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Abstract. Zinc is an essential micronutrient for the survival of plants. Rice cultivation in Indonesia is primarily 

conducted on submerged soil, resulting in low zinc availability in rice plants. Applying zinc fertilizer is a method 

to augment plant nutrients, consequently enhancing rice yield. This study aimed to analyze and determine the best 

ZnSO4 fertilization dose for yield and zinc concentration in Ciherang, Rojolele and Mentik Wangi rice varieties. 

This study was conducted in the experimental garden of Sebelas Maret University from August 2023 to January 

2024. The study was conducted using a 3x5 factorial Randomized Complete Block Design. The first factor was 

rice varieties consisting of Ciherang, Rojolele, and Mentik Wangi. The second factor was ZnSO4 fertilization 

consisting of doses of 0 kg.ha-1, 12 kg.ha-1, 16 kg.ha-1, 20 kg.ha-1, and 24 kg.ha-1. Statistical analysis in this study 

used ANOVA with a significance level of 5% and DMRT with a significance level of 5%. Zinc sulfate 

heptahydrate (ZnSO4) foliar application significantly differs in rice's zinc concentration. Mentik wangi rice variety 

(V3) was given dose 4 (D4) (24 kg.ha-1) is the best combination to increase the zinc concentration in rice by 40.01 

ppm compared to no zinc fertilization treatment. 

Keywords: foliar; rice; yield; zinc sulfate heptahydrate (ZnSO4)

 

INTRODUCTION 

Zinc is an essential micronutrient for the 

survival of humans and plants. The presence 

of zinc is crucial in the human body for 

protein synthesis, cell growth, and cell 

differentiation (Farzana et al., 2021). Plants 

only need a small amount of zinc, but it plays 

a vital role in several key physiological 

functions, including structural membrane 

formation, photosynthesis, phytohormone 

activity, lipid, and nucleic acid metabolism, 

gene expression and regulation, protein 

synthesis, defense against drought and 

disease (Anggraeni et al., 2021). 

Zinc deficiency in rice plants poses a 

major threat to food security (Salawati et al., 

2021). This is a concern in several countries, 

including Indonesia, as rice is the primary 

food commodity (Zhang et al., 2021). The 

zinc content of rice is significantly lower than 

that of animal-based foods. An analysis of 

zinc levels in rice revealed a range of 16.2 to 

35 ppm, with ciherang rice variety has zinc 

concentration of 16.5 ppm, while the rojolele 
rice variety has zinc concentration of 31 ppm 

(Indrasari, 2006). This range is still below the 

recommended daily intake for humans (Yang 

et al., 2021).  

Rice, derived from the rice plant (Oryza 

sativa L.), is a staple food for most 

Indonesians and should provide sufficient 

zinc content to support growth. However, the 

majority of rice cultivation in Indonesia 

utilizes submerged soil, resulting in low zinc 

availability in rice plants (Prom-u-thai et al., 

2020). Lowland rice is at high risk of zinc 

deficiency due to the decline in zinc levels in 

submerged soil. Submergence leads to an 

increase in soil pH, causing the formation of 

zinc sulfide (ZnS), and an increase in the 

concentrations of divalent ferrous (Fe2+) and 

manganese (Mn2+) ions. These ions, in turn, 

significantly hinder zinc uptake by plant roots 

(Sunar et al., 2021). 

One of the ways farmers to get maximum 

rice yields is using inorganic fertilizer 

(Marpaung et al., 2024)and the most effective 

strategies for enhancing zinc absorption in 

rice plants is zinc fertilization (Islam et al., 

2021). The foliar spray method or the method 

of spraying zinc (Zn) onto leaves is the most 

effective fertilization method compared to 

spraying onto the soil in improving crop 

production quality. Zinc deficiency in plants 

is most commonly addressed using zinc 

sulfate heptahydrate (ZnSO4) due to its high 
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solubility and affordability. Foliar 

application of zinc is considered an effective 

method as the nutrients can easily penetrate 

the leaf cuticle, leading to better absorption 

(Saikh et al., 2022). 

Studies emphasizing plant cultivation 

techniques useful for increasing yield and 

zinc content in rice are needed to meet human 

nutritional needs. This study aimed to analyze 

and determine the best dose of Zinc Sulfate 

Heptahydrate (ZnSO4) fertilization to 

increase growth, yield, and zinc content in the 

Ciherang, Rojolele, and Mentik Wangi rice 

varieties. 

 

METHODS 

This study was conducted at the 

experimental garden of the Faculty of 

Agriculture, Sebelas Maret University (UNS) 

in Jumantono sub-district, Karanganyar 

Regency, with an altitude of 345 meters 

above sea level (geographic location 

7°37’48.82” South Latitude and 

110°56’52.17” East Longitude), and the 

analysis of zinc content (soil, plants, and rice) 

was carried out at the Chemistry and Soil 

Laboratory of Sebelas Maret University 

(UNS). The study was conducted over a 

period of 5 months, from August 2023 to 

January 2024. The study was conducted using 

a 3x5 factorial Randomized Complete Block 

Design. The first factor  was rice varieties 

consisting of Ciherang, Rojolele, and Mentik 

Wangi. The second factor was foliar 

fertilization of Zinc Sulfate Heptahydrate 

(ZnSO4) consisting of doses of 0 kg.ha-1 

(control), 12 kg.ha-1, 16 kg.ha-1, 20 kg.ha-1, 

and 24 kg.ha-1. The zinc content of the soil 

samples was analyzed before any treatment 

was applied. 

Rice seeds (Ciherang, Rojolele, and 

Mentik Wangi) were dried under sunlight for 

2 hours, then rinsed to remove dirt and empty 

seeds. Next, they were soaked for 24 hours. 

