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To study the effect of species varieties and number of seedlings per hill on the growth and yield of 
agronomical plants, a field experiment was conducted on glutinous rice (Oryza sativa L. glutinous). The 
experiment also investigated the efficiency of solar energy utilization. The treatment consisted of four 
glutinous varieties (Lusi, Grendel, Malang, and Gajih), and three levels of seedling per hill (1 seedling, 3 
seedlings, and 5 seedlings). These treatment combinations were arranged in a split-plot randomized 
block design with three replications, and the difference in varieties as the main plot, while the number of 
seedlings per hill as the subplot. The measurement was done for leaf area, yield, and solar energy 
utilization. The study concluded that varieties of glutinous rice used in this experiment had a significant 
influence on the yield component, grain yield, the Efficiency Absorbed Energy (EAE) and the Energy 
Conversion Efficiency (ECE). The number of seedlings per hill did not give a significant effect on the 
number of productive tillers and grain yield. The highest yield achieved by Malang variety (7.81 t.ha

-1
) 

with ECE of 3.89 %. 
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INTRODUCTION 
In Indonesia, glutinous rice (Oryza sativa L. 
glutinous) is one of the important basic materials 
for the food industry (Pawiroharsono, 2007). 
However, glutinous rice production in Indonesia is 
still low at around 42,000 tons per year (Lukman 
et al., 2013), with the average yield around 2 tons 
per ha. Several factors lead to this low production 
are: (1) the use of local varieties, and (2) the use 
of traditional un-recommended technology 
(Lukman et al., 2013). There are many high 
yielding varieties of glutinous rice have been 
produced by the Agency for Agricultural Research 
and Development of the Agriculture Ministry. 
However, most farmers still use local varieties. 
These varieties are usually long maturity varieties 

(age 5-6 months) and with a potential yield of 40-
50% lower than the high-yielding varieties 
(Santika and Rozakurniati, 2010). 
The ability of a plant to grow will be influenced by 
their capability to utilize the solar energy. Solar 
radiation is the source of ultimate power in the 
world and plays an important role in the ecology of 
terrestrial systems and living organisms 
(Leepipatpaiboon et al., 2009). Solar energy is a 
major factor in the growth process of any plant. 
Solar energy is important because the plants use 
it to form biomass through photosynthesis 
(Suprapto et al., 2012). The solar energy for 
optimal plant growth and production ranges from 
350 cal.cm

-2
 to 400 cal.cm

-2
 per day. In the sub-

tropical sun exposure is longer than the tropics, 
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with the difference 100-200 calcm
-2

 per day. 
The conversion efficiency of solar radiation is an 
important parameter for evaluating the effects of 
agronomic practices on plant growth (Morenco 
and Lopes, 1998). The conversion efficiency is the 
ability of plants to convert sunlight coming into the 
plant biomass. The energy conversion efficiency 
(ECE) expresses the energy stored in the 
biomass accumulated in one cycle (or period) 
compared to the flux of solar energy during this 
period (Ferreira et al., 2015). It is associated with 
a light that can be captured and can be absorbed. 
It can thus be contained terminology that cannot 
be separated on the association interception 
efficiency, the efficiency of absorption and efficient 
use of energy absorbed. Those three 
terminologies will explain how much light 
proportion lost so that it cannot be used in the 
process of plant photosynthesis (Regazzoni et al., 
2015). 

The low utilization of solar energy by crops is 
caused by several factors, among others are: the 
age of the plant, plant growth rate, varieties, 
fertilization, and plant population. The young 
plants with narrow leaf will not able to capture a 
large amount of solar radiation. The plant growth 
rate will influence the ability of a plant to capture 
solar radiation. The lower is the growth rate the 
lower is this capability to capture solar radiation. 
The effect of a plant variety on the efficiency of 
solar radiation capture is influenced by the leaf 
position. Varieties with horizontal leaf position 
capture less solar radiation because of mutual 
shading between the upper leaf canopies at the 
bottom of the header. 

