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Abstract. In Malaysia, the application of micronutrients fertiliser is not a standard practise 

although several previous studies have indicated that the procedure contributes to a major 

impact on plant growth and development. The aim of this study is to investigate the effect of 

the concentration and application of zinc (Zn) on maize growth and yield. There were nine 

treatments including; no fertiliser applied as control (T0), NPK 16:16:16 only (T1), NPK + 

5kg/ha Zn (T2), NPK + 10kg/ha Zn (T3), NPK + 15kg/ha Zn (T4), NPK + foliar Zn (T5), NPK 

+ 5kg/ha Zn + foliar Zn (T6), NPK + 10kg/ha Zn + foliar Zn (T7), NPK + 15kg/ha Zn + foliar 

Zn (T8). Plant height was recorded during 30, 45 and 60 days of plant ages. Maize ear length, 

diameter and numbers of kernel’s row were recorded on harvesting day (100 days). The 

findings suggest a significant difference in maize ear length, diameter and kernel row at p<0.05 

for most treatment groups compared with control A and B. Ear length and diameter increased 

up to 20% with Zn application while kernel rows improved by 12% on the highest.  The foliar 

application results showed significant increase of 0.6 cm diameter and 2.4 cm length of maize 

ear. However, there were no significant differences among treatments on plant height. Foliar 

and combination technique of Zn application also showed indecisive result on maize ear 

kernel’s row. Application of Zn shows increased diameter, length and kernel row of maize ear 

though plant height is unaffected. The combination of the application techniques obtained the 

optimum yield of maize.  

1.  Introduction 
According to the Eleventh Malaysia Plan [1] in strategy paper 20, one of the strategies is to increase 

the local feedstuff to enhance the national livestock industry. Hence, the Ministry of Agriculture and 

Agro-based Industry [2] has initiated a program to produce the livestock feed locally to reduce the 

imports and feed cost [3] thus, increase the production of livestock animal [4]. The maize for animal 

feed has not been planted commercially in Malaysia due to the high production cost and competition 

of land use for agriculture crops planting to support human consumption [5]. Thus, there is a need to 

identify any potential land, including the area with low fertility soil to accommodate the production of 



ARCoFS 2021
IOP Conf. Series: Earth and Environmental Science 756 (2021) 012056

IOP Publishing
doi:10.1088/1755-1315/756/1/012056

2

animal feed. The optimum maize production can be achieved by having soils consisting of accessible 

macronutrients (N, P, K, Ca, Mg, and S) and micronutrients (Zn, B, Cu, Mn, Mo, Ni and Fe). Even 

though the micronutrients are required in a small amount, it is equally vital for plant growth and 
development [6] as its role in improving quality and yield increment [7]. A study by Brown et al. [8] 

concluded that by balancing a good ratio of micronutrients, grain yield increased up to 50% and 

improved macronutrient-use efficiency. Among the micronutrients, Zn is considered the most critical 
micronutrient responsible for protein synthesis in plants [9] besides its function in catalytic action in 

metabolism for all crop, especially maize [10]. Suggested Zn application amount for maize planting is 

5.6kg/ha [11]. In Malaysia, micronutrient fertiliser application is not common, even though many 

previous studies suggested that the practice exerts significant implications for plant growth and 

production. The micronutrients are not required in immense amount but they are essential for plant 

growth and become crucial in low fertility soils such as beach ridges interspersed with swales (BRIS) 

and acid sulphate soil. Therefore, this study was carried out to identify the effect of different zinc 

concentration and type of application on maize growth and yield in Malaysia. 
 

2.  Materials and Methods 

2.1.  Experiment location and description of materials  
Field experiment was conducted in a greenhouse of Agriculture Department Office, District of Jeli, 
Kelantan (34°40′12′′N, 114°32′24′′E). The maize was planted with 3 kg Chempaka Siri soil in the 

18x18 inch size polybag with three replications for each treatment. Chempaka Siri soil is susceptible to 

nutrient deficiencies due to it sandy-silky loam characteristic, low Cation Exchange Capacity (CEC) 
and base saturation [12]. The polybags were randomly arranged with a distance of 20 cm within row 

and 70 cm between rows. Irrigations were applied whenever needed by the crop. The plants were 

monitored for weeds via manual weeding while insect pest was controlled with proper chemicals 

application. 

