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Abstract

Indonesias 8.92 million hectares of tidal wetlands have significant potential for rice production; however, varying soil
nutrient status remains a major constraint to productivity. Fertilization practices that are inconsistent with soil nutrient
status result in suboptimal yields. This study aimed to (1) identify key nutrients limiting rice yield and (2) develop an
optimal site-specific fertilization package for tidal wetland rice systems. Field experiments were conducted in Murung
Karamat and Danda Jaya villages, Barito Kuala Regency, South Kalimantan. The results indicated that nitrogen (N) and
potassium (K) were the primary yield-limiting nutrients. Nitrogen omission reduced rice yields by 30.4% (1.17 tha) in
Murung Karamat and 19.8% (0.95 t ha') in Danda Jaya, while potassium omission reduced yields by 18.7% (0.88 t ha™)
and 7.5% (0.40 t ha). The implementation of site-specific nutrient management has significantly increased rice produc-
tivity. In Murung Karamat, yield increases of 0.94 t ha' (21.4%) and 0.88 t ha' (20.0%) were achieved through the Rice
Crop Manager (RCM) and the Swamp Soil Test Kit (SSTK). In Danda Jaya, RCM increased yields by 16.3% compared
with farmer practices. These results demonstrate that precision fertilization, supported by decision-support tools such
as the RCM and SSTK, can significantly increase rice yields in tidal wetland environments. RCM and SSTK show strong

potential as decision-support tools for site-specific fertilization in tidal wetland rice cultivation.
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Introduction

Rice is the most widely consumed staple food and there-
fore requires extensive cultivation areas to meet the de-
mands of a growing population. However, rice production
is increasingly constrained by the decline of fertile agricul-
tural land, inefficient fertilization practices, pest and dis-
ease pressures, and the impacts of climate change. These
challenges necessitate exploring alternative land resources

to sustain rice production. In this context, Indonesia’s tid-
al wetlands covering approximately 8.92 million hectares
(BBSDLP, 2015) represent a strategic land resource with
considerable potential for rice expansion. Nevertheless,
despite their vast extent and strategic importance, rice
productivity in tidal wetlands remains relatively low.

Rice productivity by farmers in tidal land is still low,
averaging 3.23 t ha! (BPS Barito Kuala 2024). The farmers’
low rice yields are caused by the tidal wetland environment,
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which imposes numerous constraints on plant growth. At
the same time, the fertilization they apply is not tailored to
the land conditions. The low productivity observed in tid-
al wetland ecosystems is closely linked to inherent soil and
environmental constraints. These include acidic soil pH,
high concentrations of toxic elements such as Al Fe, and
H_S, and generally low soil fertility (Minh et al. 2024; Su-
laeman et al. 2024). Such unfavorable conditions are often
further aggravated by inappropriate and ineflicient fertil-
ization practices (Shrestha et al. 2020; Barchia et al. 2021;
Qiu et al. 2022). Taken together, these factors suggest that
improving rice yields in tidal wetlands cannot rely solely
on increasing fertilizer inputs; instead, it requires a more
rational, targeted fertilization strategy.

Accordingly, enhancing rice productivity in these mar-
ginal environments requires balanced fertilization that is
based on soil nutrient status and improved nutrient-use
efficiency. In line with Liebig’s Law of the Minimum, plant
growth is constrained by the limiting factor (Duong et al.
2012), underscoring the need for soil-test-based, site-spe-
cific fertilization approaches that are both agronomically
effective and environmentally sustainable. When fertilizer
application is properly aligned with soil nutrient supply
and crop demand across growth stages, fertilizers can con-
tribute 30-50% of total crop yield (Dobermann et al. 2002).

Despite the recognized importance of site-specific nu-
trient management, fertilizer recommendations for wet-
land rice in Indonesia are generally issued at the sub-dis-
trict level. However, studies by Hartono et al. (2022)
indicate that these generalized recommendations are of-
ten suboptimal and fail to adequately reflect actual field
conditions, particularly in heterogeneous environments
such as tidal swamps. This gap has prompted the devel-
opment of decision-support tools such as the Swamp Soil
Test Kit (Hatta et al. 2015; Widowati et al. 2022), which
provides more precise recommendations for nitrogen (N),
phosphorus (P), potassium (K), lime, and organic matter
application in tidal wetland rice systems.

