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There is a tendency for an increase in the number of damaged beans in certain areas 

producing Arabica coffee, which is thought to be related to the coffee farm elevation. The 

aim of this research is to examine the interactive effect between farm altitude and variety 

on coffee yield and quality. Factors investigated were farm altitude which consisted of 3 

categories, namely low (>1,000-1,200 m asl), medium (>1,200-1400 m asl), high 

(>1,400-1600 m asl), and coffee varieties namely Timtim, Borbor and Ateng Super. The 

results show that the highest coffee bean yield is obtained from medium farm altitudes 

(>1200-1400 m asl), while the lowest yield is obtained from low farm altitudes (>1000-

1200 m asl). Interaction between the two factors reveals that all three varities perform 

very well in medium altitude farm, while in low altitude, the Borbor shows a better 

adaptation and is more resistant to CBB attacks. In high altitude area, the Ateng Super 

adapts better to a lower environmental temperature. The percentage of defective beans 

decreases with an increase in farm elevation. The lowest average defective bean (8.3%) 

was found in high altitude, while the highest average defective bean (14.3%) was found 

in low farm altitude. 
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1. INTRODUCTION

Gayo Highlands, Aceh, is one of the main producers of 

Arabica coffee in Indonesia with total production more than 

67 thousand tons [1]. Indonesian arabica coffee has advantages 

compared to arabica from other countries with the 

characteristics of low acidity and a strong 'body', which makes 

Indonesian arabica coffee often used as an important blending 

component to shape a coffee blend. Although, more than 95% 

of coffee farm in Indonesia is managed by small holder farmer 

with areas between 1 and 2 ha, the coffee quality and 

distinctive taste can still be maintained. 

Market demand for coffee continues to increase by around 

1-2% per year [2], but climate change and increasing pest and

disease attacks are among worrying challenges for the

sustainability of coffee production [3-6]. In the Gayo

Highlands, Arabica coffee production is limited by altitude,

where areas suitable for its development are areas with an

altitude of 1000-1600 m above sea level (m asl). The studies

[7, 8] reported that Gayo Arabica coffee produced in lower

farm altitudes (900-1000 m asl), experienced a very significant

reduction in the quantity and yields quality compared to higher

altitudes. Meanwhile, Ovalle-Rivera et al. [9] stated that

increasing temperatures result in conditions that are more

vulnerable to Arabica coffee production compared to changes

in annual rainfall. The quantity and quality of Arabica coffee 

production decreases outside the optimum temperature range 

[5, 10], as well as increasing temperatures and changes in rain 

patterns resulting in a decrease in Arabica coffee production 

[4, 10], which eventually will affect farmers livelihood and 

sustainability of coffee production system [6, 11]. 

Arabica coffee grows best in a temperature range of 18-

22℃ and has a great potential to produce a specialty grade. 

Increasing temperatures not only affect coffee plants, but also 

result in an increase in the distribution of the coffee berry borer 

(CBB - Hypothenemus hampei Ferrari) [10, 12]. Jaramillo et 

al. [12] predicted that an increase of 1℃ would lead to a much 

faster development of CBB, a greater number of generations 

per fruiting season, and a wider geographic range shift. CBB 

attacks coffee cherries at almost all altitudes in coffee growing 

areas, but greater attacks generally occur at lower altitudes 

[13], causing premature coffee cherries to fall, inhibiting fruit 

development [14], and ultimately results in significant yield 

losses and reduced grain quality [15]. 

Arabica coffee quality is characterized by superior taste and 

aroma [16], which are unique based on the growing region, not 

only due to variations in genetics, climate, latitude, altitude 

and production system, but also the absence of defective beans 

[17-20]. Coffee defects can be attributed to intrinsic or 

extrinsic properties. Intrinsic properties are associated with the 
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dull appearance of the seeds (black, immature, black green, 

brown seeds, etc.), or related to the shape of the seeds (broken, 

damaged by insect attacks, damaged due to post-harvest 

processing, etc.) [17, 21], while extrinsic properties are those 

represented by foreign objects, such as husks, wood, stones 

and lumps. All these defects reduce the price of coffee on the 

market [22]. 

The environmental factor most often associated with coffee 

quality is farm elevation. Some researchers have reported that 

the best quality Arabica coffee comes from higher altitudes as 

a result of lower daily temperatures, which results in slower 

bean ripening and allows more time for bean filling. The 

positive effect of high farm altitude and tree shade on the 

quality of Arabica coffee has been demonstrated [23]. Oxygen 

concentration and air temperature are altitude parameters that 

influence transpiration and photosynthetic activity of plants, in 

addition to microbial diversity [24, 25]. 

Genetic factor such as variety, also has a great influence on 

coffee bean quality [26]. The most common coffee varieties 

grown by farmers in the Gayo Highlands are Timtim, Borbor, 

and Ateng Super. These three varieties have been released as 

superior coffee varieties by the Indonesian Ministry of 

Agriculture, and then are called as Gayo 1, Gayo 2, and Gayo 

3, respectively [27, 28]. 

Timtim (also called Timtim Aceh) which is also known as 

hibrido de timor, emerged from natural crossing of Arabica 

coffee and Robusta hybrids. Timtim variety, introduced to the 

Gayo region from Timor Island, is characterized by tall and 

sturdy growth, higher yields, larger fruit size with bright red 

color fruit (when ripe), tolerant to leaf rust disease, and good 

physical and brewing qualities. Borbor variety is characterized 

by tall, wide canopy growth, sturdy bushes, red fruit with a 

slightly round shape, resistance to leaf rust disease, and good 

physical and brewing qualities. Moreover, Ateng super variety, 

which is a dwarf type derived from the Catimor variety, is 

resistant to leaf rust disease and suitable for various farm 

elevation. Ateng super produces heavy fruit (higher yield), 

good physical and taste quality [27, 29]. 

Ideally, when farmers sell their bean to collectors, 

cooperatives, or traders, they will be assessed based on its 

moisture content, colour, defective beans, defect value, size, 

shape, taste and aroma quality [21, 30]. However, the coffee 

beans price is often only based on the dry beans weight minus 

the excess percentage of water content and defective beans, 

with the maximum accumulation of 30%. If the bean moisture 

content and defective beans sum up to above 30%, then the 

beans price will be discounted by the difference, whereas if it 

is lower, then the coffee beans price will be added by the 

difference. In Brazil, damaged bean count for around 15 to 

20% of production, which of course will reduce the quantity 

and quality of the coffee bean [31]. 

