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Abstract: The area of swamp land in Indonesia is spread across 5 (five) large islands, 
namely Sumatra, Java, Kalimantan, Sulawesi and Papua. The results of spatial 
analysis conducted by BBSDLP (2015) the area of swamp land in Indonesia is 34.12 
million ha (17.92% of the total land area of Indonesia) consisting of tidal swamps of 
8.92 million ha and lowland swamps of 25.21 million ha, spread across Sumatra 12.93 
million ha, Kalimantan 10.02 million ha, Papua 9.87 million ha, Sulawesi 1.05 million 
ha, Maluku 0.16 million ha and Java 0.09 million ha. The aim of the research is to 
examine the formulation of the problem are analyzing the effect of water level and 
water pH on rice productivity at the research location. The F test shows that the 
variables of Water Level and Water pH together have a significant effect on rice 
productivity of 79.1%. The need for Operations and Maintenance Officers, the 
participation of both the Water Users Farmers Association (P3A) and the community 
as farmers to regulate the water level in rice fields so that it is in optimum condition 
so that it can increase rice productivity. 
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Introduction  
 
Swampland areas have significant potential to be 

developed as agricultural land to support food security, 
particularly in regions with limited availability of dry 
land (Wignyosukarto et al., 2019). However, the 
utilization of swampland for agriculture requires 
appropriate management strategies due to its unique 
biophysical characteristics compared to non-swamp 
land (Koesrini et al,. 2017). One of the most critical 
factors in optimizing agricultural productivity in 
swampland areas is water management (Yulianto et al., 
2020), as it directly affects soil conditions, nutrient 
availability, and crop growth (Herawati et al., 2020). 

Water management in tidal swamplands must 
consider land hydrotopography as a fundamental aspect 
of planning irrigation systems (Bakri et al,. 2020). 
Hydrotopographic conditions serve as an initial 
consideration in determining appropriate water 
management strategies in tidal swamp areas (Suryadi et 

al., 1986). Based on hydrotopographic characteristics, 
tidal swamplands are classified into flood types A, B, C, 
and D (Mawardi et al., 2020), each of which influences 
water level dynamics and soil chemical conditions 
differently (Kusnadi et al., 2022). Previous studies have 
shown that areas with certain hydrotopographic types 
(Putra et al., 2014), particularly downstream zones, tend 
to have higher iron (Fe) concentrations, which may 
adversely affect soil quality and crop growth (Mawardi 
et al., 2020). In addition, iron toxicity and soil acidity are 
common biophysical constraints encountered by 
farmers in lowland swamp agroecosystems (Annisa et 
al., 2021). 

In practice, rice productivity in tidal swampland 
areas remains relatively low, including in South 
Kalimantan. One of the main contributing factors is the 
fluctuation of water levels, characterized by excessive 
inundation during the rainy season and insufficient 
water availability or drought during the dry season 
(Sukristiyonubowo et al., 2014). Such conditions trigger 
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the oxidation of iron compounds, leading to iron toxicity 
that disrupts rice plant growth (Alfarisy et al,. 2024). 
Pyrite, which is stable and harmless under saturated or 
anaerobic conditions, becomes reactive when 
groundwater levels decline below the pyrite layer, 
resulting in oxidation processes during the dry season 
(Hadi et al., 2018). These conditions highlight that 
improper water level management and unfavorable 
water pH significantly contribute to reduced rice 
productivity in tidal swampland areas (Lestari et al,. 
2018), emphasizing the need for improved irrigation 
management to support sustainable agricultural 
production (Antralina et al,. 2022). 

Previous studies have generally examined the 
effects of water level or soil and water acidity on rice 
productivity separately (Ariyanti et al., 2024). However, 
studies that simultaneously analyze the influence of 
water level and water pH based on field measurements 
over an extended period are still limited, particularly in 
tidal swampland areas of South Kalimantan. This study 
aims to analyze the effect of water level and water pH on 
rice productivity at the research location. Understanding 
the combined influence of these factors is crucial to 
support more effective water management strategies in 
tidal swamplands (Lestari et al,. 2019), which play an 
important role in increasing agricultural productivity 
and strengthening national food security (Blango et al,. 
2019). 

