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ABSTRACT 

Fertilization of field crops with zinc (Zn) has recently been a significant consideration 
worldwide due to deficiency and malnutrition. This research study aimed to evaluate 
the impact of different levels of zinc sulfate, combined with nitrogen and phosphorous 
fertilizers on soil properties, morphological characteristics of plants, plant growth, yield 
attributes, and their interaction with soil properties. The research experiment was 
conducted in a randomized complete block design with Six variable rates of ZnSO-4 (0, 
4.5, 9.5, 14.5, 19.5, and 24.5 kgha-1) arranged in a triplicate. The analysis results 
showed a 15-20% significant effect of increased rate of Zn fertilization on plant growth 
(plant height, leaf length, spike length, and fertile tiller formation), biological and grain 
yield of wheat compared to control. The mean maximum of biological 
(18018.33±820.63 and 17219.66±1261.41 kgha-1) and grain yield (4233.33±121.027 
and 4000±58.13 kgha-1) were observed in T5 and T4 (ZnSO-4 rate 24.5 and 19.5 
kgha-1) compared to control (8675.66±228.92 and 2863.33±46.99 kgha-1). 
Additionally; the results of the co-relation matrix showed a positive significant (p<0.05) 
effect among the various soil and plant parameters, while; the negative significant 
(p<0.05) was observed in soil pH, and non-significant (p<0.05) was observed in soil EC 
(dsm-1). Conclusively; this study's findings suggested that ZnSO-4 at the rate of 24.5 
kgha-1 could improve the interaction among the soil and plant nutrition that enhanced 
the morphological characteristic of wheat and ultimately influenced biological and grain 
yield kgha-1 of wheat in the hilly areas of Balochistan. 

Keywords: Zinc, Nitrogen, Wheat, Fertile Tillers, Grain Yield, Nutrient Interaction. 

 
INTRODUCTION 

Wheat (Triticum aestivum L.) is cultivated worldwide and is also known as a vital crop 

of food security, the primary source of plant-based human nourishment. Pakistan is an 

agricultural country that shares 19.5% GDP and 14% value added in agriculture (Gatto 

et al., 2021; Usmani et al., 2020), and 42% of employment and labor directly or 

indirectly involved in this sector (Ahmed et al., 2024). In Pakistan annually out of total 

land 9.0 million ha are used for wheat cultivation with the production of 24.0 million 

tons, whereas; in Balochistan 388.416 thousand hectares with a production of 842.734 

thousand tons, overall an average annual wheat yield of irrigated and rain-fed is 2.9 

and 1.3 respectively (Haider et al., 2019). However, the growth parameters and yield of 

wheat depends on soil fertility and nutrient availability in the soil solutions.  
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Normally; the fertility level of Pakistani soils varies from region to region and depends on the ability and facilitation of 

the growers, and such things will lead to the additional application of both fertilizers (organic and In-organic) to 

optimize the yield of wheat crops and to increase fertility level of the soil (Ahmed et al., 2024). Fertility is the 

capability of the soil to provide essential nutrients in adequate amounts required by plants (Nguemezi et al., 2020). 

Furthermore; wheat requires a large amount of nutrients for their growth and optimum yield, along with the maco-

nutrient Zn is also required by plants for their growth and their interaction with soil properties (Dhaliwal et al., 2022; 

Sehgal et al., 2017; Shehzadi et al., 2024). Zn is one of the essential micro-nutrients that plays a major role in 

enzyme activity, bio-synthesis, growth hormones, and synthesis of carbohydrates, proteins, chlorophyll content, and 

growth of the plant (Faizan et al., 2021). Though; plants require a small amount of Zn concentrations as play several 

roles in the plant such as seedling vigor, plant and seed grain membrane, sugar formation, improved drought, and 

heat stress. Zn deficiency is very common generally in Pakistani soil and particularly in Balochistan. However; Zn 

concentration is also inadequate in some areas of Pakistan, but the availability of Zn concentration is deficient due to 

the soil, environmental conditions, pH, EC, CEC, and SOM%, yet the application of available P fertilizers is also 

affected by the availability of Zn concentration in the soil solutions and increase salt tolerance in plant (Adeel et al., 

2024; Singh et al., 2023). 

