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Abstract: Rice-fish cultivation, also known as Manipadi in Indonesia, is one of the many integrated
farming systems where fish are grown concurrently with rice. However, this integrated system
needs to be optimized by organic fertilizer. Application of organic fertilizer such as compost and
local biofertilizer when implemented with integrated system can optimize the yield per land for
both rice and fish. However, this combination must be evaluated systematically by multiple evalu-
ation criteria and statistical analysis. Therefore, this study aimed to identify the combination of com-
post doses and/or local liquid biofertilizer concentrations based on multiple evaluation criteria in
supporting the productivity of rice-fish integration agriculture. The experiment was carried out in
the Wanuae farmer group of Barebbo District, Bone Regency, Indonesia between September 2018
and January 2019. The experiment employed a split plot design with a randomized complete block
design (RCBD). The main plot consisted of compost (4 levels), and the subplot was the local biofer-
tilizer source (4 levels). The results demonstrated that the number of fill grains was significantly
affected by the compost treatment and the type of the local biofiller. The effect of compost dosing
was more dominant in comparison to the biofiller character and its interactions. The compost dos-
age of 4 tons ha™ and the local biofertilizer sourced from soaked coconut fiber with bovine urine
has been recommended as the combination treatments to optimize the rice yield potential. Moreo-
ver, the compost dosage in this Minapadi (rice-fish) study requires further exploration for better
understanding.

Keywords: Coconut fiber, Compost dosage, Cow urine, Local biofertilizer, Oryza sativa

1. Introduction

Rice is one the pivotal staple food crop and prime contributor in attaining food
security (Sekaran et al. 2021; Tirtalistyani et al. 2022). The consumption of rice per capita
of Indonesia for 2022 was 1.45 kg per week or 74.57 kg per capita per year (Annur 2022).
This number is relatively higher in comparison to several other countries that are
optimizing food diversification. The high demand for rice must be aligned with national
rice productivity. In general, national rice production reaches 55.67 tons (Indonesian

Statistics 2022). However, persistent growth population and overutilization of resources
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are posing various challenges and impeding the yield. (Rumanti et al. 2018). Therefore,
increasing productivity per unit of land is key to maintaining food stability in Indonesia.

In order to improve the rice productivity, one of the various efforts that are practiced
is the consistent application of chemical fertilizers. Chemical fertilizers are known to
provide optimal nutritional needs for rice cultivation (Kobua et al. 2021; Liu et al. 2021;
Wan et al. 2021; Wang et al. 2021). However, habitual tendencies of excessive application
of fertilizers including high planting intensity determinants a negative impact on soil
stability, especially physically and biologically (Kakar et al. 2021; Wan et al. 2021). Several
studies have reported the detrimental consequences of chemical fertilizers, few of which
includes deleterious effect on the soil structure and soil porosity, affecting the soil to be
more sticky when it rains and hard when it is dry (Xing et al. 2019; Igbal et al. 2021; Wan
et al. 2021; Kim et al. 2022). In addition, several studies have also reported that the
application of excess chemical fertilizers and a decrease in soil organic matter due to
intensive planting had an impact on reducing soil microorganisms (Igbal et al. 2021 Kakar
et al. 2021; Kim et al. 2022). This phenomenon will be more critical if there is no effective
resolution. One gateway that can be optimized is the application of the integrated farming
concept.

Integrated farming is an approach of optimizing agricultural products that considers
sustainable concepts, from an ecological, social, and economic perspective (Peterson et al.
2020a; Fatimah et al. 2020; Freed et al. 2020; Paramesh et al. 2022). The concept focuses on
maximizing the use of local resources with concurrent efforts to reduce the input costs for
enhancing the land productivity and income (Kinkelaet al. 2017; Peterson et al. 2020b;
Freed et al. 2020; Sekaran et al. 2021; Colazo et al. 2022). The theory of integrated
agriculture can be practiced by harmonizing agriculture with other fields such as livestock
(Peterson et al. 2020a,b; Sekaran et al. 2021; Colazo et al. 2022), fisheries (Nurhayati et al.
2016; Fatimah et al. 2020; Freed et al. 2020; Suryawati et al. 2021), and forestry (Hani et al.
2016; Baliton et al. 2020). One way to strategize this is by the incorporation of rice and fish,
also known as Minapadi. Minapadi, a term coined in Indonesia for cross cultivation of
rice and fish (Prasetyo et al. 2018; Fatimah et al. 2020; Artawan et al. 2021). Several reports
have demonstrated the effectiveness of this combination in proliferating the economic
income value of a land (Nurhayati et al. 2016; Kinkelaet al. 2017; Prasetyo et al. 2018;
Fatimah et al. 2020). Manure from fish can be a good source of minerals for rice cultivation,
while the paddy fields can be a great food reservoir for the fish in return (Kinkelaet al.
2017; Freed et al. 2020). However, the combination of the two is still considered to be
ineffective in improving soil status, hence addition of organic fertilizer is essential for a
productive Minapadi system. Organic fertilizers such as compost and local biofertilizers
are considered effective in supporting plant productivity in a sustainable manner
(Kadoglidou et al. 2019; Yu et al. 2019; Litardo et al. 2021; Wang et al. 2021).

Compost is the residue result of soil biological activity that are beneficial for
improving physical, chemical, and biological properties (Azim et al. 2018; Brock et al.
2021). These improvements play a very important role in supporting crop growth and
production (Brock et al. 2021; Medy nska-Juraszek et al. 2022). Several studies have
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reported the effectiveness of compost use in supporting rice productivity (Razavipour et
al. 2018; Kadoglidou et al. 2019; Litardo et al. 2021; Phares and Akaba 2021; Sultana et al.
2021; Sutardi et al. 2022). In general, compost is known for its beneficial role in improving
soil structure, soil moisture, nutrient retention, and cation exchange capacity (Razavipour
et al. 2018; Phares and Akaba 2021; Sultana et al. 2021). In addition, compost also functions
as an organic material for microorganisms to be maximzed in helping plant growth and
productivity (Razavipour et al. 2018; Kadoglidou et al. 2019; Phares and Akaba 2021; Jin
et al. 2021). Therefore, the use of compost is highly recommended to support sustainable
crop productivity.

Similarly, local liquid biofertilizer is another recommendation in terms of sustainable
agriculture prospects (Fasusi et al. 2021; Kumar et al. 2022). This fertilizer is more
emphasized on the use of microorganisms that play a role in plant growth. These
microorganisms enhances the plant metabolic processes, nutrient absorption, and disease
resistance thereby contributing to plant development and productivity (Banayo et al. 2012;
Fasusi et al. 2021; Liu et al. 2021; Kumar et al. 2022). Apart from that, this fertilizer also
contains various nutrients, vitamins, and hormones that can stimulate an optimal
environment for plant growth (Banayo et al. 2012; Zaini et al. 2022). The favorable
incorporation of biofertilizers in rice cultivation has also been reported by Banayo et al.
(2012), Hazra et al. (2022), Patriyawaty et al. (2022), and Simarmata et al. (2022). Therefore,
the use of biofertilizers can be a complement to the Minapadi integrated farming concept.

Based on these potentials, optimizing the combination of compost and local liquid
biofertilizer can be an additional input in integrated rice-fish farming (Minapadi). This
combination needs to be equipped with optimal concentrations and/or doses of both, so
that the evaluation of plantings on the input of compost and local liquid biofertilizer can
be maximized. Optimization must be adjusted to the characteristics related to the main
objective of the evaluation, namely the rice yield (Farid et al. 2022; Ulfa et al. 2022).
However, an assessment that only focuses on the rice yield can result in an overestimated
interpretation (Farid et al. 2021). This is based on the genetic constitution of the yield,
which is polygenic, so the evaluation needs to involve other distinct characters that
support productivity (Kassahun et al. 2013; Fellahi et al. 2018). In addition, the
effectiveness of the interaction between rice yield and fish yield is also an important
consideration in the optimization. Therefore, a systematic statistical approach is key in
evaluating the combination of compost and local liquid biofertilizer in supporting the
productivity of rice-fish integration agriculture. The purpose of this study was to identify
the combination of compost doses and/or local liquid biofertilizer concentrations in
accordance with multiple evaluation criteria in supporting land productivity based on

rice-fish integration agriculture.

2. Materials and Methods

The experiment was carried out in the Wanuae farmer group in Barebbo District,
Bone Regency (4° 13'-506' South Latitude and 119° 42'-120° 30" East Longitude), Indonesia
during the month of September 2018 till January 2019. The study area receives an average
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annual rainfall of 201.25 mm/year with 12 rainy days. The average air temperature ranges
between 24.50°C-27.60°C and humidity varies between 77%-86%. This research was con-
ducted by implementing the split plot design with randomized complete block design
(RCBD). The principal plot of this study was the compost dose (C) that comprised of four
levels, namely control without compost (C0), 2 ton ha™ (C1), 3 ton ha™' (C2), and 4 ton ha™!
(C3). Meanwhile, the subplots of this study were a combination of local microorganisms
with 4 types, namely, zero moles (m0), combination of cow urine with rice water (m1),
combination of cow urine moles with water soaked coconut fiber (m2), and combination
of cow urine and Maja fruit moles (m3), each randomly applied to the main plot. The
collaboration of these factors resulted in 16 combinations which were repeated 3 times,
adding total 48 experimental units.

2.1. Land preparation

Land preparation was carried out by repairing the bunds with 40 cm height, and
maintaining the width of the base and upper bund at minimum 50 cm and 25 cm respec-
tively. The ditches / kemalir were built 1 m wide and above 50 cm deep in order to protect
fish from various threats. Ditches / kemalir were prepared both in the middle and on the
surrounding edge of the rice field bunds along with a 70 cm deep storage tank to facilitate
the fish harvesting during water draining process with an objective to optimize the ripen-
ing potential of rice grain. The description of the Minapadi concept is exhibited in Figure

m 20m

Figure 1. Construction of the Minapadi pond (cross section) Description: A) Water inlet
channel, B) Lower water outlet channel, C) Rice plot, D) Middle kemalir, E) Main kemalir,
F) Bunds

2.2. Maintenance of Rice Plants
The qualitative analysis of rice seeds was conducted by immersing the seeds in 3%

salt solution or soaking them in ZA solution (225 g ZA/l water). The immersed seeds

indicate their suitability for planting and were accordingly preselected for this experiment.

Following which, the seeds were first soaked and then aged in sequence for 24 hours. The
process of seeding was carried out by sowing the germinated seeds in the seeding plots.
The nursery was fertilized with ponska NPK, Urea, and SP-36 each at 15 g/m?. After the
seedlings were 15 days old, the same were planted with 2 seeds per hole. The 2:1 row
legowo cropping system was implemented with 40 cm for the largest inter-row spacing,

20 cm for the smallest inter-row spacing, and 10 cm in-row spacing. The planting
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conditions are muddy to facilitate the process of making planting points. Then, the seeds

were nurtured till the harvest.

Maintenance activities included replanting, weeding, fertilizing, irrigation, and con-
trolling plant-disturbing organisms. Stitching was completed 7-10 days after planting
(DAP). The field irrigation was regulated persistently in order to maintain the water level
in accordance with the planting system. In the 2:1 legowo cropping system, the water level
is maintained at 10 cm above the rice growth surface as the baseline. The first weeding
was done at 20 DAP, then the second weeding at 40 DAP, and the third and last weeding
at 70 DAP. Fertilizers ponska NPK, urea, and SP-36, were cautiously applied fifty percent
below their recommended dose at 167, 100, and 31 kg ha™. All Chemical fertilizers are
given as basic fertilizer to avoid fish growth disturbance caused by the accumulation of
chemical fertilizers in the rice fields. In order to meet the nutrient requirements, both straw
compost and Local biofertilizer (LB) fertilizer were also incorporated as a treatment in
addition to chemical fertilizers. Compost was spread during the pre-planting period,
whereas application of Local biofertilizer (LB) fertilizer was carried out once the plants
attained 2 Mst. The fertilizer dilution of 1:10 was applied intermittently every 12 days by
spraying on the leaves in the morning during stomatal opening. Meanwhile, pests and
plant diseases were administered by using insecticides and fungicides rationally to not
only avoid potential damage resulting in reduced yields but also to avert interference with
the growth and development of fish.

2.3. Preparation of Local Biofertilizer and Compost Fertilizer
LB was resourcefully made by collecting materials surrounding the research

location such as Maja fruit, clean water including rice washing, as well as, cow urine, and
coconut fiber. The LB coconut coir is prepared by adding and pressing the coconut coir
into a bucket already filled with water until fully submerged which is then closed and left
for two weeks. Water that is already blackish brown is used as MOL. On the other hand,
Maja fruit LB is prepared by blending Maja fruit (grinded) with coconut water and sugar
that is stored in a closed container connected to a pipette filled with water for 2 weeks,
eventually filtering it. Similarly, LB of rice water is made by storing it in a tightly closed
container/bottle with sugar for 2 weeks. These ingredients are then mixed with cow urine

in a ratio of 1:1 for each combination.

2.4. Fish Rearing
For this study, tilapia fish was chosen due to its high adaptability to the ecology of

paddy fields and superior economic value (Puri et al. 2020; Jyoti et al. 2020). The seeds
were selected for their uniform characteristics such as peaked survivability against the heat
and their dark hue that functions as camouflage against predators' attacks. Before being
spread, the baby fish are first weighed. The tilapia fish were spread in kemalir rice fields
measuring 5 cm deep, 12 days post rice planting.

Tilapia was cultured on the rice field map by spreading the feed pellet on kemalir.
The recommended amount of feed is 3% the biomass weight. A sample of 10 fish was
weighed and averaged to determine the amount of feed. The average weight obtained was
then multiplied by the total number of fish in the pond to calculate the biomass weight.
The average weight of fish was measured at 246 grams and with total 41 fish, the weight
of the biomass equaled to 246 x 41 = 10,086 g and accordingly the amount of feed per day
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was corresponded to 3% x 10,086 grams = 303 grams. This ration was fed twice per day.
Simultaneously, the water volume was regulated by administering the water level
persistently. If there is an increase in the volume of water caused by rain, excess water was
removed from the paddy fields in the event of rainfall and conversely, was added from the
irrigation channel, when the water volume dropped below the threshold. At the time of
treatment, the water in the kemalir was still at a normal level so as not to interfere with the
mobility of the fish. Other maintenance activities included monitoring and restricting

disease and predator occurrences.

2.5. Harvesting Fish and Rice

Predominantly, rice harvesting is carried out when the seeds attain the ripen stage
physiologically or when around 90%-95% of the panicles have turned yellow. Paddy fields
require drainage for drying the plots prior to harvest to not only accelerates the panicle
ripening but also to prevent the harvested stover from being exposed to water. Rice harvest
is done manually by using a sickle and threshing of rice grains using a threshing machine.

On other hand, fish harvesting is conducted 10 days before the rice fields are dried. It is

done by gradually lowering the water discharge and herding the fish into the holding pond.

At the discharge channel in the holding pond, a net is placed at the mouth of the outlet

channel to convene fish in the direction of the draining water.

2.6. Parameter Observation and Data Analysis

The observed data included plant height, total tiller, productive tiller, chlorophyll
content, stomata count, stomata length, panicle length, number of filled, unfilled as well
as total grains, weight of 1000 grain, rice yield, and fish yield. All the data were analyzed
by means of variance with an error of 5%., following which, the determination of the eval-
uation criteria was carried out by correlation and analysis of variance (Sakinah et al. 2022;
Anshori et al. 2022). The results of both analyzes were followed by a polynomial struc-
tured test for compost concentration and interactions. Meanwhile, the significant effect on
the type of LB material was tested by honest significant difference test analysis. The eval-
uation of fish yield was carried out using regression and 3D plot analysis (Farid et al.
2021).

