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Abstract. Maghfiroh CN, Putra ETS, Dewi HSES. 2020. Root detection by resistivity imaging and physiological activity with the dead-
end trench on three clones of cocoa (Theobroma cacao). Biodiversitas 21: 2794-2803. Indonesia is one of the largest cocoa production
countries in Southeast Asia, but has low average productivity (982 kg/ha) based on Indonesian Plantation Statistics (2017). Productivity
increase effort by giving dead-end trenches that applied to collect organic material, accommodate surface runoff sediments, prevent
erosion, and maintain nutrient availability. Dead-end trench had an impact on root cutting and improve rooting. Clone is very influential
on cocoa (Theobroma cacao L.) yield. The superior clones recommended are clones RCC-70, RCC-71, and KKM-22, which have high
productivity and are resistant to pests and diseases. The objectives of this research were (i) to detect the presence of roots by resistivity
imaging (ii) to study the effects of dead-end trench application on physiological activities of cocoa leaves and yields of three clones
(RCC-70, RCC-71, and KKM-22); (iii) to determine which cocoa clone (s) performed a significant yield increase with the application of
dead-end trench. Research was conducted in August 2018-April 2019 at PT. Pagilaran cocoa plantation in North Segayung Production
Unit, subdistrict Tulis, Batang, Central Java. The experiment was arranged in a randomized complete design with two factors and three
blocks as replications. The first factor was dead-end trench application (with or without dead-end trench application) and the second
factor was cocoa clones (RCC-70, RCC-71, and KKM-22). This study showed that dead-end trench applications affected plant roots
based on the interpretation results of geoelectric-resistivity measurements. Dead-end trench application significantly affected
chlorophyll a, stomatal conductance, transpiration, and H20 leaf content. Dead-end trench application has no significant effect on the
content of chlorophyll b, total chlorophyll content, nitrate reductase activity, stomatal density, CO: leaf content, and photosynthesis rate.
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INTRODUCTION

Cacao (Theobroma cacao L.) is a tropical perennial
crop cultivated in West Africa, Southeast Asia, and Latin
America. Indonesia is one of the countries that have the
largest production in Southeast Asia, followed by Papua
New Guinea and Latin America. The largest productions
are in Brazil, Ecuador, and Columbia (Lahive et al. 2019).
Cacao is classified into 3 major groups namely Criollo,
Forastero, and Trinitario based on morphology, genetic
character, and geographic area. Cacao Criollo is the first
domesticated and widely cultivated cacao in North America
and South America. Cacao variety Forastero comes from the
lower Amazon basin, while cacao trinitario is a cross
between Cacao Criollo and Forastero. Cacao has genetic
variability in morphological and physiological properties.
(Almeida and Valle 2007). Cacao cultivation is carried out
intensively to produce cocoa butter and cocoa powder for
industrial needs (Li et al. 2013). Factors that influence crop
production are internal factors and external factors.

Soil is an environmental factor that influences plant
growth and development. High rain intensity triggers
erosion and threaten crop production (Dimtsu 2018). The
dead-end trench application for soil conservation is very
important. The dead-end trench supports the improvement
of physical and chemical conditions in the soil, hold

surface sediments, nutrients, and nutrients. Land
rehabilitation technology by making trench contours
increasing soil infiltration and moisture longer in the soil
profile (Kurothe et al. 2014). Sloping land is a top priority
for conservation which not only supports sustainable crop
production, but also to mitigate various environmental
damage (Tang et al. 2014). Cacao plants are very sensitive
to water shortages, cacao plantations must have good
drainage. The availability of nutrients in the topsoil will be
very important at 1.5 m depth to support the root growth
system. Plants need large amount of roots to absorb
nutrients (Fonkeng 2014).

