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ABSTRACT

Black rice (Oryza sativa L. Indica) is a rice variety that contains the highest anthocyanin pigment. Sirampog
District is the only area in Brebes Regency that cultivates black rice. In 2017 to 2018, the amount of black
rice production experienced fluctuating developments. The harvest area of black rice farming in Sirampog
District is still fluctuating which affects production results. The results of black rice farming production
that are still fluctuating indicate risks in black rice farming production, one of which is the presence of plant
pests (OPT) and the impact of environmental changes that threaten to reduce the production and income of
black rice farmers. The method used to determine respondents in this study is the census method, which
involves taking the entire number of farmers as respondents, totaling 20 farmers. Black rice farming in
Brebes Regency is a farming business cultivated in the Sirampog District. Developed in five villages,
namely Manggis Village, Mendala Village, Kaligiri, Sridadi and Mlayang Village. This study aims to
analyze the effect of planting area, harvest area, OPT attack area, and the effect of flood area and drought
area on lowland rice production in Sirampog District. This research was conducted from January 2023 to
October 2023. This study uses descriptive and quantitative analysis methods. Descriptive analysis is used
to identify existing farmer data information sources and other supporting information obtained directly from
interviews with black rice farmers. Quantitative analysis is used to evaluate the development of the main
plant pest organisms (OPT) and the impact of environmental changes on black rice production in Sirampog
District, analyzed statistically with quantitative analysis with the help of the SPSS version 17 program. The
analysis model that will be used is a multiple linear regression analysis model. The results of this study
indicate an R2 value of 82.7% of black rice production and income are influenced by planting area (X1),
harvest area (X2), attack area (X3), flood area (X4), drought area (X5) while 17.3% is influenced by
variations in other variables outside the model (variables not studied). The income of black rice farmers is
significantly affected by Rp. 37.157.560 per hectare in one harvest season.
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INTRODUCTION

Rice is the most important primary commodity to meet the basic needs of the
community. Indonesia is a country with a large population that faces challenges in
meeting its food needs. (Anggraini, et al., 2013). Black rice is a rice variety that contains
the highest anthocyanin pigment compared to other types of rice (Wicaksono, et.al.,
2019). The anthocyanin content in black rice products (black rice) is around 200 - 400
mg / 100g, while red rice is only 0.33-1.39 mg / 100g and black sticky rice is around
109.52 - 256.61 mg / 100g. The anthocyanin content in black rice is found in the pericarp,
aleurone, and endosperm which are red, blue, and dark purple so that they look black
(Purwanto, 2010). Black rice also has higher dietary fiber and hemicellulose content than
white rice. The dietary fiber and hemicellulose content of black rice is 7.5% and 5.8%
respectively, while white rice contains 5.4% dietary fiber and 2.2% hemicellulose
(Sa’adah, et.al., 2013).

In addition, black rice has three times more iron content, as well as five times
more amino acids, potassium, calcium, magnesium, and flavonoids compared to white
rice. The calorie content of black rice is lower than other rice, which is only 362 kcal per
100 grams. (Kereh, et.al., 2016). Kristanto, et.al (2013), stated that pest and disease
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disturbances often occur when plants are cultivated. If these disturbances are not handled
properly, they can result in decreased production, even crop failure. Agriculture is one of
the sectors that is vulnerable to climate change. Climate change which has an impact on
increasing temperatures and changes in rainfall can have a negative impact on the
agricultural sector because it affects productivity. The impact of climate change directly
or indirectly through attacks by Plant Pest Organisms (OPT), increasing temperature
fluctuations, and humidity can stimulate the growth and development of OPT. Plant Pest
Organisms (OPT) are all organisms that can cause a decrease in yield potential that is
directly due to causing physical damage (Wibowo, et.al., 2018). Relative temperature and
humidity directly affect the life cycle, reproductive ability, life span, and diapause ability
of insects (Wiyono, 2007).These OPTs include pest and disease attacks that cause
infections in cultivated plants, thereby reducing agricultural production. Rice production
needs to be continuously increased as an effort to meet food needs in Indonesia.

However, attacks by Plant Pest Organisms (OPT) such as pests and diseases can
be limiting factors in agricultural production. In Central Java, Brebes Regency, especially
Sirampong District, is one of the areas producing black rice. With an area of around 17
hectares, the price of black rice at the farmer level reaches IDR 35,000 per kg. The
potential for developing black rice in this area is very promising, considering that the area
of planting and productivity of black rice in the Sirampog District is still possible to be
increased. The opportunity to develop black rice in Brebes Regency is relatively open
considering that the planting area is still quite large, superior seeds are available, the price
of rice is quite high, the need continues to increase, and the production level is still low.
Brebes Regency is one of the rice production centers in Central Java Province with an
area of 65,864 ha (BPS Kabupaten Brebes, 2016).

The development of black rice in the Brebes area is not only expected to increase
the income of local farmers, but also to be able to meet the public demand for black rice
which continues to increase every year, some of the obstacles in the development of black
rice are long harvest age, low production, and susceptibility to bird pest attacks. The
harvest age of black rice is around 5-6 months, longer than white rice which on average
only takes 3 months. In addition, the productivity of black rice is lower than that of white
rice, which is only around 3.5 tons per hectare. Black rice has a sweet taste when it starts
to fill up, making it very susceptible to bird pests and OPT attacks. This obstacle is one
of the factors in the low interest of farmers in developing black rice.

