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Abstract. Yassi A, Demmallino EB, Sultani HR. 2023. Tropical climate change and its impact on horticultural plants in Enrekang 

District, South Sulawesi, Indonesia. Biodiversitas 24: 3073-3079. Global, regional, and local changes in climate are phenomenologically 

different and have distinct impacts on the horticultural and agricultural sectors. Therefore, this research aims to examine tropical climate 

change in South Sulawesi, Indonesia and analyze its impact on horticultural crops. A post-positivistic interpretation framework of the 

case study tradition was used, while the location was determined by purposive sampling followed by comprehensive data collection. 

Data were analyzed using integrated techniques, and validity tests were carried out to assess the credibility and reliability. The results 

indicated a local climate change marked by a difference in the pattern of distribution and intensity of extreme rainfall between 2015 and 

2018. This was due to an increase in air temperature, which on average reached ±0.03731°C from the lowest of 22.50°C in 2011 to the 

highest of 23.12°C in 2020. In other words, it can be stated that the air temperature had increased by ±0.63°C in the last decade. The 

impact on various types of horticultural crops was marked by a decrease in the production of several kinds of Chinese cabbage, carrots, 

and green beans in 2015 as well as a very drastic reduction in potato crop production in 2018, while cabbage plants experienced a peak 

in production in 2018. Some types of horticultural crops such as shallots, cabbage and red chili began to stabilize and even increased 

their production in the aftermath of climate change during said period. 
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INTRODUCTION 

Tropical climate change is a global phenomenon that 

affects various sectors of life including agriculture. 

Indonesia is flanked by two oceans including the Pacific 

and the Indian Ocean, as well as two continents namely 

Asia and Australia, making it part of this change 

(Khairulbahri 2021). The country also has unique regional 

and local characteristics. Regionally, Indonesia is 

surrounded by several large and small islands with the sea 

as a link, while locally, various large islands including 

Sumatra, Java, Kalimantan, Sulawesi and Papua have many 

mountains and valleys, culminating in distinct climate 

change conditions in each region (Suryadi et al. 2018). In 

the last three decades, the country has experienced dynamic 

changes (Clem et al. 2020) including increased temperatures 

and diversity of current climate patterns (Pachauri et al. 

2014). Higher temperatures lead to increased evaporation 

and evapotranspiration, which led to diminished water 

availability (Li et al. 2020). Climate change is also 

manifested by the increased imbalance in water during the 

dry and rainy seasons (Jerves-Cobo et al. 2020). Therefore, 

people experience water shortages in the dry season and 

floods in the rainy season (Yassi et al. 2019). South 

Sulawesi, Indonesia faces three types of rainfall patterns, 

namely the west coast or the Moonson type with peak rains 

in December, January, and February, the east coast or the 

equatorial style with rain peaks in April, May, June and 

December, as well as the transitional or local rain type. 

In the last ten years, there have been several reports on 

climate change and its impact on the agricultural sector in 

various regions, affecting decrease in farmers’s income. 

The previous study by Anik et al. (2021) suggested the 

need for an adaptation strategy to overcome the impacts of 

climate change. The level of adaptation capacity of food 

crop farmers to climate change is classified as moderate 

and varies among regions causing diverse and low 

production. Extreme climate change has led to a decrease 

in agricultural productivity and the need for groundwater 

conservation practices (Amfo et al. 2021). 

Natural events due to climate change, include erratic 

rainfall patterns, high air temperatures and prolonged dry 

spells, as well as the early onset of rainy seasons 

(Mekonnen et al. 2021; Mumenthaler et al. 2021). These 

three events have posed high risk for crop failure, 

agricultural sustainability, and pest attacks. The impact of 

climate change also greatly affects the economy in the form 

of reduced food production and increased production costs, 

culminating in elevated food prices (Bhattacharya. 2019). 

Crop production is greatly affected by rainfall and 

increasing temperature. Therefore, local farmers must adapt 

through participatory research, as well as appropriate 

market strategies to improve food security status. There is 

also a need for efforts to utilize renewable energy sources 
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in adapting to climate change and reducing CO2 emissions 

(Suman 2021). 

