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ABSTRACT 
 

Problem: Maize is one of important food for Indonesian people. The problem faced by Indonesian 
government is the maize is not sufficient to suffice the this country demand. 
Aims: The research aimed to study the interaction between several hybrid maize varieties and 
plant spacing to growth and yield of hybrid maize 
Study Design: Factorial design in randomized block design. 
Place and Duration of Study: The research was conducted in Siguntur, Sitiung 1, Dharmasraya, 
West Sumatra and Indonesia from April to July 2018. 
Methodology: Factorial design in randomized block design with 2 factors was used in the assay. 
The first factor was hybrid maize varieties (Pioneer P35 and Pertiwi 3) and the second factor was 
planting space (75 cm x 20 cm, 75 cm x 30 cm and 75 cm x 40 cm). The data was analyzed by 
ANOVA. 
Results: The result showed that no interaction between planting spacing and varieties to growth 
and yield of maize. The best hybrid maize variety for growth and yield was Pioneer 35. The best 
planting space for growth and yield was 75 cm x 20 cm. 
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Conclusion: The interaction between plant spacing and hybrid maize varieties did not affect the 
growth and yield of hybrid maize. 
Recommendation: The further research are recommended to study the effect of plant spacing and 
hybrid maize to growth and yield of maize. 

 
 
Keywords: Hybrid maize; plant spacing; varieties; Zea mays L. 
 
1. INTRODUCTION 
 
Maize (Zea mays L.) is main important cereal 
crop for half world population [1]. In Indonesia, 
maize was main staple food for eastern 
population particularly in Nusa Tenggara Timur. 
This crop has potential to develop due to its 
demand always increases every year [2]. In 
addition to be as staple food, maize also used as 
feed and industrial raw materials [3]. The 
increasing demand of maize also occurred in 
Indonesia. Maize plays an important role for 
Indonesian economy. The demand always 
increases every year for staple food, feed and 
raw materials for industrial. Most of domestic 
maize for feed and industrial fuel. 57% of 
national requirement was distributed for these 
sectors and 34% of rest for food and 9% for other 
industrial [4]. 
 

Maize consumption in Indonesia reached 28.4 
kilogram per capita per years [5] both for 
processed or half-finished product such as cake 
ingredients, instant porridge, coffee mixture and 
low calories soft drink product. In 100 gram, 
maize contains 129 cal.energy, 4.1 protein, 1.3 g 
fat, 30.3 g carbohydrate, 5 mg calcium, 108 mg 
phosphor, 1.1 mg iron, 117 SI vitamin A, 0.18 mg 
vitamin B, 9 mg vitamin C and 63.55 g water [6]. 
 
The increasing of maize demand in Indonesia is 
not followed by the increasing of production. This 
condition become a main problem for maize 
sufficient in this country. To solve the problem, 
Indonesia government imports the maize from 
another countries to suffice the national 
requirement  In 2014-2015, Indonesia imported 
3,253,616 ton and 3,267,294 ton respectively  
[5]. 

 
The dependency of Indonesia to maize import 
should be stooped due to the main producer 
countries such as United States (US) and China 
starts to stop their maize export. This condition 
due to they converts their maize to be ethanol 
and bio-fuels [7]. In US, there is increasing of 
ethanol using from maize and 2006, it increased 
36% [8]. This condition causes the Indonesian 
government should find alternative ways to 

stimulate maize production, minimal for national 
sufficiency. One of e effort to solve the problem 
was hybrid maize varieties. 

 
Hybrid maize is the result of two or more maize 
seedling cross that has superior characteristic 
and higher productivity in yield and plant growth 
is more similar [9]. This maize can be used and 
developed to increase the national productivity. 
Seen by public demand, maize can be alternative 
staple food substituting rice. 

 
For increasing the production, planting space is 
key component. Population of plant per area unit 
affected the maize production. Population per 
hectare is suggested different according the 
variety, planting season and soil condition The 
effect of population per hectare addition was 
longer flowering age, plant height and cob height, 
number of fall plant decreased the mature age 
[10]. 
 
Plant population is main factor affects the plant 
yield. The population arrangement aimed to 
minimize the competition between main crop and 
weeds. The addition of density per area unit 
caused the morphology and physiology of maize 
plant characteristic such as silking delay and 
barren increased. Number of barren was 
positively correlated to plant density [11]. 
Otherwise, low population could improve plant 
individual growth but it provide a space for weed 
growth. Maize plant and weed growth in same 
location has a negative impact due to the 
competition occurrence in absorption of nutrients, 
water, light and growth space [12]. The research 
aimed to the interaction between several hybrid 
maize varieties and planting space to growth and 
yield of hybrid maize. 