 

Method 
 
Research Time and Location 

This research was conducted over a period of six 
months, from November 2022 to April 2023. The 
research location was in the Terantang Swamp Irrigation 
Area, Barito Kuala Regency, South Kalimantan 
Province. The research objects included groundwater 
level (TMA), water pH, and rice productivity in tidal 
swamp areas. Data collection was carried out at 42 
observation points representing the overall conditions of 
the irrigation area. 

 
Research Design  

The research was conducted in several stages. The 
preparation stage included a literature review, 
hypothesis formulation, preliminary surveys, and 
planning of data collection. The research stage involved 
collecting primary and secondary data, including field 
measurements of water level and water pH, as well as 
rice productivity data (Hairani et al., 2023). The final 
stage consisted of data analysis, interpretation of results, 
and formulation of conclusions and recommendations. 

Start

Secondary Data Collection:

1. Map of DIR Distribution in Barito Kuala Regency

2. Location Map

3. Previous Research

4. Rice Productivity Data

Hypothesis

Data Analysis

Finished

Primary Data Collection:

1. Water Level

2. Water pH

Data Testing

Results and Discussion

Conclusions and 

Recommendations

 
Figure 1. Research Flowchart 

 
Research Stage 

The research was carried out in several stages. The 
preparation stage included literature study related to 
tidal land management (Mahdalena et al., 2025), 
determination of research hypotheses, preliminary 
surveys to identify field conditions and sampling points, 
and planning of data collection needs (Triadi et al., 2014). 
The research stage involved collecting primary and 
secondary data. Primary data consisted of direct 
measurements of water level and water pH in the field 
(Lestari et al., 2021), while secondary data included rice 
productivity (Mawardi et al., 2020) and supporting data 
obtained from relevant agencies (Alwi et al,. 2021). The 
final stage involved data processing, statistical analysis, 
interpretation of results, and formulation of conclusions 
and recommendations (Triana et al, 2021). 

 
Data Collection 

The data used in this study consisted of primary 
and secondary data. Primary data included water level 
(TMA) and water pH obtained through direct field 
measurements. Water level data were measured using a 
piezometer made from a 4-inch PVC pipe, while water 
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pH was measured using a pH meter. Measurements 
were conducted every three days for six months, from 
November 2022 to April 2023, and each measurement 
was repeated three times with the average value used as 
representative data. Secondary data included rice 
productivity data for one planting season, land 
management data (Yudianto et al,. 2017), and 
supporting information obtained from the Agricultural 
Extension Center (BPP) of Belawang and Mandastana 
Districts, the Provincial Public Works Service, and the 
Kalimantan III River Basin Authority. 

 
Data Analysis 

Data analysis was conducted using statistical 
methods to evaluate the effect of water level and water 
pH on rice productivity (Erlianus et al,. 2021). The 
collected data were first tested for normality to ensure 
data distribution met statistical assumptions. 
Subsequently, simple linear regression analysis was 
used to analyze the individual effects of water level and 
water pH on rice productivity (Hidayanto et al., 2018). 
Multiple linear regression analysis was applied to 
examine the simultaneous influence of water level and 
water pH on rice productivity (Ruslan,. 2021). 
Hypothesis testing was performed using t-tests to 
evaluate partial effects and F-tests to assess 
simultaneous effects at a significance level of 5%. The 
coefficient of determination (R²) was used to determine 
the proportion of rice productivity variation explained 
by the independent variables. 
 