Wheat losses of 18.3% frequently occurred in plain areas of Pakistan affected by drought and heat stress, leading to 

a loss of production of 2.5md/acre (Ahmed et al., 2024; Sehgal et al., 2017). Drought and heat stress directly decline 

the productivity of photosynthesis (Qadir et al., 2018). Additionally; calcareous soil is commonly deficient in available 

Zn, and as a result low productivity and income. Such challenges of low crop productivity and inadequate quantity of 

mineral content lead the innovative agricultural practices. 

In many studies, it has been revealed that the addition of an additional amount of ZnSO
-4

 could increase wheat grain 

yield, grain quality, and quality of protein (Corpas and Palma, 2020; Guerrini et al., 2020; Jalal et al., 2022; Wang et 

al., 2018). Moreover, Zn deficiency in wheat could be recorded initially on lower leaves and then move to words the 

younger leaves causing leaf chlorosis, poor plant growth, and necrosis on leaves (Azeem et al., 2023; Joy et al., 

2017). Additionally; Zinc fertilization also affects the availability of major nutrients NPK due to strong coordination 

with each other’s (Wilson et al., 2020; Zhu et al., 2015). Since the last decade with rapid cultivation and imbalance of 

nutrient management nowadays zinc deficiency has been recorded all over the world, particularly in arid and semi-

arid regions with calcareous, tropical hilly weather soils with sandy textured different environments recorded to be a 

more serious effect on crop growth, and yield attributes (Thapa et al., 2022; Wahid et al., 2022). 

 

MATERIALS AND METHODS 

Lasbela combines the words Las “a plain” and Bela “a forest”.  District Lasbela is 24
0
 53’02 to 26

0
 39’ 20” north 

longitude and 65
0
 12’ 11” to 67

0 
25’ 39” east longitude. The north border is shared with Khuzdar, the south border 

shares the Arabian Sea, the eastern border is shared with Karachi the Capital of Sindh province, and the western 

border is shared with the Gwadar and Awaran districts of Balochistan. The summer is long (from March to August) 

with a short winter (December to January), with a mean minimum to maximum temperature ranging between 25 to 

52 
0
C and 178 mm of an average rainfall/annum (Ahmed et al., 2024).  

Detail of research experiments:  

The main purpose of this study was to estimate the impact of variable rates of zinc sulfate fertilization on soil 

physicochemical characteristics, the growth component of wheat (Triticum aestivum), and the interaction among the 

various soil properties, and the growth and yield component of wheat. Thus; for study purposes, a plot 4m X 5m in 

randomized complete block design (RCBD) arranged in a triplicate was conducted at the experimental farm of 

Lasbela University of Agriculture, Water and Marine Sciences (LUAWMS) Uthal 2019-2020. While; the variable rates 

of Zinc sulfate (ZnSO
-
4) were T0=control, T1=4.5, T2=9.5, T3=14.5, T4=19.5, and T5=24.5kgha

-1
. By-line sowing, 

manually Faisalabad wheat variety seed was sown on 15
th
 November 2019-2020 at the rate of 100 kgha

-1
. Nitrogen 

(N) and phosphorous (P) Fertilizers were applied at the rates 100 and 70kgha
-1

, P was applied just before sowing 

the seed, and N and Zn were applied in three split doses 1
st
 after germination of the seed, 2

nd
 formation of tillers and 

3
rd

 booting. 
 
Additionally; the required plow application was carried out at the required time and before the cultivation 

of the field experiment. 

Agronomic Observation:  

Before harvesting of plant, randomly 5 healthy plants in triplicate from 18 plots were collected to evaluate the 

influence of different levels of ZnSO
-
4 on the plant growth and yield parameters such as plant height (cm), leaf length 
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(cm), pedicle length (cm), spike length (cm), biological yield, seed grain yield, number of tillers formation, seed spike
-

1
, grain weight spike

-1
 and grain yield kgha

-1
.    

