and cell 

differentiation, require the synthesis of energy-rich phosphate compounds such as adenosine 

triphosphate (ATP) and adenosine diphosphate (ADP), which are also the most important essential 

components (Anwar, 2016). In plants, phosphorus is easily translocated in both upward and downward 

orientations. Phosphate is taken up by roots and transported to fast-growing young laminae via the 

xylem, where it is needed for leaf development and growth (Fredeen et al. 1989). Young plants with 

dark blue green, or occasionally purplish, leaves remain stunted, and plants with small heads have 

recently matured. Veins in leaves can produce anthocynins, causing them to become necrotic. Leafs 
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begin to fall prematurely. On leaves, petioles, and fruits, growth is slowed, and dead patches occur 

according to them (Iqbal et al., 2003).  

 After watering three to four weeks after germination, the plant readily absorbs Phosphorus. 

Phosphate-containing fertilizers have no effect on the quantity of P in wheat yields. It was suggested that 

(Jamal and Fawad, 2019). Phosphorous will cause the plants to endure under harsh environmental 

conditions. Plant phosphorus requirements, seed wetness, and corresponding precipitation all contribute 

to a higher phosphorus fertilizer heat output (Power et al., 1961). The phosphorous content of wheat is 

much larger when nitrogen and phosphorus fertilizer are used together than when phosphate is used 

alone. Nitrogen absorption can continue until the soft dough stage, while phosphorus absorption is 

limited. When both nitrogen and phosphorus are limited, nitrogen absorption in the soil takes precedence 

until the plants reach maturity (Boatwright and Haas, 1961). With treatments of 180 kg of nitrogen per 

ha. and 90 kg of P2O5, agricultural dimensions such as crop/plant height, grain number per spike, test 

weight, and grain weight improved considerably (Ibtida, 2010) and according to them (Khan et al., 

2010).  

 When Phosphorus was applied at a rate of 80 kg Phosphorus per ha during the rabi season, wheat 

produced superior results than triple superphosphate (TPS), diammonium, and phosphate (DAP) as 

single superphosphates (SSP). They employed 90 kg of P2O5 per hectare of phosphorus, with the most 

quantity acquired with tillers per square meter (557) and spikes per square meter (386) and spike length 

(11.3 cm) and height (11.3 cm) (105.7 cm). The toxic effects of phosphorus create patchy chlorosis on 

the leaf margins as well as necrosis at the end of the oldest leaf. The leaf, according to Snowball and 

Robson (1991), undergoes chlorosis and turns a glossy yellow on the bottom, although the plant's centre 

stays green. 

 

Potassium (K)  

 Despite the fact that potassium is not a component of any important organic compound in cells, it 

is required for photosynthesis, stomach regulation, cellular extension, protein synthesis, enzyme 

activation, phloem loading, and transport and uptake. Potassium is essential for plants in a variety of 

processes (Pushman and Bingham, 1976). In plants, K is very mobile, and long-distance transport occurs 

in the xylem and phloem. The rate of growth and development, as well as the makeup of the plant, have 

a considerable influence on potassium absorption. Potassium requirement is determined by the 

concentration of potassium at the root and plant surface (Barnes et al., 1976) as stated by (Ralph and 

Ridgman, 1981). Depending on environmental variables and culture, potassium can dramatically reduce 

the top leaf area.  
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Figure: 1. Nutrients and their roles. (Source: Das, 2014; McCauley, 2009). 

 

 It may also decrease dry matter, the quantity of grains per unit surface, and grain shape and size 

in the ears and higher internodes. Pathogens, brown spots, wilting, chlorosis, and frost and heat damage 

are all possible consequences of K deficiency. Browning of the tips (tip burns), marginal scorching (leaf 

scorch), or the formation of brown patches along the margins occur in older leaves. Plants with large 

leaves, shorter internodes, and a weak root system are all signs of the disease. The longest spike length 

was reached due to the incorporation of 90 kg K2O and the high grain yield on the application of 30 kilo 

gramme per ha. K2O according to reports (Brhane and Mamo, 2017). With 60 and 90 kg per ha of K2O 

treatments, wheat grain output was increased by 27.34 percent and 30.03 percent, respectively. 

 

Calcium (Ca) 

 Calcium is present in higher concentrations in leaves and in lower concentrations in seeds and 

fruits. The main constituent of plants is calcium, which is found in the middle lamella of the cell wall as 

calcium pectate. It also activates ATPase, certain kinases, and phosphplipids. It is required for lipid 

metabolism, membrane synthesis, carbohydrate metabolism, nucleic acid binding to proteins, and metal 

toxicity protection. Calcium shortage impairs the development of shoot terminal buds and root apical 

tips (e.g. no plant growth). Low calcium weakens cell membranes and increases cell wall permeability, 

causing cell contents to leak out. High quantities of K, Mg, Mn, and Al inhibit calcium absorption. 

 

Sulfur (S)  

 An amino acid (cysteine & methionine), vitamin (B1), coenzyme A, and volatile oils all include 

sulphur. Sulfur is recognised for its unequal distribution in plant organs; for example, 40 percent of the 

sulphur was found in mature corn leaves, 23 percent in the stem, 26 percent in grain, and 11 percent in 

roots. Crops can't attain their full potential in terms of yield or protein content if they don't get enough 

sulphur. Sulfur is particularly significant in plants because it aids in the synthesis of amino acids as well 

as the development of several secondary metabolites. Sulfur deficiency in wheat crops is not adequately 

investigated since an assessment is undertaken in the absence of NPK as stated by (Zhao et al., 1999). 