RESEARCH METHODS

This study was conducted from January 2023 to October 2023 in the Sirampog
District, Brebes Regency. The determination of the research location was by purposive
sampling method or directly with the consideration that Sirampog District is a district that
is the center of black rice production in Brebes Regency. Sampling using several specific
considerations according to the desired criteria to determine the number of samples to be
studied (Sugiyono, 2013).

The sample used in this study was black rice farmers in Sirampog District, Brebes
Regency. According to information from the BPP Sirampog District, there are 20 black
rice farmers in Sirampog District so this study uses a census method for all black rice
farmers. The target of this study is farmers who cultivate black rice. The farmer sampling
technique by census is taken by 20 farmers. From the selected sample, interviews were
conducted with questionnaires, recording techniques, and observations for data
collection. The sampling technique used the census method, namely the entire existing
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population was used as a sample (Rais, 2012). Respondent farmers came from farmer
groups spread across 5 villages, namely Mendala Village, Manggis Village, Mlayang
Village, Sridadi Village, and Kaligiri Village.

The research method used is the number of black rice farmers taken as many as 20
respondents, descriptive analysis, According to Sugiyono (2013), descriptive analysis is
used to analyze data by describing or depicting the data that has been collected as it is
without intending to make conclusions that apply to the public or generalization. The data
to be described are the characteristics of farmers including age level, education and land
area, this information is used as the identity of black rice farmers. The variables used in
the study are the area of plant pest organism (OPT) attacks, flood area, and drought area,
namely data from observations of POPT PHP officers in hectares (Ha). Rice Production
is the average production of rice in the last 5 years in the research object area measured
in kilograms / hectare (kg / ha). The analysis model to determine the impact of OPT and
climate change on black rice production in Sirampog District, Brebes Regency, is
expressed in the form of the following function:

Y=a+ BLX1 + B2X2 + B3 X3 + B4 X4+P5 X5+ e

Information:

Y : Black Rice Crop Production (kg),
a : Constants,

B1, B2, B3, P4, B5S : Regression coefficient,

X1 : Planted Area (ha),

X2 : Harvested Area (ha),

X3 : Area of OPT Attack (ha),

X4 : Flood Area (ha),

X5 : Area of Drought (ha),

e : Error team

To see the impact of OPT attacks on the income of black rice farmers in Sirampog
District, Brebes Regency, According to Suliyanto (2011), multiple linear regression
analysis is an analysis that has more than one independent variable. In multiple linear
regression analysis, there are several classical assumption tests. The classical assumption
test is carried out to obtain a truly accurate regression equation. The model is analyzed
using multiple linear regression as follows:

Y=a+ BLX1 + B2X2 + B3 X3+ P4 X4+ B5 X5+ e

Information:

Y : Farmer's income (Rp),
X1 : Planted area (Ha).

X2 : Harvested Area (kg/ha),
X3 : Area of OPT Attack (Ha)
X4 : Flood Area (Ha).

X5 : Area of Drought (Ha),

a : Constants,

B1, B2, B3, P4, BS : Regression coefficient,

e : Error term,
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RESULTS AND DISCUSSION

Respondent Characteristics

Respondent characteristics are a description of the respondent's condition in a study.
Characteristics are used as a basis for knowing the condition or characteristics of
respondent farmers who run black rice farming businesses in Sirampog District, Brebes
Regency. Respondent characteristics in this study include age level, education, and land
area.
Age Level

One of the factors that influences work productivity is age. The older a person is,
the more it will affect their ability to do a job where the influence will be seen in a person's
physical ability to complete their work. According to Rayudin (2010), productive age is
very influential in supporting farming activities, because the increasing age condition
becomes an obstacle for farmers to develop their potential in managing their farming
business properly. The characteristics of respondents based on age can be seen in Table
1. Based on data from Table 8. The age of 51-56 years is the most black rice farmers
reaching 40% with a total of 8 farmers. Then the age of 45-50 years is 30% with a total
of 6 farmers. The age of 57-62 reaches 15% with a total of 3 farmers. The age of 63-77
years is 5% each with a total of 1farmers.
Table 1. Respondent characteristics based on age level

Numbe

. Age Farmers Amount (people) Persentage (%)

1 45-50 6 33

2 51-56 8 37

3 57-62 3 15

4 63-68 1 5

5 69-73 1 5

6 74-77 1 5
Amount 20 100

Source: Processed Primary Data (2023)

Table 1 shows that the majority of respondents in Sirampog Subdstrict have an
average age of 55 years as black rice farmers and all are done by men with an age range
of 45 years to 77 years. The average age is 51-56 years old, 8 people, or 37%. The large
number of farmers of non-productive age (elderly) in Karangklesem Village is because
they feel they are still strong, have to work to earn income, and there is a lack of farmer
regeneration. Children of farmers after formal school usually migrate out of town to seek
experience and to improve the family economy. According to Andini, et.al., (2013),
farmers still work in old age because they do not have old age security (pension), so they
have to continue working as long as no one guarantees their lives.