Therefore, the percentage of damaged and defective beans 

is very important for farmers, but unfortunately only a few 

studies have discussed the impact of climate and altitude (air 

temperature) on quality of the beans. Furthermore, there has 

been very limited number of research analysing the interactive 

effect between farm altitude and variety on the quality of 

coffee beans in Indonesia. To understand how climate change, 

especially increasing temperatures, affects coffee quality, we 

tracked bean weight (yield), percent of damaged beans (bean 

loss) at various farm altitudes and coffee varieties. The 

hypotheses are: i) differences in environmental temperature 

(differences in altitude) have a significant effect on the coffee 

cherry and good bean quality; ii) varieties have a significant 

effect on the cherry and coffee bean quality; and iii) there are 

varieties that can adapt well to the region, and produce 

excellent coffee quality. The main objective of this research is 

to examine the interactive effect of farm altitude and coffee 

variety on cherry and bean quality.  

 

 

2. MATERIALS AND METHODS  

 

2.1 Research location  

 

This research was carried out in two districts in the Gayo 

Highlands, Aceh, namely Central Aceh District which 

geographically lays between 4°22'14.42'' – 4°42'40.80'' N and 

96°15'23.60'' – 97°22'10.76'' E, and Bener Meriah District 

which geographically lays between 4°33'50'' – 4°54'50'' N and 

96°40'75'' – 97°17'50'' E, in the northern part of Sumatra Island, 

Indonesia (Figure 1). 

The total area of the two districts is 6,432.1 km2, consist of 

area with an elevation lower than 1,000 m asl (37.0%), 

between 1,000 and 1,600 m asl (20.7%), and higher than 1,600 

m asl (42.3%). Areas with elevations between 1,000 and 1,600 

m asl are very suitable for cultivating Arabica coffee. The 

areas chosen as research locations in Bener Meriah District 

were Permata Sub-District (elevation >1400-1600 m asl), Weh 

Pesam Sub-District (elevation >1200-1400 m asl) and Timang 

Gajah Sub-District (elevation 1000-1200 m asl); while in 

Central Aceh District are Jagong Jeget Sub-District 

(elevation >1400-1600 m asl), Pegasing Sub-District 

(elevation >1200-1400 m asl), and Celala Sub-District 

(elevation 1000-1200 m asl). 

Bener Meriah District is in the Climate Type A category (Q 

=< 14.4%), which is considered as a Very Wet Area with the 

average annual rainfall 2633.3 mm/year (year 2009 to 2021). 

Central Aceh Regency is in the Climate Type B category (Q = 

14.3-33.3%), namely a Wet Area with an average annual 

rainfall 2617.1 mm/year (for the period of year 2009 to 2021). 

In general, the average air temperature (measured at the 

Meteorological Station at an elevation of around 100 m asl) 

ranges from 25.8 to 27.5℃, and the average monthly air 

humidity ranges from 81.2-87.1% [32]. Salima et al. [33] 

stated that if temperature data in an area is not yet available, 

estimates can be made using the altitude factor calculated 

using Braak's theory (1928), if the altitude increases by 100 m, 

the air temperature will decrease by 0.6℃. So, with the 

location of the Meteorological Station at an altitude of 100 m 

asl, then for an altitude of 1000-1600 m asl (there is a 

temperature drop between 5.4 to 7.8℃) then the temperature 

at the research location will range between 20.4 and 22.1℃ at 

altitude 1000-1100 m asl, between 18.0 and 19.7℃ at altitude 

1400-1600 m asl. 

The soil type in the research location is dominated by 

Andisol soil which has a very porous character, black in colour, 

low specific gravity, and exchange complexes which are 

dominated by "amorphous". Rapid weathering of the porous 

parent material produces "allophanic compounds" (allophane 

and imogolite) [34]. To reduce soil variability, the research 

plot was selected only on farm with andisol soil. 
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Figure 1. Map of research location (Aceh Tengah and Bener Meriah districts, Aceh province, Indonesia) 

 

2.2 Sampling methods 

 

Samples for this research were taken from farmers' farm (in 

two districts) using a plot approach over a period of 1 year 

covering 2 harvest seasons, i.e. intermediate harvest season 

(March-June) and peak harvest season (September-December). 

The factors explored in this research are farm altitude and 

coffee variety. The farm elevation starts from 1000 m asl with 

an interval of 200 m up until 1600 m asl. The coffee variety 

consist of three local varieties. 

 

2.2.1 Experimental design and research plot 

This investigation was carried out by adopting randomized 

complete block design (RCBD) with two factors, namely farm 

altitude and coffee variety, with three replications (108 

experimental units). Three farm altitudes across the two 

districts were chosen, i.e., low altitude (>1,000-1,200 m asl), 

medium altitude (>1,200-1,400 m asl), and high altitude 

(>1,400-1,600 m asl). The varieties examined were three local 

varieties extensively grown by coffee farmer in the Gayo 

Highland, i.e., Timtim, Borbor and Ateng Super.  

A coffee research plot was selected from the entire coffee 

farm, with a minimum size of 0.50 ha, coffee age between 5 – 

25 years, and a coffee plant population at least 1000 trees/ha. 

The selected coffee plot must implement good coffee 

cultivation management, implementing at least four aspects 

out of six aspects of coffee cultivation, namely pruning, shade 

(more than 100 trees/ha), weed control, fertilization, pest and 

disease control and/or land conservation. The results of 

interviews with farmers, and direct observations of farm 

conditions, were used as a basis for determining coffee 

plantation plots that will be used to observe coffee yield 

variables. The plot determined must be in one of the elevation 

intervals, and have one of the varieties observed (Timtim, 

Borbor or Ateng Super). 