Previous studies focused more on analyzing the impact 

of global climate change on the agricultural sector and its 

adaptation patterns at the local level without considering 

the differences in the characteristics of tropical climate 

change at the global, regional and local levels. Therefore, 

this study focuses on climate change in South Sulawesi and 

examines its impact on horticultural crops in the horticultural 

development center. 

MATERIALS AND METHODS 

Research area 

This research was conducted in the last decade from 

January 2011 to December 2021, during this period, primary 

and secondary data were collected from the BMKG South 

Sulawesi, Indonesia and horticultural crop farmers at the 

research location, namely the horticulture development 

center in Enrekang District (Figure 1).  

Types and source data 

Epistemologically, this research used a post-positivistic 

interpretation framework from the Single Instrument Case 

Study tradition (Creswell 1998). A five-qualitative research 

design approach was used comprising narrative, 

phenomenology, grounded theory, ethnography, and case 

studies. For each approach, the text included designing 

qualitative research, introduction and development, data 

collection, data analysis, the structure of each method, 

validation and evaluation, as well as conclusions.  

Collecting data method 

Primary and secondary data were collected using 

human instruments through comprehensive data collection 

technique starting with documentation at the BMKG Office 

South Sulawesi. This was followed by observation and in-

depth interviews with several key informants selected using 

the snowball method (Marcus et al. 2017) at the 

horticultural farmer level. This method was used to analyze 

the adaptation patterns of horticultural farmers to climate 

change at the Enrekang District horticultural area development 

center. In general, the snowball sampling method was used 

in qualitative research where respondents were not 

recruited directly but through other people (Parker et al. 

2019). 

Data analysis 

The collected data were analyzed holistically, referring 

to Creswell (1998), Miles and Huberman (1992) with the 

stages of analysis, namely data collection, categorization, 

display, and followed by conclusion. The results were then 

tested in the form of data validity tests, to assess their 

credibility and reliability. 

 

 

 

 
 

Figure 1. The map of research site in Enrekang District, South Sulawesi, Indonesia   



YASSI et al. – Tropical climate change and its impact on horticultural plants 

 

3075 

RESULTS AND DISCUSSION 

Data on average changes in air temperature in South 

Sulawesi 

Data from the Meteorology, Climatology and Geophysics 

Agency (BMKG) shows temperature changes in South 

Sulawesi over the last ten years as described in Table 1. 

Data average rainfall in South Sulawesi 

The average rainfall data taken from five sample 

stations around the horticulture development center are 

shown in Table 2. The observation stations at the research 

sites were CH Talangriaja, CH Salokaraja, CH Salubarani, 

CH Mata Allo, and CH Maroangin Stations (Figure 1). 

Data of production and horticultural planting area 

Table 3 shows plant production and horticultural 

planting area over the last ten years in Enrekang District. 

The plant commodities analyzed were shallots, potatoes, 

cabbage, Chinese cabbage, tomatoes, carrots, green beans 

and red chili. 

 

Climate change phenomenon 

Data in Table 1 shows that on an average, the 

temperature rises in South Sulawesi over the last decade 

reached ±0.037°C ranging from the lowest average of 

22.50°C in 2011 to the highest of 23.12ºC in 2020. In other 

words, it can be stated that the temperature had increased 

by ±0.63°C in the last decade as described in Table 1 and 

Figure 2. This result is in line with the average increase in 

global temperature but is still significantly lower due to the 

influence of the archipelago, as South Sulawesi is one of 

the largest islands in Indonesia. Furthermore, the country 

also has several mountains, valleys, forests, lakes, and 

rivers scattered in its territory. 
 

