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Abstract. Shallots (Allium ascalonicum L.) are a key horticultural
commodity in Nganjuk Regency, where continuous monocropping poses a
risk of nutrient depletion and soil degradation. However, information on
macronutrient dynamics under different rotation practices remains limited.
This study aims to quantify the soil macronutrient status (N, P, K) in shallot
fields with and without rotation in Rejoso District and identify the major
limiting nutrient for fertilizer management. A total of 16 composite soil
samples were collected purposively from six villages representing
contrasting cropping patterns. Samples were taken at 0—20 cm depth prior to
harvest and analyzed using the Paddy Soil Test Kit (PUTS). Nitrogen levels
were predominantly moderate (56%), followed by high (31%) and very high
(13%). Phosphorus remained high across all locations, while potassium was
mostly low (56%). Slightly acidic pH (5.6—6.0) corresponded with high P
availability, whereas persistent K deficiency indicated nutrient mining under
intensive cultivation. These findings emphasize potassium as the key
limiting factor and highlight the need for balanced, site-specific fertilization
through liming, organic amendments, and implementation of the SR
fertilization principle. Integration of yield response trials is recommended to
support sustainable soil fertility improvement in shallot production systems..

1 Introduction

Agriculture serves as a cornerstone of national food security and continues to support the
majority of rural livelihoods in Indonesia. Among various horticultural crops, shallots
(Allium ascalonicum L.) hold substantial economic significance and occupy a dominant share
of the market supply chain [1]. The demand for shallots has increase steadily increased
alongside rising consumption trends, positioning Nganjuk Regency particularly Rejoso
district as one of the key production centers in East Java. Strong market incentives have
encouraged farmers to intensify cultivation, with cropping cycles reportes to reach up to five
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times per year [2]. However, Sustain monocropping systems, however, raise serious concerns
regarding the depletion of soil nutrients and the long-term resilience of agricultural land[3].In
continous shallot production, the absence of crop rotation accelerates nutrient extraction,
leading farmers to increase cemical fertilizer application as a compensatory measure.
Although thi approach maintains yields temprarily, it may also trigger fertilizer dependency,
higher production costs, and progressive soil degradation over time [4].

Nitrogen (N), Phophorus (P), and Pottasium (K) are the primary macronutrients influencing
shallot growth dynamics. Nitrogen stimulates vegetative development, phosphorus supports
biochemical energy transfer and root establishment, while potassium regulate photosynthesis,
assimilate transport, and bulb formating [5]. The availability of these nutrient is highly
dynamic, being affected by leaching, mineralization rates, and extensive nutrient removal
duing harvest. When fields are continously planted without rotation, nutrient extratction
patterns tend to repeat, thereby increasing the risk of imbalance[6].

Crop rotation is widely recognized as an effective ecological strategy to maintain soil quality.
Incorporating crops with different nutrient requirements and rooting characteristic can
enhance soil structure, regulate nutrient cycling, and suppress pest disease build up [7].
Semi-intensive rice shallot rotation systems are therefore expected to exhibit different
nutrient profiles compared to fully intensive systems without rotation. While previous studies
have examines fertilizer inputs and intensification impacts on shallot productivity, limited
research has compared macronutrient availability in rotated versus non rotated fields in major
production zones. This gap highlights the need for empirical evaluation of nutrient status
under varying cultivation intensities in Rejoso District.

Based on these issues, research on the nutrient status of nitrogen, phosphorus, and potassium
in several fields in Rejoso District, Nganjuk Regency, is crucial. This study aims to assess
the macronutrient status of N, P, and K in intensive shallot fields with rotation-based
cultivation. Specifically, it quantifies the availability of these nutrients and identifies nutrient
imbalances across different cultivation intensities, providing empirical evidence for
sustainable soil fertility management in the district. The results are expected to offer a
comprehensive overview of soil fertility and serve as a basis for developing more efficient,
environmentally friendly, and sustainable nutrient management strategies.