 

2.2.2 Coffee sample processing 

The samples for this study were obtained from each research 

plot at peak and intermediate harvest seasons, as many as 1 

Can (a local measuring tool with about 20 liters in volume) of 

red cherry (weighing about 12.0-12.2 kg) which was harvested 

from five coffee trees chosen randomly within the plot. Each 

cherry sample was processed with the semi-wash method by 

using procedure outlined by Abubakar et al. [35]. The 

processing scheme and measurement are described in Figure 

2. Meanwhile, the step-by-step cherry processing activities 

and measurement of parameters were listed below:  

1) A container of coffee cherries (± 20 liters) weighing 

about 12.1 ± 0.1 kg were harvested from each research 

plot. 

2) The cherries were poured into an 80 liter-container filled 

with water. The floating coffee cherries were separated 

and weighed (m) as well as the submerged cherries (n). 

3) Floating cherry (m) and sunken cherry (n) were 

immediately pulped to produce coffee grain (bean with 

parchment) and then fermented overnight (about 12 

hours). The next morning, the coffee grain was washed 

to remove the mucilage layer. The grain obtained from 

the floating cherry (m) was weighed (o). Meanwhile, the 

grain from the sunken cherry was separated between the 

floating and the submerged one and then weighed and 

marked as (p) and (q), consecutively. 

4) The wet grain obtained (o), (p) and (q) were sun-dried 

for 2 - 3 days (so that the water content decreases to 

around 35-40%) and then weighed, to obtain semi-dried 

grains from floating cherry (r), from floating grain (s), 

and from sunken grain (t). 

5) The semi-dried grain samples (r), (s), and (t) were hulled 

separately and sun-dried again for 2-3 days (until 13-

14% in moisture content), to get a dry bean.  

6) The dry beans from floating cherry (r) and floating grain 

(s) were weighed individually and then combined 

together and considered as defective bean (u). 

Meanwhile, dry beans from submerged grain (t) were 

weighed (v) and marked as a good quality bean. 

Percentage of defective bean (w) was calculated by 

using the following equation [w = (u)/(u+v) × 100%], 

while percentage of good quality bean (z) was calculated 
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by the following equation [z = (v)/(u+v) × 100%]. 

 

 
 

Figure 2. Chart of semi washed processing method of coffee 

cherries and measurement taken during the postharvest 

handling 

 

2.2.3 Coffee quality 

In this research, the quality components of coffee analyzed 

were coffee cherry and bean qualities. Coffee cherry quality 

was assessed by floating process to separate cherries based on 

its density. After being separated, floating and submerged 

coffee cherries were processed to produce dry bean. Dry bean 

obtained from floating cherry and grain is considered pre-

harvest defective bean (DFB) and influence the coffee quality 

directly. Meanwhile, after pulping, submerged coffee cherry 

was separated into floating grain (contain defective beans) and 

submerged grain (contain good quality beans). Dry bean 

obtained from submerged grain is categorized as a good 

quality bean (GQB). Weight of DFB (dry beans obtained from 

floating cherry and floating grain) were observed (u), as well 

as weight of GQB (dry bean from submerged cherry and grain), 

(v). Level of harvest or cherry quality was also assessed by 

calculating the percentage of DFB (w). High percentage of 

DFB associated with a low cherry quality. 

 

2.3 Data analysis 

 

Before being analyzed, the defective and good quality bean 

data were first tested for normality. The results of the data 

normality test (Kolmogorov-Smirnov Test) show that the 

weight of DFB (u), the weight of GQB (v), and the percentage 

of DFB (w) were normal, so that it was continued with 

parametric test analysis using Randomized Complete Block 

Design (RCBD). If the analysis results show significant 

differences, then an LSD Test (p < 0.05) will be conducted. 

Statistical analysis was carried out using SPSS software 

version 23.0. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Result 

 

3.1.1 Characteristics of research plots 

Characteristics of the research plot for coffee yield and 

quality assessment can be seen in Table 1, which shows that 

coffee samples were obtained from an average farm altitude of 

1305.7 (190.1) m asl, with the lowest altitude being 1022 m 

asl and the highest being 1600 m asl. The average age of coffee 

plants was 12.99 (3.92) years, with the youngest coffee plant 

being 5.00 years old and the oldest being 35.00 years old. The 

average weight of DFB was 236.5 (127.0) g, with the lowest 

weight average was 68.0 g and the highest being 693.0 g. The 

average weight of GQB was 1918.4 (382.0) g, with the lowest 

average weight was 1152 g and the highest being 2678 g. The 

average percentage of DFB out of total bean was 10.99% 

(4.92), with the lowest percentage was 3.39% and the highest 

one was 27.08%. In general, the average bean yield 

(percentage of dry coffee beans obtained from red cherries) 

was 17.95%, while the average percentage of good quality 

bean (GQB) out of total obtained bean was 88.81%. 

 
Table 1. Characteristics of research plots and coffee quality 

related variables (n-108 plots) 

 
Variable Average SD Min Max 

Farm altitude (m asl) 1305.7 190.1 1022 1600 

Coffee plant age (years) 12.99 4.91 5.00 35.00 

Weight of DFB - u (g) 236.5 127.0 68.0 693.0 

Weight of GQB - v (g) 1918.4 382.0 1152 2678 

Percentage of DFB - w (%) 10.99 4.92 3.39 27.08 
SD = Standard Deviation; Min = Minimum; Max = Maximum; DFB = 

Defective bean; GQB = Good quality bean 

 
3.1.2 Effect of farm altitude 

The analysis of variance showed that the farm altitude had 

a very significant effect on all the variables studied. The 

average weight of DFB, the average weight of GQB, and the 

average percentage of DFB (which also considered as dry bean 

loss), in various elevation categories are shown in Table 2. 

Table 2 shows that on average the heaviest DFB were found 

at low farm elevation (>1000-1200 m asl), which is 

significantly different from that of high farm elevation 

(>1400-1600 m asl), but not significantly different from that 

of medium farm elevation (>1200-1400 m asl). The best 

average weight of GQB was found in the medium elevation 

category, which was significantly different from those of high 

altitude and low altitude categories. Meanwhile, the average 

weight of GQB harvested from high farm altitude is heavier 

and significantly different from that of low altitude category. 

Moreover, the highest average percentage of DFB was found 

in the low farm altitudes (>1000-1200 m asl) which was 

significantly different from those of medium (>1200-1400 m 

asl) and high altitudes categories (>1400-1600 m asl). The 

average weight of DFB, the weight of GQB, and the 

percentage of DFB in various altitude categories can be seen 

in Figure 3. 

