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ABSTRACT

In this study, a split plot experiment was conducted in a randomized complete blocks design with three iterations,
for two years, in Gilan province (Iran), to investigate the impact of periodic irrigation and different planting
distances on yield and yield components of rice plant. The irrigation was performed at five levels, I,, daily flooding
irrigation (control treatment) and I, I, I, and I,, every 5, 8, 10, and 15-days, respectively, as the main factor.
Meanwhile, the planting distances were at four levels (S,: 20 x 20, S,: 25 x 25, S;: 15 x 30, and S,: 20 x 30 cm)
as the sub factor. The simple effects of irrigation, as well as planting distance on all traits except harvest index,
were significant at the level of 1%. In addition, the interaction of irrigation and planting distance on seed yield,
plant height, number of seeds per panicle, biological yield, and water use were also significant at the level of 1%.
The 20 x 20 planting distance resulted in the best conditions for the rice plant at different stress severities, thus,
a 20 x 20 planting distance is appropriate in order to achieve good yield. Meanwhile, of the irrigation levels, 5-day
irrigation led to the highest yield. The 5-day irrigation produced higher yield compared to flooding irrigation, and
is therefore suitable for achieving higher yields as well as for water conservation, a major agricultural problem.
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INTRODUCTION

The increasing urban population and demand
for water in industries necessitates the rational reduction
of water use for agriculture. Under these conditions,
the key challenges in rice production include water
storage, increasing water productivity, and producing
more rice with less water (Bouman and Tuong, 2001).
Therefore, several rice production systems, including
intermittent rice irrigation, where less water is able
to produce more rice, have been considered recently
(Bouman and Tuong, 2001; Tao et al, 2006; Hafeez
et al., 2007). Almost 75% of the rice produced in Asia
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comes from low paddy areas (Dawe, 2005) generally
irrigated by permanent flooding method, and this type of
production increases the real need for water. Numerous
surveys have estimated the water consumption by rice
to be four times higher, compared to other cereals
(Tao et al., 2006) and almost 50% of the irrigation
water allocated to agriculture worldwide (Guerra et al.,
1998). As a waterlogged plant, rice is one of the most
susceptible crops to drought stress and has the highest
water requirement of all cereals (Yang et al., 2008).
Conversely, as one of the most important crops in the
world, rice is largely cultivated around the world (Park
et al., 2014).
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Therefore, the use of periodic or wet and dry
irrigation in paddy fields is one way to overcome the
problem of increasing productivity using low irrigation
water and excessive water use in flooding irrigation.
In this method of irrigation management, water is
provided to the plant only when necessary and to the
extent required by the plants, rather than continuously
flooding the plants (Rezaie and Nahvi, 2007). The
results of this study show there is no need for the
rice plant to be in continuous flooding at all stages
of growth, and instead, rice cultivation is possible by
reducing the height of static water in the plot through
changing the irrigation method from flooding to non-
flooding (Bouman and Tuong, 2001; Belder et al., 2007).
Furthermore, worldwide studies have proven the effect
of non-flooding irrigation management on seed yield
and increase in water productivity for rice crop (Bouman
et al., 2002; Tuong et al., 2005). Makara et al., (2006)
also reported drought stress is able to reduce seed yield
by 12 to 46%, in rice reproductive stage. Meanwhile, a
report by Loeve et al., (2004) indicated the application
of periodic irrigation, is able to significantly reduce water
use without any decrease or percentage decrease in
yield. Rezaii and Nahvi (2007) also examined the effect
of periodic irrigation on water use and rice yield, for
Hashemi cultivar, by applying four continuous flooding
treatments and periodic irrigations of five, eight, and
eleven days, over two years, and discovered 5-day
periodic irrigation and permanent flooding treatments
were associated with the highest and lowest water use
efficiency, respectively.

In addition, the distance between plants has a
considerable effect on the rice plant’s growth and yield,
because well-spaced plants obtain more sunlight due
and are consequently, able to perform photosynthetic
activity better and grow better, compared to the poorly-
spaced plants. According to Baloch et al., (2002), high
plant density leads to increased number of panicles per
unit area and decreased seed weight per panicle. Thus,
increase in plant density affects other components of
yield. A report by Amiri et al, (2011) suggested a 25
x 25 cm planting distance produces an average two-
year seed yield of 2611 kg/ha, with a 10% reduction
in seed yield and a 25% irrigation saving, compared

to continuous flooding conditions and is therefore the
best option for irrigation management and planting
distance, in the conditions of Gilan province. Meanwhile,
Surajit and Datta (1981) discovered increasing planting
distance from 15 x 15 to 20 x 20 and 25 x 25 cm,
decreased rice seed yield by 30 and 50%, respectively.

