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ABSTRACT
Flooding can damage agricultural land because it can carry and deposit mud, wood waste, gravel, rocks, and sand, causing damage and loss of topsoil. The purpose of this study was to determine the post-flood soil nutrient content in rice fields in Lempake Village, Samarinda City. This research was conducted from June to November 2024 in the rice fields of Lempake Village, and soil analysis was conducted at the Soil Science Laboratory, Faculty of Agriculture, Mulawarman University. This study used direct field survey methods and laboratory analysis. Soil samples were collected in the field using simple random sampling at 13 points before and 13 points after the flood. Soil chemical properties were analyzed using the disturbed soil composite method, including soil pH, Total N and Available N analysis, Total K analysis, and Cu availability. Data analysis was conducted using a comparative descriptive method by comparing the results of soil sample analysis with the soil chemical analysis data assessment criteria set out in the Soil Analysis Results Assessment Criteria of the Ministry of Agriculture of the Republic of Indonesia. The results of the study showed that flooding in rice fields can cause a decrease in soil pH and the content of nutrients NO3-, NH4+, Available K, and copper element(Cu).
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1. INTRODUCTION
Flooding is a condition in which a normally dry area (not a wetland) becomes inundated with water, caused by high rainfall and the topography of the area, which consists of concave lowlands. Furthermore, flooding can also be caused by surface water overflowing, the volume of which exceeds the discharge capacity of the drainage system or river flow system. Flooding is also caused by low soil infiltration capacity, meaning the soil can no longer absorb water (Balanhati et al., 2023). Flooding is an event or condition in which an area or land is submerged due to an increase in water volume in one location. Flooding with a depth of more than 40 cm can be caused by high rainfall, flash flooding, or tidal waves. Flooding caused by high rainfall can cause loss of soil nutrients, which can lead to crop failure.
Flooding caused by heavy rainfall can impact soil conditions. One effect of rainfall-induced flooding is the loss of several soil nutrients due to erosion, leaching, and sedimentation. Flooding caused by heavy rainfall begins with the kinetic energy of rain, which causes splash erosion. Then, the eroded and water-saturated soil causes large amounts of surface runoff, ultimately leading to flooding. Eroded soil tends to lose its nutrient-rich top layer. Nutrients consist of macronutrients and micronutrients. These nutrients are easily released from the soil because they are water-soluble and bound to fine soil particles. Therefore, when the soil is exposed to raindrops or flowing rainwater, the fine particles in the soil are lifted from the top layer and then dissolved and carried by the water to lower locations. Flooding that occurs in agricultural land for a certain period of time can result in losses for farmers, namely, crop failure due to nutrient loss.
According to Sihaloho and Sembiring (2019), flooding that hits agricultural land can cause damage in the form of a decrease in several soil chemical properties, namely the levels of total N, total P, and available P, so that plant growth on the land is hampered. Furthermore, Niki et al. (2022) stated that flooding can damage agricultural land because it can carry and store mud, wood waste, gravel, stones, and sand, so that the land can be damaged and also result in the loss of the topsoil on agricultural land. Land affected by flooding will experience changes in soil fertility status, which will affect the availability of nutrients needed by plants. Milla et al (2024) stated that this flood not only has a direct impact on plant damage but also affects agricultural land damage, namely, it can have an impact on land degradation.
To support plant growth and production, nutrients must be available in sufficient and balanced quantities. According to Simatupang et al. (2021), soil fertility is a term that indicates the soil's ability to provide nutrients in sufficient, balanced, and optimal amounts to support plant productivity. Rice paddies are a primary source of food production, and their fertility is highly dependent on nutrient availability. Flooding can impact soil quality, particularly macronutrient and micronutrient levels.
In Samarinda City, several cropping areas frequently experience flooding, including the North Samarinda District, particularly Lempake Village, which is prone to flooding every rainy season (Risal, 2022).
The purpose of this research was to determine the post-flood soil nutrient content of rice paddies in Lempake Village, Samarinda City.

2. RESEARCH METHODS
2.1. Time and Location
This research was conducted from June to November 2024 in the rice fields of Lempake Village, and soil analysis tests were conducted at the Soil Science Laboratory, Faculty of Agriculture, Mulawarman University.

2.2. Materials and Equipment
The materials used were disturbed soil samples collected at the research site and chemicals for laboratory analysis. The equipment used included: an oven, Erlenmeyer flask, pipette, burette, Kjeldahl flask, and a set of Kjeldahl distillers. Equipment needed in the field included: a GPS (Global Positioning System), a soil drill, plastic bags, label paper, a measuring tape, stationery (books and pens), and software: ArcGIS 10.7.

