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ABSTRACT

Appropriate weeds control is needed against weeds constraints in field, especially the organic field. With the appropriate management, weeding would
benefit the organic field not only in reducing weeds but also in increasing nitrogen (N) availability in organic rice fields. This research aims to observe soil
available N changes affected by weeding frequencies in organic paddy fields. Treatments applied were five weeding frequencies (WF) such as O WF, 2
WF, 4 WF, 6 WF, and 8 WF, to study the effect of various weeding frequencies on soil total N and available N (NH,”and NO,) in the organic rice field. The
soil in the conventional field was analyzed as a comparison to organic field soil. The results showed that soil C and N contents are similar in all treatments.
Meanwhile, 6 WF performed the highest soil NH,* among organic plots (10.36 mg N kg-1) and 8 WF enhanced soil NO3- to the highest average among
all plots (10.12 mg N kg-1). The treatment of 6 WF and 8 WF also maintain the increase of soil NH," to 51 days after transplanting (DAT), meanwhile
0 WF, 2 WF, and 4 WF decreased after 40 DAT. Water samples from fields inlet-outlet and river showed that NH," content found in water sample was
higher than NO3-. We concluded that the more frequencies of weeding applied to organic fields potentially preserved soil inorganic N longer, which is very
important in supporting rice growth.
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ABSTRAK

Pengendalian gulma yang tepat diperlukan untuk mengatasi kendala guima dilahan, terutama di lahan organik. Dengan pengelolaan yang tepat, penyiangan
akan bermanfaat bagi lahan organik tidak hanya dalam mengurangi gulma tetapi juga dalam meningkatkan ketersediaan nitrogen (N) dilahan sawah organik.
Penelitian ini bertujuan untuk mengamati perubahan N tersedia tanah yang dipengaruhi oleh frekuensi penyiangan di lahan sawah organik. Perlakuan
vang diberikan adalah lima frekuensi penyiangan (WF) yaitu O WF, 2 WF, 4 WF, 6 WF, dan 8 WF, untuk mempelajari pengaruh berbagai frekuensi penyiangan
terhadap N total tanah dan N tersedia (NH," dan NO,) di tanah sawah organik. Tanah di lahan konvensional dianalisis sebagai pembanding dari tanah di
lahan organik. Hasil penelitian menunjukkan bahwa kandungan C dan N tanah memiliki nilai serupa pada semua perlakuan. Sementara itu, 6 WF memiliki
kandungan NH4+ tanah tertinggi di antara plot organik (10,36 mg N kg-1) dan 8 WF meningkatkan NO, tanah dengan rerata tertinggi di antara semua
plot (10,72 mg N kg-1). Perlakuan 6 WF- dan 8 WF juga terbukti dapat mempertahankan peningkatan NH," tanah hingga 5T hari setelah tanam (HST),
sedangkan pada O WF, 2 WF, dan 4 WF terjadi penurunan setelah 40 HST. Sampel air dari inlet-outlet sawah dan sungai menunjukkan bahwa kandungan
NH,* yang ditemukan dalam sampel air lebih tinggi dari NO~. Kami menyimpulkan bahwa penambahan frekuensi penyiangan yang diberikan pada lahan
organik berpotensi mengawetkan N tersedia tanah lebih lama, yang sangat penting dalam mendukung pertumbuhan padi.