The plant population is determined by plant 
spacing and the number of seedling per hills. 
Closer plant spacing causes the amount of energy 
captured by the bottom canopy very low 
(Suprapto et al., 2013). High plant population 
leads to mutual shading among the leaves of the 
plant, hence the intensity of the received lower 
leaves very low, and as a result it will reduce the 
chlorophyll content of leaves (Suprapto et al., 
2012). Very low plant population, on the other 
hand, will cause a lot of solar radiation passes 
and does not utilized by plants. The wide plant 
spacing will make less solar radiation captured by 
the plant canopy. 

The research of solar energy conversion 
efficiency has been done for many crops, such as 
peanut and sugarcane (Suprapto et al., 2012; 
2013). However, it seems there is no research on 
solar energy conversion efficiency for glutinous 
rice crop. The study is important to understand the 

relation between energy adsorptions and crop 
yield of glutinous rice. 

The experiment discussed here was aimed to 
investigate the effect of plant varieties and the 
number of seedling on yield of glutinous rice. The 
efficiency of solar energy conversion as a 
consequence of the increasing the number of 
seedling also studied. It was hypothesized that 
plant varieties and the number of seedlings will 
influence the efficiency of solar energy 
conversion, and hence, they will influence crop 
yield. 

 
MATERIALS AND METHODS 

 Experimental location 
A field experiment was conducted from April 

to September 2016 on the farmers land at 
Kepuharjo village, Malang Regency, Indonesia. 
The Kepuharjo village is located 500 m above sea 
level; 7.9

o
 South and 112.6

o
 East. The treatment 

consisted of two factors, i.e. (i) four glutinous rice 
varieties (Lusi, Grendel, Malang, and Gajih), and 
(ii) three levels of seedling number (1, 3 and 5 
seedlings per hill). These 12 treatments were 
arranged in a split-plot arrangement (glutinous 
rice varieties as the main plot) with Randomized 
Block Design and each treatment was replicated 
three times. 

Experimental set up and measurement 
Land preparation was done by a hand tractor 

twice until the soil in the form of mud then a plot of 
3.0 x 2.0 m was prepared. Seedling of 14 days 
was transplanted at plant spacing of 0.20 X 0.20 
m. At 7 days after transplanting (DAT), the crop 
was fertilized with 75 kg P2 O5 (in the form of SP-
36) and 50 kg K2 O (in the form of KCl) per ha. 
Nitrogen, in the form of Urea, was applied 3 times, 
i.e. at 10, 20 and 30 days after planting (DAT), 
and each of this was 75, 100, and 100 kg N/ha. 
Weeding was done manually at 7, 14, and 21 
DAT. Pest control was carried out in accordance 
with the condition of pest attack. 

Destructive sampling was done at 38 
(vegetative stage), 53 (pinnacle initiation) and 66 
(reproductive stage) DAT for leaf area 
measurement. The leaf area measurement was 
done on selected matured leaves (4 leaves per 
plant). The leaves area measurement was done 
using Leaf Area Meter Type Li-300. Chlorophyll 
was measuring leaf chlorophyll content with the 
Konica Minolta SPAD-502 Plus and 
Spectrophotometer (Süß et al., 2015), the 
average value was recorded accordingly per 
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treatment. The number of tillers, dry biomass and 
yield were observed at harvest. 
Observations of solar radiation intensity above 
and below the canopy were observed using the 
tool lux meter Lutron LX-107. The observations of 
solar radiation intensity was done by instant 
measurement on the pinnacle initiation stage 
(early reproductive growth phase) at 53 DAT. 
Daily solar intensity data obtained from Station 
Climatology Meteorology and Geophysics, 
Karangploso Malang, Indonesia. The Efficiency 
Absorbed Energy (EAE) was then calculated with 
equation derived by Sinclair and Mucow (1999): 

     
      

      
       

………………………………………….. (1) 
With: 
EAE : Efficiency Absorbed Energy, 
w : the difference in plant dry weight g.m

-2
 

for a period of time (t), 
K : coefficient of heat of combustion (4,000 
cal.g

-1
) 

If : The intensity of the sun falling on top of 
the canopy (cal.m

-2
.day

-1
) 

Ei : Interception efficiency (%) 

Statistical Analysis 
Analysis of variance (ANOVA) was performed 

for analyzing the data using the Minitab Software 
(Minitab Inc.). If there was a significant difference, 
then LSD with the probability level of 5% was 
used to see the differences. 
 