3. Results and Discussion

The results of the variance show the diversified pattern of significance between
characters to the source of the diversity. The compost treatment significantly affected the
total tiller, productive tiller, chlorophyll content, number of stomata, stomata length,
number of filled grains, number of unfilled grains, number of total grains, rice yield, and
fish yield. LB significantly modulates the number of stomata, stomata length, panicle
length, number of filled grains, number of unfilled grains, number of total grains, and rice
yield. Meanwhile, the interaction of compost and LB has a significant effect on the number

of stomata, stomata length, number of unfilled grains, and rice yield.

Table 1. Analysis of variance compost and local biofertilizer treatment of rice growth characters

Characters

Compost (C) Local biofertilizer (B) CxB CV_C CV_B

Plant height

36.96 149.81 284.71 5.53 5.98
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Total tiller 141.66** 5.88 42.31 5.67 12.04
Productive tiller 80.11** 15.1 9.76 8.42 8.03
Chlorophyll content 0.0001** 0.00005 0.00016 7.39 6.88
Stomata count 31468.60** 31645.93** 182124.77** 6.37 6.00
Stomata length 0.0016** 0.0023** 0.0047** 13.19 11.79
Panicle Length 7.40 11.71%* 491 5.23 2.99
Number of filled grains 2147.75* 2884.83** 948.17 10.79 8.56
Number of unfilled grains 320.60** 532.79** 103.30** 9.59 9.11
Number of total grains 2788.95** 3950.41** 1154.77 10.19 8.83
Weight of 1000 Grain 4.35 14.02 12.54 10.75 4.38
Rice yield 0.32* 0.62** 0.70** 5.56 4.13
Fish Yield 0.2157** - - 4.39 -

Notes: CV = coefficient of variation, ** significant effect at 1% error level, ** significant effect at 5% error level

The results of the correlation analysis in Figure 2 show that rice yield has a significant
correlation with the number of filled grains (0.74), number of unfilled grains (-0.69),
number of total grains (0.66), total tiller (0.83), and productive tiller (0.89).). The productive
tiller character also showed a significant correlation to the number of filled grains (0.7), the
number of total grains (0.69), and the total tiller (0.89). Meanwhile, the number of filled
grains has a significant correlation with the number of unfilled grains (-0.89), the number
of total grains (0.94).

The path analysis results focused on characters that correlated with the rice yield
(Table 2). Based on this analysis, the number of total grains is the only character that has a
direct negative effect on the rice yield (-0.51). In contrast, the characters of the total tiller
(0.31), productive tiller (0.45), and number of filled grains (0.75) have a positive direct effect
on the rice yield, although among the three, the number of filled grain characters is the
only character with a significant direct effect on rice yield. Further tests of polynomial
contrast of compost and LSD 0.05 local biofertilizer assays for the number of filled grains
characters are shown in Figures 3A and 3B. Based on the compost treatment, the treatment
combination showed linear regression with a determination value of 0.7748 and a gradient
of 3.981. Treatment of 4 tons ha™! is the best compost treatment. Meanwhile, based on local
biofertilizer treatment, treatment m3 (119.84a) is the best type of local biofertilizer and m0

is the lowest local biofertilizer treatment (98.33c).
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Table 2. Path analysis of several growth characteristics on the rice yield
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Figure 2. Correlation analysis of rice growth characters (notes: PH= plant height, TT= total

tiller, PT= productive tiller, SC = stomata count, SL= stomata length, NFG = number of

filled grains, NUG= number of unfilled grains, NTG = number of total grains, Yield = rice

yield).

Indirect Effect

Character Direct Effect Correlation
TT PT NFG NTG
Total Tillers (TT) 0.31 0.4 0.4 -0.27 0.84
Productive Tillers (PT) 0.45 0.27 0.52 —0.35 0.89
Number of Filled Grains (NFG) 0.75** 0.16 0.31 —0.48 0.74
Number of Total Grains (NTG) —-0.51 0.16 0.31 0.7 0.66
Total Indirect effect 0.59 1.02 1.62 -1.1
Number of Filled Grains
12000 120.00
L]
11500 e
e 50,00
2 11000 .
I et 60.00
S 10500 ®
40.00
100.00 .
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10950 b
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Figure 3. A) Regression analysis of the effect of compost on the number of filled grains B)

Honest significant difference test of the effect of the type of local biofertilizer material on

the number of filled grains.

The results of the orthogonal-polynomial interaction contrast test on rice yield

characters are shown in Figure 4. The results of the analysis demonstrate that all local
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biofertilizer treatments have a linear graph with a determination value above 0.9. The m1
biofertilizer treatment had the highest determination value of 0.9887. Based on the gradient
value, m0 and m2 have gradient values above 0.3. Meanwhile, m? treatment is a local
biofertilizer treatment with the highest gradient value of 0.39.

The results of the analysis of the polynomial contrast test on the fish yield character
are shown in Figure 5. The analysis demonstrates that the compost treatment has a linear
graph with a very high determination value (0.9988). The growth gradient on the fish yield
graph is 0.00907. The results established that compost treatment with 4 ton ha! is the most

advantageous treatment for optimizing fish yield.

m3=0.2737x+3.7691 m2 =0.3903x+3.3169

M1=0.2454x+3.6703 R*=0.9925 R*=0.96
R?-0.9887 445 gg%
= AL Hg 3.96 ' ® mo
24 ECETIRERERE
T 3ls P mi
o
= e m0=0.31x+3.11 m2
=3
3 R®=0.9068 m3
£
é S Linear (m0)
Linear (m1)
i Linear (m2)
Linear (m3)
0
0 05 1 15 2 25 3 35 4 45
Compost Doses {ton/ha)
Figure 4. Polynomial-orthogonal interaction analysis of the rice yield character for the type
of local biofertilizer (m) for the dose of compost
Fish yield
0.80
0.69
0.70 0.60 . Y
T 060 050 @
£ 050 e
= v =0.0907x +0.3263
g OB e R?=0.9988
=030 ¥
=
]
= 020
0.10
0.00
0 0.5 1 1.5 2 25 3 3.5 4 4.5

Compost doses (ton/ha)

Figure 5. Regression analysis of the dose of compost on the increase in the yield of fish
The results of the 3D analysis plot analysis focused on the three main characters,
namely, number of filled grains, rice yield, and fish yield (Figure 6). The combination of

the three characters is focused on compost treatment. Based on this analysis, adding

312
313
314
315
316
317
318
319
320

321

322
323

324

1325

326

327

328
329
330
331
332
333

334

335

336
337
338



Agronomy 2022, 12, x FOR PEER REVIEW 10 of 69

compost (K1, K2, and K3) has a better combination index value than adding compost (K0).
The 4-ton ha! (K3) treatment is the treatment with the best index value and is found at the
top end of the 3D plot. Meanwhile, the R/C ratio analysis is shown in Table 3. Based on
this table, the best application of compost is at a compost dosage of 4 tons ha™'. In contrast,

the lowest R/C ratio was found in the control treatment (0 tons ha™).

Index
065
* 0.60
2
0.55
i 0.50
0.45
40 é_gca“ 0.40
LSS ﬂ?
Vigjy “t 0.35
o

Figure 6. Analysis of 3D plots of the effect of compost based on the interaction of the
number of filled grains, the fish yield, and the rice yield.

Table 3. Analysis of land income on compost treatment in Minapadi integration

Compost doses Cost (C) (Rp) Revenue (R) (Rp) Profit (Rp) R/C ratio

0 ton ha! 10,087,478 41,999,800 31,912,322 4.16

2 ton ha! 10,337,478 53,802,800 43,465,322 5.2

3 ton ha! 10,437,478 59,701,600 49,264,122 5.72

4 ton ha! 10,587,478 65,059,200 54,471,722 6.14
Discussion

The results of this study indicate that the effect of compost dosing is more
dominant than the biofertilizer character and its interactions. The effects of compost
include vegetative, physiological, and generative characteristics. This has been reported
by Septiawan et al. (2021), Maninggir et al. (2019), and Sipayung et al. (2018). In contrast,
the influence of the type of biofertilizer only plays a role in optimizing production
components and stomatal characters. This effect was also reported by Subowo et al. (2010),
Kalay et al. (2020), and Miranty (2020). The effect of interaction only modulates few
characters. This indicates that each type of biofertilizer relatively has the same response
changes to increasing compost doses so that interactions do not occur in some characters.
Based on this, differences in patterns of diversity between factors will affect the
interpretation of the evaluation in this study; hence the selection of the main parameters is
the key to evaluating the technology package for rice growth in the Minapadi concept.

The combination of correlation and path analysis shows that the number of filled
grains character is the only character that has a significant direct effect on the rice yield.

The character, number of filled grains, can be recommended as the main parameter
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supporting the rice yield. In general, the combination of the two analyzes is a multivariate
analysis which is mostly used to identify the main parameters supporting production. This
has also been reported by Sabouri et al. (2008), Khapte and Jansirani (2014), Kumar et al.
(2014), Mustafa et al. (2019), and Akbar et al. (2019). In general, the results of correlation
analysis are still influenced by distinct factors; hence the results of this analysis cannot be
the main basis for identifying relationships between parameters. The use of cross-tracking
is a more in-depth approach than correlation analysis. This analysis can divide the
correlation value into direct and indirect effects (Bocianowski et al. 2016). This direct
influence is the basis for how big a character's role is in influencing the total diversity of
the main characters (Bocianowski et al. 2016; Anshori et al. 2022; Sakinah et al. 2022).
However, the use of cross-prints on many characters is ineffective (Anshori et al. 2022), so
the characters included need to be selected first through correlation analysis. Therefore,
the combination of the two analyzes is considered effective for estimating the main
parameters supporting productivity. Based on the analysis concept, the characters of the
number of filled grains and the rice yield become reference parameters in the evaluation
of organic fertilizer packages in the cultivation of Minapadi.

The number of filled grains is one of the characteristics that play a major role in
determining crop production. This has also been reported by Rahmad et al. (2022),
Fadhillah et al. (2021), and Asfaruddin et al. (2022). Based on the results of this study, the
number of filled grains was significantly affected by the compost treatment and the type
of LB. However, the interaction between the two did not affect this character, so the
treatment evaluation was carried out individually for this character. Figure 2A displays
the effect of compost treatment on the number of filled grains. The results of the analysis
in the figure indicate that the compost treatment is relatively linear with a relatively high
gradient. A high gradient indicates that the rate of increase in compost is still not close to
the optimum level so that the study of compost dosage treatment still requires further
exploration. This was also stated by Baba et al. (2021) and Harahap et al. (2020).
Nevertheless, this figure already reflects the pivotal role of compost treatment on the
number of filled grains character, especially at the compost dosage level of 4 tons ha—".
Figure 2B shows the effect of the type of LB on the character of the number of filled grains,
especially when compared to no biofertilizer treatment (m0). The figure recommends the
treatment of cow urine and Maja fruit as the best LB. In general, cow urine has a higher
nutrient content and contains IAA which can be used as a growth stimulant for growth
regulators (Desiana et al., 2013; Pujiati et al., 2015). In addition, this effectiveness is
optimized with Maja fruit. Maja fruit gives better results in growth and production,
containing 2.82% nitrogen, 1.62% phosphorus, 1.22% potassium, and 40.62% carbon (Pane
and Marwazi, 2020; Dewi and Ainun, 2022). Based on this, the treatment of compost
dosage of 4 tons ha! and the local treatment of bovine urine in combination of Maja fruit
biofertilizer are recommended treatments in optimizing the character of the number of
filled grains.

The most commonly used main character employed in cropping evaluation is the
rice yield (Farid et al. 2022; Ulfa et al. 2022). This character is strongly influenced by the
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three existing sources of diversity, so the evaluation is based on the analysis of orthogonal-
polynomial interactions in Figure 3. The results of the analysis in the figure demonstrate
that the effect of compost is predominantly linear on the rate of increase in the rice yield.
In addition, the LBs sources has a positive impact on increasing rice yield. However, this
increase is very dependent on the difference in gradient between LBs toward increasing
the dose of compost. It indicates that LBs produced from various sources have distinct
types of microbes and preferences in optimizing the role of compost in the rice yield. This
was also stated by Sulistyaningsih and Harsono (2017). Based on the yield interaction
analysis, LB from the combination of cow urine with coconut fiber soaking water is highest
gradient value of the LB source. This was also reported by Hayat et al. (2021), Rahim et al.
(2016), and Bakri (2020). It indicates that the combination of m2 biofertilizer with higher
doses of compost will proliferate the rice yield with increased compost dosages. Therefore,
m2 LB source and 4-ton ha™' compost is recommended as the best treatment combination
for optimizing rice yield potential. Although, the combined position of the LB of cow urine
with Maja fruit showed higher (m3) than biofertilizer m2 at the number of filled grains and
rice yield.

The fish yield in this study only focused on the effect of compost. This is because
the LB is only applied to the plant canopy, so the effectiveness of the treatment does not
directly affect fish yield. Based on Figure 4, the addition of compost significantly increases
the fish yield potential in the rice-fish integration concept. This is seen in the very high
determination value close to 1. In addition, a report by Parvez et al. (2019) and Jyoti et al.
(2020) also stated that the addition of compost affected fish weight in the paddy-fish
integration concept. In general, high doses of compost not only play a role in the process
of increasing plant growth but also play a role in improving water quality (Kumar and
Godara 2016). These improvements will provide a good environment for the growth of
phytoplankton and other microbes. Phytoplankton are organisms similar to plants in
water (Cloern et al. 2014), so adding compost will also increase the nutrient content
required for the growth of phytoplankton in water (Hastuti et al. 2019). This indicates that
increasing compost in a rice field will provide comfort for phytoplankton to grow and
develop, so that fish can also thrive in rice fields. This environmental improvement is also
in line with good habitat for tilapia. According to He et al. (2020), tilapia with the Minapadi
integration system can improve the quality and production of fish meat. This is because
the ecology of the rice fields has good water quality and lots of microbes making it suitable
for maximal tilapia growth. Therefore, the addition of compost to the rice-fish integration
system is required to augment the fish yield potential in rice fields.

The results of the three main characters illustrate that the application of compost
affects the increase in the three characters linearly. However, since the interaction between
the three traits cannot be detected, a 3D plot analysis is still essential. Based on the results
of the 3D analysis, the compost treatment had a domino effect on the three characters. This
is indicated by the large difference in spatial position between the control and the compost
application. The position of the distant space indicates the degree of significance of a
treatment, so it can be concluded that compost must be applied to the rice-fish integrated
cropping system. This will have a large effect on increasing the potential income per
paddy field. This potential has also been reflected in the R/C ratio shown in Table 3, where
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References

the application of minimal compost provides a difference in R/C ratio of 1.04 in
comparison to no compost treatment. This R/C ratio is a comparison between total
revenue and total costs as an indicator in measuring business feasibility (Suratiyah, 2015).
Even though compost has a high dominance, it is also recommended to apply local
biofertilizer to optimize the potential for increasing the R/C ratio. This refers to the
potential interaction between compost and local biofertilizer on rice yield.

4. Conclusions

This research establishes that the application of compost plays a very important role
in increasing the potential of Minapadi integrated agriculture. In addition, the concept of
the multiple evaluation criteria through secondary character approach is effective for use
in the evaluation of cultivation technology. An effective secondary character for this re-
search is the number of filled grains. Based on the overall evaluation, the best dose of
compost in this study was 4 tons/ha. This dose can increase the potential income per land
with a difference in the R/C ratio of up to 2 points and is recommended to be increased
again. Meanwhile, the compost dosage of 4 tons ha™! and the local biofertilizer from cow
urine with coconut fiber soaking is recommended combination treatments in optimizing
rice yield potential. Moreover, the compost dosage in this Minapadi (rice-fish) study also
requires further exploration for better understanding.
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Abstract: Rice-fish cultivation, also known as Manipadi in Indonesia, is one of the many integrated
farming systems where fish are grown concurrently with rice. However, this integrated system
needs to be optimized by organic fertilizer. Application of organic fertilizer such as compost and
local bi-ofertilizer when implemented with integrated system can optimize the yield per land for
both rice and fish. However, this combination must be evaluated systematically by multiple evalu-
ation criteria and statistical analysis. Therefore, this study aimed to identify the combination of
compost doses and/or local liquid biofertilizer concentrations based on multiple evaluation criteria
in supporting the productivity of rice-fish integration agriculture. The experiment was carried out
in the Wanuae farmer group of Barebbo District, Bone Regency, Indonesia between September 2018
and January 2019. The experiment employed a split plot design with a randomized complete block
design (RCBD). The main plot consisted of compost (4 levels), and the subplot was the local bi-
ofertilizer source (4 levels). The results demonstrated that the number of fill grains was significantly
affected by the compost treatment and the type of the local biofiller. The effect of compost dosing
was more dominant in comparison to the local biofertilizer character and its interactions. The com-
post dosage of 4 tons ha' and the local biofertilizer sourced from soaked coconut fiber with
cowurine has been recommended as the combination treatments to optimize the rice and fish yield
potential. The Minapadi (rice fish) with additional high compost effectively increased the farmer's
outcome with a 2-point R/C ratio than without compost. Moreover, the compost dosage in this Min-
apadi study requires further exploration for better understanding.