Table 1. Average temperature change (°C/year) in South 

Sulawesi, Indonesia in the last decade (2011-2021) 

 

Year 
Temperature (°C) 

Maximum Minimum Range Average  

2011 26.45 19.83 6.61 22.50 

2012 26.46 19.83 6.62 22.56 

2013 26.73 20.17 6.56 22.85 

2014 26.97 19.96 7.00 22.82 

2015 27.37 19.86 7.50 22.89 

2016 27.26 20.74 6.53 23.38 

2017 26.70 20.23 6.47 22.85 

2018 27.00 20.06 6.94 22.88 

2019 27.41 20.10 7.30 23.04 

2020 26.97 20.52 6.46 23.12 

2021 26.63 20.26 6.36 22.87 

Average 26.90 20.14 6.76 22.89 

Deviation 1.18 0.83 1.41 0.59 

Source: BMKG South Sulawesi 2022 

 

 

 
 

Figure 2. Changes in air temperature (°C/year) in South Sulawesi 

in the last decade (2011-2021). 

 

 

 

Table 2. Average rainfall (mm/month/year) in South Sulawesi, Indonesia in the last decade (five sample stations around horticultural 

development centers in South Sulawesi) 

 

Month 
Year (2011-2021) Monthly 

average 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

January 282.49 297.28 352.03 243.06 248.66 270.33 294.86 290.15 256.05 241.23 536.27 301.13 

February 219.49 313.69 214.6 175.68 338.35 352.18 231.72 262.86 311.20 279.15 206.28 264.11 

March 266.29 504.93 333.35 329.7 231.79 283.56 352.17 301.03 280.46 341.00 352.98 325.21 

April 286.64 332.95 384.31 312.17 252.02 427.18 271.34 214.95 339.99 338.59 248.46 309.87 

May 292.17 357.57 221.12 282.33 168.06 242.36 416.51 184.35 339.99 383.61 284.30 288.40 

June 190.06 169.86 261.08 258.03 177.71 369.91 288.16 243.27 403.71 384.26 172.92 265.31 

July 148.33 203.96 287.81 260.39 103.08 119.30 210.93 116.66 91.93 289.30 170.31 182.00 

August 56.92 110.48 162.3 148.95 39.62 83.03 184.87 70.43 101.30 204.50 383.90 140.57 

September 203.16 96.91 128.93 9.42 20.01 183.45 230.99 119.23 116.07 250.15 315.57 152.17 

October 84.48 120.08 51.83 146.63 96.32 264.84 277.07 85.52 278.40 250.53 200.60 168.75 

November 157.61 68.47 238.16 128.24 159.86 260.82 254.61 219.61 41.90 246.54 324.28 190.92 

December 461.77 290.84 351.66 342.49 351.50 280.30 335.82 376.93 99.13 352.09 401.55 331.28 

Annual average 220.78 238.92 248.93 219.76 182.25 261.44 279.09 207.08 221.68 296.75 299.79  

Source: CH Talangriaja Station, CH Salokaraja Station, CH Salubarani Station, CH Mata Allo Station and CH Maroangin Station, South 

Sulawesi 2022 

 



 B IODIVERSITAS 24 (5): 3073-3079, May 2023 

 

3076 

 
 

Figure 3. Changes in average rainfall (mm/month/year) at five rainfall stations around the horticultural development area in South 

Sulawesi, Indonesia 

 

 

Climate change phenomenon 

Data in Table 1 shows that on an average, the temperature 

rise in South Sulawesi over the last decade reached 

±0.037°C ranging from the lowest average of 22.50°C in 

2011 to the highest of 23.12ºC in 2020. In other words, it 

can be stated that the temperature had increased by 

±0.63°C in the last decade as described in Table 1 and 

Figure 2. This result is in line with the average increase in 

global temperature but is still significantly lower due to the 

influence of the archipelago, as South Sulawesi is one of 

the largest islands in Indonesia. Furthermore, the country 

also has several mountains, valleys, forests, lakes, and 

rivers scattered in its territory. 

Based on data sourced from the South Sulawesi BMKG 

(2022), in the last decade from 2011-2021, it was found 

that both maximum, minimum, and average temperatures 

had continued to increase, although in a fluctuating pattern. 