Soil sampling and processing:  

Before and after the harvesting a total of 18 eighteen soil samples were collected at a depth of 0-15cm. The soil 

sample was labelled, packed, and transported to the Department of Soil Science, Faculty of Agriculture, LUAWMS to 

analyse soil physicochemical properties. Furthermore; samples were dried in the open air for 2-3 days, manually all 

stony and plant root material was collected and finally samples were sieved in 2mm in diameter. The soil and water 

extraction ratio was 1:2.5 for the analysis of soil EC (dSm
-1

) through digital EC meter, pH through a digital pH meter, 

organic matter (%) by wet oxidation (Walkley and Black, 1934), total N (mgkg
-1

), available P (mgkg
-1

), extractable 

potassium K (mgkg
-1

), and available zinc (mgkg
-1

) followed by the international methods (Estefan, 2013; Jackson, 

2005).  

Plant sampling and processing:  

The five healthy plant materials in triplicate from the experimental plots were collected, the material was washed with 

deionized water in an electric water bath, the washing material was left in the open air to minimize the excess water, 

and transferred to an oven at a temperature of 65
0
C for 24 hours, and then material was placed in an electrical 

grinder to grind the plant material <1.0mm in size, and sieved through 1.0 mm sieve to organized a plant sample for 

the analysis of N and Zn concentration in plant followed by Estefan (2013). 

Statistical analysis:  

One-way analysis of variance (ANOVA) suggested by Gomes and Gomes, 1984. The differences among treatments 

mean will be calculated by the Least Significant Difference (LSD) test 5% probability level was used with the help of 

SPSS Version 20 (IBM.2016). 

 

RESULTS 

Soil characteristic of the experimental area    

Before sowing of seed, the analysis results of soil basic properties are presented in Table 1 and showed non-

significant (p<0.05) differences among the soil properties Mostly, the soil was sandy loam (sand 61.7, silt 26.3 and 

clay 12.0%), moderate in alkaline, low in SOM%, medium in available K, and low in N, P, and available Zn Table 1. 

 
Table 1. Soil characteristics of the experimental area. 

 

Table 1 presented the soil characteristic such as soil EC (dsm
-1

), pH, Organic matter (%), Nitrogen (%), 

Phosphorous (mgkg
-1

), Potassium (mgkg
-1

), and Zinc (mgkg
-1

), presented data in triplicate with standard error (±) the 

same lowercase letters (a) indicate non-significant (p<0.05), whereas the variable rates of zinc sulfate fertilizer were  

T0=control, T1=4.5, T2=9.5, T3=14.5, T4=19.5, and T5=24.5kgha
-1

 

Impact of zinc sulfate fertilization on morphological characteristics of plant   

Figure 1 presents the analysis results of the growth components and various rates of Zinc sulfate, the results 

revealed significant (p<0.05) differences among the treatments, the growth components included plant height, leaf 

length, pedicel length, and spike length The mean maximum and a significant (p<0.05) difference was recorded in T5 

(75.8±0.87, 13.31±0.20, 35.23±0.60, 10.92±0.032) compared to Control T0 (60.4±0.53, 6.90±0.47, 26.96±0.77, 

7.50±0.41). In-contrast T0 and T1 (60.4±0.53, 6.90±0.47, 26.96±0.77, 7.50±0.41 and 70.2±0.58, 8.33±0.22, 

Treatments  EC (dSm
-1

) pH SOM (%) N% P mgkg
-1

 K mgkg
-1

 Zn mgkg
-1

 