2 Materials and Methods
2.1 Materials

This research was conducted from July to August 2025 in irrigated rice fields located in
Rejoso District, Nganjuk Regency Indonesia. Soil sampling was carried out across six
villages namely Kedung Pandang, Talang, Ngadiboyo, Mojorembun, Sukorejo, and
Wengkal. Geographically, the study area lies at 7°28'35.8”S and 111°53'46.8" E, with an
elevation of approximately 65 m above sea level. The dominant soil types within the
sampling area were latosol, regosol and Litosol. The materials used in this study included soil
samples, reagents (N-1, N-2, N3, N-4, P-1, P-2, K-1, K-2, and K-3), indicator color charts,
and distilled water. The equipment comprised a Paddy Field Soil Testing Kit (PUTS), soil
auger, plastic containers,sample labels, 10mL test tubes, test tube rack, glass stirer, drying
tissues, test tube cleaning brush and Phyton application.
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2.2 Methods

This study was conducted using a field survey method and direct soil testing in the field using
PUTS. The activity began with coordination with the head of the farmer group, followed by
a field survey to determine the soil sampling locations. The soil sampling locations were
divided into 16 locations, chosen intentionally, taking into account different planting
patterns. Sampling activities were conducted before the harvest time of the cultivated
crops.Samples were taken at a depth 20 cm because this layer is main root zone and nutrient
utilization area for annual plants [8] , then composited and analyzed using the PUTS. The
procedure for NPK analysis using the PUTS is as follows:

1. Collect approximately 0.5 mL of soil sample (equivalent to % spatula) into a test
tube.

2. Add the extracting solution, then homogenized the mixture using a glass stirrer

3. Add the appropriate reagent solution corresponding to the nutrient being analyzed
(N,P, or K).

4. Allow the mixture to stand for approximately 10 minutes until a clear supernatant
and sediment layer are visibly separated

5. Compare the color of the clear supernatant with the nutrient status color chart to
determine the soil nutrient level [9].

A
Goa Dan,Grojogan !
nyu'Kuning @ Putri Ayu @

Tritik Watu Gandul @
Wisata Pancur7. @ Masjid Al Mustofa Tritik

Rejoso

Banjoeoerip
@ Waduk Kalibening =~

Wilangan

@ aLnan Kota Paron

Fig. 1. Map showing the spatial distribution of soil sampling sites across six villages in rejoso
district, Nganjuk Regency, East java

3 Results and Discussion

Soil nutrient levels, including Nitrogen (N). Phosphorus (P), and Potassium (K), were
analyzed using the Paddy Field Soil Testing (PUTS), which operates based on a colorimetric
reaction principle. In this method, soil samples are mixed with element specific reagent, and
the resulting color intensity reflects the relative nutrient concentration. Nitrogen availability
is classified into four categories low, medium, high, and very high while Phosphorus and
Pottassium are grouped into low, medium and high classes. Intepetation follows the
standardized color chart provided in the PUTS guideline to ensure uniformity and reliability
in nutrient assessment.
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All analyses were conducted on site in Rejoso District, comparising six villages. Direct field
testing was performed to minimize nutrient alteration during handling and storage. The N-P-
K status obtanied from PUTS evaluation is presented in Table 1, forming the basis for
comparing soil fertility across cultivation areas.Table 1.

Table 1. Status of N, P and K nutrients based on PUTS in rice fields in Rejoso District, Nganjuk

Regency
No Kode Status Nutirient cropping patterns
Sample N P K
1 A Medium High Low Paddy —paddy- corn
2 B High High Low Paddy —paddy- corn
3 C Medium High Low Chili
4 D Medium High Low Onion-onion-onion-onion
5 E High High Low Onion-onion-onion
6 F High High Low Onion-onion
7 G Medium High High Onion-onion
8 H High High Medium Onion-onion-onion-onion
9 I Very high High Low Onion-onion-onion-onion
10 J Very high High High Onion-onion-onion
11 K High High Medium Onion-onion-onion-onion
12 L Medium High High Onion-onion-onion-onion
13 M Medium High High Raddy-Paddy-Paddy
14 N Medium High Medium Raddy-Paddy-Paddy
15 0] Medium High Low Corn — corn -corn
16 P Low High Low Corn — corn -corn

Based on the results of the N, P, and K analysis in the soil of Rejoso District, the nitrogen
content was generally classified moderate, phosphate levels were predominantly high,
whereas potassium levels were comparatively low. Soil pH across most sampling point
tended to be acidic, with only a few locations approching neutral conditions.