Education Level

Education can influence this way and a person's ability to reason about knowledge,
so that it will influence decision making and problem solving in taking action. The level
of education has a direct effect on the level of knowledge and understanding of farmers
so that it can describe the quality of a person as a human resource. The higher a person's
education, the more open they are to receiving knowledge, information, and innovation
from others. A person's education is used as a tool to measure the knowledge and
understanding that a person has (Windani, et.al., 2022).
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Table 2. Respondent characteristics based on education level

Number Education Amount (people) Persentage(%)
1 Elementary school 2 15
2 Junior high school 2 15
3 Senior High School 13 50
4 Bachelor 2 15
5 Master 1 5
Amount 20 100

Source: Processed Primary Data (2023)

Table 2 shows that the majority of farmers in Sirampog District have a high school
education level, namely 13 people or 50%. This shows that the respondent farmers in the
Sirampog District have secondary education. This is due to cultural factors in society that
tend to encourage children to work in the agricultural sector or follow family traditions,
as well as high education costs, such as school fees, books, and uniforms that may be
difficult for families with low incomes to afford. Farmers with low levels of education
have low levels of farming efficiency, due to the lack of knowledge to absorb the adoption
of agricultural technology innovations (Rorong, et,al., 2024). Yahya (2016), stated that
the level of education has a significant effect on farmers' adoption of IPM in lowland rice.
This can affect the level of understanding and analytical ability of farmers towards
innovation adoption decisions. Farmers can develop their rice farming capacity with
educational support. Likewise, in adopting knowledge, consideration is needed before
making a decision. A person's level of education will influence decision making and the
adoption of an innovation based on the knowledge they have, one of which is the
application of IPM to rice plants.

Land Area

Land is an important element in carrying out farming, because it is a farmer's asset
in producing and at the same time a source of income. Land area shows the scale of
farming which affects the use of rice production factors. Land area will affect the amount
of production attempted and the welfare that will be obtained. The respondent's land area
is the rice field area cultivated by the respondent farmer for rice farming expressed in
hectares (Arlis, 2016). Respondent characteristics based on land area can be seen in Table
3.

Table 3. Respondent Characteristics Based on Land Area

Number Land Area (Ha) Amount (people) Persentage(%)
1 <0.2 0 0
2 02<L<04 10 51.25
3 04<L<0.6 9 40.25
4 0.6<L<0.8 1 8.50
Amount 20 100

Source: Processed Primary Data (2023)

Table 3 explains each characteristic possessed by the respondents. Farmers who
have a land area of between 0.2 and 0.4 hectares have the highest percentage, which is
51.25% with 10 farmers. Farmers will try to maximize the use of production factors and
reduce production costs. These efforts are made by farmers to obtain maximum black rice
production at minimal cost so that they can achieve a level of technical efficiency. Land
ownership is related to the innovative nature of farmers. Farmers with large land areas
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will be more responsive to technological innovation. According to Ubaidillah et al.,
(2021), land area plays an important role in the agricultural sector. Land is the most
important production factor because agricultural cultivation activities depend on land.
The area of agricultural land management is very important in production activities or
farming.
The Impact of the Development of Plant Pest Organisms (OPT) and the Impact of
Environmental Change on Black Rice Farmer Production in Sirampog District

Multiple linear regression analysis is used to test the relationship and influence of
independent variables (X) on dependent variables (Y). Data analysis in this study was
carried out using SPSS statistical windows version 25, with a confidence level of 95% or
a significance level of 0.05 (o = 0.05). Summary of the results of multiple linear
regression analysis for estimating the impact of plant pest attacks (OPT) on the production
and income of black rice farmers (Oryza sativa L. Indica) multiple linear regression
analysis between variables of planting area (X1), harvested area (X2), attack area (X3),
flood area (X4), drought area (X5) in Sirampog District, Brebes Regency mathematically
The results of statistical analysis with multiple linear regression analysis obtained a linear
regression equation that can be written as follows:

Y =-0.126 + 0.035X; + 0.005X> — 0.016X3 — 0.001X4 + 0.42X5

The constant value of the linear regression equation above is -0.126, meaning that
if the planting area, harvested area, attacked area, flooded area, and drought area are equal
to zero (0), then technical efficiency will decrease by 0.126. If the variables of planting
area, harvested area, OPT attacked area, flooded area, and drought area are considered
constant, then every additional 1 hectare of paddy field planting area will increase rice
production by 0.035 tons in the research area. If the variables of planting area, harvested
area, OPT attacked area, flooded area, and drought area are considered constant, then
every additional 1 hectare of paddy field harvested area will increase rice production by
0.005 tons in the research area. If the variables of planting area, harvested area, planting
area, flooded area and drought area are considered constant, then every additional 1
hectare of OPT attacked area will decrease rice production by 0.016 tons in the research
area. If the variables of planting area, harvest area, planting area and drought area are
considered fixed, then every additional flood area of 1 hectare will cause rice production
to decrease by 0.001 tons in the research area. If the variables of planting area, harvest
area, planting area and drought flood area are considered fixed, then every additional
drought area of 1% will cause rice production to increase by 0.42 tons in the research
area. To see how much influence the independent variables, namely planting area, harvest
area, OPT attack area, flood area, and drought area, a determination test (R2 Test) was
carried out.
The Correlation (R) and Determination Coefficient (R2)

The Correlation Coefficient (R) test is used to measure how strong the linear
relationship is between the independent variables studied and the dependent variable. Or
in other words, the correlation coefficient test is used to find out how strong the
relationship is between the independent and dependent variables. The determination
coefficient (R2) test is used to measure how well the model is able to explain the variation
of the dependent variable. The determination coefficient (R2) test value is between zero
and one. A small R2 value means that the ability of the independent variables to explain
the variation of the dependent variable is very limited. A value close to one means that
the independent variables provide almost all the information needed to predict the
variation of the dependent variable. The results of the correlation coefficient (R) and
determination (R2) tests are presented in Table 4 below:
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Table 4. Results of Correlation Coefficient (R) and Determination (R2) Tests
Correlation Coefficient (R) Determination (R?)
0.899 0.827
Source: Processed Primary Data (2023)