T0 0.46 

±0.102a 

7.9 

±0.005a 

0.251 

±0.020a 

0.015 

±0.0016a 

3.38 

±0.0101a 

81.305 

±0.0359a 

0.454 

±0.0222a 

T1 0.43 

±0.049a 

7.9 

±0.036a 

0.406 

±0.026a 

0.037 

±0.0017a 

3.39 

±0.0243a 

81.542 

±0.0019a 

0.675 

±0.0006a 

T2 0.57 

± 0.078a 

7.7 

±0.049a 

0.507 

±0.052a 

0.042 

±0.0018a 

3.28 

±0.0605a 

81.583 

±0.0080a 

0.756 

±0.0318a 

T3 0.55 

±0.032a 

7.9 

±0.021a 

0.578 

±0.077a 

0.049 

±0.0036a 

3.534 

±0.0087a 

81.615 

±0.0086a 

0.854 

±0.0343a 

T4 0.56 

±0.083a 

7.7 

±0.069a 

0.667 

±0.061a 

0.057 

±0.0087a 

3.565 

±0.0007a 

81.666 

±0.0133a 

0.941 

±0.0262a 

T5 0.39 

±0.058a 

7.7 

± 0.003a 

0.729 

±0.064a 

0.065 

±0.0155a 

3.588 

±0.0051a 

81.693 

± 0.0043a 

0.991 

± 0.0043a 
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32.13±1.015, 9.13±0.37) showed non-significant (p<0.05) results compared to T2, T3, T4, and T5 respectively. 

Furthermore; compared to T1, T4, and T5 results were significantly (p<0.05) different among T0, T2, and T3 (Figure 1). 

 
Figure 1. Plant height (cm), spike length (cm) pedicel length (cm), and Leaf area (cm) mean of triplicate with 
standard errors (±) among the growth components and variable rates of zinc sulfate fertilizer (T0=control, T1=4.5, 
T2=9.5, T3=14.5, T4=19.5, and T5=24.5kgha

-1
), the different lowercase letters (a, b, c) indicate significantly different 

(p<0.05). 
 

Impact of zinc sulfate fertilization on biological and gain yield     

The analysis results of the influence of different applications of ZnSO
-4

 on biological yield (kgha
-1

), grain yield (kgha
-

1
), grain weightspike

-1
 (g), and grain weight (g) are presented in (Figure 2). The mean maximum of biological, grain 

yield, grain weight spike
-1,

 and grain weight were recorded in T5 (18018.33±820.63, 4233.33±121.02, 45.69±2.038 

and 3.23±0.28) followed by T4 (17219.67±661.41, 4000.00±158.13, 43.10±1.487 and 3.09±0.21) Figure 2. While 

minimum was recorded in T0 (8675.660±228.92, 2863.33±146.99, 26.33±0.316 and 1.55±0.22) followed by T1 

(11458.33±476.12, 3446.66±162.41, 37.85±2.020 and 2.56±0.14) (Figure 2). In a comparison of T0 and T1 a minor 

difference among the treatments and a non-significant (p<0.05) difference were noted, while; compared to T0 among 

T3, T4, and T5 the results were significantly (p<0.05) different Figure 2. The observation of biological and grain yield 

mostly indicated that the increased application of ZnSO
-4

 fertilization could increase the biological yield, grain weight 

spike
-1

, and grain yield (Figure 2). 

Impact of zinc sulfate fertilization on fertile tillers formation 

Formation of fertile tillers (m
2
) is the key component of crop productivity, analysis results of fertile tillers formation are 

presented (Figure 3) and indicate that the combined application of Zn and N has a significant effect on fertile tiller 

formations. Zn and N fertilization 24.5 and 70 kgha
-1

 was recorded the maximum (11.03±1.38) fertile tillers compared 

T0, T1, T2, T3 and T4 (3.86±0.09, 6.51±1.35, 8.66±0.64, 9.25±0.58 and 10.4±0.63). While; in-comparison of T4 and T5 

results was non-significant (p<0.05). Most findings of our study indicated fertile tiller formations increased as Zn 

fertilizer application increased (Figure 3). 

Zn and N concentration in plant    

Plant analysis results of Zn mgkg
-1

 and N% are presented in (Figure 4). The findings of N and Zn concentration in 

plant material indicated that the mean maximum of both Zn mgkg
-1

 and N% were recorded in T5 (0.984±0.006 and 

1.74±0.035) compared to T0, T1, T2, T3 and T4 (3.86±0.09, 6.51±1.35, 8.66±0.64, 9.25±0.58 and 10.4±0.63) 

respectively, and showed a significant (p<0.05) differences among the treatments, whereas mean minimum was 

noted in T1 (3.86±0.09) compared to all others (Figure 4). Additionally; the comparison of T2 and T3 showed minor 
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differences with non-significant (p<0.05) Figure 4.  

