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ABSTRACT
Water clover is an important weed that causes a decrease in rice yields by 15-42%. This study examined
the effects of water clover density andNPK fertilizer application on rice yields. This study was arranged in a
complete randomized block design with two factors. The first factor was water clover density with three levels,
consisting of no water clover, one water clover, and two water clover. The second factor was the application
of NPK, which was applied to the surface, submerged in 3, 6, and 9 cm—performed with three replications.
Water clover density affected the number of rice panicles, the number of rice grains per panicle, the weight of
100 seeds, rice biomass, and water clover biomass. The application of submerged NPK affected rice biomass.
The application of NPK on the surface reduced the highest rice biomass. Two water clovers per rice plant
reduced the number of rice panicles by 39% compared to without weeds. Rice biomass decreased by 40%
and 50% at weed density of one and two water clover weeds per rice plant, respectively. The higher the
density of clover weeds, the higher the decline in harvest yields and the higher the biomass of clover weeds.
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INTRODUCTION

Weeds are a significant problem in Indonesia’s rice production. Rice yield losses due to weeds
reach 10 to 86% (Simarmata et al., 2023). Yield losses can be reduced by controlling weeds through
a cultivation system approach and weed control techniques. Increasing yield loss can cause food
problems because rice is Indonesia’s leading food crop commodity (Dwipa et al., 2023). The need
for rice increases with population growth, in which household consumption 2022 is 20,685,619 tons.

Therefore, increasing the productivity of rice plants is always attempted by suppressing weed growth
(Cuaton & Delina, 2022). The most common weeds found in rice cultivation are water clover weeds.

Water clover weeds are difficult to control, so they can cause suboptimal rice growth and reduce rice
yields (Sulaiman et al., 2022). The decrease in rice yield due to water clover weed reached 15-42%
for lowland rice and 47-87% for upland rice (Rahaman et al., 2022). Water clover weed has taproots,
so the roots reach deep and spread between the rice plants, leading to the competition between weeds
and rice in getting water, nutrients, and light (Az-Zahro, 2022). Weeds are competitive over cultivated
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rice since they grow taller and faster (Vu et al., 2023). Therefore, the disturbing presence of weeds

is a persistent problem in rice plants (Kang-xu et al., 2022).

Weeds compete for survival with their environment above and below ground (Papapanagiotou

& Vasilakoglou, 2023:; Zahra et al., 2022). Weed associations may form around the primary crop if

the growth requirements of weeds and the crop are similar. These associated weeds will compete
for the materials they need, especially if the amount is minimal for both. Competition will be even
more intense if the amount of materials competed for cannot be used together (Rodenburg et al.,

2022). The highest degree of competition occurs during a critical period of growth. Cultivated plants
experience a critical period when they are most sensitive to the environment, especially in com-
petition for space, nutrients, water, and sunlight. If weeds are present and interfere with cultivated
plants, cultivated plants cannot compete in utilizing the main growing environmental factors because
cultivated plants are at their weakest (critical period) (Awan et al., 2022).

In addition to the weed problem, fertilizer is another important factor in improving rice yield and
quality. One type of inorganic fertilizer that is effective in raising the availability of macronutrients
(potassium, phosphate, and nitrogen) is compound fertilizer (Haouas et al., 2021). Compound fer-

tilizer has a higher effectiveness in providing nutrients compared to single fertilizers. Compound
fertilizers significantly stimulate plant growth and yields because nitrogen, phosphate, and potassium
contribute nutrients available to plants that can support plant vegetative and generative growth (Choo
et al., 2020; Singh et al., 2021). However, the depth of fertilization can be considered due to the
root system of rice and weeds. Applying submerged fertilizer can be more effective than mulching
because it can reduce the evaporation of organic matter (Duan et al., 2023; He et al., 2023). This

study examined the effects of water clover weed density and NPK fertilizer application on rice yields.

