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Abstract 

 
Tidal swamp land is an alternative land that has great potential for agricultural development in the future. At 

present time, the rice productivity in tidal areas vary from relatively high to low. This diversity is caused by 

obstacles and problems, including low soil fertility, acidic soil reactions, the presence of pyrite, high levels 

of Al, Fe, Mn and organic acids, deficiency of P, poor base cations such as Ca, K, Mg, and suppressed 

microbial activity. This research aimed at determining the role of several soil properties (pH, soluble Fe, 

available P, organic C, soil CEC, presence of pyrite and groundwater level) on rice production in tidal areas. 

This research is field research using survey methods. Sampling in the field was carried out using purposive 

sampling technique, namely referring to differences in rice production of the Karang Dukuh variety in Barito 

Kuala Regency. Soil samples were taken at a depth of 0-20 cm from the ground surface three points at each 

location with different rice production level. The research results showed that only three variables had a 

partially significant effect on rice production, namely soil pH, soluble Fe and available P. Together these 

three variables play a major role in rice production in tidal areas which best (coefficient of determination of 

0.919) approached with aquation Y ( rice production ) = 1,501 − 0.011 Fe-soluble + 0.269 P-available + 0.561 Soil 

pH. C-organic content, soil CEC, pyrite depth and water level play a very small role (≤ 8.1%) in rice 

production in tidal areas (coefficient of determination ≤ 0.081). 

Key words: Rice production, soil pH, available P, soluble Fe, organic C, soil CEC, pyrite depth and water 

level. 

 

INTRODUCTION 

 

The area of tidal swamp land in Indonesia is 

estimated to be around 20.13 million ha, and 

9.53 million ha of potential for agriculture, 

while only around 2.27 million hectares have 

been newly reclaimed (BBSDLP, 2011). 

According to (Nugroho et al. , 1993), the area of 

tidal land that can be used as agricultural land is 

around 9.45 million ha, but only 4.2 million ha 

has been utilized by local farmers, for 

transmigration placement programs and other 

migrant farmers. 

The tidal land in South Kalimantan covers 

an area of 167,057 ha, of which 118,898 ha is in 

the Barito Kuala Regency area, 35,512 ha in 

Banjar Regency, 1,737 ha in Banjarmasin City 

and 10,910 ha in Tanah Laut Regency. Of this 

amount, 98,411 ha have been cultivated (BPS 

and South Kalimantan Provincial Agriculture 

Service, 2012). Tidal swamp land is an 

alternative land that has great potential for 

agricultural development in the future. 

Barito Kuala is one of the districts in South 

Kalimantan which is a rice production center, 

especially local rice. This district is able to 

contribute the largest rice production, namely 

17.28% of the total rice production in South 

Kalimantan (Lesmayati and Hasbullah, 2013). 

Ar-Riza (2000) reported that the problems faced 
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by farmers in tidal swamp land include the fact 

that local rice yields in tidal swamp land in 

Barito Kuala Regency are very diverse, ranging 

from 1-1.5 t ha -1 mill dry grain. Hikmah and 

Saderi (2005) also reported that rice yields in the 

tidal swamplands of South Kalimantan were still 

low, namely 3.52 t ha -1 mill dry grain. This 

diversity is caused by obstacles and problems, 

including low soil fertility, acidic soil reactions, 

the presence of pyrite, high levels of Al, Fe, Mn 

and organic acids, deficiency of P, poor base 

cations such as Ca, K, Mg, and suppressed 

microbial activity (Arsyad, 2015). 

Data regarding the role of soil properties on 

the diversity of rice production in the tidal fields 

of Barito Kuala Regency is still not widely 

available. Therefore, this research was 

conducted to determine the relationship between 

rice production in tidal areas and several soil 

properties 

METHODS 

 

This research was carried out from June to 

August 2021. The research location was Barito 

Kuala Regency, South Kalimantan. Soil analysis 

was carried out at the Soil Department 

Laboratory, Faculty of Agriculture, Lambung 

Mangkurat University, Banjarbaru. 