Kata kunci: Amonium, Nitrat, Intensitas penyiangan, Pengendalian gulma organik, alat pemotong gulma putar

INTRODUCTION

Rice is a staple food for people in the world, and physiology of rice, weed, and soil fauna and
especially in most parts of Asia (Muthayya et al., microbial. While the physical environmental fac-
2014; Phukan et al., 2021). The sustainability of rice  tors, which there are climatic and soil factors (Long
production faces challenges from various factors, and Yabe, 2011; Bhatia et al., 2016; Wu et al., 2018).

including biological factors and physical environ- The presence of weeds in rice paddy fields

mental factors. Biological factors include genetics involve serious problem and tremendously affect
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rice production in quality and yield (Bajwa et al.,
2015; Peng et al., 2021). Rice qualities are affected
by weeds, such as crop bending and leaf rolling
(Peng et al., 2021). The injuries caused by weeds

would potentially impact rice growth and vyield.
Weeds caused yield losses with a range that was
influenced by factors such rice management and

ecosystem, rice cultivar, growth rate, and weeds

itself (density and species) (Chauhan et al., 2014).

in nutrient uptake that will inhibit rice growth
on reaching potential yield (Hazra et al., 2018;
Martinez-Eixarch et al., 2017). While, deficiency
of N has been a primary constraint in lowland rice
productivity (Sahrawat, 2006). Nitrogen (N) has

been known as an essential and labile nutrient in

the paddy field. Paddy soils capability in supplying
N has a high impact on rice yield (Dewi et al., 2018;
Ishii et al., 2011; Nguyen et al., 2020).

The loss potential had been estimated at 35 to 47%
in rice production (Johnson et al., 2004; Oerke
and Dehne, 2004).

Herbicides were effective in removing weeds

and increasing food production (Hikosaka et al.,

Moreover, incorporating weeds contributed

to scavenged soil nitrogen (Huang et al., 2018);

suppressed weed growth, increased the amount of
inorganic nitrogen (Ardiantika et al., 2018; Utami
etal., 2020); mineralizable soil nitrogen (Tanaka et

2021). Herbicide development began in World War
11, also known as the ‘chemical era’. Herbicides
are used to control weeds to date and are reported
as the highest pesticide product, approximately
47.6% of global pesticide sales, followed by insec-
ticides (29.4%), fungicides (17.5%), and others
(5.5%)(Vats, 2015). Excessive use of herbicides

causes a decrease in biodiversity , serious environ-

mental and ecological issues on rice paddy fields,
so that alternative methods have been considered
to be applied (Li et al., 2019; Sardana et al., 2017).

According to the terms of organic agriculture, non-

chemical weeding was applied to control the weeds
population (Bhatia et al., 2016). Suitable periods of

weeding in the organic field decreased weeds and
optimized crop yield (Latif et al., 2021; Phukan et
al., 2021; Uno et al., 2021). Latif et al (2021) con-
cluded that hoeing at 15 days after transplanting
(DAT) followed by 30 DAT was the best treatment.

Moreover, weeding in late periods was negatively

affected growth and yield parameters.

Not only controlling weeds, but the organic
farm also faces the hardship in supplying nutrients
for the crops. The soil in organic rice fields cannot
supply nutrients, especially N, as the conventional

field. Weed exist in the fields, causing competition

al., 2012; Torivama et al., 2020); and soil available
Phosphorus (Sakuraoka et al., 2018). It is indicated

that weeding practices and weed returning to the

soils will increase and provide available nitrogen for
rice. Previous research has established that 21.2%
of the total mineralizable soil N formed originally
from weed, while 78.8% was from indigenous soil

organic N after years (Toriyama et al., 2020). This

proves that in organic rice, weeds must be man-
aged to make a significant contribution to the
availability of N.

In Japan, rice straw (RS) is commonly incorpo-
rated into the soil after harvest to maintain the
fertility of paddy soil (Nguyen et al 2020). This
method has been applied in this organic research
field for 10 years. Other than that, weeds biomass

also left decomposed naturally in the field. Related
to farmer habits in controlling weeds using rotary
weeder, we assumed that the addition of frequen-
cies in weeding application would have roles in
controlling weeds and supplying more soil N in the
organic field, which would support optimizing rice
growth. Research in weeds management is essential,
especially in the organic field, to reach optimum
yield. Moreover, the relation between weed pres-

sure and soil fertility is important to be studied



(Bhatia et al., 2016; Jerkins and Ory, 2016). Our

research aimed to find the most effective weeding

frequencies in supplying soil N in the organic fields,
especially soil inorganic N. To reach the purpose
of this study, we applied different frequencies of

weeding in the early stage of rice growth.

