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 Glutinous rice (Oryza sativa glutinous L.) is one of the most important types of rice for 
food and health industries. However, the productivity is still low because the cultivation system 
has not been done optimally. This is also because the research on glutinous rice cultivation is 
still very small. The objective of this experiment is to get the N fertilizer dosage and seedlings 
age that can increase the growth and yield as well as the efficiency of solar energy through 
increased efficiency of absorbed energy use. The treatment consisted of four levels of nitrogen 
fertilizer dose (D1 = 45 kg ha-1, D2 = 90 kg ha-1, D3 = 135 kg ha-1 and D4 = 180 kg ha-1) and 
three levels of seedlings age (U1 = 14 days, U2 = 21 days and U3 = 28 days). This treatment 
combination was arranged in a Split Plot Design with three replications, N fertilizer dosage as 
the main plot and seedlings age as the subplot. The results showed that the N fertilizer dosage 
used in this experiment had a significant effect on dry weight, the number of tillers, yields, 
absorbed use efficiency (AUE) and Energy Conversion Efficiency (ECE). Seedlings age did not 
give a significant effect on the number of productive tillers and grain yields. The highest grain 
yield was achieved by treatment of N 180 kg ha-1 fertilizer dose of 9.86 t ha-1 with AUE value 
of 2.83% and ECE 4.84%.

Keywords: Glutinous Rice, Nitrogen Fertilizer, Seedlings Age, Solar Energy,
Efficiency of Solar Energy Usage and Energy Conversion.

 The glutinous rice (Oryza sativa glutinous 
L.) is one of the most popular varieties in Thailand 
(Kang et al., 2010). Glutinous rice also called 
waxy or sweet rice, is characterized mainly by the 
lack of amylose in starch (Bean et al., 1984). In 
Laos glutinous rice is used as a staple food (Roder 
et al., 1996). In Indonesia, glutinous rice is one 
of the essential ingredients for the food industry 
(Pawiroharsono, 2007). However, the glutinous 

rice productivity in Indonesia is still low around 
42,000 tons per year (Lukman, et al., 2013) with an 
average yield of about 2-6 tons per ha depending 
on the variety. Some of the causes of the low yield 
of glutinous rice crops are the use of traditional 
technologies that are not recommended (Lukman 
et al., 2013, Pawiroharsono, 2007).
 Nitrogen is the most important element 
needed for growth and development of plants 
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(Sannagoudra et al., 2012). Variations in the 
availability of nitrogen can affect the development 
of crops and seed yields. Nitrogen fertilization 
affects the production of dry matter by affecting 
the development of leaf area, and the efficiency 
of photosynthesis (Kaur et al., 2012, Wang et al., 
2012). Nitrogen is needed by plants in relatively 
larger quantities than other elements. Many 
previous studies have shown that N deficit is one 
of the major factors affecting growth and yield 
of plants (Zhao et al., 2000). Nitrogen deficiency 
generally results in stunted leaf growth caused 
by low assimilate formation leading to early 
flowering and shortening the growth cycle (Larimi 
et al., 2014). Nitrogen nutrition management is an 
important strategy in regulating rice growth and the 
efficiency of photosynthesis (Long et al., 2013).
 The use of young seedlings and planting 
one stem per hill in addition to saving the use 
of seedlings can also increase the development 
potential of the tillers, the older of seedlings age 
in the move to the field, the less time available for 
the growth of tillers (Muyassir, 2012). Rice crops 
with the treatment of 14 days old seedlings age 
were able to increase paddy field production and 
did not differ significantly with 7 days seedlings 
age treatment. This can be seen from the number of 
tillers, leaf area, leaf area index, total dry weight of 
plant, growth rate, number of panicles per hill, rice 
production of ha-1, grain weight per hill and harvest 
index better than age 21 and 28 days ((Anggraini et 
al., 2013)). The results of Porong, (2012), showed 
that the age of 15 days seedlings age is the right 
to move cropping. There is a marked influence 
on LAI and grain weight of 1000 grains of rice 
after harvest. The total chlorophyll content of the 
different stages of growth increased significantly 
for the 10-day planting seedlings age. This can be 
attributed to the resulting productive roots growth 
and no damage to the root system during uprooting 
and planting. The 30-day-old seedlings age give 
the lowest values   for total chlorophyll content 
(Pramanik and Bera, 2013)

