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ABSTRACT

Cocoa (Theobroma cacao L.) is a mainstay crop in South Sulawesi and Soppeng Regency is
one of the cocoa producing regions that contribute to the cocoa industry in Indonesia. This
research was conducted in Salaonro Village, Lilirilau Sub-District, Soppeng Regency, South
Sulawesi from March to November 2018, using a two-factor factorial design. The first factor is
the type of shade loving plants consisting of: New Guinea Teak (Vitex coffasus) (N1)
Gliricidia (Gliricidia sepium) (N2) and White Teak (Tectona grandis L.) (N3), while the second
factor is pruning, consisting of (P0O) without pruning, (P1) one pruning in a month, (P2) one
pruning in two months. The results showed that the shade loving plant species had an effect
to the weather aspect, which was only on the intensity of sunlight above the canopy at 24
msp, namely the white teak (N3). The average pruning time had an effect on the weather
aspect at 16 msp and 20 msp and one pruning in two months (P2) had a greater effect than
one pruning in a month (P1) as well as no pruning (P0). The shade loving plant species had
an effect on the physiological aspect namely leaf moisture. The highest leaf moisture value
was N1>N3>N2, respectively, while pruning time had an effect on leaf temperature
P2>P1>P0. For the agronomic aspects, both shade loving trees and pruning time had an
effect on the number of fruits N3>N2>N1 and P2>P1>P0 and for fresh weight of and dry
weight of 100 seeds also had an effect. The one pruning in two months (P2) had a positive
effect compared to other treatments, namely (P1) and (P0O). The interaction between shade
loving tree species and pruning time on the weather aspect was soil temperature at 16 msp
where the treatment (N3P2) of white teak with one pruning in two months had the lowest soil
temperature value (26.83) compared to other treatment interactions. Furthermore, interaction
between shade loving tree species and pruning time on physiological aspects, namely the
rate of photosynthesis, the highest photosynthesis rate in the treatment was N3P0> N2P1>
N2P2, respectively.
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Cocoa (Theobroma cacao L.) is one of the commodities in Indonesia which is a
mainstay commodity of South Sulawesi. Cocoa plays an important role in the national
economy, such as, employment opportunities, a source of income for farmers, and foreign
exchange for the country. Indonesia is the third greatest exporter of cocoa in the world after
Ghana and Ivory Coast. The national cocoa production in 2013, with an area of 1,740,612 ha,
was only 0.414 tons ha-1 (Statistics of Indonesian Plantation, 2014). The world cocoa
demand is increasing from year to year. The International Cocoa Organization (ICCO)
estimates that world cocoa production in 2017 will reach 4.50 million tons, while consumption
will reach 4.51 million tons, so that production is predicted to be a deficit of approximately 10
thousand tons per year. Indonesia was ranked first in Asia in production with a contribution
reaching 9.28 percent (ICCO, 2015; Suryani and Zulfebransyah, 2007).
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The low production of cocoa, as the case in South Sulawesi is due to the planting was
not conducted in suitable areas, such as areas that have a dry season of 4-7 months. In
addition to reducing the productivity, dry season also reduces plant resistance to pests, and
in very severe conditions, can even cause death. The impact of drought will be more severe
with minimal maintenance carried out by farmers such as limited shade loving trees. Besides
the use of shade loving trees is an effort to regulate solar radiation, air temperature, humidity,
and the rate of humidity loss through transpiration or evaporation, the amount of solar energy
that can be captured by plant canopies is very diverse and depends on several factors
including: Planting systems, plant population and growth rate. Cacao is a C3 plant that needs
shade loving trees for its growth. However, cocoa still needs optimum light intensity for
normal growth and development. Young cocoa plants need light intensity around 25-60% of
the full intensity (Abdoellah and Soedarsono, 1996). Meanwhile, according to (Prawoto,
2012), the intensity of 50-70% light provides the highest production for adult cocoa plants.