MATERIALS AND METHODS
Experimental field and management

This experiment was located at Yamagata
University Farm, Tsuruoka, Yamagata prefecture,
northeastern Japan (38°41’55 N 139°49’15 E)
(Figure 1). The soil in Trsuruoka was classified as
Inceptisols. Two fields were observed, organic and
conventional rice fields; each field size was 30 x 100
m. One of the popular Japanese rice cultivar, cv.
Sasanishiki was transplanted on May 25%, 2019,
and harvested on September 23", 2019. The plant-
ing distance was 32 x 15 cm in the organic fields
and 30 x 15 cm in the conventional fields. The
irrigation system was technical irrigation, where
the outlet was directed to the river between organic

and conventional fields.

Fertilizer and herbicide were applied in the con-
ventional field, while no fertilizer was applied in the
organic field. In ten years, mechanical weeding with
rotary weeder was applied to control the organic
fields by disturbing inter-row weeds. Treatment in
this study was weeding frequencies in the organic
field. There were five weeding frequencies (WF)
treatments, namely, 0 WF, 2 WF, 4 WF, 6 WF, dan
8 WE, with four replications for each treatment.
All weeding frequencies were applied from 7 to 49
DAT (days after transplanting).

Soil sampling and analysis

The soil was sampled four times using a hand
trowel from the surface layer (O-1 cm) and sublayer
(1-10 cm) soil depth at 18, 29, 40, and 51 DAT. In
addition, three other soil samples (at 60, 88 and 110
DAT) were taken when taking plant samples using
a metal frame. The total soil samples were seven
times during the growth of rice plants. The data
surface layer and sublayer were calculated using
the arithmetic mean of 0-10 cm depth. Concen-

tration of NH N (ammonium) and NO, (nitrate)

Figure 1. Research location in Yamagata University Farm, Takasaka, Tsuruoka, Japan (Source: https://www.google.com/maps)
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Table 1. Effect of weeding frequencies on soil organic carbon (SOC), total nitrogen (TN) at 110 DAT (days after transplanting).

Treatments SOC (g Ckg-1) = SD TN (g N kg-1) = SD
0 WF 19.45+3.49a 1.73+£0.29b
2 WF 1895+ 1.18a 1.67+0.17b
4 WF 19.47 £129a 176 £0.18 b
6 WF 19.91 £3.88a 1.83+0.34b
8 WF 20.85+1.31a 1.87+£0.11b
Conventional 2194+ 1.88a 1.87£0.15b

Remarks: 0 WF, 2 WF, 4 WF, 6 WF, and 8 WF were 0, 2, 4, 6, and 8 times mechanical weeding until 49 DAT. Values followed by the same letter in the
same column are not significantly different according to Tukey’s HSD (p < 0.05) test.

were extracted by 5 g of fresh soil using 30 ml of
10% KCI. Then, analysed by the nitroprusside and
hydrazine reduction methods, respectively. Hitachi
U-2900 Spectrophotometer (Hitachi High-Tech
Science Corporation, Tokyo, Japan) was used for
NH," and NO;" reading of absorbance at 655 nm
and 540 nm, respectively. Soil organic carbon and
total nitrogen were measured by dry combustion
method using Sumigraph NC 220F Analyzer
(Sumika Chemical Analysis Service, Ltd., Osaka,
Japan).

Water sampling and analysis

Water samples were collected at 18, 29, 40,
and 51 DAT. The location for water sampling was
located in the river and each field water inlet and
outlet. All samples were placed in plastic bottles
then filtered using filter paper (Advantec 6, Toyo
Roshi Kaisha, Ltd., Japan). Inorganic nitrogen
(NH," and NO;’) was determined by the same

method as soil analysis.