This characteristic differs between global, regional, and 

local climate change, for example, global climate change, 

as an indication of global warming (Mahony and Cannon 

2018), has led to instability of the atmosphere in the lower 

layers, specifically those close to the earth surface. This is 

caused by increasing greenhouse gases including CO2, CH4, 

and N2O which are mainly produced by fossil fuel energy, 

transportation, and industry. The energy sector plays an 

important role in the economy of Indonesia but also has 

negative environmental impacts. Excessive use of fossil fuel 

energy can pollute the environment because of the pollutants 

(Najjar et al. 2021). Observations of global temperature 

since the 19th century showed an increase in average 

temperature, an indicator of climate change (Mahlstein et 

al. 2013). This change is indicated by the rise in the 

average temperature of up to 0.74ºC between 1906-2005. 

Global temperature is projected to increase continuously to 

approximately 1.5ºC in this century (Tian et al. 2021). 

Abnormal temperatures and extreme weather can change 

the climate (Howe et al. 2021), affecting agricultural 

patterns, as stated by Chen et al. (2021) and Akbari et al. 

(2020). Climate change might alter planting days, crop 

diversification, as well as reduce water quality, and crop 

yields. Afzali et al. (2020) added that the number of exports 

of important agricultural products have deviated due to 

climate change. 

Previous studies provided solutions to the effects of 

climate change on agriculture, for example, according to 

Harth (2021), climate change can affect human psychology. 

One solution to dealing with this problem is increasing 

awareness in the household and involving women in 

planning. This effort should be strengthened by other 

policymakers to minimize utilization conflicts. Meanwhile, 

Assan et al. (2020), Fachry et al. (2021), and Daris et al. 

(2022) proposed solutions that involved managing 

agricultural resources at the community level. Nahar et al. 

(2020) and Kim et al. (2021) suggested the protection and 

restoration of tropical peatlands as one possible solution to 

mitigate the influence of climate change on plant 

development and diseases. 

Changes in air temperature in South Sulawesi 

Based on Table 2, there was an impact of the El Nino 

phenomenon in 2015 which caused a long dry season of 

about six months, specifically in the eastern sector. 

Meanwhile, in the western sector, there was a transition of 

decreased rain intensity impacts from May to November. 

According to Oldman (1972) there was an increase in the 

number of wet months in 2016 by up to nine months as 

shown in Table 2 and the impact of climate change was 

mainly on rainfall patterns. Based on data sourced from 

five stations around the horticulture development center in 

South Sulawesi, in the last decade (2011-2021), there have 

been two extreme weather changes, namely in 2015 and 

2018, which occurred during the dry season from 

September until October. The average rainfall in these two 

years fell into the category of wet and dry months (Harahap 

et al. 2020), but during the rainy seasons, there were quite 

extreme changes, specifically in 2018, where the number of 

wet months was between 7-8 with the agricultural climate 

type B (Figure 3). Meanwhile, in 2015 there were 5 wet 

months with climate type C as described in Table 2 and 

Figures 3, 4, 5, and 6. Referring to Oldman (1972), the 

horticultural development area in Enrekang District in 

2011-2021 had an agricultural climate type B. 
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Previous research found that there are still farmers who 

need to learn more about climate change beyond its impact 

on agriculture. Farmers who have adequate knowledge can 

adapt to changes in the planting time based on water 

availability, and use generators to add water to rice fields 

as well as control pests and diseases more intensively 

(Hasanah et al. 2017). Furthermore, Adiyoga and Basuki 

(2018) found that farmers perceive three events as 

consequences of climate change, namely erratic rainfall 

patterns, an increase in air temperature due to the intensity 

of the sun and prolonged dry spells, as well as early onset 

of the rainy season. These three natural events are known 

to increase the risk of crop failure, agricultural 

sustainability issues, and high pest attacks. Extreme climate 

change also impacts food crops by reducing their ability to 

grow and be harvested, leading to decreased production 

and productivity, damage to agricultural land resources, 

increased frequency of area and intensity of drought, as 

well as high humidity and intensity of plant pest 

disturbances. The following sections describe the impact of 

climate change on horticulture planted area (Table 4) and 

the production of horticultural crops (Table 5) in 

horticultural development centers, specifically in Enrekang 

District, South Sulawesi. 