Plant preservation engineering is one way to improve plant growth environment.
Environmental balance can be influenced by plant populations in cocoa plantations with
various types of shade loving tree. This arises a thought that the level of population and
certain types of shade loving trees will provide the intensity of sunlight received by cocoa
plants which gives a good effect on the production and quality of cocoa, as well as the
pruning time. Cocoa pruning is intended to regulate the appropriate micro-climate for flower
and fruit growth or to regulate the number and distribution of leaves. Some research showed
that regular pruning can provide better yields, increase production and maintain the economic
life of plants. In general, pruning aims to: get balanced canopy growth, reduce humidity to
protect from pests and diseases, improve air circulation around plants, facilitate the
implementation of harvesting and maintenance, get high production, expand the surface of
the assimilation, and stimulate flowering and fruiting which is caused by vegetative and
generative balance (Lopez et al., 2016). In addition, pruning will improve the process of
getting the sunlight which plays an important role for the survival of plant physiology,
especially for photosynthesis, respiration and transpiration. The rate of photosynthesis can
be approached by counting the number of leaves and measuring the rate of CO2 absorption
per unit area of the leaf. The number of leaves expressed in LAl (Leaf Area Index). According
to Alvim et.al, (1972) the optimum LAl for adult cocoa plants is about 3.7-5.7, which is
equivalent to the production of assimilates of 3.5-5.0 mg/dm?/day or 12.8-18.2 tons of dried
material/hectare/year. Angela (2011) in Bailhagi et al (2015) shows that the number of fruits
in cacao plants that were not pruned decreased from 209 to 187, while in the pruned plants
the number of fruits increased from 116 to 127. Pruning aims to increase productivity and
preserve plants so that it can have higher production, and improve the microclimate
contained in plant areas.

This research aimed to determine the type of shade loving plants, plant preservation
engineering and micro-climate components that have effect on cocoa production. The results
of this research are expected to be a reference and comparison in future studies and as
information for farmers in particular, and the community in general, that certain types of
shade loving plants will provide optimal sunlight intensity and pruning time aimed to achieve
efficient utilization of sunlight and improve the micro-climate contained around plants, and
can increase cocoa production.

METHODS OF RESEARCH

The determination of the location and sample of the research was carried out by
conducting sampling in three sub-districts which had been measured for their weather
aspects and were selected purposely for the location of the cocoa plantations which had
criteria in accordance with the research object. The research was located proportionally in
cocoa plantations in Salaonro Village, Lilirilau Sub-District, Soppeng Regency.

By using a two-factor factorial design, the first factor in each group, Group | with New
Guinea Teak as shade loving trees (N1), Group Il with Gliciridia as shade loving trees (N2)
and Group Il with White Teak as shade loving trees (N3). The second factor in each
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plantation (research location) was chosen randomly for cocoa plants that have the same age
and canopy shape at the time of pruning treatment which consisted of three levels, namely:
PO = No Trimming, P1 = One pruning in a month, P2 = One pruning in two months

So that there were 9 treatment combinations each treatment consisted of two plants,
thus, the number of plants needed was 18 plants in each group, so that, it would need 54
cocoa plants. The field research was conducted using measurements of weather aspects,
physiological aspects and agronomic aspects March 2018 to November 2018.

The data collected in this research were in the form of primary and secondary data.
Primary data aimed to evaluate the problems of farmers in the field in an effort to increase
cocoa productivity by direct research methods in the field for six months by measuring; (1)
Weather aspects include the intensity of sunlight above and under the canopy, air humidity,
air temperature and soil temperature; (2) physiological aspects include, photosynthesis rate,
leaf temperature, leaf humidity, chlorophyll index and leaf area, (3) agronomic aspects
include the number of fruits, fresh weight of 100 seeds, dry weight 100 seeds. The secondary
data as supporting data were collected from the Sub-District Office, Agriculture Service
Office, Plantation Office of Soppeng Regency and South Sulawesi Province, Statistics Office
of Soppeng Regency, The Class | Meteorological, Climatological and Geophysical Agency of
Maros, and other related offices and institutions/agencies.

The data obtained were analyzed using ANOVA on weather aspects, physiological
aspects and agronomic aspects, as follows: (1) Weather aspects include the intensity of
sunlight above and under the canopy, air humidity, air temperature and soil temperature; (2)
physiological aspects include, photosynthesis rate, leaf temperature, leaf humidity,
chlorophyll index and leaf area, (3) agronomic aspects include the number of fruits, fresh
weight of 100 seeds, dry weight 100 seeds, and if there was a real effect then it was
continued with BNJ follow-up tests at the level of a = 0.05 and 0.01.

Soppeng Regency is one of the Regencies in South Sulawesi, which is approximately
150 km north of the Province of South Sulawesi. Geographically, it is located between 04 °
20’ 21.4” LS 4° 32 LU and 119° 57’ 47,4” E.

The area and production and productivity of cocoa plantations in South Sulawesi last
five years, from 2014-2018, varied during the five-year period, as seen in Table 1

Table 1 — The data of land area, production and productivity of Cocoa in South Sulawesi
in the period of 2014-2018

Year Cocoa Land Area Production Productivity
(ha) (Ton) (Kg/ha)
2014 246,233 143,237 807
2015 243,778 143,073 811
2016 240,073 152,972 868
2017 240,374 175,860 1,004
2018 240,727 200,000 1,055

Source: South Sulawesi Plantation Service Data.