Sulfur deficiency in cereal crops and Brassica were triggered as a result of significant decreases in 
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atmospheric sulphur levels. Wheat yield and protein content have no effect on the application of sulphur 

(Karamanos et al., 2013).  

 Wheat is required in quantities of 15-20 kg ha-1 for optimal development. The addition of 25 

kilogramme S ha-1 did not reduce wheat grain and protein production, but it did boost the output of (80-

100 kg N ha-1) when utilized with the addition of Sulfur (Karamanos et al., 2013). In non-deficient soils, 

S intakes range from 15 to 25 kg ha-1 in the winter, whereas total absorption in S deficiency soils falls 

below 15 kg ha-1 (Zhao et al., 1999). Sulfur inputs to wheat and other plants were not a problem since 

atmospheric sulphur meets their needs. The requirement for S nutrient in plants, on the other hand, has 

increased due to the influence of acid on the natural environment (Zhao et al., 1997). 

 

Magnesium (Mg) 

 Magnesium is a key component of chlorophyll, accounting for roughly 15-20% of total 

Magnesium. Photosynthesis would not be possible without chlorophyll. Mg is a crucial structural 

component of ribosome, which are involved in protein synthesis. In plants with a magnesium shortage, 

protein N declines while non-protein N rises. Mg is necessary for practically every phosphorylating 

enzyme in carbohydrate metabolism to operate properly. Magnesium is required for the majority of 

ATP-based energy transfer processes. Magnesium is essential for plant metabolism because it is 

involved in the key energy transfer processes of photosynthesis, glycolysis, the Krebs cycle, and 

respiration. In wheat, a magnesium deficit affects grain weight and quality (Ceylan et al., 2016). We 

discovered that when Mg was given to crops, sugar concentrations rose compared to those that were not. 

Mg fertilization enhances Mg2+ bioavailability while also reducing Al3+ and Mn2+ toxicity (Bot et al., 

1990; Goss and Carvalho, 1992; Bose et al., 2011; Marschner, 2012). As a result, when exchangeable 

Mg was less than 60 mg kg-1 or pH was below 6.5, substantial yield increases were seen, with yield 

impacts being less pronounced under other circumstances. 

 

Iron (Fe) 

 Despite the fact that iron is not a component of chlorophyll, it is tightly associated with it and 

most likely serves as a catalyst. In respiration, iron also serves as a catalyst and an electron transporter. 

Iron is found in cytochromes, ferredoxin, catalase, peroxidases, fluorochrome, hematin, and aleurone 

grain globoids, among other things. It also serves as a nitrate reductase and aconitase activator. Although 

Fe fertiliser had an effect on seed output (+187 kg ha-1), foliar application of Fe did not significantly 

boost seed yield when compared to control. Similar findings have been reported by others (Yilmaz et al., 

1997; Seilsepour, 2007 and El-Majid et al. 2000). According to Seilsepour (2007), adding Fe and Zn 

increased grain production by 317 and 330 mg kg-1, respectively. Using a combination of Fe + Zn 

enhanced yield by 868 mg kg-1. Seed-Zn concentration was more influenced than other descriptors, and 

it increased across all treatments. 

 

Manganese (Mn) 

 It is required for the synthesis of chlorophyll and works as an activator of certain oxidases, 

peroxidases, dehydrogenases, kinases, and decarboxylases. It also reduces the solubility of iron by 

oxidation, therefore an excess of manganese can cause iron shortage in plants in some situations. 

Manganese deficiency affects floral and flowering development in plants, so its requirement appears to 

be higher for reproductive segments and functions than for vegetative functions (Pandey, 2010). Mn 

deficiency impairs plant pollen production, pollen viability, and pollen grain size, resulting in poor 

pollen tube growth (Sharma, 1992). Furthermore, when Mn deficit occurs, anther enzymes are altered 

and their efficacies are reduced, affecting the development of reproductive tissues (Pandey, 2010). 
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Zinc (Zn)  

 Its role, like that of iron, manganese, and copper, is unknown, however it is found in enzymes 

such as carbonic anhydrogenase, alcohol dehydrogenase, lactic dehydrogenase, glutamic dehydrogenase, 

alkaline phosphatase, and others. Carbon dioxide evolution and usage, carbohydrate and phosphorus 

metabolisms, and RNA and auxin production have all been discovered to be dependent on it. The 

production of chlorophyll and zinc have a strong link. Plants require a proper balance of all vital 

elements for appropriate development and optimum production; hence Zn is critical for plant growth. It 

aids in stronger emergence, quicker stand establishment, better root growth, enhanced plant vigour, and 

higher yield. If there is a Zinc deficiency in wheat, boron absorption boosts plants that have hazardous 

consequences (Singh et al., 1990).  

 Similarly, a Zn deficit increases the absorption of phosphorus into older leaves to the point of 

toxicity (Webb and Loneragan, 1988). Adding zinc at a rate of 15 kg ha-1 resulted in a minimum straw 

yield of 3,436 kg ha-1 and a minimal harvest yield of 39% of lowest production, the maximum 

proportion of tillers was 335 m2, the highest production of 3354 kg ha-1, and the highest plant height of 

85 cm, maximum straw production was 4307 kg ha-1 with a maximum biological production of 7785 kg 

ha-1, the largest yield of 43%, and the highest plant height of 78 cm, maximum Zinc has no discernible 

influence on the index of the leaf area (Jan et al., 2013). 