These tools are conceptually aligned with the principles
of site-specific nutrient management (SSNM), which ad-
just fertilizer type, rate, and timing according to spatial
and temporal variations in crop nutrient demand (Do-
bermann et al. 2002), thereby improving yield and nutri-
ent-use efficiency (Buresh et al. 2005). Building on this
concept, the International Rice Research Institute (IRRI)
has developed SSNM-based decision-support tools, in-
cluding the Nutrient Manager for Rice (NMR) and its suc-
cessor, the Rice Crop Manager (RCM), which provide tai-
lored nutrient and crop management recommendations
(Buresh et al. 2014; Buresh et al. 2019). These tools inte-
grate soil characteristics with management factors such
as rice variety, water regime, planting time, and farmers’
socioeconomic conditions (Sharma et al. 2019).

Although a range of fertilizer recommendation pack-
ages and decision-support tools has been developed, their
effectiveness must be validated under specific soil types
and agroecosystems. This need is particularly critical for
tidal wetlands, which are characterized by complex soil
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and hydrological constraints. Therefore, to address this
knowledge gap, the present study aims to: (1) identify the
nutrients that most strongly influence rice productivity in
tidal wetlands, and (2) formulate an optimal fertilization
technology package tailored to these environments.

Materials and methods
Location

The research was conducted in tidal wetlands at two lo-
cations: Murung Karamat Village (3°8'58"S, 114°3727"E),
Belawang District, and Danda Jaya Village (3°9'1"S,
114°39'59"E, 114°39'59"), Rantau Badauh District, Barito
Kuala Regency, South Kalimantan, during the 2019 dry
season. The research location is presented in Fig. 1 below.

Experiment 1 - nutrient omission trial

This experiment aimed to identify nutrient elements
that most influence rice productivity in tidal wetlands.
A Randomized Complete Block Design (RBD) with four
replications was used, with each experimental plot meas-
uring 4 x 5 m. Treatments included: (1 without fertilizer,
(2) omission of N, (3) omission of P, (4) omission of K,
(5) omission of Ca, (6) omission of Zn, and (7) complete
fertilization (N, P, K, Ca, Zn). Fertilizer rates were: Urea
250 kg ha! (N), SP-36 100 kg ha* (P), KCI 75 kg ha* (K),
ZnSO, 10 kg ha' (Zn), and Dolomite 500 kg ha' (Ca).
Nitrogen was applied in three equal splits at 7, 28-35, and
49-56 days after planting (DAP). Phosphorus was applied
entirely at 7 DAP, and potassium in two splits (7 DAP and
active tillering). The rice variety used in the study is PB 42.
Description of the PB 42 rice variety: has a plant height of
97-105 cm, harvest age of 135-145 days, average yield of
5.5 t ha'!, rice texture is pera, amylose content 27%, toler-
ant of acidic soil. The PB 42 rice variety was transplanted
at 21 days after germination, with a spacing of 20 x 20 cm.
Soil samples were collected before planting for physical
and chemical analysis. Observations included the number
of panicles per clump, filled and empty grains per panicle,
panicle length, and grain yield.

Experiment 2 - fertilization recommendation
evaluation

This experiment aimed to formulate a recommended
fertilization technology package for tidal wetland rice. A
Randomized Complete Block Design (RCBD) with four
replications was applied. Treatments included: (1) Rice
Crop Manager (RCM), (2) Swamp Soil Test Kit (SSTK),
(3) Planting Calendar (PC), (4) Regulation of the Minister
of Agriculture (RMA), and (5) Farmer’s Practice (FP).
Determination of RCM fertilizer dosage based ona web-
based application. The data inputted into the application is
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Figure 1. Research location in Murung Karamat and Danda Jaya villages, Barito Kuala Regency, South Kalimantan

Province.

obtained from interviews with the land-owning farmers,
including information about the location of the farmers’
land, the size of the land, the rice varieties used in the pre-
vious year and those to be planted in the following year,
the estimated age of seedlings at planting, water manage-
ment, rice yield in the last year, whether crop residues are
returned, and the type of fertilizer used. RCM uses this
information to calculate site-specific fertilizer recommen-
dations to achieve the targeted yield.