Result and Discussion 
 
Data 

In the research on a analysis Influence Tall Water 
Face (TMA) and pH in Land Swamp Against Rice 
Productivity is carried out by collecting data on Water 
Level and pH directly in the field, while data on rice 
productivity is obtained from the Agricultural Extension 
Agency (BPP). Data collection on Water Level and pH in 
swampy areas was carried out for 6 months, namely 
from November 2022 to April 2023. And for rice 
productivity data used is during the Planting Period 
(MT) 1 month October 2022 to March 2023 in 42 locations 
according to the location of data collection on Water 
Level and pH. Water Level and pH data can be seen in 
the Appendix. Water Level and pH data are monitored 
every three days or three times a week, both data are 
then averaged monthly.  

The Water Level and pH data for 6 months are 
averaged again, so that each location point becomes each 
TMA and pH only one data. The recap of the average 
data for 6 months can be seen in Table 1 for Water Level 
and Table 2 for water pH. 

 

Table 1. Final Recapitulation Results of TMA Data 

Tertiary Salt 
Point 

(Piezometer) 
TMA (cm) 

09 Ki 
1 8.0 
2 7.0 
3 9.0 

15 Ki 
4 5.0 
5 4.0 
6 18.0 

21 To 
7 12.0 
8 14.0 
9 10.0 

27 To 
10 13.0 
11 39.0 
12 23.0 

33 To 

13 18.0 

14 10.0 
15 8.0 

39 To 
16 14.0 
17 8.0 
18 10.0 

46 To 
19 9.0 
20 6.0 
21 16.0 

10 Kn 
22 7.0 
23 8.0 
24 8.0 

15 Kn 
25 7.0 
26 11.0 
27 19.0 

21 Kn 
28 12.0 
29 15.0 
30 20.0 

27 Kn 
31 14.0 
32 5.0 
33 6.0 

33 Kn 
34 0.00 
35 7.00 
36 4.0 

39 Kn 
37 17.0 
38 5.0 
39 0.00 

46 Kn 
40 17.0 
41 0.00 
42 0.00 

 
Based on the averaged Water Level data for 6 

months, there are 3 dry lands, namely the land on the 
Tertiary Ray 39 Kn channel, behind the land and Ray 46 
Kn Middle and behind the land. There are 2 land 
locations with a Water Level of more than 20 cm, namely 
the Ray 27 Ki land in the middle and behind, while the 
others are more than zero and less than or equal to 20.  
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Table 2. Final Recap Results of Water pH 

Tertiary Salt 
Point 

(Piezometer) 
pH 

09 Ki 
1 5.83 
2 5.71 
3 5.67 

15 Ki 
4 6.12 
5 5.93 
6 3.52 

21 Ki 
7 6.36 
8 4.11 
9 3.88 

27 Ki 
10 3.48 
11 3.46 
12 3.48 

33 Ki 
13 3.01 
14 3.16 
15 3.39 

39 Ki 

16 3.28 
17 3.04 

18 2.91 

46 Ki 
19 3.89 
20 3.00 
21 2.97 

10 Kn 
22 5.55 
23 5.47 
24 5.29 

15 Kn 
25 5.27 
26 5.51 
27 5.51 

21 Kn 
28 5.72 
29 4.47 
30 4.51 

27 Kn 
31 5.49 
32 2.44 
33 2.00 

33 Kn 
34 5.03 
35 2.72 
36 3.20 

39 Kn 
37 5.15 
38 2.84 
39 0.00 

46 Kn 

40 4.89 

41 0.00 
42 0.00 

 
Based on the data of water pH results that have 

been averaged for 6 months, there are 3 fields that cannot 
be measured, namely Ray 39 Kn at the back and Ray 46 
Kn in the middle and back. There are only 2 fields that 
have water pH ranging from 6 to 7, namely Ray 15 Ki 
and Ray 21 Ki in the front land. While the rest of the 
water pH is less than 6. 