 
3.1.3 Effect of variety 

Arabica coffee variety studied in this research were Timtim, 

Borbor, and Ateng Super. Analysis of variance showed that 

the variety had no significant effect on all the quality variables 

of the coffee products observed. 

 
3.1.4 Interactive effect between farm altitude and variety 

Analysis of variance showed that the interaction of farm 

altitude and variety, had a very significant effect on the 

average weight of good quality bean (GQB), but had no 

significant effect on other variables. The average weight of 

GQB in various treatment combinations between farm altitude 

and coffee variety is provided in Table 3. 
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Table 2. The average weight of DFB, weight of GQB, and percentage of DFB in various farm altitude categories (n-108 plots) 
 

Variable 
Farm Altitude (m asl) 

LSD (P<0.05) 
>1000-1200 >1200-1400 >1400-1600 

Weight of DFB (g) 265.7 (105.0) b 256.1 (167.5) b 187.8 (90.9) a 76.18 

Weight of GQB (g) 1568.3 (259.8) a 2173.8 (290.7) c 2013.0 (302.9) b 160.66 

Percentage of DBF (%) 14.30 (3.88) b 10.19 (5.54) a 8.50 (3.18) a 2.66 
Note: Numbers in the same row with the same letter are not significantly different at P<0.05; Numbers in brackets is a standard deviation; DFB=Defective beans; 

GQB=Good quality beans. 

 

Table 3. The average weight of good quality bean (GQB) in various combinations of farm altitudes and coffee varieties 
 

Variety 
Farm Altitude (m asl) 

>1000-1200 >1200-1400 >1400-1600 

Timtim 1553.7 (241.6) a AB 2160.1 (290.7) c A 2053.9 (189.3) b B 

Borbor 1619.1 (299.3) a B 2205.8 (234.8) c A 1733.1 (339.3) b A 

Ateng Super 1532.2 (249.8) a A 2155.4 (402.2) b A 2212.0 (182.1) b C 
Note: General linear model (p<0.00); The means followed by the same lowercase letter on the same row and the same capital letter on the same colom were not 

significantly different (LSD P<0.05) = 76.29. Numbers in parentheses are standard deviations. 

 

 
 

Figure 3. Average weight of DFB (A), GQB (B), and 

percentage of DFB (C) in various altitude categories 

Table 3 shows that Timtim and Borbor varieties produce the 

heaviest average weight of GQB in the medium farm altitude 

(>1200-1400 m asl), which were significantly different from 

those in the other two altitude categories. 

Meanwhile, Ateng Super variety produced the heaviest 

average weight of GQB, in the high farm altitude (>1400-1600 

m asl), which was significantly different from those in the low 

farm altitude (>1000-1200 m asl), although was not 

significantly different from those in medium farm altitude. 

Among the varieties, Borbor produces a better average 

weight of GQB than that of Ateng Super and Timtim varieties 

in low farm altitude. Moreover, the average weight of GQB 

obtained from the three varieties in the medium farm altitude 

was not significantly different from one another. Ateng Super 

variety in the high farm altitude (>1400-1600 m asl) produced 

a better dry beans average weight than that of Timtim and 

Borbor. 

 

3.2 Discussion 

 

The quality of Arabica coffee is characterized by superior 

taste and aroma [16], which is unique based on the production 

area, not only due to genetic variations, but also climate, 

latitude, altitude and production system, as well as the absence 

of defects in the beans [17]. Defects in coffee beans are often 

ignored by farmers in the pre- and post-harvest handling, 

where farmers do not separate floating cherries and floating 

grains during initial water assisted sorting. This practice may 

ultimately reduce the quality of coffee as indicated by an 

increase in the number of defective beans. In this study, weight 

of dry bean from floating cherry and grain (DFB), weight of 

dry bean from sinking cherry and grain (GQB), and percentage 

of DFB were observed to see the effect of altitude, variety and 

combination of the two treatments on the quality of dry beans 

(especially its extrinsic characteristics). 

 

3.2.1 Effect of farm altitude 

The best weight of GQB (2173.8 g) was found in the 

medium farm altitude category, which was significantly 

different from those of high (2013.0 g) and low altitude 

category (1568.3 g). This shows that the medium farm altitude 

is the area with the best environmental conditions to support 

the best quality coffee. Meanwhile, the weight of DFB found 

in the medium farm altitude (256.1 g), is higher than that of 

high farm altitude (187.8 g), although it is not significantly 

difference with that of low altitude (265.7 g). Moreover, the 

 

 

 

 1 
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percentage of DFB found in the medium farm altitude 

(10.19%) is significantly different from that of the low farm 

altitude (14.30%), but it is not significantly different from that 

of high-altitude category (8.50%). 

In this study, the difference between the altitude categories 

of the plot studied were around 200 m. An increase of 100 m 

in altitude causes a temperature drop of 0.5 to 0.6℃. Several 

research results show how the optimum temperature differs at 

various stages of plant growth and development. In the first 

weeks of life, plants require a temperature of around 30/23℃ 

(day/night), decreasing to 26/20℃ at the first branch 

production stage [36, 37]. For the initiation of flower buds, 

temperatures of up to 30℃ are required, but their development, 

as well as fruit growth, must occur at temperatures around 

23/17℃ [37, 38]. The low weight of coffee cherries per unit 

volume in the low altitude category (>1000-1200 m asl) is 

possibly due to higher temperatures compared to optimum 

conditions (medium altitude category areas). High 

temperatures can stimulate faster growth and development of 

leaves and fruit in relation to available photosynthetic 

resources, which can produce smaller leaves and fruit [39], 

which can be accompanied by a stimulus to leaf senescence 

(especially in older leaves), if drought stress occurs 

simultaneously [40]. 

The low weight of GQB, in low altitude category, apart 

from being a result of non-optimal plant physiological 

processes, is also associated to a high percentage of DFB, as 

shown by higher weight of dry bean from floating cherry and 

grain. Moreover, the low weight of GQB is most likely caused 

by the high number of coffee berry borer (CBB-

Hypothenemus hampei Ferrari) attacks. Jaramillo et al. [12] 

predicted that an increase of 1℃ would lead to much faster 

development of CBB, a greater number of generations per 

fruiting season, and a shift in geographic range. CBB attacks 

arabica coffee at all altitudes in the main coffee growing areas 

but higher attacks generally occur at lower altitudes [13]. 