Keywords: Agronomy; collaborator interaction; drought stress; image processing; mapping analy-
sis; plant breeding

1. Introduction

Rice is one the pivotal staple food crop and prime contributor in attaining food secu-
rity (Sekaran et al. 2021; Tirtalistyani et al. 2022). The consumption of rice per capita of
Indonesia for 2022 was 1.45 kg per week or 74.57 kg per capita per year (Annur 2022). This
number is relatively higher in comparison to several other countries that are optimizing
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food diversification. The high demand for rice must be aligned with national rice produc-
tivity. In general, national rice production reaches 55.67 tons (Indonesian Statistics 2022).
However, persistent growth population and overutilization of resources are posing vari-
ous challenges and impeding the yield. (Rumanti et al. 2018). Therefore, increasing
productivity per unit of land is key to maintaining food stability in Indonesia.

In order to improve the rice productivity, one of the various efforts that are practiced
is the consistent application of chemical fertilizers. Chemical fertilizers are known to pro-
vide optimal nutritional needs for rice cultivation (Kobua et al. 2021; Liu et al. 2021; Wan
et al. 2021; Wang et al. 2021). However, habitual tendencies of excessive application of
fertilizers including high planting intensity determinants a negative impact on soil stabil-
ity, especially physically and biologically (Kakar et al. 2021; Wan et al. 2021). Several stud-
ies have reported the detrimental consequences of chemical fertilizers, few of which in-
cludes deleterious effect on the soil structure and soil porosity, affecting the soil to be more
sticky when it rains and hard when it is dry (Xing et al. 2019; Igbal et al. 2021; Wan et al.
2021; Kim et al. 2022). In addition, several studies have also reported that the application
of excess chemical fertilizers and a decrease in soil organic matter due to intensive plant-
ing had an impact on reducing soil microorganisms (Igbal et al. 2021 Kakar et al. 2021;
Kim et al. 2022). This phenomenon will be more critical if there is no effective resolution.
One gateway that can be optimized is the application of the integrated farming concept.

Integrated farming is an approach of optimizing agricultural products that considers
sustainable concepts, from an ecological, social, and economic perspective (Peterson et al.
2020a; Fatimah et al. 2020; Freed et al. 2020; Paramesh et al. 2022). The concept focuses on
maximizing the use of local resources with concurrent efforts to reduce the input costs for
enhancing the land productivity and income (Kinkelaet al. 2017; Peterson et al. 2020b;
Freed et al. 2020; Sekaran et al. 2021; Colazo et al. 2022). The theory of integrated agricul-
ture can be practiced by harmonizing agriculture with other fields such as livestock (Pe-
terson et al. 2020a,b; Sekaran et al. 2021; Colazo et al. 2022), fisheries (Nurhayati et al. 2016;
Fatimah et al. 2020; Freed et al. 2020; Suryawati et al. 2021), and forestry (Hani et al. 2016;
Baliton et al. 2020). One way to strategize this is by the incorporation of rice and fish, also
known as Minapadi. Minapadi, a term coined in Indonesia for cross cultivation of rice and
fish (Prasetyo et al. 2018; Fatimah et al. 2020; Artawan et al. 2021). Several reports have
demonstrated the effectiveness of this combination in proliferating the economic income
value of a land (Nurhayati et al. 2016; Kinkelaet al. 2017; Prasetyo et al. 2018; Fatimah et
al. 2020). Manure from fish can be a good source of minerals for rice cultivation, while the
paddy fields can be a great food reservoir for the fish in return (Kinkelaet al. 2017; Freed
et al. 2020). However, the combination of the two is still considered to be ineffective in
improving soil status, hence addition of organic fertilizer is essential for a productive Min-
apadi system. Organic fertilizers such as compost and local biofertilizers are considered
effective in supporting plant productivity in a sustainable manner (Kadoglidou et al. 2019;
Yu et al. 2019; Litardo et al. 2021; Wang et al. 2021).

Compost is the residue result of soil biological activity that are beneficial for improv-
ing physical, chemical, and biological properties (Azim et al. 2018; Brock et al. 2021). These
improvements play a very important role in supporting crop growth and production
(Brock et al. 2021; Medy nska-Juraszek et al. 2022). Several studies have reported the ef-
fectiveness of compost use in supporting rice productivity (Razavipour et al. 2018; Ka-
doglidou et al. 2019; Litardo et al. 2021; Phares and Akaba 2021; Sultana et al. 2021; Sutardi
et al. 2022). In general, compost is known for its beneficial role in improving soil structure,
soil moisture, nutrient retention, and cation exchange capacity (Razavipour et al. 2018;
Phares and Akaba 2021; Sultana et al. 2021). In addition, compost also functions as an
organic material for microorganisms to be maximzed in helping plant growth and produc-
tivity (Razavipour et al. 2018; Kadoglidou et al. 2019; Phares and Akaba 2021; Jin et al.
2021). Therefore, the use of compost is highly recommended to support sustainable crop
productivity.
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Similarly, local liquid biofertilizer is another recommendation in terms of sustainable 816
agriculture prospects (Fasusi et al. 2021; Kumar et al. 2022). This fertilizer is more empha- 817
sized on the use of microorganisms that play a role in plant growth. These microorgan- 818
isms enhances the plant metabolic processes, nutrient absorption, and disease resistance 819
thereby contributing to plant development and productivity (Banayo et al. 2012; Fasusi et 820
al. 2021; Liu et al. 2021; Kumar et al. 2022). Apart from that, this fertilizer also contains 821
various nutrients, vitamins, and hormones that can stimulate an optimal environment for 822
plant growth (Banayo et al. 2012; Zaini et al. 2022). The favorable incorporation of biofer- 823
tilizers in rice cultivation has also been reported by Banayo et al. (2012), Hazra et al. (2022), 824
Patriyawaty et al. (2022), and Simarmata et al. (2022). Therefore, the use of biofertilizers 825
can be a complement to the Minapadi integrated farming concept. 826

Based on these potentials, optimizing the combination of compost and local liquid 827
biofertilizer can be an additional input in integrated rice-fish farming (Minapadi). This 828
combination needs to be equipped with optimal concentrations and/or doses of both, so 829
that the evaluation of plantings on the input of compost and local liquid biofertilizer can 830
be maximized. Optimization must be adjusted to the characteristics related to the main 831
objective of the evaluation, namely the rice yield (Farid et al. 2022; Ulfa et al. 2022). How- 832
ever, an assessment that only focuses on the rice yield can result in an overestimated in- 833
terpretation (Farid et al. 2021). This is based on the genetic constitution of the yield, which 834
is polygenic, so the evaluation needs to involve other distinct characters that support 835
productivity (Kassahun et al. 2013; Fellahi et al. 2018). In addition, the effectiveness of the 836
interaction between rice yield and fish yield is also an important consideration in the op- 837
timization. Therefore, a systematic statistical approach is key in evaluating the combina- 838
tion of compost and local liquid biofertilizer in supporting the productivity of rice-fish 839
integration agriculture. The purpose of this study was to identify the combination of com- 840
post doses and/or local liquid biofertilizer concentrations in accordance with multiple 841
evaluation criteria in supporting land productivity based on rice-fish integration agricul- 842
ture. 843

2. Materials and Methods 844

The experiment was carried out in the Wanuae farmer group in Barebbo District, 845
Bone Regency (4° 13'-506' South Latitude and 119° 42'-120° 30" East Longitude), Indo- 846
nesia during the month of September 2018 till January 2019. The study area receives an 847
average annual rainfall of 201.25 mm/year with 12 rainy days. The average air temper- 848
ature ranges between 24.50°C-27.60°C and humidity varies between 77%-86%. This re- 849
search was conducted by implementing the split plot design with randomized complete 850
block design (RCBD). The principal plot of this study was the compost dose (C) that com- 851
prised of four levels, namely control without compost (C0), 2 ton ha' (C1), 3 ton ha™ (C2), 852
and 4 ton ha™ (C3). Meanwhile, the subplots of this study were a combination of local 853
microorganisms with 4 types, namely, control (m0), combination of cow urine with water 854
of rice washing (m1), combination of cow urine moles with water-soaked coconut fiber 855
(m2), and combination of cow urine and Maja fruit moles (m3), each randomly applied to 856
the main plot. The collaboration of these factors resulted in 16 combinations which were 857

repeated 3 times, adding total 48 experimental units. 858
859
2.1. Land preparation 860

Land preparation was carried out by repairing the bunds with 40 cm height and 861
maintaining the width of the base and upper bund at minimum 50 cm and 25 cm respec- 862
tively. The ditches were built 1 m wide and above 50 cm deep in order to protect fish 863
from various threats. Ditches were prepared both in the middle and on the surrounding 864
edge of the rice field bunds along with a 70 cm deep storage tank to facilitate the fish 865
harvesting during water draining process with an objective to op-timize the ripening po- 866
tential of rice grain. The description of the Minapadi concept is exhibited in Figure 1. 867
Meanwhile, the nutrition land in this study was shown with Table 1. 868
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Figure 1. Construction of the Minapadi pond (cross section) Description: A) Water inlet
channel, B) Lower water outlet channel, C) Rice plot, D) Middle ditches , E) Main ditches
, F) Bunds.

Table 1. Soil status on study field

Parameter unit Value
Texture Dusty Clay
Clay % 38
dust % 50
Sand % 12
C-Organic % 2.35
Total Nitrogen % 0.11
C/N ppm 21
P Olsen ppm 6.6
K cmol (+) kgt 0.08
Ca cmol (+) kg™ 6.03
Mg cmol (+) kg™t 2.53
Na cmol (+) kg™ 0.08
catlon‘ exchange me/100g 20.65
capasity

2.2. Maintenance of Rice Plants

The qualitative analysis of rice seeds was conducted by immersing the seeds in 3%
salt solution or soaking them in ZA solution (225 g ZA/l water). The immersed seeds in-
dicate their suitability for planting and were accordingly preselected for this experiment.
Following which, the seeds were first soaked and then aged in sequence for 24 hours. The
process of seeding was carried out by sowing the germinated seeds in the seeding plots.
The nursery was fertilized with ponska NPK, Urea, and SP-36 each at 15 g/m2. After the
seedlings were 15 days old, the same were planted with 2 seeds per hole. The 2:1 row
legowo cropping system was implemented with 40 cm for the largest inter-row spacing,
20 cm for the smallest inter-row spacing, and 10 cm in-row spacing. The planting condi-
tions are muddy to facilitate the process of making planting points. Then, the seeds were
nurtured till the harvest.
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Maintenance activities included replanting, weeding, fertilizing, irrigation, and con-
trolling plant-disturbing organisms. Stitching was completed 7-10 days after planting
(DAP). The field irrigation was regulated persistently in order to maintain the water level
in accordance with the planting system. In the 2:1 legowo cropping system, the water level
is maintained at 10 cm above the rice growth surface as the baseline. The first weeding
was done at 20 DAP, then the second weeding at 40 DAP, and the third and last weeding
at 70 DAP. Fertilizers ponska NPK, urea, and SP-36, were cautiously applied fifty percent
below their recommended dose at 167, 100, and 31 kg ha-1. All Chemical fertilizers are
given as basic fertilizer to avoid fish growth disturbance caused by the accumulation of
chemical fertilizers in the rice fields. In order to meet the nu-trient requirements, both
straw compost and Local biofertilizer (LB) fertilizer were also incorporated as a treatment
in addition to chemical fertilizers. Compost was spread during the pre-planting period,
whereas application of Local biofertilizer (LB) fertilizer was carried out once the plants
attained 2 Mst. The fertilizer dilution of 1:10 was applied intermittently every 12 days by
spraying on the leaves in the morning during stomatal opening. Meanwhile, pests and
plant diseases were administered by using insecticides and fungicides rationally to not
only avoid potential damage resulting in reduced yields but also to avert interference with
the growth and development of fish.

2.3. Preparation of Local Biofertilizer and Compost Fertilizer

LB was resourcefully made by collecting materials surrounding the research location
such as, cow urine + water of rice washing, cow urine + coconut fiber. and cow urine +
Maja fruit. The LB coconut coir is prepared by adding and pressing the coconut coir into
a bucket already filled with water until fully submerged which is then closed and left for
two weeks. Water that is already blackish brown is used as LB. On the other hand, Maja
fruit LB is prepared by blending Maja fruit (grinded) with coconut water and sugar that
is stored in a closed container connected to a pipette filled with water for 2 weeks, even-
tually filtering it. Similarly, LB of rice water is made by storing it in a tightly closed con-
tainer/bottle with sugar for 2 weeks. These ingredients are then mixed with cow urine in
a ratio of 1:1 for each combination. The nutrition component of each LB was shown in
Table 2. Meanwhile, compost fertilizer was taken on farm shop with nutrient component
list on Table 3.

Table 2. Analysis of nutrient content of local liquid biofertilizer

Kjeldahl Ekstrak HCI1

Local biofertilizer

N(%)  P205 (%) K20 (%)

. . . 0.36 0.39 0.45
cow urine + water of rice washing
cow urine + coconut fiber 0.34 0.42 0.66
cow urine + Maja fruit 0.4 0.44 0.59

Table 3. Analysis of nutrient content of compost fertilizer

pH Walkley & Black  Kjeldahl HNOB3:HCLO4
(H20) C (%) N (%) P (%) K (%
6.86 15.25 0.55 28 015 0.32

2.4. Fish Rearing

For this study, tilapia fish was chosen due to its high adaptability to the ecology of
paddy fields and superior economic value (Puri et al. 2020; Jyoti et al. 2020). The seeds
were selected for their uniform characteristics such as peaked survivability against the
heat and their dark hue that functions as camouflage against predators' attacks. Before
being spread, the baby fish are first weighed. The tilapia fish were spread in kemalir rice
fields measuring 5 cm deep, 12 days post rice planting.
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Tilapia was cultured on the rice field map by spreading the feed pellet on kemalir.
The recommended amount of feed is 3% the biomass weight. A sample of 10 fish was
weighed and averaged to determine the amount of feed. The average weight obtained was
then multiplied by the total number of fish in the pond to calculate the biomass weight.
The average weight of fish was measured at 246 grams and with total 41 fish, the weight
of the biomass equaled to 246 ¢ 41 = 10,086 g and accordingly the amount of feed per day
was corresponded to 3% e 10,086 grams = 303 grams. This ration was fed twice per day.
Simultaneously, the water volume was regulated by administering the water level persis-
tently. If there is an increase in the volume of water caused by rain, excess water was
removed from the paddy fields in the event of rainfall and conversely, was added from
the irrigation channel, when the water volume dropped below the threshold. At the time
of treatment, the water in the kemalir was still at a normal level so as not to interfere with
the mobility of the fish. Other maintenance activities included monitoring and restricting
disease and predator occurrences. Meanwhile, water status parameters in our study were
shown in Table 4.

Table 4. Analysis of water quality in the study location of Bone Regency South Sulawesi.

