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In Indonesia, rice is the staple food of the most people of the country, so there are many rice cultivation 
in various regions, that have good watering system. The plant growth depends on the interaction 
between environmental and plant genetic factors. This research aims to study the Radiation Use 
Efficiency (RUE) on the performance of three varieties of rice (Oryza sativa L.) to the plant spacing in 
rainy season. The experiment was performed using Split Plot Design and repeated three times. The 
main plot was varieties (V), such as Ciherang Variety, Mentik Variety, and Genjah Arum variety. The sub 
plot were plant spacing (JT) which consisted of 4 types such as, JT25 = 25 x 25 cm, JT30 = 30 x 20 cm, 
JT40 = 40 x 15 cm dan JT50 = 50 x 12 cm. The results were analyzed by variance test (F test) at 5% level 
and 1%. The results showed that there were positive interaction between rice productivity in rainy 
season with spacing arrangement on Ciherang, Mentik and Genjah Arum varieties. The productivity of 
Ciherang ranged between 3.48 to 8.43 t ha

-1
. Results of RUE indicated that there were correlative 

interaction between varieties and plant spacing. The components of RUE evidenced by the value of R
2
 

0.99 between RUE with rice productivity. 
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INTRODUCTION 

Rice is one of staple food for the people of 
Indonesia. Therefore, many rice cultivation plants 
in various regions, especially those that have 
good watering system. The growth and quality of 
the rice depends on the interaction between 
environmental with plant genetic factors. Genetic 
factors are associated with characteristics of the 
plants. While environmental factors are controlling 
the potential of plants by climate or weather 
conditions. One of the climate elements that can 
be used as a relation to plant growth is rainfall. 
Rice were usually planting at the beginning of the 
rainy season. During this season, the rice water 
needs demand is expected to be fulfilled. On the 
tropical regions, solar radiation were higher in the 
dry season than in the rainy season (Deptan, 
2009). Satoto et al. (2013), showed the average 

productivity of several rice strains planted in the 
dry season at 2012 (8.03 t ha

-1
) was higher than 

the rainfall season at 2012-2013 (7.41 t ha
-1

). The 
difference in rice productivity in the dry season 
was higher 7.72% than in the rainy season. 
Rice production should increase every year to 
meet the consumption needs from the impact of 
population growth. Rice productions were 
determined by various aspects, including the 
spacing of rice crops. Lin et al. (2009), proposed 
that a wide spacing on rows can improve total 
light captured by plants and increasing the yield.  
Plant growth is influenced by genetics and 
environmental factors. In this study, genetic 
studies is an effort to increase the efficiency of 
solar radiation by using various varieties, whereas 
in the environmental factors, were using various 
plant spacing as treatment on the research. This 
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study aimed to determine the effect of planting 
eragement (plant spacing)  on the production of 
three varieties of rice that planted in the rainy 
season. 
 
MATERIALS AND METHODS 

The research was conducted during February 
2017 until May 2017 in Tekung Village, Sub-
District Tekung, Lumajang, East Java on a 
lowland with altitude 25-50 meters above sea 
level and the temperature between 24 ° C-32 °C. 
The amount of rainfall ranges from 1,500-2,500 
mL. Lumajang geographically is in position 112 ° 
53 '- 113 ° 23' East Longitude and 7 ° 54 '- 8 ° 23 
South Latitude. The factorial experiments 
arranged in the split plot design and  repeated 
three times. The main plot were Varieties (V), 
while the sub plot were plant spacing. The main 
plot consists of 3 varieties, V1 = Ciherang Variety, 
V2 = Mentik Variety dan V3 = Genjah Arum 
Variety. The sub plot were plant spacing (JT) 
which consists of 4 types such as, JT25 = 25 x 25 
cm, JT30 = 30 x 20 cm, JT40 = 40 x 15 cm dan JT50 

= 50 x 12 cm. Plant spacing is widened from east 
to west (distance between rows), and distance in 
row from north to south. The experiments were 
replicated 12 plots and repeated 3 times, so there 
were 36 units of experimental plots. 