Overall, soil fertility assesment showed that 56% of the observed sites exhibited moderate
nitrogen availabillity, followed by 31% high, 13% very high, and no sites fell into the low
category. Although nitrogen availability was moderate to high at most locations, the overall
N status remains relatively constrained, which is closely associated with limited organic
matter input. This observation align with farmer interviews, ndicating that organic matter
replenishment has not been evenly adopted. This finding is consistent with previous studies
reporting that soil organic matter strongly influences total nitrogen content and contributes
to nitrogen retention when organic amandements are applied [10].

The relatively low N availability in some areas is also attributed to the soil’s acidic pH which
slows organic matter mineralization and restrich nitrogen release. Furthermore, nitrogen
limitation can be accelerated by its high mobility and suspectibility to leaching through
rainfall or irrigation, removal through crop harvest, adsorption by soil minerals, and
microbial immobilization processes [11].

The soil nutrient status also showed 31% high and 13% very high. This happened because in
several locations, farmers had implemented organic fertilizer applications and there were
indications of excessive nitrogen fertilizer applications. Excessive nitrogen accumulation
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carried out by farmers could cause a decrease in fertilizer efficiency and also increase the risk
of environmental pollution. Furthermore, according to [12] application nitrogen would
increase soil acidity, leached nitrate could pollute groundwater, resulting in a decrease in
water quality and reducing the impact of biodiversity on local water areas. This difference in
nitrogen nutrient status also occurred because each sampling location had different soil
processing and planting patterns depending on the preferences of the farmers themselves
Nitrogen plays a crucial role in supporting plant growth, particularly during the vegetative
phase, which increases yields. Plants that receive sufficient nitrogen are able to produce
larger yields with optimal quality. This is due to optimal plant growth and development, as
nitrogen availability increases plant resilience and oxygen excretion. The oxygen produced
by plants is also utilized by soil microorganisms, and plants require oxygen [13].

The results of Phosphorus (P) nutrient testing in Rejoso sub-district are dominated by high
status, 100% of the total points used as sampling locations. Even though P fertilizer shows a
high status, the low pH means that the fertilizer cannot be absorbed by plants. This is
generally caused by the process of P fixation by soil minerals such as calcium in alkaline
soils or by iron and aluminum in acidic soils so that availability in a usable form is limited.
As a result, even though soil P levels are high, plants still experience a lack of phosphorus
because this element is not in an available form. Furthermore, according to [14], the
application of phosphate fertilizer in large quantities over time will have a high binding
capacity, can accelerate the formation of aluminum phosphate and iron phosphate fractions,
thereby causing a reduction in the solubility and availability of phosphate originating from
the fertilizer source applied by farmers. Apart from that, the availability of phosphate is also
influenced by soil pH, at low pH phosphate ions form compounds that are insoluble with iron
and aluminum.

Based on the results of interviews with farmers, the cause of this high P nutrient element is
due to excessive fertilizer application or at each planting season farmers will add SP-36
fertilizer to the cultivated land so that continuous and excessive application causes some
phosphorus to be left behind and bound by the soil because the soil pH conditions tend to be
acidic. The high P element is also caused by the nature of P nutrients which have low
solubility and are easily fixed [15].

Phosphorus plays a vital role in plant growth, stimulating root growth and development,
triggering flowering and fruit ripening, increasing the number of shoots or clumps, and
increasing the nutritional content of plant seeds [16]. Furthermore, according to [14],
phosphorus is also a component of fat and protein.