Table 4 shows that based on the results of the analysis, the correlation coefficient (R)
value is 0.899 or 89.9%, which means that the level of relationship between the
independent variable and the dependent variable is very strong because the value is close
to 1. This means that the variables of planting area (X1), harvested area (X2), attack area
(X3), flood area (X4), drought area (X5) have a strong relationship to the level of
production and income of black rice farmers in Sirampog District, Brebes Regency (Y),
which is 89.9%. The value of the determination coefficient (R2) or R Square of 0.827
means that 82.7% of the production and income of black rice farmers is influenced by
planting area (X1), harvested area (X2), attack area (X3), flood area (X4), drought area
(X5) while 17.3% is influenced by variations in other variables outside the model
(variables not studied). Pratama (2021) stated in his research that the results of the
Determination Coefficient (R2) were 0.628 or equal to 62.8%. This figure means that all
variables (X) influence variable (Y) by 62.8%, while the remaining 37.2% is influenced
by other variables outside this regression model or variables that were not studied.
F-test

Simultaneous test (F test) is a test that looks at how all independent variables
influence the dependent variable together or to test whether the regression model is good
(significant) or not good (not significant) (Andi, et.al., 2017) According to Suliyanto
(2011), the calculated F value is used to test the accuracy of the model (goodness of fit).
The F test is also called a simultaneous test because it is used to test whether the
independent variables used in the model are able to explain changes in the value of the
dependent variable or not. If the independent variables have a simultaneous influence on
the dependent variable, then the regression equation model falls into the fit criteria.
Conversely, if there is no simultaneous influence, then it falls into the not fit category.
The way to conclude whether the model falls into the fit category or not is by comparing
the calculated F value with the F table with an error rate of 5%. If the calculated F value
is greater than the F table value, it can be concluded that the regression equation formed
meets the fit criteria, meaning that the independent variables together have a positive
effect on the dependent variable. According to Rifkhan, (2022)states that the way to
determine the F-table value is by calculating dfl and df2. Df1 uses the formula (dfl = k-
1) where k is the number of variables studied, both independent and dependent variables
minus 1 and for the df2 value is obtained using the formula (df2 =n - k - 1) where n is
the number of samples, k is the number of variables studied, both independent and
dependent variables minus 1 using the value a = 0.05. In this study, the F Test was used
to test whether there was an influence between the planting area, harvest area, attack area,
flood area, and drought area on the OPT impact variable. In this study, the number of
respondents used was 20 and the variables were 5, so (dfl = 5-1 =4) and (df2 = 20 - 4-1
= 15), so the F-table value obtained was 3.06. Pratama (2021) stated in his research that
the significance value was 0.00 <0.05 and the Fcount value> Ftable (7.137> 3.06) then
HO was rejected and Ha was accepted and it can be concluded that all variables (X) have
a simultaneous effect on the variable (Y). The results of the F test on the data used in this
study are in Table 5 below:
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Table 5. Simultaneous Test Results (F)

dfi df Fcount Ftable Sig Value.  Information
4 15 7.137 3.06 0.000 Ho Rejected dan H,
Acepted

Source: Processed Primary Data (2023)

T-test

The t-test is used to determine whether the variables of planting area, harvested
area, attack area, flood area, and drought area partially (individually) affect the technical
efficiency variable. According to Suliyanto (2011), the t-value is used to test the partial
effect (per variable) on the dependent variable. Does the variable have a significant effect
on the dependent variable or not? The test criteria are HO cannot be rejected if the
calculated t <t table or Sig> alpha (a)) 0.05 and Ha is accepted if the calculated t> t table
or Sig <alpha (o) 0.05. The results of the t-test or partial test in the study. This is because
the addition of planting area does not necessarily increase the test of the effect separately
(t-test) of the variables of planting area and harvest area individually/each does not have
a significant effect on rice production. The area of OPT attacks, floods, and droughts
individually affects rice production. It is suspected that the plants were not fertilized
according to recommendations and the right dosage, the seeds were not healthy, and there
were OPT attacks. Likewise, the increase in harvest area was not significantly different
from the increase in production. This is also likely due to OPT attacks in the vegetative
phase, resulting in severe attacks. At the research location, many blast diseases were
found in rice plants, caused by the fungus Pyricularia oryzae. This disease can attack
various parts of the rice plant, including leaves, stems, panicle necks, and panicles (if they
have come out), and attacks both the vegetative and generative stages.