 

Boron (B)  

 At least 18 roles have been attributed to boron. It is required for sugar translocation and is 

involved in pollen reproduction and germination. It controls the entry of water into the cell and is related 

with water reactions in cells. It keeps calcium in a soluble form inside the plant and may operate as a 

potassium ration regulator. It might be related to nitrogen metabolism and cellular oxidation-reduction 

equilibrium. Boron is required for cell division and elongation in meristematic tissues, floral organs, 

flower male fertility, pollen tube germination, and seed/fruit production, according to (Marschner, 

1995). Furthermore, seeds grown in Boron-deficient soil produce aberrant seedlings. Wheat is in short 

supply in Boron. Wheat, on the other hand, is susceptible to Boron deficiency (Martens and 

Westermann, 2018). Eastern Nepal, northwest Bangladesh, northeast India, and south-west China are the 

main areas where B-deficiency in wheat has been discovered (Rerkasem and Jamjod, 2004). The lack of 

Boron in higher plants allows for the abandonment of root elongation (Gupta, 1983). In a young wheat 

crop, boron deficit causes longitudinal differentiation of younger leaves along the midrib, with sawtooth 

results growing at the margin of young leaves (Dell and Robinson, 1993). The earliest evidence of a 

plant with a B fault might be seen during anthesis (Rerkasem and Jamjod, 2004).  

 Wheat sterility is caused by a lack of B; male sterility and wheat have lower needs during the 

vegetative stage than B's reproductive requirements. The B deficiency also affects pollen germination 

and fertilisation activities (Cheng and Rerkasem, 1993). The frequency of wheat sterility owing to boron 

deficiency in Bangladesh and Nepal has long been thought to be very dynamic (Saifuzzaman and 

Meisner, 1996; Sthapit, 1988). Excess boron considerably reduces wheat dry matter productivity at all 

established Zn levels (Singh et al., 1990). Abundance B alters plant biochemical systems, causing 

metabolic alterations and severely disrupting photosynthetic processes, resulting in a considerable 

reduction in root cell proliferation (Cervilla et al., 2009; Metwally et al., 2016). Boron deficiency also 

reduces photo-oxidant distress resistance (Cervilla et al., 2009). 

 

Copper (Cu) 

 Its exact function in plants is still unknown, but its role as a catalyst and regulator is well 

established. It is a component of photosynthesis, respiration, and carbohydrate/nitrogen (C/N) balancing 

enzymes such as ascorbic acid oxidase, laccase, tyrosinase, phenoloxidase, and plastocyanin. Copper is 

also involved in the metabolism of proteins and carbohydrates, as well as enzyme systems. Its 

insufficiency in crops first manifests itself at the leaf tip during the tillering phase, while it may manifest 
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itself sooner under extreme conditions. Copper shortage causes the leaf to be thin and have a white tip. 

Growth between nodes also slows. Because this element is stationary in plants, its lack manifests in 

early plants. Copper deficiency is particularly harmful to barley (Al-Turki and Helal, 2004; Balali and 

Malakooti, 2002; Zou et al., 2001; Mengel and Kirkby, 2001). 

 

 

Nickel (Ni) 

 Previously, nickel (Ni) was not thought to be a crucial element for plant development, but 

research has shown that it is. Nickel levels in most plant tissue should be between 0.05 and 5 parts per 

million (ppm). It is found at sufficient amounts as a pollutant in soil, water, fertilizer, and other materials 

due to its low needs (typically in parts per billion). Nickel deficiency is a rare condition that is 

frequently misdiagnosed since it causes no symptoms in plants at first. This explains why most 

laboratories don't test for it and why most fertilizers don't contain it. Nickel is found in a number of plant 

enzymes, including urease, which converts urea nitrogen into usable ammonia inside the plant. Toxic 

quantities of urea can build inside the tissue without nickel, causing necrotic legions on the leaf tips. 

Nickel deficiency causes urea toxicity in this example. Nickel is also employed as a catalyst in enzymes 

that aid legume nitrogen fixation.  

 Although it is yet unknown how nickel aids disease tolerance in plants, there is evidence that it 

does. Minor nickel shortage has no visible symptoms, but it might affect plant development and 

productivity. Because nickel is a mobile element, significant nickel shortage will manifest itself visually 

in the old leaves of the plants. (P.H. Brown et al., 1987). Shortened internodes (giving the plant a 

rosetting look), poor shoot development, loss of terminal buds, and eventual death of shoots and 

branches are all signs that arise in the spring in new emerging growth of woody ornamentals. 

 

Chlorine (Cl) 

 It is engaged in water photolysis and oxygen evolution in photosynthesis in the form of chloride 

ions. It's a crucial osmotically active molecule. In leaves and roots, it is essential for cell division. 

Wilting of the leaves occurs with chlorine shortage, followed by besipetal chlorosis, bronzing, and 

necrosis. Chlorine has been shown to be the sixth necessary trace element, despite the fact that it is 

abundant in plants (Broyer et al., 1954). In South Dakota, chloride fertilizer treatments on spring wheat 

resulted in an average yield response of  2.8 bu/acre. It should be noted, however, that certain spring 

wheat cultivars are resistant to Cl- fertilization. There was at least one spring wheat variety that 

demonstrated no yield response to Cl- fertilization in field trials conducted over the previous several 

years. To evaluate whether Cl- fertilizer has the capacity to impact spring wheat output, soil testing 

should be conducted. When soil test levels in the top 2 feet are less than 15 lbs/ac, using Cl - fertilizer is 

more likely to be lucrative (Clark, J. et al. 2020). 

