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Abstract— Bojonegoro is a regency in Indonesia located downstream of the Bengawan Solo River, a flood-prone area that caused crop 

damage and failure. The farmers need appropriate technology as an adaptation to reduce the loss of crop failure. Therefore, this study 

aims to determine the potential of floating rice cultivation as a solution for reducing crop failure. The experiment was arranged in 

Randomized Complete Block Design with two factors, namely planting media (soil:organic fertilizer (1:1) (M1); soil:rice husk (1:1) 

(M2); soil:organic fertilizer:rice husk (1:1:1) (M3)), and plant spacing (15 cm x 15 cm (J1); 20 cm x 20 cm (J2); 25 cm x 25 cm (J3)). 

Each unit treatment was replicated 3 times. The results showed M2J3 gave the best outcome on plant height of 94.3 cm, the tillers 

number of 21.7, and produced the highest rice yield of 14.16 tons ha-1. This treatment provides optimal soil conditions, high cation 

exchange capacity (CEC) of 26.6 cmol (+) kg-1, phosphorus availability (Av-P) 48.5 ppm, and potassium availability 0.9 ppm. The 

planting media compositions significantly affected soil cation exchange capacity, soil phosphorus availability, plant height, tillers 

number, and rice yield. The yield on floating rice cultivation was approximately similar when compared to the local farmer's fields. 

Floating rice cultivation can be used as a solution to reduce crop failure in flood-prone areas in Bojonegoro. 
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I. INTRODUCTION

Global climate change causes alterations in the intensity, 
duration, and distribution of rainfall [1], and Indonesia is one 
of the countries that will experience increased rainfall due to 
climatic changes. This change will significantly affect water-
related disasters in Indonesia [2], one of which is flooding. In 
2019, there were 784 flood disasters, and it increased to 1,080 
in 2020 [3]. Bojonegoro is one of the Regency that will 
experience increased flood frequency due to climate change. 
It was reported that 2 flood events that occurred in 2015 and 
8  in 2016 caused losses of around US$ 3.85 million [4].  

Bojonegoro Regency is located downstream of the 
Bengawan Solo river, and the flood-prone areas reached 
65,989.13 ha [5]. The floods that occurred in this Regency 
were due to the inability of the Solo river to accommodate 
water discharge during peak run-off [6]. Therefore, the 
decrease in the carrying capacity of the watershed increases 
the risk of flooding. Sixteen watersheds in Java, including 
Bengawan Solo, are categorized as very critical. This 

condition is exacerbated by the phenomenon of unpredictable 
climate change.   

Fig. 1  Flood area in Karangdayu, Baureno, Bojonegoro in 2017 
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Floods have adverse impacts on people's livelihoods, 
health, economy, and education. A sector that is badly 
affected by annual floods and long-term waterlogging is the 
agricultural sector [7]. This flooded land cannot be used for 
agriculture [8]. Severe damage from flooding occurred in 
lowland rice fields, where the depth and duration were greater 
and longer [9]. About 14,198 ha of rice fields in Bojonegoro 
Regency were affected by flooding, resulting in crop failure 
[5]. Furthermore, the plants often sunk for several days, 
causing crop failure and decreasing yields and farmers' 
income [10]. 

Adaptation is one of the actions that can reduce 
vulnerability to flooding due to climatic changes [11]. The 
floating rice cultivation method is one of the solutions 
implemented as an adaptation effort to reduce crop failure to 
flooding in Bangladesh [12] and Vietnam [13]. It is a native 
farming method in the southern floodplains of Bangladesh 
and a highly innovative farming technique where crops and 
vegetables are grown on floating platforms (raised beds) [14]. 
Floating agriculture is one of the climate-smart practices 
which is used as an adaptation effort to climate change [15]. 
Therefore, farmers apply this technique to grow crops during 
floods. 

Floating rice cultivation is an excellent method for climate 
change adaptation, allowing farmers to turn the negative 
impacts (such as floods and waterlogging) into opportunities 
for agricultural production [12]. This technique supports 
farmers in adapting their ecological, social, or economic 
systems during floods and inundation conditions. This helps 
them to compensate by continuing agricultural practices 
during floods and enabling them to turn the devastating 
effects of climate change into opportunities for crop 
production [12]. 