RESULTS  

The result presented in Table 1 show that leaf 
area at vegetative growth stage (38 DAT) was 
significantly influenced by the interaction between 
glutinous rice varieties and seedling number per 
hill. At this vegetative growth stage, with the 
exception of Lusi varieties, the increase in 
seedling number followed by the increase in leaf 
area. For Lusi varieties, increasing of seedling 
number did not significantly influenced leaf area. 
At the age of pinnacle initiation phase (52 DAT), 
with the exception of Lusi variety, increasing 
number of seedling was followed by the increase 
in leaf area (Table 1). For Lusi variety, there was 
a tendency that increasing the number of 
seedlings decreased leaf area. The decreasing 
value in leaf area with increasing the number of 
seedlings was also observed with Malang Variety 
at the reproductive stage (66 DAT). 

It is interesting to notice that in spite of 
different the number of seedling numbers per hill, 
the number of productive tillers was influenced by 

the varieties only. The results presented in Table 
2 showed that the lowest productive tillers were 
obtained by the Gajih variety. This variety, 
however, possesses the high dry biomass. From 
morphological point of view, Gajih variety is taller 
compared Lusi, Grendel and Malang varieties 

At 58 days after transplanting, chlorophyll 
content was only influenced by glutinous rice 
varieties (Table 3). At the ripening stage (72 
DAT), however, interaction between varieties and 
number of seedling significantly influenced 
chlorophyll content of glutinous rice (Table 4). At 
the pinnacle initiation phase (52 DAT), Malang 
variety had the highest numbers of chlorophyll a 
and chlorophyll b. The lowest number of 
chlorophyll a was possessed by Grendel variety, 
but the lowest number of chlorophyll b was by 
Gajih variety. 

Means accompanied by the same letters is 
not significantly different (p > 0.05) 

At the ripening stage (72 DAT), there was a 
significant interaction between varieties with the 
number of seedlings per hill chlorophyll b and total 
chlorophyll content (Table 4). Malang variety 
contains chlorophyll b which tends to be higher 
than the Lusi and Grendel varieties. The results in 
Table 4 also show that with the exception of 
Malang variety, the total chlorophyll content tends 
to decrease with increasing the number of 
seedling. 

The interaction varieties and number of 
seedling did not significantly influence yield 
component and grain yield, but only influenced by 
varieties (Table 5) and number of seedling (Table 
6). The results in Table 5 show that Gajih variety 
had the lowest number of seeds per panicle, seed 
weight per panicle, and 1000 grain weight of seed 
and grain yield compared the other three varieties. 
The yield component and grain yield per ha 
between Lusi, Grendel and Malang varieties were 
not significantly different (p > 0.05). 

The results presented in Table 6 show that 
number of seedling influenced only the number of 
panicle per clump and the number of grain per 
panicle. But they are not influence the grain 
weight per clump, grain weight per ha and 1000 
grain weight. The increase of seedling number per 
hill increased the number of panicle and the 
number of grain per panicle.  The number of 
seedlings per hill did not significantly influence 
grain weight per panicle, grain weight 1000 grain 
and grain weight. 
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Table 1. Effect of glutinous rice varieties and seedlings number on leaf area 

Treatment Leaf Area (cm
2
.clump

-1
) at 

Varieties 
Seedling number 

(seedlings per hill) 

Vegetative stage Pinnacle Initiation Reproductive stage 

38 DAT 52 DAT 66 DAT 

Lusi 

1 141.2 b 1358 d 1600 b 

3 141.2 b 1336 d 1941 c 

5 330.5 g 1098 bc 1877 c 

Grendel 

1 132.3 b 748 a 1568 b 

3 216.2 d 1026 b 1163 a 

5 234.4 e 1279 c 1128 a 

Malang 

1 171.0 c 864 ab 1653 b 

3 239.7 e 1324 d 1604 b 

5 290.1 f 1335 d 1588 b 

Gajih 

1 93.4 a 949 b 1218 a 

3 211.9 d 1056 b 1435 b 

5 264.8 ef 1078 bc 1406 b 

Means accompanied by the same letters in the same column is not significantly different (p>0.05) 
 