The determination of fertilizer doses using SSTK is a
tool developed by the Soil Research Institute, the Agricul-
tural Research and Development Agency, and the Ministry
of Agriculture. Measurements are taken by collecting soil
samples before planting. Soil nutrient status of N, P, and K
is measured using the SSTK tool. The results of soil nutri-
ent status measurements at the research site using SSTK
are as follows: N status is medium; P status is medium at

both locations; and K status is low at Murung Karamat
and medium at Danda Jaya. The results of soil nutrient
status measurements at the research site using SSTK are
as follows: N status is medium; P status is medium at both
locations; and K status is low at Murung Karamat and
medium at Danda Jaya. Fertilizer dose recommendations
based on soil nutrient status measured with SSTK are as
follows (Table 1).

Fertilizer dose recommendations based on RMA for
rice plants serve as fertilization guidelines set by the Minis-
try of Agriculture of the Republic of Indonesia, Regulation
No. 40/Permentan/OT.140/4/2007, which specifies fertil-
izer doses for each district in Indonesia. The establishment
of fertilizer doses based on PC is a web-based application
developed by the Agroclimate and Hydrology Research
Center, Agricultural Research and Development Agen-
cy, Ministry of Agriculture of the Republic of Indonesia,
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Table 1. Fertilizer N, P, K dosage recommendations based on soil nutrient status measured with SSTK.

Recommended Urea fertilizer

Soil nutrient status class (N, P, K) dose (kg ha")

Recommended KCl fertilizer
dose (kg ha')

Recommended SP-36 fertilizer
dose (kg ha™)

Low 250
Moderate 200
High 150

150 125
125 100
100 75

which provides information on climate change, planting
times based on climate conditions, and specific fertilizer
dose recommendations for districts. Fertilizer recommen-
dations based on RMA and PC are general for rice fields
at the sub-district administrative scale, derived from map-
ping data on P and K nutrient status at 1:250,000 and fer-
tilization research results in rice fields. The fertilizer doses
applied in each treatment are summarized in Table 2.

Table 2. The recommended fertilizer dose for each treat-
ment at the two research locations (Murung Karamat
and Danda Jaya village).

Treatments Fertilizer dosage (kg ha™')
Urea SP-36 KCl NPK Phonska
RCM 195 0 0 250
SSTK 200 125 125%, 0
100**

pPC 150 0 0 175
RMA 250 100 50 0

FP 150 0 0 150

Note: NPK contains nutrients 15% N, 15% ons’ 15% KZO; * = Murung
Karamat; ** = Danda Jaya village.

All plots received dolomite lime at 500 kg ha' seven
days before planting. Phosphorus was applied entirely at
7 DAP; nitrogen in three splits; potassium in two splits;
and NPK Phonska in two applications (1 and 4 weeks after
planting). The PB.42 variety was transplanted 21 days after
germination, spaced 20 x 20 cm.

Data collection and analysis

The soil characteristic data for the experimental site
were analyzed using standard laboratory methods.
Soil pH measurement using a digital pH meter (Jen-
way 3505, Cole-Parmer, England) with a water:soil ra-
tio of 2.5:1. Total nitrogen is analyzed by wet destruc-
tion with H,S0,+H,0, (H,SO, 95-97%, Merck KGaA,
Darmstadt, Germany; H,0, 50%, Interox analytical
grade, Brussels, Belgium), measured by the Kjeldahl
distillation method. Available P is measured using the
P-Bray I extraction method; extraction yield is meas-
ured by spectrophotometry (Specord 210 plus, Analytic
Jena, Germany). Total phosphate and K are extracted
with 25% HCI (HCI 37%, Merck KGaA, Darmstadt,
Germany), P is measured with a spectrophotometer,
and K is measured with Atomic Absorption Spec-
trophotometry (AAS 240FS, Agilent Technologies,
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Australia). Exchangeable bases Ca, Mg, K, Na are ex-
tracted with 1 N Ammonium Acetate at pH 7 (Merck
KGaA, Darmstadt, Germany), measured by AAS. Iron
(Fe) was extracted with one mol L'' NH,OAc (ammoni-
um acetate), and then Fe levels in solution were deter-
mined through AAS. Al-exchangeable measurements
use the extraction of KCI 1N, measured by titration.