The seeds were then incubated for 36 hours 

until the radicle emerged, and then sown in 

seedling trays. Seedling care included 

irrigation, fertilization, and pest and disease 

control. Seedlings were transplanted into 

plastic gallons with one rice seedling per 

planting hole 15 days after sowing. Each 

gallon was filled with a growing medium 

composed of soil with added 

manure/compost. A total of 45 rice seedlings 

(45 gallons) were transplanted based on the 

formula first factor x second factor x 3 

replications. ZnSO4 fertilization was applied 

foliarly or by spraying to rice plants at 21 

days after transplanting (DAT) (25% of each 

dose), 42 DAT (35% of each dose), and 63 

DAT (40% of each dose).  

Observed variables were plant zinc 

content, rice zinc content, panicle length, 

number of filled grains, number of empty 

grains, 1000-grain weight, harvest index, dry 

grain weight per clump and per hectare. 

Statistical analysis in this study used 

ANOVA (analysis of variance) with a 

significance level of 5% and DMRT (Duncan 

Multiple Range Test) with a significance 

level of 5%. 

RESULTS AND DISCUSSION 

Soil Analysis Results from the Experimental 

garden 

Soil is an essential component in 

agriculture, providing plants with the 

essential nutrients they need to thrive 

(Sumarniasih et al., 2023). To determine the 

nutrient content in the soil, soil analysis needs 

to be conducted before planting crops in 

agricultural fields (Kalambe, 2021). 

Soil analysis is a series of chemical 

processes that determine the amount of 

available plant nutrients in the soil (Kalambe, 

2021). Based on the results of soil analysis in 

Table 1, the total nitrogen content is moderate 

(0.38%), phosphorus content is low (6.64 

ppm), potassium content is very low (0.34%), 

organic matter content is very high (5.89%), 

soil pH is slightly acidic (6.09), cation 

exchange capacity is high (25.40 cmol/kg) 
(Satiti et al., 2020), (Eviati et al., 2023) and 

the available zinc content in the soil is low at 

1.55 ppm (Primary laboratory analysis data, 

2023), low soil zinc content can occur due to 

increased iron, nitrogen and phosphorus 

content. The average zinc content in 
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agricultural land ranges from 50 ppm (Brian 

J. Alloway, 2008). 

Research by (Coffin & Slaton, 2020), 

who tested zinc in rice through soils with low 

and medium zinc levels, showed that the 

increased concentration of zinc in rice was 

not detected significantly. Low zinc content 

in the soil results in low zinc (Zn) content in 

plants (Amin et al., 2022). The availability of 

Zn for plants is highly dependent on site-

specific deposits, diffusion conditions, 

weeds, and the availability of other nutrients 

such as N, P, K, Ca, and Fe (Salawati et al., 

2021).  

Table 1. Results of nutrient analysis in the soil prior to the study 
 

Nutrients Soil Chemistry Concentration Valuation 

N-Total 0.38 % Moderate 

P 6.64 ppm Low 

K 0.34% Very low 

C-Organik 5.89% Very high 

pH 6,09 Slightly acidic 

Zn 1.55 ppm Low 
Cation exchange capacity 25.40 cmol/kg Hight 

Source: Primary Data Laboratory Analysis (2023) &; Laboratory Analysis, based on research (Satiti et 

al., 2020) and guidelines for chemical analysis of soil, plants, water and fertilizer (Eviati et al., 2023). 

 

Panicle Length 

Panicle length plays a crucial role in rice 

growth. The longer the panicle size, the more 

grains it can produce (Yagya et al., 2023). 

Based on the observation data of panicle 

length (Table 2), there was no interaction in 

rice varieties (ciherang (V1), rojolele (V2) 

and Mentik Wangi (V3)) with zinc 

fertilization doses (dose 1 (D1) (12 kg.ha-1), 

dose 2 (D2) (16 kg.ha-1), dose 3 (D3) (20 
kg.ha-1) and dose 4 (D4) (24 kg.ha-1)). While 

the single factor of rice varieties showed 

significantly different results and the dose of 

zinc fertilization showed no significant 

difference in the length of panicles. The rice 

variety factor showed the highest panicle 

length in the rojolele rice variety (V2) of 

25.40 cm compared to the Ciherang (V1) and 

Mentik Wangi (V3) rice varieties. 

Zinc plays a crucial role in plant 

biochemical activities, including in the 

formation of the auxin hormone, essential for 

plant growth, particularly in stem and panicle 

development (S K Rautaray & Swati 

Sucharita, 2023). This study found no 

significant differences among the zinc sulfate 

heptahydrate fertilization treatments applied. 

However, some treatment doses had a 

positive effect on increasing panicle length in 

several rice varieties. This is in line with 

another research by (Yagya et al., 2023) 

which states that applying zinc fertilizer 

through foliar spraying to the leaves is less 

effective in increasing panicle length. The 

fertilization that increases panicle length is 

the fertilization of zinc through the soil 

followed by foliar spray. These results are 

also in line with the research conducted by 
(Kandil et al., 2022) which states that the 

application of zinc fertilizer through foliar 

produces a significant difference in all plant 

attributes including panicles length, viewed 

from the side of single factor, that is the 

variety factor.  

Number of Filled Grains Panicle 

The number of filled grains per panicle 

in several rice varieties indicated no 

significant difference among all treatments 

(Table 2). However, the application of zinc 

sulfate heptahydrate (ZnSO4) fertilizer at 

several treatment doses indicated better 

results compared to the 0-dose treatment. 

This is in line with the study by Sunar et al., 

(2021). 

Based on the data presented in Table 2, 

showed no interaction in rice varieties 
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(ciherang (V1), rojolele (V2) and mentik 

wangi (V3)) with zinc fertilization doses 

(dose 1 (D1) (12 kg.ha-1), dose 2 (D2) (16 

kg.ha-1), dose 3 (D3) (20 kg.ha-1) and dose 4 

(D4) (24 kg.ha-1)). As for the single factor, the 

rice variety showed significantly different 

results, while for the zinc fertilization dose, it 

showed no significant difference in the 

amount of number of filled grains per panicle. 