Based on analysis using the Paddy Field Soil Testing Kit, the majority of the potassium (K)
content in the soil, or 56%, is in the low category, 25% in the high category, and 19% in the
medium category. This indicates that the availability of K in the land in Rejoso District is
predominantly in the low category.

Potassium is one of the essential macronutrients for plants because it plays several roles,
including maintaining water balance, maintaining cell turgor pressure, regulating the opening
and closing of stomata, and is also required for the accumulation and translocation of
carbohydrates [17]

Furthermore, according to [18], potassium acts as a catalyst in the transformation of sugar,
starch and plant fat, supports smooth photosynthesis, enzyme activator, stimulates root
growth and balances nitrogen and phosphorus nutrients.

In this research area, the condition of Potassium nutrient elements varies from high, medium
and low, the high potassium in the soil is closely related to the application of organic
materials. According to Badar, et al., the process of decomposition of organic materials in
the soil will increase the K content of the soil due to the process of releasing Potassium
elements, high levels of potassium in the soil are also influenced by the habits of farmers in
returning the harvested stumps to the soil, because of the difference in the K element, more
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than 80% will be absorbed by the soil and stored in the straw as a vegetative part while the
N and P nutrients will mostly be transported by the seeds [19].

Meanwhile, the low potassium content in plant cultivation activities is influenced by several
factors including the planting patterns carried out by farmers, soil processing because if
cultivation activities are carried out without tillage, K is only available near the soil surface
and becomes unavailable, the fertilizer application technique carried out by farmers is spread
or on the surface causing the K element to only be available on the surface, especially
supported by less than optimal soil processing practices causing K to be unavailable in the
root zone of plants in clay-rich soils and low cation exchange capacity. The lack of practice
in returning plant litter to the land, lost due to the leaching process, especially if the amount
of potassium given exceeds the soil's ability to retain it and the needs of the plant [20]. The
chemical parameters of the soil are a) Total nitrogen, b. Available phosphorus and c.
Exchangeable potassium are presented in Figure 2.

a. Total Nitrogen test b Phosphorus Test c. Potasium Test

Fig 2. Results of in situ soil cehmical analysis using the PUTS.

Information : the test includes (a). total nitrogen analysis, classified into low, medium, high, and very
high categories; (b). phosphorus avaibility determination, analyzed through a colorimetric comparison
chart with three classification levels (low, medium,high); and (c) pottasium assesment using a similar
color-based scale. The figure ilustrated the visual nutrient status obtained through direct colorimetric
interpretation at the fiels sampling site

Analysis of soil nutrient status in Rejoso District indicates that the availability of
macronutrients (N, P, K) is unbalanced. Most land has moderate nitrogen (N) status (56%),
high phosphorus (P) (100%), and low potassium (K) (56%). Furthermore, the soil pH is in
the slightly acidic range (5.6—6.0). This situation indicates the need for improved fertilization
strategies that are more adaptive to actual soil conditions, thus ensuring more efficient
fertilizer use and minimizing environmental degradation.

To achieve this, balanced fertilization can be achieved, supported by analysis using PUTS.
PUTS provides recommendations for appropriate fertilizer dosages and types for the next
planting season, based on nutrient status measurements from the previous period. Therefore,
PUTS can be used as a basis for developing more efficient, location-specific fertilization
strategies that can increase soil productivity.

The moderate to high nitrogen (N) status indicates a relatively sufficient nitrogen (N) supply,
in line with farmers' practice of applying large amounts of urea during the vegetative and
generative phases. However, excessive use of synthetic N fertilizers has the potential to
reduce uptake efficiency (only 30-50%) due to losses through leaching, denitrification, and
volatilization[21]. This nitrogen loss not only reduces production costs but also increases the
risk of environmental pollution[22]. Therefore, nitrogen fertilization recommendations in this
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area should be directed toward the urea dosage according to soil nutrient status. For clay
textured soil with low N status, the recommended dosage is 250 urea Kg/ha. For soil with
moderate N status, the recommended dosage is 200 urea Kg/ha, whereas for soils with high
to very high N status, the urea application should be maintained at 200 kg/ha to prevent
excessive nitrogen input, which may lead to nutrient loss and negative environmental
impacts.