From Table 1 above, it can be seen that the productivity of cocoa plants has increased
every year, where 2018 had the highest productivity of 1,055 kg/ha. This was still far from the
targeted results (South Sulawesi Plantation Office, 2018). Meanwhile, according to data from
(Indonesian Plantation Statistics, 2014), the national cocoa production in 2013 with an area
of 1,740,612 ha of production was only 0.414 tons ha™. According to Nasaruddin et.al.,
(2009), the potential yield of superior cocoa clones could reach 4.0 tons ha™ yr' in a study
conducted with optimal environmental conditions.

According to Schmidth and Forgusson Classification, Soppeng Regency is included in
area with climate type C with an average annual rainfall of 1,428 mm. The rainy season is in
the period of April to September, while the dry season is in the period of October to March.
The average air temperature ranges from 240C to 300C and the average humidity (RH%) is
68%. The annual rainfall for five years in Soppeng District, Lilirilau District can be seen in
Figure. 1
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The distribution of annual rainfall over the past 5 years showed the highest amount of
rainfall was recorded in 2016 (2432 mm) and the lowest average rainfall was recorded in
2015 (1175 mm). The distribution of annual rainfall (mm) in the period of 2014 - 2018 can be
seen in Figure 1.
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Figure 1 — The Distribution of Annual Rainfall (mm) in Lilirilau Sub-District, Soppeng Regency,
South Sulawesi in the period of 2014-2018

RESULTS AND DISCUSSION

The results of BNJ test in Table 2 and 3 below show that the intensity of sunlight above
and under the canopy does not show any significant difference to the three species of shade
loving trees at all observations except at 24 msp, instead the three types of shade loving
plants have a significant effect on the intensity of sunlight above the canopy. The highest
intensities were in (N3), (N2) and (N1). White Teak (N3) had a significant effect at 24 msp.
Whereas at 8 msp, 12 msp, 16 msp and 20 msp, the pruning time was significantly different
from the intensity of sunlight above and under the canopy.

Table 2 — The Average of Sunlight Intensity (Lux) Above the Canopy on Three Types of Shade Loving
Trees and Pruning Time on Cocoa Plants

Treatment Average
4 msp 8 msp 12 msp 16 msp 20 msp 24 msp
N1 5,746.1 tn 7,303.9tn 6,507.5 tn 5,931.7 tn 6,271.6 tn 5,444.4 ab
N2 5,995.0 tn 7,126.6 tn 6,507.5 tn 4,886.1 tn 5,707.7 tn 5,202.2 b
N3 5,353.3 tn 7,681.1tn 6,507.5 tn 5417.2tn 1,902.51tn 7,008.3 a
BNJ 0,01 tn tn tn tn tn tn
0,05 tn tn tn tn tn 1,565.5
PO 5,906.1 tn 9,443.3 a 6,768.3 tn 5,969.5 a 5,300.5 a 6,750.0 tn
P1 5,553.9 tn 6,910.5b 6,172.5tn 5,833.3a 4,270.7 b 5,142.2 tn
P2 5,634.4 tn 5575.7b 6,581.6 tn 4,432.2b 4,310.7 a 5,762.7 tn
BNJ 0,01 tn 1,922.3 tn tn tn tn
0,05 tn tn tn 1,359.8 1,501.2 tn

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, tn = not significantly different, msp = weeks after treatment.

Shade loving trees will determine the intensity of sunlight entering the canopy, because
the architecture and density of the canopy as well as the life cycle of the shade loving plants
vary - this becomes important to know. Besides, the most important thing is the rainfall
pattern. According to (Atanda, 1972), the distribution of rainfall is more important than the
amount of rainfall. The monthly rainfall was only 24 msp (55 mm) at the time of observation.
Figure 1 showed that the eastern coast of South Sulawesi entered the dry season at that
month, it is assumed that one of the factors that has great effect on the white teak which has
a life cycle on the dry season will shed its leaves to reduce evaporation, so that the intensity
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of sunlight has the effect on, as well as on the New Guinea Teak (N1) and Gliciridia (N2).
Meanwhile, according to (Fatmawati et al., 2018) that the intensity of sunlight reaching the
cocoa plant is influenced by variations in the type of shade. Different types of shade
variations give different values of the intensity of sunlight intercepted.

