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Abstract

Introducing superior plants is one of the efforts to increase coffee produc-
tivity in Indonesia. Three clones from France de Torino (FRT), FRT 07, FRT 09,
and FRT 65, have been introduced to Indonesia. However, their cultivation is not
widely distributed yet. Analysis of the responses of FRT clones against differences
in climate and cultivation is needed to determine the right cultivation system to
produce maximum growth and productivity. This study examines the vegetative
growth of FRT clones introduced at some levels of shade. The study employed
a split-plot design with 36 experimental units. The primary factor was the levels
of shade consisting: without shade, 25% of shade, 50% of shade, and 100% of
shade. The three introduced FRT clones (FRT 07, FRT 09, and FRT 65) were
used as the subplot. Observations were done on several growth variables. The
results showed that shade treatment affected all growth parameters and plant
architecture. Clones significiantly affected plant height, orthotropic internode
length, number of leaves, and average leaf area. Increased levels of shade caused
an increase in internode length, branch angle, and crown diameter but decrease
in number of internodes and leaves. A low level of shade (25%) produced an
optimal value on parameters related to the productivity of FRT coffee plants,
such as the number of plagiotropic internodes and the number of leaves. Parameters
related to vegetative growth, such as plant height, stem diameter, and internode
length, showed optimal values in a moderate level of shade (50%). Treatment
without shade and a heavy shade resulted in impaired growth of FRT coffee.
There was no interaction between levels of shade and clone treatment on most of
the variables related to plant morphology, which indicated that the three introduced
FRT clones gave relatively similar response to shade; thus, the three clones can
be managed with the same shade management.

Keywords: introduction, superior clones, shade, growth, and plant architecture

INTRODUCTION high demand is not accompanied by an increase

in coffee productivity; the coffee productivity

The increase in coffee demand is caused by
the increase in domestic coffee consumption
and foreign market demand supported by
government policies that encourage the export
of Indonesian coffee beans to the global market
(Alexander & Nadapdap, 2019). However, this
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in Indonesia has been around 600 kg ha! year!
for the last five years. This covers an area of
approximately 1.2 million hectares with no new
additional areas in the last five years (BPS,
2020). This figure is still relatively low when
compared to productivity in other coffee-
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producing countries of around 2-3 tons ha!
year! (Filho ef al., 2014).

Robusta coffee (C. canephora) is Indonesia’s
most cultivated coffee variety and accounts
for 83% of the total production. South Sumatra
and Lampung are the largest coffee producers
in Indonesia, producing 201,400 and 118,000
tons of coffee, dominated by Robusta coffee
(BPS, 2020). Intense competition between
agricultural and plantation commodities for
land in the lowlands (<1000 m above sea
level) puts pressure on Robusta cultivation.

One way to increase the competitive-
ness of coffee plants is to use new varieties
or clones with higher agronomic performance
(Etienne et al., 2018). Efforts to obtain superior
planting material continue with breeding,
exploration, and introduction. Exploration and
breeding in Indonesia have produced varieties
and clones of Robusta coffee with a production
potential of 2-2.7 tons hectare! (Sumirat, 2016).
The use of superior planting material can be
done through replanting and rejuvenation.

The Indonesian Coffee and Cocoa Research
Institute introduces a new superior planting
material for Robusta coffee as the result of
selection by Nestlé R&D-Tours to accelerate
the increase in coffee production in Indonesia.
The superior planting material for Robusta
coffee consists of several France de Torino
(FRT) clones, namely FRT 07, FRT 09, and
FRT 65, originating from South America.
In Brazil, FRT coffee is cultivated in Espirito
Santo and Rondodnia at 10°-25° south latitude
(Volsi, 2019), 700-1300 meters above sea
level (asl.), with a monoculture system without
shade (Campanha ef al., 2004). The cropping
pattern uses a single fence system with a
spacing of 3 x 1 meters, resulting in a popu-
lation of 3,333 trees per hectare with the
productivity of 2,379 kg ha'! year!; and a
plant spacing of 3 x 1.5 meters, producing
a population of 2,222 trees ha™! year! with
the productivity of 2,183 kg ha™! year' (Filho

et al.,2014). FRT coffee has a smaller plant
habitus than Robusta coffee in Indonesia,
so it has the potential to be planted with close
spacing.