Floating cultivation has been implemented in Riparian 
Wetlands Indonesia for rice seedlings [16], which is generally 
done by floating beds. Furthermore, the floating cultivation 
has been implemented as an adaptation effort in Ciamis, West 
Java, and Cilacap, Central Java, which are flood-prone areas, 
with a productivity of 6.4 tons ha-1 [17]. The application of 
floating cultivation is also used for other commodities such as 
chili pepper (Capsicum annum L.) and mustard green in 
Riparian Wetlands Indonesia [10], [18]. 

Studies related to floating rice in Bojonegoro Regency 
have been carried out regarding land potential [5] and socio-
economic analysis [11], [8], [19]. However, there has been no 
study related to the potential application of floating rice to soil 
fertility and plant growth factors. Therefore, this study aims 
to determine the potential of floating rice cultivation as a 
solution for reducing crop failure. It focused on the effect of 
applying rice floating on soil fertility, growth, and yield. It is 
believed that this cultivation can be a solution to improve food 
security in flood-prone areas. Hence, the existence of floating 
rice cultivation is expected to increase community resilience 
to flooding. 

II. MATERIALS AND METHOD 

The experiment was conducted in Karangdayu Village, 
Baureno District, Bojonegoro Regency, East Java from July 
to September 2017. This Village was chosen because it is 
continuously flooded. In addition, soil laboratory analysis was 

conducted at the Department of Soil Science, Faculty of 
Agriculture, Universitas Sebelas Maret. 

A. Research Design 

The experiment was arranged in Randomized Complete 
Block Design (RCBD) with two factors, namely planting 
media composition and plant spacing. Each treatment 
combination was replicated three times. Furthermore, local 
farmers’ rice fields that were using the same varieties were 
selected as control. The area of paddy fields used for the 
experiment was 500 m2; with 27 treatment plots in total. Each 
treatment plot has a volume of 0.4 m3 (1.5 m x 1.34 m x 0.2 
m). The design of floating rice cultivation is shown in Figure 
2, and details of the experimental treatment are shown in 
Table I. 

 
 

 
 

 
Fig. 2  Design of floating rice cultivation 
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TABLE I 

 EXPERIMENTAL TREATMENTS  

Treatment Information 

M1J1 soil: organic fertilizer (1:1); 15 cm x 15 cm 

M1J2 soil: organic fertilizer (1:1); 20 cm x 20 cm 

M1J3 soil: organic fertilizer (1:1); 25 cm x 25 cm 

M2J1 soil: husk (1:1); 15 cm x 15 cm 

M2J2 soil: husk (1:1); 20 cm x 20 cm 

M2J3 soil: husk (1:1); 25 cm x 25 cm 

M3J1 soil: husk: organic fertilizer (1:1:1); 15 cm x 15 
cm 

M3J2 soil: husk: organic fertilizer (1:1:1); 20 cm x 20 
cm 

M3J3 soil: husk: organic fertilizer (1:1:1); 25 cm x 25 
cm 

Description: M: planting media composition; J: plant spacing 

 
Floating rice cultivation needs to be based on farmers' 

knowledge and locally available materials. Also, plastic 
drums were used for floating material, widely available in the 
Regency. The drum trial as a floating material was conducted 
for one month before the experiment to determine the 
buoyancy with the burden of the planting media. Furthermore, 
the research team ensured that other plots imbibed no plot by 
installing plastic on each plot. The rice husks and organic 
fertilizers used are also widely available materials at the study 
site. 

The rice used was Ciherang, a short-duration variety, and 
the soil type was Inceptisols. The experimental activities 
included transplanting, fertilizing with nitrogen fertilizer 
(UREA) (200 kg ha-1), Phonska (NPK fertilizer) (400 g ha-1), 
as well as pest and disease control. The fertilization was 
carried out at 7, 25, and 40 DAP (Days After Planting) with a 
ratio of UREA 30%, 40%, and 30%, while Phonska 40%, 40%, 
and 20%. Rice was harvested at 89 DAP. 

B. Data Collection 

At the maximum vegetative time, the soil samples were 
obtained from each experimental plot, then air-dried and 
sieved at 2 mm and 0.5 mm for different laboratory analyses. 
The observed soil parameters were total organic-C (Walkley 
and Black), cation exchange capacity (extraction NH4OAc 1N 
pH 7), base saturation (extraction NH4OAc 1N pH 7), 
available-P (Bray), and available-K (extraction of NH4OAc 
1N pH 7). Furthermore, this analysis was conducted to 
determine soil fertility. This was determined according to the 
method from Indonesia Soil Research Center [20]. 