Parameters Unit C1 C2 C3 C4
Before treatment
Ammonia ppm 0.006  0.009 0.007 0.001
Dissolved Oksigen (DO) ppm  10.6 10 8.2 8.6
Carbon Dioxide (CO2) ppm 8 10 9 9
After treatment
Ammonia ppm 0.018 0.019 0.021 0.051
Dissolved Oksigen (DO) ppm 8.2 6 10.5 7.4
Carbon Dioxide (CO2) ppm 9 10 10 9

2.5. Harvesting Fish and Rice

Predominantly, rice harvesting is carried out when the seeds attain the ripen stage
physiologically or when around 90%-95% of the panicles have turned yellow. Paddy
fields require drainage for drying the plots prior to harvest to not only accelerates the
panicle ripening but also to prevent the harvested stover from being exposed to water.
Rice harvest is done manually by using a sickle and threshing of rice grains using a thresh-
ing machine. On other hand, fish harvesting is conducted 10 days before the rice fields are
dried. It is done by gradually lowering the water discharge and herding the fish into the
holding pond. At the discharge channel in the holding pond, a net is placed at the mouth
of the outlet channel to convene fish in the direction of the draining water.

2.6. Parameter Observation and Data Analysis

The observed data included plant height (cm), total tiller, productive tiller, chloro-
phyll content, stomata count, stomata length (mm), panicle length (cm), number of filled
grains (grains) , Number of unfilled grains (grains), Number of total grains (grains), , weight of
1000 grain (g), rice yield (ton ha), and fish yield. All the data were analyzed by means of
variance with an error of 5%., following which, the determination of the evaluation criteria
was carried out by correlation and analysis of variance (Sakinah et al. 2022; Anshori et al.
2022). The results of both analyzes were followed by a polynomial structured test for com-
post concentration and interactions. Meanwhile, the significant effect on the type of LB
material was tested by honest significant difference test analysis. The evaluation of fish
yield was carried out using regression and 3D plot analysis (Farid et al. 2021).
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3. Results

The results of the variance show the diversified pattern of significance between char-
acters to the source of the diversity. The compost treatment significantly affected the total
tiller, productive tiller, chlorophyll content, number of stomata, stomata length, number
of filled grains, number of unfilled grains, number of total grains, rice yield, and fish yield.
LB significantly modulates the number of stomata, stomata length, panicle length, number
of filled grains, number of unfilled grains, number of total grains, and rice yield. Mean-
while, the interaction of compost and LB has a significant effect on the number of stomata,
stomata length, number of unfilled grains, and rice yield (Table 5).

The results of the correlation analysis in Figure 2 show that rice yield has a significant
correlation with the number of filled grains (0.74), number of unfilled grains (-0.69), num-
ber of total grains (0.66), total tiller (0.83), and productive tiller (0.89).). The productive
tiller character also showed a significant correlation to the number of filled grains (0.7),
the number of total grains (0.69), and the total tiller (0.89). Meanwhile, the number of filled
grains has a significant correlation with the number of unfilled grains (-0.89), the number
of total grains (0.94).

Table 5. Analysis of variance compost and local biofertilizer treatment of rice growth characters

Characters Compost (C) Local biofertilizer (B) CxB Cv_C CV_B

Plant height 36.96 149.81 284.71 5.53 5.98
Total tiller 141.66** 5.88 42.31 5.67 12.04
Productive tiller 80.11** 15.1 9.76 8.42 8.03
Chlorophyll content 0.0001** 0.00005 0.00016 7.39 6.88
Stomata count 31468.60** 31645.93** 182124.77** 6.37 6.00
Stomata length 0.0016** 0.0023** 0.0047** 13.19 11.79
Panicle Length 7.40 11.71%* 491 5.23 2.99
Number of filled grains 2147.75* 2884.83** 948.17 10.79 8.56
Number of unfilled grains 320.60** 532.79** 103.30** 9.59 9.11
Number of total grains 2788.95** 3950.41** 1154.77 10.19 8.83
Weight of 1000 Grain 4.35 14.02 12.54 10.75 4.38
Rice yield 0.32* 0.62** 0.70** 5.56 4.13
Fish Yield 0.2157** - - 4.39 -

Notes: CV = coefficient of variation, ** significant effect at 1% error level, ** significant effect at 5% error level

The path analysis results focused on characters that correlated with the rice yield
(Table 6). Based on this analysis, the number of total grains is the only character that has
a direct negative effect on the rice yield (-0.51). In contrast, the characters of the total tiller
(0.31), productive tiller (0.45), and number of filled grains (0.75) have a positive direct
effect on the rice yield, although among the three, the number of filled grain characters is
the only character with a significant direct effect on rice yield. Further tests of polynomial
contrast of compost and LSD 0.05 local biofertilizer assays for the number of filled grains
characters are shown in Figures 3A and 3B. Based on the compost treatment, the treatment
combination showed linear regression with a determination value of 0.7748 and a gradient
of 3.981. Treatment of 4 tons ha™' is the best compost treatment. Meanwhile, based on local
biofertilizer treatment, treatment m3 (119.84a) is the best type of local biofertilizer and m0
is the lowest local biofertilizer treatment (98.33c).

The results of the orthogonal-polynomial interaction contrast test on rice yield char-
acters are shown in Figure 4. The results of the analysis demonstrate that all local biofer-
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tilizer treatments have a linear graph with a determination value above 0.9. The m1 bio-
fertilizer treatment had the highest determination value of 0.9887. Based on the gradient
value, m0 and m2 have gradient values above 0.3. Meanwhile, m2 treatment is a local
biofertilizer treatment with the highest gradient value of 0.39.

= [ —
o & w
1
0.04 ~0.51
0.8
-0.03 0.27 06
0.14 0.41 0.4
0.2
0.23 0.28
4]
0.12 0.49
-0.2
0.27 0.21 04
0.36 0.45 -0.6
-0.8
s5C 0.22

Figure 2. Correlation analysis of rice growth characters (notes: PH= plant height, TT= total
tiller, PT= productive tiller, SC = stomata count, SL= stomata length, NFG = number of
filled grains, NUG= number of unfilled grains, NTG = number of total grains, Yield = rice
yield).

Table 6. Path analysis of several growth characteristics on the rice yield

Indirect Effect
Character Direct Effect Correlation
TT PT NFG NTG
Total Tillers (TT) 0.31 0.4 0.4 -0.27 0.84
Productive Tillers (PT) 0.45 0.27 0.52 -0.35 0.89
Number of Filled Grains (NFG) 0.75** 0.16 0.31 -0.48 0.74
Number of Total Grains (NTG) -0.51 0.16 0.31 0.7 0.66
Total Indirect effect 0.59 1.02 1.62 -1.1

The results of the orthogonal-polynomial interaction contrast test on rice yield char-
acters are shown in Figure 4. The results of the analysis demonstrate that all local biofer-
tilizer treatments have a linear graph with a determination value above 0.9. The m1 bio-
fertilizer treatment had the highest determination value of 0.9887. Based on the gradient
value, m0 and m2 have gradient values above 0.3. Meanwhile, m2 treatment is a local
biofertilizer treatment with the highest gradient value of 0.39.

The results of the analysis of the polynomial contrast test on the fish yield character
are shown in Figure 5. The analysis demonstrates that the compost treatment has a linear
graph with a very high determination value (0.9988). The growth gradient on the fish yield
graph is 0.00907. The results established that compost treatment with 4 ton ha is the most
advantageous treatment for optimizing fish yield.
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Figure 3. A) Regression analysis of the effect of compost on the number of filled grains B)
Honest significant difference test of the effect of the type of local biofertilizer material on
the number of filled grains.
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Figure 5. Regression analysis of the dose of compost on the increase in the yield of fish
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The results of the 3D analysis plot analysis focused on the three main characters,
namely, number of filled grains, rice yield, and fish yield (Figure 6). The combination of
the three characters is focused on compost treatment. Based on this analysis, adding com-
post (K1, K2, and K3) has a better combination index value than adding compost (K0). The
4-ton ha™! (K3) treatment is the treatment with the best index value and is found at the top
end of the 3D plot. Meanwhile, the R/C ratio analysis is shown in Table 7. Based on this
table, the best application of compost is at a compost dosage of 4 tons ha'. In contrast, the
lowest R/C ratio was found in the control treatment (0 tons ha).

Index
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Figure 6. Analysis of 3D plots of the effect of compost based on the interaction of the
number of filled grains, the fish yield, and the rice yield.

Table 7. Analysis of land income on compost treatment in Minapadi integration

Compost doses Cost (C) (Rp) Revenue (R) (Rp) Profit (Rp) R/C ratio
0 ton ha! 10,087,478 41,999,800 31,912,322 4.16
2 ton ha™! 10,337,478 53,802,800 43,465,322 5.2
3 ton ha! 10,437,478 59,701,600 49,264,122 5.72
4 ton ha! 10,587,478 65,059,200 54,471,722 6.14

4. Discussion

The results of this study indicate that the effect of compost dosing is more dominant
than the biofertilizer character and its interactions. The effects of compost include vegeta-
tive, physiological, and generative characteristics. This has been reported by Septiawan et
al. (2021), Maninggir et al. (2019), and Sipayung et al. (2018). In contrast, the influence of
the type of biofertilizer only plays a role in optimizing production components and sto-
matal characters. This effect was also reported by Subowo et al. (2010), Kalay et al. (2020),
and Miranty (2020). The effect of interaction only modulates few characters. This indicates
that each type of biofertilizer relatively has the same response changes to increasing com-
post doses so that interactions do not occur in some characters. Based on this, differences
in patterns of diversity between factors will affect the interpretation of the evaluation in
this study; hence the selection of the main parameters is the key to evaluating the technol-
ogy package for rice growth in the Minapadi concept.

The combination of correlation and path analysis shows that the number of filled
grains character is the only character that has a significant direct effect on the rice yield.
The character, number of filled grains, can be recommended as the main parameter sup-
porting the rice yield. In general, the combination of the two analyzes is a multivariate
analysis which is mostly used to identify the main parameters supporting production.
This has also been reported by Sabouri et al. (2008), Khapte and Jansirani (2014), Kumar
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et al. (2014), Mustafa et al. (2019), and Akbar et al. (2019). In general, the results of corre- 1127
lation analysis are still influenced by distinct factors; hence the results of this analysis can- 1128
not be the main basis for identifying relationships between parameters. The use of cross- 1129
tracking is a more in-depth approach than correlation analysis. This analysis can divide 1130
the correlation value into direct and indirect effects (Bocianowski et al. 2016). This direct 1131
influence is the basis for how big a character's role is in influencing the total diversity of 1132
the main characters (Bocianowski et al. 2016; Anshori et al. 2022; Sakinah et al. 2022). How- 1133
ever, the use of cross-prints on many characters is ineffective (Anshori et al. 2022), so the 1134
characters included need to be selected first through correlation analysis. Therefore, the 1135
combination of the two analyzes is considered effective for estimating the main parame- 1136
ters supporting productivity. Based on the analysis concept, the characters of the number 1137
of filled grains and the rice yield become reference parameters in the evaluation of organic 1138
fertilizer packages in the cultivation of Minapadi. 1139

The number of filled grains is one of the characteristics that play a major role in de- 1140
termining crop production. This has also been reported by Rahmad et al. (2022), Fadhillah 1141
et al. (2021), and Asfaruddin et al. (2022). Based on the results of this study, the number 1142
of filled grains was significantly affected by the compost treatment and the type of LB. 1143
However, the interaction between the two did not affect this character, so the treatment 1144
evaluation was carried out individually for this character. Figure 2A displays the effect of 1145
compost treatment on the number of filled grains. The results of the analysis in the figure 1146
indicate that the compost treatment is relatively linear with a relatively high gradient. A 1147
high gradient indicates that the rate of increase in compost is still not close to the optimum 1148
level so that the study of compost dosage treatment still requires further exploration. This 1149
was also stated by Baba et al. (2021) and Harahap et al. (2020). Nevertheless, this figure 1150
already reflects the pivotal role of compost treatment on the number of filled grains char- 1151
acter, especially at the compost dosage level of 4 tons ha™'. Figure 2B shows the effect of 1152
the type of LB on the character of the number of filled grains, especially when compared 1153
to no biofertilizer treatment (m0). The figure recommends the treatment of cow urine and 1154
Maja fruit as the best LB. In general, cow urine has a higher nutrient content and contains 1155
IAA which can be used as a growth stimulant for growth regulators (Desiana et al., 2013; 1156
Pujiati et al., 2015). In addition, this effectiveness is optimized with Maja fruit. Maja fruit 1157
gives better results in growth and production, containing 2.82% nitrogen, 1.62% phospho- 1158
rus, 1.22% potassium, and 40.62% carbon (Pane and Marwazi, 2020; Dewi and Ainun, 1159
2022). Based on this, the treatment of compost dosage of 4 tons ha™ and the local treatment 1160
of bovine urine in combination of Maja fruit biofertilizer are recommended treatments in 1161
optimizing the character of the number of filled grains. 1162

The most commonly used main character employed in cropping evaluation is the 1163
rice yield (Farid et al. 2022; Ulfa et al. 2022). This character is strongly influenced by the 1164
three existing sources of diversity, so the evaluation is based on the analysis of orthogonal- 1165
polynomial interactions in Figure 3. The results of the analysis in the figure demonstrate 1166
that the effect of compost is predominantly linear on the rate of increase in the rice yield. 1167
In addition, the LBs sources has a positive impact on increasing rice yield. However, this 1168
increase is very dependent on the difference in gradient between LBs toward increasing 1169
the dose of compost. It indicates that LBs produced from various sources have distinct 1170
types of microbes and preferences in optimizing the role of compost in the rice yield. This 1171
was also stated by Sulistyaningsih and Harsono (2017). Based on the yield interaction 1172
analysis, LB from the combination of cow urine with coconut fiber soaking water is high- 1173
est gradient value of the LB source. This was also reported by Hayat et al. (2021), Rahim 1174
et al. (2016), and Bakri (2020). It indicates that the combination of m2 biofertilizer with 1175
higher doses of compost will proliferate the rice yield with increased compost dosages. 1176
Therefore, m2 LB source and 4-ton ha™' compost is recommended as the best treatment 1177
combination for optimizing rice yield potential. Although, the combined position of the 1178
LB of cow urine with Maja fruit showed higher (m3) than biofertilizer m2 at the number 1179
of filled grains and rice yield. 1180
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The fish yield in this study only focused on the effect of compost. This is because the 1181
LB is only applied to the plant canopy, so the effectiveness of the treatment does not di- 1182
rectly affect fish yield. Based on Figure 4, the addition of compost significantly increases 1183
the fish yield potential in the rice-fish integration concept. This is seen in the very high 1184
determination value close to 1. In addition, a report by Parvez et al. (2019) and Jyoti etal. 1185
(2020) also stated that the addition of compost affected fish weight in the paddy-fish inte- 1186
gration concept. In general, high doses of compost not only play a role in the process of 1187
increasing plant growth but also play a role in improving water quality (Kumar and Go- 1188
dara 2016). These improvements will provide a good environment for the growth of phy- 1189
toplankton and other microbes. Phytoplankton are organisms similar to plants in water 1190
(Cloern et al. 2014), so adding compost will also increase the nutrient content required for 1191
the growth of phytoplankton in water (Hastuti et al. 2019). This indicates that increasing 1192
compost in a rice field will provide comfort for phytoplankton to grow and develop, so 1193
that fish can also thrive in rice fields. This environmental improvement is also in line with 1194
good habitat for tilapia. According to He et al. (2020), tilapia with the Minapadi integra- 1195
tion system can improve the quality and production of fish meat. This is because the ecol- 119
ogy of the rice fields has good water quality and lots of microbes making it suitable for 1197
maximal tilapia growth. Therefore, the addition of compost to the rice-fish integration 1198
system is required to augment the fish yield potential in rice fields. 1199