Differences in climate and coffee culti-
vation methods in Indonesia, especially those
related to the use of shade plants, will certainly
affect the growth and crown architecture of
the introduced coffee plants. Coffee culti-
vation with shade is a form of mitigation
that can be applied to increase the resilience
of coffee plantations to climate change
(Partelli et al., 2014). Lower climate-related
stress and lower Cercospora coffeicola
attack on coffee plants were found in coffee
cultivation under shade (Baliza et al., 2012).
Shade in coffee plantations can provide many
benefits for coffee, including reducing air
temperature, soil temperature, leaf surface
temperature, and thermal amplitude; shade
also plays a role in protecting coffee plants
from strong winds, rain, or hail and reducing
the biennial-bearing effect, and increasing
and maintaining soil fertility by returning
significant amounts of leaf litter into the soil
as a source of organic matter, nitrogen fixation,
and soil moisture retention (Neto et al.,
2018). It was reported that coffee cultivation
under shade resulted in better photosynthetic
performance, increased carbon storage capacity
in the system, and yielded larger beans with
improved organoleptic quality of coffee beans
(Partelli et al., 2014).

However, shade-grown coffee has
weaknesses, including accelerated height
gain, longer internodes on orthotropic and
plagiotropic branches, and reduced light
intensity (Partelli ef al., 2014). The longer
internodes will affect plant height, branch
length, and the number of buds in one tree
(Bonomo et al., 2004). Under heavy shade,
C. canephora will produce wider and thinner
leaves, which result in self-shading, causing
disturbances in flower formation and a
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decrease in the number of coffee cherries
(Tabagiba et al., 2010).

Therefore, a study of the growth response
and architecture of introduced C. canephora
plants (FRT 07, FRT 09, and FRT 65) at
several levels of shade is indispensable as
the basis for preparing standards of Good
Agricultural Practices (GAP), especially
in determining plant spacing and shade
management.

MATERIALS AND METHOD

The research was carried out at the Wirolegi
Experimental Garden of the Indonesian Coffee
and Cocoa Research Institute (ICCRI) in
Jember, Indonesia, with an altitude of 79 m asl.
The area had with rainfall type D according
to the Schmidt and Ferguson classification.
The study lasted 6 months, from November
2020 to April 2021. Rainfall during the study
was 238.6 mm month’!, with a minimum
of 13 mm month!, a maximum of 445 mm
month!, and an average of 1,957 mm year'.

The materials used in this study were
cuttings of C. canephora from France de
Torino (FRT) 07, FRT 08, and FRT 65
clones aged six months (ready to transplant
into the planting area). Other materials used
were net houses with an incoming light
intensity of 20-30%, 45-55%, and 70-80%.
The tools used were a temperature and humidity
data logger, lux meter, digital caliper, hand
counter, protractor, and tape meter.

The experiment was designed in a split-
pot design with four shade levels and three

varieties of C. canephora. The main plot
was the four levels of shade: without shade,
20-30% of shade, 45-55% of shade, and 60-
70% of shade. The subplot was the coffee
plant type, consisting of three clones:
FRT 07, FRT 08, and FRT 65. From this
design, 12 treatment combinations were
produced with three replications.

The FRT coffee seeds used were six
months old and met the standards for planting
in the field. Seeds were selected based on
plant height, the number of leaves, and root
conditions during seedling transplantation to
larger polybags (20 cm x 30 cm). The media
used was soil:sand:manure with a ratio of
1:1:1. Seedling acclimatization was carried
out for two months.