Statistical analysis

One-way analysis of variance (ANOVA) was ap-
plied to compare the difference in all parameters,
and means between treatments were compared by
Tukey’s HSD (honestly significant difference) at p
< 0.05. All statistical analyses were conducted in
SPSS 22.0 for Windows (IBM Corp., Armonk,
NY, USA).

RESULTS AND DISCUSSION
Soil carbon and nitrogen

Weeding frequencies was not influenced soil
organic carbon (SOC) and total nitrogen (TN)
concentration significantly (Table 1). SOC and
TN in organic plot were not significantly different
compared to conventional. These results indicated
that weeding could not significantly influence SOC
and TN in one season. Among weeding frequen-
cies, 8 WF had the closest soil C and N concentra-
tion to the conventional plot reaching the highest
soil C and N. Moreover, 8 WF also had the same
concentration of soil N with the conventional plot.

Soil NH , in 4 WF, 6 WF, and 8 WF was in-
creased at 29 to 40 DAT (Figure 2a). The highest
soil NH," was in 6 WF (25.27 mg N kg!) and 8
WF (24.27 mg N kg!) in 51 DAT that differ-
ently significant with other treatments (P < 0.05).
Moreover, 6 WF and 8 WF NH," were continued
to increase and reached the peak at 51 DAT and
then decreased. After that, soil NH, " was relatively
constant from 60 DAT to 110 DAT in all weeding
frequencies. Meanwhile conventional field reached
soil NH," peak in 29 DAT and then constantly
decreased (Figure 3).

There was an increment on soil NO, up to 40
DAT in all treatments (Figure 2A). Similar to soil
NH,", OWF performed lowest in soil NO,™ at all
sampling periods that was counted in average by

7.82 mg N kg!. Whereas 8WF soil reached the



Days after transplanting

Figure 2. Effects of weeding frequencies on (a) NH4+ concentration in organic field, (b) NO3- concentration in organic field
at 18,29, 40, 51, 60, 88, and 110 DAT (days after transplanting). Bars in each value indicate standard deviation (n=4). Thick
bar over standard deviation bar showed statistically different at p < 0.05 based on Tukey's HSD test. 0 WF, 2 WF, 4 WF, 6 WF,

and 8 WF were 0, 2, 4, 6, and 8 mechanical weeding frequencies until 49 DAT.

Figure 3. Soil NH4+ and NO3- in conventional field at 18, 29, 40, 51, 60, 88, and 110 DAT (days after transplanting). Bars in
each value indicate standard deviation (n=4).
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highest nitrate in the average of 10.12 mg N kg™!.
The soil in the conventional fields reached the peak
of NH," (38.62 mg N kg'') at 29 DAT sampling
periods (Figure 3). Then gradually decreased until
110 DAT, but still occupied as the highest in 110
DAT, 6.80 mg N kg'. Meanwhile, soil NO,™ in
conventional was lower than organic plot, and
the amount was 7.81 mg N kg™! on average. The
changes of conventional soil NO,~ were increased
until 40 DAT and tended to have stable amounts
until 110 DAT.

Weeding frequencies did not differ significantly
in SOC or TN (P > 0.05). Yet, there was a slight
increase in both parameters with the highest SOC
and TN in conventional (21.94 ¢ Ckg'and 1.87 ¢
N kg!) and 8WF (20.85 g Ckg'and 1.87 g N kg™!)
(Table 1). These findings contrast with de Rouw
and Rajot (2004) mentioned that organic matter
increment in wheat fields without weed control
caused by weed biomass was grown optimum and
supplied more carbon than field applied weeds
removal. The difference may be caused by differ-
ent field management, which there was manure
spreading that supported weed’s growth (de Rouw
and Rajot, 2004).