This research was a field research using 

survey methods. Sampling in the field was 

carried out using purposive sampling technique, 

namely referring to differences in rice 

production of the Karang Dukuh variety in 

Barito Kuala Regency. Soil samples were taken 

at each observation point at a depth of 0-20 cm 

from the ground surface. When taking soil 

samples, the presence of pyrite was also 

observed and the groundwater level was 

measured. Observation of the presence of pyrite 

was carried out using H2O2 solution while 

ground water level measurements were carried 

out using a tape meter. Soil sampling, measuring 

water levels and identifying the presence of 

pyrite were carried out three times at each 

location with different rice production level. 

Observations made on soil samples included 

parameters: soil pH (electro glass water extract 

1: 2.5), Fe-soluble (ammonium acetate extract 

pH 4.8), P-available (Bray-I extract), C-organic 

(Walkley and Black), and soil CEC (ammonium 

acetate extract pH 7). The observed data were 

analyzed using multiple regression and 

correlation tests . Data processing for multiple 

regression and correlation tests was carried out 

using the SPSS version 25 computer application 

program. 

RESULTS 

 

The Role of Several Soil Properties on Rice 

Production on Tidal Lands 

 

Data on rice production in tidal fields and 

data from observations of several soil properties, 

namely pH (water extract 1: 2.5) , Fe-soluble 

(ammonium acetate extract pH 4.8) , P-available 

(Bray-I extract), C-organic (Walkley and 

Black), soil CEC (ammonium acetate extract pH 

7), the presence of pyrite (H2O2 test) and the 

ground water level can be seen in Table 1. 

Based on analysis using SPSS, the 

coefficient value and significance of each 

variable (partial) on rice production can be seen 

in Table 2. 

 

 

  

 

 

Table 1. Rice production, soil chemical properties, and field data at study site. 
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Site 

code 

Product-

ivity (ton 

ha-1) 

Soil pH 

Soluble 

Fe 

(ppm) 

Available  

P (ppm) 

Organic-

C 

CEC (me 

100g soil-1) 

Pyrite 

depth 

(cm) 

Water 

table/floo

d (cm) 

A1 2.42 4.20 131.74 1.24 4.72 21.48 60 27 

A2 2.42 4.55 125.08 0.92 2.37 19.48 41 27 

A3 2.42 4.21 156.07 0.85 2.28 20.88 75 40 

B1 2.08 3.96 153.05 0.60 4.96 21.11 20 36 

B2 2.08 3.88 185.82 0.29 5.20 31.49 40 36 

B3 2.08 4.09 146.04 1.01 4.08 29.22 10 36 

C1 3.46 3.86 51.63 1.00 1.16 25.85 90 33 

C2 3.46 3.83 43.52 1.92 3.28 35.20 93 30 

C3 3.46 4.39 74.84 1.53 2.12 32.22 89 33 

D1 4.50 4.48 28.76 3.64 1.33 36.60 100 10 

D2 4.50 4.83 60.27 4.11 3.01 33.77 77 10 

D3 4.50 4.56 20.78 2.54 0.78 25.36 79 10 

E1 2.77 4.21 76.85 1.23 2.76 26.23 57 20 

E2 2.77 3.98 100.30 1.17 3.24 32.86 96 20 

E3 2.77 3.88 86.52 0.59 2.47 24.46 76 20 

F1 4.15 4.35 68.68 0.86 2.22 19.54 50 28 

F2 4.15 4.61 70.55 3.49 2.55 21.90 90 28 

F3 4.15 4.31 74.43 3.55 1.75 27.48 70 28 

G1 3.11 4.33 103.27 1.35 1.73 23.23 60 21 

G2 3.11 4.12 94.11 1.18 4.58 26.63 55 21 

G3 3.11 4.68 119.19 1.21 3.53 19.53 55 21 

H1 1.73 3.74 209.92 0.96 5.30 25.20 20 29 

H2 1.73 4.36 215.08 1.14 6.16 27.29 20 29 

H3 1.73 3.39 141.71 0.75 3.92 23.43 30 29 

 

Table 2. Coefficient value and significance of variable X (partial) on variable Y (rice production) 

Variable 
Unstandardized Coeff. Standardized Coefficients t Sig. 