Increasing temperature results in an increase in the distribution 

of CBB [10]. This causes the coffee cherries to fall 

prematurely, inhibiting fruit development [14].  

The weight of GQB in high altitude areas is better and 

significantly different from that in the low altitude category. 

This is most likely caused by difference in temperatures. In 

high altitude, temperature is lower, causing a lower CBB 

attack, while in lower altitude CBB attack is higher due to 

higher temperature. Percentage of DFB at high altitude is only 

8.50%, which is significantly lower compared to that of low 

altitude category (14.30%). The weight of GQB is better in the 

high-altitude areas (>1400-1600 m asl) compared to that of 

low altitude one. This is possibly caused by a longer ripening 

process which produces better bean weight due to lower 

temperature. At higher altitudes Arabica coffee spent longer 

time to complete its reproductive cycle [41], this is associated 

with a delay in sugar accumulation in the fruit, and is 

associated with fruit ripening. The studies [25, 42] reported 

that the leaf to fruit ratio was higher in the higher altitude than 

in the low altitude because the leaf life span was longer. A 

higher leaf to fruit ratio results in increased carbohydrate 

supply to the coffee cherries and higher fat synthesis. In 

addition, cherry flesh ripening is delayed at the lower 

temperatures encountered at higher altitudes, allowing for 

longer and better bean filling [43]. Other research shows that 

higher farm altitudes can improve coffee quality [44]. This is 

generally related to lower temperatures, which result in 

slower/longer cherry ripening and changes in the chemical 

composition of the beans, in addition to lower occurrence of 

coffee berry borer (CBB) in the highlands and higher in the 

shade [45].  

At higher temperatures (coffee plantations under full sun 

exposure), beans have higher levels of sucrose, chlorogenic 

acid (CGA) and trigonelline which is thought to result in 

incomplete bean ripening. On the other hand, beans developed 

under shade usually have a larger size with a significant 

decrease in sucrose content and an increase in reducing sugars 

[46]. Other studies show that altitude and rainfall contribute to 

the quality of the beans and the final taste of coffee [47, 48]. 

The decrease in the weight of coffee cherries per unit volume 

at high altitudes (>1400-1600 m asl) is also related to 

temperatures that are lower than the optimum temperature for 

the growth and development of coffee plants. Ramalho et al. 

[49] reported that, in areas with average annual temperatures 

below 17-18℃, coffee plant growth will be suppressed, which 

can limit the economic sustainability of the plants. 

 

3.2.2 Effect of variety 

There was no effect of varieties on all observed coffee 

cherry and bean quality variables, indicating that Timtim, 

Borbor and Ateng Super varieties had no significant influences 

on the bean weight across the three-farm altitude studied. 

 

3.2.3 Interactive effect of farm altitude and variety 

The combination of altitude and variety has a significant 

effect on the weight of GQB (dry coffee beans from cherry and 

sunken grain). The heaviest average weights of GQB (from the 

three varieties) were found in the medium altitude category 

(>1200-1400 m asl). Meanwhile, in the low altitude category 

(>1000-1200 m asl), Borbor variety produces a better average 

weight of GQB than that of Ateng super and Timtim varieties. 

In high altitude farm (>1400-1600 m asl) the Ateng Super 

produces a better average weight of GQB than that of Timtim 

and Borbor varieties.  

This finding shows that all the varieties studied produced 

the best bean weight in medium farm altitude. Apart from 

being a result of optimal plant physiological processes, the 

heaviest bean weight was also due to low percentage of 

defective bean or bean loss. This indicates that medium 

elevation farm provides the most optimum environmental 

conditions for coffee production. The studies [6, 50] reported 

that air temperature in the coffee farm is one of the most 

influencing factors in Arabica coffee production. In low 

altitude areas, the Borbor variety shows better adaptation and 

is more resistant to CBB attacks. Meanwhile, in high altitude 

areas, the Ateng Super variety can adapt better to lower 

environmental temperatures. 

Temperature is also considered as the most important 

climate variable directly influences the biological 

development of insects and other living creatures, influencing 

the number of insect generations per year, distribution, and 

interactions with plants and natural enemies [15, 51, 52]. 

Temperature changes can favor or limit the biological 

processes, development, and emergence of CBB [51, 53]. 

Therefore, in this study, it is observed that there is a direct 

relationship between the dynamics of CBB infestation and 

altitude with faster insect development in lower area (>1000-

1200 m asl) with an average temperature of 20.4-22.1℃. In 

contrast, the occurrence of CBB is lower at locations with 

elevation above 1,400 m with average temperatures 18.0-

19.7℃. These results are in accordance with the study by 

Constantino et al. [54] which shows that CBB infestation is 
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positively correlated with temperature and negatively 

correlated with altitude. Bosselmann et al. [45] reported that 

in higher altitude areas, CBB attacks were lower than that in 

lower farm elevation.  

Therefore, it is not surprising that Arabica coffee is one of 

the most likely be affected by global warming in the future, 

especially when the coffee environmental temperature 

increases [55]. In this view, the predicted global warming 

scenario will lead to accelerated cherry ripening and a decrease 

in bean quality, which could have triggered a future migration 

of coffee farm to a cooler farm area (to higher elevation and/or 

latitudes away from the equator). Nevertheless, the shifting of 

coffee farm area to a higher elevation should be prevented by 

investing effort to apply numerous approach such as 

improving coffee farm management and/or applying coffee 

agroforestry system. Moreover, this research finding indicates 

that moving to a high elevation farm carry a risk of lower 

coffee production (yield).  

 

 

4. CONCLUSIONS 

 

Altitude effects coffee quality significantly, with medium 

farm altitude (>1200 – 1400 m asl) provides the highest bean 

weight. Meanwhile, the percentage of defective beans (also 

representing cherry quality) is decreasing with an increase in 

farm elevation. Interaction between farm altitude and coffee 

variety reveals that, all varieties investigated (Timtim, Borbor 

and Ateng Super) produces highest bean weight in the medium 

farm altitude. Therefore, medium farm altitude is considered 

as the most optimum environmental conditions for the 

varieties studied. Furthermore, in low altitude farm, Borbor 

variety shows better adaptation and is more resistant to CBB 

attacks, while Ateng Super variety produce the highest good 

quality bean in high altitude areas (compared to others), which 

indicates its adaptability to lower environmental temperatures. 