 
2. MATERIALS AND METHODS 
 
2.1 Experimental Site 
 
The research was conducted in Siguntur, Sitiung 
1, Dharmasraya, West Sumatra, Indonesia from 
April to July 2018. The soil type was ultisol. The 
altitude was 131 m above sea level (asl). The 
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experimental site is located at 1º01’S and 
101º40’E. 
 

2.2 Experimental Design 
 

Factorial design in randomized block design with 
2 factors was used in the assay. The first factor 
was hybrid maize varieties (Pioneer P35 and 
Pertiwi 3) and the second factor was Planting 
space (75 cm x 20 cm, 75 cm x 30 cm and 75 cm 
x 40 cm). The data was analzed by F test in 5% 
and followed by Duncan’s New Multiple Range 
Test (DNMRT) in 5%. 
 

2.3 Procedure 
 

The research was started by land tillage. It aimed 
to provide good condition for crop grew well and 
free from weed and improved soil structure. The 
tillage was conducted 2 times. The first tillage 
was conducted by hand tractor. It aimed to 
improve aeration and drainage of soil. The 
second tillage was conducted with interval 1 
week from first tillage. The planting was 
conducted according the treatment. The hole 
was conducted by hole maker in ± 3 cm in depth. 
Each hole was filled by 2 seeds. 
 

The fertilization was conducted according the 
criteria, urea 300 kg/ha, Sp-36 150 kg/ha and 
KCl 100 kg/ha. The fertilization was conducted 2 
time during the research. The first fertilization 
was conducted in planting time. The dose was all 
part of SP-36 and KCl and half of urea. The 
second fertilization was conducted in 35 days 
after planting. The harvesting was conducted in 
94-103 days after planting. The observed 
parameters were plant height, time of silking 
appearance, length of cob, diameter of cob, 
number of row, number of grain, weight of 100 
grains and productivity per hectare. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Plant Height 
 

The result showed that there was no interaction 
between maize varieties and plant spacing effect 
to maize pant height (Table 1). For single factor, 
the effect also did not occur. This condition due 
to all planting space were still similar so that 
there was no significant effect from planting 
space. Beside growth factor, the other factor that 
played important role for plant height was genetic 
factor. 
 
Vegetative phase significantly affected the 
generative phase. Optimal vegetative phase 

stimulated the generative growth so that the high 
yield could be obtained. One of vegetative 
growth characteristic was plant height. Low 
dense of plant spacing caused the competition 
between crop and weed in obtaining the water, 
nutrients and sunlight. It also caused the high 
obtained sunlight intensity so that it caused the 
disrupted growth [13]. High plant could obtain full 
light intensity so that it increased dry matter 
supply to leaf, stem and grain that stimulated 
growth and biomass of plant [14]. 
 
3.2 Number of Leaves 
 
According the result, number of leaves were not 
affected by interaction between maize varieties 
and plant spacing (Table 2). But, the single factor 
affected the number of maize leaves. Number of 
leaves of Pioneer P35 variety is much more than 
Pertiwi 3. This condition was caused by the 
maize variety had different ability in using the 
growth space and adaptation process to 
environment. The number of maize leaves was 
affected by genetic and environmental factors 
[15,16]. The use of 2 varieties caused the 
potency of number of leaves were not 
significantly different. 
 
Dense plant population affected the number of 
maize leaves. More and denser plant population 
stimulated to absorb water, nutrient and sunlight 
for plant growth. The plant requirement for 
optimal plant growth elements stimulated the 
plant growth and new leaves formation. The new 
leaves formation and rest of number of leaves in 
plant caused the number of leaves increasing. 
Leaves are as photosynthesis occurrence 
significantly determined the absorption and 
energy change in photosynthate formation [17]. 
The number of leaves was affected by genotype 
and environmental factor. Large number of 
leaves contributed to photosynthesis activity due 
to leaves were an organ that played role as 
photosynthesis process occurred [18]. 