The treatment (PO) differed significantly from (P1) and (P2). At 16 msp, (P0O) and (P1)
were significantly different from (P2), and at 20 msp (P0) and (P2) were not different but
differed from (P1). Furthermore, it can be seen that (PO) shows the value of sunlight intensity
above the top canopy at 8 msp of (9,443.3), and (P1) shows the value of sunlight intensity
above the bottom canopy of (4,270.7) at 20 msp. The one pruning in two months (P2)
treatment have an effect on both the intensity of sunlight above and under canopy of the
cocoa trees. It is suspected that One pruning in two months (P2) treatment can reduce the
internal competition of plants so that the use of food substances will be more effective than
those with one pruning a month (P1) treatment as pruning is done more often than expected,
so that the leaves are reduced as well as the photosynthesis process and assimilation.
obtained from the process of photosynthesis is reduced as well as plants that are not pruned
(PO) the leaves are more lush and shade each other so that they co-op and the intensity of
sunlight on the canopy is higher and the less can be continued. Pruning will provide a lot of
sunlight penetration. According to (Vernon and Sunderam, 1972), controlling the growth and
density of cocoa trees, as well as increasing aeration and penetration of light are needed to
increase fruit production. Meanwhile, according to (Siregar et al 2003), to form a balance
between the canopy and roots to maintain the economic life of plants, pruning needs to be
done with the aim of increasing production

Table 3 below shows that the intensity of sunlight under the canopy does not show any
significant difference in the three loving shade species and pruning time at 4 msp and 24
msp, but at 8 msp and 20 msp, it shows that pruning time is significantly different from
sunlight intensity under the canopy and differ significantly at 12 msp, 16 msp, and 20 msp.
(P2) shows the value of sunlight intensity under the top canopy at 20 msp (1,490.5) is
significantly different from (PO) and (P1) and (PO) shows the value of sunlight intensity under
the lowest canopy (771.4) at 16 msp is significantly different from (P1) and (P2).

Table 3 — The Average Sunlight Intensity (Lux) under the Canopy on Three Types of Shade Loving
Trees and Pruning Time on Cocoa Plants

Treatment Average
4 msp 8 msp 12 msp 16 msp 20 msp 24 msp
N1 389.8 tn 933.4 tn 1,113.51tn 1,120.0 tn 1,274.1tn 1,009.7 tn
N2 416.1tn 874.5tn 1,110.1tn 1,063.6 tn 1,260.7 tn 953.8 tn
N3 382.1tn 845.0 tn 1,088.51tn 1,082.3 tn 1,328.2tn 1,032.91tn
BNJ 0,01 tn tn tn tn tn tn
0,05 tn tn tn tn tn tn
PO 385.0tn 976.1 a 1,3645 a 7714 b 1,14950Db 1,017.8tn
P1 416.7 tn 841.2b 910.6 b 1,1432 a 1,2231Db 1,020.6 tn
P2 386.3tn 835.7b 1,036.9 ab 1,351.2 a 1,490.5a 958.0 tn
BNJ 0,01 tn tn 416.1 373.5 tn tn
0,05 tn 129.1 tn tn 250.9 tn

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, tn = not significantly different, msp = weeks after treatment.

The shade loving trees play very complex and varied roles in drought mitigation as
getting influenced by many factors. This information is very important as a comparison to
observe the dynamics of sunlight intensity during 24 msp in various cultivation conditions
because each phase of plant growth varies to respond to stress. Another important factor is
the type of plant when it grows individually and grows together with other plants (Sheng -He
et al., 2005).

Table 4 below explains that the highest humidity value at 8 msp is seen in New Guinea
Teak (N1) of (87.54) and the lowest at 4 msp in treatment (P2) of (65.03) but not significantly
different from other treatments at 4 msp, 12 msp and 24 msp both for three shade loving
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trees and for pruning time. Although it does not have a significant effect, microclimate
conditions can be affected by the presence of shade loving trees, which generally support
humidity, temperature, light and wind, thereby, reducing evapotranspiration (Wessel, 1971).

Table 4 — The Average of Humidity (RH, %) on Three Types of Shade Loving Trees and Pruning Time
on Cocoa Plants

Average
Treatment

4 msp 8 msp 12 msp 16 msp 20 msp 24 msp
N1 64.80 tn 87.54 tn 80.29 tn 84.99 tn 75.46 tn 79.59 tn
N2 64.93 tn 87.10 tn 79.07 tn 86.00 tn 75.34 tn 80.79tn
N3 64.93 tn 87.10 tn 80.28 tn 84.79 tn 76.10 tn 81.46 tn

BNJ 0,01 tn tn tn tn tn tn

0,05 tn tn tn tn tn tn
PO 64.71tn 87.48 tn 78.56 tn 86.62 a 76.54 a 81.22 tn
P1 64.92 tn 87.17 tn 81.40 tn 83.60 b 76.68 a 79.511tn
P2 65.03 tn 87.10 tn 79.68 tn 85.56 ab 73.68 b 81.10 tn

BNJ 0,01 tn tn tn tn 2.92 tn

0,05 tn tn tn 2.71 tn tn

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, tn = not significantly different, msp = weeks after treatment.