Yield components (number of panicles per clump, filled
grains per panicle, empty grains per panicle, and panicle
length) were measured from six sampled clumps per plot
at harvest maturity. Grain yield was measured from a 2.5
x 2.5 m harvest area per plot.

Statistical analysis

Data were analyzed using ‘Analysis of Variance’ (ANO-
VA), and further treatment means were compared using
the least significant difference (LSD) test at the 5% signif-
icance level. Data analysis was carried out using the SAS
version 9 program.

Results
Experiment 1 - Nutrient Omission Trial
Soil Characteristics

Both sites had highly acidic soils (pH < 4.5), moderate
organic C, and low to moderate macronutrient levels (Ta-
ble 1). Murung Karamat had moderate N and total P, low
available P and K, and low total K. Danda Jaya had mod-
erate N, P (total and available), and total K, with low avail-
able K but higher Ca, lower exchangeable Al, and higher
cation exchange capacity (CEC) (Table 3).

Yield component of rice

Complete fertilization with N, P, K, Ca, and Zn significant-
ly improved panicle number and filled grains compared to
omission treatments at both sites. There is no difference in
empty grains per panicle or panicle length between ferti-
lizer treatments at both locations (Tables 4, 5).

At the Danda Jaya location, the complete fertilizer
treatment resulted in a higher panicle number per clump
than no fertilizer, no N, or no P, but it was not significantly
different from treatments without K, Ca, or Zn. The com-
plete fertilizer resulted in a higher number of filled grains
per panicle than no fertilizer, but it was not significantly
different from the other treatments (Table 5).
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Table 3. Soil characteristics of tidal wetlands in Murung
Karamat and Danda Jaya, Barito Kuala.

Soil properties Murung Karamat Danda Jaya
Value Criteria Value Criteria

pH (H,0) 3.61 VA 3.85 VA
Organic C (%) 2.82 M 2.88 M
Total N (%) 0.29 M 0.39 M
P Bray I (mgkg' P,O,) 8.02 L 9.47 M
Total P (mgkg' P,0,) 21.77 M 26.46 M
Total K (mg kg' K,0) 9.22 L 11.20 M
Exchangeable bases (me 100 g)
Ca 0.82 VL 1.73 L
Mg 2.25 L 2.96 L
K 0.11 L 0.16 L
Na 0.14 L 0.33 M
CEC (me 100 g*) 20.54 M 70.34 H
Al-dd (me 100 g*) 12.88 H 6.60 M
Fe (mgkg') 411.12 - 623.01 -
Texture (%)
Sand 4.15 1.42
Silt 27.09 Clay 25.57 Clay
Clay 68.76 73.01

Note: VA = very acid, VL = very low, L = low, M = moderate, H = high.
Rice yield

The fertilization treatment affects rice yield in both loca-
tions. At Murung Karamat, the highest yield (5.01 t ha-
') was obtained with complete fertilization, exceeding
yields no fertilizer (3. 68 t ha'), without N (3.84 t ha),
and without K (4.22 t ha'). Nitrogen (N) and K were the
most limiting nutrients: omitting N reduced yield by 1.17
tha' (30.4%), and omitting K reduced yield by 0.88 t ha™

(18.7%). Whereas, at Danda Jaya, complete fertilization
produced 5.74 t ha, higher than without fertilizer (4.34 t
ha) and without N (4.79 t ha'). Omitting N reduced yield
by 0.95 t ha' (19.8%), while omitting K reduced yield by
0.40 tha™* (7.5%) (Fig. 2).

Murung Karamat Danda Jaya
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Fertilizer Treatments

Note : The bar graph followed by the same letters at the same locations

is not significantly different based on LSD test at 5% confidence level.
Figure 2. Rice yield under complete and incomplete fer-
tilizer applications in Murung Karamat and Danda Jaya,
Barito Kuala.

At Murung Karamat, without K treatment (4.22 t ha')
did not significantly increase grain yield compared to plots
without N fertilizer (3.84 t ha'), without P (4.75 t ha),
or no fertilizer (3.68 t ha'). Although N+P+Ca+Zn fertil-
ization produced 0.54 t ha' (14.7%) more grain than no
fertilizer at this location, the increase was not statistical-
ly significant. At Danda Jaya, without K treatment (5.34 t

Table 4. Yield components of rice under complete and incomplete fertilizer applications in Murung Karamat.