2.2.  Experimental design and treatment  
This study was conducted using the Completely Randomized Design layout, according to Maize 

Planting Manual [13]. This is the control A (T0) for the experiment. NPK Green fertiliser (grade of 15-

N: 15-P: 15-K) was applied immediately after sowing and 40 days after sowing at a rate of 150 kg/ha 

respectively. Between that, urea (46%N) is applied on day 18 at a rate of 150 kg/ha. No zinc 
application (T1) is recommended according to the standard DOA manual will be control B for this 

experiment. Zinc applied to the soil (as a Zn-EDTA) at a rate of 5 kg/ha (T2), 10 kg/ha (T3) and 15 

kg/ha (T4). The rate of 0.1 % Zn-EDTA was applied for the foliar application method (T5) at the nine 

leaves stages. The same three rates of Zn through soil application will be combined with 0.1% Zn-

EDTA using foliar application method on maize plant as 5 kg/ha + 0.1% Zn-EDTA (T6), 10 kg/ha + 

0.1% Zn-EDTA (T7) and 15 kg/ha + 0.1% Zn-EDTA (T8). List of treatment as in Table 1. 

2.3.  Measurement of growth and yield of maize 
Data of plant height was recorded at 30, 45, 60 days of plant maturity. All plants were harvested after 

plant maturity on 100 days after planting and their yield were measured. The length and diameter of 

maize ear have been measured using ruler and vernier calliper. Maize kernel row was measured by 
manual counting.  
 

2.4.  Data analysis 
Collected data were subjected to analysis of variance using SPSS software (version 23). The normality 

or non-normality of distribution were determined. A one-way ANOVA was used to analyse the 
collected data for plant height, kernel rows, maize ear length and diameter. The differences between 

treatments were compared using Duncan Multiple Range Test (DMRT) at the 5% probability levels. 

The data are presented as the mean and standard error of the means (SEM) for all values. 
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Table 1. List of treatments. 

 Treatments 

Control A T0: Soil only 

Control B T1: Soil + 150kg/ha NPK 15:15:15 

Soil Zn Application Only T2: Soil + 150kg/ha NPK 15:15:15 + 5kg/ha Zn 

T3: Soil + 150kg/ha NPK 15:15:15 + 10kg/ha Zn  

 T4: Soil + 150kg/ha NPK 15:15:15 + 15kg/ha Zn 

Foliar Spray Application Only T5: Soil + 150kg/ha NPK 15:15:15 + 0.1% Zn-EDTA foliar 

spray 

Combination Techniques 

 

T6: Soil + 150kg/ha NPK 15:15:15 + 5kg/ha Zn + 0.1% Zn-

EDTA foliar spray 

T7: Soil + 150kg/ha NPK 15:15:15 + 10kg/ha Zn + 0.1% 

Zn-EDTA foliar spray 

T8: Soil + 150kg/ha NPK 15:15:15 + 15kg/ha Zn + 0.1% 

Zn-EDTA foliar spray 

 

3.  Results and Discussion 
Results for plant height, maize ear diameter, ear length and rows of kernel were shown in Table 2. The 

findings were consistent with that of Tariq et al. [14] in which application of zinc sulphate at the rate 

of 12 kg/ha (4.8 kg of Zn) had promotive effects on the growth and yield of maize. Similar finding was 

reported in a study by Shahab et al. [15]. 
 

Table 2: Effect of Zn concentrations and application techniques on plant height, maize ear diameter, 

ear length and number of kernel row. 