 
3.3 Silk Appearance 
 
Silk appearance is important parameter for maize 
growth. The result showed that the interaction 
between maize varieties and plant spacing did 
not affect the silking appearance (Table 3). But, 
for single factor, the variety affected the silking 
appearance. For this parameter, Pertiwi 3 was 
better variety than Pertiwi 3. Silking appearance 
was significantly affected by genetic factor [15]. 
This parameter was closely related to flowering 
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time. Flowering time was affected by nutrients 
availability, water and sunlight in growth phase 
so that the plant entered the flowering phase if 
vegetative growth reached flowering time and 
environmental factor stimulated the flowering 
induce. First silking was correlated to plant    
itself. Sufficient nutrient stimulated faster silking  
[19]. 
 

The vegetative phase always occurred until 
generative phase and started by silk formation 
and followed by grain filling, grain formation and 
ended by maturing phase. The silk appearance 
in top of plant indicate the end of vegetative 
phase and the beginning of generative phase 
[20]. 
 

One of factor that influenced flowering age is 
environment and genetic. The faster panicle and 
silk appearance age could increase the grain 
filling due to the earlier flowering age caused the 
longer grain filling  [21]. Phosphorus and 
potassium fertilizer application could accelerate 
the silk appearance  [22]. The earlier silk 
appearance could increase the corn yield. 
Flowering is complex physiological performance 
where many factors affected the plant until this 

stage. The mechanism of plant did not occur 
automatically, but it was stimulated by many 
factors and one of them was environmental 
factor. The environmental factor affected the 
silking appearance was temperature and day 
length. The different day length and temperature 
that obtained by plant caused the different 
response to hormones in plant that played role 
as silking performance [12]. 

 
3.4. Length of Cob and Diameter of Cob 
 
According the result, the interaction between 
hybrid maize varieties and plant spacing did not 
affect the length of cob. But, the single treatment 
affected the length of cob (Table 4). The result 
showed that the Pioneer P35 variety was better 
than Pertiwi 3 variety for length of cob (Fig. 1). 
The result was caused by the Pioner P35 had 
good adaptability to environment so that the plant 
could absorb water, nutrient and sunlight. 
Planting space use could increase the yield and 
affected the population and light, water and 
nutrients for photosynthesis. Sabo et al. [23] 
reported that 25 cm of planting space produced 
longer cob than 30 cm. 

 
Table 1. Plant height of hybrid maize varieties and various plant spacing (cm) 

 
Varieties Planting space 

75 x 20 cm 75 x 30 cm 75 x 40 cm 

Pioneer P35 221.42 202.75 198.00 

Pertiwi 3 207.17 205.33 214.50 

Coefficient of diversity = 8.46%    
Notes : similar letter indicates not significantly different 

 

Table 2. Number of leaves of hybrid maize varieties and various plant spacing 
 

Varieties Planting space Average 

75 x 20 cm 75 x 30 cm 75 x 40 cm 

Pioneer P35 11.083 11.417 12.250 11.583 a 

Pertiwi 3 10.667 10.417 10.500 10.528 b 

Coefficient of diversity = 5.80%     
Notes : similar letter indicates not significantly different 

 
Table 3. Silk appearance of hybrid maize varieties and various plant spacing (day) 

 

Varieties Planting space Average 

75 x 20 cm 75 x 30 cm 75 x 40 cm 

Pioneer P35 53.58 53.50 53.67 53.58 b 

Pertiwi 3 54.50 54.17 54.00 54.22 a 

Coefficient of diversity = 0.61%     
Notes : similar letter indicates not significantly different 
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Table 4. Length of cob of hybrid maize varieties and various plant spacing (cm) 
 

Varieties Planting space Average 
75 x 20 cm 75 x 30 cm 75 x 40 cm 

Pioneer P35 15.46 15.13 15.13 15.236 a 
Pertiwi 3 13.13 12.38 12.63 12.708 b 
Coefficient of diversity = 6.71%     

Notes : similar letter indicates not significantly different 
 

 
 

Fig. 1. Length of cob of hybrid maize varieties (a. Pioner P35; b. Pertiwi 3) 
 
Length of cob performance was caused by the 
difference of division, propagation and 
enlargement of cell [24]. The significant 
increasing of plant growth according the 
photosynthesis efficiency increasing. Optimum 
photosynthate increased the yield, length of cob 
and supported by degree of environment fertility 
[18]. 
 
The length of maize cob affected the diameter of 
cob. The result showed the the diameter of cob 
was not affected by the interaction between 
planting space and maize varieties. But, average 
of single treatment of variety affected the cob 
diameter. According the result, variety of Pertiwi 
3 produced the longer diameter than Pioner P35 
variety (Table 5). 
 