However, the same table shows that humidity is significantly different at 16 msp. (PO) is
significantly different from (P1) but not significantly different from (P2) and has a very
significant effect on 20 msp on pruning time. (PO) is not significantly different from (P1) but is
significantly different from (P2). In Figure 2, it can be seen that there is a relationship
between the intensity of sunlight above and under the canopy and air humidity in a
combination of treatments.
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Figure 2 — The Dynamics of Sunlight Intensity Above and Under the Canopy (Lux) and Humidity
(RH, %) on Three Types of Shade Loving Trees and Pruning Time

The dynamics of humidity that occurred during the research were alleged to change in
relative humidity in cocoa plantations, low relative humidity (50-60%) or moderate (70-80%)
in the dry season dry season to high humidity (90-95%) in the the beginning of the rainy
season can induce flowering. In line with this, that humidity is related to the pressure of water
vapor in the air either released through transpiration or evaporation, wind and temperature as
well as linkages to the bottom of the plant canopy. Lack of light that reaches below the
canopy causes approximately 87.54% humidity. shade plants do not directly affect the
humidity of the air so they are pruned by pruning compared to plants that are not pruned (PO)
will provide high humidity. There are indications that the structure and dynamics of cocoa
agroecosystems influence microclimate (Beer, 1987). Besides, humidity is a factor that
influences the formation of flush and flowering in cocoa plants (Hutcheon, 1977).
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The air temperature does not have significant differences on the three shade loving
trees at the time of observation, as well as the observation on 4 msp, 8 msp and 12 msp,
both for the three shade loving trees and for the pruning time. Furthermore, in Table 5, the air
temperature does not have significant differences from the trimming time at 16 msp where
the treatment (P1) is significantly different from (PO) but not significantly different from (P2),
also, at 20 msp, the treatment (P2) was significantly different from the treatment (P1) and
(PO), then for 24 msp treatment (P2) is significantly different from (PO) but not significantly
different from (P1). Although there is no significant difference at 4 msp, the highest
temperature value can be seen in the treatment (N3) in white teak (32.11) and treatment (P1)
with the same value, as well as the observation on 8 msp shows that lowest temperature is at
(27.70).

Temperature is positively correlated with solar radiation, soil temperature and air
temperature around the canopy. The temperature around the plant is determined by sunlight,
plant density, light distribution in the plant canopy, soil moisture content, with one pruning a
month or in every two months; it will have a positive effect on air and soil temperatures.

Table 5 — The Average of Air Temperature (°C) on Three Types of Shade Loving Trees and Pruning
Time on Cocoa Plants

Treatment Average
4 msp 8 msp 12 msp 16 msp 20 msp 24 msp
N1 31.98 tn 27.70 tn 30.76 tn 30.08 tn 30.52 tn 30.01 tn
N2 32.08 tn 27.97 tn 31.41tn 29.56 tn 30.99 tn 30.36 tn
N3 32.11tn 27.921tn 31.01tn 30.21 tn 30.67 tn 31.31tn
BNJ 0,01 tn tn tn tn tn tn
0,05 tn tn tn tn tn tn
PO 32.03tn 27.78 tn 30.89 tn 29.33b 30.52 ¢ 30.07b
P1 32.11tn 27.87 tn 30.84 tn 30.50 a 30.53 bc 30.80 ab
P2 32.02tn 27.94 tn 31.44 tn 30.11 ab 31.12a 30.81a
BNJ 0,01 tn tn tn tn tn tn
0,05 tn tn tn 0.89 0.58 1.25

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, tn = not significantly different, msp = weeks after treatment.

Poorter et al (2013) states that the intensity of sunlight, CO2 and temperature
determine sugar production, which is related to growth. Temperature has an effect on several
important physiological processes, such as stomata openings, transpiration rate, rate of
absorption of water and nutrients, photosynthesis and respiration. The increase in
temperature is followed by this. In the following figure, we can see the intensity of sunlight
above and under the canopy with air temperature and soil temperature.
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Figure 3 — The Dynamics of Sunlight Intensity Above and Under the Canopy and Air Temperature, Soll
Temperature in Three Types of Shade Loving Trees and Pruning Time
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However, according to Snoeck et al (2010), the optimal average of monthly
temperature is around 26°C — 27°C for cocoa production. According to Daymond and Hadley
(2004), temperature is one of the main limiting factors in cocoa production, because the
temperature pressure has an effect on seasonal yields. The temperature difference in cocoa
plantations measured outside and inside the canopy layer is around + 0,5 °C even though the
higher temperature has been found in the dry season. The maximum temperature under the
canopy varies from 1-3 °C from the average temperature under the canopy and the
temperature difference in the canopy vary from 2,5 — 4 °C,, while the maximum temperature
above the canopy varies from 1,5 to 3,5 °C (Miranda et al., 1994)

The description of Table 6 below shows that the observation interval provides an
illustration and explains that the soil temperature is not significantly different from the three
shade plants and pruning time at 4 msp, 8 msp, 12 msp and 24 msp, but it is significantly
different at 16 msp with pruning time (P1) that is significantly different from (P2) but not
significantly different from (P0O). However, the same shows that there are interactions that
occur between the three types of shade loving trees and pruning time to soil temperature at
20 msp at the time of observation, and it can be explained that, white teak and one pruning in
two months (N3P2) treatment are significantly different from other interactions in all
treatments namely interactions (N3P1), (N3P0), (N3P1), and (N3P0). The highest soil
temperature can be seen in the interactions between (N1P0), (N1P2), (N2P2) that is (28.67)
while the lowest soil temperature can be seen in interaction (N3P2).