Rainfall in South Sulawesi 

Figures 4, 5 and 6 show the distribution of average 

rainfall patterns at Mata Allo, Maroangin and Salu Barani 

Stations. The average rainfall intensity during climate 

change in 2011-2021 was higher than in 2002-2010. The 

average rainy season occurred from April-June, and the dry 

season on average, occurred between July and September. 

Hence, the cropping pattern, specifically those related to 

the planting schedule, should be based on harvest time in 

months with rainfall below 60 mm per month. 

Rainfall varies every year, can change quickly and have 

different rainfall events even though they are in almost the 

same place (Giarno et al. 2018). Areas with high rainfall 

can affect the physicochemical properties of the soil 

(Ahmad et al. 2018), causing a lot of waste to be carried 

away (Massiseng et al. 2022) and also, if land use is not 

adjusted to the capacity of the land will cause landslides 

and affect the availability water for plants (Saida et al. 

2016). High rainfall intensity can be the leading cause of 

flooding (Ramadhan et al. 2023). Climate change suggests 

that rainfall can trigger an increase in waterlogging areas or 

potentially become areas affected by affected-flood area 

(Hettiarachchi et al. 2018); therefore, the production of 

horticultural crops need attention to rainfall to reduce the 

impact that will be caused. 

Impact on horticultural plants 

Based on data from BPS Enrekang District and South 

Sulawesi, as well as the results of interviews with several 

informants in the field, it can be concluded that at the two 

extreme points of climate change in 2015 and 2018, a 

phenomenon of decreased horticultural crop production 

occurred. During the first extreme point (2015), an El Nino 

event caused extremely dry weather leading to decreased 

production of cabbage plants and several other horticultural 

crops including Chinese cabbage, tomatoes, carrots, green 

beans, and red chili (Table 5). This phenomenon was caused 

by rainfall patterns which began to change in 2014, causing 

a reduction in production (Figure 3). During the second 

extreme point in 2018, a very drastic decline in production 

was also found, including a decrease in potato crop 

production which only reached 1.83 100kg/ha compared to 

75.86 100kg/ha for the previous year (Table 5).  

 

 
 

Figure 4. Distribution of average rain patterns (mm/year) that 

occurred before climate change (2002-2010) and after climate 

change (2011-2021) at Mata Allo Station, Baraka Sub-district, 

Enrekang District, around the Horticulture Development Area in 

South Sulawesi, Indonesia  

 

 

 
 

Figure 5. Distribution of average rainfall patterns (mm/year) that 

occurred before climate change (2003-2010) and after climate 

change (2011-2021) at Maroangin Station, Maiwa Sub-district, 

Enrekang District, around the Horticulture Development Area in 

South Sulawesi, Indonesia 

 

 

 
 

Figure 6. Distribution of average rainfall patterns (mm/year) that 

occurred before climate change (2003-2010) and after climate 

change (2011-2021) at Salu Barani Station, Alla Sub-district, 

Enrekang District, around the Horticulture Development Area in 

South Sulawesi, Indonesia 
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Table 3. Production of horticultural plants (100kg/year) in Enrekang District, South Sulawesi, Indonesia 

 

Commodity 
Production (100kg/year) 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

Shallots 344699 330178 392950 441880 583574 851736 1116123 735811 800173 1028726 1509113 

Potatoes 13125 11338 770 2564 250 2784 3869 2376 3006 2883 896 

Cabbage 401390 426820 498930 363705 265195 353819 451224 405543 288300 363606 356406 

Chinese cabbage 36530 31810 30080 25428 19210 27016 16868 29255 25643 22598 14629 

Tomatoes 122445 139338 161180 108120 159025 295654 472850 453893 332996 372568 308842 

Carrots 44170 33810 37040 39874 35100 66410 60464 54667 40013 58431 28339 

Green beans 37882 34515 35950 24340 19080 48347 41245 62429 35696 29256 36367 

Red chili 39768 189572 50910 13770 26969 75405 65973 61899 55563 53199 54926 

Source: BPS Enrekang District, South Sulawesi 2022 

 

 

Table 4. Horticulture planted area (Ha/year) in the last ten years in Enrekang District, South Sulawesi, Indonesia 

 