The amount of NH," was found higher than
NO," due to a flooded irrigating system that sup-

ported soil with NH,"through ammonification
(Hantush etal., 2013; Liu etal., 2008; Utami et al.,
2020; Zhang and Scherer, 2000). Ishii et al. (2011)

mentioned that nitrification and denitrification

occurs in different places. Nitrification (NH," —
NO,"— NO;) was in the thin oxidized soil surface
layer, whereas denitrification (NO,” — NO,” —
NO — N, O — N)) occurs within a reduced soil
layer below the oxidized layer. Mostly, nitrate is
drained in the reduced soil below the thin oxidized
layer at the surface, this mechanism is related to
high denitrification activity (Nojiri et al., 2020).

Conventional fields showed the highest NH4+
since the early rice growth stage due to nitrogen
fertilizer application (Figure 3). Whereas soil NH4+
in the organic field, much less found in this field
only rely on decomposed weed biomass residue
and rice straw from previous growing seasons.
This condition occurred due to N supply rate from
fertilizer being faster than weeds and rice biomass
decomposition.

Soil inorganic N in early periods showed in low
amount. Then, ammonium and nitrate were slowly
increased in the organic field due to the activity of
weeding applied where soil NH,” 6 WF and 8 WF
was highest, compared to other treatments. Besides,
ammonium and nitrate were slowly increased in the
organic field due to the decomposition of organic
matter or mineralization (Ishii et al., 2011). In this
study, NH," and NO," could be produced from
the remaining rice straw and weeds decomposi-

tion. In line with Maimunah et al. (2021), adding

more weeds (in weeding practical) increased the N

concentration of both rice and weeds. Then, the
returns of plants biomass could support a high
amount of NH," in the organic fields.

This study found in the organic field that 6 WF
was found to perform highest NH," (10.36 mg N
kg-1 in average) and highest NO," in 8 WF, 10.12
mg N kg™ in average. Soil NH," was more affected
in a short time after weeding practice was applied
(Figure 2). The incorporation of weeds increased
mineralized nitrogen (Chen et al., 2014; Utami et
al., 2020). Mechanical weeding used in this study
supported higher mineralization. Weeding frequen-

cies impacted higher inorganic N. Furthermore,
NH,’ content in soil is very important and needed
most in the rice tillering period, especially the first
20 DAT (Sasaki et al., 2002). Yet, the highest NH,
in the organic field reached 6 WF and 8 WF at
51 DAT.




Inorganic nitrogen in water

This study observed whether management ap-
plied in the rice fields would affect inorganic N con-
tent in water. Similar to soil inorganic nitrogen, the
value of the concentration of NH," in water tend to
be higher than the concentration of NO,~in water

(Figure 4 and Figure 5). This may be contributed by

the mineralization of dissolved organic matter in
water becoming NH," and the conversion of NO,-
to NH,". Continuously anaerobic conditions with
abundant organic substrate and limited electron
acceptor availability caused reduction of NO,-N
to NH , more efficient than N, formation (Meng et
al., 2014). Collected water from the inlet and outlet

Figure 4. NH4+ concentration on water from inlet and outlet in east side of organic field (Field 10), organic field (Field 11),
north side of organic field (Field 12), conventional, and river. Bars showed standard deviation (n=3). Letters above standard
deviation bars showed significant difference at p < 0.05 based on Tukey’s HSD test each DAT.

Figure 5. NO3- concentration on water from inlet and outlet in east side of organic field (Field 10), organic field (Field 11),
north side of organic field (Field 12), conventional, and river. Bars showed standard deviation (n=3). Letters above standard
deviation bars showed significant difference at p < 0.05 based on Tukey’s HSD test each DAT.
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of the fields observed whether NH," and NO,"in
water has significantly contributed to rice growth.
Compared to water collected from field 10 and
field 12 located adjacent to the organic field, the
concentrations of NH," in the inlet of the organic
fields received more or less similar concentrations
(Figure 2). The concentration of NO,~ collected
from inlet of field 10 and field 12 showed an ap-
proximately similar concentration with the organic
field (Figure 4). The water inlet and the outlet were
located in each field. Those facts implied that each
field has received an approximately similar amount
of NH,” and NO;" from the same source and may
also indicate no water seepage among field 10, or-
ganic field, and field 12. NH," and NO," concentra-
tion in organic fields water were approximately the
same as conventional fields located across the river.