No. Treatments Panicle number per clump Filled grains per panicle Empty grains per panicle Length of panicle
1 No fertilizer 12.7° 85.0° 20.8* 20.0*
2 Without N 12.5° 90.0° 17.5* 18.8*
3 Without P 15.0® 96.5 ® 26.8° 23.0*
4 Without K 16.8® 98.2® 2232 2342
5 Without Ca 16.7 ® 97.3® 20.0* 19.0°
6 Without Zn 16.8 104.8 15.3* 21.0*
7 Complete Fertilizer 17.0® 117.3¢ 18.2° 21.8°
(N, P, K, Ca, Zn)

Note: Values followed by the same letters within a column are not significantly different according to the LSD test at the 95% confidence level.

Table 5. Yield components of rice under complete and incomplete fertilizer applications in Danda Jaya, Barito Kuala.

No. Treatments Panicle number per clump  Filled grains per panicle ~ Empty grains per panicle Length of panicle
1 No fertilizer 13.1¢ 130.5° 29.5° 21.4°
2 Without N 14.2¢ 137.0® 23.0*° 22.3%
3 Without P 14.6 > 154.8 ® 30.0* 23.3*
4 Without K 16.9* 151.8® 27.2* 22.9°*
5 Without Ca 15.2 e 158.0® 269° 23.6°
6 Without Zn 16.4® 154.7 * 20.3° 22.9°
7 Complete Fertilizer 16.7 ¢ 170.1° 20.7¢ 23.1°
(N, P K, Ca, Zn)

Note: Values followed by the same letters within a column are not significantly different according to the LSD test at the 95% confidence level.

Emirates Journal of Food and Agriculture
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ha) also did not significantly increase yield compared to
without N fertilizer (4.79 t ha') or without P (5.04 t ha);
however, it did yield higher than no fertilizer (4.24 t ha).
In this location, N+P+Ca+Zn fertilization increased grain
yield by 1.1 t ha' (25.9%) compared to no fertilizer (Fig. 2).

Experiment 2 - fertilization recommendation
evaluation

Yield component of rice

The recommended fertilization treatment does not affect
the panicle number per clump, empty grains per panicle,
and panicle length at both locations. Except for filled grains
per panicle, which is affected by the recommended fertilizer
treatment at the Murung Karamat location, but has no sig-
nificant effect at the Danda Jaya location (Tables 6, 7). The
SSTK treatment resulted in filled grains per panicle (122.7),
higher than the WF treatment (90.0), but not significantly
different compared to the other treatments (Table 6).

At the Danda Jaya location, the RCM treatment result-
ed in the highest filled grains per panicle (178.2), but was
not significantly different from the WF treatment (147.9)
or other treatments (Table 7).

Rice yield

Evaluation of four fertilization recommendation systems:
Rice Crop Manager (RCM), Swamp Soil Test Kit (SSTK),
Planting Calendar (PC), and Regulation of the Minister of
Agriculture (RMA) in Murung Karamat revealed yield dif-
ferences compared with farmer practices (WF). Although
grain yield components (panicles per clump, empty grain
count, and panicle length) did not differ significantly
among treatments, SSTK produced more filled grains than
WE In Murung Karamat, yields from recommended treat-
ments ranged from 4.67 to 5.34 t ha'. The RCM and SSTK

treatments produced more rice grains than the WF treat-
ment. RCM (5.34 t ha', +21.4%) and SSTK (5.28 t ha’,
+20.0%) achieved statistically significant grains (Fig. 2).
In Danda Jaya, yield components were statistically simi-
lar across treatments, except for grain yield. RCM produced
the highest yield (5.83 t ha’', +16.3%), significantly exceed-
ing WF (5.01 t ha'). SSTK, PC, and RMA also outper-
formed WE, though without statistical significance (Fig. 3).

Murung Karamat Danda Jaya
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Fertilization Recommendations

Note :

-RCM=Rice Crop Manager, SSTK= Swamp Soil Test Kit, PC=Planting Calender,
RMA=Regulation of the Minister of Agriculture, WF=Way of Farmer.

-The bar graph followed by the same letters at the same locations is not significantly
different based on LSD test at 5% confidence level.

Figure 3. Effects of recommended fertilizer applica-
tion on rice yield in Murung Karamat and Danda Jaya,
Barito Kuala.