Materials and Methods

 Field experiments were conducted from 
October 2016 to February 2017 in Kepuharjo 

village, Karangploso, Malang, East Java, 
Indonesia. Kepuharjo has located 500 m asl; 7.9o 
South Latitude and 112.6o East Longitude. This 
experiments using Split Plot with treatment consists 
of two factors: four dosage of nitrogen fertilizer 
(D

1
 = 45 kg ha-1, D

2
 = 90 kg ha-1, D

3
 = 135 kg ha-1 

and D
4
 = 180 kg ha-1) and three levels of seedlings 

(U
1
 = 14 days, U

2
 = 21 days and U

3
 = 28 days). 

The dosage of N fertilizer as the main plot and 
seedlings age as the subplot, each treatment was 
repeated three times. Land preparation is done by 
hand tractor twice until the soil is in the form of 
mud. Then made experimental plot size of 3.0 x 2.0 
m by 36 plots. Seedlings were planted according 
to treatment (aged 14 days, 21 days and 28 days) 
with the plant spacing of 0.20 X 0.20 m. At 7 days 
after planting (DAP), the plant was fertilized with 
75 kg of P2 O5 (in the form of SP-36) and 50 kg 
K2 O (in KCl form) per ha. Nitrogen fertilizers, in 
the form of Urea according to treatment (45, 90, 
135 and 180 kg ha-1), were applied 3 times, at 10, 
20 and 30 DAP, respectively at 20, 50 and 30%. 
Weeding done manually at 7, 14, and 21 DAP. Pest 
control is done according to the condition of pest 
attack.
 Destructive sampling was performed on 
35, 49, 63 and 77 DAP. Leaf area measurements 
were performed on slightly older leaves (4 leaves 
per plant). Chlorophyll was measured by measuring 
leaf chlorophyll content using Konica Minolta 
SPAD-502 Plus and Spectrofotometer (Junior et 
al., 2015), an average value recorded according 
to treatment. Observation of the intensity of solar 
radiation above and below the canopy was observed 
by using the lux meter Lutron LX-107. Observation 
of the intensity of solar radiation is done by direct 
measurement at age 35 - 77 DAP. Daily solar 
intensity data obtained from Meteorology and 
Geophysics Climatology Station, Karangploso 
Malang, Indonesia. The Absorbed Use Efficiency 
(AUE) and Energy Conversion Efficiency (ECE) 
are calculated by equations (Sinclair and Mucow, 
1999):

 ...(1) 
AUE: Absorbed Use  Efficiency
∆w: difference of dry weight of plant g.m-2 for a 
certain period (t),
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K: heat combustion coefficient (4.000 g.g-1)
Io: The intensity of the sun falls over the canopy 
cal m-2. day-1)
Ie: interception efficiency (%)

 ...(2)

ECE: Solar Energy Conversion Efficiency (%)                                                                              
∆w: dry plant weight loss (g) per m2 at a time 
period (t)
K: heat combustion coefficient (4,000 cal g-1)
I: the intensity of daily solar radiation 
(cal m-2 days-1)
t: one time period
PAR: photosynthetic active radiation (0.45)
 Analysis of variance (ANOVA) was 
performed to analyze data using the Genstat 
Device. If there is a significant difference, tested 
using a DMRT with a 5% probability level to see 
the difference.

results and discussion

dry Weight 
 Plant growth can be described by plant 
biomass (Zaini et al., 2017). The results showed 
that there was no interaction between the treatment 
of N fertilizer dosage and seedlings age to the total 
dry weight variables of the plant. However, the 
treatment of N fertilizer dosage had the significant 
effect on all ages of observation. Treatment of N 