The results of the three main characters illustrate that the application of compost af- 1200
fects the increase in the three characters linearly. However, since the interaction between 1201
the three traits cannot be detected, a 3D plot analysis is still essential. Based on the results 1202
of the 3D analysis, the compost treatment had a domino effect on the three characters. This 1203
isindicated by the large difference in spatial position between the control and the compost 1204
application. The position of the distant space indicates the degree of significance of a treat- 1205
ment, so it can be concluded that compost must be applied to the rice-fish integrated crop- 1206
ping system. This will have a large effect on increasing the potential income per paddy 1207
field. This potential has also been reflected in the R/C ratio shown in Table 3, where the 1208
application of minimal compost provides a difference in R/C ratio of 1.04 in comparison 1209
to no compost treatment. This R/C ratio is a comparison between total revenue and total 1210
costs as an indicator in measuring business feasibility (Suratiyah, 2015). Even though com- 1211
post has a high dominance, it is also recommended to apply local biofertilizer to optimize 1212
the potential for increasing the R/C ratio. This refers to the potential interaction between 1213
compost and local biofertilizer on rice yield. 1214

4. Conclusions 1215

This research establishes that the application of compost plays a very important role 1216

in increasing the potential of Minapadi integrated agriculture. In addition, the concept of 1217
the multiple evaluation criteria through secondary character approach is ef-fective for use 1218
in the evaluation of cultivation technology. An effective secondary character for this re- 1219
search is the number of filled grains. Based on the overall evaluation, the best dose of 1220
compost in this study was 4 tons/ha. This dose can increase the potential income per land 1221
with a difference in the R/C ratio of up to 2 points and is recommended to be increased 1222
again. Meanwhile, the compost dosage of 4 tons ha—1 and the local bio-fertilizer from cow 1223
urine with coconut fiber soaking is recommended combination treatments in optimizing 1224
rice yield potential. Moreover, the compost dosage in this Minapadi (rice-fish) study also 1225
requires further exploration for better understanding. 1226
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Abstract: Rice-fish cultivation, also known as Manipadi in Indonesia, is one of the many integrated
farming systems where fish are grown concurrently with rice. However, this integrated system
needs to be optimized by organic fertilizer. Application of organic fertilizer such as compost and
local bi-ofertilizer when implemented with integrated system can optimize the yield per land for
both rice and fish. However, this combination must be evaluated systematically by multiple evalu-
ation criteria and statistical analysis. Therefore, this study aimed to identify the combination of
compost doses and/or local liquid organic fertilizer concentrations based on multiple evaluation
criteria in supporting the productivity of rice-fish integration agriculture. The experiment was car-
ried out in the Wanuae farmer group of Barebbo District, Bone Regency, Indonesia between Sep-
tember 2018 and January 2019. The experiment employed a split plot design with a randomized
complete block design (RCBD). The main plot consisted of compost (4 levels), and the subplot was
the local bi-ofertilizer source (4 levels). The results demonstrated that the number of fill grains was
significantly affected by the compost treatment and the type of the local biofiller. The effect of com-
post dosing was more dominant in comparison to the local liquid organic fertilizer character and its
interactions. The compost dosage of 4 tons ha™ and the local liquid organic fertilizer sourced from
soaked coconut fiber with cowurine has been recommended as the combination treatments to opti-
mize the rice and fish yield potential. The Minapadi (rice fish) with additional high compost effec-
tively increased the farmer's outcome with a 2-point R/C ratio than without compost. Moreover, the
compost dosage in this Minapadi study requires further exploration for better understanding.

Keywords: Agronomy; collaborator interaction; drought stress; image processing; mapping analy-
sis; plant breeding

1. Introduction

Rice is one the pivotal staple food crop and prime contributor in attaining food secu-
rity [1.2]. The consumption of rice per capita of Indonesia for 2022 was 1.45 kg per week
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or 74.57 kg per capita per year [3]. This number is relatively higher in comparison to sev- 1439
eral other countries that are optimizing food diversification. The high demand for rice 1440
must be aligned with national rice productivity. In general, national rice production 1441
reaches 55.67 tons [4]. However, persistent growth population and overutilization of re- 1442
sources are posing various challenges and impeding the yield [5,6]. Therefore, increasing 1443
productivity per unit of land is key to maintaining food stability in Indonesia. 1444

In order to improve the rice productivity, one of the various efforts that are practiced 1445
is the consistent application of chemical fertilizers. Chemical fertilizers are known to pro- 1446
vide optimal nutritional needs for rice cultivation [7-10]. However, habitual tendencies of 1447
excessive application of fertilizers including high planting intensity determinants a nega- 1448
tive impact on soil stability, especially physically and biologically [9,11]. Several studies 1449
have reported the detrimental consequences of chemical fertilizers, few of which includes 1450
deleterious effect on the soil structure and soil porosity, affecting the soil to be more sticky 1451
when it rains and hard when it is dry [11-14]. In addition, several studies have also re- 1452
ported that the application of excess chemical fertilizers and a decrease in soil organic 1453
matter due to intensive planting had an impact on reducing soil microorganisms [9,13,14]. 1454
This phenomenon will be more critical if there is no effective resolution. One gateway that 1455
can be optimized is the application of the integrated farming concept. 1456

Integrated farming is an approach of optimizing agricultural products that considers 1457
sustainable concepts, from an ecological, social, and economic perspective [15-18] The 1458
concept focuses on maximizing the use of local resources with concurrent efforts to reduce 1459
the input costs for enhancing the land productivity and income [1,17,19,20,21]. The theory 1460
of integrated agriculture can be practiced by harmonizing agriculture with other fields 1461
such as livestock [1,15,20,21], fisheries [16,17,22,23], and forestry [24,25]. One way to 1462
strategize this is by the incorporation of rice and fish, also known as Minapadi. Minapadi, 1463
a term coined in Indonesia for cross cultivation of rice and fish [16,26,27]. Several reports 1464
have demonstrated the effectiveness of this combination in proliferating the economic in- 1465
come value of a land [16,19,22,26]. Manure from fish can be a good source of minerals for 1466
rice cultivation, while the paddy fields can be a great food reservoir for the fish in return 1467
[17,19]. However, the combination of the two is still considered to be ineffective in im- 1468
proving soil status, hence addition of organic fertilizer is essential for a productive Mina- 1469
padi system. Organic fertilizers such as compost and local liquid organic fertilizers (LLOF) 1470
are considered effective in supporting plant productivity in a sustainable manner [10,28- 1471
30]. 1472

Compost is the residue result of soil biological activity that are beneficial for improv- 1473
ing physical, chemical, and biological properties [31,32]. These improvements play a very = 1474
important role in supporting crop growth and production [32,33]. Several studies have 1475
reported the effectiveness of compost use in supporting rice productivity [27,29,34-37]. In 1476
general, compost is known for its beneficial role in improving soil structure, soil moisture, 1477
nutrient retention, and cation exchange capacity [34-36]. In addition, compost also func- 1478
tions as an organic material for microorganisms to be maximzed in helping plant growth 1479
and productivity [27,34,35,38]. Therefore, the use of compost is highly recommended to 1480
support sustainable crop productivity. 1481

Similarly, LLOF is another recommendation in terms of sustainable agriculture pro- 1482
spects [39,40]. This fertilizer is more emphasized on the use of microorganisms that play 1483
arole in plant growth. These microorganisms enhances the plant metabolic processes, nu- 1484
trient absorption, and disease resistance thereby contributing to plant development and 1485
productivity [8,39—41. Apart from that, this fertilizer also contains various nutrients, vita- 1486
mins, and hormones that can stimulate an optimal environment for plant growth [41,42]. 1487
The favorable incorporation of biofertilizers in rice cultivation has also been reported by 1488
Banayo et al. [41], Hazra et al. [43], Patriyawaty et al. [44], and Simarmata et al. [45]. There- 1489
fore, the use of biofertilizers can be a complement to the Minapadi integrated farming 1490
concept. 1491
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Based on these potentials, optimizing the combination of compost and LLOF can be =~ 1492
an additional input in integrated rice-fish farming (Minapadi). This combination needs to 1493
be equipped with optimal concentrations and/or doses of both, so that the evaluation of 1494
plantings on the input of compost and LLOFcan be maximized. Optimization must be 1495
adjusted to the characteristics related to the main objective of the evaluation, namely the 1496
rice yield [46.47]. However, an assessment that only focuses on the rice yield can resultin 1497
an overestimated interpretation [48]. This is based on the genetic constitution of the yield, 1498
which is polygenic, so the evaluation needs to involve other distinct characters that sup- 1499
port productivity [49,50]. In addition, the effectiveness of the interaction between rice 1500
yield and fish yield is also an important consideration in the optimization. Therefore, a 1501
systematic statistical approach is key in evaluating the combination of compost and LLOF 1502
in supporting the productivity of rice-fish integration agriculture. The purpose of this 1503
study was to identify the combination of compost doses and/or local liquid organic ferti- 1504
lizer concentrations in accordance with multiple evaluation criteria in supporting land 1505
productivity based on rice-fish integration agriculture. 1506

2. Materials and Methods 1507

The experiment was carried out in the Wanuae farmer group in Barebbo District, 1508
Bone Regency (4° 13'-506' South Latitude and 119° 42'-120° 30" East Longitude), Indo- 1509
nesia during the month of September 2018 till January 2019. The study area receives an 1510
average annual rainfall of 201.25 mm/year with 12 rainy days. The average air temper- 1511
ature ranges between 24.50°C-27.60°C and humidity varies between 77%-86%. This re- 1512
search was conducted by implementing the split plot design with randomized complete 1513
block design (RCBD). The principal plot of this study was the compost dose (C) that com- 1514
prised of four levels, namely control without compost (C0), 2 ton ha (C1), 3 ton ha (C2), 1515
and 4 ton ha™' (C3). Meanwhile, the subplots of this study were a combination of local 1516
microorganisms with 4 types, namely, control (L0), combination of cow urine with water 1517
of rice washing (L1), combination of cow urine moles with water-soaked coconut fiber 1518
(L2), and combination of cow urine and calabash fruit moles (L3), each randomly applied 1519
to the main plot. The collaboration of these factors resulted in 16 combinations which were 1520

repeated 3 times, adding total 48 experimental units. 1521
1522
2.1. Land preparation 1523

Land preparation was carried out by repairing the bunds with 40 cm height and 1524
maintaining the width of the base and upper bund at minimum 50 cm and 25 cm respec- 1525
tively. The ditches were built 1 m wide and above 50 cm deep in order to protect fish 1526
from various threats. Ditches were prepared both in the middle and on the surrounding 1527
edge of the rice field bunds along with a 70 cm deep storage tank to facilitate the fish 1528
harvesting during water draining process with an objective to op-timize the ripening po- 1529
tential of rice grain. The description of the Minapadi concept is exhibited in Figure 1. 1530
Meanwhile, the nutrition land in this study was shown with Table 1. 1531
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Figure 1. Construction of the Minapadi pond (cross section) Description: A) Water inlet
channel, B) Lower water outlet channel, C) Rice plot, D) Middle ditches, E) Main ditches,
F) Bunds.

Table 1. Soil status on study field

Parameter unit Value
texture Dusty Clay
clay % 38
dust % 50
sand % 12
C-Organic % 2.35
total nitrogen % 0.11
C/N ppm 21
P Olsen ppm 6.6
K cmol (+) kg™ 0.08
Ca cmol (+) kg™t 6.03
Mg cmol (+) kg™ 2.53
Na cmol (+) kg™t 0.08
catlon. exchange me/100g 2065
capasity

2.2. Maintenance of Rice Plants

The qualitative analysis of rice seeds was conducted by immersing the seeds in 3%
salt solution or soaking them in ZA solution (225 g ZA/l water). The immersed seeds in-
dicate their suitability for planting and were accordingly preselected for this experiment.
Following which, the seeds were first soaked and then aged in sequence for 24 hours. The
process of seeding was carried out by sowing the germinated seeds in the seeding plots.
The nursery was fertilized with ponska NPK, Urea, and SP-36 each at 15 g m2. After the
seedlings were 15 days old, the same were planted with 2 seeds per hole. The 2:1 row
legowo cropping system was implemented with 40 cm for the largest inter-row spacing,
20 cm for the smallest inter-row spacing, and 10 cm in-row spacing. The planting condi-
tions are muddy to facilitate the process of making planting points. Then, the seeds were
nurtured till the harvest.

Maintenance activities included replanting, weeding, fertilizing, irrigation, and con-
trolling plant-disturbing organisms. Stitching was completed 7-10 days after planting
(DAP). The field irrigation was regulated persistently in order to maintain the water level
in accordance with the planting system. In the 2:1 legowo cropping system, the water level
is maintained at 10 cm above the rice growth surface as the baseline. The first weeding
was done at 20 DAP, then the second weeding at 40 DAP, and the third and last weeding
at 70 DAP. Fertilizers ponska NPK, urea, and SP-36, were cautiously applied fifty percent
below their recommended dose at 167, 100, and 31 kg ha-1. All Chemical fertilizers are
given as basic fertilizer to avoid fish growth disturbance caused by the accumulation of
chemical fertilizers in the rice fields. In order to meet the nu-trient requirements, both
straw compost and Local liquid organic fertilizer (LLOF) fertilizer were also incorporated
as a treatment in addition to chemical fertilizers. Compost was spread during the pre-
planting period, whereas application of LLOF was carried out once the plants attained 2
Mst. The fertilizer dilution of 1:10 was applied intermittently every 12 days by spraying
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on the leaves in the morning during stomatal opening. Meanwhile, pests and plant dis-
eases were administered by using insecticides and fungicides rationally to not only avoid
potential damage resulting in reduced yields but also to avert interference with the
growth and development of fish.

2.3. Preparation of Local liquid organic fertilizer and Compost Fertilizer

LLOF was resourcefully made by collecting materials surrounding the research loca-
tion such as, cow urine + water of rice washing, cow urine + coconut fiber. and cow urine
+ calabash fruit. The LLOF coconut coir is prepared by adding and pressing the coconut
coir into a bucket already filled with water until fully submerged which is then closed and
left for two weeks. Water that is already blackish brown is used as LLOF. On the other
hand, calabash fruit LLOF is prepared by blending calabash fruit (grinded) with coconut
water and sugar that is stored in a closed container connected to a pipette filled with water
for 2 weeks, eventually filtering it. Similarly, LLOF of rice water is made by storing it in a
tightly closed container/bottle with sugar for 2 weeks. These ingredients are then mixed
with cow urine in a ratio of 1:1 for each combination. The nutrition component of each
LLOF was shown in Table 2. Meanwhile, compost fertilizer was taken on farm shop with
nutrient component list on Table 3.

Table 2. Analysis of nutrient content of local liquid organic fertilizer

Local liquid organic fertilizer

Kjeldahl Ekstrak HCl
N(%) P20s (%) K0 (%)

. . . 0.36 0.39 0.45
cow urine + water of rice washing
cow urine + coconut fiber 0.34 0.42 0.66
cow urine + calabash fruit 0.4 0.44 0.59

Table 3. Analysis of nutrient content of compost fertilizer

pH Walkley & Black  Kjeldahl HNOs:HCLO:
(H20) C (%) N (%) P (%) K (%)
6.86 15.25 0.55 28 015 0.32

2.4. Fish Rearing

For this study, tilapia fish was chosen due to its high adaptability to the ecology of
paddy fields and superior economic value [51,52]. The seeds were selected for their uni-
form characteristics such as peaked survivability against the heat and their dark hue that
functions as camouflage against predators' attacks. Before being spread, the baby fish are
first weighed. The tilapia fish were spread in kemalir rice fields measuring 5 cm deep, 12
days post rice planting.

Tilapia was cultured on the rice field map by spreading the feed pellet on kemalir.
The recommended amount of feed is 3% the biomass weight. A sample of 10 fish was
weighed and averaged to determine the amount of feed. The average weight obtained was
then multiplied by the total number of fish in the pond to calculate the biomass weight.
The average weight of fish was measured at 246 grams and with total 41 fish, the weight
of the biomass equaled to 246 o 41 = 10,086 g and accordingly the amount of feed per day
was corresponded to 3% e 10,086 grams = 303 grams. This ration was fed twice per day.
Simultaneously, the water volume was regulated by administering the water level persis-
tently. If there is an increase in the volume of water caused by rain, excess water was
removed from the paddy fields in the event of rainfall and conversely, was added from
the irrigation channel, when the water volume dropped below the threshold. At the time
of treatment, the water in the kemalir was still at a normal level so as not to interfere with
the mobility of the fish. Other maintenance activities included monitoring and restricting
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disease and predator occurrences. Meanwhile, water status parameters in our study were
shown in Table 4.