 

Molybdenum (Mo) 

 It can be found in minor levels in soils and plants, although its concentration is larger in mineral 

oils and coal ash. Molybdenum's function is only partially understood. It's an essential part of the nitrate 

reductase system. It also serves as a cofactor in the formation of ascorbic acid and as an activator of 

several dehydrogenases and phosphates. It has been discovered that nodule development in legumes is 

required for nitrogen fixing from the atmosphere. Because molybdenum is involved in so many distinct 

enzymatic pathways, a defined plant response to molybdenum shortage can be complicated, making 

causality to individual enzyme systems challenging. This is especially true for molybdoenzymes 

involved in nitrogen metabolism, where overall plant growth and health can affect plant development, 

pest susceptibility, and fruit or grain development (Graham and Stangoulis, 2005). The leaf blades of 

molybdenum-deficient oat and wheat develop necrotic areas, and the seeds are underdeveloped and 

shriveled (Anderson, 1956; Chatterjee and Nautiyal, 2001). Regardless of the regulatory control of NR 
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by light and dark cycles, molybdenum deficiency in wheat was demonstrated to diminish maximal NR 

activities (lower potential VMAX) (Yaneva et al., 2000). 

 

NUTRIENT INTERACTION AND DEFICIENCY  

 The knowledge of how nutrients interact can lead to fertilization research and the optimization of 

fertilization methods for improved returns and production in nutrient utilization (Rietra et al., 2017). 

Nutrient interactions occur when the supply of one nutrient affects the absorption, dispersion, or 

function of another nutrient. Depending on nutrient availability, the connection will effect plant growth, 

development, and yield. The link between nutrient availability and nutrient accumulation inside the 

plant, as well as the relationship between nutrient production and plant development, may be evaluated 

(Robson and Pitman, 1983). Antagonistic nutrient associations should be minimized in the production 

process by using fertilizers with the appropriate nutritional content, maximizing synergistic nutrient 

interactions and nutrient utilization efficacy. An effective knowledge of possibly harmful and substantial 

nutritional correlations is one of these strategies (Rietra et al., 2017). (Fig. 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 2. Plant Nutrition and Nutrient Interaction. (Agrinfobank, 2019)  (Naeem and MacRitchie, 2003)  

  When the supply of one nutrient influences the uptake and use of other nutrients in agricultural plants, this 

is known as nutrient interaction. When soil pH is greater than 8.0, zinc (Zn), iron (Fe), phosphorus, and 

occasionally calcium, potassium, and magnesium deficiencies occur. Boron and salt toxicity occurs at soil pH 

levels greater than 8.0. (Marschner,1995). Iron, zinc, phosphorus, and sometimes manganese shortage occur at 

soil pH 7.5-8.5. (Marschner,1995).  

 Plants develop light green to yellow due to nitrogen shortage, with chlorosis beginning on lower 

leaves and advancing higher as the lack worsens; plants have spindly stems and poor growth. Plants with 

a phosphorus deficit may be deeper green than normal and acquire purple discoloration on the underside 

first, then all over. Leaf tips may die back if P shortage is severe. Plants develop slowly, with thin, 

shorter stems and delayed maturity. Plants that are lacking in phosphorus have a difficult time tillering. 

Chlorosis on elder leaves is the first sign of potassium shortage, which goes higher as the lack worsens. 

Some fast-maturing high-yielding types might show signs of deficiency in their early leaves. The leaves 

get striped and burnt at the leaf edges as a result of K shortage. Chlorotic regions can appear anywhere 
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on the leaf. Deficient plants' stems are fragile and inclined to lodge. K shortage resulted in a reduction in 

yield (Ali et al., 2005).  

 Zinc deficiency in wheat manifests itself as interveinal chlorosis on newly produced leaves; 

plants are stunted and produce few tillers; if the deficit is severe, the leaves may become white and die. 

Plant height and leaf size are reduced as a result of zinc shortage. On middle-aged leaves, these 

symptoms are followed by the appearance of whitish-brown necrotic patches. The necrotic patches grow 

on top leaves as the severity of zinc deficiency worsens, and the central regions of the leaves typically 

collapse, giving them a "scorched" appearance. Crops cultivated on zinc-deficient soils have chlorotic or 

necrotic patches on their leaves, short plant height, uneven crop stand, delayed maturation, incorrectly 

formed fruits, low yield, and poor nutritional quality (Broadley et al., 2007; Alloway, 2008).  

 In wheat, low B has been shown to reduce male fertility by decreasing microsporogenesis and 

pollen tube development (Dell and Huang, 1997). B deficiency causes an increase in the number of open 

spikelets and a decrease in the number of grains per spike (Rerkasem and Jamjod, 1997). Sulfur is a vital 

plant nutrient for crop development, since it is necessary for the synthesis of proteins and enzymes, as 

well as a component of several amino acids (Scherer, 2001). As a result, a lack of S can have an impact 

on crop productivity and quality. 

 

CONCLUSION  

 Wheat is the world's most important staple food, providing the majority of the world's protein 

needs. Multiple nutritional deficits are major determinants of growth, production, and profit. For 

appropriate growth, development, and output, wheat crops require macronutrients and micronutrients 

such as nitrogen, phosphorus, potassium, iron, sulphur, boron, and zinc. For a successful crop growth, 

development, and production, effective nutrient management is required. Crop growth, development, 

and production are hampered by nutrient deficits and toxicities. Wheat growth and production are 

greatly influenced by careful fertilizer input at the proper time, pace, and location. Appropriate fertilizer 

dose in a balanced way aids in crop development and yield while also ensuring the health and 

consistency of soils and the environment. 

