Application of effective growing season patterns for the cultivation of rice and tiger shrimp on brackish water intruded land. 
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Abstract 
The study aims to test more productive growing season patterns for rice and tiger shrimp cultivation. The research was conducted in Oring Hamlet, Lawallu Village, Barru Regency, South Sulawesi. The implementation of rice and tiger shrimp cultivation is carried out in ponds disturbed by brackish water, which have been reconstructed into rice fields and trenches. The rice varieties planted, INPARI 34 (saline tolerant rice seeds), from the Rice Seed Centre of the Ministry of Agriculture, Sukamandi West Java Indonesia, while post-larvae of PL-25 tiger shrimp are obtained from the Tiger Shrimp Hatchery Installation, which has previously been adapted with a decrease in salinity under the conditions of the cultivation site. The treatment tested, namely: a) the cultivation of rice-tiger shrimp at the beginning of the rainy season; b) the cultivation of rice-tiger shrimp at the beginning of the dry season. Preparation of rice cultivation land is carried out by tillage, fertilizing, seed sowing, and seeding for 25 days. Furthermore, rice planting is carried out to move to the rice fields with the legowo planting system, followed by the maintenance of rice plants for 105 days. The distribution of post-larvae PL-25 tiger shrimp in trenches when rice plants aged 14 days after planting moved. The process of maintaining rice plants and tiger shrimp by controlling growth and sampling every 14 days. The results showed that rice production in the first growing season (the beginning of the rainy season) was 1027 kg, compared to the second growing season (the beginning of the dry season) of 350 kg. The survival rate (SR) and daily growth rate (DGR) of tiger shrimp obtained in the first growing season were 20.16% and 0.18, while the Survival Rate and Daily Growth Rate of tiger shrimp in the second growing season (the beginning of the dry season) were 18.45% and 0.17. The production value of rice cultivation and tiger shrimp is higher in planting season I (early rainy season).
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The rapid increase in the world's population has its impact on survival, such as security and lack of food, limited land, and water resources for agricultural production, and declining environmental quality, which is increasingly felt today (Bashir et al., 2020). Meeting food needs for the world's growing population is indispensable (Jin et al., 2020; Nayak et al., 2018), and efforts are needed to cultivate agricultural commodities and fisheries in an integrated manner (Wang et al., 2019).
Integrated rice and fish cultivation systems have been widely applied to rice fields with irrigation channels for rice cultivation and fish co-culture systems (Jin et al., 2020; Khoshnevisan et al., 2021; Li et al., 2019). Co-culture system (Bashir et al., 2020; Liu et al., 2019; Yaobin et al., 2019) is a technology that has long been practised in the freshwater world, but there has not been much cultivation of rice and tiger shrimp in brackish water-stricken areas with agricultural production systems that are more tolerant to salinity such as rice-shrimp and permanent shrimp alternately (Braun et al., 2019).
Rice is maintained in rice fields with freshwater irrigation systems or rain-fed rice fields, With this system it is expected that rice crop production will increase so that it can increase production to meet the needs of the community (Mullick & Das, 2021). Integrated cultivation of rice fish has been widely practised because it is considered capable of controlling the environmental impact caused by intensive cultivation (Leigh et al., 2020). Trials have been conducted with rice-fish cultivation in yellow catfish ponds (Pelteobagrus fulvidraco) and freshwater shrimp (Macrobrachium Nipponese) using new high-stalk rice varieties (Yaobin et al., 2019).
Fish or other fishery commodities are kept in trenches that have been integrated with rice fields. On brackish water-induced land, of course, the factor of freshwater supply in rice fields is indispensable for the cultivation process, and this will depend on the pattern of the growing season (western and eastern seasons) usually carried out by the cultivation group. This study aims to examine the pattern of a more productive growing season in the cultivation of rice-tiger shrimp in brackish water-intruded land.