The observed plant parameters include height, tiller 
number, and rice yield. The plant height was measured from 
the base of the stem to the longest end of the leaf. Meanwhile, 
the tillers number parameter was taken by calculating the 
number of all tillers (stems). These parameters were observed 
at 14, 24, 36, 51, and 89 DAP. The yields are represented by 
grain dry weight per plot, which is then converted to dry grain 
weight per hectare. 

C. Statistical Analysis 

All data were analyzed with ANOVA, and when there were 
significant differences, the Tukey’s test for pairwise 
comparison with 95% confidence level existed employed to 
ascertain the differences between the treatment means. 
Pearson's correlation analysis was performed to determine the 

relationship between soil parameters, rice growth, and yield 
parameters. 

III. RESULTS AND DISCUSSION  

High nutrient requirements for rice growth [21] make soil 
fertility important because it is related to nutrient conditions 
in the soil. Soil fertility is determined based on the value of 
organic-C, cation exchange capacity, base saturation, and 
availability of phosphorus and potassium. High values will be 
followed by high soil fertility. The average cation exchange 
capacity (CEC) is 26.0 cmol(+)kg-1 including high. The 
average base saturation (BS) is 49.5%, including moderate, 
organic-C (org-C) 2.1%, including moderate, phosphorus 
availability (Av-P) 34.7 ppm, including moderate and 0.8 
ppm potassium availability (Av-K) including high (Table II). 

Soil fertility in floating rice cultivation is low to high, with 
a moderate average. The M3J1 treatment had high soil fertility 
and M2J3 had moderate soil fertility. However, it was low in 
other treatments. Both treatments resulted in optimal soil 
conditions, high CEC, Av-P and Av-K compared to others. 
The increase in CEC may be caused by the negative charge of 
organic matter and rice husk [22]. Cation exchange capacity 
is related to the ability of the soil to provide nutrients for 
plants. Soil with high cation exchange capacity has the 
potential to provide sufficient nutrients for plants [23]. 
Meanwhile, the increase in P and K availability was due to the 
application of rice husks and organic fertilizer. Singh et al. 
[24] stated that rice husk added to the soil significantly 
contributed to improving the nutritional status. The soil 
chemical properties can be improved by applying rice husks, 
which increase pH, CEC, and nutrient availability [25]. 
Therefore, adding organic matter such as organic fertilizers 
increased the cation exchange capacity, available P, and K 
[26]. 

TABLE II 
SOIL FERTILITY IN FLOATING RICE CULTIVATION 

Treat. CEC  

(cmol  

(+)kg-1) 

BS  

(%) 

Org-

C  

(%) 

Av-P  

(ppm) 

Av-K  

(ppm) 

Soil 

Fertility 

M1J1 21.6(2) 46.6(2) 2.0(1) 27.3(2) 0.5(2) Low 

M1J2 22.7(2) 57.3(2) 2.5(2) 24.0(2) 0.5(2) Low 

M1J3 22.0(2) 54.5(2) 1.5(1) 18.9(1) 0.9(3) Low 

M2J1 23.5(2) 43.7(2) 1.7(1) 43.5(3) 0.9(3) Low 

M2J2 28.3(3) 42.8(2) 2.2(2) 33.4(2) 0.8(3) Low 

M2J3 26.6(3) 49.0(2) 1.6(1) 48.5(3) 0.9(3) Moderate 

M3J1 33.0(3) 50.0(2) 2.4(2) 45.4(3) 1.0(3) High 

M3J2 25.9(3) 51.2(2) 2.2(2) 38.5(2) 1.1(3) Low 

M3J3 30.1(3) 50.3(2) 2.3(2) 32.7(2) 0.9(3) Low 

Average 26.0(3) 49.5(2) 2.1(2) 34.7(2) 0.8(3) Moderate 

Information: number in parentheses indicates the value of the parameter:  
(1) = Low; (2) = Moderate; (3) = High  

 