 
Figure 2. Grain weight/spike (g), Biological yield (kgha

-1
), Grain weight (g), and grain yield (kgha

-1
) mean of triplicate 

with standard (±) errors among the variable rates of zinc sulfate fertilizer  (T0=control, T1=4.5, T2=9.5, T3=14.5, 
T4=19.5, and T5=24.5 kgha

-1
), the different lowercase letters (a, b, c) indicate significantly different (p<0.05). 

 

 
Figure 3. Formation of Productive Tillers/plant mean of triplicate with standard errors (±) among the variable rates of 
zinc sulfate fertilizer (T0=control, T1=4.5, T2=9.5, T3=14.5, T4=19.5, and T5=24.5kgha

-1
) the different lowercase letters 

(a, b, c) indicate significantly different (p<0.05). 
 

Correlation Matrix among soil characteristics, growth, and yield attributes:  

The analysis results of the co-relation matrix triangle are presented in Figure 5, and showed a positive highly 

significant correlation among soil organic matter, total N, available phosphorous, Potassium, and available. The Zn 

and N concentrations in plants showed a positive significance with growth and yield attributes (Figure 5). Likewise; 

Zn fertilization was positive and highly significant with growth components such as plant height, leaf length, pedicle 

length, and spike length. Available zinc, phosphorous, and potassium were highly significantly correlated with 

biological and grain yield attributes (Figure 5). The negative correlation was recorded in soil pH with soil organic 
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matter, total nitrogen, available phosphorous, potassium, zinc, growth components, and biological and grain yield 

(Figure 5), and the non-significant was recorded among EC dsm
-1 

and soil organic matter, total nitrogen, available 

phosphorous, potassium, zinc, growth components and biological and grain yield (Figure 5). 

 

 
Figure 4. Zn (Zinc) and N (Nitrogen) content in wheat plant mean of triplicate with standard (±) of both Zn and N (mg 
kg

-1
), the different lowercase letters (a, b, c) indicate significantly different (p<0.05) among the variable rates of zinc 

sulfate fertilizer (T0=control, T1=4.5, T2=9.5, T3=14.5, T4=19.5, and T5=24.5kgha
-1

). 
 

 
Figure 5. Correlation Matrix among various zinc sulfate fertilization, soil characteristics, growth, and yield attributes, 
PH (plant height), SL (spike length), GY (grain yield), PL (Pedicel Length), BY (biological yield), G/S (grain/spike), 
LA (leaf area), GW/S (grain weight/spike), NP (nitrogen in plant), ZnP (zinc in plant), SOM (soil organic matter), NS 
(nitrogen in soil), PS (phosphorus in soil), KS (potassium in soil), ZnS (zinc in soil), EC (electrical Conductivity), and 
pH, mostly correlation matrix of various parameters were positive co-related significant (p<0.05), pH was negative 
significant and EC was non-significant (p<0.05). 
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DISCUSSION 

Plants absorb zinc in divalent ionic form (Zn
2+

), and chelate form. Fertilizer zinc sulfate contains 30% Zn and 

60% S easily absorbed by plants and showed a positive significant effect on the growth and yield component of 

the Faisalabad wheat variety cultivated in the hilly areas of Uthal Balochistan. The findings of this study showed 

increasing application of ZnSO
-
4 led to improved plant height (cm), leaf length (cm), spike length (cm), and 

pedicel length (cm) were significantly increased compared to the control, similarly Shoja et al. (2018), who 

conducted his research on Zn fertilization on rapeseed, and reported the increased application of Zn improved 

the growth and grain yield components of rapeseed. Some past studies explain that a small quantity of Zn 

concentrations plays several roles in plants such as seedling vigor, plant, and seed grain membrane, sugar 

formation, improvement drought and heat stress, and the metal component of enzymes (Ferrari et al., 2021; 