This disease is characterized by black spots on the stem which then spread and
rot, causing the plant to become weak and fall over, in addition, blast disease can also
cause crop failure, this is in accordance with Budiarti et al., (2022) stating that due to this
disease attack, losses can occur from mild to crop failure depending on the level of attack
and the resistance of the cultivated rice variety. In addition to blast disease, tungro disease
was also found at the research location, causing stunted rice plants and imperfect panicles,
reducing the amount and quality of grain due to infection by two types of viruses, namely
Rice tungro bacilliform virus (RTBV) and Rice tungro spherical virus (RTSV) which are
transmitted by green leafthoppers. Symptoms that appear include leaves changing color to
orange yellow or reddish yellow, plants becoming stunted, the number of tillers
decreasing, and the grain produced being empty or not full. Tungro disease has the
potential to harm rice plants in Southeast Asia and South Asia including Indonesia.
Ruimassa, et.al., (2022) reported that the incidence of tungro disease ranges from 10% to
100% in rice varieties commonly cultivated in Indonesia. Controlling tungro disease
using resistant varieties is a frequently recommended control method. The use of resistant
rice varieties can reduce tungro disease infection by between 80% and 100% (Rosida,
et.al., 2020), The disease was also found at the research location. Furthermore, bacterial
leaf blight (BLB) disease in rice is caused by Xanthomonas oryzae pv. Oryza has become
the most important disease in the last three years. Bacterial leaf blight (BLB) is one of
the main rice diseases spread across various rice ecosystems in rice-producing provinces,
The disease is caused by the bacteria Xanthomonas oryzae pv. oryzae (Xoo). This
pathogen can infect rice plants at all stages of plant growth from seeding to harvest. The
cause of the disease (pathogen) infects rice plants in the leaves through leaf wounds or
natural holes in the form of stomata and damages the leaf chlorophyll.
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This causes a decrease in the plant's ability to photosynthesize which, if it occurs
in young plants, will result in death and if the attack occurs during flowering, the grain
filling process will be imperfect, causing the grain to be incomplete or even empty. In
conditions like this, yield losses reach 50-70 percent (Kuswardani, et.al., 2013).The
presence of OPT attacks has an impact on reducing black rice production in Sirampog
District, so control efforts are needed involving a combination of preventive and curative
measures. Efforts made to minimize the attack of Blast disease on rice plants are using
healthy seeds, seed treatment by soaking seeds using fungicides or bactericides, because
the disease is transmitted by seeds (seed borne), the use of urea fertilizer according to
specific site recommendations, arranging planting distances to avoid high humidity and
environmental sanitation because of the host of Blast. From the results of the multiple
linear regression analysis equation, it is known that the planting area and harvest area do
not have a significant effect on rice production in the research area.

Black Rice Farming Income in Sirampog District, Brebes Regency

Analysis of black rice farming income is important to study to provide an
overview of the profits or income from the farming activities being carried out. Farming
income analysis includes analysis of income, income from cash, and non-cash costs. In
the cost component, the costs incurred by farmers consist of cash costs and non-cash costs
(implicit).

Cash Costs

Analysis of black rice farming income is important to study to provide an
overview of the profits or income from the farming activities being carried out. Farming
income analysis includes analysis of income, income from cash, and non-cash costs. In
the cost component, the costs incurred by farmers consist of cash costs and non-cash
costs. Cash costs are costs that are directly incurred during farming activities until post-
harvest. Details of cash costs in black rice cultivation in Sirampog District are as follows:

Table 6. Cash Costs of Black Rice Farming in Sirampog District

Amount Mark Persentage
Number Cash fee . Unit  Mark/unit  (IDR/ha/seaso o g
(unit) n) (%)
1 Seeds 51.1 Kg 30,000 1,533,000 5.66
Fertilizer
2 Phomste 1403  Kg 13,500 1,894,050 6.99
3 Urea 1807  Kg 2,100 379,432 1.40
4 Net 4.0 Pcs 35,000 140,000 0.52
5 Raffia 5.0 Kg 15,000 75,000 0.28
6 Land Tax 1 Year 360,000 360,000 1.33
7 Land
Cultivation :
a. Bufallo 2 Heads 150,000 300,000 1.11
b. Tractor 1 Unit 200,000 200,000 0.74
g  PDlanting 13 People 35,000 455,000 1.68
Labor
9 Harvest 16  People 130,500 2,088,000 7.70
Labor
o Milling 4921  Kg 4,000 20,105,000 72.61
Costs
Amount 975,100 28,105,000 100.00

Source: Processed Primary Data (2023)
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Table 6, shows that cash costs consist of the cost of production facilities used in
black rice farming. The cost incurred in one planting season is IDR 28,105,000/ha/season.
The cost incurred for seeds with a requirement of 51 kg/ha is IDR 1,533,000/ha. The use
of fertilizers consists of phosphorus fertilizer and urea fertilizer with a total cost of IDR
2,273,482/ha. Based on the results of interviews with farmers, nets are used once during
the planting season because the nets are easily tangled, torn, and damaged. Nets with a
price of IDR 35,000 with a requirement of 4 pcs/ha in black rice cultivation are used as
bird traps so that they do not eat the rice grains. Land tax costs are IDR 360,000/ha in one
year. Land tax costs are incurred by farmers because the land used by farmers is private
land. The land tax incurred is a special land tax for black rice which is obtained from %
of the total land area owned by farmers. Bamboo with a price of IDR. 15,000 with a
requirement of 2 units/ha used by farmers as a tool to erect and stretch nets on the edge
of the rice fields tied with raffia rope. Land processing costs of Rp. 500,000/ha/season is
carried out by buffalo and tractor power. Planting labor in one hectare requires 13 people
with a total cost of Rp. 455,000/ha/season. Harvesting labor in one hectare requires 16
people with a total cost of Rp. 2,088,000/ha/season. Labor in black rice cultivation is
waged with a contract system.