Materials and Method

  Research Preparation

[bookmark: Figure_1._Rice_field_location_bordering_]The research was carried out in Oring Hamlet, Lawallu Village, Soppengriaja District, Barru   Regency, South Sulawesi Province, Indonesia. The land used is selected from land owned by members of the farmer group in the region. The land is a rice field bordering the overhaul, so it gets influenced by brackish water intrusion. The land is reconstructed into rice fields and trenches made around it, with a ratio of 70:30 (rice field court: trench). Trenches are made with a depth of 50-100 cm, There is an intermediate barrier that limits each trench and there is also the main barrier that surrounds the outermost court and trench (Khan et al., 2023). Soil excavations derived from trenches as well as used as new barriers, the size of the limiting made lower width of 3 meters and the upper width is 1.5 meters with a height of about 1.0 - 1.2 meters from the court, the barrier is an intermediate barrier bordering with other maps that are the same there are caren excavations. Meanwhile, the manufacture of barriers adjacent to other productive rice fields is made smaller in size because they are not dug under it, namely, the width of the bottom is 1.2 meters, and the height of 0.5-0.8 meters.


[bookmark: 2.1.a_Preparation_of_rice_fields,_seedin]Preparation of rice fields, seeding, and planting of moved rice seeds.
Rice seed nursery land used covers an area of 5 m x 10 m, preparation begins with the processing and defection of the soil, and the provision of organic fertilizers for the nutritional needs of the soil. Along with the preparation of nursery land, rice seed immersion is also carried out for 24 hours, namely the saline tolerant variety INPARI 34, then squeezed in a damp place for 24 hours until germinating.
The sowing of rice seeds is carried out in the morning or evening to avoid the scorching heat of the sun. The period of grain preservation lasts for 25 days. Furthermore, planting is carried out to move rice seeds to rice fields with a Legowo alignment planting system, followed by the maintenance of rice plants for 105 days.

[bookmark: 2.1.b___Trench_preparation_and_tiger_shr]Trench preparation and tiger shrimp post-larvae
The preparation of trenches for shrimp cultivation is carried out in conjunction with rice field preparations, namely: drying, lime application, tillage, fertilizing, water filling, and distribution of tiger shrimp post larvae. Postlarvae tiger shrimp (PL-25) obtained from tiger shrimp hatchery installation. Before stockings, the adjustment/decrease in salinity follows the salinity of the levels at the cultivation site. The growth of natural feed is stimulated by using organic fertilizers that are put into the trenches before spreading windu shrimp larvae. Re-fertilization is carried out on the 30th day after fertilization of tiger shrimp larvae.
[image: ]
Figure 1. Preparation for the spread of post-larvae of PL-25 tiger shrimp in trenches

In the trenches/caren that has been prepared, namely, drying, calcification, water replenishment, and natural feed growth. The distribution of tiger shrimp post-larvae PL 25 in the trench is carried out when the rice plant is 14 days after planting. Post windu shrimp larvae that were stocked previously carried out a gradual decrease in salinity in the holding media from 30 ppt to < 10 ppt, this is done to adjust the physiological conditions of shrimp with the cultivation media in the trenches with salinity between 5-7 ppt.

Research Design
[bookmark: The_land_that_has_been_reconstructed_int]The land that has been reconstructed into rice fields and caren fields is divided into 4 plots, each planted with INPARI-34 saline-tolerant variety rice in the yard and stocked with PL-25 tiger shrimp in the trench section. The treatments tested were:
cultivation of tiger shrimp rice at the beginning of the rainy season; (salinity dynamics are rather low) and cultivation of tiger shrimp rice at the beginning of the dry season (higher salinity dynamics)

Parameters measurement
Measurement of the growth of rice and tiger shrimp is carried out once every 14 days, as well as measurements of water quality parameters (temperature, salinity, pH, and oxygen demand). At the end of the study, rice production, survival rate (SR), daily growth rate (DGR), and tiger shrimp production were calculated.

Data analysis
The data obtained is analyzed with SPSS. The T-test is performed to compare the production of the two treatments, then discussed descriptively. Meanwhile, water quality parameter data were analyzed descriptively and presented in table form.

