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Abstract: The effect of microclimate on coffee plant productivity in the agroforestry model has not been studied by farmers.
Based on these problems, it is necessary to carry out research aimed at analyzing the influence of microclimate on the
productivity of agroforestry based on coffee plants under shade. The research was carried out in Pujon Malang, East Java,
Indonesia. The research method was direct observation of farmers using purposive sampling; data was analyzed by
regression. Microclimatic conditions, average temperature between 21-22 °C, average humidity 92%. Average rainfall is
95.5mm/month. The average wind speed of 1.64 m/s indicates that the wind is not too strong. The results of the multiple
regression analysis were significant for coffee under pine shade with a Luminous intensity of 0.000 < 0.05, and in lamtoro
shade, the temperature was also significant at 0.043 < 0.05. Coffee productivity under the shade of pine is 9-10 kg/tree,
production under the shade of lamtoro is 8-10 kg/tree and production under the shade of durian is 6-7 kg/tree.
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I. INTRODUCTION

The agroforestry system is an effort to use land optimally and sustainably by combining forestry, agriculture, livestock
plantations and fisheries activities in one land management unit by paying attention to the physical, social, economic and
cultural environmental conditions of the community [1]. Agroforestry is a land management option that still maintains
ecological and economic aspects [2]. Agroforestry based on coffee commodities has the potential to increase (economic)
income and conserve environmental change. The agroforestry system is an effort to use land optimally and sustainably by
combining forestry, agriculture, livestock plantations and fisheries activities in one land management unit by paying attention
to the physical, social, economic and cultural environmental conditions of the community [1]. Agroforestry is a land
management option that still maintains ecological and economic aspects [2]. Agroforestry based on coffee commodities has the
potential to increase (economic) income and conserve environmental change [3], [4]. The advantage of coffee plants is that
they can grow well according to the type and geographical location, especially when supported by the presence of shade trees,
which function to regulate the microclimate, thus changing management patterns [5]. The density of shade trees and coffee
bushes shows the great importance that ecosystem variation has in regulating the environmental microclimate [6].

Climate components are important for the life of flora and fauna; until now farmers do not clearly know the influence of
climate on coffee production in agroforestry patterns [7]. The research objective is to analyze the influence of microclimate on
the productivity of coffee plant-based agroforestry. Agroforestry can play an active role in efforts to save and preserve land and
forests [8]. Rescue and sustainability are carried out with agroforestry patterns that have different plant compositions, which
ultimately have the potential to provide income [9], [10].

Climate is a composite of day-to-day weather conditions and atmospheric elements in a particular area over a long
period of time. Considering that coffee plants do not require direct light, coffee cultivation is very good if the planting pattern
is carried out using an agroforestry system [11]. Tree canopies can provide energy-saving benefits, reduce carbon dioxide and
reduce the rate of global warming [5]. Arabica coffee has a distinctive taste with a caffeine content that is not too high
compared to Robusta coffee [12]. The lamtoro plant (Leucaena sp.) is a productive shade tree for coffee plants, has economic
value and market opportunities, has a canopy structure that is easy to regulate, and its litter is a source of organic material [13],
[14]. Shade trees are also efficient as a countermeasure against the danger of erosion, the main effect of shading coffee plants is
to reduce air temperature by 2-3°C reduce wind speed to prevent flower fall [15], [16]. The Luminous intensity required by
coffee plants is around 60-80% [17]. The level of shade is closely related to Luminous intensity, while Luminous intensity is
closely related to canopy strata of vegetation types and plant photosynthesis processes [18]. Coffee plant leaves that are shaded
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have more total chlorophyll content than leaves that are not shaded. This condition is a physiological adaptation mechanism so
that the leaves are still able to absorb long-wave radiation with more chlorophyll for photosynthesis [19].

Il. LITERATURE REVIEW
A) Climate
Climate refers to the characteristic long-term weather patterns of a specific region or geographic area, typically
spanning several decades [20]. The weather data encompasses a range of meteorological factors, including ambient
temperature, humidity, wind speed, precipitation (rain, snow, etc.), and other observable and measurable weather phenomena
that can be recorded for extended durations.

B) Coffee

Worldwide consumption of coffee makes it one of the most significant commodities in international trade [21]-[23]. To
establish, nurture, and produce high-quality coffee beans, coffee cultivation entails a succession of procedures. This cultivation
method necessitates knowledge of plant care, coffee bean processing, and favorable environmental conditions (including
climate, temperature, humidity, and altitude) [24].

C) Productivity

Productivity, in a broad sense, refers to the measure of efficiency with which an organization, corporation, or individual
converts resources (inputs) into desired outcomes or outputs [25]-[27]. Coffee productivity pertains to the level of efficiency
and efficacy in the cultivation and production of coffee, as well as the quantity of coffee that may be generated per unit of land
or labor. The productivity of coffee is contingent upon multiple aspects, and a comprehensive comprehension of these factors
can assist farmers in augmenting both the quantity and caliber of their coffee crop [28].