The rice variety factor showed that the 

number of grains filled with beans was the 

highest in the Ciherang rice variety (V1) of 

125.04 grains compared to the rojolele (V2) 

and mentik wangi (V3) rice varieties. 

Table 2. The effect of zinc sulfate heptahydrate fertilizer application on the yield components 

of several rice varieties 

Treatment 
Penicle Length 

(cm) 

Grain Filled 

Penicle 

Hollow Grain 

Filled Penicle 

Weight 1000 

Seeds (g) 

Varietas    

V1 24.46a 125.04b 20.62a 25.71a 

V2 25.40b 97.96a 24.58a 27.53b 

V3 25.05ab 93.78a 22.65a 28.46b 

Dosis    

D0 24.33a 102.58a 27.00a 25.98a 

D1 25.03a 103.61a 24.57a 27.06a 

D2 25.39a 106.46a 20.71a 27.59a 

D3 25.05a 104.42a 20.70a 27.64a 

D4 25.07a 110.88a 20.11a 27.90a 

Interaction 0.962 (ns) 0.669 (ns) 0.136 (ns) 0.527 (ns) 
Remarks: The values in the same column followed by the same letter show no significant difference 

based on the DMRT test at the 5% level. Description n = significantly different, ns = not significantly 

different. 

 

Several factors affect the number of 

filled grains per panicle. One crucial factor is 

the minimal infestation of brown 

planthopper, which typically suck the sap out 

of rice grains, rendering them empty. 

According to Maulana et al., (2023), the 

appropriate application of ZnSO4 fertilizer 

can enhance plant resistance to pests and 

diseases, leading to a higher yield of filled 

grains. The length of the panicle also plays a 

role in determining the number of filled 

grains per panicle, as it depends on the plant’s 

photosynthesis process. The longer the 

panicle, the more filled grains it can 

potentially support, and the more efficient the 

plant’s photosynthesis, the better the quality 
of the grains produced (Nena Nurhasanah et 

al., 2020). 

Hollow Grains Panicle 

Based on the observation data of the 

number of hollow grains penicle (Table 2), 

there was no interaction in rice varieties 

(ciherang (V1), rojolele (V2) and mentik 

wangi (V3)) with zinc fertilization doses 

(dose 1 (D1) (12 kg.ha-1), dose 2 (D2) (16 

kg.ha-1), dose 3 (D3) (20 kg.ha-1) and dose 4 

(D4) (24 kg.ha-1)). This is also in line with the 

results of the single factor of rice varieties and 

the dose of zinc fertilization which showed no 

significant difference in the number of 

vacuum grains. Empty grains per panicle are 

inversely proportional to the number of filled 

grains per panicle. The higher the dose of zinc 

sulfate heptahydrate fertilizer on several rice 

varieties, the better the results compared to 

the 0 dose group.  

The application of ZnSO4 fertilizer can 

help reduce the number of empty grains per 

panicle because ZnSO4 plays a role in plant 

metabolism that synergistically supports 

growth, resulting in a decrease in the number 

of empty grains (Salawati et al., 2021).  

Weight of 1000 Grain 
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The results of the observation of the 

weight of 1000 seeds showed that there was 

no interaction in rice varieties (ciherang (V1), 

rojolele (V2) and Mentik Wangi (V3)) with 

zinc fertilization doses (dose 1 (D1) (12 

kg.ha-1), dose 2 (D2) (16 kg.ha-1), dose 3 (D3) 

(20 kg.ha-1) and dose 4 (D4) (24 kg.ha-1)). 

While the single factor of rice varieties 

showed significantly different results, but for 

the dose of zinc fertilization showed no real 

difference in the weight of 1000 seeds. The 

rice variety factor showed that the weight of 

1000 seeds was highest in the mentik wangi 

rice variety (V3) of 28.46 g compared to the 

Ciherang (V1) and Rojolele (V2) rice 

varieties. This can happen because different 

varieties carry genetic influences, so the rice 

seeds produced are different in each variety, 

which affects the weight of each rice seed. 

Well-filled rice grains produce heavier grain 

weight. This indicates that the biomass 

content is increasing due to the adequate 

availability of nutrients (S K Rautaray & Swati 
Sucharita, 2023). Planting rice using plastic 

gallons around each clump ensures that the 

applied ZnSO4 is evenly distributed to each 

clump, providing each one with maximum 

nutrients without competing for fertilizer 

absorption (Mehmood et al., 2022). 

Although there was no real interaction in 

the statistical test regarding the effect of zinc 

fertilization on weight with rice varieties, the 

zinc fertilization performed showed an 

increase in the weight yield of 1000 grain 

weight at each treatment dose when 

compared to dose 0. The results also align 

with the research by (Khampuang et al., 

2023), which states that zinc fertilization has 

a good effect because it can increase 1000-

grain weight by 12%.  The better 1000-grain 

weight compared to the control group aligns 

with the findings of Choukri et al., (2022) 

stating that applying zinc sulfate heptahydrate 

(ZnSO4) fertilizer has a positive effect on rice 

grain yield. 

Dry Grain Weight at Harvest 

Dry grain weight at harvest can be seen 

in Table 3. Foliar application of zinc sulfate 

heptahydrate (ZnSO4) has a positive effect on 

increasing the dry grain weight at harvest 

(Bhavik et al., 2019). 