The sample plants were planted under
a net house with a height of 2.5 meters, a width
of six meters, and a length of eight meters.
The net used three density levels that produced
light intensity, namely NO, N25, N50, and
N75. Plants were fertilized with NPK
16:16:16 fertilizer of as much as 5 g per plant
per month and watered twice a week until
the media was saturated with water—this was
done until the end of the research activity.
The light intensity in the NO, N25, N50, and
N75 treatments was observed once a month
using a lux meter. Meanwhile, temperature
and humidity were observed using a tiny tag
data logger every three hours at 00.00, 03.00,
06.00, 09.00, 12.00, 15.00, 18.00, and 21.00
from 0 to 180 days after planting (DAP).

Observations were carried out monthly
on several growth variables, including plant
height (cm), stem diameter (mm), the number

Table 1. Micro climate condition in several shade level of paranet house

Shadelevel [, eht intensity (lux) Temperat‘ure (°C) Humid‘ity (%)

(%) Max Min Average Max Min Average

0 24.276 34.10 20.83 27.46 93.43 36.74 63.80

25 18.659 33.19 21.30 27.24 94.57 39.70 66.08

50 11.536 30.99 21.35 26.17 96.29 47.03 70.80

75 5.679 30.16 21.54 25.85 95.71 62.21 80.34
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of ortho-tropic internodes, the length of ortho-
tropic internodes (cm), budding frequency,
budding period (days), the number of plagio-
tropic branches, the length of plagiotropic
branches (cm), the number of plagiotropic
internodes, and the length of plagiotropic
internodes (cm).

Observations were also made on the
number of leaves and leaf morphology.
Observations were made at 180 days after
planting (DAP) with the following observed
variables: average leaf area (cm?), total
leaf area (cm?), and specific leaf area (SLA)
(cm? g!) calculated by the formula:

A
SLA= wd
In which:
A =leaf area
wd = leaf dry weight

The branching angle (°) was measured
at 180 DAP using a protractor. An angle
of 0° is parallel to the main stem, with the
base of the branch being the axis and the
midpoint of the protractor. Branching and
leaf angles are classified into 3, namely
(Subekti, 2012):

Upright branch angle <35°
Medium branch angle :35°<x <60°
Flat branch angle >60°

The crown diameter was observed at
180 DAP using the plagiotropic branch length
and branching angle as the main component
according to the formula:

2 (sinX*length of the plagiotropic
branch), where X is the branching angle.

The data were analyzed using an analysis
of variance for quantitative characters followed
by an analysis of the difference in the mean
value using the Duncan Multiple Range Test
at o 5% confidence level using Genstat 19
software.

RESULTS AND DISCUSSION

The vegetative growth of coffee plants
is dimorphic, with upright growth (orthotropic)
and sideways growth (plagiotropic). Orthotropic
branches or shoots make up the main stem,
and water shoots with a vertical growth
direction. In contrast, plagiotropic branches
or shoots grow horizontally and serve as places
for flowers and fruit to appear (Yuliasmara
et al., 2016). The morphological response of the
crown of FRT clones to the levels of shade will
affect the cultivation pattern, especially in deter-
mining plant spacing and shade management.

Orthotropic Growth

Plant height is the primary indicator of
upright or orthotropic growth. Some of the
introduced FRT coffee clones responded
significantly to shade on the number of
orthotropic internodes, orthotropic internode
length, and plant height. However, there was
no interaction between shade treatment and
coffee clones.

The response of FRT 07 and FRT 09
clones to the levels of shade on plant height
resulted in the optimal value of plant height
of 71.66 cm at 56.71% shade intensity and
73.96 cm at 47.01% shade intensity (Figure 1).
In addition, the FRT 65 clone produced an
optimal plant height of 84.76 cm at a shade
intensity of 54.74%. The average optimal
height of the three clones of C. Canephora
occurred at a shade level of 52.61%. FRT 65
showed a faster plant height gain in the
clone treatment than FRT 07 and FRT 09.
DaMatta et al. (2008) state that environmental
and genetic factors influence the height
increase of coffee plants. Light is an important
environmental factor for plant growth and
development, because in addition to playing
a dominant role in the photosynthesis process,
it is also a controller, trigger, and modulator
of morphogenesis responses, especially in
the early stages of plant growth (Sopandie,
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Figure 1.  Relationship between shade levels and plant height of FRT clones at 180