D) Agroforestry

Agroforestry is a method of managing land that involves the simultaneous or alternating cultivation of trees, annual
plants, and/or perennial plants (such as shrubs, herbs, or tubers) inside a single agricultural or forestry production unit [29],
[30]. Agroforestry integrates agricultural and forestry practices to effectively promote productivity, conserve natural resources,
and ensure long-term sustainability [29], [31].

IH1. METHODS
The research was conducted in Pujon Malang, East Java, Indonesia. The research method for collecting primary data
[32] was obtained from field observations in the form of coffee production data and microclimate data (temperature, humidity
and sunLuminous intensity) for each plot measuring 20x20 meters under the shade of trees containing coffee plants.
Observations of Luminous intensity were carried out 3 (three) times a day (morning: 07.00-08.00 WIB; afternoon 12.00-13.00
WIB and evening: 17.00-18.00 WIB). Secondary data obtained from BMKG Malang includes rainfall data and average wind
speed data. Daily sunLuminous intensity is calculated using the formula:

_ ICMorning - ICAfternoon - ICEvening
ICDaily - 3

Note:
IC = Daily Luminous intensity;
ICmorning, ICafternoon, ICevening = Luminous intensity measurements in the morning, afternoon and evening.

_ 2TMorning - TAfternoon - TEvening
TDaily - 4

Note:
T = Daily Air Temperature;
Tmorning, Tafternoon, Tevening = air temperature measurements in the morning, afternoon and evening.

2RHMorning - RHAfternoon - RHEvening
RHDaily = 4

Note:
RH = Daily Air Humidity;
RHmorning, RHafternoon, RHevening = air temperature measurements in the morning, afternoon and evening.

Respondents were taken with a minimum of 10% representation of the total number of coffee farmers, using the
Slovin (1960) formula:
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Note:

n = number of respondents;

N=population size;

e = percentage of leeway in accuracy of sampling errors that can still be corrected.

The total population to be studied is 1118 farmers, so the calculation of the number of respondents is as follows:

~ 1118
"= 1+1118(0.01)
n= 91,78

Note:
n = 91.78 adjusted by the researcher to 92 respondents

Data analysis was carried out using multiple regression analysis to examine the influence of microclimate results on
each shade.

IV. RESULTS AND DISCUSSION
General Conditions of Research Locations The Pujon, Malang District area, East Java, is one of the sub-districts in
Malang Regency with a distance of + 30 km west of the capital of Malang Regency. The physical geographical conditions of
Pujon District are as follows: Flat to wavy: 40%, wavy to hilly: 30%, hilly to mountainous: 30%. In the form of production
forest covering an area of 3,157.80 Ha and protected forest covering an area of 6,423.60 Ha. The number of coffee farmers is
around 1118 people, located at an altitude of 1000 - 2,500 meters above sea level, the air temperature is between 14 - 220C.
Average rainfall is 1,724 mm/year.

A) Analysis Results

This research shows that tree shade can reduce air temperature, stabilize relative humidity, and reduce direct exposure to
solar radiation; two analyses were carried out, namely, ANOVA analysis, which was then continued using multiple regression
analysis presented in Table 1.

Table 1: ANOVA and regression analysis

Variable Shade Analysis Anova | Analysis Multiple Regression
Luminous intensity Pine us 0,000 0,000
Temperature Lamtoro 0,143 0,043

Based on the results of the analysis of variance, Luminous intensity, temperature, and humidity on coffee productivity
have a significant influence of 0.000 < 0.005. The results of the ANOVA variance analysis of flowers, stalks, coffee plant
height, canopy width, and coffee stem diameter showed > 0.05, which means it is not significant and to determine the
differences in Luminous intensity, temperature and humidity on coffee yield, flowers, stalks, coffee plant height, canopy width,
coffee diameter were further tested by multiple regression, only Luminous intensity was significant at 0.000 < 0.05 on
production, and temperature in the lamtoro shade showed results of 0.043 < 0.05. means significant to coffee production.

The microclimate is better at retaining soil moisture and reducing the intensity of sunlight [33]. The results of
observations of coffee production under pine shade/stands are that the shade is the best compared to other shades; pine shade is
capable of producing 9-10 kg of coffee/stem. Luminous intensity in coffee = 347.75 candela, durian shade = 191.21 candela
and lamtoro = 197.69 candela. The average height of the tree is 25-30 meters, so the coffee plant gets good Luminous intensity;
the average diameter of the pine is 40 cm, and it has needle-shaped leaves (acerocus); in Figure 1 below, a graph of the average
microclimate from various shades is presented.
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PINE DURIAN LAMTORO
Luminous Intensity (Cd) Temperature ('C) Humidity (%)

Fig. 1. Average Microclimate Graph

Based on graphic image 2, the higher you go, the smaller the cone shape becomes. The shape of the stem is rounded
with a shape that resembles a pyramid, so that the intensity of light entering the coffee plant can be optimal, which will produce
flowers that become coffee fruit/beans. Consecutively, pine shade coffee production is 9-10 kg/stem, durian shade 6-7/stem,
and lamtoro shade 8-10 kg/stem. Humidity at the research location is 92% in accordance with the humidity requirements for
growing coffee. The lamtoro plant (Leucaena sp.) is an ideal shade tree for coffee plants [34]. Shade trees are productive, have
a canopy structure that is easy to regulate, and their litter is a source of organic material. Lamtoro has compound leaves with a
double pinnate shape.