180 kg ha-1 fertilizer dose tended to give the total 
dry weight of plant higher than other treatment 
although not significantly different with N 135 
kg ha-1 fertilizer treatment (Table 1). While of the 
seedlings age did not significantly affect the total 
dry weight of the plant.
number of tilles and Productive tillers
 The results showed that there was no 
interaction between the treatment of N fertilizer 
dosage and of the seedlings age on the number 
of tillers and productive tillers per hill. However, 
the treatment of N fertilizer dosage had the 
significant effect on all ages of observation. While 
of the seedlings age only affects the age of 49 
DAP. Increased of N fertilizer dose followed by 
increasing number of tillers and productive tillers. 
Treatment of N 180 kg ha-1 fertilizer dosage gave 
the higher number of tillers and productive tillers 
than the other treatment but not significantly 
different with N 135 kg ha-1 fertilizer. At the age of 
49 DAP, the treatment of 14 days old seedlings gave 
the higher number of tillers, but not significantly 
different from the 21-day treatment (Table 2).
leaf chlorophyll contents
 According to Table 3, the chlorophyll a, 
b and total chlorophyll content are influenced by 
the dosage of N fertilizer, where at age 63 DAP 
the dosage of N fertilizer from 45 to 180 kg ha-1 
is followed by an increase in leaf chlorophyll 
content. The content of chlorophyll a and the total 
high value achieved by the treatment of the dosage 
of N 135 kg ha-1 fertilizer but not significantly 
different with the treatment of 180 kg ha-1. As 

table 1. Average Dry Weeds of Plants on Treatment of 
N Fertilizer Dosage and Age of Seedlings

N fertilizer              Plant Dry Weight (g clump-1) at age (DAP)
(kg ha-1)                35                     49                     63                   77           117 (harvest)

45 3.09 a 11.97 a 22.95 a 38.32 a 79.68 a
90 3.14 a 13.24 ab 25.14 a 48.37 b 88.99 ab
135 3.39 a 14.14 bc 31.56 b 61.52 c 97.90 b
180 4.27 b 15.43 c 38.55 c 68.47 d 97.77 b
Seedlings Age (day)     
14 3.28 ns 13.45 ns 30.20 ns 54.39 ns 90.08 ns
21 3.41 ns 13.68 ns 28.21 ns 55.65 ns 93.26 ns
28 3.72 ns 13.95 ns 30.23 ns 52.48 ns 89.92 ns

Note: Figures accompanied by the same letter in the same column show no significant difference in Duncan 
Test 0.05. DAP = day after planting, ns = not significantly different.
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table 2. Mean Average Number of Tillers and Productive Tillers 
on the Treatment of N Fertilizer Dosage and Seedlings Age

                                     The Tillers (stem-clumps-1) at age (DAP)                             The Productive
                         Tillers 
N fertilizer                     (stem-clump-1)
(kg ha-1)                   35                      49                      63                       77              117 (harvest)

45 8.67 a 12.85 a 12.26 a 10.07 a 10.00 a
90 10.59 b 13.59 ab 14.22 b 12.56 b 11.09 ab
135 12.35 c 16.07 bc 16.67 c 15.74 c 12.78 bc
180 13.39 c 16.30 c 17.52 c 17.74 d 14.28 c
Seedlings Age (day)          
14 11.32 ns 15.97 b 14.61 ns 14.44 ns 12.21 ns
21 10.87 ns 14.42 ab 15.03 ns 14.50 ns 11.56 ns
28 11.56 ns 13.72 a 15.86 ns 13.14 ns 12.35 ns