DAP

2013). Optimal light intensity supports the
efficiency of the photosynthetic process of
plants, where the results of photosynthesis
are a substrate for plant growth (Sholikhah
et al., 2015). Each type of coffee clone also
has different physiological and agronomic
characteristics, causing different photosyn-
thetic activities affecting final production
(Ayalew, 2018).

In coffee plants, plant height is closely
related to the length of the orthotropic inter-
node, the number of orthotropic internodes,
the budding frequency, and the budding
period. In the variable of orthotropic inter-
node length, significant differences occurred
in levels of shade and clone treatments.
However, there was no interaction between
levels of shade and clone treatments on the
four observation variables.

The orthotropic internodes of FRT
clones were getting longer as the levels of
shade increased. Treatment without shade
and N25 resulted in short internodes, 5.07 cm,
and 5.46 cm. The N50 treatment resulted
in a longer orthotropic internode of 6.26 cm.

PELITA PERKEBUNAN, Volume 38, Number 3, December 2022 Edition

The longest internode occurred at N75, with
a length of 6.94 cm. Disruption of auxin
activity at high light intensity is thought to
inhibit the growth process of orthotropic
shoots resulting in short internode shoots.
Rodriguez et al. (2001) support our findings,
stating that an increase in internode length
in orthotropic and plagiotropic or reproduc-
tive branches happens along with an increase
in shade levels caused by low auxin degra-
dation. FRT 65 clones produced longer
orthotropic internodes than FRT 07 and
FRT 09 clones at all levels of shade. This may
be related to the genetic nature of FRT 65,
which has longer internodes.

Based on the analysis of variance on
the number of orthotropic internodes, budding
frequency, and budding period, there was
a significant difference between the shade
treatments but no significant difference in
clone treatments.

The number of internodes also showed
a significant difference in the treatment of shade
levels. N75 produced the least number of
internodes compared to other treatments
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Figure 2. Relationship between shade level and orthotropic internode length of FRT clones at

180 DAP

(Figure 3). The number of internodes is
related to the frequency of shoot growth.
Orthotropic shoots on coffee plants occur
once a month (once in 26-30 days) in a
supportive environment (Espindula et al.,
2020). Based on observations on the number
of orthotropic shoots, it was found that the
treatments without shade, N25, and N50
sprouted 6.27 times, 6.38 times, and 6.22
times until the plant was 180 DAP. This
shows that shoots in the treatment without
shade, N25, and N50 occurred once every
28.84, 28.41, and 29.67 days. In contrast,
for the N75 treatment, there was a slowdown
in shoot growth, indicated by an increase
of 4.18 times during 180 DAP. This shows
that the budding of the N75 treatment
occurred once every 43.3 days, resulting
in fewer orthotropic internodes than other
treatments. The low intensity of sunlight
plants receive is thought to affect the formation
of assimilate used for plant growth.

Two factors are thought to affect plant
height and other variables that influence it

160

related to the levels of shade: photosynthetic
activity and auxin hormone activity. Optimal
light intensity supports the efficiency of the
photosynthetic process of plants (Sholikhah
et al., 2015), where photosynthesis results
are a substrate for plant growth (Harjanti
et al., 2014). Low light intensity will reduce
the rate of photosynthesis and interfere with
metabolism in the plant body, which in turn
will reduce plant growth (Sholikhah et al.,
2015). Meanwhile, high light intensity increases
plant transpiration. The mechanism of stomata
closure is carried out by plants to control
the transpiration process, but it will reduce
the photosynthetic process.