2.3. Data Collection Method
This research employed direct field surveys and laboratory analysis. Soil sampling in the field employed a simple random sampling method, which imposes no restrictions on the number of samples selected. All sampling points had an equal chance of being selected and were independent of each other.
Soil samples were collected for the purpose of analyzing soil chemical properties at 13 points before and 13 points after the flood. Soil sampling was carried out using a soil auger, each with a depth of 0-20 cm. The sampling density at each point was 35 m, with 13 observation points covering a land area of ​​10 hectares. These soil samples were composited into two composite soil samples, which were then analyzed in the laboratory.

2.4. Research Procedures
1. Field Survey and Determination of Soil Sampling Locations.
   The field survey was conducted by interviewing farmers in the rice fields. Then, soil samples were collected at two times: before and after the flood, at a depth of 0-20 cm, using a predetermined random sampling method.
2. Soil Analysis: Laboratory soil analysis was conducted after field sampling. Nutrients analyzed included Total N and Available N, Available K, and Copper (Cu).
3. Data Tabulation: After obtaining the soil chemical properties, they were tabulated using Microsoft Excel. The data was entered into tables for easy viewing.

2.5. Soil Analysis Method
The soil chemical properties were analyzed using the composite disturbed soil method.
1. Total N and Available N analysis using the Morgan-Wolf method
2. Total K analysis using the Bray I method
3. Cu availability analysis of DTPA extract
4. Soil pH analysis using 20 ml of distilled water

2.6. Data Analysis Method
Data analysis was conducted using a comparative descriptive method by comparing the results of soil sample analysis with the soil chemical analysis data assessment criteria set out in the Criteria for Assessment of Soil Analysis Results of the Ministry of Agriculture of the Republic of Indonesia (2023), as presented in Table 1. Research Criteria for Soil Chemical Analysis Results and Criteria for Micronutrients Cu, Zn, and Fe Using DTPA Extract according to Eviati (2023) are presented in Table 2. Criteria for Micronutrients Cu, Zn, and Fe Using DTPA Extract.

[bookmark: _Hlk181473247]Table 1. Research Criteria for Soil Chemical Analysis Results 
	[bookmark: _Hlk181472976]No.
	Parameter Tanah
	Value

	
	
	Very Low
	Low
	Medium
	High
	Very High

	1.
	CEC (meq/100 g soil)
	< 5
	5 - 16
	17 - 24
	25 - 40
	> 40

	2.
	Base Saturation (%)
	< 20
	20 - 40
	41 - 60
	61 - 80
	> 80

	3.
	N-Total (%)
	< 0,1
	0,1 – 0,2
	0,21 – 0,5
	0,51 – 0,75
	> 0,75

	4.
	P-available (ppm P)
	< 4
	5 - 7
	8 – 10
	11 - 15
	> 15

	5.
	K-available (mg/100 g)
	< 10
	10 - 20
	21 - 40
	41 – 60
	> 60

	6.
	C-Organik (%)
	< 1,0
	1,0 - 2,0
	2,0 - 3,0
	3,0 - 5,0
	> 5,0

	7.
	pH
	Very Acidic
	Acidic
	slightly acidic

	slightly alkaline

	Alkaline

	
	< 4,5
	4,5 - 5,5
	5,5 - 6,5
	7,6 - 8,5
	> 8,5
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Table 2. Research Criteria for Soil Chemical Analysis Results 
	[bookmark: _Hlk190888985]No.
	Macro and Micro Elements
	Value

	
	
	Very Low
	Low
	Medium
	High
	Very High

	1.
	NH4 (ppm)
	2
	2
	3
	8
	21

	2.
	NO3 (ppm)
	1
	2
	4
	10
	20


Source: Eviati (2023)
[bookmark: _Hlk190889076]
Table 3. Criteria for Micronutrients Cu, Zn, and Fe Using DTPA Extract 
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	Micro Element DTPA*
	Deficiency

	Marginal
	Sufficient


	1.
	Zn (ppm)
	0,5
	0,5 – 1,0
	1,0

	2.
	Fe (ppm)
	2,5
	2,5 – 4,5
	4,5

	3.
	Mn (ppm)
	1,0
	-
	1,0

	4.
	Cu (ppm)
	0,2
	-
	0,2


Source: Eviati (2023)

3. RESEARCH RESULTS AND DISCUSSION
3.1. Research Location Description
This research was conducted on Jl. Muang Ilir, Lempake Village, North Samarinda District, Samarinda City, located between 0°24'13.8" South Latitude and 117°11'00.9" East Longitude. Based on field surveys and interviews with farmers, some rice fields are consistently flooded during the rainy season. These rice fields are flooded up to the irrigation line for approximately one week. The flooding is caused by high rainfall intensity and blockages at the end of the irrigation channel. The area of ​​rice fields affected by the flooding is approximately 13 hectares.