According to (Poorter and Van derwrf 1998), physiological interactions will be more
complex if two or more environmental factors are involved. Canopy opening has an effect on
micro-climate. There are indications that the structure and dynamics of agroecosystems have
an effect on micro=climates (Beer, 1987). The interaction between three types of shade
loving trees and pruning time to soil temperature indicates that the brown waste falling from
three types of shade loving trees and penetration of sunlight with pruning time will improve
micro-climate conditions, especially for soil temperature, soil erosion reduction, pests and
diseases control, and increasing use of nutrients in cocoa plants and improving the
physiological processes that occur in cocoa plants (Beer et al, 1998).

Table 6 — The Average of Soil Temperature (°C) on Three Types of Shade Loving Trees and Pruning
Time on Cocoa Plants

Treatment Average
4 msp 8 msp 12 msp 16 msp 24 msp
N1 32.43 tn 26.56 tn 29.78 tn 27.33 tn 27.39tn
N2 32.39 tn 26.56 tn 29.44 tn 27.22 tn 27.30 tn
N3 32.69 tn 26.78 tn 29.78 tn 27.33 tn 26.83 tn
BNJ 0,01 tn tn tn tn tn
0,05 tn tn tn tn tn
PO 32.67 tn 26.56 tn 29.72 tn 27.33 ab 27.36 tn
P1 32.24 tn 26.67 tn 29.61tn 27.56 a 27.22 tn
P2 32.60 tn 26.67 tn 29.67 tn 27.00 b 26.94 tn
BNJ 0,01 tn tn tn tn tn
0,05 tn tn tn 0.42 tn

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, (a,b) shows the differences in pruning time on three types of
shade loving trees. (x,y) shows the difference of effect in certain type of shade loving trees on pruning time.

Climate has a great effect on brown waste from the shade loving and cocoa trees that
shed their leaves in the dry season. Maximum brown waste is on low rainfall period or when
entering a dry season (Ling, 1986), as occurred in interaction (N3P2).

The explanation in Table 7 below illustrates that the three types of shade loving trees
have a significant effect on the leaf moisture, but the pruning time is not significantly different.
However, even though it is not significantly different, it can be seen that the highest leaf
moisture is in treatment (P1) with a value of (84.97). The existence of a significant effect on
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three types of shade plants on leaf moisture can be explained that the treatment (N1) is
significantly different from the treatment (N2) but not significantly different from the treatment
(N3). For the observation on leaf temperature, in the same table, it can be seen that, the
pruning time is significantly different from the leaf temperature, but the three types of shade
loving trees are not significantly different. Although it is not significantly different but the
highest leaf temperature value can be seen in the treatment (N3) with a temperature of
(31.04). It is thought that this is due to different climatic conditions from three different shade
loving trees. Another factor that influences is the weather conditions is the time of
measurement. In cocoa plantations that experience changes in relative humidity, from
relatively low humidity (50-60%) or moderate 50-60% in the dry period during the dry season
because shade loving trees compete with cocoa trees in utilizing water, nutrients and light
(Bonaparte, 1975).

Furthermore, the explanation of the significant effect that occurs with the pruning time
to leaf temperature shows that treatment (P2) is significantly different from (PO) but not
significantly different from (P1). Pruning can reduce the internal competition of plants for
photosynthesis compared to the trees that are not pruned (P0O) will be more lush and
competition occurs between one leaf with another. The temperature around the plants is
determined by sunlight, plant density, light distribution in the plant canopy and soil moisture
content also have an effect on leaf temperature. Leaf orientation has an effect on leaf
temperature which in turn has an effect the rate of transpiration and water use efficiency.
Vertical cocoa leaf orientation can reduce radiation interception, so leaves are cooler and
water loss may be limited when compared to the horizontal leaf orientation (Abo-Hamed et
al., 1983).