Finally, the rice productivity data obtained from the 
Agricultural Extension Agency in MT 1 for the period 
2022 to 2023. Rice productivity data can be seen in Table 
4. The rice productivity value ranges from 4.3 tons/ha to 
5.9 tons/ha which is evenly distributed throughout the 
land. Meanwhile, at the Water pH Location where 

productivity cannot be read, it is also not included or 
given a value of 0. 

 
Table 3. Rice Productivity Results Data 

Tertiary Salt 
Point 

(Piezometer) 
Productivity 

(ton/ha) 

09 Ki 
1 5.8 
2 5.8 
3 5.6 

15 Ki 
4 5.9 
5 5.5 
6 5.0 

21 Ki 
7 5.9 
8 5.1 
9 5.5 

27 Ki 

10 5.1 
11 4.7 

12 4.7 

33 To 
13 4.9 
14 5.3 
15 5.5 

39 To 
16 5.1 
17 5.3 
18 5.3 

46 To 
19 5.5 
20 5.3 
21 4.9 

10 Kn 
22 5.8 
23 5.8 
24 5.8 

15 Kn 

25 5.8 
26 5.7 

27 5.3 

21 Kn 
28 5.7 
29 5.2 
30 4.8 

27 Kn 
31 5.3 
32 5.2 
33 5.1 

33 Kn 
34 5.3 
35 5.2 
36 4.9 

39 Kn 
37 5.3 
38 5.2 
39 0.00 

46 Kn 
40 5.3 
41 0.00 
42 0.00 

 
Research Data Analysis 

This study examines three variables, namely the 
variables of Water Level, Water pH and Rice 
Productivity. Data analysis conducted is the Normality 
Test, T Test and F Test. 

 
Normality Test 

The distribution of points in the Normal QQ Plot 
Image of the Water Level Variable is relatively close to a 
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straight line, so it can be concluded that the data is 
normally distributed. 

 
Figure 2. Normal QQ Plot of Water Level Variable 

 
The distribution of points in the Normal QQ Plot 

Image of the Water pH Variable is relatively close to a 
straight line, so it can be concluded that the data is 
normally distributed. 

 

 
Figure 3. Normal QQ Plot of pH Variable of Water 

 
The distribution of points in the Normal QQ Plot 

Figure of the Rice Productivity Variable is relatively 
close to a straight line, so it can be concluded that the 
data is normally distributed. 

 
Figure 4. Normal QQ Plot of Rice Productivity Variables 

 
In addition, the results of the normality test can be 

tabulated in Table 4. Data can be said to be normally 
distributed if the Significance value is more than the 
alpha value of 0.05. Based on the results of the Normality 
Test, the Significance value of the Water Level variable 

is 0.096, the Significance value of the water pH variable 
is 0.140 and the Significance value of the Rice 
Productivity variable is 0.196. So, it can be concluded 
that the data in the three variables are normally 
distributed. 

 
Table 4. Normality Test Results 

  
Kolmogrov-Smirnov Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

TMA 0.125 42 0.096 0.897 42 0.001 
pH 0.120 42 0.14 0.91 42 0.003 
Productivity 0.114 42 0.196 0.937 42 0.022 

 
Simple Linear Regression 

The results of the Y = a +bx+ e simple linear 
regression analysis of the Water Level variable can be 
seen in Table 5 and the Water pH variable can be seen in 
Table 6. 

 
Table 5. Simple Linear Regression Results for Water 
Level Variable 

Model 

Unstandardize
d Coefficients 

Standardiz
ed Coeff. 

t Sig. 

B 
Std. 

Error 
Beta 

(Constant) 5.346 0.118  45.435 0.000 

TMA -0.007 0.009 -0.125 -0.795 0.431 

The results of this simple linear regression equation: 
Ŷ = 5.346 – 0.007 x + e 
Which means: 
a. The constant value a = 5.346 means that if the Water 

Level variable is not included in the study, rice 
productivity will still increase by 5.346%. 

b. The coefficient value b = -0.007 means that if the 
Water Level variable experiences an increase in 
water level, rice productivity will decrease by 
0.007%. 