In addition, too-high light intensity can
suppress the work of the auxin hormone.
Auxin hormone is one of the hormones in
plant growth, affecting elongation. Plant
height increases at lower light intensities
because auxin works well under such a
condition; auxin is sensitive to damage or
degradation at high light intensity (Ariany
et al.,2013). The inhibition of auxin activity
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Figure 3. Relationship between shade level and number of orthotropic internodes (A), flushing

frequency (B), and flushing period (C) of FRT clones at 180 DAP
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in conditions without shade disrupts shoot
growth, inhibiting internode increase and
height gain.

Based on the analysis of variance in stem
diameter, there was a significant difference
and interaction between the shade treatment
and FRT clones at 180 DAP (Table 2). The
stem diameter at FRT 07 produced an optimal
value of 10.32 mm, which occurred at a
shade intensity of 38.52%. The effect of
shade intensity on FRT 09 and FRT 65 on
stem diameter was 10.22 mm at 50.56%
shade intensity and 10.89 mm at 42.01%
shade intensity, respectively. In observing
the stem diameter of the FRT clones, it was
found that the optimal stem diameter occurred
at a moderate shade level from 38.52% to
50.56%. Optimal values for stem diameter
occurred at light-moderate shade levels,
indicating that 25% and 50% shade produced
an optimal microclimate for stem diameter
growth. In the 25% and 50% shade treatments,
FRT 65 produced the largest stem diameter
compared to FRT 07 and FRT 09. If it was
associated with plant height, FRT 65 in the
N25 and N50 shade treatments produced
larger and taller plants.

The stem diameter of the FRT clones
decreased in the no-shade conditions. FRT 65
showed the heaviest growth pressure
symptoms compared to FRT 07 and FRT 09
on stem diameter in no-shade conditions.
In general, C. canephora experiences growth
disorders due to exposure to high-intensity
sunlight, which results in photorespiration,
mechanical damage as indicated by chlorosis,
leaves wilt and fall with yellowish color
(Arisandi, 2015) as well as disruption of the
activity of auxin. The inhibition of auxin
activity results in the disruption of shoot
growth due to the high intensity of sunlight,
so assimilate is allocated for storage in the
stem and lateral growth of the plant.

N75 showed a decrease in stem diameter
for FRT 07 and FRT 65, indicating a distur-
bance in growth due to limited light. How-
ever, FRT 09 in the N75 shade treatment
showed better adaptability, so the resulting
diameter did not significantly differ from the
N25 and N50 treatments. Higher growth,
with long internodes and small stem diameters
shown by FRT clones under shade N75,
was similar to the symptoms shown by
plants that experienced branch etiolation, in
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Figure 4. Relationship between shade level and stem diameter of FRT clones at 180 DAP
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which the highest value for plant height has
been caused by internode elongation due
to low radiation (Partelli et al., 2014). These
results indicate that an increase in plant
height and a decrease in stem diameter under
shade is an adaptation mechanism for coffee
plants to maximize light interception by
individual leaves (Ayalew, 2018).

Plagiotropic Growth

The plagiotropic branch is where flowers
and fruit appear on the coffee plant, called
the production branch. The morphology of
the plagiotropic branch is a growth parameter
related to the potential of coffee plant pro-
duction. The analysis of variance on the
number of plagiotropic branches, the length
of the plagiotropic branches, the number
of internodes of a plagiotropic branch, and
the length of the internode of the plagiotropic
branch showed a significant difference but
no interaction between the levels of shade
and FRT clones (Table 2).

Treatments without shade, N25, and
N50 produced more plagiotropic branches
than treatment N75. The number of plagio-
tropic branches was optimal at N50 and was
significantly different from other treatments.
N75 produced the least number of plagio-
tropic branches with all tested FRT clones.
The response of FRT clones to the number
of plagiotropic branches did not show a
significant difference between treatments.

The plagiotropic branches grew at the internode
of orthotropic stems, so it was related to the
number of internodes of orthotropic stems, which
also experienced growth inhibition at N75.