Acknowledgment: 

 My department of Crop Physiology instructors owe us a debt of gratitude. ANDUA&T, 

Kumarganj, Ayodhya (Uttar Pradesh) for the concept and his unwavering support in completing this 

project. 

 

REFERENCES  

1. Adhikari, M., Adhikari, N. R., Sharma, S., Gairhe, J., Bhandari, R. R., & Paudel, S. (2019). 

Evaluation of drought tolerant rice cultivars using drought tolerant indices under water stress and 

irrigated condition. American Journal of Climate Change, 8(02), 228. 

2. Agrinfobank., (2019). Micronutrients and Macronutrients in Rice Production. 

https://agrinfobank.com.pk/micronutrients-and-macronutrients-in-rice-production/ 

3. Ahmed, M. A., Ahmed, A. G., Mohamed, M. H., & Tawfik, M. M. (2011). Integrated effect of 

organic and biofertilizers on wheat productivity in new reclaimed sandy soil. Research Journal 

of Agriculture and Biological Sciences, 7(1), 105-114. 

4. Akhter, M.M., Hossain, A., Timsina, J., Teixeira da Silva, J.A., Islam, M.S., (2016). Chlorophyll 

meter-A decision-making tool for nitrogen application in wheat under light soils. International 

Journal of Plant Production, 10 (3): 289–302.  

5. Ali, H., Ahmad, S., Ali, H., Hassan, F.S., (2005). Impact of nitrogen application on growth and 

productivity of wheat (Triticum aestivum L.). J. Agric. and Soc. Sci., 1 (3): 216-218.  

6. Ali, N., Durrani, S., Adeel Shabaz, M., Hafeez, A., Ameer, H., Ishfaq, M., Fayyaz, M.R., 

Rehman, A., Waheed, A., (2018). Effect of different nitrogen levels on growth, yield and yield 

contributing attributes of wheat. International Journal of Scientific and Engineering Research, 9 

(9): 595–602. 

7. Alloway, B.J., (2008). Zinc in soils and crop nutrition. 2nd ed. International Zinc Association, 

Brussels; International Fertilizer Industry Association, Paris.  

http://www.ijcrt.org/
https://agrinfobank.com.pk/micronutrients-and-macronutrients-in-rice-production/


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 1 March 2022 | ISSN: 2250-1770 

IJCSP22A1204 International Journal of Current Science (IJCSPUB) www.ijcspub.org 673 
 

8. Al-Turki, A. I. and M. I. D. Helal. (2004). Mobilization to Pb, Zn, Cu, and Cd, in polluted soil. 

Pak. J. Biol. Sci. 7, 1972-1980. 

9. Anderson, A. J. (1956). Molybdenum deficiencies in legumes in Australia. Soil Science, 81(3), 

173-182. 

10. Anonymous. Agricultural statistics at glance. Directorate of economics and statistics, DAC & 

FW, Govt. of India 2019.  

11. Anwar, S., (2016). Nitrogen and phosphorus fertilization of improved varieties for enhancing 

yield and yield components of wheat. Pure and Applied Biology, 5 (4): 727–737.  

12. Balali, M. R., & Malakouti, M. J. (2002). Effects of different methods of micronutrient 

application on the uptake of nutrients in wheat grains in 10 provinces. Iranian Journal of Soil 

and Water Sciences, 15(2), 1-11. 

13. Bameri, M., Abdolshahi, R., Mohammadi-Nejad, G., Yousefi, K., Tabatabaie, S.M., (2012). 

Effect of different microelement treatment on wheat (Triticum aestivum) growth and yield. Intl. 

Res. J. Appl. Basic. Sci., 3 (1): 219-223.  

14. Barnes, A., Greenwood, D.J., Cleaver, T.J., (1976). A dynamic model for the effects of 

potassium and nitrogen fertilizers on the growth and nutrient uptake of crops. The Journal of 

Agricultural Science, 86 (2): 225–244.  

15. Biljana, B., Aca, M., (2009). Correlation between nitrogen and chlorophyll conent in wheat 

(Triticum aestivum L.). Kragujevac Journal of Science, 31, 69–74. 

16. Boatwright, G.O., Haas, H.J., (1961). Development and Composition of Spring Wheat as 

Influenced by Nitrogen and Phosphorus Fertilization 1 . Agronomy Journal, 53 (1), Pp. 33–36.  
17. Bose, J., Babourina, O.,and Rengel, Z. (2011). Role of Mg in alleviation of aluminium toxicity in 

plants. J. Exp. Bot., 62, 2251–2264.  

18. Bot, J. L., Goss, M. J., Carvalho, M. J. G. P. R., Van Beusichem, M. L., and Kirkby,E. A. (1990). 

The significance of the magnesium to manganese ratio in plant tissues for growth and alleviation 

of manganese toxicity in tomato (Lycopersicon esculentum) and wheat (Triticum aestivum) 

plants. Plant Soil., 124, 205–210.  

19. Brhane, H., Mamo, T., Teka, K., (2017). Potassium Fertilization and its Level on Wheat 

(Triticum aestivum) Yield in Shallow Depth Soils of Northern Ethiopia. Journal of Fertilizers 

and Pesticides, 08 (02): 8–10. 

20. Broadley, M.R., White, P.J., Hammond, J.P., Zelko, L., Lux, A., (2007). Zinc in plants. New 

Phytologist, 173, 677-702.  