The milling cost of Rp. 28,105,000/ha is calculated because farmers mill black
rice through a second party and farmers do not have a rice milling machine whose
machine is adjusted to black rice. The cost of milling black rice is Rp. 4,000/kg with the
amount of production per hectare with the highest percentage among other cash costs,
which is 72.61%. The cost of black rice production in Sirampog District such as pesticides
or other medicines is because black rice is quite resistant to disease. The fragrant smell
factor produced by black rice makes other pests such as planthoppers or other insects
dislike attacking black rice so that farmers do not use medicines or pesticides in
production activities. The cost of spraying in the black rice farming business in Sirampog
District is non-existent because there is no spraying of pesticides or insecticides. Black
rice farmers' efforts to overcome bird pest attacks include using nets and burning the
remains of chicken bones around the cultivation land.

Non-Cash Fees

Non-cash costs are costs incurred indirectly, but their value remains and is still taken
into account. The components of non-cash costs in the analysis of black rice farming
income are equipment depreciation costs.

Table 7. Non-Cash Costs of Black Rice Cultivation in Sirampog District

Deprecia
. .. Depreciat tion Perse
Number Non-Cash Cost Unit Value/unit . . ntage
ion/unit  (IDR/ha/
(o)
season)
1 Depreciation Equipment:
- Bucket 5 35,000 6,500 29,545 3.58
- ani-ani 3 10,000 1,851 5,752 0.69
- Threshing machine 1 6,500,000 687,500 687,500 83.30
- Hoe 4 148,000 25,171 91,534  11.09
- Bamboo 3 13,900 3,370 11,108 1.35
Amount 16 6,706,900 724,394 825,440 100

Source: Processed Primary Data (2023)
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Based on Table 7, shows that the non-cash costs incurred by black rice farmers
are IDR 825,440/ha/season. The largest depreciation cost is from the rice threshing
machine with a percentage of 83.30% with a depreciation cost of IDR 687,500/ha/season.
The threshing machine is used to thresh rice so that it is separated from the rice stalks.
The depreciation cost of the hoe is IDR 91,534/ha with a percentage of 11.09%. Hoes are
used by farmers to cultivate land in addition to using buffaloes and tractors. Hoes are
usually used to make roads on the edge of rice fields or the Sirampog community calls
them galengan. The depreciation cost of the bucket is IDR 29,545/ha with a percentage
of 3.58%. Buckets are used by farmers to store water when watering when farmers have
difficulty getting water. The depreciation cost of the ani-ani is IDR 5,752/ha with a
percentage of 0.69%. Black rice farmers still use traditional tools such as ani-ani to cut
tall black rice stalks. Depreciation costs are categorized as non-cash costs because even
though the costs are not directly incurred, their value is still calculated. Depreciation costs
are calculated on the assumption that equipment such as buckets, ani-ani, threshing
machines, hoes, and bamboo have an economic life that will later experience physical
damage or utility value.

Black Rice Farming Business Revenue

Based on Table 7, shows that the non-cash costs incurred by black rice farmers
are IDR 825,440/ha/season. The largest depreciation cost is from the rice threshing
machine with a percentage of 83.30% with a depreciation cost of IDR 687,500/ha/season.
The threshing machine is Income is obtained from production results multiplied by
production prices. Total net income is obtained from total income minus total costs in a
production. The greater the number of products produced or the higher the price per unit
of production, the greater the total income received by the producer. The income of black
rice farmers in Sirampog District in the form of grain, is 4,920.5 kg/ha/one harvest season.
After going through the milling process, the grain that becomes rice shrinks by 26% so
that the production results become 3,641 kg.

Table 8. Black Rice Farmers Acceptance

Number Description Mark
1 Production (kg/ha/season) 3,641
2 Selling Price(kg/ha/season) 20,000
Total Acceptance (IDR/ha/season) 72,820,000

Source: Processed Primary Data (2023)

Based on Table 8, shows that the amount of income received by farmers is IDR
72,820,000/ha/season. Income is obtained from production results multiplied by the
selling price. The production of black rice in one planting season is 3,641/kg/ha in the
form of rice with a shrinkage of 26% from dry milled grain. According to research (Dewi,
et.al.,, 2018), states that the shrinkage from GKG to rice is 26%. The selling price is
already in the form of rice, which is IDR 20,000/kg from farmers. The black rice milling
process uses a machine that has been set up inside, used specifically for black rice and
only a few farmers have a milling machine that has been set up. Most farmers sell their
harvests in the form of rice. The harvest in the form of rice is managed by the head of
each farmer group with a selling price of IDR 20,000/kg through a sorting stage from
each farmer. The head of the farmer group acts as a distributor for farmers to consumers
regarding the availability of black rice. The goal is to manage the availability of black
rice that is still there, assisted by BPP. However, most farmers sell directly in the form of
rice to consumers, both online and in person.
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Black Rice Farming Incomes
Black rice cultivation income is the net profit received by black rice farmers.
Farming income is calculated from the total income (TR) of black rice farmers minus the
total costs (TC) incurred. The following is the income received by black rice farmers:
Table 9. Black Rice Farming Incomes

Number Description Mark (IDR)
1 Reception 72,820,000
2 Cash Fee 28,105,000
3 Cash Non Fees 825,440
4 Income Tax 15% 6,732,922
Income 37,157,560

Source: Processed Primary Data (2023)