Conversely, the relatively high phosphorus (P) status indicates an accumulation of P fertilizer
due to excessive application from the previous season. However, effective P availability in
the soil is relatively low because acidic soil conditions cause P to bind to Fe and Al ions. In
this context, increasing the P fertilizer dose is not the primary solution, but rather increasing
existing P availability through liming. Liming can raise the pH to a range of 5.8—6.5 while
simultaneously reducing Al toxicity, thereby increasing P solubility. With, the increased
solubility of phosphorus and the enhancement of the exchangeable phosphate fraction, the
efficiency of phosphorus uptake by plants will improve without requiring excessive fertilizer
application. The stategy not only optimizes the utilization of soil phosphorus but also helps
minimixze potential environmental pollution doe to the accumulation of unused phospohorus
[23]. P fertilizer recommendations based on PUTS for low P nutrient status are recommended
at 100 kg Sp-36/ha, for medium nutrient status are recommended at 75 kg Sp-36/ha and for
high P nutrient status are recommended at 50 kg/ha.

Meanwhile, potassium (K) is the main limiting factor, given that most observation points
show low status. Potassium plays a crucial role in plant physiological regulation, particularly
in photosynthesis, water balance, and carbohydrate formation[24]. A K deficiency can
potentially make plants susceptible to lodging, reduce photosynthetic efficiency, and reduce
crop quality. Therefore, increasing K fertilizer application requires special attention. The
recommended KCl fertilization rate is around 100 kg/ha for low soil status, while for
medium-high soil status, 50 kg/ha is sufficient. In addition to inorganic fertilizers, alternative
K sources include returning rice straw to the field and utilizing rice husk ash or biochar,
which can increase K availability while improving soil chemical properties [25].

In general, the soil pH in Rejoso District is still in the slightly acidic category (5.6—6.0),
which is relatively close to optimal conditions for rice plants. However, in locations with a
pH <5.5, selective liming is necessary to increase fertilizer efficiency, particularly for P and
K. This strategy will improve nutrient balance and reduce the risk of fertilizer accumulation
that is not utilized by plants. Therefore, fertilizer recommendations in Rejoso District should
focus on balanced fertilization, adhering to the 5T principles (correct type, dosage, timing,
method, and location). This principle is the basis for the application of balanced fertilization,
namely fertilization that is adjusted to soil conditions (nutrient status) and plant needs,
thereby minimizing fertilizer waste and minimizing negative impacts on the environment.
Nitrogen needs to be reduced and managed efficiently, phosphorus should be maintained
through selective liming and organic matter, and potassium should be increased with a
combination of inorganic and organic fertilizers. This strategy is expected to increase of
cultivated plants productivity while maintaining sustainable soil fertility.

4 Conclusion

Conclusion
e In general, the 16 soil sampling locations showed moderate levels of nitrogen, high
levels of phosphate, and high levels of potassium.
e Based on the PUTS, recommendations include: In areas with moderate to very high
nitrogen levels, the recommended dose of urea is 200 kg/ha, while in areas with low
nitrogen levels, the recommended dose is 250 kg/ha., . SP-36 fertilizer should be
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applied for maintenance at a dose of 50 kg, and an increase in KCI application is
necessary. Land with low soil status should be 100 kg/ha, and land with medium to
high soil status should be 50 kg/ha.

e A balanced fertilization strategy should be implemented according to the 5T principle
(correct type, dose, time, method, and location), this is the main recommendation.

Suggestions

Based on the results of research on soil nutrient status using the PUTS test tool, which plays
an important role in carrying out early detection of N, P and K nutrient status, which focuses
on providing recommendations for the amount of fertilizer to be applied in the next planting
period as a basis for compiling balanced fertilization recommendations.
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