21. Brown, P.H., R.M. Welch and E.E. Cary, (1987). "Nickel: A Micronutrient Essential for Higher 

Plants. Plant Physiology" (85):801-803. 

22. Broyer, T. C., A. B. Carlton, C.M. Johnson, and P. R. Stout, (1954). Chlorine –a micronutrient 

element for higher plants. Plant Physiol., 24, 26-32. 

23. Bungard, R.A., Wingler, A., Morton, J.D., Andrews, M., Press M.C., Scholes, J.D., (1999). 

Ammonium can stimulate nitrate and nitrite reductase in the absence of nitrate in Clematis 

vitalba. Plant, Cell and Environment, 22, 859–866.  

24. Camberato, J.J., Bock, B.R., (1990). Spring Wheat Response to Enhanced Ammonium Supply: 

II. Tillering. Agronomy Journal, 82 (3): 467–473. 

25. Cervilla, L.M., Blasco, B., Ríos, J.J., Rosales, M.A., Rubio-Wilhelmi, M.M., Sánchez-

Rodríguez, E., Romero, L., Ruiz, J.M., (2009). Response of nitrogen metabolism to boron 

toxicity in tomato plants. Plant Biology (Stuttgart, Germany), 11 (5): 671–677. 

26. Ceylan, Y., Kutman, U. B., Mengutay, M., and Cakmak, I. (2016). Magnesium applications to 

growth medium and foliage affect the starch distribution, increase the grain size and improve the 

seed germination in wheat. Plant Soil., 406, 145-156. 

27. Chatterjee, C., & Nautiyal, N. (2001). Molybdenum stress affects viability and vigor of wheat 

seeds. Journal of plant nutrition, 24(9), 1377-1386. 

28. Cheng, C., Rerkasem, B., (1993). Effects of boron on pollen viability in wheat. Plant and Soil, 

155-156 (1): 313–315.  

29. Clark, J., J. Gerwing and R. Gelderman. (2020). Fertilizer Recommendations Guide. SDSU 

Extension pub no. EC750 (revised). 

30. Das, S., (2014). Role of Micronutrient in Rice Cultivation and Management Strategy in Organic 

Agriculture-A Reappraisal. Agricultural Sciences, 5, Pp. 765-769. 

31. Dell, B., Huang, L.B., (1997). Physiological response of plants to low boron. Plant and Soil, 193, 

103-120.  

http://www.ijcrt.org/


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 1 March 2022 | ISSN: 2250-1770 

IJCSP22A1204 International Journal of Current Science (IJCSPUB) www.ijcspub.org 674 
 

32. Dell, B., Robinson, J.M., (1993). Symptoms of mineral nutrient deficiencies and the nutrient 

concentration ranges in seedlings of Eucalyptus maculata Hook. Plant and Soil, 155-156 (1): 

255–261. 

33. El-Majid AA, Knany RE, El-Fotoh HGA (2000). Effect of foliar application of some 

micronutrients on wheat yield and quality. Ann. Agric. Sci., 1, 301-313. 

34. Fageria, N.K., (2007). Soil fertility and plant nutrition research under field conditions: Basic 

principles and methodology. Journal of Plant Nutrition, 30 (2): 203-223. 

35. FAO. (2020). Cereal_supply_and_demand_data_may. http://www.fao.org 

/fileadmin/templates/worldfood/Reports_and_docs/Cereal_supply_and_demand_data_may.xls  

36. Fredeen, A.L., Rao, I.M. and Terry, N. (1989). Influence of phosphorus nutrition on growth and 

carbon partitionining of Glycine max. Plant Physiol. 89, 225-230. 

37. Gasser, J.K.R., Thorburn, M.A.P., (1972). The growth, composition and nutrient uptake of spring 

wheat. The Journal of Agricultural Science, 78 (3): 393–404. 

38. Goss, M. J., and Carvalho, M. J. G. P. R. (1992). Manganese toxicity: the significance of 

magnesium for the sensitivity of wheat plants. Plant Soil., 139,91–98. 

39. Graham RD, Stangoulis JRC. 2005. Molybdenum and disease. In:Dantoff L, Elmer W, Huber D, 

eds. Mineral nutrition and plant diseases. St Paul, MN: APS Press. 

40. Gupta, U.C., (1983). Boron Deficiency And Toxicity Symptoms For Several Crops As Related 

To Tissue Boron Levels. Journal of Plant Nutrition, 6 (5): 387–395. 

41. Ibtida, R., (2010). Effect of different phosphatic fertilizers on growth attributes of wheat 

(Triticum aestivum L.) Muhammad. Journal of American Science, 9 (1): 76–99.  
42. Jamal, A., Fawad, M., (2019). Effectiveness of Phosphorous Fertilizers in Wheat Crop 

Production in Pakistan. Journal of Horticulture and Plant Research, 5, 25–29. 

43. Jan, A., Wasim, M., Amanullah, Jr., (2013). Interactive effects of zinc and nitrogen application 

on wheat growth and grain yield. Journal of Plant Nutrition, 36 (10):  1506–1520. 

44. Karamanos, R.E., Harapiak, J.T., Flore, N.A., (2013). Sulfur application does not improve wheat 

yield and protein concentration. Canadian Journal of Soil Science, 93 (2): 223–228. 

45. Khan, Q.U., Khan, M.J., Rehman, S., Ullah, S., (2010). Comparison of different models for 

phosphate adsorption in salt inherent soil series of Dera Ismail Khan. Soil and Environment, 29 

(1): 11–14. 