Foliar application of zinc sulfate 

heptahydrate (ZnSO4) can increase the dry 

grain weight at harvest for several rice 

varieties. However, variables of dry grain 

weight harvest per clump and dry grain 

weight of harvest per ton showed no 

interaction in rice varieties (ciherang (V1), 

rojolele (V2) and fragrant picking (V3)) with 

zinc fertilization doses (dose 1 (D1) (12 

kg.ha-1), dose 2 (D2) (16 kg.ha-1), dose 3 (D3) 

(20 kg.ha-1) and dose 4 (D4) (24 kg.ha-1)). 

Likewise, the single factor of rice varieties 

showed no significant difference in the 

weight of dry grain harvested by per clump 

and the weight of dry grain harvested by per 

ton. Meanwhile, the single factor of rice zinc 

fertilization dose showed significantly 

different results on the weight of dry grain 

weight of per clump harvest and dry grain 

weight of per ton harvest. 

The total weight of dry grain harvest per 

clump for the zinc fertilization dose factor 

shows that the weight of dry grain harvest per 

clump is the most at dose 3 (D3) (20 kg.ha-1) 

of 139.22 g compared to no zinc fertilization 

treatment. In the weight of dry grain harvest 

per ton, for the zinc fertilization dose factor, 

the weight of dry grain harvested per ton was 

the largest at dose 3 (D3) (20 kg.ha-1) of 22.27 

tons/ha-1 compared to no zinc fertilization 

treatment. These results were better than the 

control group (dose 0).  

Zinc functions as cofactor in carbonate 

anhydrase enzyme in CO2 fixation, 

respiration, ion exchange, pH regulation and 

fixation photosynthesis. Zinc application in 

leaves at the reproductive stage efficiently 

increases the weight of dry grain yield at 

harvest weight occurs due to photosynthesis 

activity stimulated by the application of zinc 

fertilizer so that the yield is directly 

translocated through xylem and phloem in the 

formation of panicles and grains(Khampuang 

et al., 2022).   
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Table 3. Effect of zinc sulfate heptahydrate (ZnSO4) fertilizer application on Dry Grain 

Weight at Harvest for several rice varieties 

Treatment 
Dry Grain Weight at Harvest 

Clump (g) Hectare (ton) 

Varieties  

V1 124.73a 19.95a 

V2 129.53a 20.75a 

V3 116.80a 18.68a 

Dosage  

D0 99.55a 15.92a 

D1 119.55b 19.12b 

D2 121.00b 19.36b 

D3 139.22b 22.27b 

D4 139.11b 22.25b 

Interaction 0.704 (ns) 0.704 (ns) 

Remarks: The values in the same column followed by the same letter show no significant   

difference based on the DMRT test at the 5% level; * = significant (α= 5%). Description n =   

significantly different, ns = not significantly different. 

 

The increase in dry grain yield at harvest 

was partly due to the increase in number of 

filled grains per panicle, number of 

productive tillers, 1000-grain weight, and dry 

grain weight per hectare (Sunar et al., 2021), 

followed by a decrease in the number of 

empty grains per panicle. Foliar application 

of zinc sulfate heptahydrate (ZnSO4) at an 

appropriate dosage can increase the weight of 

rice grains. This is because the right dosage of 

zinc sulfate heptahydrate (ZnSO4) can 

efficiently participate in various metabolic 

processes, such as metal enzyme reactions, 

auxin regulation, and production, thus 

maximizing the seed formation process and 

ultimately increasing rice yield (Islam et al., 

2021). 

Harvest Index 

The harvest index of rice treated with 

foliar zinc fertilizer application can increase 

optimally if applied at the right dose 

(Amanullah et al., 2020). 

 

Table 4. Effect of zinc sulfate heptahydrate (ZnSO4) fertilizer application on Harvest Index 

for several rice varieties  

Treatment Harvest Index 

Varieties  

V1 0.13a 

V2 0.14a 

V3 0.12a 

            Dosage 

D0 0.10a 

D1 0.12ab 

D2 0.13b 

D3 0.13b 

D4 0.17c 

Interaction 0.801 (tn) 
Remarks: The values in the same column followed by the same letter show no significant difference 

based on the DMRT test at the 5% level; * = significant (α= 5%). Description n = significantly different, 

tn = not significantly different. 
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In Table 4. It can be seen that there was 

no interaction in rice varieties (ciherang (V1), 

rojolele (V2) and mentik wangi (V3)) with 

zinc fertilization doses (dose 1 (D1) (12 

kg.ha-1), dose 2 (D2) (16 kg.ha-1), dose 3 (D3) 

(20 kg.ha-1) and dose 4 (D4) (24 kg.ha-1)). 

Likewise, the single factor of rice varieties 

showed no significant difference in results, 

but for the zinc fertilization dose showed a 

significantly different on the harvest index.  

Zinc fertilizer application also 

significantly affected grain and straw yield, 

as well as the harvest index. Foliar application 

of ZnSO4 increased rice yield compared to 

soil-based zinc application (Zinzala & 

Narwade, 2019). 

Foliar zinc application resulted in the 

highest grain and straw yields, along with a 

significant increase in rice harvest index, with 

1% Zn EDTA applied during the tillering and 

grain filling stages (El-Sobky et al., 2022).  

Zinc Concentration in Rice 

Zinc concentration in rice, as shown in 

Table 5, significantly increased with the 

application of zinc sulfate heptahydrate 

(ZnSO4) fertilizer on several rice varieties. 

Based on Table 5, There was an interaction 

in rice varieties (ciherang (V1), rojolele (V2) 

and mentik wangi (V3)) with zinc 

fertilization doses (dose 1 (D1) (12 kg.ha-1), 

dose 2 (D2) (16 kg.ha-1), dose 3 (D3) (20 

kg.ha-1) and dose 4 (D4) (24 kg.ha-1)). Mentik 

wangi rice variety (V3) given a dose of 4 (D4) 

(24 kg.ha-1)) was the best combination to 

increase the zinc content in rice by 40.01 ppm 

compared to no zinc fertilization treatment.  