Singh et al., 2018) proteins, lipids and co-factor of growth hormones, accordingly play an important role in 

biological and grain yield of wheat (Hassan et al., 2019; Sattar et al., 2022). This positive influence on wheat 

might be the interaction of Zn concentrations in the soil solutions that play a major in the formation of 

chlorophyll and are involved in carbon metabolism (Hera et al., 2018; Sultana et al., 2016). Such co-related 

observations were also revealed in this study that the increased rate of zinc sulfate increased tiller formation, 

spike length, grain weight biological yield, and grain yield have increased with increasing Zn fertilization that 

showed a positive interaction of Zn and N applications (Figure 1, 2, 3, and 4).  Moreover; Zn is an integral 

component of various biomolecules and beneficial for crop productivity and quality, however; an insufficient 

amount of Zn declines the growth of plants and reduces the quality of seed (Rehman et al., 2018; Suganya et 

al., 2020). Singh et al. (2018) conducted research on rice with the application of Zinc sulfate, which revealed 

that at 0-6 kgha
-1

 increase in grain and biological yield of rice compared to control, the finding of this study also 

indicated that at the rate of 24.5kgha
-1 

of
 
ZnSO

-
4 increases 20% fertile tillers, grainspike

-1
, grain weight (g) grain 

yield (kgha
-1

) and biological yield (kgha
-1

) of wheat (Figure 1, 2, 3 and 4) compared to control. Adeel et al. 

(2024) reported that higher plant leaf Zn concentration should accumulate towards higher assimilation of 

photosynthesis from the source to sink resulting in higher crop yield.  

Soil is the medium for plant growth, the required nutrient uptake by plants from soil solution through plant roots 

and transported to other parts of the plant (Gupta et al., 2016), moreover; the combined application of Zn and N 

improves the growth of plant, this might help to change pH level in soil solution and increase N uptake 

(Dhaliwal et al., 2022; Hassan et al., 2019; Shehzadi et al., 2024) . Hafeez et al. (2021) conducted their 

research on Zn and Fe-based fertilization which showed the increased application of Zn fertilization has a 

positive interaction among the growth and yield of wheat cultivars. Similarly, the findings of this study indicated 

the increased level of Zn fertilization effect on the availability of both Zn and N concentrations in pla nts 

compared to control, and ultimately impact on the growth and yield component of Faisalabad wheat (Figure 1, 

2, 3 and 4). Furthermore; Dawar et al. (2021) conducted their research study on ZnSO
-
4 and reported that 

increased application of ZnSO
-
4 improved plant growth and higher plant biomass, photosynthesis and resulting 

in maximum crop yield. Similar findings were recorded in this study that ZnSO
-
4 at the rate of 24.5 kgha

-1
 affects 

the plant growth and yield component compared to other treatments (Figures 1, 2, 3, and 4). Additionally; the 

co-relation matrix (Figure 5) of this indicated a highly positive significant interaction among the various soil and 

plant properties similar findings were recorded by Shehzadi et al. (2024) and reported the positive interaction 

between Zn and N content in soil and plant. Conclusively; the finding of this study suggested that ZnSO
-
4 at 

24.5kgha
-1

 would improve the soil properties, plant growth component, and yield attribute of wheat (Figures 1, 

2, 3, and 4).  

 

CONCLUSION  

The variable rate of zinc sulfate remarkably increased the growth of wheat cultivated in hilly areas of Uthal, Balochistan 

Pakistan. The positive interaction was recorded among the N, P, and K nutrients and ultimately increased morphological 

growth characteristics of the wheat plant such as plant height, leaf length, spike length, and pedicle length. Similarly 

improved yield components of wheat formation of fertile tillerplant
-1
, biological yield, grainspike

-1
, grain weight, and grain 

yield. Conclusively; the variable application of zinc sulfate increased Zn concentration in plants and increased nutritional 

values of human health. Future studies a long-term field research experiments could be conducted grounded on the 

interaction of macro-nutrients and micro-nutrients with the combined application of zinc under different climatic conditions 

to estimate the impact of different levels of zinc sulfate in different cereal, fiber, and vegetable crops cultivated in Pakistan. 
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