Table 2. Effect of glutinous rice varieties on the number of productive tillers and plant dry weight 

Treatment(Varieties) The number of productive tillers (stem clump
-1

) Plant dry weight(g clump
-1

) 

Lusi 12.75 b 97.44 ab 

Grendel 12.86 b 84.16 a 

Malang 10.97 b 94.70 ab 

Gajih 8.028 a 112.7 b 

Means accompanied by the same letters in the same column is not significantly different (p>0.05) 
 

Table 3. The content of chlorophyll reading of varieties tested in this experiment at the pinnacle 
initiation stage (52 DAT) 

Treatment 
The Content of Chlorophyll 

(mg.g
-1

) 

(Varieties) Chlorophyll a Chlorophyll b 

Lusi 1.48 b 0.62 ab 

Grendel 0.69 a 0.59 ab 

Malang 1.57 b 0.80b 

Gajih 1.39 b 0.45 a 

Means accompanied by the same letters is not significantly different (p>0.05) 
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Table 4. Effect of glutinous rice varieties and seedling number on chlorophyll content at the 

ripening stage (72 DAT) 
 

Treatment content of chlorophyll (mg.g
-1

) 

Varieties Seedling number Chlorophyll a Chlorophyll b Total 

 1 1.23 a 0.35 cd 1.58 ab 

Lusi 3 1.19 a 0.36 cd 1.55 ab 

 5 1.17 a 0.37 cd 1.54 ab 

 1 1.31 a 0.27 ab 1.58 ab 

Grendel 3 1.15 a 0.23 a 1.38 a 

 5 1.14 a 0.23 a 1.37 a 

 1 1,68 b 0.38 cd 2.06 c 

Malang 3 1.71 b 0.43 d 2.14 c 

 5 1.82 b 0.62 e 2.44 d 

 1 1.27 a 0.31 ab 1.58 ab 

Gajih 3 1.30 a 0.33 ab 1.63 b 

 5 125 a 0.31 ab 1.56 ab 

Means accompanied by the same letters is not significantly different (p>0.05) 
 
 
 

Table 5. Effect of glutinous rice varieties on yield components and grain yield 
 

Varieties 
Panicle number 

(ear.clump
-1

) 
Grain number 

(grains.panicles
-1

) 
Grain weight 
(g.clump

-1
) 

1000 grain 
weight (g) 

Grain Yield 
(tons.ha

-1
) 

Lusi 22.47c 95.71a 34.78b 22.81b 6.96 b 

Grendel 22.61c 81.34a 35.22b 24.99b 6.99 b 

Malang 13.97b 87.36a 32.56b 27.62b 7.81 b 

Gajih 11.03a 134.1b 12.78a 15.78a 2.59 a 

Means accompanied by the same letters is not significantly different (p>0.05) 
 
 
 

Table 6. Effect of number of seedlings per hill on yield components and grain yield 
 

Number of seedlings 
per hill 

Panicle  
number 

Grain number 
(grains.panicles

-1
) 

Grain weight 
(g.clump

-1
) 

1000 grain 
weight (g) 

Grain Yield 
(tons.ha

-1
) 

1 17.07 a 108.8 b 28.42 a 22.96 a 6.01 a 

2 16.80 a 100.5 b 29.58 a 22.98 a 6.24 a 

3 18.69 b 89.57 a 28.50 a 22.46 a 6.02 a 

Means accompanied by the same letters is not significant different (p>0.05) 
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The result presented in Table 7 show that 
interaction between varieties and seedling number 
significantly influenced the efficiency absorbed 
energy (EAE). Except Malang variety, the 
increase in the number of seedling per hill 
increased the efficiency absorbed energy (EAE). It 
was observed that the highest solar energy 
conversion efficiency was obtained by Malang 
variety (3.89, and then followed by Lusi (3.09%), 
Grendel (3.05%), and Gajih (2.88%). It seems that 
energy conversion is influence by plant maturity. 
Malang variety is a sort maturity which harvested 
at 107 days after transplanting. Gajih variety, on 
the other hand, is long maturity variety and 
harvested at 150 days after transplanting. ECE 
value depends on the age of the plant where the 
accumulation of light intensity occurs. 
 