The analysis of the variance of plagio-
tropic branch length, the number of internodes,
and plagiotropic internode length at 180 DAP
showed a significant difference but no inter-
action between the shade treatment and the
FRT clones (Table 2). The length of the plagio-
tropic branch is influenced by the number
and length of the internodes of the branch.
Treatment without shade resulted in the shortest
plagiotropic branch length and the shortest
internode length but the highest number of
internodes compared to shade treatment. In
the N25 treatment, FRT coffee produced long
plagiotropic branches and many internodes
with short internodes. This condition resulted
in a higher number of internodes so that it
had the potential to produce more optimal
coffee cherries compared to other treatments.
Meanwhile, the treatment without shade and
N50 resulted in long plagiotropic branches
and long internodes, resulting in fewer inter-
nodes than treatments without shade and N25.
N75 produced long plagiotropic branches but
with fewer internodes due to the longer inter-
nodes produced compared to other treatments.

Previous studies mention that shade-
grown coffee cultivation causes decreased
productivity (Morais ef al., 2006), an accumu-
lation of decreases in the number of productive

Table 2. Effect of shade level on plagiotropic branches of FRT clones at 180 DAP

Treatment Plagiotropic Plagiotropic Plagiotropic Plagiotropic
branch number internode number internode length (cm) branch length (cm)

Shade level

0% 11.62b 581c¢ 5.56 a 3223 a

25% 11.69 b 5.44 ¢ 6.37b 34.66 b

50% 1249 ¢ 481 b 7.48 ¢ 3588 b

75% 10.59 a 4.05a 8.69 d 35.10b

Signifikansi *x ok ok *

C. canephora clone

FRT 07 11.07 a 527 a 6.79 a 35.17 a

FRT 09 11.90 a 5.00 a 7.10 a 34.60 a

FRT 65 11.82a 481 a 7.19a 33.63 a

Signifikansi ns ns ns ns

Notes : Figures in the same treatment group and the same column followed by the same letter are not significantly different at

o 5% to according to DMRT.
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branches, the number of buds per branch,
and the number of cherries per bud, leading
to a decrease in the number of cherries per
tree (Yuliasmara, 2017). The differences
in morphology of plagiotropic branches in
several treatments in this study were related
to the excess of auxin in the heavy shade,
causing the elongation of internodes or
branches; in addition, auxin inhibition due
to the presence of shade causes the internodes
or branches to be shorter (Arisandi, 2015).

Leaf Number and Morphology

The analysis of variance showed a signifi-
cant effect of shade treatments and clone
treatments on the number of leaves. How-
ever, there was no interaction between the
two treatments tested.

Under dark shade (N75), FRT coffee
produced the least number of leaves in one tree
compared to other shade conditions. N25
produced the highest number of leaves,
followed by N50. In addition, the treatment
without shade resulted in the number of leaves
being less than N25 but more than N75. This
is different from Arisandi (2015), stating that
Robusta coffee planted without shade tends

to have fewer leaves than those planted under
shade. FRT 09 produced the highest number
of leaves compared to FRT 07 and FRT 65.
Coftee leaves grow on each plagiotropic and
orthotropic branch; coffee plants with more
internodes will produce more leaves than
those with few. These results indicate that
the introduced coffee clones may have a
higher tolerance for direct sunlight intensity
than Robusta coffee in Indonesia.

The analysis of variance showed a signifi-
cant effect of shade treatments and clone
treatments on average leaf area. However,
there was no interaction between the two
treatments tested.

The leaf area of Conilon coffee increases
with the increase in the levels of shade.
Treatment without shade will produce thick
yet narrow leaves. This is in line with the
research results stating that excessive light
intensity causes stunting of plant stems and
leaves. Under shaded conditions, leaf cells
are larger and thinner, endodermis, cuticle,
and walls are more developed, and chloro-
plasts are more numerous and larger (Baliza
et al., 2012). Wider leaves under shaded
conditions represent one of the adaptation
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Figure 5. Relationship between shade level and leaf number of FRT clones at 180 DAP
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Figure 6. Relationship between shade level and the average of leaf area, total of leaf area, and
specific leaf area of FRT clones at 180 DAP
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efforts of plants to stress due to low light
intensity to increase the light capture area
(Partelli et al., 2014).