Note: Figures accompanied by the same letter in the same column show no significant difference in Duncan Test 0.05. DAP = 
day after planting, ns = not significantly different

for chlorophyll b achieved by the treatment of 
180 kg ha-1. Seedlings age treatment did not give 
significant effect to leaf chlorophyll content.
Plant results
 The experimental results showed that 
there was no interaction between the treatment of 
N fertilizer dosage and seedlings age to production 
and yield components. However, the treatment of N 
fertilizer dosages significantly affected the number 
of grains per clump, the weight of grain per hill, 
the percentage of empty grain, the weight of 1000 
grains and the weight of grain per hectare. While 
the treatment of seedlings age has no significant 
effect. Increased levels of N fertilizer dosage 
increased the number of grains per clump, the 

weight of grain per hill and the weight of grain per 
hectare. In contrast, increased levels of N fertilizer 
decreased the percentage of empty grain.
 The average number of grains per hill, the 
weight of grain per hectare and the weight of grain 
per hectare was achieved by the treatment of N 180 
kg ha-1 fertilizer dosage of 1766 grains, 49.27 g of 
clump-1 and 9.86 t ha-1, respectively significantly 
different from the treatment of 135 kg ha-1. While 
the increase of N fertilizer dosage did not give a 
significant effect on grain weight of 1000 grains 
of Table 4.
 Value of Absorbed Use Efficiency (AUE) 
and Solar Energy Conversion Efficiency (ECE)

table 3. Mean value of Chlorophyll a, b and total content on 
Treatment of N Fertilizer Dosage and Seedlings Age

N fertilizer                 The Chlorophyll content  (mg g-1) at 63 DAP
(kg ha-1)                   Chl a                   Chl b                   Chl t

45 12.54 a 9.01 a 21.55 a 
90 14.63 b 11.24 b 25.86 b 
135 17.18 c 14.03 c 31.22 c 
180 15.9 bc 14.37 c 30.26 c 
Seedlings Age (day)      
14 14.91 ns 12.02 ns 26.93 ns 
21 14.92 ns 12.14 ns 27.06 ns 
28 15.35 ns 12.32 ns 2 7 . 6 7  
ns 
Note: Figures accompanied by the same letter in the same column show no 
significant difference in Duncan Test 0.05. DAP = day after planting, ns = not 
significantly different
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table 4. Average Number of Grain, Grain Weight, Percentage of Grain Empty,  
1000 Grains Weight on Treatment of N Fertilizer Dosage and Seedlings Age

N fertilizer   The Number             The Grains            Percentage           1000              The Gains           
(kg ha-1)           Grains                  Weight            Grains          Grains                Weight 
                   (gain clump-1)           (g clump-1)             Empty (%)              Weight (g)                     (t ha-1)

45 1225 a 38.34 a 20.83 b 26.36 ns 7.67 a
90 1390 ab 41.64 a 19.85 b 26.11 ns 8.33 a
135 1616 bc 43.86 ab 12.42 a 25.26 ns 8.77 ab
180 1766 c 49.27 b 10.50 a 26.69 ns 9.85 b
Seedlings Age (day)          
14  1,570 ns 45.48 ns 15.15 ns 45.48 ns 9.10 ns
21  1,464 ns 42.37 ns 17.12 ns 42.37 ns 8.47 ns
28   1,465 ns 41.98 ns 15.43 ns 41.98 ns 8.40 ns

Note: Figures accompanied by the same letter in the same column show no significant difference in Duncan Test 0.05.  
ns = not significantly different

 There was no interaction between the 
treatment of N fertilizer and the seedlings age 
against AUE and ECE. The treatment of N fertilizer 
dosage was significant, while the seedlings age was 
not significant. Table 5 shows that increased of N 
fertilizer dosage increase AUE and ECE values. 
The highest AUE and ECE values were achieved 
by the treatment of N 180 Kg ha-1 fertilizer dose 
respectively of 2.83 and 4.84%.

discussion

 The results of the experiment showed that 
the treatment of N fertilizer dosage significantly 
affected the dry weight, the number of tillers, 
chlorophyll content, yield, efficiency of absorbed 
energy use and energy conversion efficiency. The 
addition of the N fertilizer dosage significantly 

increased the dry weight, the number of tillers 
and the chlorophyll content (Table 1, 2 and 3).The 
highest values   of dry weight, the number of 
tillers and chlorophyll content were respectively 
achieved in a 180 kg ha-1 fertilizer treatment. 
Mursal (2008), reported that nitrogen application 
causes an increase in the number of tiller clumps-1, 
the number of seeds panicle-1, the weight of seeds 
and the number of seeds panicle-1. The results of 
Susila’s research (2015) showed that the treatment 
of N 135 kg ha-1 fertilizer dosage resulted in higher 
number of tillers and dry grain yields of 3.21 tons 
of ha-1. This is because the addition of N fertilizer 
can increase the dry weight of plants (Zhang et al., 
2014; Mursal, 2008). The dry weight of the plant is 
positively correlated with the number of tillers and 
total chlorophyll content and otherwise (r = 0.77 
and 0.67). Increased of N fertilizer dosage followed 