Discussions
Nutrient omission trial

The soil at the study site is characterized by low to moder-
ate I N, P, and K levels (Table 1), consistent with previous
findings for acid sulfate soils in South Kalimantan, which
also exhibit very low Ca levels and strongly acidic condi-
tions (pH < 4.5) (Noor et al. 2022). Nutrient availability

Table 6. Effects of recommended fertilizer application on yield components of rice in Murung Karamat, Barito Kuala.

No. Treatments Panicle number per clump Filled grains per panicle Empty grains per panicle Length of panicle
1 RCM 19.5* 1117 23.8* 26.4°
2 SSTK 17.7* 122.7* 17.8* 27.3*°
3 PC 17.2° 103.0 30.5* 25.7*°
4 RMA 16.5° 109.8 20.0* 26.9°
5 WEF 18.2* 90.0 . 23.0* 23.6°

Note: RCM = Rice Crop Manager, SSTK = Swamp Soil Test Kit, PC = Planting Calendar, RMA = Regulation of the Minister of Agriculture, WF = Way

of Farmer.

Values followed by the same letters within a column are not significantly different according to the LSD test at the 95% confidence level.

Table 7. Effects of recommended fertilizer application on yield components of rice in Danda Jaya, Barito Kuala.

No. Treatments Panicle number per clump Filled grains per panicle Empty grains per panicle Length of panicle
1 RCM 15.7¢ 178.2* 21.2* 23.1*
2 SSTK 16.5° 164.5* 23.0° 22.7°
3 PC 16.0* 159.1° 20.3° 23.6°
4 RMA 16.7* 159.4* 21.9* 229*
5 WEF 14.0° 147.9* 31.8° 23.4°

Note: RCM = Rice Crop Manager, SSTK = Swamp Soil Test Kit, PC = Planting Calendar, RMA=Regulation of the Minister of Agriculture, WF = Way

of Farmer.

Values followed by the same letters within a column are not significantly different according to the LSD test at the 95% confidence level.

Emirates Journal of Food and Agriculture
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and other soil properties, including pH, Fe and Al concen-
trations, organic matter, and CEC, govern crop response
to fertilization and rice productivity in tidal wetlands.
These results highlight the need for site-specific balanced
fertilization to match local soil conditions, as excessive or
unbalanced inputs can reduce growth efficiency and eco-
nomic returns (Xing et al. 2025; Athul et al. 2026).

In this study, N and K had the greatest impact on rice
productivity; this is in accordance with the research re-
sults of Fathi and Zeidali (2021) and Taheri et al. (2021).
While soil N was classified as moderate, this does not nec-
essarily reflect plant-available N, as mineralization and
losses can reduce availability. Moreover, in tidal wetland
soils, N availability is strongly influenced by redox condi-
tions, which regulate the transformation between ammo-
nium (NH,*) and nitrate (NO,"), as well as losses through
leaching, volatilization, and denitrification (Kurnain and
Ifansyah 2015; Zhang et al. 2016). Consequently, moder-
ate total N content does not guarantee sufficient N supply
for crop uptake. This clarifies why N remained the most
limiting nutrient and why fertilizer application signifi-
cantly increased rice yields (Fig. 1).

The research results also show that P fertilization in-
creased rice yield, but its effect was smaller than that of
N and K. The research results of Masganti et al. (2017) on
tidal wetlands in Riau province with low available soil P
levels showed that P fertilization, when combined with
straw compost, can increase rice yields. The total soil P
content at the study site was classified as moderate. Un-
der continuously flooded conditions in acid sulfate soils,
P availability may increase due to the reductive dissolu-
tion of Fe-P minerals (Maranguit et al. 2017; Tian et al.
2017; Rupngam et al. 2023). This suggests that indigenous
soil P may have contributed substantially to crop P supply,
resulting in a smaller yield reduction under low P input
than under N or K omission. In general, P availability in
tidal wetlands is often limited despite moderate to high to-
tal P due to fixation by Fe and Al under acidic conditions
(Zin et al. 2015; Mayakaduwage et al. 2020). However,
flooding can enhance P availability by releasing Fe-bound
P, thereby providing a potential P source for rice (Fahmi
et al. 2023). Previous studies also reported that applying
45kg P O, ha'' significantly increased panicle number and
filled grains, whereas higher rates did not provide addi-
tional yield benefits (Suriakarta and Simanungkalit 2012).