FRT 65 clone had wider leaves than
FRT 07 and FRT 09 in medium (N50)
and heavy (N75) shades. FRT 07 had the
narrowest leaf size compared to other clones
tested. The relative size of the leaves of a
coffee plant relates to a genetic trait influ-
enced by environmental conditions, including
shade. Several superior clones of Robusta
coffee have a leaf length 0£ 20.61 to 24.11 cm
with a leaf width of 9.19 to 11.48 cm
(Ramadiana et al., 2018), while Conilon
coffee has a leaf length of 14.12 to 16.13 cm
with a width of 5.75 to 6.63 (Ramalho ef al.,
2014).

The analysis of variance showed a signifi-
cant effect of shade treatments and clone
treatments on the total leaf area. FRT 07
gave atotal leaf area growth response following
the equation y =-639.1x* +4411.4x - 656.7,
with R? of 0.983, and the optimal value of
total leaf area of 8269 cm?at 61.29% shade
intensity. The effect of shade intensity on
FRT 09 on the total leaf followed the equa-
tiony =-1239.2x> + 7424.2x - 2266.9 with
R? of 0.968. The optimal total leaf area of
FRT 09 occurred at a 49.88% shade level
of 8852 c¢cm?. The total leaf area of FRT 65
increased along with the increase in the levels
of shade following the equation y = -430.1x?
+ 4002.5x - 258.9 with a value of R? =
0.967. An increase in individual leaf area,
along with an increase in shade intensity,
leads to an increase in the total leaf area in
one plant.

The analysis of variance showed a signifi-
cant effect of shade treatments on specific
leaf areas. However, clone treatments showed
no significant difference in specific leaf areas.

The value of specific leaf areas increases
as the levels of shade increase. Treatment

without shade also produced leaves with the
smallest average leaf area and the lowest
value of specific leaf area. A low value of
specific leaf areas indicates that the leaves
are compact or thick, while a high value of
specific leaf areas indicates that the leaves
have a thin morphology. Shaded plants have
a higher value of specific leaf areas, so they
also have a higher potential relative growth
rate than plants with a lower value of specific
leaf areas. It is likely that the increase in
specific leaf areas and the development of
dark green leaf color in coffee plants under
a shade has a major contribution to the
increase in photosynthesis under shaded
conditions (Poorter & Werf, 1998).

Crown Architecture

The crown architecture was observed
on two variables: the branch angle and the
crown diameter. The branching angle is
related to the light distribution on the coffee
crown, while the crown diameter determines
the spacing when the coffee plant is planted
in the field.

The analysis of variance showed no
interaction between shade treatments and
FRT coffee clones on the branching angle
and crown diameter (Table 3).

The branching angle increases as the
shade increases. Treatment without shade
and N25 resulted in a small branching angle
compared to treatments N50 and N75. The
branching angle is related to the intensity
of light received by the plant. The decrease
in the value of the branching angle in condi-
tions without shade is a form of plant response
to increasing light interception. The vertical
arrangement of leaves in the crown will
increase light interception when the incidence
angle of the sun is low, such as in the morning
or evening, and reduce interception at midday
when radiation is very high (Utami, 2018).
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Tabel 3. Interaction between shade level plagiotropic branch of FRT clones at 180 DAP

Treatment Branching angel(®) Canopy diameter (cm)
Shade level

0% 60 a 5730 a

25% 6la 60.31 a

50% 74 b 68.89 b

75% 80¢ 68.80 b
Significance ** **

C. canephora clones

FRT 07 70b 62.54 a

FRT 09 65a 60.20 a

FRT 65 73b 64.57 a
Significance i ns

Notes: Figures in the same treatment group and the same column followed by the same letter are not significantly different at

o 5% to according to DMRT.