Fig. 1. Relation of Chlorophyll Content with AUE and ECE
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table 5. Average of Absorbed Use Efficiency 
(AUE) and Energy Conversion Efficiency (ECE) on 
Treatment of N Fertilizer Dosage and Seedling Age

N fertilizer                       AUE (%)                 ECE (%)
(kg ha-1)                77 DAP          117 DAP (harvest)

45 1.71 a 3.77 a
90 2.08 ab 4.21 b
135 2.65 bc 4.55 c
180 2.83 c 4.84 d
Seedlings Age (day)       
14 2.26 ns 4.22 ns
21 2.57 ns 4.37 ns
28 2.13 ns 4.44 ns

Note:  Figures accompanied by the same letter in the same 
column show no significant difference in Duncan Test 0.05.  
ns = not significantly different

by increased leaf chlorophyll content (Table 3). The 
chlorophyll content is closely related to the AUE 
and ECE values   (Figure 1), as well as positively 
correlated with ECE (r = 0.69).
 The dosage of nitrogen fertilizer 
significantly improved yield, AUE and ECE 
(Tables 4 and 5). The increase of N fertilizer 
dosage from 45 kg ha-1 to 180 kg ha-1 increased 
the dry weight of the plant, the number of grains 
clump-1, the grains of weight clump-1  and the grains 
of weight ha-1 18.50; 30.63; 22.18 and, 22.31% 
respectively. High grain yield was achieved in the 
treatment of N 180 kg ha-1 fertilizer dosage of 9, 86 
t ha-1. The results of Alfiyan et al., (2014) showed 
that nitrogen fertilization in various forms in direct 

seedling produces better biomass components than 
nitrogen fertilization in the plant move treatment. 
Results and ECE have a close relationship with the 
values   y = 1.943x + 0.213 and R2 = 0.94 (Figure 
2) and have a positive correlation (r = 0.66).
 The efficiency of the use of absorbed 
energy (AUE) and ECE is greatly influenced by 
the N fertilizer dosage. Increasing the N fertilizer 
dosage increases the AUE value (Table 5). AUE 
is positively correlated with dry weight and the 
number of tillers and otherwise (r = 0.85 and 0.52). 
The efficiency of radiation usage increases at the 
rate of application of N, With the same N fertilizer 
rate, different methods of N-fertilizer application 
affect RUE and grain yield (Li et al., 2012). The 
increase of N fertilizer dosage was followed by the 
increase of AUE and ECE values, the highest value 
achieved in the treatment of N 180 kg ha-1 fertilizer 
dosage of 2.83% and 4.84% (Table 5), respectively. 
As reported by Slattery and Ort (2015), that the 
average ECE value of rice crop (C

3
) is 3.99%. The 

value of AUE and ECE is influenced by the dry 
weight value of the plant.

conclusion

 Treatment of N fertilizer dosage and 
seedlings age did not have interaction with growth 
variable. The addition of N fertilizer dosage of 45 
-180 kg ha-1 can increase the number of tillers, dry 
weight of plant, leaf chlorophyll content, yield, 
AUE value and ECE value. Grain yield, AUE 
value, and highest ECE value were achieved at 
fertilizer N 180 kg ha-1 dosage, each of 9.86 t ha-1, 

Fig. 2. Relations ECE with Yield
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2.83 and 4.84%. While of the seedlings age did not 
give a real effect, but the seedlings age of 14 days 
tend to give better results than the seedlings age 
21 and 28 days.
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