Available K was low at both sites, whereas total K was
moderate in Danda Jaya and low in Murung Karamat.
Similar patterns have been reported in acid sulfate soils
(Noor et al. 2022). This condition may be attributed to the
high leachability of K, despite the presence of K-bearing
minerals such as illite and jarosite, which can contribute
to moderate total K levels in certain locations (Goulding
et al. 2021; Firmino et al. 2025). In intensive cropping sys-
tems, K depletion can be mitigated by combining chemical
and organic fertilizers (Sardans and Pefiuelas 2015). How-
ever, inappropriate fertilizer application rates may lead to
inefficiency, particularly in soils with sufficient K reserves.
Therefore, efficient K management should be site-specific,

based on soil testing and crop response, and supported by
decision-making tools such as K balance frameworks (Vi-
jayakumar et al. 2019a, 2019b, 2021).

The results of the studies in Fig. 2 show that rice yield
at the Danda Jaya location is higher than at Murung Kara-
mat. Overall, yields were higher in Danda Jaya, likely due
to better inherent soil fertility, specifically higher N and
available P, lower exchangeable Al, and higher CEC, en-
hancing nutrient uptake and retention (Liang et al. 2006).

Fertilization recommendation evaluation

Omission plot trials (Table 5, Fig. 1) confirmed that N
and K are the most limiting nutrients at both sites. High-
er yields with RCM and SSTK (Fig. 2) are likely due to
greater N and K application rates. RCM recommends
urea 278.3 kg ha™ and KCl 62.5 kg ha', while SSTK rec-
ommends urea 200 kg ha’ and KCI 100-125 kg ha’,
both exceeding farmer rates (urea 200 kg ha” and KCl
37.5 kg ha'). Adequate N improves tillering and grain
filling (Fathi and Zeidali 2021), while K supports stress
tolerance and carbohydrate transport (Wang et al. 2013).
According to Sharma et al. (2019), the increase in rice pro-
ductivity under the RCM recommendation is attributed
to the application of a higher nitrogen dose, particularly
during the critical panicle initiation growth stage.

The Swamp Soil Test Kit (SSTK) produced yields com-
parable to RCM at both sites. In Murung Karamat, SSTK
outperformed WF; in Danda Jaya, the difference was not
significant. These results align with Hatta et al. (2015),
who reported SSTK increased yields by 41.5-53.3% in
West Kalimantan tidal wetlands, depending on wetland
type. Other research results also show that fertilization
recommendations generated by the web application
RCM increase rice productivity, fertilizer use efficiency,
and farmers’ profits compared with farmers’ practices
(Suyamto and Saeri 2018; Sharma et al. 2019). The rice
yield with recommended fertilization treatments (RCM,
SSTK, PC, and RMA) ranged from 4.67-5.34 t ha! at the
Murung Karamat site and 5.24-5.83 t ha! at the Danda
Jaya site, which is higher than the average rice yield on
tidal land in Barito Kuala Regency of 3.23 t ha (BPS
Barito Kuala 2024).

The research shows that RCM and SSTK fertilizer dos-
es produce higher rice yields than PC, RMA, or farmer
practices in tidal land. At Murung Karamat, RCM in-
creased yields by 0.94 t ha” (21.4%), and SSTK by 0.88 t
ha (20.0%) compared to farmer practices. PC and RMA
did not significantly increase yields because their fertil-
izer doses did not match the tidal land’s nutrient status.
Planting Calendar (PC) and RMA methods use gener-
al fertilizer doses for paddy fields, not specific to tidal
wetlands. The fertilizer doses for PC, RMA, and farmer
practices are lower than rice requirements for optimal
yields in tidal wetlands. Increasing rice yields through
the rational use of inputs will enhance the economic val-
ue of rice farming in tidal wetlands.
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According to Sarma et al. (2024), the use of site-specific
fertilization technologies, such as RCM and other tools,
aims to empower farmers to adjust fertilizer dosage rather
than to reduce or increase it. The correct fertilization ap-
plication is intended to maximize crop yield and nutrient
use efficiency, thereby increasing the economic value of
the harvest per unit of fertilizer used. Fertilization at the
recommended dosage by RCM yields higher grain yield
than farmers’ methods. The higher grain yield with RCM
is associated with the application of higher total N fertiliz-
er (Sharma et al. 2019).