Table 4. Analysis of water quality in the study location of Bone Regency South Sulawesi.

Parameters Unit CI1 C2 C3 C4
Before treatment
ammonia ppm 0.006  0.009 0.007 0.001
dissolved oxygen (DO)  ppm 10.6 10 8.2 8.6
carbon dioxide (COz) ppm 8 10 9 9
After treatment
Ammonia ppm 0.018  0.019 0.021 0.051
dissolved oxygen (DO)  ppm 82 6 10.5 7.4
carbon dioxide (COz) ppm 9 10 10 9

2.5. Harvesting Fish and Rice

Predominantly, rice harvesting is carried out when the seeds attain the ripen stage
physiologically or when around 90%-95% of the panicles have turned yellow. Paddy
fields require drainage for drying the plots prior to harvest to not only accelerates the
panicle ripening but also to prevent the harvested stover from being exposed to water.
Rice harvest is done manually by using a sickle and threshing of rice grains using a thresh-
ing machine. On other hand, fish harvesting is conducted 10 days before the rice fields are
dried. It is done by gradually lowering the water discharge and herding the fish into the
holding pond. At the discharge channel in the holding pond, a net is placed at the mouth
of the outlet channel to convene fish in the direction of the draining water.

2.6. Parameter Observation and Data Analysis

The observed data included plant height (cm), total tiller, productive tiller, chloro-
phyll content, stomata count, stomata length (mm), panicle length (cm), number of filled
grains (grains) , Number of unfilled grains (grains), Number of total grains (grains), , weight of
1000 grain (g), rice yield (ton ha), and fish yield. All the data were analyzed by means of
variance with an error of 5%., following which, the determination of the evaluation criteria
was carried out by correlation and analysis of variance [53,54]. The results of both analyzes
were followed by a polynomial structured test for compost concentration and interactions.
Meanwhile, the significant effect on the type of LLOF material was tested by honest sig-
nificant difference test analysis. The evaluation of fish yield was carried out using regres-
sion and 3D plot analysis [48](Farid et al. 2021).

3. Results

The results of the variance show the diversified pattern of significance between char-
acters to the source of the diversity. The compost treatment significantly affected the total
tiller, productive tiller, chlorophyll content, number of stomata, stomata length, number
of filled grains, number of unfilled grains, number of total grains, rice yield, and fish yield.
local liquid organic fertilizer (LLOF) significantly modulates the number of stomata, sto-
mata length, panicle length, number of filled grains, number of unfilled grains, number of
total grains, and rice yield. Meanwhile, the interaction of compost and LLOF has a signif-
icant effect on the number of stomata, stomata length, number of unfilled grains, and rice
yield (Table 5).

The results of the correlation analysis in Figure 2 show that rice yield has a significant
correlation with the number of filled grains (0.74), number of unfilled grains (-0.69), num-
ber of total grains (0.66), total tiller (0.83), and productive tiller (0.89).). The productive
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tiller character also showed a significant correlation to the number of filled grains (0.7),
the number of total grains (0.69), and the total tiller (0.89). Meanwhile, the number of filled
grains has a significant correlation with the number of unfilled grains (-0.89), the number
of total grains (0.94).

Table 5. Analysis of variance compost and local liquid organic fertilizer treatment of rice growth characters

Characters Compost (C)  Local liquid organic fertilizer (B) CxB Cv_C CV_B

Plant height 36.96 149.81 284.71 5.53 5.98
Total tiller 141.66** 5.88 4231 5.67 12.04
Productive tiller 80.11** 15.1 9.76 8.42 8.03
Chlorophyll content 0.0001** 0.00005 0.00016 7.39 6.88
Stomata count 31468.60** 31645.93** 182124.77** 6.37 6.00
Stomata length 0.0016** 0.0023** 0.0047** 13.19 11.79
Panicle Length 7.40 11.71%* 491 5.23 2.99

Number of filled grains 2147.75* 2884.83** 948.17 10.79 8.56

Number of unfilled grains 320.60** 532.79** 103.30** 9.59 9.11

Number of total grains 2788.95** 3950.41** 1154.77 10.19 8.83

Weight of 1000 Grain 4.35 14.02 12.54 10.75 4.38

Rice yield 0.32* 0.62** 0.70** 5.56 4.13

Fish Yield 0.2157** - - 4.39 -

Notes: CV = coefficient of variation, ** significant effect at 1% error level, ** significant effect at 5% error level

The path analysis results focused on characters that correlated with the rice yield
(Table 6). Based on this analysis, the number of total grains is the only character that has
a direct negative effect on the rice yield (-0.51). In contrast, the characters of the total tiller
(0.31), productive tiller (0.45), and number of filled grains (0.75) have a positive direct
effect on the rice yield, although among the three, the number of filled grain characters is
the only character with a significant direct effect on rice yield. Further tests of polynomial
contrast of compost and LSD 0.05 LLOF assays for the number of filled grains characters
are shown in Figures 3A and 3B. Based on the compost treatment, the treatment combina-
tion showed linear regression with a determination value of 0.7748 and a gradient of 3.981.
Treatment of 4 tons ha™ is the best compost treatment. Meanwhile, based on LLOF treat-
ment, treatment L3 (119.84a) is the best type of LLOF and L0 is the lowest LLOF treatment
(98.33¢).

The results of the orthogonal-polynomial interaction contrast test on rice yield char-
acters are shown in Figure 4. The results of the analysis demonstrate that all LLOF treat-
ments have a linear graph with a determination value above 0.9. The L1 biofertilizer treat-
ment had the highest determination value of 0.9887. Based on the gradient value, L0 and
L2 have gradient values above 0.3. Meanwhile, L2 treatment is a LLOF treatment with the
highest gradient value of 0.39.
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Figure 2. Correlation analysis of rice growth characters (notes: PH= plant height, TT= total

tiller, PT= productive tiller, SC = stomata count, SL= stomata length, NFG = number of

filled grains, NUG= number of unfilled grains, NTG = number of total grains, Yield = rice

yield).

Table 6. Path analysis of several growth characteristics on the rice yield

Indirect Effect
Character Direct Effect Correlation
TT PT NFG NTG
Total Tillers (TT) 0.31 0.4 0.4 -0.27 0.84
Productive Tillers (PT) 0.45 0.27 0.52 -0.35 0.89
Number of Filled Grains (NFG) 0.75** 0.16 0.31 -0.48 0.74
Number of Total Grains (NTG) -0.51 0.16 0.31 0.7 0.66
Total Indirect effect 0.59 1.02 1.62 -1.1

Grains

®-99750

The results of the orthogonal-polynomial interaction contrast test on rice yield char-
acters are shown in Figure 4. The results of the analysis demonstrate that all LLOF treat-
ments have a linear graph with a determination value above 0.9. The L1 biofertilizer treat-
ment had the highest determination value of 0.9887. Based on the gradient value, L0 and
L2 have gradient values above 0.3. Meanwhile, L2 treatment is a LLOF treatment with the
highest gradient value of 0.39.

The results of the analysis of the polynomial contrast test on the fish yield character
are shown in Figure 5. The analysis demonstrates that the compost treatment has a linear
graph with a very high determination value (0.9988). The growth gradient on the fish yield
graph is 0.00907. The results established that compost treatment with 4 ton ha is the most
advantageous treatment for optimizing fish yield.
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Figure 3. A) Regression analysis of the effect of compost on the number of filled grains B)
Honest significant difference test of the effect of the type of local liquid organic fertilizer
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Figure 5. Regression analysis of the dose of compost on the increase in the yield of fish

The results of the 3D analysis plot analysis focused on the three main characters,
namely, number of filled grains, rice yield, and fish yield (Figure 6). The combination of
the three characters is focused on compost treatment. Based on this analysis, adding com-
post (K1, K2, and K3) has a better combination index value than adding compost (K0). The
4-ton ha™! (K3) treatment is the treatment with the best index value and is found at the top
end of the 3D plot. Meanwhile, the R/C ratio analysis is shown in Table 7. Based on this
table, the best application of compost is at a compost dosage of 4 tons hal. In contrast, the
lowest R/C ratio was found in the control treatment (0 tons ha-?).
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Figure 6. Analysis of 3D plots of the effect of compost based on the interaction of the
number of filled grains, the fish yield, and the rice yield.

Table 7. Analysis of land income on compost treatment in Minapadi integration

Compost doses Cost (C) (Rp) Revenue (R) (Rp) Profit (Rp) R/C ratio
0 ton ha™! 10,087,478 41,999,800 31,912,322 4.16
2 ton ha! 10,337,478 53,802,800 43,465,322 5.2
3 ton ha! 10,437,478 59,701,600 49,264,122 5.72
4 ton ha! 10,587,478 65,059,200 54,471,722 6.14

4. Discussion

The results of this study indicate that the effect of compost dosing is more dominant
than the biofertilizer character and its interactions. The effects of compost include vegeta-
tive, physiological, and generative characteristics. This has been reported by Septiawan et
al. [55], Maninggir et al. [56], and Huang et al. [57]. In contrast, the influence of the type
of local organic fertilizer only plays a role in optimizing production components and sto-
matal characters. This effect was also reported by Nabayi et al. [58], and Arianti [59]. The
effect of interaction only modulates few characters. This indicates that each type of biofer-
tilizer relatively has the same response changes to increasing compost doses so that inter-
actions do not occur in some characters. Based on this, differences in patterns of diversity
between factors will affect the interpretation of the evaluation in this study; hence the
selection of the main parameters is the key to evaluating the technology package for rice
growth in the Minapadi concept.

The combination of correlation and path analysis shows that the number of filled
grains character is the only character that has a significant direct effect on the rice yield.
The character, number of filled grains, can be recommended as the main parameter sup-
porting the rice yield. In general, the combination of the two analyzes is a multivariate
analysis which is mostly used to identify the main parameters supporting production.
This has also been reported by Sabouri et al. [60], Murtaza et al. [61], and Akbar et al. [62].
In general, the results of correlation analysis are still influenced by distinct factors; hence
the results of this analysis cannot be the main basis for identifying relationships between
parameters. The use of cross-tracking is a more in-depth approach than correlation anal-
ysis. This analysis can divide the correlation value into direct and indirect effects [63]. This
direct influence is the basis for how big a character's role is in influencing the total diver-
sity of the main characters [53,54,63]. However, the use of cross-prints on many characters
is ineffective [54], so the characters included need to be selected first through correlation
analysis. Therefore, the combination of the two analyzes is considered effective for esti-
mating the main parameters supporting productivity. Based on the analysis concept, the
characters of the number of filled grains and the rice yield become reference parameters
in the evaluation of organic fertilizer packages in the cultivation of Minapadi.

The number of filled grains is one of the characteristics that play a major role in de-
termining crop production. This has also been reported by Sarwendah et al. [64], Abbasi
et al. [65], and Hastini et al. [66]. Based on the results of this study, the number of filled
grains was significantly affected by the compost treatment and the type of local liquid
organic fertilizer (LLOF). However, the interaction between the two did not affect this
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character, so the treatment evaluation was carried out individually for this character. Fig- 1808
ure 2A displays the effect of compost treatment on the number of filled grains. The results 1809
of the analysis in the figure indicate that the compost treatment is relatively linear with a 1810
relatively high gradient. A high gradient indicates that the rate of increase in compost is 1811
still not close to the optimum level so that the study of compost dosage treatment still 1812
requires further exploration. This was also stated by Amaral et al. [67] and Igbal et al. 1813
[68]. Nevertheless, this figure already reflects the pivotal role of compost treatment on the 1814
number of filled grains character, especially at the compost dosage level of 4 tons hal. 1815
Figure 2B shows the effect of the type of LLOF on the character of the number of filled 1816
grains, especially when compared to no biofertilizer treatment (L0). The figure recom- 1817
mends the treatment of cow urine and calabash fruit as the best LLOF. In general, cow 1818
urine has a higher nutrient content and contains IAA which can be used as a growth stim- 1819
ulant for growth regulators [69,70]. In addition, this effectiveness is optimized with cala- 1820
bash fruit. calabash fruit gives better results in growth and production, containing 2.82% 1821
nitrogen, 1.62% phosphorus, 1.22% potassium, and 40.62% carbon [71,72]. Based on this, 1822
the treatment of compost dosage of 4 tons ha! and the local treatment of bovine urine in 1823
combination of calabash fruit biofertilizer are recommended treatments in optimizing the 1824
character of the number of filled grains. 1825

The most commonly used main character employed in cropping evaluation is the 1826
rice yield [46,47]. This character is strongly influenced by the three existing sources of 1827
diversity, so the evaluation is based on the analysis of orthogonal-polynomial interactions 1828
in Figure 3. The results of the analysis in the figure demonstrate that the effect of compost 1829
is predominantly linear on the rate of increase in the rice yield. In addition, the LLOFs 1830
sources has a positive impact on increasing rice yield. However, this increase is very de- 1831
pendent on the difference in gradient between LLOFs toward increasing the dose of com- 1832
post. It indicates that LLOFs produced from various sources have distinct types of mi- 1833
crobes and preferences in optimizing the role of compost in the rice yield. This was also 1834
stated by Sulistyaningsih and Harsono [73](2017). Based on the yield interaction analysis, 1835
LLOF from the combination of cow urine with coconut fiber soaking water is highest gra- 1836
dient value of the LLOF source. This was also reported by Hongpakdee and Ruamrungsri 1837
et al. [74], and Rahim et al. [75]. It indicates that the combination of L2 biofertilizer with 1838
higher doses of compost will proliferate the rice yield with increased compost dosages. 1839
Therefore, L2 LLOF source and 4-ton ha! compost is recommended as the best treatment 1840
combination for optimizing rice yield potential. Although, the combined position of the 1841
LLOF of cow urine with calabash fruit showed higher (L3) than biofertilizer L2 at the 1842
number of filled grains and rice yield. 1843

The fish yield in this study only focused on the effect of compost. This is because the 1844
LLOF is only applied to the plant canopy, so the effectiveness of the treatment does not 1845
directly affect fish yield. Based on Figure 4, the addition of compost significantly increases 1846
the fish yield potential in the rice-fish integration concept. This is seen in the very high 1847
determination value close to 1. In addition, a report by Parvez et al. [76] and Jyoti et al. 1848
[49] also stated that the addition of compost affected fish weight in the paddy-fish inte- 1849
gration concept. In general, high doses of compost not only play a role in the process of 1850
increasing plant growth but also play a role in improving water quality [77]. These im- 1851
provements will provide a good environment for the growth of phytoplankton and other 1852
microbes. Phytoplankton are organisms similar to plants in water [78], so adding compost 1853
will also increase the nutrient content required for the growth of phytoplankton in water 1854
[79]. This indicates that increasing compost in a rice field will provide comfort for phyto- 1855
plankton to grow and develop, so that fish can also thrive in rice fields. This environmen- 1856
tal improvement is also in line with good habitat for tilapia. According to He et al. [80], 1857
tilapia with the Minapadi integration system can improve the quality and production of 1858
fish meat. This is because the ecology of the rice fields has good water quality and lots of 1859
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microbes making it suitable for maximal tilapia growth. Therefore, the addition of com-
post to the rice-fish integration system is required to augment the fish yield potential in
rice fields.