Research stages were starting from 
propagation, land preparation, planting, 
maintenance and harvest. Plot area were 3.5 x 
3.5 m, the distance between treatments were 100 
cm and  between replications were 50 cm. The 
total area of experimental were 17 m x 40 m. The 
observations consist of plant dry weight, yield, 
CGR and RUE. The data analysis were using 
analysis of variance by F test 5% to indicate if the 
data had significant interaction or no significant 
difference on the treatment. If the result of F count 
> F table means the data were significantly 
different and continued with LSD test at 5% level 
(Gomez and Gomez, 1995). 
 
RESULTS  

Plant Dry Weight  
Plant growth can be illustrated by the biomass 

of plants. Based on Table 1, V1 (Ciherang) with 
plant spacing of 40 cm x 15 cm (J40) had the 
highest plant dry weight of 22.52 g plant

-1
. In the 

J25 and J30, showed no significant difference with 
dry weight 16,24 and 16,13 g plant

-1
. Treatments 

J40 and J50 were significantly different 14.07 to 
38.66%. On the V2 (Mentik) with plant spacing of 
40 cm x 15 cm (J40) the dry weight result of 13.90 

to 14.43 g of plant
-1

 were not significantly different 
on the various spacing treatments. Treatment V3 
(Genjah Arum),  was not significantly different 
between plant dry weight and various spacing 
distance. Time observation at 40 and 60 DAP 
showed the same responses with plant dry weight 
obtained  22.36 to 46.02 g plant

-1
. 

At the 20 DAP, there were no significant 
responses between plant spacing to dry weight of 
plants, which the dry weight range above the 
ground was 4.27 to 6.68 g plant

-1
. 

The increasing of plant dry weight showed 
that plants experienced growth and development 
in their life cycles. Plant dry weight is an indicator 
of plant growth and as the figure of 
photosynthesis result that called photosynthate. 
The higher photosynthate will allow the formation 
of optimum plant organs, dry weight and yield. 
Mungara et al. (2013), stated that at the initial 
growth of rice, the dry weight was under 5 g plant

-

1
, while at the harvest time dry weight could reach 

more than 50 g plant
-1

. 

Crop Growth Rate  
Crop Growth Rate (CGR) is the plant ability to 

produces dry weight over a period of time. Based 
on Table 2, shows CGR at 0 up to 20 DAP was 
not significantly different between varieties and 
plant spacing between the rows. On the CGR 
second observations, at 20 up tol 40 DAP and 40 
up to 60 DAP showed the interaction between 
varieties and plant spacing between the rows. On 
the observations at 20 up to 40 DAP, the highest 
CGR result were V1J40 treatment 0.00132 g cm

-2 

day
-1

, and also at 40 up to 60 DAP, V1J40 had the 
highest CGR 0.00204 g cm

-2 
day

-1
. On the 

observations at 20 up to 40 DAP,  V1 showed the 
result of CGR 0.00088 until 0.00132 g cm

-2 
day

-1
, 

V2 showed CGR 0.00062 until 0.00066 g cm
-2 

day
-1

 and on the V3 was 0.0042 until 0.00067 g 
cm

-2 
day

-1
. On the observation at 40 up to 60 DAP, 

on V1 had CGR 0.00141 until 0.000204 g cm
-2 

day
-1

, V2 showed CGR 0.00125 until 0.00131 g 
cm

-2 
day

-1
 and on the V3 showed CGR 0.00094 

until 0.00116 g cm
-2 

day
-1

. Based on data 
observations at 0 up to 20 DAP (first observation) 
CGR of rice value were  0.00036 until 0.00054 g 
cm

-2 
day

-1
. 
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Table 1. Interaction between Varieties and Spacing to Dry Weight of Plants at 20, 30 and 40 
DAP 

Time observation at 20 DAP 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 6.67 6.07 6.68 6.17 

V2 6.53 6.50 6.59 6.40 

V3 5.47 6.07 5.43 4.27 

LSD 5% ns 

Time observation at 40 DAP 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 16.24 cd 16.13 cd 22.52 e 18.40 d 

V2 14.30 bc 13.90 bc 14.43 bc 14.35 bc 

V3 10.75 a 11.19 a 12.77 ab 12.26 ab 

LSD 5% 2.56 

Time observation at 60 DAP 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 33.91 cd 33.68 cd 46.02 e 38.42 d 

V2 29.87 bc 29.02 bc 30.13 bc 29.97 bc 

V3 22.45 a 23.36 a 26.66 ab 25.60 ab 

LSD 5% 5.35 

Description: Numbers followed by the same letter at the same column and row showed no significant 
difference in the LSD test at 5% level, DAT: day after transplanting. 