Clone is internal factor very affecting cocoa yield. The
superior clones recommended by coffee and cocoa research
center (Puslitkoka)are clones RCC70, RCC71, and KKM
22 which have high productivity and are resistant to pests
and diseases. The productivity of these clones is high,
RCC70 clone produces 2,287 kg/ha, RCC71 clone
produces 2,284 kg/ha, and KKM22 clone produces 2,42
kg/ha (Rajoniati 2006). RCC 70 and RCC 71 clones are
Forastero clones, while KKM 22 clones include Trinitario
clones. The main target of breeding is to look for clones
that are resistant to biotic stresses, ie, against disease and to
obtain physiological properties. Some recent studies
regarding photosynthesis efficiency are important factors
determining the yield of plants (Wickrama and Dunwell
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2018). The physiological activities of cocoa plants are
associated with high biomass production, photosynthesis
rate, stomatal conductance, high chemical activity, and
effectivity of intracellular water. Optimization of plant
performance must be improved in a variety of growing
environmental conditions (Alban et al. 2015). Genetic and
physiological activities are the main factors that affect
flowering time, reproduction, and productivity (Adjaloo et
al. 2012). The influence of the dead-end trench on the
physiology of cacao plants improving production and
increasing income economically, but the information on
this is limited. Therefore this research is focused to find out
the effect of giving the dead-end trench on the
physiological activities of cocoa planted in plantation areas.

The objectives of this research were (i) detect the
presence of roots by resistivity imaging (ii) to study the
effects of dead-end trench application on physiological
activities of cocoa leaves and yields of three clones (RCC-
70, RCC-71, and KKM-22); (iii) to determine which cocoa
clone (s) performed a significant yield increase with the
application of dead-end trench.

MATERIALS AND METHODS

Study area
The study was conducted in August 2018-April 2019 at
PT. Pagilaran Cocoa Plantation in North Segayung

Dead-endTrench

Figure 1. Dead-end trench standard
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Production Unit, Subdistrict of Tulis, Batang District,
Central Java, Indonesia. The experiment was arranged in a
randomized complete design with two factors and three
blocks as replications. The first factor was dead-end trench
application (with or without dead-end trench application)
and the second factor was cocoa clones (RCC 70, RCC 71,
and KKM 22). The treatment in each block used three
cocoa (Theobroma cacao L.) plants as samples, the number
of plants used by 56 plants. The parameters observed were
soil conditions with the geo-elistric resistivity method,
content of chlorophyll a, content of chlorophyll b, total
chlorophyll content, transpiration, nitrate reductase activity,
stomatal density, stomatal conductance, CO; leaf content,
H,O leaf content, and photosynthesis rate. Covenants
carried out to a constant root dry weight.

Procedures
Dead end-trench application

Dead-end trench layout used in the research according
to Figures 1, 2, and 3. The dead-end trench of a certain size
was made parallel to a contour line to intercept runoff. The
purpose of dead-end trench application was to increase the
yield of cocoa plants and made around the plant to support
plant roots. The technical requirements of the dead-end
trench size, length 100 m, width 30 cm, and height 50
cm.
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Figure 3. Wenner configuration current and potential electrodes
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The distance AM = NB = a and the distance AN = MB
= 2a, was obtained:

Kw = and Ky, = 2.

=
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Geometry factors for the Wenner

following this formula:

configuration

Kw=2n and pw=Kuw.R.

Processing of data results of the geoelectric test using
the non-linear least square optimization method with 2D
inversion available in Res2Dinv software. The data
obtained were visualized in a table to make it easier to read
the information from the analysis.

Where: N: first point; B: second point; A: third point;
M: fourth point; P1: resistivity 1; P2: Resistivity 2; C: start
point/last point; a: distance; Kw: Wenner Configuration, R:
Exploration of total distance (Wijaya 2015).

Resistivity imaging

Detection of the effect of dead-end trench on active
cocoa roots was done using the resistivity geoelectric
method. According to Wijaya (2015), the principle of
resistivity geoelectric method was to conduct an electric
current injection from the ground surface with the
electrodes that had been arranged, and then the potential
difference was measured with other electrodes. The voltage
data obtained to estimate the resistance value. The
configuration method used the Wenner configuration
(Figure 3). The Wenner configuration spacing was same (r1
=rs = aand r; = r; = 2a). Specifications of the equipment
have consisted of Uninterruptible Power supply device
(APC BX1100LIMS), electrodes, voltage, and current
measuring devices (Sanwa Digital Multitester CD800a,
Japan). Electrodes were made of iron with a diameter of 1
cm and a length of 20 cm. Electrodes were made of iron
with diameter of 1 cm and a length of 20 cm. The
electrodes were electrified, then, current and voltage were
read on the instrument.