Table 7. Effect of glutinous rice varieties and 
seedlings number on the efficiency of 
absorbed energy (EAE) 
 

Varieties Seedlings number EAE (%) 

 1 1.33 ab 

Lusi 3 2.71 cd 

 5 4.38 e 

 1 2.45 bc 

Grendel 3 1.82 ab 

 5 2.87 cd 

 1 3.55 de 

Malang 3 3.43 de 

 5 2.46 bc 

 1 1.14 a 

Gajih 3 2.88 cd 

 5 2.97 cd 

 
Means accompanied by the same letters is not 
significant different (p>0.05) 

 
DISCUSSION 

The result in Table 1 shows that the response 
of leaf area to number of seedling is different for 
each variety. At the reproductive stage (66 DAT), 
leaf area of Grendel variety decreased with 
increasing seedling number. However, the leaf 
area of 3 other varieties increased with increasing 
seedling number from 1 to 3 seedlings, and then 
decreased on further increase of seedling 
number. This phenomenon could be a 
consequence of the different physiological and 
morphological characteristics of those varieties as 

explained by Yang et al., (2013). The selected 
varieties might have different physiological 
processes towards the vegetative and the 
reproductive stage biomass production. 

The result given in Table 6 show that seedling 
number did not influenced grain weight per clump 
and 1000 grain weight. However, it significantly 
increased the panicle number and decreased 
grain number. As a result, grain yield did not 
significantly influenced by seedling number. This 
result is different with the result of Bhowmik et al., 
(2012). These researchers showed that number of 
seedlings per hill had significant effect on yield 
and yield contributing characters of aus rice cv. 
NERICA 1. Increasing the number of seedling 
from 2 seedlings per hill to 5 seedlings increased 
the number of tillers and grain panicle (Bhowmik 
et al., 2012). The highest number of effective 
tillers.m

-2
 and the highest number of 

grains.panicle
-1

 were mainly responsible for this 
highest grain yield. Grain yield decreased 
progressively with the decrease of number of 
seedlings per hill. The lowest grain yield was 
found in two seedlings per hill, and increased with 
increasing the number of seedling per hill. 

Grain yield was only influenced by glutinous 
rice varieties only (Table 5). Satyajit et al., (2013) 
found different result. These authors showed that 
the interaction between varieties and seedling 
number per hill significantly influence grain yield 
and straw yield. Furthermore, these authors found 
that the highest number of effective tillers per hill 
and 1000 grain weight contain the highest number 
of grain and consequently gave the highest yield 
observed in this experiment. 

The results given in Table 5 showed that the 
highest yield was obtained by Malang Variety. 
Looking the results presented in Tables 1, 2, 3, 
and 4, it seems that the high yield of Malang 
variety was related to the high of leaf area, the 
number of productive tillers. The high yield of 
Malang variety was also related to efficiency of 
absorbed energy (Table 7). It has been shown 
(Table 7) that interaction between varieties and 
seedling number significantly influenced the 
efficiency absorbed energy (EAE). Except Malang 
variety, the increase in the number of seedling per 
hill increased the efficiency absorbed energy 
(EAE). 

The increase in EAE was thought caused by 
the increase of leaf area (Table 1). 
Leepipatpaiboon et al., (2009) reported that EAE 
value can be increased by increasing leaf area 
index (LAI). Furthermore, they suggested that 
increasing leaf area index can be practice through 
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crop management or utilization of new plant type. 
In this sense, the biomass yield of a plant 
depends on the quantity of photo synthetically 
active radiation absorbed through the leaves and 
the efficiency with which it can convert radiant 
energy into assimilates through the process of 
photosynthesis (Behling et al., 2015). 

CONCLUSION 
From the results discussed above, it can be 

concluded that varieties used in this experiment 
together with the number of seedling per hill was 
influenced the yield of glutinous rice. The highest 
yield was achieved by Malang variety. This variety 
also possessed the highest the efficiency of 
conversion energy. In summary, by increasing the 
number of seedlings per hill was contributed to the 
increase in the efficiency absorbed energy that 
produce efficient photosynthesis thus gave a 
higher yield of glutinous rice. 
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