 
Table 2. Interaction between Varieties dan Plant Spacing on the Crop Growth rate  

Time observation at 0 sampai 20 DAP 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 0.00053 0.00051 0.00056 0.00051 

V2 0.00052 0.00054 0.00055 0.00053 

V3 0.00044 0.00051 0.00045 0.00036 

LSD 5% Ns 

Time observation at 20 sampai 40 DAP 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 0.00077 bc 0.00084 cd 0.00132 e 0.00102 d 

V2 0.00062 abc 0.00062 abc 0.00065 bc 0.00066 bc 

V3 0.00042 a 0.00043 a 0.00061 ab 0.00067 bc 

LSD 5% 0.00023 

Time observation at 40 sampai 60 DAP 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 0.00141 d 0.00146 de 0.00204 f 0.00167 e 

V2 0.00125 bcd 0.00126 cd 0.00131 cd 0.00130 cd 

V3 0.00094 a 0.00101 ab 0.00116 abc 0.00111 abc 

LSD 5% 0.00023 

Description: Numbers followed by the same letter at the same column and row showed no significant 
difference in the LSD test at 5% level, DAT: day after transplanting. 
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The CGR is the increase in weight in the plant 
community of land area unity in units of time, 
widely used in the analysis of the growth of 
cultivated plants in the field (Huang et al. 2016). 
Mungara et al. (2013) stated the crop growth rate 
(CGR) at 4-8 WAP and 8-16 WAP in rice will 
significantly increase. Other factors that determine 
the CGR are planting patterns, it means that 
agronomic cultivations are greatly affects the 
value of CGR, that in this study the planting 
pattern through plant spacing modification were 
effected the CGR on the three rice varieties, such 
as Ciherang, Mentik and Genjah Arum. Moreover, 
plant spacing distance could affect the radiation 
received by plants. Varon and Diaz (2015), stated 
that CGR is strongly influenced by environmental 
factors such as light radiation, temperature, 
humidity and also an agronomic management to 
modify the environmental conditions such as 
planting pattern that will greatly affect to make a 
higher assimilate so that the CGR on the three 
varieties of Ciherang, Mentik and Genjah Arum 
that were used in this study were significantly 
influenced by the environment and modification 
factors through the planting eragement such as 
plant spacing. 

Yield and RUE (Radiation use efficiency) 
The research showed a significant interaction 

between three rice varieties and spacing distance 
between rows on yield parameter (Table 3). The 
yield were 3.48 to 8.43 t ha

-1
. Each varieties have 

different response with the setting of planting 
pattern, on the V1 with J40 (8.43 t ha

-1
) had were 

bigger 11.95% than J50 (7.53 t ha
-1

). Besides that, 
J40 was higher 25.26 and 27.72%  compared to 
J25 and J30. In the V2 (Mentik), there was no 
significant effects between spacing distance on 
the yield of Mentik variety.  
 
Table 3. Interaction between Varieties dan 
Plant Spacing on the rice yield 

 
Description: Numbers followed by the same letter 
at the same column and row showed no 
significant difference in the LSD test at 5% level. 