Plant Height (cm) Ear Diameter (cm) Ear Length (cm) Kernel Row 

Control A 150.0 2.7
a
 11.5

a
 11.0

a
 

Control B-T1 160.5 3.6
bc

 14.6
ab

 12.5
abc

 

T2 144.8 3.1ab 13.4ab 12.0ab 

T3 137.8 3.6
bc

 14.7
ab

 13.0
bc

 

T4 141.5 4.2
de

 17.0
c
 13.5

bc
 

T5 155.0 4.2de 17.0c 13.0bc 

T6 148.8 4.0
cde

 17.1
c
 14.0

c
 

T7 148.3 4.3de 17.5c 14.0c 

T8 141.5 4.0cde 17.0c 13.5bc 

P value ns * * * 
Note: Mean values within column with different letter(s) indicate significant difference between 

treatments by Duncan Multiple Range test at p ≤ 0.05.  

3.1.  Effect of Zn concentrations and application techniques on growth of maize 
Figure 1 shows the data means of plant height at 60 days after sowing. All maize plants reach 

maximum height at tasselling stage which happen before the 60 days after planting. The maize growth 

results show no significant difference between treatment on plant height. This study found that 
additional Zn application did not significantly affect the plant height. This result supports the recent 

finding by Khalid et al. [16] and Munirah et al. [17]. This experiment was performed by using soil as 

the media where plants could accumulate some soil-Zn concentration, so the external Zn application 
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could not influence the height of the plant. This may also due to other nutrients may act as a co-factor 

and increase the Zn uptake by maize plants so that the effects of Zn applications in terms of plant 

height may not be observed.    

3.2.  Effect of Zn on concentrations and application methods on yield of maize 
The result show that T4, T5, T6, T7 and T8 significantly different compared to control A, control B, 

T2 and T3 on the length of the ear as shown in figure 3. This is consistent with that study of Khalid et 
al. [16]. Montalvo et al. [18] agreed that foliar Zn application is more effective than soil Zn application 

with the study show that Zn uptake was higher for foliar spray technique. This indicates that foliar Zn 

spray improves the ear length while soil application needs a high amount of Zn to be applied. Figure 2 

show treated maize indicate significant increase in ear diameter as compared to control A and T2. 

However, the result is indecisive of Zn treatment on maize ear diameter compared to control B, which 

no Zn fertiliser been added. Only T4, T5 and T7 are different significantly compared to control B. The 

finding was inconsistent with the result by Anjum et al. [19]; Chand et al. [20]; Patil [21]. The finding 

differences may due to the type of trial and size of data that involved in the studies. Zn application on 

maize kernel rows are ineffective by none of the treatments shows any significant difference compared 
to control B. The result is in line with the finding by Ehsanullah et al. [22]. However, higher Zn 

amount shows a significant increase of kernel rows compared to the control. This observation was 

found in T3, T4, T5, T6, T7 and T8 with significantly higher kernel rows than control A. It is known 
that Zn physiological function is related to chlorophyll content in plant [23]. Higher chlorophyll 

content was the cause of the increase in yield characteristics due to the application of zinc, and this 

apparently had a positive impact on photosynthetic activity, synthesis of metabolites and growth-
regulating substances, oxidation and metabolic activities, and ultimately improved crop growth and 

development, leading to an increase in maize yield characteristics. 

 
 

  

Figure 1. The effect of Zn on the maize plant 

height. 

 

Figure 2. The effect of Zn on the diameter of 

maize ear. 
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Figure 3. The effect of Zn on the length of 

maize ear. 

Figure 4. The effect of Zn on the maize kernel 

row. 

Note: Mean values between columns with different letter(s) indicate significant difference between 
treatments by Duncan Multiple Range test at p≤ 0.05. Columns represent the mean values ± SE. 

 
4. Conclusion 
In this research, Zn application shows an increase of maize ear length and kernel row but did not exert 
any effect on the plant height and provide unconclusive effect on ear diameter. Foliar 

technique showed an improvement compared to Zn soil application for maize ear yield 

whereas combination technique (soil application and foliar application) produced the 

maximum yield at 10 kg/ha Zn with foliar Zn-EDTA spray.  
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