The distance used: the distance between the current
electrodes was three times the distance of the potential
electrode, the potential distance from the sounding point
was 2/a, then the distance of each current electrode to the
sounding point was 2/3 a. The depth target achieved in this
method was 2/a. Data field acquisition, the current and
potential electrode arrangement were placed symmetrically
with the sounding point.

Physiology

Observations on the rate of photosynthesis, CO;
content, and H,O of the leaves were measured using a
Photosintetic Analyzer LI1-6400 Version 5 made in USA.
Measurements were made on the third leaf from the shoot
and taken at 10-12 am. Measurements of transpiration were
made by first cleaning the leaves and then taking 10 cm
diameter cobalt paper, which had been affixed to a
celluloid sheet, then clipped to the edge of the leaf so that
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each leaf's upper and lower surface was sandwiched by
cobalt paper. The time needed to change the paper blue to
pink indicates the rate of water loss from the leaf-covered
by the paper (Loveless 1983).

Nitrate reductase activity was measured from leaf
samples. Leaf samples were taken from the third leaf
(counted from the tip of the branch), the sample was
collected in the morning then the sample washed and cut
into small pieces. A total of 200 mg of leaf samples that
had been weighed put into a buffer solution. Buffer
solution, NazHPOQ,, and 2H,0 at pH 7.5, every 5 mL was
put into a dark tube then closed and soaked for 24 hours.
After 24 hours, the buffer solution was removed and
replaced with a new solution of 5 mL, then added 0.1 mL
of 5 M NaNOs; to each dark tube. The time of addition of
NaNO;, was stated as incubation time 0. Incubation was
carried out for 2 hours. Meanwhile, another test tube filled
with reagent of 0.2 mL of 1% sulfanilamide dissolved in
HCI and 0.2 mL of 0.02% napthylethylendiamide solution.
Then 0.1 mL of the filtrate that had been incubated for 2
hours was put into a test tube filled with reagent, HCI, and
napthylenediamide solution. The test tube was shaken until
the filtrate mixed to speed up the reaction. The solution let
about 15 minutes until NOjreduction occurs with a
coloring reagent changing into pink color. Furthermore, 2.5
mL of distilled water was added to the test tube as a color
thinner. The solution in the test tube measured by using the
spectrophotometer cuvette to observe its absorbance at a
wavelength of 540 nm (Listyawati 1994).

1000 1 1
50X — X — X —
1000

sample absorbance
X
standard absorbance BE w1

NRA =

Where;

Standard absorbance: 0.0142
BB: Wet weight (mg)

W1: incubation time (hours)

Identification of leaf stomata morphological characters
at 08.00-11.00 by making stomata mold using clear nail
polish on the leaf underside. The stomata mold peeled with
clear tape and observed using a microscope. Observation of
the stomata was carried out using an ocular lens with a net
micrometer at a magnification of 100 times. The width of
the stomatal conductance was observed using a fence
micrometer at a magnification of 40 times (Hidayat 2009).

Observation of chlorophyll content in leaves was done
by taking leaf samples from the outer canopy. Each leaves
taken 1 gram and then ground until smooth and extracted
using 100 mL acetone until all the chlorophyll dissolved.
Chlorophyll extract was filtered and put into a cuvette and
absorbance measuring with wavelengths 645 and 663 nm.
Chlorophyll a and chlorophyll b levels calculated using the
formula (Harborne 1998):

Chlorophyll total (mg/L)= ((20.2 OD 645) + (8.02 x OD 663)) x 0.02
Chlorophyll a (mg/L) = ((12.7 x OD 663)- (2.69 x OD 645)) x 0.02
Chlorophyll b (mg/L) = ( (22.9 x OD 645)- (4.68 x OD 663)) x 0.02
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Data analysis

Data were analyzed by using analysis of variant
(ANOVA) with a = 5%. If the results of variance analysis
indicated an interaction between the factors tested, then a
simple influence analysis was performed. However, if there
was no interaction between factors, the follow-up test is
Fisher's Least Significant Difference (LSD). Data analysis
was performed using SAS 9.4 software. Geo-electric
resistivity data analysis was created by using Res2Dinv
software.