The water crises in the past few years resulted
mainly from decreased raining due to climate change as
well as increased demand for water, thus, the available
water resources need to be effectively used and water
productivity in the agricultural sector ought to be
increased to the highest possible extent, by applying
proper irrigation management. This study was therefore
aimed at evaluating the impact of several managements
of periodic irrigation and planting distance, on the
yield and yield components of rice plant, as well as
recommending a suitable irrigation method and planting
distance for optimal yield.

MATERIALS AND METHODS

To investigate the impact of periodic irrigation
and different planting distances on yield and vyield
components of rice plant, a split plot experiment was
conducted in a fully randomized block design with
three replications in the Research Field of The Rice
Research Institute of Gilan province (Iran), between the
cultivation years of 2015-2016. The research site was
positioned at a latitude of 36° and 49’ east, longitude of
16° 37’ northern and an altitude of 8 m above sea level.
In this study, irrigation was performed at five levels, I,
or daily flooding irrigation (control treatment) as well as
L, I,, I, and L, with irrigation at every 5, 8, 10, and 15-
day periods, respectively, as the main factor. Meanwhile,
the planting distances were at four levels (S;: 20 x 20,
S,: 25 x 25, 5,: 15 x 30, and S,: 20 x 30 cm) in test
units with dimensions of 3 x 3.5 m as the sub factor.
The distance of each test unit in the main plot was 0.5
m and the borders of each test unit were covered with
nylon, to prevent lateral penetration of water.

Soil sampling was carried out to specify the soil
texture and water holding capacity at crop capacity,
as well as wilting point limit and some chemical
properties, including EC, pH, Ca, Na, Mg. Meanwhile,

Table 1. Physicochemical properties of soil collected from study site.

Organic .
EC P K Sand Clay Silt
Texture H Carbon N (%
@sm PRI N oom) pm) %) ) ()
Cay 448 74 205 016 6.7 142 12 46 42
loam
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meteorological data were obtained from the nearby
station of Rice Research Institute. Table 1 shows the
data specifications. The boundaries of each test unit
were covered with nylon to avoid water infiltration,
while irrigation treatments were applied to the depth of
5 cm and the water volume was measured by counter.
In addition, the distance of each test unit in the main
plot was 0.5 m, and no periodic irrigation was applied in
the first 15 days after transplanting, to allow the plant
establish well. At the time of rainfall, the water level
was stabilized as the pre-rainfall amount and prevented
from the increased depth due to rainfall. Rice nursery
was conducted by the area’s conventional method,
and the rice field was plowed twice. The first plowing
was performed in late autumn and early winter, while
the second was perpendicular to the first plowing and
conducted in spring. Transplanting was carried out on
May 15. By this time, the transplants had reached a
normal size of 20 to 25 cm with 4 to 5 leaves, and were
therefore transferred from the nursery to the main filed.
The nursery was fully irrigated before transplanting to
ease the operation of taking the transplants without
harming the roots, and the transplant were then planted
in the main field.

A few days after complete pollination and one week
before harvest, the plant height was accurately mea-
sured with the precision of a millimeter from ground
level to the end of the main panicle, in cm. Also, 1000
random seeds were first counted and then weighed in
grams using a scale with the precision of one hundredth
of a gram, to measure 1000 seed weight. Furthermore,
a 250-gram sample of straw and seed was selected and
weighed after oven-drying at 70 °C for 72 hours, to de-
termine the shoot and seed dry weight. The dry weight
of stem and seed was determined after determining the
moisture content, while the harvest index was calculat-
ed by dividing the dry weight with the biomass counter-
part (total dry weight of seeds and straw).

Subsequently, SAS and SPSS software were
employed for ANOVA and Excel software was used to
plot the diagrams, while comparison of means was
conducted by the least significant difference (LSD) test.

RESULTS AND DISCUSSION

According to the results of ANOVA, the simple
effect of irrigation was significant at 1% level on all
tested traits and the simple effect of planting distance
was also significant on all traits except the harvest index.
Furthermore, the interaction of irrigation and planting
distance were significant at 1% level on seed yield,
plant height, number of seeds per panicle, biological
yield, and water use.

10

Plant Height

The comparison of mean interaction of irrigation
and planting distance effect on plant height indicated
daily irrigation treatment and 30 x 15 planting distance
had the highest effect on plant height, with a mean of
134 cm, while the 15-day irrigation treatment and 25
x 25 planting distance had the lowest, with a mean of
113 cm (Figure 1). Reducing planting distance led to
the increase of growth-limiting factors and practically
increased plant competition for light absorption by tillers
of each plant. In fact, increased intra-plant competition,
compared to inter-plant competition for light tends
to result in taller rice plants. Mohaddesi et al., (2010)
examined the effect of planting distance on rice plant
and reported 20 x 20 planting distance creates the
tallest plant. Also, reducing the amount of water leads
to reduced cell growth and consequently, decreased
vegetative growth of rice plant. Amiri et al, (2011)
addressed the effect of different irrigation levels on rice
plant and discovered flooding irrigation resulted in the
tallest plants, while Kumar and Kumar (2002) claimed
drought stress significantly reduced plant height and
leaf area.
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Figure 1. The interaction effects of irrigation and
planting distance on plant height.