The growth was observed from the plant height and tillers 
number, while the yields were observed from the harvested 
dry grain in tons ha-1. The data on rice growth and yield are 
shown in Figure 4. The M2J3 treatment showed the best 
results on plant growth, which had an average plant height of 
94.3 cm and tillers number of 21.7. The M2J3 treatment also 
gave the highest yield of 14.16 tons ha-1. Meanwhile, the 
treatment with the lowest yield was M1J3 9.42 tons ha-1. The 
average yield in this study was 11.58 tons ha-1. It was 
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approximately similar when compared to the local farmer's 
rice fields of 11.96 tons ha-1. This showed the floating system 
is one of the potential solutions to reduce crop failure due to 
flooding, and farmers can still produce rice with similar yields. 
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Fig. 3  Plant Growth in the Floating Rice Cultivation 

 

 

 
Fig. 4  Plant Growth and Yield in the Floating Rice Cultivation 

 
Plant spacing treatment did not significantly affect their 

height and yield but significantly influenced the tillers 
number (Table III). The wider the spacing, the more room for 
the plants to grow and produce higher tillers number. Thakur 
et al. [27] and Asghar et al. [28] also mentioned that wider 
spacing gave better growth. A wider growing space 
minimizes the competition among plants both above (light) 
and underground (water and nutrients) [27], [28]. Narrower 
spacing causes competition between rice plants for nutrients, 
water, sunlight and air for their biological processes such as 
photosynthesis and respiration. The competition due to 
density has a significant negative effect on rice growth [29]. 
Therefore, proper spacing optimizes light interception which 
is important for photosynthesis and yields.  
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TABLE III 

ANALYSIS OF VARIANCE 

Source of 

variation 
df SS MS 

Plant Height 

F-

value 

P-

value 

Media 2 
1878.4

1 
27.813 12.94 0.000 

Spacing 2 5.02 2.509 0.03 0.966 

Error 
2
2 

1597.1
8 

72.599   

Total 
2
6 

3480.6
1 

   

Source of 

variation 
df Adj SS 

Adj 

MS 

Tillers Number  

F-

value 

P-

value 

Media 2 128.50 64.251 6.01 0.008 

Spacing 2 225.09 
112.54

7    
10.53 0.001 

Error 
2
2 

235.15 10.689   

Total 
2
6 

588.75    

Source of 

variation 
df SS MS 

Rice Yield 

F-

value 

P-

value 

Media 2 55.625   27.813    18.34 0.000 

Spacing 2 4.511   2.255     1.49 0.248 

Error 
2
2 

33.357   1.516   

Total 
2
6 

93.493    

TABLE IV 
TUKEY’S TEST FOR PAIRWISE COMPARISON 

Treatment 
Soil 

CEC 

Soil 

Av-P 

Plant 

Height  

Tillers 

Number 

Rice 

yield  

M1 22.12 b 23.39 b 70.00 b 18 ab 10.00 b 

M2 
26.12 
ab 

41.78 a 
90.13 a 16 b 13.47 a 

M3 29.65 a 38.88 a 77.04 b 21 a 11.25 b 

J1 26.05 a 38.71 a 79.07 a 14 b 11.18 a 

J2 25.63 a 33.36 a 78.52 a 19 a 11.41 a 

J3 26.22 a 31.98 a 79.56 a 21 a 12.14 a 

 
Planting media composition treatment significantly 

affected soil CEC, Av-P, plant height, tillers number, and 
yield (Table IV). The planting media composition of soil: rice 
husk (1:1) and soil: rice husk: organic fertilizer (1:1:1) 
increased CEC and Av-P. Also, Masulili et al. [30] stated that 
the highest CEC, P, and K were observed in soils treated with 
rice husk. Therefore, the application of organic fertilizers 
increases the availability of P by increasing the amount of 
mineralized organic P to inorganic P.  

The composition of soil and rice husk (1:1) gave the best 
growth and yield compared to other treatments. The rice husk 
application improves the physical and chemical properties of 
the soil for optimal plant growth. Also, the application 
provides optimal conditions for the soil by reducing the bulk 
density, increasing the total porosity [31], [32] and the 
chemical properties [25], [33]. In this study, the increased 
availability of phosphorus and cation exchange capacity 
indicated the increase in soil chemical properties. Meanwhile, 
the increase in phosphorus availability after the husk 
application was due to decreased phosphorus retention in the 

soil [34]. Therefore, the improvement in properties will 
support plant growth. Previous studies have shown that husk 
increased rice yield [35], [24]. The increase in growth and 
yield after the husk application can be attributed to the 
synergistic effect of increasing soil nutrient availability [24]. 