In sustainable farming, the efficient use of inputs to
achieve maximum output is very important. The same
goes for fertilizer use in rice production; if it does not
match plant needs, it becomes inefficient, leading to wast-
ed costs, suboptimal productivity, and reduced farmer
income. Low productivity is associated with inefficient
use of inputs. This includes using inputs that do not align
with the land’s capacity for optimal production. Inefficient
use of inputs is also related to land scale and to technical
knowledge in managing resources such as seeds, water,
and fertilizers (Castro-Alvarez 2025). Improving efficien-
cy is crucial to minimize agricultural input waste. Quick,
accurate, and easy information about fertilizer dosage not
only optimizes fertilizer use but also increases farmers’ in-
come. A web-based or mobile-based approach or method,
such as RCM, that provides specific information on crop
and fertilizer management will enhance yield and income
(Vijayakumar et al. 2022).

Appropriate fertilization substantially increases rice
productivity, particularly in nutrient-deficient tidal
wetlands, where fertilizer contributes 30-50% of yield
(Meena et al. 2020). Site-specific nutrient management
(SSNM) improves nutrient use efficiency by adjusting
rates and timing to crop needs and soil supply (Do-
bermann and White 1999; Vanlauwe and Dobermann
2020). This approach reduces waste, lowers environmen-
tal risks, and increases profitability (Meena et al. 2023).
Sustainable yield gains require not only the correct se-
lection, dosage, and timing of nutrients, but also their
integration with organic inputs, pH management, and
high-yielding varieties (Bijay-Singh and Singh 2017). In
tidal wetlands, SSNM has repeatedly proven more effec-
tive and sustainable than blanket applications (Jauhari
et al. 2025).

However, adoption faces challenges due to high spatial
and seasonal variability in soil nutrient status. Farmers

References

Athul PP, Sreelatha AK, Beena VI, Thomas D, Lekshmi AV, Vijayan D,
Krishnan A, Parapurath F (2026) Spatial distribution of soil chemical
properties and nutrient availability across different land use systems
in Pokkali wetlands. Plant Archives 26(1): 2476-2483. https://doi.
org/10.51470/PLANTARCHIVES.2026.v26.supplement-1.332

Barchia MF, Ishak A, Utama SP, Novanda RR (2021) Rice yield related

to fertilizers applied by farmers on two areas of marginal peat soil in

Emirates Journal of Food and Agriculture

often lack access to affordable, user-friendly soil-testing
tools. Broader implementation will require accessible
nutrient databases, soil maps, and practical field kits to
guide recommendations. Although web-based RCM can
determine fertilizer doses, it is limited by farmers’ lack of
internet literacy. Field extension workers with greater ex-
pertise must support farmers. SSTK allows rapid assess-
ment of nutrient status and fertilizer recommendations;
however, it demands skill due to the use of chemical re-
agents. SSTK also necessitates training and guidance for
users. Future tools should be more user-friendly, practi-
cal, and efficient in determining nutrient status and fertil-
izer recommendations for rice.

Conclusions

Nitrogen and potassium were the major nutrient con-
straints limiting rice productivity in tidal swamp cultiva-
tion systems. The implementation of site-specific fertiliza-
tion approaches based on RCM and SSTK improved the
effectiveness of nutrient management and increased rice
productivity. N omission reduced yields by up to 30%, and
K omission by up to 19%. The application of site-specific
fertilization strategies, particularly those guided by RCM
and SSTXK, resulted in yield increases of 16-21% compared
to farmer practices. Based on their accuracy and ease of
application, both RCM and SSTK show strong potential
as decision-support tools for site-specific fertilization in
tidal swamp rice cultivation. However, wider adoption of
these approaches will depend on the availability of readily
accessible soil nutrient databases and simple, affordable
field diagnostic tools to support precise, data-driven ferti-
lizer reccommendations. These findings indicated that both
approaches were effective and practical decision-support
tools for improving fertilizer-use efficiency in tidal swamp
rice cultivation. Therefore, fertilization practices based on
soil nutrient status and crop demand were recommended
to support more efficient and sustainable rice production
in tidal swamp areas.
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