RESULTS AND DISCUSSION

Root detection by resistivity imaging

Underground condition was observed using resistivity
geoelectricity, the results of the interpretation consisted of
three parts. The first part was the resistivity distribution
that had been measured in the field, the second part was the
apparent resistivity distribution, the third was the resistivity
distribution after inversion. The third image was an image
showing the actual resistivity. The law of Ohm is the basis
of an electrical circuit so that it can calculate the required
resistance value. The resistivity distribution was very
important to know to calculate its potential on the surface
and in the medium (Rolia and Sutjiningsih 2018).

In Figure 4 shows the soil consists of 3 different
resistivities of 1396-1636 Qm (low resistivity), 1636-2076
Qm (moderate resistivity), and 2076-2432 Qm (high
resistivity). The depth of 0.0625-0.319 m, dominated by
blue and green colors which indicate low and moderate
resistivity. The depth of 0.319-1.2 m had variation in
resistivity from moderate to high, indicated by the number
of colors between green and a little red to purple. This
shows that the depth of the soil dominated by medium
resistivity and a small portion of high resistivity. There
were variations in the distribution of water in the soil at the
study site. This was indicated by the change in resistivity
values from high, medium, and low. The depth of 0.0625-
0.319 m; it is dominated by blue which indicates that there
was a large amount of groundwater content. The depths of
0.319-1.2 m, there was a variation in resistivity from
moderate to high that indicated by the number of colors
between green and red which indicates the least soil water
content. Application the dead-end trench provides more
groundwater content compared to that not given the dead-
end trench.

Clone RCC71 on the dead-end trench application, the
results shown in Figure 5. The depth 0.0625-0.319 m, the
dominant color was green, while for blue there are only
certain areas. The depths of 0.319-0.622 m the most
dominant color was yellow so it belongs to high resistivity.
At a depth of 0.622-1.2 m, the most dominant color was
brown to red so it also belongs to high resistivity. In the
measurement results with the resistivity geoelectric
method, the high resistivity is at 2025-2404 Qm, the
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medium resistivity was 1566-2025 Qm, and the low
resistivity is 1319-1566 Qm. The distribution of resistivity
in the RCC71 the dead-end trench application various from
high resistivity to low resistivity.

Based on the results of the inversion shows that at a
depth of 0.0625-0.319 m was dominated by blue which
indicated low resistivity. At depths of 0.319-1.2 m, there
were variations in resistivity from moderate to high that
indicated by the number of colors between green and red.
The use of the dead-end trench had an effect on resistivity
that estimated the presence of more water content at low
resistivity. The results obtained in track 2 were not much
different from track 1, namely in shallow submerged soils
that had higher soil moisture content, especially in the
dead-end trench.

Observation of soil conditions using the resistivity
geoelectric method obtained results in Figure 6. Based on
the results of the inversion conducted a high resistivity
value between 1732-2381 Qm, Figure 6 marked with
yellow to purple. The resistivity value of 1874-1732 Qm
shown in light green to dark green was the medium
resistivity. Low resistivity was shown in dark blue to light
blue (781-1874 Qm). At a depth of 0.0625-0.319 m, it is
dominated by brown, but a small portion was blue which
indicates low to high resistivity. The depths 0.319-1.2 m
indicated by brown to purple which indicates that at that
depth it had high resistivity.

Based on the results of the inversion carried out that the
condition without the dead-end trench caused not too much
variation in resistivity. The resistivity conditions tend to be
high and evenly distributed at every depth. The high
resistivity value indicated the least water content in the soil.
In the deeper depths of soil the higher the resistivity value,
it was caused by the lack of water content. The
decomposition of ions occurred when there was sufficient
water so that when given an electric voltage it was easier to
deliver it.

Observation of the soil conditions using the resistivity
geoelectric method obtained the results of Figure 7. Based
on the results of the inversion conducted a high resistivity
value that is between 1846-2557 Qm, wherein Figure 8
marked with yellow to purple. The resistivity values 1168-
1846 Qm shown in light green to dark green were medium
resistivity. Low resistivity was shown in dark blue to light
blue (846-1168 Qm). The depth 0.0625-0.319 m, it was
dominated by brown, but a small portion was blue which
indicates low to high resistivity. The depths of 0.319-1.2 m
indicated by brown to purple which indicates that at that
depth it has high resistivity.