B Std. Error Beta 

(Constant) 1,374 1,302  1,055 0.307 

Soil pH 0.561 0.254 0.206 2,204 0.043 

Fe-soluble -0.011 0.003 -0.645 -3.86 0.001 

P-available 0.269 0.093 0.31 2,883 0.011 

C-organic -0.006 0.096 -0.009 -0.061 0.952 

Land CEC -0.005 0.017 -0.029 -0.328 0.747 

Pyrite depth 0.001 0.004 0.024 0.197 0.846 

Flood height 0.007 0.011 0.06 0.632 0.537 

Description: <0.05 there is a relationship, >0.05 there is no relationship 

 

Based on the results of the t test in regression 

and correlation analysis, it shows that soluble 

Fe, available P and soil pH individually have a 

significant effect on rice production, this can be 
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seen from the t-sig value of soluble Fe <0.05, 

namely 0.001, the t value -sig P-available is 

0.011 and the t-sig value of soil pH is 0.043. This 

condition indicates that only three variables have 

a partially significant effect on rice production, 

namely soil pH, soluble Fe and available P 

(Table 2) . Together (multiple regression) these 

three variables produce the regression equation: 

Y ( rice production ) = 1,501 − 0.011 Fe-

soluble + 0.269 P-available + 0.561 Soil pH , 

with a coefficient of determination (R 2 ) of  

0.919 or 91.9% and the correlation coefficient 

(r) is 0.959 or 95.9%. 

 Based on this equation, it can be seen 

that soluble Fe has a negative coefficient, 

meaning that every additional unit of soluble Fe 

value will reduce the value of rice production by 

0.011 tons/ha. P-available has a positive 

coefficient meaning that every addition of one 

unit of the P-available value will increase the 

production value by 0.269 tonnes/ha, and soil 

pH has a positive coefficient meaning that every 

addition of one unit of the soil pH value will 

increase the production value by 0.561 tonnes/ha 

. The coefficient of determination (R 2 ) is 0.919 

or 91.9% indicates that the variables Fe-soluble, 

P-available and soil pH have a contribution or 

role in the value of rice production produced is 

91.9% and the remaining 8.1% is the 

contribution or role of other independent 

variables. The correlation coefficient ( r ) value 

is known to be 0.959 This means that soluble Fe, 

available P and soil pH have a very strong 

correlation with rice production variables. 

 

DISCUSSION 

 

The reaction (soil pH) plays a role in rice 

production in tidal areas (Table 2), this is 

because soil pH is related to the availability of 

essential nutrients for plants (Shanti, 2018). 

High levels of soil acidity cause an increase in 

the solubility of Fe 2+ , Al 3+ , and Mn 2+ ions in 

the soil which can be toxic to plants (Irsal Las et 

al., 2007). According to Hasibuan (2008), high 

soil acidity also causes the availability of the P 

element to decrease because it is bound by Fe or 

Al, resulting in a lack of nutrients in the soil and 

causing a decrease in rice production. 

According to Hardjowigeno (2007) the neutral 

pH value will affect the speed of nutrient 

absorption by plant roots, because at neutral pH 

most of the nutrients are easily dissolved and 

available in the soil solution. This results 

suggest that increasing the soil pH value can 

increase the yield of rice production. 