MATERIALS AND METHODS

The research was conducted at the Field Laboratory in Bakaran Hamlet, Jumantono District,
Karanganyar, Central Java, Indonesia, at coordinates 7°37°51°S 110°56°52°E. The study research
was arranged in a factorial, completely randomized block design with two factors. The first factor
was water clover density, namely without water clover, one water, and two water clovers with a
10-15 cm height. The second factor was the application of NPK, namely control or applied to the
surface, NPK submerged in 3 cm, NPK submerged in 6 cm, and NPK submerged in 9 cm. Each
treatment combination consisted of three replications, resulting in 36 experimental units. Each
treatment consisted of 30 rice plant populations. The rice planting space used was 20 x 20 cm, with
a plot size for each treatment of 1.2 m? The study used IR32 rice seeds, water clover weed 10 - 15
cm high, polybag size 50 x 50 cm, NPK fertilizer, organic fertilizer, soil, and water. The soil used
in the study was alfisol soil with an acidic pH of 6, shallow organic C content of 0.387 %, external
total N content of 0.08 %, moderate total P,O, content of 29.21 mg/100 g, K,O content, low total
of 12.26 mg/100 g, shallow C/N content of 4.84, specific gravity including clay minerals (2.14 g/
cm?®), volume weight including mineral soil (1.2 g/cm?®), and moderate porosity of 43.93. The tools
used were trowels, buckets, sprayers, an oven at 60 °C, and measurement tools, including meters,
rulers, and digital scales. The observed yield variables included the number of rice tillers, number of
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panicles per hill, number of seeds per panicle, weight of 100 seeds, rice biomass, and clover biomass.
All yield variables were observed at 42 days after planting. Data were analyzed using an analysis
of variance of 5 %. If it was significant, the test of significant differences between treatments was
continued with the 5 % Duncan Multiple Range Test.

RESULTS AND DISCUSSION

The density of water clover weeds and submerged NPK application did not affect the number of
rice tillers (Table 1). The higher density of water clover weeds can cause a decrease in the number
of rice tillers. The density of one weed led to a decline of 17.40%, while the density of two weeds
caused a 22% fall compared to non-weeds. The tiller decrease was due to competition between rice
and water clover weeds. Weeds can compete in absorbing water and nutrients (Li et al., 2022). The
number of rice tillers correlates with the number of rice panicles, so the higher the number of tillers,
the higher the number of rice panicles. Water clover weed density significantly affected the number
of rice panicles (Table 2). The density of the two water clover weeds showed the lowest number of
rice panicles, which was 5.17. The number of rice panicles at the density of one weed decreased by
26%. Meanwhile, the density of two weeds decreased the number of panicles by 39%. The combi-
nation of NPK fertilizer submerged in 3 cm with one weed density produced the lowest number of
tillers, which was 1.77. This shows that there is competition between weeds and rice. Weed popula-
tion density determines competition, leading to a decrease in crop production (Maciel et al., 2022).
In addition, weeds that appear earlier or simultaneously with cultivated plants significantly impact
plant growth and yields (Monteiro & Santos, 2022). Weed competition at the start of growth will

Table 1. Effects of the water clover density and application of NPK on the number of rice tillers

per plant
Water clover density per rice NPK fert|l|zer Application . . Average
plant In Surface Submerged in Submerged in Submerged in
3cm 6cm 9cm
0 2.77 3.22 3.00 3.66 3.16
1 2.89 1.77 2.55 2.78 2.50
2 2.00 2.55 3.11 2.78 2.61
Average 2.55 2.51 2.89 3.07 -

Remarks: (-) there is no interaction between treatments

Table 2. Effects of the water clover density and application of NPK on the number of rice
panicles per plant

Water clover NPK Fertilizer Application
density per rice Submerged in Submerged in Submerged in Average
plant In Surface 3em 6 cm 9cm
0 7.33 8.33 8.67 9.67 8.50b
1 4.67 7.33 7.33 5.67 6.25a
2 4.00 5.33 6.00 5.33 5.17a
Average 5.33 7.00 7.33 6.89 -

Remarks: Means followed by the same letters in the same column are not significantly different, (-) there is no interaction between
treatments



Table 3. Effects of the water clover density and application of NPK on the number of spikelets
per rice panicle

NPK Fertilizer Application

Water clover

; Submerged in Submerged in Submerged in Average
density In Surface 3 em 6 o 9 o
0 50.33 46.33 53.33 48.78 49.69b
1 39.00 42.33 46.44 44.89 43.17a
2 35.55 42.00 37.80 38.22 38.39
Average 41.63 43.55 45.86 43.96 -
Remarks: Means followed by the same letters in the same column are not significantly different, (-) there is no interaction between
treatments

Table 4. Effects of the water clover density and application of NPK on the weight of 100 seeds
NPK Fertilizer Application

Water clover

: Submerged in Submerged in Submerged in Average
density In Surface 3o 6 cm 9 cm
0 2.27 2.34 2.58 2.36 2.39b
1 2.18 2.23 2.36 2.12 2.22ab
2 1.97 2.13 2.09 2.05 2.06a
Average 2.14 2.23 2.34 2.18 -
Remarks: Means followed by the same letters in the same column are not significantly different, (-) there is no interaction between
treatments

reduce yield quantity, while competition and weed disturbance before harvest majorly affect yield
quality (Grzanka et al., 2022).
The results showed that the density of weeds affected the number of shoots per rice panicle (Table

3). The highest number of nodes per panicle was in the treatment without weed. The number of rice
grains decreased with the higher density of weeds. The rice grains were reduced by 22% in the treat-
ment of two weeds per rice plant compared to without weeds. This indicates competition for water,
nutrients, and light (MacLaren et al., 2020). According to Dass et al. (2017), weeds require between