The combination of rojolele (V2) and 

mentik wangi (V3) varieties with zinc 

fertilization doses (dose 1 (D1) (12 kg.ha-1), 

dose 2 (D2) (16 kg.ha-1), dose 3 (D3) (20 

kg.ha-1) and dose 4 (D4) (24 kg.ha-1)) showed 

significantly different results of zinc levels in 

rice. Meanwhile, the combination of the 

ciherang variety (V1) with the dose of zinc 

fertilization showed that the results of zinc 

levels in rice were not significantly different. 

The graph of the increase in zinc content in 

rice is presented in Figure 1. 

ZnSO4 fertilizer was applied using the 

foliar technique to increase the zinc content 

in the resulting rice. Foliar fertilization is an 

alternative to avoid zinc fixation in the soil, 

causing suboptimal zinc uptake by plant 

tissues (Mandal & Ghosh, 2021). In principle, 

applying ZnSO4 fertilizer can increase the 

zinc content in plants, which can also increase 

the zinc content in grain yield (Wahid et al., 

2022). A study by Zhang et al. (2021) 

revealed that zinc fertilizer application 

significantly affected zinc concentration in 

plants and rice. This study is also in line with 

a study by Islam et al., (2021) and Tuiwong 

et al., (2022), stating that the application of 

ZnSO4 fertilizer can increase the zinc content 

in rice for several rice varieties. Another 

study also mentioned that ZnSO4 fertilization 

can result in higher zinc content in rice 

compared to the 0 dose group and increase 

rice's zinc content by 29% (Yogi et al., 2023). 

Also in line with research by (Khampuang et 

al., 2023) Foliar zinc application is one of 

ways to improve zinc concentration and to 

decrease the phytate: zinc ratio in rice grain.  

 

Table 5. Effect of zinc sulfate heptahydrate (ZnSO4) fertilizer application on Zinc  

 Concentration in Rice of several rice varieties 

Varieties Zinc sulfate heptahydrate (ZnSO4) fertilizer  

D0 D1 D2 D3 D4 Rataan 

V1 15.92a 17.48a 18.38a 18.90a 18.90a 17.92a 

V2 28.52bc 29.57bc 32.30cd 33.25cd 39.02e 32.53b 

V3 25.20b 26.08b 28.87bc 35.70de 40.01e 31.17b 

Average 23.21a 24.37ab 26.51ab 29.28bc 32.64c  
Remarks: The values in the same column followed by the same letter show no significant 

difference based on the DMRT test at the 5% level.  
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Figure 1. Distribution of the effect on increasing Zinc Content in Rice for several rice varieties 

treated with ZnSO4 fertilizer 

 

In this study, it can be seen there is a very 

significant difference zinc concentration in 

rice between each variety. This can occur due 

to the influence of metabolism and genetic 

inheritance of each different variety (S K 

Rautaray & Swati Sucharita, 2023). Genetic 

factors cause the absorption of zinc fertilizers 

in each variety to be different. Basically, 

according to previous research, the Ciherang 

rice variety has a lower zinc content in rice 

grains. In the previous study, the zinc 

concentration in Ciherang rice variety around 

16 ppm (Sunar et al., 2021). However, foliar 

fertilization of zinc at each doses given still 

provides results to increasing zinc 

concentration in Ciherang, Rojolele and 

Mentik Wangi rice varieties. 

CONCLUSION 

Foliar application of zinc sulfate 

heptahydrate (ZnSO4) with rice varieties did 

not show interaction, however foliar 

application in single factor of rice varieties 

showed significant increase in length, number 

of filled grains penicle, hollow grains penicle, 

and 1000-grain weight. There was interaction 

in rice varieties (ciherang (V1), rojolele (V2) 

and mentik wangi (V3)) with zinc 

fertilization doses (dose 1 (D1) (12 kg.ha-1), 

dose 2 (D2) (16 kg.ha-1), dose 3 (D3) (20 

kg.ha-1) and dose 4 (D4) (24 kg.ha-1)). Mentik 

wangi rice variety (V3) was given dose 4 

(D4) (24 kg.ha-1) is the best combination to 

increase the zinc concentration in rice by 

40.01 ppm compared to no zinc fertilization 

treatment. 

 

REFERENCES 

Amanullah, Inamullah, Alkahtani, J., 

Elshikh, M. S., Alwahibi, M. S., 

Muhammad, A., Imran, & Khalid, S. 

(2020). Phosphorus and zinc 

fertilization improve productivity and 

profitability of rice cultivars under rice-

wheat system. Agronomy, 10(8). 

https://doi.org/10.3390/agronomy10081

085   

Amin, M., Salamba, H. N., & Asnawi, A. 

(2022). Pengelolaan Hara Mikro Zn 

Dalam Tanah Untuk Meningkatkan 

Kualitas Dan Produktivitas 

Tanaman/Management of Micro Zink 

Nutrition in Soil to Improve Plant 

Quality and Productivity. Jurnal 

Penelitian Dan Pengembangan 

Pertanian, 41(1), 32. 

https://doi.org/10.21082/jp3.v41n1.202

2.p32-43  

Bhavik, J., Prajapati, S. B., Patel, R., & 

Ramani, V. P. (2019). Effect of Zinc 

Nano-Fertilizer on Growth and Yield of 

Wheat (Triticum aestivum L.) under 

Saline Irrigation Condition. 