The different performance of cob diameter was 
dominantly caused by genetic factor of variety. 
The diameter of cob was closely related to 
photosynthate that was distributed to cob. If the 
photosynthate on cob was high, the produced 
cob was high, In this condition, the photosynthate 
on leaves and stem that was distributed in grain 
filling played this  role. If high photosynthate of 

laves and stem was high, the transferred 
photosynthate in grain filling was high [25]. 
 

3.5 Number of Row Per Cob 
 
The interaction between plant spacing and maize 
varieties did not affect the number of row per cob. 
As the previous result, the single treatment, 
variety affected the number of row per cob. 
According the result, Pertiwi 3 had the highest 
number of row per cob (14.808) (Table 6). 
 
In plant spacing, the competition to obtain the 
water and nutrients occurred so that the good 
planting space arrangement could make the 
competition did not occur. Beside the absorption 
of water and nutrient, the sunlight absorption was 
also important in affecting the growth and yield of 
plant. Good appropriate planting space depended 
on soil fertility, soil tillage, fertilization and 
varieties. According the result, for Pioneer 35 
variety, the number of row was around 14 rows 
[26]. This result was similar the description of this 
variety (14-16 rows/cob). For Pertiwi 3 variety, 
the number of row per cow was 14-15. This result 
also was similar to description of the variety [27]. 
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Table 5. Diameter of cob of hybrid maize varieties and various plant spacing (cm) 
 

Varieties Planting space Average 
75 x 20 cm 75 x 30 cm 75 x 40 cm 

Pioneer P35 13.65 13.90 13.57 13.706 b 
Pertiwi 3 14.93 15.17 14.33 14.808 a 
Coefficient of diversity = 5.19%     

Notes : similar letter indicates not significantly different 
 

Table 6. Number of row per cob of hybrid maize varieties and various plant spacing 
 

Varieties Planting space Average 
75 x 20 cm 75 x 30 cm 75 x 40 cm 

Pioneer P35 14.33 14.33 14.17 14.278 b 
Pertiwi 3 15.33 15.50 15.00 15.278 a 
Coefficient of diversity = 3.94%     

Notes : similar letter indicates not significantly different 

 
Table 7.Production per hectare of  of hybrid maize varieties and various plant spacing (ton) 

 
Varieties Planting space 

75 x 20 cm 75 x 30 cm 75 x 40 cm 
Pioneer P35 6.88 4.67 3.40 
Pertiwi 3 6.42 4.58 3.20 
Average 6.65 A 4.62 B 3.30 C 
Coefficient of diversity = 3.94%    

Notes : similar letter indicates not significantly different 

 
3.6 Production Per Hectare 
 
Production per hectare is the goal of plant 
cultivation. According the result, the interaction 
between plant spacing and maize varieties did 
not affect the production per hectare of maize. 
But, for single factor, planting space affected the 
production per hectare (Table 7). 
 

The result showed the planting space 75 x 20 cm 
was the best planting space for production per 
hectare (6.65 ton). The population of plant per 
hectare affected the plant production. Plant 
density was affected by planting space in a row 
and it affected the plant performance and 
production particularly light efficiency use. 
Generally, high production per area unit can be 
reached by high population due to the light use 
was maximum in early stage [28]. 
 

The 75 x 40 cm treatment was the lowest 
production among the treatments. This result 
was caused by the number of population was 
lowest among the treatments. The wide plant 
spacing provide the opportunity for weed to 
develop and the absorbed light and nutrients 
decreased due to the light fell down to soil 
surface and the nutrients lost due to evaporation 
and leaching  [29]. 

The quality of grain was determined by the water 
content of harvesting. The best water content of 
grain maize is 15-17%. High water content of 
grain caused the grain is damaged [30]. 
According the description, the production per 
hectare of Pioneer P35 variety is 9.2 ton and 
water content is 15% with the yield potency is 
12.1 ton. For Pertiwi 3 variety, the production per 
hectare is 9.64 ton and yield potency is 13.74 
ton/ha [27]. The lower result than description was 
caused by the increasing of plant density. 
 

4. CONCLUSION 
 
The result showed that no interaction between 
planting spacing and varieties to growth and yield 
of maize. The best hybrid maize variety for 
growth and yield was Pioneer 35. The best 
planting space for growth and yield was 75 cm x 
20 cm. The interaction between plant spacing 
and hybrid maize varieties did not affect the 
growth and yield of hybrid maize. The further 
research is required to study the interaction 
between plant spacing and maize varieties. 
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