Table 7 — The Average of Leaf Moisture (%), Leaf Temperature (°C) Chlorophyl Index,
Leaf Area (cmz), Photosynthesis Rate (mmol m'z) on Three Types of Shade Loving Trees and Pruning
Time in Cocoa Plants

T Average
reatment
Leaf Moisture Leaf Temperature Chlorophyll Index Leaf Area
N1 84.89 a 30.32tn 65292.2 tn 2,244.5tn
N2 8189 b 30.73tn 64875.1 tn 2,662.7 tn
N3 83.98 ab 31.04 tn 64430.9 tn 2,258.5tn
BNJ 0,01 tn tn tn tn
0,05 2.83 tn tn tn
PO 83.37 tn 30.18 b 65078.0 tn 2,233.7tn
P1 84.97 tn 30.92 ab 64995.9 tn 2,708.9 tn
P2 82.42tn 31.01la 64524.4 tn 2,229.1tn
BNJ 0.01 tn tn tn tn
0.05 tn 0.85 tn tn
Treatment Average Photosynthesis Rate
PO P1 P2 BNJ 0.05
N1 21.35b 21.70b 2197 a 0.63
Y Xy X
N2 22.48 a 2253 a 2252 a
X X X
N3 22.70 a 22.30 ab 21.95a
X Xy y
BNJ 0.01 tn
0.05 0.63

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, (a,b) shows the differences in pruning time on three types of
shade loving trees. (x,y) shows the difference of effect in certain type of shade loving trees on pruning time.

The low chlorophyll content and high anthocyanin pigment in expanding leaves also

play a role in maintaining relatively low leaf temperatures and, together with a relatively
dense layer of hair on the leaf surface, which can be a cause of decreased transpiration rates
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(Abo-Hamed et al., 1983). It can be seen on the following figure that there is photosynthesis
rate, leaf temperature and leaf moisture against the treatment combination.
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Figure 4 — The Dynamics of Photosynthesis Rate, Leaf Temperature and Leaf Moisture in Three Types
of Shade Loving Trees and Pruning Time

The effect of interactions that occurs between three types of shade loving trees and
pruning time on the observation of photosynthesis rate can be seen in Table 7. It shows that
the interaction between (N2P1) is significantly different from (N1PO0), (N1P1) and (N3P1) but
not significantly different from (N2P2), (N3P2), (N1P2), (N3P0) and (N2PO0). Furthermore,
interaction between (N1P2) is significantly different from (N1PO), (N1P1). Interaction (N3PO)
is significantly different from interaction (N3P1) but not significantly different from (N3P2). In
the same table it can be seen that the highest value of the rate of photosynthesis in is
interaction (N2P2) with a value of (22.57) and the lowest rate of photosynthesis is in
interaction (N1PO) with a value of (21.35). The interaction that occurred with the rate of
photosynthesis was greatly influenced by the type of shade loving trees and pruning time.
Different types of shade loving trees and different pruning times have a good effect compared
to no pruning treatment. Penetration of sunlight in the presence of different shade loving
trees plants and pruning times has a direct effect on the rate of photosynthesis. Intensity is
the amount of energy received by plants in certain area and time period. The intensity of
sunlight has an effect on the physiological properties of plants.

Leaves that grow under the decrease in photosynthesis rate occur under 20% full
sunlight (Owusu, 1978). Meanwhile, according to Okali and Owusu (1975), the shaded
leaves, the level of light reception received is around 3-4% full sunlight. Therefore, variations
in reception of light intensity must be a reflection of differences in growth and measurement
conditions. If the nutritional needs of plants are met, plant growth is mainly dependent on
access to solar radiation (Cunningham and Arnold, 1962).

Table 8 — The Average of Number of Fruits, Fresh Weight of 100 Seeds (gram), Dry Weight of 100
Seeds (gram) on Three Types of Shade Loving Trees and Pruning Time in Cocoa Plants

Treatment Average
Number of Fruits Fres Weight of 100 seeds Dry Weight of 100 Seeds
N1 9.00 b 97.56 tn 44.62 tn
N2 9.94 ab 104.50 tn 40.72 tn
N3 12.00 a 101.56 tn 41.44 tn
BNJ 0.01 tn tn tn
0.05 2.09 tn tn
PO 9.00 b 82.61b 29.44 b
P1 10.06 a 105.72 a 44.06 a
P2 11.89a 115.28 a 53.28 a
BNJ 0.01 tn 19.10 tn
BNJ 0.05 2.09 tn 15.68

Note: The numbers followed by different letters mean significant difference at the a = 0.05 and highly significant
difference at a = 0.01. N1 = New Guinea Teak, N2 = Gliciridia, N3 = White Teak PO = No Pruning, P1 = One
Pruning a month, P2 = One pruning in two months, tn = not significantly different.