The results on V3 (Genjah Arum), with plant 
spacing J25, J30 and J50 had no significant 
differences and also on J30, J40 and J50 had no 
significant differences, but between J25 and J40, 
showed significant different result with J40 was 
18.46% higher than J25. Plant spacing of J35, 
J30, J40 and J50 obtained result that V1 had the 
highest yield compared to other varieties. 
The RUE results (Table 4), V1 (Ciherang) were 
1.23 to 1.71%. J40 showed the highest RUE 
compared to other treatments. V2 (Mentik) was no 
significant difference in plant spacing J25, J30, 
J40 and J50 with RUE value from 1.06 to 1.10%. 
V3 (Genjah Arum) was no significance difference 
between value on plant spacing and the RUE was 
obtained 0.64 to 0.76%. From all treatment, 
V1J40 was the highest RUE 1.71% compared to 
J25, J30, J40 and J50. The data indicated, that V3 
is the varieties with the lowest RUE compared to 
V1 and V2. In J20 and J30 showed that V1 and 
V2 were not significantly different but in J40 and 
J50 the three varieties had significantly different 
results. 
 
Table 4. Interaction between Varieties and 
Plant Spacing on the Radiation use Efficiency 
(RUE)  
 

RUE (%) 

Varieties Plant Spacing 

J25 J30 J40 J50 

V1 1.24bc 1.23 bc 1.71 d 1.40 c 

V2 1.09 b 1.06 b 1.10 b 1.09 b 

V3 0.64 a 0.67 a 0.73 a 0.76 a 

LSD 5% 0.19 

Description: Numbers followed by the same letter 
at the same column and row showed no 
significant difference in the LSD test at 5% level. 
 
 
Figure 1. Shows the RUE had significance 
correlation with rice yield, with equation                
 y = -0,49x

2
 + 5,88x and R² = 0,99. In the equation 

y is yield and x is RUE value. The equation of --
0,49x

2
 + 5,88x means on x = 1 or RUE = 1% 

showed the rice yield was -0,49(1)
2
 + 5,88(1) = 

5,39 t ha
-1

. Coefficient R
2
 = 0,99, it means 

between the two parameters of RUE and yield in 
this study were positively correlated. 
 
 
 
 
 

Yield (t ha
-1

) 

Varieti
es 

.Plant Spacing 

J25 J30 J40 J50 

V1 6.73d 6.60 d 8.43 f 7.53 e 

V2 5.85 c 5.68 c 5.76 c 5.88 c 

V3 3.48 a 3.62 ab 4.13 b 3.96 ab 

LSD 
5% 

0.70 
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Figure  1. Regression between RUE and rice yield 

 
Ahmad et al. (2009), stated that the production of 
rice plants is influenced by the intensity of solar 
radiation. Hyoda et al. (2015), stated that the 
increase of RUE is strongly influenced by plant 
dry weight and vice versa, dry weight will increase 
if RUE has increased. Homma et al. (2008) stated 
that a high RUE will cause the plant dry weight to 
be high. The research of Ikhwani (2015), showed 
that the closer spacing distance will make the 
number of plant populations higher, therefore the 
number of tillers are fewer at harvest time, thus 
affecting the yield and in addition the responses 
shown by each varieties will be different. 
Abdulrachman (2009), suggested that rice yields 
were significantly influenced by plant spacing, 
especially the number of grain and length of 
panicle. The results of Husana's research (2010), 
obtained that high yield are determined by the 
specified type of varieties and plant spacing. The 
spacing is not only to regulate the neatness of 
plants but also to increasing to the optimum clump 
of rice 
 
CONCLUSION 
The rice productivity in rainy season using plant 
spacing arrangement in various varieties such as 
Ciherang, Mentik and Genjah Arum showed a 
significant interaction. In general the spacing, that 

produces the best productivity in the three rice 
varieties is 40 cm x 15 cm. Based on the result of 
this research, it can be concluded that the 
response of each variety in the spacing distance 
were various on the Radiation Use Efficiency 
(RUE) in rainy season. Varieties of Ciherang and 
Genjah Arum had RUE influenced by plant 
spacing distance between the rows. The RUE 
results showed an interaction between varieties 
and spacing distance, which the highest yield was 
obtained on V1J40 or ciherang varieties at plant 
spacing 40 cm x 15 cm. The further research to 
compare rice cultivation in dry season are 
needed. Variety of Ciherang and 40 cm x 15 cm 
spacing can be recommended for planting on  
environmental conditions as in the study. 
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