 
Table 6. Simple Linear Regression Results of Water pH 

Model 

Unstandardized 
Coefficients 

Standard
ized 

Coeff. t Sig. 

B Std. Error Beta 

(Constant) 4.405 0.098  44.719 0.000 

pH 0.217 0.023 0.832 9.471 0.000 

 
The results of this simple linear regression 

equation: 
Ŷ = 4.405 + 0.217 x + e 
Which means: 
a. The constant value a = 4.405 means that if the water 

pH variable is not included in the study, rice 
productivity will still increase by 4.405%. 
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b. The coefficient value b = 0.217 means that if the pH 
variable experiences an increase in water pH, rice 
productivity will increase by 0.217%. 
 

Multiple Linear Regression 
The results of the multiple linear regression 

analysis can be seen in Table 7.  
Table 7. Regression Coefficient 

Model 

Unstandardized 
Coefficients 

Stand
ardiz

ed 
Coeff. 

t Sig. 

B 
Std. 

Error 
Beta 

(Constant) 4.531 0.087  51.987 0.000 
TMA -0.019 0.004 -0.324 -4.313 0.000 
pH 0.236 0.02 0.903 12.037 0.000 

 
The results of this multiple linear regression 

equation: 
Ŷ = 4.531 – 0.019 X1 + 0.236 X2 + e 
Which means: 
a. The constant value a = 4.531 means that if the 

variables Water Level and Water pH are not included 
in the study, rice productivity will still increase by 
4.531%. 

b. The coefficient value b 1 = -0.019 means that if the 
Water Level variable experiences an increase in water 
level, rice productivity will decrease by 0.019% 
assuming the other independent variables are 
constant. 

c. The coefficient value b 2 = 0.236 means that if the 
value of the water pH variable increases, rice 
productivity will increase by 0.236% assuming the 
other independent variables are constant. 

 
T-Test 

The t-test in multiple linear regression is intended 
to test whether the parameters (regression coefficients 
and constants) that are estimated to estimate the 
multiple linear regression equation/model are the right 
parameters or not. The meaning of right here is that the 
parameters are able to explain the behavior of the 
independent variables in influencing the dependent 
variables. The parameters estimated in linear regression 
include the intercept (constant) and slope (coefficient in 
the linear equation). In this section, the t-test is focused 
on the slope parameter (regression coefficient) only. So, 
the t-test in question is the regression coefficient test. The 
provisions used are if the probability value is less than 
0.05 then H0 is rejected or the regression coefficient is 
significant, and if the probability value is greater than 
0.05 then H0 is accepted or the regression coefficient is 
not significant. 
Hypothesis: 

- H 0 : b = 0, meaning that the Water Level variable has 
no real effect on Rice Productivity. 

- H 1 : b ≠0, meaning the variable Water Level has a 
significant effect on Rice Productivity 
Hypothesis acceptance criteria: 

- H 0 is accepted if the significance value is more than 
the alpha value of 0.05, meaning that water level has 
no real effect on rice productivity. 

- H 1 is accepted if the significance value is less than 
the alpha value of 0.05, meaning that water level has 
a significant effect on rice productivity. 

The significance value of the Water Level variable 
is 0.000, which is less than the alpha value of 0.05, it can 
be concluded that the Water Level variable has a 
significant effect on Rice Productivity or H0 is rejected 
and H1 is accepted. 

The significance value for the water pH variable is 
also 0.000. Hypothesis: 
- H 0 : b = 0, meaning that the pH variable of water 

has no real effect on rice productivity. 
- H 1 :b 0, meaning the pH variable has a significant 

effect on rice productivity. 
Hypothesis acceptance criteria: 
- H 0 is accepted if the significance value is more than 

the alpha value of 0.05, meaning that water pH has 
no real effect on rice productivity. 