The results of BNJ test at a = 0.05 and a = 0.01 in Table 8 illustrate that the three types
of shade loving trees and pruning time are significantly different on the number of fruits per
tree. Treatment (N3) is significantly different from treatment (N1) but not significantly different
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with (N2), while the effect of pruning time explains that the treatments (P2) and (P1) are not
significantly different but both are significantly different from (P0). Furthermore, for the wet
weight of 100 seeds, the three types of shade loving trees are not significantly different but
the pruning time is very significantly different. Treatments (P2) and (P1) are not significantly
different from the pruning time but are very significantly different from (P0). For the dry weight
of 100 seeds, three types of shade loving trees are also not significantly different, but the
pruning time is significantly different, and it was determined that treatments (P2) and (P1) are
not significantly different but are significantly different from treatment (PO).

The types of shade loving trees and pruning time play a role in controlling
environmental factors and determining plant development such as the agronomic aspects
(the number of fruits and fresh and dry weight of 100 seeds). Changes in micro-climate are
due to shade loving trees and pruning time. The level of sunlight intensity receipt has
significantly effect on the growth and production of cocoa plants. The cocoa production cycle
follows a seasonal pattern depending on the rainy season, especially for rainfall. As
explained earlier that the distribution of rain is more important than the amount of rainfall,
which is very influential on cocoa production.

In some cocoa producing centers, including Indonesia, rainfall is not evenly distributed
throughout the year, and in some months where rainfall does not exceed 100 mm. This fact
resulted in the growth and production of cocoa pods not being continuous (Wood, 1985a;
1985b). The following figure shows the effect of the treatment on the number of fruits, fresh
weight of 100 seeds and dry weight of 100 seeds.
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Figure 5 — Number of Fruits, Fresh Weight of 100 Seeds (gram), Dry Weight of 100 Seeds (gram)
on Three Types of Shade Loving Trees and Pruning Time in Cocoa Plants

In addition, the flush formation is another influencing factor. Flushing usually occurs in a
6-8 week cycles (Asomaning, Kwakwa and Hutcheon, 1971). According to Almeida and Valle
(2008) that a new flush is formed immediately after the supply of carbohydrates is met again
after the previous flush which can be associated with the impact of environmental conditions
such as sunlight intensity, temperature, and soil moisture (Asomaning, Kwakwa and
Hutcheon, 1971). Flush cycles, although influenced by environmental factors, are still
governed internally, and also occur in constant environmental conditions (Almeida and Valle,
2008). However, it seems that flush is relatively unaffected by other aspects of growth, on the
contrary, some level of control over flush growth can lead to more efficient pod production.

The fruit is very closely related to the young fruit formed called "cherelles"”, or "pentil" in
Indonesia. During the first 50-100 days after fruit set, the growth of the young fruits can stop,
and the cherelles then turn into yellow, contracted and blackened. The degree of wilting may
be due to intense competition in the use of carbohydrates and mineral nutrients between
cherelles and between the cherelles and the development of leaf maturation. According to
Asomaning, Kwakwa and Hutcheon (1971) and Wassel (1971), that an increase in wilting at
or immediately after a leaf flush, supports the notion that nutritional competition as the cause.
According to Zuidema et al., (2005) differences in production are influenced by differences in
crop management. Large productivity variables can be found between years and among
trees of the same population. Variability can be reduced by providing optimal growth
conditions (Bartley, 1970). Pruning to increase yields can reduce yield variability among trees
and increase crop productivity. Besides, climatic conditions are very important in determining
the results that can be achieved (Rabbinge 1993; Zuidema et al., 2005).
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CONCLUSION

The type of shade loving trees has an effect on the intensity of sunlight above the
canopy at 24 msp, and it does not have any effect on other weather aspects. The
physiological aspects have an effect on the leaf moisture. The highest leaf moisture was
found in New Guinea Teak (N1), White Teak (N3) and Gliciridia (N2), respectively, but the
agronomic aspects of shade loving trees have an effect on the number of fruits.

Pruning time has an effect all aspects of the weather; intensity of sunlight above the
canopy at 8 msp, 16 msp and 20 msp and below the canopy at 8 msp, 12 msp, 16 msp and
20 msp, humidity at 16 msp and 20 msp, air temperature at 16 msp, 20 msp and 24 msp, and
on soil temperature at 16 msp. For the physiological aspects, pruning time has a positive
effect on leaf temperature in (P2) treatment, more positive than (P1) and (P0). For the
agronomic aspects, the pruning time has a positive effect on the number of fruits, and fresh
and dry weight of 100 seeds in (P2) treatment better than (P1) and (PO).

The interaction between shade loving trees and pruning time has an effect on the soil
temperature and photosynthesis rate. The interaction between White Teak and one pruning
in two months (N3P2) gave the lowest temperature (26.83) compared to other interactions.
Furthermore, interaction between Gliciridia and one pruning in two months gave the highest
photosynthesis rate (22.57) and the lowest photosynthesis rate was in interactions between
New Guinea Teak without pruning (N1P0) with a value of (21.35).
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