The results of the three main characters illustrate that the application of compost af-
fects the increase in the three characters linearly. However, since the interaction between
the three traits cannot be detected, a 3D plot analysis is still essential. Based on the results
of the 3D analysis, the compost treatment had a domino effect on the three characters. This
isindicated by the large difference in spatial position between the control and the compost
application. The position of the distant space indicates the degree of significance of a treat-
ment, so it can be concluded that compost must be applied to the rice-fish integrated crop-
ping system. This will have a large effect on increasing the potential income per paddy
field. This potential has also been reflected in the R/C ratio shown in Table 3, where the
application of minimal compost provides a difference in R/C ratio of 1.04 in comparison
to no compost treatment. This R/C ratio is a comparison between total revenue and total
costs as an indicator in measuring business feasibility [81]. Even though compost has a
high dominance, it is also recommended to apply local liquid organic fertilizer to optimize
the potential for increasing the R/C ratio. This refers to the potential interaction between
compost and local liquid organic fertilizer on rice yield.

4. Conclusions

This research establishes that the application of compost plays a very important role
in increasing the potential of Minapadi integrated agriculture. In addition, the concept of
the multiple evaluation criteria through secondary character approach is ef-fective for use
in the evaluation of cultivation technology. An effective secondary character for this re-
search is the number of filled grains. Based on the overall evaluation, the best dose of
compost in this study was 4 tons/ha. This dose can increase the potential income per land
with a difference in the R/C ratio of up to 2 points and is recommended to be increased
again. Meanwhile, the compost dosage of 4 tons ha—1 and the local liquid organic fertilizer
from cow urine with coconut fiber soaking is recommended combination treatments in
optimizing rice yield potential. Moreover, the compost dosage in this Minapadi (rice-fish)
study also requires further exploration for better understanding.
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Abstract: Rice-fish cultivation, also known as Manipadi in Indonesia, is one of the many integrated
farming systems where fish are grown concurrently with rice. However, this integrated system
needs to be optimized by organic fertilizer. The application of organic fertilizers, such as compost
and local biofertilizers, when implemented into this integrated system, can optimize the yield per
land for both rice and fish. However, this combination must be evaluated systematically by multiple
evaluation criteria and statistical analyses. Therefore, this study aimed to identify the combination
of compost doses and/or local liquid organic fertilizer concentrations, based on multiple evaluation
criteria, that supports the productivity of rice-fish integration agriculture. The experiment was car-
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ried out in the Wanuae farmer group of the Barebbo District, Bone Regency, Indonesia, between |

September 2018 and January 2019. The experiment employed a split plot design with a randomized
complete block design (RCBD). The main plot consisted of compost (four levels), and the subplot
was the local biofertilizer source (four levels). The results demonstrated that the number of fill
grains was significantly affected by the compost treatment and the type of local biofiller. The effect
of the compost dosing was more dominant in comparison with the local liquid organic fertilizer
character and its interactions. A compost dosage of four tons ha™ and a local liquid organic fertilizer,
sourced from soaked coconut fiber with cow urine, has been recommended as the combination
treatment to optimize the rice and fish yield potential. The Minapadi (rice fish) with additional high
composting effectively increased the farmer’s outcome with a 2-point R/C ratio, more so than those
without composting. Moreover, the compost dosage in this Minapadi study requires further explo-
ration for a better understanding.

Keywords: agronomy; collaborator interaction; drought stress; image processing; mapping analy-
sis; plant breeding

1. Introduction

Rice is one the pivotal staple food crops and a prime contributor to the attainment of
food security [1,2]. The consumption of rice per capita in Indonesia for 2022 was 1.45 kg
per week, or 74.57 kg per capita, per year [3]. This number is relatively higher in compar-
ison to several other countries that are optimizing their food diversification. This high
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demand for rice must be aligned with the national rice productivity. In general, the na- 2164
tional rice production reaches 55.67 tons [4]. However, a persistent growth in population 2165
and the overutilization of resources are posing various challenges, and impeding the rice 2166
yield [5,6]. Therefore, increasing its productivity per unit of land is key to maintaining 2167
food stability in Indonesia. 2168

In order to improve rice productivity, one of the various efforts that is undertakenis 2169
the consistent application of chemical fertilizers. Chemical fertilizers are known to pro- 2170
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Integrated farming is an approach to optimizing agricultural products that considers = 2182| Commented [MFA14R13]: Ok, the revison still
sustainable concepts from ecological, social, and economic perspectives [15-18] The con- 2183
cept focuses on maximizing the use of local resources, with concurrent efforts to reduce 2184
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the input costs for enhancing the land productivity and income [1,17,19-21]. The theory 2185
of integrated agriculture can be practiced by harmonizing this agriculture with other 2186
fields, such as livestock [1,15,20,21], fisheries [16,17,22,23], and forestry [24,25]. One way 2187
to strategize this is through the incorporation of rice and fish, also known as Minapadi. 2188
Minapadi is a term coined in Indonesia for the cross-cultivation of rice and fish [16,26,27]. 2189
Several reports have demonstrated the effectiveness of this combination in proliferating 2190
the economic income value of land [16,19,22,26]. The manure from fish can be a good 2191
source of minerals for rice cultivation, while paddy fields can be a great food reservoir for 2192
the fish in return [17,19]. However, the combination of the two is still considered to be 2193
ineffective in improving the soil status; hence, the addition of organic fertilizer is essential =~ 2194
for a productive Minapadi system. Organic fertilizers such as compost and local liquid 2195
organic fertilizers (LLOF) are considered to be effective in supporting plant productivity 219
in a sustainable manner [10,28-30]. 2197

Compost is the residue result of the soil biological activity that is beneficial for im- 2198
proving physical, chemical, and biological properties [31,32]. These improvements play a = 2199
very important role in supporting crop growth and production [32,33]. Several studies 2200
have reported the effectiveness of compost use in supporting rice productivity [27,29,34— 2201
37]. In general, compost is known for its beneficial role in improving soil structure, soil 2202
moisture, nutrient retention, and cation exchange capacity [34-36]. In addition, compost 2203
also functions as an organic material fthat helps microorganisms be maximized in the en- 2204

hancement of plant growth and productivity| [27,34,35,38]. Therefore, the use of compost 2205
is highly recommended to support sustainable crop productivity. 2206
Similarly, LLOF is another recommendation in terms of its sustainable agriculture 2207
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prospects [39,40]. This fertilizer has more emphasis on the use of the microorganisms that 2208
play a role in plant growth. These microorganisms enhance the plant’s metabolic pro- 2209
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cesses, nutrient absorption, and disease resistance, thereby contributing to the plant’s de- 2210
velopment and productivity [8,39-41]. Apart from that, this fertilizer also contains various 2211
nutrients, vitamins, and hormones that can stimulate an optimal environment for plant 2212
growth [41,42]. The favorable incorporation of biofertilizers into rice cultivation has also 2213
been reported by Banayo et al. [41], Hazra et al. [43], Patriyawaty et al. [44], and Simarmata 2214
et al. [45]. Therefore, the use of biofertilizers can be a complement to the Minapadi inte- 2215
grated farming concept. 2216
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Based on this potential, optimizing the combination of compost and LLOF can be an
additional input for integrated rice-fish farming (Minapadi). This combination needs to
be equipped with the optimal concentrations and/or doses of both, so that the evaluation
of the [impact of the plantings on the input of the kompost and LLOF can be maximized.

This optimization must be adjusted to the characteristics that are related to the main ob-
jective of the evaluation, namely, the rice yield [46,47]. However, an assessment that only
focuses on the rice yield can result in an overestimated interpretation [48]. This is based
on the genetic constitution of the yield, which is polygenic, so the evaluation needs to
involve other distinct characters that support its productivity [49,50]. In addition, the ef-
fectiveness of the interaction between the rice yield and fish yield is also an important
consideration in the optimization. Therefore, a systematic, statistical approach is key to
evaluating this combination of compost and LLOF, in order to support the productivity
of the rice-fish integration agriculture. The purpose of this study was to identify fthe best
cordance with multiple evaluation criteria, to support land productivity based on the rice-
fish integration agriculture.

[2. Materials and Methods‘

The experiment was carried out in the Wanuae farmer group in the Barebbo District,
Bone Regency, South Sulawesi, (4° 13'-506" south latitude and 119° 42'-120° 30" east lon-
gitude), Indonesia, during the months of September 2018 until January 2019. The study
area receives an average annual rainfall of 201.25 mm/year, with 12 rainy days. Its average
air temperature ranges between 24.50 °C-27.60 °C, and its humidity varies between 77—
86%. This research was conducted by implementing the split plot design with a random-
ized complete block design (RCBD). The principal plot of this study was the compost
doses (C) that comprised four levels, namely, the control without the compost (C0), 2 ton
ha™ (C1), 3 ton ha (C2), and 4 ton ha™' (C3). Meanwhile, the subplots of this study were
a combination of the local microorganisms with 4 types, namely, the control (L0), a com-
bination of cow urine with water for rice washing (L1), a combination of cow urine moles
with water-soaked coconut fiber (L2), and a combination of cow urine and calabash fruit
moles (L3), with each randomly applied to the main plot. The collaboration of these factors
resulted in 16 combinations which were repeated 3 times, adding a total of 48 experi-
mental units.

2.1. Land Preparation

The land preparation was carried out by repairing the bunds with 40 cm height and
maintaining the width of the base and upper bund at a minimum of 50 cm and 25 cm,
respectively. The ditches were built 1 m wide and above 50 cm deep, in order to protect
the fish from various threats. The ditches were prepared both in the middle of and on the
surrounding edges of the rice field bunds, along with a 70 cm deep storage tank to facili-
tate the fish harvesting during the water draining process, with an objective to optimize
the ripening potential of the rice grain. The description of the Minapadi concept is exhib-
ited in Figure 1. Meanwhile, the nutrition land in this study is shown in Table 1.
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20m

[Figure 1. klonstruction of the Minapadi pond (cross section) description: (A) water inlet channel, (B)

lower water outlet channel, (C) rice plot, (D) middle ditches, (E) main ditches, and (F) bunds.

Table 1. Soil status of study field.

Parameter Unit Value
texture Dusty Clay
clay % 38
dust % 50
sand % 12
C-Organic % 2.35
total nitrogen % 0.11
C/N ppm 21
P Olsen ppm 6.6
K cmol (+) kg 0.08
Ca cmol (+) kgt 6.03
Mg cmol (+) kg 2.53
Na cmol (+) kgt 0.08
cation exchange capacity me/100 g 20.65

2.2. Maintenance of Rice Plants

The qualitative analysis of the rice seeds was conducted by immersing the seeds in a
3% salt solution or soaking them in a ZA solution (225 g ZA/l water). The immersed seeds
indicated their suitability for planting and were, accordingly, preselected for this experi-
ment. Following which, the seeds were first soaked and then aged in sequence for 24 h.
The process of seeding was carried out by sowing the germinated seeds in the seeding
plots. The nursery was fertilized with ponska NPK, urea, and SP-36, each at 15 g m=2. After
the seedlings were 15 days old, the same were planted, with 2 seeds per hole. The 2:1 row
legowo cropping system was implemented, with 40 cm for the largest inter-row spacing,
20 cm for the smallest inter-row spacing, and 10 cm for the in-row spacing. The planting
conditions were muddy, in order to facilitate the process of making planting points. Then,
the seeds were nurtured until the harvest.

The maintenance activities included replanting, weeding, fertilizing, irrigation, and
controlling the plant-disturbing organisms. The stitching was completed 7-10 days after
the planting (DAP). The field irrigation was regulated persistently, in order to maintain
the water level in accordance with the planting system. In the 2:1 legowo cropping system,
the water level was maintained at 10 cm above the rice growth surface as the baseline. The
first weeding was performed at 20 DAP, then the second weeding at 40 DAP, and the third
and last weeding at 70 DAP. The fertilizers, ponska NPK, urea, and SP-36, were cautiously
applied, fifty percent below their recommended doses at 167, 100, and 31 kg ha'. All the
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chemical fertilizers were provided as basic fertilizers to avoid a fish growth disturbance
caused by the accumulation of the chemical fertilizers in the rice fields. In order to meet
the nutrient requirements, both straw compost and local liquid organic fertilizer (LLOF)
fertilizer were also incorporated as treatments, in addition to the chemical fertilizers. The
compost was spread during the pre-planting period, whereas the application of the LLOF
was carried out once the plants had attained 2 Mst. A fertilizer dilution of 1:10 was applied
intermittently every 12 days, via spraying on the leaves in the morning during the sto-
matal opening. Meanwhile, pests and plant diseases were administered by using insecti-
cides and fungicides rationally, not only to avoid potential damage that would result in
reduced yields, but also to avert any interference with the growth and development of the
fish.
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2.3. Preparation of Local Liquid Organic Fertilizer and Compost Fertilizer 2294

The LLOF was resourcefully made by collecting the materials surrounding the re- 2295
search location, such as cow urine and water for rice washing, cow urine and coconut 2296
fiber, and cow urine and calabash fruit. The LLOF coconut coir was prepared by adding 2297
and pressing the coconut coir into a bucket that was already filled with water, until it was 2298
fully submerged, upon which the bucket was then closed and left for two weeks. Water 2299
that was already blackish brown was used as the LLOF. On the other hand, the calabash 2300
fruit LLOF was prepared by blending calabash fruit (grinded) with coconut water and 2301
sugar, which was stored in a closed container and connected to a pipette that was filled 2302
with water for 2 weeks, eventually filtering it. Similarly, the LLOF with rice water was 2303
made by storing it in a tightly closed container/bottle with sugar for 2 weeks. These ingre- 2304
dients were then mixed with cow urine in a ratio of 1:1 for each combination. The nutrition 2305
component of each LLOF is shown in Table 2. Meanwhile, the compost fertilizer was taken 2306

from a farm shop, with its nutrient component list shown in Table 3. 2307
Table 2. Analysis of nutrient content of local liquid organic fertilizer. 2308
L. . . Kjeldahl Ekstrak HC1
Local Liquid Organic Fertilizer N(%) P20s (%) K:0 (%)
cow urine and water for rice washing 0.36 0.39 0.45
cow urine and coconut fiber 0.34 0.42 0.66
cow urine and calabash fruit 0.4 0.44 0.59
Table 3. Analysis of nutrient content of compost fertilizer. 2309
Walkley & Black Kjeldahl HNO:s:HCLO4
H (H20 C/N
PH (H:0) C (%) N (%) P (%) K (%)
6.86 15.25 0.55 28 0.15 0.32
2.4. Fish Rearing 2310

For this study, tilapia fish was chosen, due to its high adaptability to the ecology of 2311
paddy fields and its superior economic value [51,52]. The seeds were selected for their 2312
uniform characteristics, such as a peaked survivability against the heat and their dark hue, 2313
which functions as a camouflage against predators’ attacks. Before being spread, the baby 2314
fish were first weighed. The tilapia fish were spread in kemalir rice fields that measured 2315
5 cm deep, 12 days after the rice planting. 2316

The tilapia was cultured on the rice field map by spreading the feed pellets on the 2317
kemalir. The recommended amount of feed is 3% of the biomass weight. A sample of 10 2318
fish was weighed and averaged to determine the right amount of feed. The average weight 2319
that was obtained was then multiplied by the total number of fish in the pond, in order to 2320
calculate the biomass weight. The average weight of the fish was measured at 246 g and, 2321
with total 41 fish, the weight of the biomass equaled to 246 x @‘41 =10,086 g, and, accord- 2322 Commented [MDPI25]: Please confirm if this
ingly, the amount of feed per day corresponded to 3% x - 10,086 g =303 g. This ration was " 2323
fed twice per day. Simultaneously, the water volume was regulated by administering the = 2324
water level persistently. If there was an increase in the volume of the water that was 2325| Symbol.
caused by rain, the excess water was removed from the paddy fields in the event of rain- 2326
fall, and conversely, was added from the irrigation channel when the water volume 2327
dropped below the threshold. At the time of the treatment, the water in the kemalir was 2328
still at anormal level, so as not to interfere with the mobility of the fish. Other maintenance 2329
activities included monitoring and restricting the disease and predator occurrences. 2330
Meanwhile, the water status parameters in our study are shown in Table 4. 2331
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Table 4. Analysis of water quality in the study location of Bone Regency South Sulawesi. 2333
Parameters Unit C1 C2 C3 C4
Before treatment
ammonia ppm  0.006 0.009 0.007 0.001
dissolved oxygen (DO) ppm 10.6 10 8.2 8.6
carbon dioxide (CO2) ppm 8 10 9 9
After treatment
ammonia ppm  0.018 0.019 0.021 0.051
dissolved oxygen (DO) ppm 8.2 6 10.5 7.4
carbon dioxide (CO2) ppm 9 10 10 9
2.5. Harvesting Fish and Rice 2334