Number of Tillers

Space and time are known as an energy source
in agro ecosystems, thus, this production advantage is
somewhat attributed to sufficient number of plants on
one hand and conversely, to the much higher humber
of plants in the 20 x 20 cm planting distance, as well
as higher share of the main stem and number of tillers.
The planting distance 20 x 20 with 13 tillers, and the
planting distance 25 x 25 with 11 tillers, respectively,
had the most and least number of tillers. Mohaddesi
et al., (2010) therefore concluded the highest number
of tillers was obtained at 20 x 20 planting distance.
In addition, irrigation enhances the number of tillers of
rice plants. The highest number of tillers was obtained
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in 5-day irrigation (13 tillers) and the lowest, in 15-day
irrigation (10 tillers). These findings are in line with the
studies of Wang et al., (2018), as well as Ockerby and
Fukai (2001). Miller et al., (1991) also disclosed the key
component of seed yield in flooding and direct irrigation
of rice is the number of fertile tillers. This factor is more
important than density, and accounts for 89% of the
seed yield changes.

1000 Seeds Weight

This trait is one of the key components of yield,
and indicates the allocation of photosynthetic materials
to the seeds. The 20 x 20 planting distance produced
the highest seed weight of 20.2g, while the 25 x 25
planting distance with a seed weight of 19.3 g, had the
least. A study by Chamara et al., (2016) reported high
densities of rice crop led to a decline in yield and yield
components, including 1000-seed weight. The highest
1000-seed weight was obtained from daily irrigation
(21.3 g), while the lowest was produced by 15-day
irrigation (17.3 g). Meanwhile, Rezaei and Nahvi (2007)
argued drought stress caused by non-flooding irrigation
led to a decline in the number of tillers, leaf area,
dry matter accumulation, and 1000-seed weight and
consequently, reduced yield by preventing the transfer
of minerals and nutrients to the plant and reducing
photosynthesis.

Emptiness Percentage

Drought stress increases the number of empty
seeds, and under low humidity conditions, the
pollen seeds cannot penetrate the ovary, thus, poor
insemination occurs and the seeds become empty. The
highest emptiness percentage was obtained in 15-day
irrigation (24.6%) while the lowest was observed in
5-day irrigation (18.2%). Ashouri (2014) claimed 11-
day drought stress significantly increased the amount
of empty seeds and emptiness percentage, while Amiri
et al, (2011) also stated drought stress increases
emptiness percentage. The 20 x 20 planting distance
had the highest emptiness percentage of 21.6%,
while the 25 x 25 planting distance had the lowest of
20.4%. Therefore, increase in plant density increases
competition also consequently, leads to a larger
emptiness percentage.

The Number of Filled Seeds per Panicle

A comparison of the mean interaction effects of
irrigation and planting distance on the number of filled
seeds per panicle showed the 5-day irrigation treatment
and 25 x 25 planting distance had the most number of
seeds per panicle, with a mean of 55.4, while the 15-
day irrigation treatment and 20 x 20 planting distance

had the lowest number of seeds per panicle, with a
mean of 47.9 (Figure 2). Irrigation is one of the factors
influencing the number of filled seeds per panicle, and
the results of this study confirms the report by Lafitte
(2003), stating the percentage of filled seeds is one of
the main components of seed yield affected by drought
stress. Boojang and Fukai (2002) assessed the effect
of drought stress on the seed yield and components of
seed yield of rice cultivars in different growth stages and
discovered application of low irrigation (less irrigation)
at the vegetative stage had low impact on seed growth
and vyield, and the decreased number of panicles and
seeds resulted in a 30% decrease in yield. However,
the application of low irrigation during the flowering
stage, affected yield greatly, as flowering was delayed
and number of seeds per panicle declined up to 60%,
compared to non-stress conditions, thus, leading to
reduction in seed filling percentage.
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Figure 2. Interaction effects of irrigation and planting
distance on number of filled seeds per panicle.