Agropedology, 28(1). 

https://doi.org/10.47114/j.agroped.2018

.jun5  

1
5
.9

2 2
8
.5

2

2
5
.2

1
7
.4

8 2
9
.5

7

2
6
.0

8

1
8
.3

8

3
2
.3

2
8
.8

7

1
8
.9

3
3
.2

5

3
5
.7

1
8
.9

3
9
.0

2

4
0
.0

1

0

10

20

30

40

50

V A R I E TA S  1  ( C I H E R A N G ) V A R I E TA S  2  ( R O J O LE LE ) V A R I E TA S  3  ( M E N TI K  

W A N G I )

Z
in

k
 c

o
n
ce

n
tr

at
io

n
 i

n
 r

ic
e

Varieties & Dosage

Zinc  Concentra t ion in Rice

D0 D1 D2 D3 D4

https://doi.org/10.37637/ab.v7i3.1851
https://doi.org/10.3390/agronomy10081085
https://doi.org/10.3390/agronomy10081085
https://doi.org/10.21082/jp3.v41n1.2022.p32-43
https://doi.org/10.21082/jp3.v41n1.2022.p32-43
https://doi.org/10.47114/j.agroped.2018.jun5
https://doi.org/10.47114/j.agroped.2018.jun5


Agro Bali : Agricultural Journal                                                                                  e-ISSN 2655-853X 

Vol. 7 No. 3: 854-864, November 2024                                         https://doi.org/10.37637/ab.v7i3.1851 

 

862 

 

Choukri, M., Abouabdillah, A., Bouabid, R., 

Abd-Elkader, O. H., Pacioglu, O., 

Boufahja, F., & Bourioug, M. (2022). Zn 

Application Through Seed Priming 

Improves Productivity and Grain 

Nutritional Quality of Silage Corn. 

Saudi Journal of Biological Sciences, 

29(12). 

https://doi.org/10.1016/j.sjbs.2022.1034

56  

Coffin, M. D., & Slaton, N. A. (2020). Effect 

of Low-Use-Rate Zinc Fertilization on 

Rice Growth and Grain Yield. 

Agrosystems, Geosciences and 

Environment, 3(1). 

https://doi.org/10.1002/agg2.20016  

El-Sobky, E. S. E. A., Taha, A. E., El-

Sharnouby, M., Sayed, S. M., & Elrys, 

A. S. (2022). Zinc-biochemical Co-

Fertilization Improves Rice 

Performance and Reduces Nutrient 

Surplus Under Semi-Arid 

Environmental Conditions. Saudi 

Journal of Biological Sciences, 29(3), 

1653–1667. 

https://doi.org/10.1016/j.sjbs.2021.10.0

66  

Eviati, Sulaeman, & Herawaty, L. (2023). 

Analisis Kimia Tanah, Tanaman, Air, 

dan Pupuk. In Petunjuk Teknis Edisi 

(Vol. 3). 

https://tanahpupuk.bsip.pertanian.go.id  

Indrasari, S. D. (2006). Kandungan Mineral 

Padi Varietas Unggul dan Kaitannya 

dengan Kesehatan (Vol. 1). Iptek 

Tanaman Pangan. 

https://repository.pertanian.go.id/server

/api/core/bitstreams/ed6794cc-b143-

48f9-8d06-33ec9d0634bf/content  

Islam, M. R., Sultana, A., Jahiruddin, M., & 

Islam, S. (2021). Effect of Soil 

Application of Zinc on Growth, Yield 

and Zinc Concentration in Rice 

Varieties. European Journal of 

Agriculture and Food Sciences, 3(6), 

117–122. 

https://doi.org/10.24018/ejfood.2021.3.6

.425  

Kalambe, N. A. (2021). Estimation of Zinc 

From Soil Sample. Impact Factor, 

8(287), 121–126. 

https://www.researchgate.net/publicatio

n/353946854_Estimation_of_zinc_from

_soil_sample  

Kandil, E. E., El-Banna, A. A. A., Tabl, D. 

M. M., Mackled, M. I., Ghareeb, R. Y., 

Al-Huqail, A. A., Ali, H. M., Jebril, J., 

& Abdelsalam, N. R. (2022). Zinc 

Nutrition Responses to Agronomic and 

Yield Traits, Kernel Quality, and Pollen 

Viability in Rice (Oryza sativa L.). 

Frontiers in Plant Science, 13. 

https://doi.org/10.3389/fpls.2022.79106

6  

Khampuang, K., Chaiwong, N., Yazici, A., 

Demirer, B., Cakmak, I., & Prom-U-

Thai, C. (2023). Effect of Sulfur 

Fertilization on Productivity and Grain 

Zinc Yield of Rice Grown under Low 

and Adequate Soil Zinc Applications. 

Rice Science, 30(6), 632–640. 

https://doi.org/10.1016/j.rsci.2023.07.0

03  

Khampuang, K., Dell, B., Chaiwong, N., 

Lordkaew, S., Rouached, H., & Prom-u-

thai, C. (2022). Grain Zinc and Yield 

Responses of Two Rice Varieties to Zinc 

Biofortification and Water 

Management. Sustainability 

(Switzerland), 14(14). 

https://doi.org/10.3390/su14148838  

Mandal, S., & Ghosh, G. (2021). Response of 

Rice (Oryza sativa L.) to Soil and Foliar 

Application of Nano-ZnO and Bulk Zn-

fertilizer in Red Acidic Soil of West 

Bengal, India. Egyptian Journal of Soil 

Science, 0(0), 0–0. 

https://doi.org/10.21608/ejss.2021.7900

7.1451  

Marpaung, W. M. R., Maghfoer, Moch. D., & 

Karyawati, A. S. (2024). Effect 

Combination of Nitrogen Fertilizer 

Doses and Plant Growth Promoting 

Rhizobacteria (PGPR) Concentrations 

on Growth and Yield of Rice (Oryza 

sativa L.) Inpari 32 Variety. Agro Bali : 

Agricultural Journal, 7(2), 423–434. 