Predominantly, rice harvesting is carried out when the seeds reach the ripening stage =~ 2335
physiologically, or when around 90-95% of the panicles have turned yellow. Paddy fields 2336
require drainage for drying the plots prior to harvest, not only to accelerate the panicle 2337
ripening, but also to prevent the harvested stover from being exposed to water. Rice har- 2338
vest is performed manually by using a sickle, and the threshing of rice grains is performed 2339
by using a threshing machine. On other hand, fish harvesting is conducted 10 days before 2340
the rice fields are dried. It is achieved by gradually lowering the water discharge and 2341
herding the fish into the holding pond. At the discharge channel in the holding pond, a 2342
net is placed at the mouth of the outlet channel to convene the fish in the direction of the 2343
draining water. 2344

2.6. Parameter Observation and Data Analysis 2345

The observed data included the plant height (cm), total tiller, productive tiller, chlo- 2346
rophyll content, stomata count, stomata length (mm), panicle length (cm), number of filled 2347
grains (grains), number of unfilled grains (grains), number of total grains (grains), weight 2348
of 1000 grain (g), rice yield (ton ha™), and fish yield. All the data were analyzed by means 2349
of variance with an error of 5%, following which, the determination of the evaluation cri- 2350
teria was carried out by a correlation and analysis of variance [53,54]. The results of both 2351
analyses were followed by a polynomial structured test for the compost concentration and 2352
interactions. Meanwhile, the significant effect on the type of LLOF material was tested by 2353
an honest significant difference test analysis. The evaluation of the fish yield was carried 2354
out using a regression and 3D plot analysis [48] (Farid et al. 2021). 2355

3. Results 2356

The results of the variance show the diversified pattern of significance between the 2357
characters to the source of the diversity. The compost treatment significantly affected the 2358
total tiller, productive tiller, chlorophyll content, number of stomata, stomata length, 2359
number of filled grains, number of unfilled grains, number of total grains, rice yield, and 2360
fish yield. The local liquid organic fertilizer (LLOF) significantly modulated the number 2361
of stomata, stomata length, panicle length, number of filled grains, number of unfilled 2362
grains, number of total grains, and rice yield. Meanwhile, the interaction of the compost 2363
and LLOF had a significant effect on the number of stomata, stomata length, number of 2364
unfilled grains, and rice yield (Table 5). 2365

The results of the correlation analysis in Figure 2 show that the rice yield had a sig- 2366
nificant correlation with the number of filled grains (0.74), number of unfilled grains 2367
(-0.69), number of total grains (0.66), total tiller (0.83), and productive tiller (0.89). The 2368
productive tiller character also showed a significant correlation with the number of filled 2369
grains (0.7), the number of total grains (0.69), and the total tiller (0.89). Meanwhile, the 2370
number of filled grains had a significant correlation with the number of unfilled grains 2371
(-0.89) and the number of total grains (0.94). 2372
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Table 5. Analysis of variance compost and local liquid organic fertilizer treatment of rice growth 2373
characters. 2374
Characters Compost () -0 Liquid Or CxB cv_e CV_B
ganic Fertilizer (B)
Plant height 36.96 149.81 284.71 5.53 5.98
Total tiller 141.66 ** 5.88 42.31 5.67 12.04
Productive tiller 80.11 ** 15.1 9.76 8.42 8.03
Chlorophyll content 0.0001 ** 0.00005 0.00016 7.39 6.88
Stomata count 31L 68.60 ** 31,645.93 ** 182,124.77 ** 6.37 6.00 Commented [MDPI27]: We added commas to
Stomata length 0.0016 ** 0.0023 ** 0.0047 ** 13.19 11.79 separate thousands for numbers with five or
Panicle length 7.40 11.71** 491 523 2.99
Number of filled grains 2147.75* 2,884.83 ** 948.17 10.79 8.56 more digits. Please confirm.
Number of unfilled grains 320.60 ** 532.79 ** 103.30 ** 9.59 9.11 Commented [MFA28R27]: Thank you, we have
Number of total grains 2,788.95 ** 3,950.41 ** 1154.77 10.19 8.83 T T
Weight of 1000 Grain 4.35 14.02 12.54 10.75 4.38
Rice yield 0.32* 0.62 ** 0.70 ** 5.56 4.13
Fish yield 0.2157 ** - - 4.39 -

Notes: CV = coefficient of variation, M significant effect at 1% error level, and * significant effect at

5% error level.

The path analysis results focused on the characters that correlated with the rice yield
(Table 6). Based on this analysis, the number of total grains was the only character that
had a direct negative effect on the rice yield (-0.51). In contrast, the characters of the total
tiller (0.31), productive tiller (0.45), and number of filled grains (0.75) had a positive direct
effect on the rice yield, although among the three, the number of filled grain characters
was the only character with a significant direct effect on the rice yield. The further tests of
the polynomial contrast of the compost and the LSD 0.05 LLOF assays for the number of
filled grains characters are shown in Figure 3A,B. Based on the compost treatment, the
treatment combination showed a linear regression with a determination value of 0.7748
and a gradient of 3.981. The treatment of four tons ha™' was the best compost treatment.
Meanwhile, based on the LLOF treatment, treatment L3 (119.84a) was the best type of
LLOF, and L0 was the lowest LLOF treatment (98.33c).
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Figure 2. borrelation analysis of rice growth characters (notes: PH = plant height, TT = total tiller, 2391 C
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The results of the [3D plot analysis hfocused on the three main characters, namely, the

number of filled grains, rice yield, and fish yield (Figure 6). The combination of the three
characters was focused on the compost treatment. Based on this analysis, adding compost
(K1, K2, and K3) had a better combination index value than adding compost (K0). The
four ton ha (K3) treatment was the treatment with the best index value and is found at
the top end of the 3D plot. Meanwhile, the R/C ratio analysis is shown in Table 7. Based
on this table, the best application of the compost was at a compost dosage of four tons
hal. In contrast, the lowest R/C ratio was found in the control treatment (0 tons ha?).

Index

0.85

B

0.60
0.55
0.50
0.45

0.40

Figure 6. Analysis of 3D plots of the effect of compost based on the interaction of the number of
filled grains, the fish yield, and the rice yield.

Table 7. Analysis of land income on compost treatment in Minapadi integration.

Compost Doses Cost (C) (Rp) Revenue (R) (Rp) Profit (Rp) R/C Ratio
0 ton ha™! 10,087,478 41,999,800 31,912,322 4.16
2 ton ha™! 10,337,478 53,802,800 43,465,322 52
3 ton ha! 10,437,478 59,701,600 49,264,122 5.72
4 ton ha! 10,587,478 65,059,200 54,471,722 6.14

4. Discussion

The results of this study indicate that the effect of compost dosing is more dominant
than the biofertilizer character and its interactions. The effects of the compost include veg-
etative, physiological, and generative characteristics. This has been reported by Septiawan
et al. [55], Maninggir et al. [56], and Huang et al. [57]. In contrast, the influence of the type
of local organic fertilizer only plays a role in optimizing the production components and
stomatal characters. This effect was also reported by Nabayi et al. [58] and Arianti [59].
The effect of this interaction only modulates a few characters. This indicates that each type
of biofertilizer has relatively the same response changes to increasing the compost doses,
so that interactions do not occur in some characters. Based on this, differences in the pat-
terns of diversity between the factors will affect the interpretation of the evaluation in this
study; hence, the selection of the main parameters is the key to evaluating the technology
package for rice growth within the Minapadi concept.

The combination of the correlation and path analyses shows that the character for the
number of filled grains is the only character that has a significant direct effect on the rice
yield. The character of the number of filled grains can be recommended as the main pa-
rameter supporting the rice yield. In general, this combination of the two analyses is a
multivariate analysis, which is mostly used to identify the main parameters supporting
production. This has also been reported by Sabouri et al. [60], Murtaza et al. [61], and
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Akbar et al. [62]. In general, the results of the correlation analysis are still influenced by 2446
distinct factors; hence, the results of this analysis cannot be the main basis for identifying 2447
the relationships between the parameters. The use of cross-tracking is a more in-depth 2448
approach than a correlation analysis. This analysis can divide the correlation value into 2449
direct and indirect effects [63]. This direct influence is the basis for how big a character’s 2450
role is in influencing the total diversity of the main characters [53,54,63]. However, the use 2451
of cross-prints on many characters is ineffective [54], so the characters that are included 2452
need to be selected first through a correlation analysis. Therefore, the combination of the 2453
two analyses is considered to be effective for estimating the main parameters that support 2454
productivity. Based on this analysis concept, the characters of the number of filled grains 2455
and the rice yield become the reference parameters in the evaluation of organic fertilizer 2456
packages for the cultivation of Minapadi. 2457

The number of filled grains is one of the characteristics that play a major role in de- 2458
termining the crop production. This has also been reported by Sarwendah et al. [64], Ab- 2459
basi et al. [65], and Hastini et al. [66]. Based on the results of this study, the number of 2460
filled grains was significantly affected by the compost treatment and the type of local lig- 2461
uid organic fertilizer (LLOF). However, the interaction between the two did not affect this 2462
character, so its treatment evaluation was carried out individually. Figure 2A displays the 2463
effect of the compost treatment on the number of filled grains. The results of the analysis 2464
in the figure indicate that the compost treatment is relatively linear, with a relatively high 2465
gradient. A high gradient indicates that the rate of increase in the compost is still not close 2466
to the optimum level, so the study of the compost dosage treatment still requires further 2467
exploration. This was also stated by Amaral et al. [67] and Iqbal et al. [68]. Nevertheless, 2468
this figure already reflects the pivotal role of the compost treatment on the number of 2469
filled grains character, especially at the compost dosage level of four tons ha™'. Figure 2B 2470
shows the effect of the type of LLOF on the character of the number of filled grains, espe- 2471
cially when compared with no biofertilizer treatment (L0). The figure recommends the 2472
treatment of cow urine and calabash fruit as the best LLOF. In general, cow urine has a 2473
higher nutrient content and contains IAA, which can be used as a growth stimulant for 2474
growth regulators [69,70]. In addition, this effectiveness is optimized with calabash fruit. 2475
Calabash fruit provides better results for growth and production, containing 2.82% nitro- 2476
gen, 1.62% phosphorus, 1.22% potassium, and 40.62% carbon [71,72]. Based on this, the 2477
treatment of the compost dosage of four tons ha™, and the local treatment of bovine urine 2478
in combination with calabash fruit biofertilizer, are the recommended treatments for op- 2479
timizing the character of the number of filled grains. 2480

The most commonly used main character that is employed in cropping evaluationis 2481
the rice yield [46,47]. This character is strongly influenced by the three existing sources of 2482
diversity, so its evaluation is based on the analysis of the orthogonal-polynomial interac- 2483
tions in Figure 3. The results of the analysis in the figure demonstrate that the effect of the 2484
compost is predominantly linear on the rate of the increase in the rice yield. In addition, 2485
the LLOF sources have a positive impact on increasing the rice yield. However, this in- 2486
crease is very dependent on the difference in the gradients between the LLOFs towards 2487
increasing the dose of the compost. It indicates that the LLOFs that are produced from 2488
various sources have distinct types of microbes and preferences in optimizing the role of 2489
the compost in the rice yield. This was also stated by Sulistyaningsih and Harsono [73] 2490
(2017). Based on the yield interaction analysis, the LLOF from the combination of cow 2491
urine with the coconut fiber soaking water has the highest gradient value of all the LLOF 2492
sources. This was also reported by Hongpakdee and Ruamrungsri et al. [74] and Rahim 2493
et al. [75]. It indicates that the combination of the L2 biofertilizer with higher doses of the 2494
compost will proliferate the rice yield with increased compost dosages. Therefore, the L2 2495
LLOF source and the four ton ha™! compost dose are recommended as the best treatment 2496
combination for optimizing the rice yield potential. However, the combined position of 2497
the LLOF of cow urine with calabash fruit showed higher (L3) than the biofertilizer L2 for 2498
the number of filled grains and rice yield. 2499
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The fish yield in this study only focused on the effect of the compost. This is because 2500
the LLOF is only applied to the plant canopy, so the effectiveness of the treatment does 2501
not directly affect the fish yield. Based on Figure 4, the addition of compost significantly 2502
increases the fish yield potential in the rice-fish integration concept. This is seen from the 2503
very high determination value close to 1. In addition, a report by Parvez et al. [76] and 2504
Jyoti et al. [49] also stated that the addition of compost affected the fish weight in the 2505
paddy-fish integration concept. In general, high doses of compost not only play a rolein 2506
the process of increasing plant growth, but also play a role in improving water quality 2507
[77]. These improvements will provide a good environment for the growth of phytoplank- 2508
ton and other microbes. Phytoplankton are organisms that are similar to the plants in wa- 2509
ter [78], so adding compost will also increase the nutrient content that is required for the 2510
growth of phytoplankton in water [79]. This indicates that increasing the compostin arice 2511
field will provide comfort for the phytoplankton to grow and develop, so that fish can 2512
also thrive within these rice fields. This environmental improvement is also in line with a 2513
good habitat for tilapia. According to He et al. [80], tilapia within the Minapadi integration 2514
system can improve the quality and production of the fish meat. This is because the ecol- 2515
ogy of the rice fields has a good water quality and lots of microbes that make it suitable 2516
for maximal tilapia growth. Therefore, the addition of compost into the rice-fish integra- 2517
tion system is required to augment the fish yield potential in rice fields. 2518

The results of the three main characters illustrate that the application of compost af- 2519
fects the increase in the three characters linearly. However, since the interaction between 2520
the three traits cannot be detected, a 3D plot analysis is still essential. Based on the results 2521
of the 3D analysis, the compost treatment has a domino effect on the three characters. This 2522
is indicated by the large difference in the spatial position between the controls and the 2523
compost applications. The position of the distant space indicates the degree of significance 2524
of a treatment, so it can be concluded that the compost must be applied to the rice-fish 2525
integrated cropping system. This will have a large effect on increasing the potential in- 2526
come per paddy field. This potential has also been reflected in the R/C ratio that is shown 2527
in Table 3, where the application of minimal compost provides a difference in the R/C 2528
ratio of 1.04, in comparison with no compost treatment. This R/C ratio is a comparison 2529
between the total revenue and total costs as an indicator of measuring the business feasi- 2530
bility [81]. Even though the compost has a high dominance, it is also recommended to 2531
apply alocal liquid organic fertilizer to optimize this potential for increasing the R/C ratio. 2532
This refers to [’che impact of the potential interaction between the compost and local liquid 2533

organic fertilizer on the rice yield\. 2534 Commented [GH49]: Please check that the

is k:onclusions 2535| intended meaning has been retained.
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in increasing the potential of Minapadi integrated agriculture. In addition, the concept of 2537|000 meaning

the multiple evaluation criteria through a secondary character approach is effective for 2538
use in the evaluation of cultivation technology. An effective secondary character for this  2539| Commented [MDPI51]: Heading 4 was repeated.
research is the number of filled grains. Based on the overall evaluation, the best dose of 2540
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the compost in this study was four tons/ha. This dose can increase the potential income 2541

per land with a difference in the R/C ratio of up to two points, and is recommended to be  2542| Commented [MFA52R51]: Thank you for you
increased again. Meanwhile, the compost dosage of four tons ha and the local liquid 2543
organic fertilizer from cow urine with coconut fiber soaking are the recommended com- 2544

correction and revision

bination treatments for optimizing the rice yield potential. Moreover, the compost dosage 2545
from this Minapadi (rice-fish) study also requires further exploration for a better under- 2546
standing. 2547
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