Soluble Fe content plays a role in rice 

production in tidal areas (Table 2). Iron has an 

important role in determining soil fertility in 

tidal areas. According to Sahrawat and Narteh 

(2001) the presence of iron, both in terms of type 

and solubility, plays an important role in the 

dynamics of soil pH, nutrient availability and 

the decomposition of organic matter in tidal 

fields. Iron can be a source of soil acidity 

through hydrolysis reactions, or oxidation 

reactions of iron sulfide pyrite minerals (Dent 

1986; Fanning 2002; Ahern et al (2004). Iron is 

an essential element needed by plants, iron has 

many important roles in metabolic processes 

plants (Mehraban et al. , 2008). This metabolism 

includes photosynthesis, respiration, the main 

constituent of cell proteins (Connolly and 

Guerinot, 2002) and is also responsible for the 

quality and quantity of plant results (Celik et al., 

2010). Therefore The growth and yield of rice in 

tidal areas is influenced by the solubility of iron. 

High iron solubility causes iron poisoning in 

plants (Tadano et al. , 1978). According to 

Audebert (2006), the high amount of ferrous 

iron (Fe2+) in the soil solution also can result in 

an imbalance of mineral nutrients that affects 

plant growth. 
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The available P nutrient content plays a role in rice 

production in tidal areas (Table 2 ), this is because P 

(phosphorus) is an essential element for plants and 

cannot be replaced in the plant by other elements 

(Khan et al . 2010 ), so that plant P needs must be 

available and fulfilled by the soil as a growing medium 

. Phosphorus is an element that is required in large 

quantities (macro nutrient) and is absorbed by plants in 

the form of primary orthophosphate ions (H2PO4-) and 

secondary orthophosphate ions (HPO4
2-) (Hakim et al., 

1986). According to Havlin et al. (1999), phosphorus 

is needed by plants for the formation of Adenosine 

Triphosphate and Adenosine Diphosphate (ADP and 

ATP) which are energy sources for photosynthesis, 

respiration, energy transfer and storage, cell division 

and enlargement, as well as plant growth and 

development processes. 

C-organic content plays less of a role in rice 

production on tidal land (Table 2 ), this is thought to 

be because based on observations made on the level of 

maturity of organic matter contained in each land with 

different rice production (Table 1) it is generally not 

very different , namely with a level of maturity that is 

not yet perfect. 

Soil CEC plays less of a role in rice 

production on tidal land (Table 2), this refers to 

the observation data in Table 1 where The CEC 

value of land on this land is generally relatively 

the same, not much different. Rice production at 

location point D has a production value of 4.5 

tons/ha and location point H has a production 

value of 1.73 tons ha-1. From the differences in 

production at these locations, the CEC values 

for the land are both relatively high. 

The depth of pyrite (FeS 2) plays less of a 

role in rice production in tidal land (Table 2 ), 

this is thought to be because the land is in a 

flooded or reduced condition, causing the pyrite 

layer not to oxidize. This statement is in 

accordance with Zuraida (2013) that soil 

flooding can affecting the sulfate concentration 

in the soil, the cause of the pyrite layer 

undergoing an oxidation process is the decrease 

in the ground water level so that oxygen enters 

the soil pores and will oxidize the pyrite to form 

sulfuric acid, hydrogen ions and Fe3+. 

Groundwater levels play less of a role in rice 

production in tidal areas (Table 2). This is 

thought to be because in the vegetative phase the 

plant's water requirements are sufficient. Water 

availability to plants so that roots develop well 

and allows for the development of seedlings. In 

accordance with the opinion of Abbas and 

Abdurachman (1985) that water-saving settings 

for lowland rice cultivation with aerobic soil 

conditions produce rice seedlings that are no 

different from land flooded by 5 cm. 

 

CONCLUSIONS 

 

Based on the results of the research that has 

been carried out, the following conclusions can 

be drawn: 

1. Soil reaction (pH), soluble Fe and 

available P play a major role in rice production 

in tidal areas. 

2. The relationship between soil pH, 

soluble Fe and available P on rice production in 

tidal areas is: Y = 1,501 − 0.011 Fe-soluble + 

0.269 P - available + 0.561 Soil pH , with a 

coefficient of determination  of 0.919 and a 

correlation coefficient of 0.959 

3. C-organic content, soil CEC , pyrite 

depth and water level play less role on rice 

production in tidal areas. 
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