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ABSTRACT

Background: Rice is a staple food for majority of the world’s population. Biotic and abiotic factors can affect its
growth, yield and quality attributes. An open field experiment was conducted during the rice-growing period from
March to October 2015 to identify the effects of different planting densities and planting spacing on the growth
attributes and yield performances of a high tillering capacity Indica rice variety (IR-28).

Materials and Methods: The experiment was conducted under lowland condition in the research farm of Tsukuba
International Center, Japan with four different planting densities and three replications in a randomized complete
block design. Four different planting densities were selected as high density (15x20cm), standard density
(15x30cm), medium density (25x25cm) and low density (30x30cm). Rice growth traits including plant length, tiller
number, SPAD value and leaf color; yield and yield components consisting of panicle number per unit land area,
spikelet number per panicle, ripening ratio, and 1000 grain weight were compared.

Findings: The greatest grain yield was obtained from high planting density which was 6.5 ton per ha and the lowest
(5.8 ton/ha) was from medium planting density. Low planting density increased plant length, tiller number per hill,
SPAD value (chlorophyll content), leaf color beside panicle number per hill, spikelet number per panicle and
percentage of ripened grain.

Conclusion: This study clearly elucidated the effects of planting density on rice crop and helps farmers in the
achievement of optimum yield. Thus, to obtain a satisfactory yield, planting density must be considered based on

soil type and production requirement.
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INTRODUCTION

Rice is among the important cereal crops which involved in deity of more than 50% of the world population (Jeon

etal., 2010; Kakar et al., 2019a). Its growth, yield and grain quality is affected by several factors including planting
densities which limit and decline rice productivity. Dense cultivated crops may face with competition for
temperature, solar radiation, moisture and soil fertility which affects their growth, yield and grain quality
performance (Bozorgi et al., 2011). Planting density plays a crucial role on growth, yield and grain quality of rice
plant through influence of growth parameters such as tillers, panicles and spikelet numbers (Wu, 1998).

Bozorgi et al. (2011) reported that dense rice cultivation increases growth traits, yield, and yield components in
contrast to medium or low planting densities. Dense rice cultivation also raises the number of tiller on unit land
area (Huang et al., 2013). However, Fukushima et al. (2011) mentioned that high planting density decreased the
total number of leaf on the main culms and the number of spikelets per panicle. Baloch et al., (2002) observed
that low planting density increased panicle number per hill, ripened grains percentage, 1000-grain weight, and
consequently grain yield per hill.

Every plant has its own requirement of optimum planting density (Baloch et al., 2002). Plant characters, growth
duration, planting date and method, soil fertility and condition, environmental factors, and agronomical practices
are important factors which affect crop optimum planting density (Bozorgi et al., 2011). Wider spaces between
crops increased the performance of individual crops and lead them to get enough nutrients and solar radiation for
a better photosynthetic process (Asmamaw, 2017). High planting density increased yield, but produces less
amount of spikelet per panicle and shorten panicle length (Kakar et al., 2019b; Uddin et al., 2011).

It is well understood that rice tillering capacity is affected by nitrogenous fertilizer and planting density (Fagada,
1971). Therefore, planting density should be in mind when paddy rice is cultivated, as it influence both upper and
lower parts of the rice plants (Baloch et al., 2002). Many researchers have described that high planting density
optimizes rice grain yield, but little is known regarding Indica rice cultivars especially IR-28. To address the issue,
this experiment was conducted to understand the relationship of growth and yield components of IR-28 with
different planting densities and planting spaces under the irrigated condition and to find out the optimum planting
density for growth and yield of IR-28 rice cultivar.