46. Khan, S., Mirza, K.J., Anwar, F., Abdin, M.Z., (2010). Development of RAPD markers for 

authentication of Piper nigrum. Environment and International Journal of Science and 

Technology, 5, 53-62. 

47. Krentos, V.D., Orphanos, P.I., (1979). Nitrogen And Phosphorus Fertilizers For Wheat And 

Barley In A Semi-Arid Region. The Journal of Agricultural Science, 93 (3): 711–717. 

48. Kumar, P., Sarangi, A., Singh, D.K., Parihar, S.S., (2005). Wheat Performance as influenced by 

Saline Irrigation Regimes and Cultivars, Journal of AgriSearch., 1 (2): 66–72.  

49. Lawlor, D.W., Kontturi, M., Young, A.T., (1989). Photosynthesis by flag leaves of wheat in 

relation to protein, ribulose Awphosphate carboxylase activity and nitrogen supply. Journal of 

Experimental Botany, 40, 43-52  

50. Lewis, A.H., Procter, J., Trevains, D., (1938). The effect of time and rate of application of 

nitrogen fertilizers on the yield of wheat. The Journal of Agricultural Science, 28 (4): 618–629.  

51. Long, O.H., Sherbakoff, C.D., (1951). Effect of Nitrogen on Yield and Quality of Wheat1. 

Agronomy Journal, 43 (7):  320. 

52. Marschner, H., (1995). Mineral nutrition of higher plants. 2nd Ed. New York: Academic Press, 

Pp. 889.  

53. Marschner, P. (2012). Marschner"s mineral nutrition of higher plants. 3rd edn (Netherlands: 

Amsterdam) 

54. Martens, D.C., Westermann, D.T., (2018). Fertilizer Applications for Correcting Micronutrient 

Deficiencies. In: Micronutrients in Agriculture (2nd Edition). SSSA Book Series, No. 4. Pp. 549-

592. SSSA, 677 S. Segoe Rd., Madison, WI 53711.  

55. McCauley, A., (2011). Module 9. Plant Nutrient Functions and Deficiency and Toxicity 

Symptoms. http://landresources.montana.edu/nm/documents/NM9.pdf. 

56. Meena, B.L., Singh, A.K., Phogat, B.S., Sharma, H.B., (2013). Effects of nutrient management 

and planting systems on root phenology and grain yield of wheat (Triticum aestivum L.). Indian 

Journal of Agricultural Sciences, 83 (6): 627-632.  

http://www.ijcrt.org/
http://landresources.montana.edu/nm/documents/NM9.pdf


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 1 March 2022 | ISSN: 2250-1770 

IJCSP22A1204 International Journal of Current Science (IJCSPUB) www.ijcspub.org 675 
 

57. Mengel, K. and E. A. Kirkby. (2001). Principles of plant nutrition. The Netherlands. Kluwer 

Academic Publishers. 849 pp. 

58. Metwally, A., El-Shazoly, R., Hamada, A., (2016). Physiological responses to excess boron in 

wheat cultivars. European Journal of Biological Research, 7 (1): 1–8. 

59. N. Pandey (2010). Role of micronutrients in reproductive physiology of plants. Plant Stress, 4, 

1-13. 

60. Naeem, H.A., MacRitchie, F., (2003). Effect of Sulfur Nutrition on Agronomic and Quality 

Attributes of Wheat. Sulfur in Plants (Abrol, Y.P., Ahmad, A., Eds.). Pp. 305–322 305–322.  

61. Pearman, I., Thomas, S.M., Thorne, G.N., (1978). Effect of nitrogen fertilizer on growth and 

yield of semi-dwarf and tall varieties of winter wheat. The Journal of Agricultural Science, 91 

(1): 31–45. 

62. Pushman, F.M., Bingham, J., (1976). The effects of a granular nitrogen fertilizer and a foliar 

spray of urea on the yield and bread-making quality of ten winter wheats. The Journal of 

Agricultural Science, 87 (2): 281–292. 

63. Ralph, R.L., Ridgman, W.J., (1981). A study of the effects of potassium fertilizer with special 

reference to wheat on boulder-clay soils. The Journal of Agricultural Science, 97 (2): 261–296. 

64. Rerkasem, B., Jamjod, S., (2004). Boron deficiency in wheat: A review. Field Crops Research, 

89 (2-3): 173-186. 

65. Rietra, R.P.J.J., Heinen, M., Dimkpa, C.O., Bindraban, P.S., (2017). Effects of Nutrient 

Antagonism and Synergism on Yield and Fertilizer Use Efficiency. Communications in Soil 

Science and Plant Analysis, 48 (16): 1895-1920. 
66. Robson, A.D., Pitman, M.G., (1983). Interactions Between Nutrients in Higher Plants. Inorganic 

Plant Nutrition, Lindsay, 1978, 147–180. 

67. Saeed, B., Gul, H., Khan, A.Z., Badshah, N.L., Parveen, L., Khan, A., (2012). Rates and methods 

of nitrogen and sulfur application influence and cost benefit analysis of wheat. Journal of 

Agricultural & Biological Science, 7 (2): 81-85.  

68. Saifuzzaman, M., Meisner, C.A., (1996). Wheat sterility in Bangladesh: an overview of the 

problem, research and possible solutions. In: Rawson, H.M., Subedi, K.D. (Eds.), Sterility in 

Wheat in Subtropical Asia: Extent, Causes and Solution, ACIAR Proceedings, 72, 104–108.  