Commodity 
Planted area (ha/year) 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

Shallots 3342 3203 3744 4151 5356 7820 10245 6610 7605 9565 13887 

Potatoes 131 110 61 26 39 27 51 1298 45 39 10 

Cabbage 1085 1143 1282 962 825 1131 1297 34 1215 1023 1338 

Chinese cabbage 139 151 174 152 113 168 148 185 151 148 108 

Tomatoes 1097 1271 1348 966 826 1112 1398 1468 1058 1314 1510 

Carrots 291 198 215 239 193 280 367 330 242 386 239 

Green beans 283 295 270 405 168 179 190 276 186 163 237 

Red chili 812 856 856 527 471 585 700 629 527 498 514 

Source: BPS Enrekang District, South Sulawesi 2022 

 

 

Table 5. Production of horticultural plants (100kg/ha) in Enrekang District, South Sulawesi, Indonesia 

 

Commodity 
Production (100kg/ha) 

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

Shallots 103.14 103.08 104.95 106.45 108.96 108.92 108.94 111.32 105.22 107.55 108.67 

Potatoes 100.19 103.07 12.62 98.61 250.00 71.38 75.86 1.83 66.80 73.92 89.60 

Cabbage 369.94 373.42 389.18 378.07 321.45 312.84 347.90 11927.74 237.28 355.43 266.37 

Chinese cabbage 262.80 210.66 172.87 167.29 170.00 160.81 113.97 158.13 169.82 152.69 135.45 

Tomatoes 111.61 109.62 119.57 111.92 192.52 265.88 338.23 309.19 314.74 283.54 204.53 

Carrots 151.79 170.75 172.28 166.84 181.86 237.18 164.75 165.66 165.34 151.38 118.57 

Green beans 133.86 117.00 133.15 60.10 113.57 270.09 217.08 226.19 191.91 179.48 153.45 

Red chili 48.97 221.46 59.47 26.13 57.26 128.90 94.25 98.41 105.43 106.82 106.86 

Source: BPS Enrekang District, South Sulawesi 2022 

 

 

The leading cause of the decline was the lack of rainfall 

or drought from July to November in the dry season. In 

addition, a decrease in production was attributed to pest 

attacks which multiplied and acted as virus carriers. During 

this season, the rainfall volume fell into the dry month 

category (Harahap et al. 2020) as shown in Tables 3, 4 and 

5. Shallot plants generally remained stable due to the 

ability of farmers to provide water through pumping from 

nearby sources (river basin). However, in 2019, the plant 

experienced a decrease in the production of about 6 

tonnes/ha due to pest attacks that multiplied in 2018 and 

acted as carriers of viruses (disease vectors). Farmers in 

Enrekang District also use pesticides in very varied 

quantities and types, for example, they often mix different 

types of pesticides with 63 types identified, of which nine 

are unregistered and 54 are registered. These pesticides are 

often used in doses exceeding the recommended amounts, 

making the cost of maintaining horticulture, specifically 

shallots, very high. 

The results show that farmers can still recover their 

agricultural production even after extreme point events or 

changes in rainfall patterns except for the shallot plant as 

shown in Figures 2 and 4. Cabbage was found to reach its 

production peak during the second extreme weather change 

in 2018. This suggests that horticultural farmers can adapt 

ecologically during drastic weather changes and recover 

their agricultural systems in socio-cultural, economic, and 

technological or agronomic forms. 

In conclusion, climate change in South Sulawesi is 

characterized by extreme changes in rainfall volume that 

occurred in 2015 and 2018 due to increased air temperature. 

The change in temperature on average reached ±0.037°C 

per year ranging from the lowest of 22.50°C in 2011 to the 

highest of 23.12°C in 2020. In other words, it can be stated 

that the air temperature had increased by around ±0.63°C in 

the last decade. At the two extreme points of changes in 

rainfall patterns, phenomena of decreased horticultural crop 

production were found due to the lack of rainfall or drought 
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and the breeding of certain types of pests, which lasted 

from July to November. Therefore, various kinds of 

horticultural crops can remain stable in production even 

after climate change. 
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