Based on Table 9, it shows that the net income of black rice farmers in Sirampog
District in one harvest season is IDR 37,157,560/ha in one harvest season. The income of
black rice farmers in Sirampog District is obtained from total income minus total costs
incurred with a deduction of 15% income tax with a total of IDR 6,732,922/ha/season.
Total costs include total cash costs and total non-cash costs. The income of black rice
farmers in one harvest season is sufficient to meet the needs of farmers and return capital
within 6 months. The reason for the long time is that there are still a few farmers who
cultivate black rice even though the farmers' income is quite high. The income of black
rice farming in Sirampog District is more profitable, namely supported by the results of
Lumintang, (2013) that the income of rice farmers in Teep Village, East Langowan
District is IDR 11,250,000/ha in one production process where the rice harvest period is
4 months. In the research of Mahastian,et.al., (2015), it was stated that the income from
red rice farming of the Segreng variety was IDR 3,281,258/ha with a harvest period of
136 days.

The comparison of black rice farmers' income is higher than other rice farmers
because the selling price of black rice per kg is higher than other rice. This is due to the
longer harvest period and other production risk factors. The implications of the results of
the analysis of black rice farmers' income show that black rice farmers are more
prosperous, because black rice farmers have additional income from black rice
cultivation. This is reinforced by the efforts made by farmers not only farming, but
farmers having other businesses that are obtained from black rice farming income. Based
on the results of the study, several black rice farmers who still have family responsibilities
can meet their needs and provide for those who are still dependent on their families in
terms of education up to college. The amount of income received by farmers is IDR
72,820,000 / ha/season. Income is obtained from production results multiplied by the
selling price. The production of black rice in one planting season is 3,641 / kg/ha in the
form of rice with a shrinkage of 26% from dry milled grain. The income of black rice
farmers in Sirampog District, Brebes Regency is Rp. 38,153,226 per hectare in one
harvest season. The Impact of the Development of Main Plant Pest Organisms (OPT) and
the Impact of Environmental Change on the Income of Black Rice Farmers in Sirampog
District The results of statistical analysis with multiple linear regression analysis obtained
the following linear regression equation:

Y =-0.126 + 0.035X; + 0.005X> - 0.016X3 — 0.001X4 + 0.42X5
Where:

1. If the variables of planting area, harvest area, OPT attack area, flood area and drought
area are considered fixed, then the constant value of the linear regression equation
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above is -0.126, meaning that if the planting area, harvest area, attack area, flood area,
drought area are equal to zero (0), then technical efficiency will decrease by 0.126. If
the variables of harvest area, OPT attack area, flood area, and drought area are
considered fixed, then every additional 1 hectare of paddy field planting area will
increase rice production by 0.035 tons and black rice farmers will earn an income of
Rp. 37,157,560/ha in one harvest season.

2. If the variables of planting area, harvest area, OPT attacks, flood area, and drought area
are considered constant, then every additional harvest area of 1 hectare of paddy field
will increase rice production by 0.005 tons in the research area. The production of
black rice in one planting season is 3,641/kg/ha in the form of rice with a shrinkage of
26% of dry milled grain.

3. If'the variables of planted area, harvested area, flooded area, flooded area and drought
area are considered constant, then every additional area of OPT attack of 1 hectare will
cause rice production to decrease by 0.016 tons in the research area.

4. If the variables of planted area, harvested area, planted area and drought area are
considered constant, then every additional flood area of 1 hectare will cause rice
production to decrease by 0.001 tons in the research area.

5. If the variables of planting area, harvested area, planting area and flooded area of
drought are considered constant, then every 1% increase in the area of drought will
increase rice production by 0.42 tons in the research area. To see how much influence
the independent variables, namely planting area, harvested area, OPT attack area, flood
area, and drought area, a determination test (R2 Test) was carried out. Based on the
results of the analysis, the correlation coefficient (R) value is 0.899 or 89.9%, which
means that the level of relationship between the independent variables and the
dependent variables is very strong because the value is close to 1.

This means that the variables of planting area (X1), harvested area (X2), attack
area (X3), flood area (X4), drought area (X5) have a strong relationship to the level of
production and income of black rice farmers in Sirampog District, Brebes Regency (Y),
which is 89.9%. The coefficient of determination (R2) or R Square value of 0.827 means
that 82.7% of black rice farmers' production and income is influenced by the planting area
(X1), harvest area (X2), attack area (X3), flood area (X4), drought area (X5) while 17.3%
is influenced by variations in other variables outside the model (variables not studied).
Pratama, et.al., (2021)stated in his research that the results of the Determination
Coefficient (R2) were 0.628 or equal to 62.8%. This figure means that all variables (X)
affect variable (Y) by 62.8% while the remaining 37.2% is influenced by other variables
outside this regression model or variables that were not studied. Separate testing of the
influence (t-test) of the variables of planting area and harvested area did not have a
significant effect on the income of black rice farmers.

Meanwhile, the area of OPT attacks, the flood area, and the drought area had a
significant effect on black rice income. Indonesia is one of the countries in Southeast Asia
that is also affected by climate change. Climate change is a condition of several climate
elements whose intensity tends to change from the dynamics and conditions of the
Indonesian region, including an archipelago with a large plain area, so it is vulnerable to
the negative impacts of climate change. Climate change is currently a global challenge
where climate variation has a major impact on communities throughout the world,
especially on farming communities. If the climate change natural disaster crisis is not
controlled, it is predicted that by 2030 climate variability will threaten food security and
water needs because at that time the world's population has increased food needs by more
than 50% more than it is today (Arham, et.al., 2022). Climate change is characterized by
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changes in climate elements including rainfall patterns, air temperature, and an increase
in extreme climate events that cause floods and droughts. Indications of climate change
are familiar to farmers and are an obstacle for the agricultural sector, especially rice
commodities. The annual air temperature anomaly is a comparison of air temperature in
a particular year, relative to the average normal period, namely in the 1991-2020 period.