330 and 1900 liters of water for every kilogram of organic matter, which is nearly twice as much as
plants do. Furthermore, because weeds’ roots are deeper and wider than rice’s, weeds’ water clovers
absorb nutrients at a quicker rate than rice plants (Antralina, 2012). Weeds and rice also experience

competition for light. Faster-growing weeds can shade rice plants so that the light received by rice
plants is reduced. This decrease in sunlight can cause a reduction in the rate of photosynthesis so
that plant growth and yield are not optimal (Rogowski et al., 2019). The lowest number of panicles

was in the combination of NPK applied to the soil surface with the treatment of two weeds per rice
plant, which was 35.55 panicles. These results indicate that fertilizer application to the soil surface
causes leaching, and the nutrients cannot be easily absorbed by plants.

Water clover density affected the weight of 100 seeds (Table 4). However, the application of NPK
did not affect the weight of 100 seeds—the highest 100-seed weight was found in the treatment with-
out weeds. The weight of 100 seeds at the density of one weed per rice plant was not significantly
different from the treatment without weeds. However, the density of two weeds per rice plant caused
a higher reduction in the weight of 100 seeds. The weight of 100 seeds decreased due to competi-
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Table 5. Effects of the water clover density and application of NPK on the rice biomass (g)
NPK Fertilizer Application

Water clover

; Submerged in Submerged in Submerged in Average
density In Surface 3cm 6 cm 9 cm
0 14.84 14.63 17.14 15.35 15.49b
1 5.32 11.80 10.70 8.85 9.17a
2 5.43 7.29 7.36 10.43 7.63a
Average 8.53a 11.24b 11.74b 11.55b -

Remarks: Means followed by the same letters in the same column are not significantly different, (-) there is no interaction between
treatments

Table 6. Effects of the water clover density and application of NPK on the water clover weed

biomass
Water clover NPK Fertilizer Application
; Submerged in Submerged in Submerged in Average
Density In Surface 3cm 6 cm 9 cm
0 0.00 0.00 0.00 0.00 0.00a
1 20.00 18.33 6.33 19.00 15.92b
2 35.33 46.00 43.33 21.00 36.42c
Average 18.44 21.44 16.56 13.33 -

Remarks: Means followed by the same letters in the same column are not significantly different, (-) there is no interaction between
treatments

tion between weeds and rice plants. The negative effect of weeds is that they reduce yield rates due
to competition in taking nutrients, water, and light (Beiermann et al., 2022). Thus, to replace the

competition, fertilization is carried out correctly. Fertilization aims to provide additional nutrients
to the soil, which plants directly or indirectly absorb (Ma et al., 2021).

Water clover weed density and NPK application significantly affected rice biomass (Table 5).
Without weed density, the highest rice biomass was 15.49 g. The density of one or two weeds per
rice plant caused a decrease in rice biomass. Rice biomass decreased progressively with the increas-
ing weed density because weed density could increase competition between weeds and plants. In
addition, this water clover weed has secondary metabolites that can play a role in inhibiting the
growth of rice plants (Zhu et al., 2021). Efforts to support rice yields are carried out by fertilizing
with NPK fertilizer. However, this fertilizer application must be done correctly. The results showed
that the application of NPK fertilizer submerged in 6 cm showed the highest rice yield because rice
has fibrous roots, making the root reach not deep and wide. The soil’s physical state influences rice
roots’ growth (Wu et al., 2020; Xiong et al., 2021). A dense soil structure will inhibit the rate of
deeper root penetration. NPK fertilizer can affect plant length growth, increasing meristem activity

yield at the growing point. The higher the action, the higher the plant biomass,

Water clover weed density significantly affected water clover weed biomass (Table 6). The high-
est water clover weed biomass was observed at the density of two weeds per rice plant, which was
36.42 g. This shows that the higher density indicates faster weed growth. The water clover biomass
ratio was higher than rice biomass. This shows that water clover weed can absorb more water and
nutrients than rice (Guntoro & Fitri, 2013; Kumawat et al., 2022; Vu et al., 2023). This increased




absorption is supported by the characteristics of the water clover root, namely the taproot, so the
roots are not deep and broad. The wider these roots reach, the more water absorption and nutrients
can be increased.

CONCLUSION

Application of NPK fertilizer submerged in the soil could increase the number of rice tillers, the
number of rice panicles, and rice biomass. Two water clover weeds per rice plant reduced the number
of rice panicles by 39% compared to without weeds. Rice biomass decreased by 40% at one weed
density per rice plant and 50% at the weed density of two weeds per rice plant. The higher water
clover weed density caused the highest yield decrease. In addition, the higher the weed density, the
higher the water clover weed biomass.
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