https://doi.org/10.37637/ab.v7i2.1597  

https://doi.org/10.37637/ab.v7i3.1851
https://doi.org/10.1016/j.sjbs.2022.103456
https://doi.org/10.1016/j.sjbs.2022.103456
https://doi.org/10.1002/agg2.20016
https://doi.org/10.1016/j.sjbs.2021.10.066
https://doi.org/10.1016/j.sjbs.2021.10.066
https://tanahpupuk.bsip.pertanian.go.id/
https://repository.pertanian.go.id/server/api/core/bitstreams/ed6794cc-b143-48f9-8d06-33ec9d0634bf/content
https://repository.pertanian.go.id/server/api/core/bitstreams/ed6794cc-b143-48f9-8d06-33ec9d0634bf/content
https://repository.pertanian.go.id/server/api/core/bitstreams/ed6794cc-b143-48f9-8d06-33ec9d0634bf/content
https://doi.org/10.24018/ejfood.2021.3.6.425
https://doi.org/10.24018/ejfood.2021.3.6.425
https://www.researchgate.net/publication/353946854_Estimation_of_zinc_from_soil_sample
https://www.researchgate.net/publication/353946854_Estimation_of_zinc_from_soil_sample
https://www.researchgate.net/publication/353946854_Estimation_of_zinc_from_soil_sample
https://doi.org/10.3389/fpls.2022.791066
https://doi.org/10.3389/fpls.2022.791066
https://doi.org/10.1016/j.rsci.2023.07.003
https://doi.org/10.1016/j.rsci.2023.07.003
https://doi.org/10.3390/su14148838
https://doi.org/10.21608/ejss.2021.79007.1451
https://doi.org/10.21608/ejss.2021.79007.1451
https://doi.org/10.37637/ab.v7i2.1597


Agro Bali : Agricultural Journal                                                                                  e-ISSN 2655-853X 

Vol. 7 No. 3: 854-864, November 2024                                         https://doi.org/10.37637/ab.v7i3.1851 

 

863 

 

Maulana, M. I. H., Widodo, T. W., Jumiatun, 

J., & Soelaksini, L. D. (2023). 

Pertumbuhan Dan Hasil Padi (Oryza 

sativa. L) Melalui Aplikasi Zink Sulfat. 

Agropross : National Conference 

Proceedings of Agriculture, 533–537. 

https://doi.org/10.25047/agropross.2023

.501  

Mehmood, H., Arif Ali, M., Hussain, S., 

Shehzad Baig, K., Farooq, U., Ajmal, 

M., Atif Hasan Naqvi, S., Sultan, H., 

Datta, R., Shabbir Dar, J., Alhomaidi, 

E., & Danish, S. (2022). 

Synchronization of Arbuscular 

Mycorrhizae Fungi Inoculation With 

Different Zinc Application Methods for 

Improvement in BASMATI Rice 

Growth and Yield in Alkaline 

Calcareous Soil. Journal of King Saud 

University - Science, 34(5). 

https://doi.org/10.1016/j.jksus.2022.102

053  

Nena Nurhasanah, A., Zahra, F., Estiati, A., 

Frieda Pantouw, C., Satrio Maulana, B., 

Taufik Hidayat, M., & Nugroho, S. 

(2020). Evaluasi Produktivitas Padi 

Transgenik Rojolele yang Potensial 

Tahan Penggerek Batang Padi Kuning 

Scirpophaga incertulas Wlk 

(Productivity Evaluation of Rojolele 

Transgenic Rice Lines Resistant to Rice 

Yellow Stem Borer Scirpophaga 

incertulas Wlk). Jurnal Ilmu Pertanian 

Indonesia (JIPI), Oktober, 25(4), 533–

539. 

https://doi.org/10.18343/jipi.25.4.533  

Prom-u-thai, C., Rashid, A., Ram, H., Zou, 

C., Guilherme, L. R. G., Corguinha, A. 

P. B., Guo, S., Kaur, C., Naeem, A., 

Yamuangmorn, S., Ashraf, M. Y., Sohu, 

V. S., Zhang, Y., Martins, F. A. D., 

Jumrus, S., Tutus, Y., Yazici, M. A., & 

Cakmak, I. (2020). Simultaneous 

Biofortification of Rice With Zinc, 

Iodine, Iron and Selenium Through 

Foliar Treatment of a Micronutrient 

Cocktail in Five Countries. Frontiers in 

Plant Science, 11. 

https://doi.org/10.3389/fpls.2020.58983

5  

Saikh, R., Murmu, K., Sarkar, A., Mondal, 

R., & Jana, K. (2022). Effect of foliar 

zinc application on growth and yield of 

rice (Oryza sativa) in the Indo-Gangetic 

Plains of India. Nusantara Bioscience, 

14(2). 

https://doi.org/10.13057/nusbiosci/n140

208  

Salawati, S., Ende, S., Basir, M., Kadekoh, I., 

& Thaha, A. R. (2021). Peningkatan 

Kadar Zn Beras Pecah-Kulit pada 

Sistem Penggenangan Berselang 

Melalui Aplikasi Pupuk Kandang 

Diperkaya Zn Heptahidrat. Jurnal Ilmu 

Pertanian Indonesia, 26(4), 630–638. 

https://doi.org/10.18343/jipi.26.4.630  

Satiti, E. M., Salamah, K., Mayrosidah, L. F., 

Yulianto, D., Abdussalam, M. F., & 

Ayuko, C. (2020). Dampak Perubahan 

Penggunaan Lahan Terhadap 

Pertumbuhan Produksi Pertanian Di 

Kabupaten Karanganyar Tahun 2015-

2019. Jurnal Geografi, 18(e-ISSN : 

2443-3977), 99–104. 

https://journal.unesa.ac.id/index.php/jg/

article/view/v18.2.2  

S K Rautaray, & Swati Sucharita. (2023). 