- H 1 is accepted if the significance value is less than 
the alpha value of 0.05, meaning that water pH has 
a real effect on rice productivity. 
Where this value is also less than alpha 0.05 and it 

can be concluded that the water pH variable also has a 
significant effect on Rice Productivity or H0 is rejected 
and H1 is accepted. So that the results obtained based on 
the T Test of each variable Water Level and Water pH 
have an effect on Rice Productivity. 

 
F Test 

This test is intended to determine whether or not 
there is an influence of the independent variable 
together with the dependent variable. This test is also 
called the model feasibility test or more popularly 
known as the simultaneous model test. This test 
identifies whether the estimated regression model is 
feasible or not. Feasible here means that the estimated 
model is feasible to be used to explain the influence of 
the independent variables on the dependent variable. 

 
Table 8. F Test Result 

Model 
Sum if 

Squares 
df Mean Square F Sig. 

Regression 5.926 2 2.963 73.894 0.000 
Residual 1.564 39 0.040 

  

Total 7.490 41       
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Hypothesis: 
- H 0 : b = 0, meaning that the variables Water Level 

Height and Water pH have no significant effect on 
Rice Productivity. 

- H 1 :b 0, meaning that the variables Water Level and 
pH have a significant effect on Rice Productivity 

Hypothesis acceptance criteria: 
- H 0 is accepted if the significance value is more than 

the alpha value of 0.05, meaning that water level 
and water pH have no significant effect on rice 
productivity. 

- H 1 is accepted if the significance value is less than 
the alpha value of 0.05, meaning that water level 
and water pH have a significant effect on rice 
productivity. 
The results of the F test that can be seen in Figure 8 

show that the significance value of the variables Water 
Level and Water pH together on Rice Productivity is 
0.000 or less than the alpha value of 0.05. So, it can be 
concluded that together the variables Water Level and 
Water pH have a significant effect on the value of Rice 
Productivity or H0 is rejected and H1 is accepted.  
 
R2 Test 

This test is intended to measure how far the 
independent variable influences the dependent variable. 
The R-Square value is 0.791, which shows that the 
proportion of the influence of the variables Water Level 
and Water pH on rice productivity is 79.1%. This means 
that rice productivity is 79.1% influenced by Water Level 
and Water pH, while 20.9% is influenced by other 
variables not listed in this linear regression modeling. 

The effect of water level and water pH on rice 
productivity is quite large because it is close to 80%. 
Based on research data, the best water level for 
increasing rice productivity is around 5 cm to 10 cm and 
what should be avoided is a water level of more than 20 
cm. While the best water pH value for increasing rice 
productivity is around 6 to 7, the lower the pH value, the 
lower the rice productivity. Together, the water level 
between 5 cm to 10 cm with a pH between 6 and 7 
produces 5.9 tons/ha of rice or the highest productivity 
among lands that do not match the classification. 

 
Table 9. R2 Test Results 

Model R R Square 
Adjusted 
R Square 

Std. Error of the 
Estimate 

1 0.889 0.791 0.781 0.200024 

 

Conclusion 
 
After conducting the research and data analysis, it 

can be concluded that the t-test results show water table 
depth has a very limited effect on rice productivity, 
contributing only one point six percent, while water pH 

has a significant influence, accounting for sixty nine 
point two percent; meanwhile, the F-test indicates that 
water table depth and water pH simultaneously have a 
significant effect on rice productivity with a combined 
influence of seventy nine point one percent. Based on 
these findings and supported by previous studies, it is 
recommended that operation and maintenance officers, 
together with the active involvement of Water User 
Associations (P3A) and farmers, manage water levels in 
paddy fields to maintain optimal conditions and 
enhance rice productivity (Susilawati et al., 2016). 
Furthermore, the development of operation and 
maintenance manuals for regulating water table depth 
in tidal swamp areas is necessary (Saleh et al., 2023), and 
further research should be conducted to address the 
problem of low or acidic water pH in tidal swamp 
ecosystems.  
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