The concentration of NH," in outlet water of
all fields tended to be higher than their inlet water
and increased until 51 DAT. River water sample
also showed a similar trend, which reached its
highest NH , concentration in 51 DAT (Figure 4).
The concentration of NO,~ in river water reached
its peak in 110 DAT (0.37 mg N I!) (Figure 5).
Concentration of NO,"in inletwater tended to be
higher than outlet in all fields, except for organic
field. Concentration of NO,~ of the organic field
showed higher in inlet water than outlet water,
which was in a total of 0.699 and 0.468 mg N I}
respectively. Compared with the organic field, the
conventional field indicated contrary, NO,™ mea-
sured in the inlet was much higher than the outlet.

There was a change in the concentration of
NH," and NO," in inlet water and outlet water,
indicating that NH," and NO,"dissolved in water
was utilized by rice in organic and conventional
fields. It seemed that the water can be a second-
ary source of NH,” and NO; for rice growth in

organic and conventional fields. The concentra-

tion of NH," in inlet and outlet water of organic
field at 18 and 29 DAT were below the detectable
value. In contrast, the concentration of NO," in
inlet and outlet water of organic fields at 18 and
29 DAT was lower than the other rice growth
stage (40 and 51 DAT). In 18 and 29 DAT, rice
was under the tillering stage. Weeding practices
at those stages were very important in the organic
fields since they became the main nitrogen source.
The concentration of NH," in inlet water of con-
ventional field at 18 and 29 DAT was lower than
outlet water, whereas the concentration of NH,"in
inlet water of conventional field at 18 and 29 DAT
was higher than outlet water. This may be related
to applying inorganic fertilizer as a nitrogen source
in conventional fields.

Both concentrations of NH," and NO,™ at 51
DAT were highest in the outlet of organic field,
which was 0.66 and 0.51 mg I}, respectively. Pos-
sible cause for this condition was the last weeding
applied (at 49 DAT) in the field was the practice of
weeding removal using rotary hoe that would stir
weeds and surface soil. This practice was believed
to impact on soil nitrogen fractions and aeration
produced, then the mobility of nitrogen increased
(Sudhalakshmi et al., 2005). As rice growth above

51 DAT was the time of stem elongation to panicle

initiation, the need for nitrogen was decreased.
Whereas, during a maximum tillering period (40
DAT), inlet water of organic field performed the
highest peak of NH," between plots inlets. Where-
as, in the same period conventional outlet reached
the highest peak (1.29 mg I"!) among other plots.

Compared to the amount of soil available NH,*
and NO,~ of organic field and conventional field
(Figures 2 and 3), the concentration of NH N and
NO,"in the inlet or outlet water at 18, 29, 40, and
51 DAT in the conventional and organic field was

much lower, which may indicate that the contri-



bution of NH," and NO," from water source was
relatively insignificant. The source of inorganic
nitrogen for rice growth was ultimately from soil
available NH," and NO," due to weeding treatment.
This finding indicated that weeding frequencies
should become the component of good land man-

agement in organic agriculture.

CONCLUSION

Weeding frequencies influenced available soil
N, then impacted water inorganic N significantly
instead of SOC and TN. Mechanical weeding
applied potentially supported higher mineraliza-
tion so that more weeding frequencies affected to
higher soil inorganic N. Water Inorganic N content
showed that NH," value was higher than NO,".
Thus, weeding frequencies are suitable alternative
methods to support organic field management.
Furthermore, we recommend 6WF as the most
effective weeding frequency to supply more soil

available N in organic rice farming.
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