MATERIALS AND METHODS

Site selection and experimental design

This experiment was conducted at the research field of Tsukuba International Center (TBIC), Ibaraki prefecture,
Japan during the rice-growing season from March to October 2015 under irrigated condition. The experiment was
one factorial randomized complete block design with four treatments of planting densities and three replications.
Four different planting densities were as high (15x20cm; 33.3 hills per m?), standard (15x30cm; 22.2 hills per
m2), medium (25x25cm; 16 hills per m?) and low (30x30cm; 11.1 hills per m?). Total research area was 24 m? in
which 12 plots were isolated individually based on randomization. Soil characters of the research farm are listed
in Table 1.
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Table 1. Soil characteristics of the experimental farm

Soil characteristics Portion

pH 5.8

Total Nitrogen 4.70 g kg?
Total Carbon 49.6 g kg
P20s 1042 mg kg*
K20 156 mg kg

Plant materials and field preparation

High tillering capacity Indica rice cultivar IR-28 was chosen as the main crop. Seeds were selected using a salt
solution of specific gravity 1.13 and then washed with clean water to remove remaining salts. Seeds were
disinfected using a fungicide (Benlate-T) for 24 h and then dried for 24 h; disinfected seeds were soaked in fresh
water for four days and left at room temperature for one day to sprout. 50 g pre-germinated seeds were sown at
nursery trays (60cm x 30cm) on 15 April 2015 using commercial soil. 31 days-old rice seedlings at 3.5 plant
ages in leaf number were transplanted by hands on 15 May 2015 at three seedlings per hill and different planting
densities were applied based on treatments. Herbicide was used at five days after transplanting to diminished
weeds growth and attacks.

Experimental field was plowed and puddle using power tiller and leveled manually. Ahead of plowing 40 kg/ha
N, 90 kg/ha P and 50 kg/ha K fertilizers were applied as a basal dressing. The sources of fertilizers were urea (46-
0-0), single superphosphate (0-17.5-0) and potassium chloride (0-0-60), respectively. Water was kept at 5-10 cm
during growing season. Physical and chemical weeding was conducted at different growing stages using hand
weeding and herbicide application. Plants were harvested at the end of October 2015 to measure yield components
and total grain yield.

Data collection and measurements

Data of plant growth parameters were recorded on plant length, tiller number, SPAD value, and leaf color at three
growing (vegetative, reproductive and ripening) stages. Ten and 60 hills were respectively selected from each plot
to evaluate growth and yield parameters using the method described by Hoshikawa, 1997. Plant length was
recorded from the surface of soil the till top of the plant; tiller number was simply counted with hands. SPAD
value and leaf color were recorded by SPAD (Konica-Minolta 502 Plus, Tokyo, Japan) and leaf color chart (IRRI,
Philippines), respectively.

Selected hills were picked out for yield and its components analysis, panicles were cut from rachises. To determine
the percentage of ripened grain, separated spikelets were added in fresh water to remove unfilled grain and then
filled grains were weighted. 1000 grain weight was measured based on counting and weighing 1000 grains. Grains
were dehusked applying a small impeller hulling machine (FC2K, Ohtake Corporation, Japan) to measure brown
rice yield. Data were analyzed using one-way ANOVA by SPSS 13.0 software (IBM Corporation).

RESULTS

Growth performance

Significant differences were observed among treatments in term of plant length, number of tillers per hill and unit
land area, SPAD value and leaf color (p < 0.01). Increased in planting density, decreased plant length, tiller number

per hill, SPAD value and leaf color, but increased tiller number per unit land area (Table 2). Besides, low planting
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density enhanced plant length, tiller number per hill, SPAD value and leaf color. Tiller numbers per hill and per
unit land area showed opposite values among treatments, increased tiller number per hill reduced tiller number
per unit land area and follow the same order in all treatments. SPAD value follows a similar trend as leaf color

and had a positive correlation.

Table 2. Effects of different planting densities and planting spacing on growth parameters on rice plant

Treatments  Plant length (cm) Tiller No. hill* Tiller No. m™2 SPAD value  Leaf color
High 99.2d 9.8d 325.0a 30.6d 35¢
Standard 103.7b 12.7¢c 2815hb 32.1c 41b
Medium 100.6 ¢ 14.1b 225.3d 334D 41b

Low 106.1a 226a 2509 ¢ 33.7a 43a
Significant ~ ** ** ** ** **

** indicates a significant difference at p<0.01 probability level. Different letters in the same column mean
significant difference at p<0.05 probability level.