Based on data from 91 BMKG observation stations, the normal air temperature
for the 1991-2020 period in Indonesia was 26.8°C and the average air temperature in 2022
was 27.0°C. For the Indonesian region as a whole, 2016 was the hottest year with an
anomaly value of 0.6°C throughout the observation period from 1981 to 2022. 2022 itself
is ranked the 13th hottest year with an anomaly value of 0.2°C, while 2020 and 2019 are
ranked second and third with anomaly values of 0.5°C and 0.4°C. In the face of extreme
climate change, the efforts that must be made are adaptation as an important way for
agricultural land in the affected area. The impact of flooding depends on the frequency,
duration, and depth of the flood. Maps of affected areas usually already exist because of
the routine annual floods that hit the areas so that adaptation for affected areas can be
more easily planned. In addition to instant steps, such as those carried out so far through
recommendations for replanting, seed assistance, and compensation, more
comprehensive long-term steps also need to be taken.

In adaptation strategy activities in dealing with climate change that require high
investment in the agricultural sector, the role of the government is needed, including the
development and acceleration of the adoption of productive and adaptive farming
technology to climate change, the provision of farmer infrastructure to support adaptive
climate change applications and farmer institutions that protect against the impacts of
climate change. Conducive input and output price policies for agricultural products so
that they can be used for personal income. Climate change adaptation technology adjusts
to the time and planting patterns such as the use of superior varieties that are resistant to
climate change, irrigation technology, and no-till planting technology (TOT). Climate
change data assessment on agricultural resources such as rainfall patterns, water
resources, agricultural land area, infrastructure, agricultural production systems, and
socio-economic aspects are also not left out of the climate change assessment. Based on
this study, mitigation technology is produced to reduce greenhouse gas emissions in
improving agricultural activities so that they can be adapted by farmers. The purpose of
this adaptation technology is to adjust to the impacts of climate change in order to reduce
the risk of crop failure. Adaptation technology includes planting time adjustment
technology, technology for using superior varieties for climate change, and the
development of water management technology. The first thing to do is to use low-
emission rice varieties. Rice planted in rice fields is known as a source of methane gas
emissions, namely between 20 - 100 Tg CH4 / year.

Differences in physiological and morphological properties of rice varieties
determine methane gas emissions depending on the number of biomass tillers, root
patterns, and metabolic activity. The rice variety planted is IR 64. However, currently,
farmers are starting to switch to the Ciherang variety. In addition to being more resistant
to disease and pests, the Ciherang variety also has lower methane gas emissions
(Baitierachmah, et.al., 2025), The second thing that can be done is to use ZA fertilizer as
a source of nitrogen fertilizer. ZA fertilizer can reduce methane gas emissions compared
to urea if the fertilizer is spread on the soil surface and can reduce methane emissions by
up to 62%, but this method cannot be practiced in all locations and is usually applied to
high pH soil (Handoko, et.al., 2008).The third thing to do is to apply technology
applications without tillage. Dry soil processing can reduce methane gas emissions
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compared to muddy soil processing. This is because the decomposition of organic matter
takes place aerobically so that carbon elements are released in the form of carbon dioxide
which has a lower heating rate than methane gas (Smith, et.al., 2007). The last technology
that can be used is intermittent irrigation technology or irrigating land and drying the land
periodically within a certain time. This technology can save water, reduce methane gas
emissions in rice fields. This method affects the physical and chemical properties of the
soil which are more beneficial for plants because it eliminates substances that are toxic to
plants such as organic acids (Sudaryanto,et.al.,2018). All these geographical facts make
the Indonesian region vulnerable to drought symptoms because the climate that applies
in tropical regions is indeed monsoon which is known to be very sensitive to El-Nino
changes. This is the main cause of drought that occurs when the temperature on the
surface of the Pacific equator, precisely in the central to eastern parts, experiences an
increase in temperature.

CONCLUSION AND SUGGESTION

The impact of plant pest attacks on the production and income of black rice
farmers (Oryza sativa L. Indica) in Sirampog District, Brebes Regency. Shows a
significant effect on the variables of planting area (X1), harvested area (X2), attack area
(X3), flood area (X4), and drought area (X5). Separately, the variables of planting area
(X1), harvested area (X2), attack area (X3), flood area (X4), and drought area (X5) have
a significant effect on black rice production in Sirampog District. The variables of
planting area (X1), harvested area (X2), attack area (X3), flood area (X4), and drought
area (X5) have a significant effect on farmers' income. Separately, the variables of
planting area (X1), harvested area (X2), attack area (X3), flood area (X4), and drought
area (X5) have a significant effect on black rice farmers' income of Rp. 37,157,560 per
hectare in one harvest season. Profitable farmer income because black rice has a fairly
high selling price compared to white rice. Black rice farmers can use various production
factors in various combinations that are in accordance with the level of OPT attacks and
the influence of environmental changes to obtain maximum and efficient production and
income.
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