3.2. Research Results
3.2.1. Rainfall in June-July 2024
Data on the number of rainy days from June to July 2024 are presented in Table 4.
Table 4. Rainfall in Lempake Village, June-July 2024
	Month 

	Rainfall (mm) 
	Max Rainfall (mm) 
	Rainy Days (days)

	June 2024
	209.5
	44.0
	27 

	July 2024
	171.3
	79.7
	17 


Source: Meteorology, Climatology, and Geophysics Agency 2024

Table 4 shows that June and July recorded rainfall of 209.5 mm and 171.3 mm, with maximum rainfall of 44 mm and 79.7 mm, respectively. Local weather conditions in the Samarinda region during June 2024 generally showed variable wind direction, with dominant winds blowing from the west and southwest, with wind speeds typically ranging from 1 to 3 knots. The average duration of sunshine in June 2024 was 2.8 hours, and the average evaporation rate was 2.6 mm. Generally, significant weather events in June 2024 were dominated by mist, fog, and rain. The drought index in June 2024 was generally in the low to moderate category.
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Figure 1. Rainfall Data in Lempake Village, June 2024
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Figure 2. Rainfall Data in Lempake Village, July 2024

Local weather conditions in the Samarinda region during July 2024 generally showed variable wind direction, with dominant winds blowing from the southwest, west, and north, with wind speeds ranging from 1 to 3 knots. Rainfall in July 2024 in Lempake reached 171.3 mm. The average temperature in July 2024 in Samarinda was 27.8ºC, with an average humidity of 87%. The average duration of sunshine in July 2024 was 3.4 hours, and the average evaporation rate was 3.0 mm. Generally, significant weather in July 2024 was dominated by rain.
Based on Mohr's climate classification, June and July 2024 in Lempake were wet months, with rainfall exceeding 100 mm. Wet months with high rainfall can cause flooding due to inadequate soil absorption. Flooding is closely related to soil absorption capacity, so land use factors also influence flood potential.

3.2.2. Soil Nutrient Analysis
Soil analysis included macro and micro nutrients, such as Total N, NO3-, NH4+, Available K2O, and Cu, as well as soil pH. The results of the rice field soil analysis before and after flooding are presented in Tables 5 and 6.

Table 5. Soil Analysis Before Flooding
	[bookmark: _Hlk179315336]Sample Code 
	Parameter 
	Unit  
	Result 
	Criteria

	


Before Flooding
	pH
	-
	3,02
	Very acidic

	
	N-Total
	%
	0,16
	Low

	
	NO3
	ppm
	4,57
	Medium

	
	NH4
	ppm
	2,27
	Low

	
	K2O Available
	ppm
	59,17
	High

	
	Cu
	ppm
	7,96
	sufficient


Source: Soil Laboratory, Faculty of Agriculture, Mulawarman University 2024

Table 6. Soil Analysis After Flooding
	Sample Code 
	Parameter 
	Unit  
	Result 
	Criteria

	