69. Scherer, H.W., (2001). Sulfur in crop production. Eu. J. Agron., 14, 81–111.  

70. Schlichting, A.F., Bonfim-silva, E.M., Silva, M.D.C., Pietro-souza, W., Silva, T.J.A., Farias, 

L.N., (2015). Efficiency of portable chlorophyll meters in assessing the nutritional status of 

wheat plants. Rev. bras. eng. agríc. ambient., 19 (12).  

71. Seilsepour M (2007). The study of fe and zn effects on quantitative and qualitative parameters of 

winter wheat and determination of critical levels of these elements in Varamin plain soils. 

Pajouhesh & Sazandegi.,  76, 123-133. 

72. Sharma, P.N. (1992).Pollen fertility in manganese deficient wheat. Trop Agric, 69 (1): 21-24. 

73. Sharma, S., Singh, R., Singh, D., (2016). Effect of Balance Fertilizers application on Yield and 

Economics of Wheat. Journal of AgriSearch, 3 (2): 133–134. 

74. Sheoran, S., Raj, D., Antil, R.S., Mor, V.S., Dahiya, D.S., (2017). Productivity, seed quality and 

nutrient use efficiency of wheat (Triticum aestivum L.) under organic, inorganic and integrated 

nutrient management practices after twenty years of fertilization. Cereal Research 

Communications, 45(2): 315-325. 

75. Singh, J.P., Dahiya, D.J., Narwal, R.P., (1990). Boron uptake and toxicity in wheat in relation to 

zinc supply. Fertilizer Research, 24 (2): 105–110.  

76. Singh, R.K., Turkhede, B.B., (1986). Effect of fertilizer placement and row arrangements on the 

yield of two varieties of wheat grown under dryland conditions. The Journal of Agricultural 

Science, 107(1):  113–118. 

77. Snowball, K., Robson, A.D., (1991). Nutrient Deficiencies and Toxicities in Wheat: A Guide for 

Field Identification. In Hettel GP. (ed.). Nutrient Deficiencies and Toxicities in Wheat. 

CIMMYT, Mexico. 

78. Snowball, K., Robson, A.D., (1991). Symptoms of nutrient disorders: Faba beans and field peas. 

Grain legumes Research Council, Pp. 99. 

79. Sthapit, B.R., (1988). Studies on wheat sterility problem in the Hills, Tar and Tarai of Nepal. 

Technical Report No. 16/88. Lumle Agricultural Research Centre, Pokhara, Kaski, Nepal. 

80. Tranaviciene, T., Urbonaviciute, A., Samuoliene, G., Duchovskis, P., Vaguseviciene, I., 

Sliesaravicius, A., (2008). The effect of differential nitrogen fertilization on photosynthetic 

http://www.ijcrt.org/


www.ijcspub.org                                       © 2022 IJCSPUB | Volume 12, Issue 1 March 2022 | ISSN: 2250-1770 

IJCSP22A1204 International Journal of Current Science (IJCSPUB) www.ijcspub.org 676 
 

pigment and carbohydrate contents in the two winter wheat varieties. Agronomy Research, 6(2): 

555–561. 

81. Wahhab, A., Hussain, I., (1957). Effect of Nitrogen on Growth, Quality, and Yield of Irrigated 

Wheat in West Pakistan. Agronomy Journal, 49 (3): 116–119. 

82. Webb, M.J., Loneragan, J.F., (1988). Effect of Zinc Deficiency on Growth, Phosphorus 

Concentration, and Phosphorus Toxicity of Wheat Plants. Soil Science Society of America 

Journal, 52 (6): 1676–1680 

83. Yaneva, I. A., Baydanova, V. D., & Vunkova-Radeva, R. V. (2000). Nitrate reductase activation 

state in leaves of molybdenum-deficient winter wheat. Journal of Plant Physiology, 157(5), 495-

501. 

84. Yilmaz A, Ekiz H, Torun B, Gultekin I, Karanlik S, Bagci SA, Cakmak I. (1997). Effect of 

different zinc application methods on grain yield and zinc concentration in wheat grown on zinc-

deficient calcareous soils in Central Anatolia. J. Plant Nutr., 20: 461-471. 

85. Zhang, H.Q., Yu, X.Y., Zhai, B.N., Jin, Z.Y., Wang, Z.H., (2016). Effect of manure under 

different Nitrogen application rates on winter wheat production and soil fertility in dryland. IOP 

Conference Series: Earth and Environmental Science, 39 (1). 

86. Zhao, F.J., Salmon, S.E., Withers, P.J.A., Evans, E.J., Monaghan, J.M., Shewry, P.R., McGrath, 

S.P., (1999). Responses of breadmaking quality to Sulfur in three wheat varieties. Journal of the 

Science of Food and Agriculture, 79, 1865–1874. 

87. Zhao, F.J., Withers, P.J.A., Evans, E.J., Monaghan, J., Salmon, S.E., Shewry, P.R., McGrath, 

SP., (1997). Sulfur nutrition: An important factor for the quality of wheat and rapeseed. Soil 
Science and Plant Nutrition, 43 (SPEC. ISS.), Pp. 1137–1142. 

88. Ziaeian, A. H., Malakouti, M.J., (2001). Effects of Fe, Mn, Zn and Cu fertilization on the yield 

and grain quality of wheat in the calcareous soils of Iran. Plant Nutrition, Pp. 840–841.  

89. Zou, C., J. Shen, F. Zhang, S. Guo, Z. Rengel and C. Tang. (2001). Impact of nitrogen from on 

Cu uptake and distribution in maize seedling in solution Culture. Plant and Soil. 235, 143-149. 
 

 

http://www.ijcrt.org/