Correlation test results show that there is a relationship 
between soil fertility parameters (Table IV). Soil organic C 
was significantly positively correlated with cation exchange 
capacity. These results are in accordance with the research of 
Herawati et al. [36] which states that an increase in soil 
organic C will be followed by an increase in CEC. The high 
soil organic matter increases the absorption of nutrients due 
to the value of CEC [37]. Soil organic C is also positively 
correlated with base saturation. The process of decomposition 
of organic matter, releasing nutrients including base cations 
[38]. 

TABLE V 
CORRELATION BETWEEN SOIL FERTILITY, RICE GROWTH AND RICE YIELD 

 CEC BS 
Org-

C 
Av-P 

Av-
K 

Plant 
Heigh

t 

Tillers 
Numbe

r  

BS 

0.39

0 

0.04

4 

      

Org-C 

0.60

1 

0.00
1 

0.44

1 

0.02
1 

     

Av-P 

0.36
0 

0.06

5 

-

0.03
1 

0.87

9 

0.00
8 

0.96

9 

    

Av-K 

0.57

8 

0.00
2 

0.43

6 

0.02
3 

0.26
7 

0.17
8 

0.21
5 

0.28
2 

   

Plant 
Height 

0.01
8 

0.92

9 

-

0.34
4 

0.07

9 

-

0.21
5 

0.28

2 

0.44

9 

0.01

9 

0.08
3 

0.68

1 

  

Tillers 

Numbe
r  

0.09
5 

0.63
8 

0.23
2 

0.24
5 

0.06
5 

0.74
7 

0.08
1 

0.68
9 

0.05
5 

0.78
5 

-0.164 

0.415 
 

Rice 
Yield 

0.18
7 

0.35

0 

-

0.23
7 

0.23

4 

-

0.04
6 

0.81

8 

0.76

9 

0.00

0 

0.14
8 

0.46

2 

0.698 

0.000 
-0.079 
0.695 

Cell content: Pearson’s correlation 
    P-Value 

 

The soil fertility parameter that is significantly correlated 
with rice yield is phosphorus availability. This is in line with 
the results of other studies, where phosphorus availability is 
significantly correlated with grain yield [39], [40]. 
Furthermore, phosphorus is involved in several metabolic 
processes of plants and energy production [41]. Plants need 
the energy for metabolic processes such as photosynthesis, 
where the results affect plant growth. According to Deng et al. 
[42], low soil phosphorus content significantly reduced the 
leaf photosynthesis rate of four rice varieties at the main 
growth stage. 

Phosphorus availability was also significantly correlated 
with plant height. Plant height is significantly correlated with 
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rice yield. Plants that are tall and have higher stover are 
indicators that plant photosynthesis is running optimally, 
resulting in high grain per panicle and grain weight and 
impacting high grain yields.  

The existence of the floating method is expected to increase 
farmers’ ability to continue rice cultivation after a flood on 
farm households. Floating rice cultivation is a newly 
introduced practice in Bojonegoro Regency, and much effort 
would be needed to achieve success in its application. The 
challenge in floating rice cultivation is not only in terms of 
the implementation of planting and its maintenance but 
especially in the process of introducing planting methods, 
how there must be a change in the mindset and behavior of 
farmers. Farmers need socialization and training to become 
more familiar with this technology. Also, support from the 
local government can increase farmers' aspirations in 
implementing new technology. In addition, policymaking 
should be adjusted to farmers' preferences regarding the 
application of floating rice technology, otherwise, efforts to 
implement it will be ineffective [43]. 

IV. CONCLUSION 

Floating rice cultivation can be used as a solution to reduce 
crop failure in flood-prone areas, especially in lowland close 
to watersheds, such as in Bojonegoro Regency, Indonesia. 
The average rice productivity from this floating system was 
11.58 tons ha-1. The planting media of soil and rice husk with 
25 cm x 25 cm plant spacing gave the best result in the growth 
and yields. This information needs to be circulated to the 
farmers to provide knowledge regarding the floating 
cultivation techniques.  
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