After Flooding
	pH
	-
	2,92
	Very acidic

	
	N-Total
	%
	0,17
	Low

	
	NO3
	ppm
	1,52
	Medium

	
	NH4
	ppm
	1,09
	Low

	
	K2O Available
	ppm
	20,83
	High

	
	Cu
	ppm
	6,66
	sufficient


Source: Soil Laboratory, Faculty of Agriculture, Mulawarman University 2024
The results of the analysis of rice field soil after being flooded for ±7 days showed that the rice field soil had a pH of 2.92 which means it was very acidic with a Total N content of 0.17% which is classified as low criteria, NO3- of 1.52 ppm which is classified as low criteria, NH4+ of 1.09 ppm which is classified as low criteria, and Available K of 20.83 ppm which is classified as high criteria and the micro nutrient content of copper (Cu) of 6.66 ppm which is classified as sufficient criteria.
In essence, the nutrient content of the land after a flood does not change significantly because the flood duration is not very long. However, it still decreases due to erosion or the dissolution of the fertile soil layer due to the flow of water that inundates the rice fields. According to Arsyad (2010), erosion causes the loss of fertile soil layers that are good for plant growth and reduces the soil's ability to absorb and retain water. The transported soil will be deposited elsewhere. Thus, the damage caused by erosion occurs in two places: the land where the erosion occurs and the final destination where the transported soil is deposited. The damage experienced by the land where erosion occurs is a decline in chemical properties, such as the loss of nutrients and organic matter. This is caused by the loss of the top layer of soil, 15-30 cm thick, which has better chemical properties than the soil layer below.
(1) Soil pH
The soil pH value did not experience significant changes and remained within the same criteria, namely very acidic, before the flooding was 3.02, and after the flooding, it decreased to 2.92. This is because the flooding duration was not too long, resulting in pH changes that were not significant enough to affect overall soil quality. Harahap et al. (2021) stated that soil pH values ​​in rainfed rice fields ranged from slightly acidic to very acidic. Furthermore, Gusmara et al. (2016) stated that soil pH values ​​are influenced by several factors, including seasonal conditions each year, farming methods, soil sampling methods, water content, and the pH measurement method used. Under flood conditions, soil pH is generally lower than before the flooding. According to Sihaloho and Martauli (2022), soil pH in unflooded rice fields is higher than in flooded rice fields because the organic matter content in unflooded soil is higher than in flooded soil. Another research result reported by Hamid et al. (2017) was that flooding can increase soil pH from 5.69 to 5.73.

(2) N Content
Total N content in the soil increased from 0.16% to 0.17%, but remains low. This increase in total N content occurs because when floodwaters recede, sediment carried by the water settles, containing organic N. This organic N is not directly available to plants and microorganisms but accumulates in the soil as part of the total N. Unlike the increase in total N content, NO3- and NH4+ actually decreased, from 4.57 ppm (moderate) and 2.27 ppm (low) to 1.52 ppm (very low) and 1.09 ppm (very low), respectively. This situation is explained by Winarso (2005) that the NO3- content in the soil after being flooded decreases due to the denitrification process in waterlogged soil or in anaerobic conditions (lack of oxygen), which can cause nitrate (NO₃⁻) to be converted into nitrogen gas (N₂) or nitrogen oxides such as nitrite (NO₂⁻). This denitrification process reduces the amount of nitrate in the soil because bacteria convert nitrate into a gaseous form that will be released into the atmosphere. Although the total N remains high, the form of nitrate dissolved in the soil will decrease. The NH4+ content in the soil after being flooded also decreased due to the inhibition of the ammonification process in the flooded soil, which resulted in several microorganisms involved in the decomposition process being more likely to convert NH4+ into ammonia gas (NH₃), which could then be released into the atmosphere. The results of another study reported by Sihaloho and Sembiring (2019) showed that the Total N content in rice paddy soil before the flood was 0.25% (moderate), but after the flood showed a decrease to 0.11% (low). This was caused by the loss of topsoil due to flood currents, along with the loss of N and Organic C content in the topsoil.

(3) Content of K-available 
The available K content in the soil before the flood was 59.17 ppm (high), but after the flood, it decreased to 20.83 ppm (low). This is because potassium is mobile and easily leached, resulting in low K availability in the soil. This is supported by the statement by Maroeto et al. (2022) that the low total K value is due to the K in the soil being mobile, making it prone to loss. Furthermore, the K content in the soil is also influenced by the parent material. The results of this study are similar to those reported by Sihaloho and Sembiring (2019), who found that the K content in paddy fields before the flood was 0.56 me/100g (moderate), but in the paddy fields after the flood, it decreased to 0.49 me/100g (moderate). This occurs due to the loss of topsoil along with organic matter in the topsoil.

(4) Cu Content
The Cu content did not change significantly due to the flooding, decreasing from 7.96 ppm (sufficient) before the flood to 6.66 ppm (sufficient). Several factors can contribute to this decrease in Cu content, including erosion, leaching, and changes in redox potential. Floodwaters cause erosion, eroding the topsoil containing organic matter and essential nutrients, including Cu. Water-soluble Cu is carried by water movement and leached into deeper soil layers or out of the plant root zone. Flooding causes anaerobic conditions (lack of oxygen). These conditions affect soil chemistry, reduce redox potential, and alter nutrient availability, including Cu, and affect soil microbial activity. The Cu content in flooded soils decreases due to the formation of poorly soluble sulfides (Hardjowigeno and Rayes, 2005). Furthermore, organic carbon (C) content influences soil Cu content. The lower the organic carbon content, the lower the Cu content in the soil. Decreased Cu levels in soil solution generally only occur in highly reduced soils, caused by the formation of CuS deposits or Cu chelation by organic acids.

4. CONCLUSION
Based on the research results and discussion, it can be concluded that flooding in rice fields can cause a decrease in soil pH and the nutrient content of NO3-, NH4+, K-available, and copper element (Cu).
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