To anticipate the likely negative implications of changing 

climate, we suggest that, although medium farm altitude 

considered as optimum conditions, farmer still needs to 

implement good coffee cultivation management (such as 

agroforestry system) to be able to maintain and/or improve 

coffee beans quality and prevent land degradation. In higher 

farm altitude, farmer has to pay attention to the adaptability of 

varieties to lower temperatures (such as Ateng Super), 

improve farm maintenance, implement good post-harvest 

handling, and adopt coffee agroforestry system. In low 

altitude areas, lower quantity, quality and yield, should be 

compensated by application of technological input (such as 

fertilizer), suitable varieties (such as Borbor) that could adapt 

well to low farm altitudes and resistant to coffee berry borer, 

as well as maintain number of shade tree (>100 per ha) to 

promote sustainable farming. Nevertheless, further 

investigation is necessary to evaluate role of shade tree in 

maintaining low temperature around the coffee plant to retain 

coffee quality. This information is crucial to manipulate and 

enhance the surrounding microclimate and soil condition, to 

promote a better farming system leading to a better Arabica 

quality. 
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[4] Bunn, C., Läderach, P., Ovalle-Rivera, O., Kirschke, D. 

(2015). A bitter cup: Climate change profile of global 

production of Arabica and Robusta coffee. Climatic 

Change, 129: 89-101. http://doi.org/10.1007/s10584-

014-1306-x 

[5] Bilen, C., Chami, D.E., Mereu, V., Trabucco, A., Marras, 

S., and Spano, D. (2023). A systematic review on the 

impacts of climate change on coffee agrosystems. Plants, 

12(1): 102. https://doi.org/10.3390/plants12010102 

[6] Byrareddy, V.M., Kath, J., Kouadio, L., Mushtaq, S., 

Geethalakshmi, V. (2024). Assessing scale-dependency 

of climate risks in coffee-based agroforestry systems. 

Scientific Reports, 14: 8028. 

https://doi.org/10.1038/s41598-024-58790-5 

[7] Widayat, H.P., Anhar, A., Baihaqi, A. (2015). The effect 

of climate change on quantity and quality of arabica 

coffee yield, and farmers' income in Central Aceh. 

Agrisep, 16(2): 8-16. 

[8] Anhar, A., Abubakar, Y., Widayat, H.P., Muslih, A.M., 

Romano, Baihaqi, A. (2021). Altitude, shading, and 

management intensity effect on arabica coffee yields in 

ACeh, Indonesia. Open Agriculture, 6(1): 254-262. 

https://doi.org/10.1515/opag-2021-0220 

[9] Ovalle-Rivera, O., Läderach, P., Bunn, C., Obersteiner, 

M., Schroth, G. (2015). Projected shifts in coffea arabica 

suitability among major global producing regions due to 

climate change. PLoS One, 10(4): e0124155. 

https://doi.org/10.1371/journal.pone.0124155 

[10] Magrach, A., Ghazoul, J. (2015). Climate and pest-

driven geographic shifts in global coffee production: 

Implications for forest cover, biodiversity and carbon 

storage. PLoS One, 10(7): e0133071. 

https://doi.org/10.1371/journal. pone.0133071 

[11] Harvey, C.A., Pritts, A.A., Zwetsloot, M.J., Jansen, K., 

Pulleman, M.M., Armbrecht, I., Avelino, J., Barrera, J.F., 

Bunn, C., García, J.H., Isaza, C., Munoz-Ucros,J., Pérez-

Alemán, C.J., Rahn, E., Robiglio, V., Somarriba, E., 

Valencia, V. (2021). Transformation of coffee-growing 

landscapes across latin america. A review. Agronomy for 

Sustainable Development, 41: 62. 

https://doi.org/10.1007/s13593-021-00712-0 

[12] Jaramillo, J., Chabi-Olaye, A., Kamonjo, C., Jaramillo, 

A., Vega, F.E., Poehling, H.M., Borgemeister, C. (2009). 

Thermal tolerance of the coffee berry borer 

Hypothenemus hampei: Predictions of climate change 

impact on a tropical insect pest. PLoS One, 4(8): e6487. 

https://doi.org/10.1371/journal. pone.0006487 

1039

https://doi.org/10.1038/s41598-024-58790-5
https://doi.org/10.1371/journal.pone.0124155
https://doi.org/10.1007/s13593-021-00712-0


 

[13] Rojas, M.G., Morales-Ramos, J.A., Harrington, T. 

(1999). Association between the coffee berry borer, 

Hypothenemus hampei (Coleoptera: Scolytidae) and 

Fusarium solani (Moni-liales: Tuberculariaceae). Annals 

of the Entomological Society of America, 92: 98-100. 

[14] Damon, A. (2000). A review of the biology and control 

of the coffee berry borer hypothenemus hampei 

(Coleoptera: Scolytidae). Bulletin of Entomological 

Research, 90(6): 453-465. 

http://doi.org/10.1017/s0007485300000584 

[15] Johnson, M.A., Ruiz-Diaz, C.P., Manoukis, N.C., 

Rodrigues, J.C.V. (2020). Coffee berry borer 

(hypothenemus hampei), a global pest of coffee: 

Perspectives from historical and recent invasions, and 

future priorities. Insects, 11(12): 882. 

http://doi.org/10.3390/insects11120882 

[16] Flamet, I. (2002). Coffee Flavor Chemistry. John Wiley 

& Sons. Chichester. England. 

[17] Taveira, J.H.S. (2014). Metabolite profile and sensory 

quality of arabica genotypes grown in different altitudes 

and processed by different post-harvest methods (PhD 

Thesis). Brazil: Federal University of Lavras. 