The branching angle is also influenced by
the genetic factors of the plant. FRT 07 and
FRT 65 have a larger branching angle than
FRT 09, which indicates that the branching
is more horizontal. Plants with vertical leaf
angles and branching have good tolerance
to high light intensity and drought (Tubur
et al.,2012).

The shade treatment of 50% and 75%
resulted in a wide crown diameter of 68.89
and 68.80 cm, followed by the N25 treatment
with a crown diameter of 60.31 cm. The
wide crown in shaded conditions aims to
widen the capture area for limited light.
The horizontal arrangement of leaves and
branching in the plant crown will also cause
interception to occur throughout the day,
especially at midday. Treatment without
shade resulted in the smallest crown diameter
of 57.3 cm due to smaller leaf angles and
less than optimal growth of plagiotropic
branches (Utami, 2018). The branch archi-
tecture of C. canephora at several levels of
shade is shown in Figure 7.

FRT coffee in the treatment without
shade had a more compact habitus, shorter
plants, short internodes, and narrow crown
diameters. In the 25% shade treatment, there
was an increase in plant height of 10.33%
and crown width of 4.99% compared to the
treatment without shade. The N50 treatment
produced plants with the highest habitus,
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with an increase of 23.87% and an increase
in crown diameter of 20.22% compared to
the treatment without shade. The 75% shade
treatment produced higher plants than the
treatment without shade by 15.91%. The
crown diameter in this treatment increased
by 20.06% due to the plagiotropic branch
length and large branching angle, resulting
in a horizontal branching direction.

The crown width affects plant spacing.
Both no shade and light shade produce a small
crown diameter with a small branching angle
allowing plants to be planted in high-density
planting (HDP). Meanwhile, in shaded
conditions, the crown diameter of the FRT
coffee is wider with a large branching angle
so that the spacing is tight, which can result
in overlapping of leaves and branching.

In the clone treatment, FRT 09 had the
smallest leaf angle but had a crown diameter
with no significant difference compared to
FRT 07 and FRT 65. Small branch angles
and small leaves are one of the characteris-
tics of plants that are tolerant of environ-
mental stresses, especially drought and high
light intensity (Tubur et al., 2012). FRT 65
at 180 DAP showed jagur plant habitus, the
plant was taller, but the crown diameter was
not significantly different from other FRT
clones tested.

Levels of shade significantly affect all ortho-
tropic and plagiotropic growth parameters,
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Figure 7. Canopy architecture at different shade level at 180 DAP: without shade (a), 25% shade

(b), 50% shade (c), and 75% shade (d)
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Figure 8. Canopy architecture of FRT clones at 180 DAP: (a) FRT 07, (b) FRT 09, and (¢) FRT 65

leaf number and morphology, and plant archi-
tecture. Significant differences in clone treat-
ments occurred in several variables of plant
height, orthotropic internode length, number
of leaves, and average leaf area. The inter-
action between treatments of shade and FRT
clones occurred in stem diameter and total
leaf area. However, interactions did not occur
in most of the variables observed in this
study. This shows that there is no need for
a particular cropping pattern and management
for the three introduced FRT clones in terms
of the levels of shade. Observations of plant
growth and architecture in this study were
carried out in the immature plant phase,
therefore further research is needed to obtain
information about the effect of shade on the
flowering and fruiting phase of FRT coffee.
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CONCLUSIONS

An increase in the levels of shade in
FRT coffee caused an increase in internode
length, branch angle, and crown diameter
but a decrease in the number of internodes
and leaves. Light shade (25%) resulted in
optimal values for parameters related to FRT
coffee productivity, such as the number of
plagiotropic internodes and the number of
leaves. In contrast, parameters related to
vegetative growth, such as plant height, stem
diameter, and internode length, showed
optimal values at a moderate shade level
(50%). Treatment without shade and heavy
shade resulted in growth disturbance of FRT
coffee. The three introduced FRT clones
gave relatively the same response to the levels
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of shade so that they could be managed with
the same standard of shade management.
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