Biological Yield

A comparison of the mean interaction effect
of irrigation and planting distance on biological yield
showed daily irrigation treatment and 30 x 15 planting
distance had the most value, while the 15-day irrigation
and 25 x 25 planting distance produced the lowest
biological yield (Figure 3). In addition, the flooding
irrigation led to the highest biological yield. A study
by Shahsavari et al., (2014) stated drought stress
decreases the biological yield. Despite increasing the
number of plants per unit area, the decreased planting
distance between rice plants decreased biological
yield due to the reduced number of panicles per plant.
Conversely, the space closure and increased shading
led to increased competition for light and influenced
the biological yield of crop because of changes in light
intensity and quality. Thus increase in density increases
biological yield as well, because the positive effect of

11
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density on the number of plants per unit area is higher,
compared to the negative effect on the dry weight of
aerial organs. Also, the biological yield increases with
increase in density (Asghar et al., 2001).
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Figure 3. Interaction effects of irrigation and planting
distance on Biological yield.

Seed Yield

A comparison of mean interaction effect of
irrigation and planting distance on seed yield showed
5-day irrigation and 20 x 20 planting distance had the
highest seed vyield, with a mean of 4023 kg/ha, while
15-day irrigation and 25 x 25 planting distance had
the lowest, with a mean of 1928 kg/ha (Figure 4). In
addition, an optimum density is required to achieve
maximum seed vyield, and any further increase leads
to decreased yield. Space and time are known as an
energy source in agro ecosystems, this production
advantage is somewhat attributed to the number of
plants and the higher relative share of main stem as
well as primary tillers in seed yield. Furthermore, in
lower densities, the over-exposure of radiation in the
test site is also possibly attributed to these factors,
allowing the light to penetrate into the canopy and to
be used more effectively. Increasing plant dry matter
and finally increasing seed yield in rice cultivars are
obtained regarding the appropriate plant density. In
large densities, the number of plants per unit area is
increased and the plant’s required resources (light,
food, and space) for each plant decrease, leading to
declined yield (Baloch et al., 2002).

Meanwhile, Mohaddesi et al, (2010) stated
highest seed yield was obtained at 20 x 20 planting
distance. Drought stress leads to decreased plant
yield, as water plays a key role in achieving maximum
yield in rice plant. Ashouri (2014) argued flooding
irrigation had the highest seed yield, while an 11-day
drought stress was associated with the lowest yield. In
addition, Roost et al. (2004) indicated the application
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of intermittent irrigation, is able to significantly reduce
water use, without causing a decrease in yield or a
small percentage of decrease in yield.

—— 20*%20 25%25 == 20*30 == 15*30

4500
4000
3500
3000

2500

Seed yield (kg/ha)

2000

1500
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Irigation period (day)

Figure 4. Interaction effects of irrigation and planting
distance on seed yield.

Harvest Index

The harvest index indicates how the assimilation
of sunlight is shared among plants and seed vegetative
structures. Increased competition at higher densities
tends to relatively affect seed vyield and biological
yield, and consequently, enhance harvest index. Also,
increased harvest index tends to increase the rice
plant’s yield potential. Meanwhile, the highest and
lowest harvest index were obtained in 5-day and 15-
day irrigation, respectively. Under drought stress
conditions, any factor reducing the yield components
tends to decrease the seed yield and consequently,
harvest index, because the effect of drought stress
on seed vyield is applied through yield components.
Therefore, by reducing harvest index under drought
stress conditions, the seed yield becomes more sensitive
(Quinones et al., 2017).

The Amount of Water Use

Water use is one of the key indicators of rice
planting. A comparison of the mean interaction effect of
irrigation and planting distance on water use indicated
daily irrigation and 25 x 25 planting distance with 6345
m3/ha, had the highest water use, while 15-day irrigation
and 20 x 20 planting distance with 4128 m3/ha, had the
lowest water use (Figure 5). Pascual and Wang (2017)
reported intermittent irrigation of three and seven-day
intervals led to a 55% and 74% conservation of water,
respectively, compared to continuous flooding, while
Rezaei and Nahvi (2007) showed intermittent irrigation
reduces water use and improves water use efficiency in
rice plant.
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Figure 5. Interaction effects of irrigation and planting
distance on water use.

CONCLUSIONS

The results of this study showed 5-day irrigation
produced the highest yield of all irrigation levels. Due
to the higher vyield in 5-day irrigation, compared to
flooding irrigation, this management is suitable to
achieve both higher yields and save water, thus solving
one of the agricultural problems. An investigation of
different planting distances showed 20 x 20 planting
distance provided the best conditions for rice crop at
different stress intensities, while the 25 x 25 planting
distance provided the poorest conditions for the plant.
Furthermore, at low densities, inter-plant (between
rows) and even intra-plant competitions are less until
the flowering and seed formation stage. Subsequently,
there is a high competition for photosynthetic materials
in the panicle seeds, leading to seed emptiness.
Therefore, a 20 x 20 planting distance is appropriate to
achieve optimum yield.
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