[18] Bizimungu, G., Ahouansou, R.H., Semassou, C., 

Dusabumuremyi, J.C. (2022). Physical and mechanical 

properties of coffee cherries and beans in Africa: Review 

and the state of arts. Food Science and Technology, 10(3): 

55-74. https://doi.org/10.13189/fst.2022.100301 

[19] Getachew, M., Tolassa, K., Frenne, P.D., Tolassa, K., 

Verheyen, K., Tack, A.J.M., Hylander, K., Ayalew, B., 

Boeckx, P. (2022). The relationship between elevation, 

soil temperatures, soil chemical characteristics, and 

green coffee bean quality and biochemistry in southwest 

ethiopia. Agronomy for Sustainable Development, 42: 

61. https://doi.org/10.1007/s13593-022-00801-8  

[20] Freitas, V.A., Borges, L.L.R., Vidigal, M., Santos, 

M.C.T.R., Santos, M.H.D., Stringheta, P.C. (2024). 

Coffee: A comprehensive overview of origin, market, 

and the quality process. Trends in Food Science & 

Technology, 146: 104411. 

https://doi.org/10.1016/j.tifs.2024.104411 

[21] Illy, A.,Viani, R. (2005). Espresso Coffee: The Science 

of Quality, 2nd ed. Elsevier Academic Press. 

[22] Taniwaki, M.H., Teixeira, A.A., Teixeira, A.R.R., 

Copetti, M.V., Iamanaka, B.T. (2014). Ochratoxigenic 

fungi and ochratoxin A in defective coffee beans. Food 

Research International, 61: 161-166. 

https://doi.org/10.1016/j.foodres.2013.12.032 

[23] Muschler, R.G. (2001). Shade improves coffee quality in 

a sub-optimal coffee-zone of costa rica. Agroforestry 

Systems, 51: 131-139. 

https://doi.org/10.1023/A:1010603320653 

[24] Leroy, T., Ribeyre, F., Bertrand, B., Charmetant, P., 

Dufour, M., Montagnon, C., Marraccini, P., Pot, D. 

(2006). Genetics of coffee quality. Brazilian Journal of 

Plant Physiology, 18(1): 229-242. 

https://doi.org/10.1590/S1677-04202006000100016 

[25] Vaast, P., Cilas, C., Perriot, J.J., Davrieux, F., Guyot, B., 

Bolaño, M. (2004). Mapping of coffee quality in 

Nicaragua according to regions, ecological conditions 

and farm management. In Proceeding of the 20th 

International Scientific Colloquium on Coffee, 

Bangalore, India, pp. 842-850. 

[26] Marie, L., Abdallah, C., Campa, C., Courtel, P., 

Bordeaux, M., Navarini, L., Lonzarich, V., Bosselmann, 

A.S., Turreira-García, N., Alpizar, E., Georget, F., 

Breitler, J.C., Etienne, H., Bertrand, B. (2020). G × E 

interactions on yield and quality in Coffea arabica: New 

F1 hybrids outperform American cultivars. Euphytica, 

216: 78. https://doi.org/10.1007/s10681-020-02608-8 

[27] MoA. (2015). Superior Varieties of Arabica Gayo 1 and 

Gayo 2 Coffee. Ministry of Agriculture. Jakarta. 

https://pustaka.setjen.pertanian.go.id/index-

berita/varietas-unggul-kopi-arabika-gayo-1-dan-gayo-2. 

[28] Dinas Pertanian dan Perkebunan Aceh. (2023). 

Kementan RI Lepas Kopi Arabika Gayo 3 Jadi Varietas 

Unggul Nasional. Dinas Pertanian dan Perkebunan Aceh. 

Banda Aceh. 

https://distanbun.acehprov.go.id/berita/kategori/berita/k

ementan-ri-lepas-kopi-arabika-gayo-3-jadi-varietas-

unggul-nasional. 

[29] Hulupi, R., Nugroho, D., Yusianto. (2013). Performance 

of Some Arabica Coffee Local Varieties from Gayo 

Highland. Pelita Perkebunan (A Coffee and Cocoa 

Research Journal), 29(2). 

https://doi.org/10.22302/iccri.jur.pelitaperkebunan.v29i

2.55 

[30] Batista, L.R., Chalfoun, S.M. (2014). Quality of Coffee 

Beans. Cocoa and Coffee Fermentations, CRC Press, pp. 

477-508. 

[31] Oliveira, L.S., Franca, A.S., Mendonça, J.C.F., Barros-

Júnior, M.C. (2006). Proximate composition and fatty 

acids profile of green and roasted defective coffee beans. 

LWT - Food Science and Technology, 39(3): 235-239. 

https://doi.org/10.1016/j.lwt.2005.01.011 

[32] Bmkg. (2022). Curah hujan dan kelembaban bulanan di 

Kabupaten Bener Meriah dan Aceh Tengah 2012-2021. 

Badan Meteorologi, Klimatologi, dan Geofisika. Stasiun 

Klimatologi Kelas IV, Aceh Besar. 

[33] Salima, R., Karim, A., Sugianto. (2012). Evaluation 

criteria of land suitability to arabica gayo. Jurnal 

Manajemen Suberdaya Lahan, 1(2): 194-206. 

[34] Karim, A., Darusman, Hifnalisa. (2018). Fractionation of 

fulvic and humic acid on andisol based on altitude under 

organic arabica coffee at Bener Meriah District, Aceh 

Province. In the 6th Roundtable for Indonesian 

Entrepreneurship Educators 2018 Universitas Syiah 

Kuala, Banda Aceh, Indonesia. 

https://doi.org/10.4108/eai.3-10-2018.2284328 

[35] Abubakar, Y., Hasni, D., Muzaifa, M., Sulaiman, Mahdi, 

Widayat, H.P. (2019). Effect of varieties and processing 

practices on the physical and sensory characteristics of 

Gayo arabica specialty coffee. IOP Conference Series: 

Materials Science and Engineering, 523: 012027. 

https://doi.org/10.1088/1757-899X/523/1 /012027 

[36] Coste, R., Cambrony, H. (1992). Coffee: The Plant and 

the Product. Macmillan Press Ltd., United Kingdom. 

[37] Barros, R., Maestri, M., Rena, A. (1999). Physiology of 

growth and production of the coffee tree - A review. 

Journal of Caffeine Research, 27(1): 1-54. 