Yield components

Paddy grain yield and its components are summarized in Table 3. There were significant differences in terms of
panicle number per unit land area, spikelet number per panicle, the percentage of repined grain, 1000 grain weight
and paddy grain yield. Increased in planting density, raised panicle number per unit land area, ripened grain ratio
and paddy grain yield. Moreover, spikelet number per panicle was completely opposite with panicle number per
unit land area and exhibited negative correlation. The highest number of spikelets per panicle was observed in
low planting density and the lowest was in high planting density. Rice grain yield also followed the same order as

paddy yield and was higher at high planting density compare to other treatments (Fig. 1).

Table 3. Effects of different planting densities and planting spacing on yield and yield components

Treatments Panicle No. m2  Spikelet No. Ripened grain 1000 grain Paddy grain
panicle? ratio (%) weight () yield (ton hat)

High 317.2a 82.6¢c 85.6 a 29.0b 6.5a

Standard 250.3b 105.8 b 76.2¢C 295a 6.0b

Medium 2153 ¢ 117.5a 84.4b 28.7¢c 58¢c

Low 207.3d 1179a 85.0 ab 28.6¢C 5.9 bc

Significant *x *x ** *x **

** means a significant difference at p<0.01 probability level. Different letters in the same column mean

significant difference at p<0.05 probability level.
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Fig. 1. Rice grain yield in different treatments of planting
densities, different letters indicate significant difference at p <

0.05 probability level.

DISCUSSION

Among morphological characteristics in rice plant, the most affected characteristic by planting density in this

experiment was tiller number per hill and per unit land area which is also reported by Akita (1992) that tiller is
affecting by planting density. Low planting density increased tiller number per hill after transplanting till
harvesting in contrast with other treatments, more space between crops in low planting density may provide a
great condition for their better growth. In high planting density, the space between crops was less which leads the
way for competition among them. Therefore, the value of leaf color was decreased and showed that less nitrogen
is available for crops as reported by Lin et al. (2009).

Effects of planting density apparently direct on growth and yield performance of rice plant. Akita (1992) reported
that yield is calculated from four components which are panicle number per hill, spikelet number per panicle, the
percentage of ripened grain and 1000 grain weight. In high planting density; tiller number per hill was lower but
tiller number per unit land area was higher, resulted to produce more panicle per unit land area. It is true because
the number of plants per unit land area was higher in high planting density treatment. Panicle number per unit
land area and paddy yield have a positive correlation; as panicle number is increased, grain yield also increased
(Asmamaw, 2017; Sheieh, 1997).

Reduced in planting density caused to increase spikelet number per panicle, highest spikelet number per panicle
was observed in low planting density which was 117.9. Increased in spikelet number per panicle in low planting
density is due to more space between crops in this density which lead the way for proper nutrient supply and easy
solar light penetration to the lower parts of the crops as was also reported by Uddin et al., (2010 and 2011). In this
experiment, grain ripening ration had negligible difference among treatments and was ranged from 76.2 to 85.6
percent. The weight of 1000 grain is not correlated with planting density (Akita, 1992; Kakar et al., 2019c). In our
experiment, the weight of 1000 grain also was not affected by planting densities; the same results were found by
Asmamaw, (2017). The results revealed that paddy yield and number of panicle per unit land area had a positive
correlation. High yield was obtained at high planting density as we as high panicle number per unit land area;
identical results were cited by Mabasser et al., (2007) and Chandrankar et al., (1981).
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CONCLUSION

To obtain significant yield and decrease input cast, planting density must be a focal point when rice plant is

cultivated. Every cultivar within a species has its own requirement of nutrients and cultivation system including
planting density. Planting density had significant effects on plant length, number of tiller per panicle and unit land
area, SPAD value, leaf color, number of spikelet per panicle, ripened grain ration, 1000 grain weight, and paddy
and rice grain yields. The yield of rice plant was more attributed with number of panicle per unit land area. The
yield was not significant among treatment, but little seedlings were used in low planting density. Therefore, we
would like to recommend low planting density for IR-28 rice cultivar.
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