Result
[bookmark: 3.1_Growth_and_harvest_of_rice_crops]Growth and harvest of rice crops
Measurements of rice plant growth per sampling are seen in Figure 2. The height of rice, when planting moved, was 35-40.7 cm, in the first sampling there was a growth of rice to 55 cm (treatment A) and 55 cm in treatment B, as well as in the next sampling there was an increase of 64, 73, 85 96 and 104 cm respectively (treatment A) while treatment B with a high start when planting moved 35 cm higher during sampling I to the end, respectively, namely 41, 52, 67, 79, 86 and 92 cm. Growth was better in treatment A than in the growth of rice plants in treatment B.
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Figure 2. Growth of rice plants during observation
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)Figure 3. Grain production at both beginnings of the growing season tested in the study.

The harvest of rice crops from both treatments is seen in Figure 3. In the early growing season of the rainy season (treatment I) obtained grain as much as 1027 kg while in the early growing season, the dry season only gets 350 kg of grain. In treatment I, rice plants in their infancy get an adequate freshwater supply due to high rainfall, land conditions do not experience high salinity checks (highest salinity value of 7,05 ppt) and can still be tolerated by rice seeds of the INPARI-34 variety.

Growth and harvest of tiger shrimp
The data on the growth of tiger shrimp in each treatment can be seen in Figure 6 below. The initial weight of tiger shrimp larvae is 0.3 grams/ind., At the first sampling, the weight becomes 4.1 gram/ind., In treatment I, in treatment II the weight increases to 3.85 grams/ind. In the 4th sampling when the shrimp aged 60 days the weight reached 9.75 grams/ind. (Treatment I) and 8.61 grams/ind. in treatment II, so that the final weight of tiger shrimp in treatment I is higher than in treatment II.
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Figure 4. Growth of tiger shrimp in the treatment of growing season I and planting season II

The growth parameters of tiger shrimp are seen in Table 1, the density of tiger shrimp in caren is 3-4 ind./m2, including the traditional cultivation system plus, with the initial weight of postlarvae stocked 0.3 grams/ind., which is maintained for 65 days so that the weight finally reaches 11 grams/ind. and 10 grams/ind. The daily growth rate is 0.18 (A) and 0,17 (B), and the survival rate of tiger shrimp in treatment I is 20.18% and 18.45% in treatment II. Growth parameters show that treatment A is better than treatment B.

[bookmark: Table_1._Biological_parameters_of_tiger_]Table 1. Biological parameters of tiger shrimp during the research period
	Biological Parameter
	Treatment A
	Treatment B

	Density (ind./m2) Early weight (gram) Final weight (gram) Cultivation time (days) Daily growth rate Survival rate (%)
	3-4
0,3
11
65
0,18
20,16
	3-4
0,3
10
65
0,17
18,45



The daily growth rate of tiger shrimp in treatment A is 0.18 and in treatment, B is 0.17. The survival value of tiger shrimp is 20.16% and 18.45%. From the results of calculations of biological variables, tiger shrimp showed that treatment A (early rainy season) gave better results than treatment B (early growing season of the dry season).

[bookmark: 3.3_Water_quality_parameters]Water quality parameters
The quality parameters observed during the study are listed in Table 2. Salinity values differ greatly between the two treatments.

Table 2. Water quality parameter value during the research period
	
	
	Range value

	Number
	Water quality parameters
	Treatment I
	Treatment II

	1.
	Salinity (ppt)
	0,17-7,05
	7-15

	2.
	Temperature (oC)
	25,1-33,4
	29-35

	3.
	Degree of acidity (pH)
	7,87-8,11
	8,4-9,3

	4.
	Dissolved oxygen (ppt)
	3,32-7-68
	3,52-6,4



In treatment II the range of salinity values is 0.17 ppt – 7.05 ppt, when there is high rainfall the salinity value is close to 1 or even lower (close to freshwater conditions), at the time of low rainfall the salinity value becomes brackish due to the influence of rising tides. Other rated water quality parameter values are; temperature with values of 25.1oC – 33.4oC (treatment I) and 29oC – 35oC (treatment II), pH values of 7.87 – 8.11 (treatment I) and 8.4 – 9.3 (treatment II), as well as dissolved oxygen values of 3.32 – 7.68 ppt (treatment I) and 3.52 – 6.4 ppt (treatment II).