[38] Carvajal, J.F., Acevedo, A., Lopez, C.A. (1969). Nutrient 

uptake by the coffee tree during a yearly cycle. Turrialba, 

19: 13-20. 

[39] Lawlor, D.W. (2001). Photosynthesis. 3rd Ed. Bio 

Scientific Publishers, Oxford. 

[40] DaMatta, F.M., Ramalho, J.D.C. (2006). Impacts of 

drought and temperature stress on coffee physiology and 

production: A review. Brazilian Journal of Plant 

Physiology, 18: 55-81. https://doi.org/10.1590/s1677-

1040

https://doi.org/10.1007/s13593-022-00801-8


 

04202006000100006 

[41] Matiello, J.B., Santinato, R., Garcia, A.W.R., Almeida, 

S.R., Fernandes, D.R. (2005). Cultura de café no Brasil-

Novo manual de recomendações. Rio de Janeiro, Brazil, 

MAPA/PROCAFE, p. 438. 

[42] Rena, A.B., Barros, R.S., Maestri, M. (2001). 

Desenvolvimento reprodutivo do cafeeiro. In: L. 

Zambolim (Ed.). Tecnologias de produção de café com 

qualidade. UFV, Viçosa, MG, Brazil, pp. 101-128.  

[43] Vaast, P., Bertrand, B., Perriot, J.J., Guyot, B., Génard, 

M. (2006). Fruit thinning and shade improve bean 

characteristics and beverage quality of coffee (Coffea 

arabica L.) under optimal conditions. Journal of the 

Science of Food and Agriculture, 86(2): 197-204. 

https://doi.org/10.1002/jsfa.2338 

[44] Silva, E.A., DaMatta, F.M., Ducatti, C., Regazzi, A.J., 

Barros, R.S. (2004). Seasonal changes in vegetative 

growth and photosynthesis of Arabica coffee trees. Field 

Crops Research 89(2-3): 349-357. 

https://doi.org/10.1016/j.fcr.2004.02.010 

[45] Bosselmann, A.S., Dons, K., Oberthur, T., Olsen, C.S., 

Ræbild, A., Usma, H. (2009). The influence of shade 

trees on coffee quality in small holder coffee agroforestry 

systems in southern colombia. Agriculture, Ecosystems 

& Environment, 129(1-3): 253-260. 

https://doi.org/10.1016/j.agee.2008.09.004 

[46] Geromel, C., Ferreira, L.P., Davrieux, F.D., Guyo, B., 

Ribeyre, F., Scholz, M.B.S., Pereira, L.F.P., Vaast, P., 

Pot, D., Leroy, T., Androcioli, F.A., Vieira, L.G.E., 

Mazzafera, P., Marraccini, P. (2008). Effects of shade on 

the development and sugar metabolism of coffee (Coffea 

arabica L.) fruits. Plant Physiology and Biochemistry, 

46(5-6): 569-579. 

https://doi.org/10.1016/j.plaphy.2008.02.006 

[47] Rodriguez-saona, C.R., Stelinski, L.L. (2009). Behavior-

modifying strategies in IPM: Theory and practice. 

Integrated Pest Management: Innovation-Development 

Process, Springer, Dordrecht, 263-315. 

https://doi.org/10.1007/978-1-4020-8992-3_11 

[48] Avelino, J., Barboza, B., Araya, J.C., Fonseca, C., 

Davrieux, F., Guyot, B., Cilas, C. (2005). Effects of slope 

exposure, altitude and yield on coffee quality in two 

altitude terroirs of costa rica, orosi and santa maría de 

dota. Journal of the Science of Food and Agriculture, 

85(11): 1869-1876. https://doi.org/10.1002/jsfa.2188 

[49] Ramalho, T.O., Figueira, A.R., Sotero, A.J., Wang, R., 

Duarte, P.S.G., Farman, M., Goodin, M.M. (2014). 

Characterization of coffee ringspot virus-Lavras: A 

model for an emerging threat to coffee production and 

quality. Virology, 464-465: 385-396. 

https://doi.org/10.1016/j.virol. 2014.07.031 

[50] Pagiu, S., Ramlan, Belo, T.I., Patadungan, Y.S. (2020). 

Land index and production of Arabica coffee (coffea 

arabica l.) in smallholding plantation of Tana Toraja 

district, Indonesia. International Journal of Design & 

Nature and Ecodynamics, 15: 587-592. 

https://doi.org/10.18280/ijdne.150417 

[51] Jaramillo, J., Muchugu, E., Vega, F.E., Davis, A., 

Borgemeister, C., Chabi-Olaye, A. (2011). Some like it 

hot: The influence and implications of climate change on 

coffee berry borer (Hypothenemus hampei) and coffee 

production in east Africa. PLoS One, 6(9): e24528. 

https://doi.org/10.1371/journal.pone.0024528 

[52] Giraldo, J.M., García, G.A., Parra, J.R. (2018). Biology, 

thermal requirements, and stimation of the number of 

generations of hypothenemus hampei (Ferrari, 1867) 

(Coleoptera: Curculionidae) in the state of São Paulo, 

Brazil. Journal of Economic Entomology, 111(5): 2192-

2200. https://doi.org/10.1093/jee/toy162 

[53] Hamilton, L.J., Hollingsworth, R.G., Sabado-Halpern, 

M., Manoukis, N.C., Follett, P.A., Johnson, M.A. (2019). 

Coffee berry borer (hypothenemus hampei) (Coleoptera: 

Curculionidae) development across an elevational 

gradient on Hawai’I Island: Applying labora-tory degree-

day predictions to natural field populations. PLoS One, 

14(7): e0218321. 

https://doi.org/10.1371/journal.pone.0218321 

[54] Constantino, L.M., Gil, Z.N., Montoya, E.C., Benavides, 

P. (2021). Coffee berry borer (Hypothenemus hampei) 

emergence from ground fruits across varying altitudes 

and climate cycles, and the effect on coffee tree 

infestation. Neotropical Entomology, 50: 374-387. 

https://doi.org/10. 1007/s13744-021-00863-5 

[55] Haggar, J., Schepp, K. (2012). Climate change, 

agriculture and natural resources. Natural Resources 

Institute, University of Greenwich, 16-26.

 

1041