There are 3-10 pairs of fins and 5-20 pairs of leaflets per fin; the leaves are not too dense, and the width of the crown is
large so that the intensity of incoming light is very optimal, resulting in a heavier weight of coffee beans. Rainfall greatly
influences coffee-growing areas. In wet areas, it is often cloudy, so photosynthesis is lacking, and as a result, seed growth is
hampered [35]. The drier it is, the thinner and less juicy the fruit flesh is, so the seeds become heavier. Explained that there are
differences in seed size based on the planting climate conditions [18]. The size of the coffee beans shows a positive correlation
with the altitude because the higher the temperature, the lower the temperature. According to the statement of [36], air
humidity plays a role in regulating water loss from evaporation; when air humidity is high, water loss decreases and vice versa.
The humidity under pine stands is very high, or you could say it produces the most seeds per tree compared to coffee plants
under durian, lamtoro stands and without stands. The main effect of shade on coffee plants is to reduce air temperature
fluctuations by 2-3°C, reduce wind speed, and increase the relative humidity of dry air [37], [38]. According to [39], it is
thought that the amount of sunlight received by coffee plants does not support the efficiency of photosynthesis, so
photosynthesis is produced in small quantities. Light is really needed by plants, especially plants that have green leaf
substances (chlorophyll) because without light, the photosynthesis process will not occur in the leaves, which produces energy
for plant growth [40], [41]. The following figure 2 shows the productivity of coffee under shade.
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" Flower per stalk Number twigs Tall (m)
Wide (m) ™ Around Stem (cm) ™ Coffe Weight (kg)

Fig. 2. Average Coffee Productivity Diagram

In Figure 2, several factors influence coffee productivity, apart from the microclimate, which is also influenced by
differences in growth and physiological characteristics in the productivity of coffee treated with different levels of shade due to
differences in the intensity of sunlight received by the plants [37], [42]. The shade of coffee-based agroforestry can vary
significantly, depending on the type of shade tree, tree density, canopy structure, and other environmental factors.

B) Agroforestry Forms and Patterns

Agroforestry practices must be adapted to environmental sustainability [29], [43]. The establishment of an agroforestry
system on empty land must be considered [13]. Land management that combines production, environmental services and social
benefits has created interest in agroforestry systems [44]. Coffee-based agroforestry plants are generally planted under
plantation forest stands, which also reduce soil loss and improve soil fertility and climate change for environmental
sustainability [11], [18]. The planting pattern used by coffee agroforestry farmers is a random planting pattern (Random
Mixture). This random mixture pattern can be seen in Figure 3.

Fig. 3. Flowers and fruit of a cofee plant

The agroforestry pattern implemented is influenced by various considerations of farmers as resource managers who
hope for optimal (coffee) production and product diversification, in addition to maintaining the forest ecosystem [7]. The
decline in environmental quality and quantity causes the environment to be less or no longer able to function to support
environmental conservation efforts [45]. Appropriate planting patterns are needed to prevent land degradation and as an effort
for global food security against current and future risks of climate change [46]. The impact of coffee agroforestry is really felt
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by farmers as a source of household income. because they believe that the selling price of coffee is relatively stable [47]. This
increase in productivity then has implications for increasing people's real income, so that it plays a role in increasing the
productivity of every business activity and national income [48], [49]. The complexity of the interaction between agroforestry
and shade in microclimate regulation and its relevance to productivity and sustainability of coffee-based agroforestry [50]—
[52]. Decent farming income by using forest land for plantations of non-timber crops, which provides a significant contribution
[53], [54]. Intercrop crops, which are generally planted under plantation forest stands with intensification, have ecological
impacts and alternative residues that must be known [55], [56].

V. CONCLUSION
Based on the results of the multiple regression analysis, which was significant, namely for coffee under the shade of
pine with a Luminous intensity of 0.000 < 0.05 and in the shade of lamtoro, the temperature was also significant, which
produced a figure of 0.043 < 0.05 and the results from the field obtained the best shade were pine trees and Lamtoro produces
8-10 kg of coffee per tree, while in the shade of durian, the amount is 6-7 kg per tree. The thing that influences coffee
productivity is the intensity of light that enters to illuminate the coffee plants.

Coffee farmers really need to be given insight into shade plants to develop and maintain the sustainability of coffee-
based agroforestry, including in climate change.
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