Discussion
Better growth of rice crops is planted at the beginning of the rainy season. The yield of rice planted at the beginning of the rainy season is also higher (Nayak et al., 2018) due to the land conditions corresponding to the rice crop supported by high rainfall, as is the case in India of millions of ha of rice planting land suitable for the adoption of an integrated rice-fish production system, especially in rain-fed, low-lying waterlogged fields (Nayak et al., 2018; Saikia & Das, 2008). This has been reported (Berg & Tam, 2018; Hendrajat et al., 2020; Islam et al., 2021; Leigh et al., 2020) when the rainy season occurs, commodity growth conditions will be better because environmental parameters are somewhat stable, especially water salinity conditions with sufficient fresh water available with high rainfall.
Salinity concentration in treatment II ranges from 7-15 ppt, the condition is very extreme for rice plant varieties INPARI 34, this has also been tested so that it is found that rice plants are not able to tolerate land conditions with high salinity checks (Hendrajat et al., 2020; Islam et al., 2021)in areas disturbed by brackish water environmental conditions are quite dynamic because of the influence of brackish water inspection that always occurs.
The practice of cultivating rice integrated with shrimp has been practised by (Leigh et al., 2020) by planting rice during the rainy season, and during the dry season with high salinity dynamics, rice planting is not carried out, such management avoids the risk of crop failure.
The growth of tiger shrimp at the beginning of the rainy season seems to be higher than at the beginning of the dry season, this is related to the conditions of the aquatic environment such as temperature, salinity, and oxygen content as well as many other factors that affect the environment of aquaculture commodities (Guo et al., 2020; Leigh et al., 2020; Panda et al., 2021). The concentration value is higher on distribution at the beginning of the rainy season, this condition is in line with (Leigh et al., 2020) which has been tested in the growing season of sea shrimp Penaeus monodon for a full year in the Mekong Delta, Vietnam, until the rainy season when the water is fresh. Rice and shrimp growth conditions are influenced by seasonal conditions and many other aquatic environmental factors (Bashir et al., 2020; Jin et al., 2020; Yaobin et al., 2019). The survival value (30-41%) and total biomass area (350- 531 kg ha-1) of shrimp are limited to poor water quality conditions, with water temperature, salinity, and dissolved oxygen concentrations outside the optimal range recorded for a few weeks (Leigh et al., 2020; Suwoyo & Hendrajat, 2021; Yaobin et al., 2019). There is an intrusion of brackish water in the Mekong River Delta of Vietnam so it is emotional to the surrounding environment including aquaculture land.
The water parameters are still within the range that can be tolerated by rice commodities and tiger shrimp, water quality parameters greatly affect the growth of cultivated commodities (Mustafa et al., 2022). Seeing the growth in rice and tiger shrimp cultivation by connecting the conditions of the growing season, it is considered important to make changes in aquaculture management practices, by choosing the beginning of the growing season at the beginning of the rainy season because it can increase sustainable growth and productivity, where the overall condition of the aquatic ecosystem is important to support the growth of aquaculture commodities (Leigh et al., 2020; Mustafa et al., 2022)The growth of tiger shrimp is better in conditions of an aquatic environment that does not experience too extreme dynamics, poor water quality, with water temperature, salinity, and dissolved oxygen concentration far beyond the optimal range will decrease and the growth rate of shrimp. Overall, our findings suggest that shrimp survival, conditions, and growth in the extensive rice shrimp tem ecosystem will be constrained when poor water quality and high and low salinity alternately negatively impact the physiology, growth, and composition of natural aquatic biota (Leigh et al., 2020; Yaobin et al., 2019)


Conclusion
The value of rice production in the first growing season (the beginning of the rainy season) is higher compared to the second growing season (the beginning of the dry season). The survival rate (SR) and daily growth rate (DGR) of windu shrimp obtained in the first growing season are also higher than in the second growing season. The production value of rice and windu shrimp cultivation is higher in the first growing season (the beginning of the rainy season). The implementation of the cultivation of the windu rice-shrimp brackish water rice-shrimp system is pursued at the beginning of the rainy season to get higher productivity.
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