Zinc fertilizer application. Indian 

Farming , 73(05), 07–10. 

https://epubs.icar.org.in/index.php/IndF

arm/article/view/134181/50124  

Sunar, Gustina, T. R., & Nikmah. (2021). 

Respon Pertumbuhan, Produksi Dan 

Kandungan Seng (Zn) Tanaman Padi 

(Oryza sativa L.) Terhadap Teknik 

Pemberian Dan Dosis Pupuk Zink 

Sulfat. JURNAL AGRISIA, 14(ISSN : 

2302-0091). 

https://ejournal.borobudur.ac.id/index.p

hp/3/article/view/931  

Tuiwong, P., Lordkaew, S., Veeradittakit, J., 

Jamjod, S., & Prom-u-thai, C. (2022). 

Efficacy of Nitrogen and Zinc 

Application at Different Growth Stages 

on Yield, Grain Zinc, and Nitrogen 

Concentration in Rice. Agronomy, 

12(9). 

https://doi.org/10.3390/agronomy12092

https://doi.org/10.37637/ab.v7i3.1851
https://doi.org/10.25047/agropross.2023.501
https://doi.org/10.25047/agropross.2023.501
https://doi.org/10.1016/j.jksus.2022.102053
https://doi.org/10.1016/j.jksus.2022.102053
https://doi.org/10.18343/jipi.25.4.533
https://doi.org/10.3389/fpls.2020.589835
https://doi.org/10.3389/fpls.2020.589835
https://doi.org/10.13057/nusbiosci/n140208
https://doi.org/10.13057/nusbiosci/n140208
https://doi.org/10.18343/jipi.26.4.630
https://journal.unesa.ac.id/index.php/jg/article/view/v18.2.2
https://journal.unesa.ac.id/index.php/jg/article/view/v18.2.2
https://epubs.icar.org.in/index.php/IndFarm/article/view/134181/50124
https://epubs.icar.org.in/index.php/IndFarm/article/view/134181/50124
https://ejournal.borobudur.ac.id/index.php/3/article/view/931
https://ejournal.borobudur.ac.id/index.php/3/article/view/931
https://doi.org/10.3390/agronomy12092093


Agro Bali : Agricultural Journal                                                                                  e-ISSN 2655-853X 

Vol. 7 No. 3: 854-864, November 2024                                         https://doi.org/10.37637/ab.v7i3.1851 

 

864 

 

093  

Wahid, M. A., Irshad, M., Irshad, S., Khan, 

S., Hasnain, Z., Ibrar, D., Khan, A. R., 

Saleem, M. F., Bashir, S., Alotaibi, S. S., 

Matloob, A., Farooq, N., Ismail, M. S., 

& Cheema, M. A. (2022). Nitrogenous 

Fertilizer Coated With Zinc Improves 

the Productivity and Grain Quality of 

Rice Grown Under Anaerobic 

Conditions. Frontiers in Plant Science, 

13. 

https://doi.org/10.3389/fpls.2022.91465

3  

Yagya, R. J., Krishna, R. P., Sudip, K. L., 

Asmita, P., Muna, A., & Seema, A. 

(2023). Effect Of Different Methods Of 

Zinc Application On The Performance 

Of Spring Rice (Hardinath-1) In Banke, 

Nepal. Russian Journal of Agricultural 

and Socio-Economic Sciences, 134(2), 

151–158. 

https://doi.org/10.18551/rjoas.2023-

02.17  

Yang, G., Yuan, H., Ji, H., Liu, H., Zhang, Y., 

Wang, G., Chen, L., & Guo, Z. (2021). 

Effect of ZnO nanoparticles on the 

productivity, Zn Biofortification, and 

Nutritional Quality of Rice in a Life 

Cycle Study. Plant Physiology and 

Biochemistry, 163, 87–94. 

https://doi.org/10.1016/j.plaphy.2021.0

3.053  

Yogi, A. K., Bana, R. S., Bamboriya, S. D., 

Choudhary, R. L., Laing, A. M., Singh, 

D., Godara, S., Babu, S., & Chaudhary, 

A. (2023). Foliar Zinc Fertilization 

Improves Yield, Biofortification and 

Nutrient-Use Efficiency of  . Nutrient 

Cycling in Agroecosystems, 125(3), 

453–469. 

https://doi.org/10.1007/s10705-023-

10270-4  

Zhang, H., Wang, R., Chen, Z., Cui, P., Lu, 

H., Yang, Y., & Zhang, H. (2021). The 

Effect Of Zinc Oxide Nanoparticles for 

Enhancing Rice (Oryza sativa L.) Yield 

and Quality. Agriculture (Switzerland), 

11(12). 

https://doi.org/10.3390/agriculture1112

1247  

Zinzala, V. N., & Narwade, A. V. 

(2019). Effect of Zinc Applications 

on Grain Yield, Straw Yield and 

Harvest Index in Kharif Rice 

(Oryza sativa L.) Genotypes. 

International Journal of Current 

Microbiology and Applied 

Sciences, 8(11), 27–35. 

https://doi.org/10.20546/ijcmas.20

19.811.004 

 

  

 

https://doi.org/10.37637/ab.v7i3.1851
https://doi.org/10.3390/agronomy12092093
https://doi.org/10.3389/fpls.2022.914653
https://doi.org/10.3389/fpls.2022.914653
https://doi.org/10.18551/rjoas.2023-02.17
https://doi.org/10.18551/rjoas.2023-02.17
https://doi.org/10.1016/j.plaphy.2021.03.053
https://doi.org/10.1016/j.plaphy.2021.03.053
https://doi.org/10.1007/s10705-023-10270-4
https://doi.org/10.1007/s10705-023-10270-4
https://doi.org/10.3390/agriculture11121247
https://doi.org/10.3390/agriculture11121247
https://doi.org/10.20546/ijcmas.2019.811.004
https://doi.org/10.20546/ijcmas.2019.811.004