Based on the results of the inversion, there was no
significant difference between track 1 and track 2. The
second track also showed that without treatment, the soil
moisture content became less when compared to the
treatment using the dead-end tranch. The depth of 0.319-
0.622 m it indicates that there was only a moderate soil
content. While the deeper the depth of the soil, the less
water there was.
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Notification for Figure 4. Interpretation result of track 1 with dead-end trench application
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Figure 5. Track 2 with dead-end trench application

Notification for Figure 5. Interpretation result of track 2 with dead-end trench application
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Table 5. Stomatal density, stomatal conductance, H20 content, CO2 leaf content, photosynthesis rate

. Stomatal CO: leaf Photosynthetic
Treatment Stoma.tte;l der215|ty conductance Hz0 Ieafl /con][ent content (umol rate (umol
(unit/mm?) (unitymm?) (mmol/mol) CO2/m) COu/mis)
Clones
RCC 70 1058.12 a 0.61512 a 45.4700 a 363.46 a 164.643 a
RCC71 1056.24 a 0.61437 a 45.6350 a 363.46 a 164.643 a
KKM 22 1065.99 a 0.63890 a 45.6817 a 363.46 a 164.640 a
The dead-end trench
With 1054.37 p 0.63989 p 47.4644 p 382.60 p 169.604 p
Without 1065.86 p 0.60570q 43.7267 q 344.33q 159.680 q
Interaction - - - - +
CVv 8.56 7.09 2.67 4.27 2.03

Note: The value followed by the same letter in the same column shows no significant difference based on the LSD test at a significance

level of 95%.

Table 6. Transpiration, nitrate reductase activity

Tabel 7. Chlorophyll a, chlorophyll b, and total chlorophyll

Transpiration

Treatment (malg) NRA (mg/g)
Clones
RCC 70 4.35083 a 1.4642 a
RCC 71 4.28100 a 1.4921 a
KKM 22 4.29950 a 2.3812a
The dead-end trench
With 1054.37 p 2.2320 p
Without 1065.86 p 1.3263p
Interaction + -
CcVv 3.67 26.72

Chlorophyl content (mg/g fresh leaves)

Note: The value followed by the same letter in the same column
shows no significant difference based on the LSD test at a
significance level of 95%

Physiology
Stomatal density, stomatal conductance, H,O content, CO-
leaf content, photosynthesis rate

The dead-end trench application provided an
opportunity for soil to store water. Water used for various
physiological plant activities. Water served to maintain
turgor pressure and gas exchange in stomata based on the
water and soil environment. Water absorbed through the
roots and moving into xylem vessels on the stems and on
the leaves. Water transmitted from plants through stomata
in surface areas (Beckett 2013).

Stomatal density had no difference between clones or
the dead-end trench. The width of the leaf stomatal opening
was known to be wider with the dead-end trench
application. Stomatal Conductance under dead-end trench
application was greater than without dead-end trench
application. Measurement of H,O Leaf Content showed
had no significant difference between clones RCC 70, RCC
71, and KKM 22. Application of dead-end trench reported
had greater H,O leaf content. Carbon dioxide leaf content
showed under dead-end trench application greater than
field without trench, but had no significant difference
between each clone. Clones RCC 70, RCC 71, and KKM
22 gave the same response of photosynthetic rate, but the
application of dead-end trench successfully increased
photosynthetic rate.

Treatment Chlorophyll  Chlorophyll Total
a b chlorophyll
Clones
RCC 70 0.50380 ab 0.12754 a 0.63134 ab
RCC 71 0.42620 b 0.11029 a 0.53649 b
KKM 22 0.53198 a 0.12465 a 0.65662 a
The dead-end trench
With 0.47050 p 0.12497 p 0.59547 p
Without 0.50415 p 0.11668 p 0.62083 p
Interaction + - -
CVv 14.14 21.62 14.24

Note: The value followed by the same letter in the same column
shows no significant difference based on the LSD test at a
significance level of 95%

Transpiration, nitrate reductase activity, chlorophyll a,
chlorophyll b, and total chlorophyll

Transpiration reported had no significant difference
between clones RCC 70, RCC 71, and KKM 22, the
greatest transpiration value was clone RCC 70. The same
result occurred under dead-end trench treatments that
showed had no significant difference. Nitrate reductase
activity (NRA) had no significant difference between
clones RCC 70, RCC 71, and KKM 22, the greatest NRA
was under dead-end trench treatments. Chlorophyll a, total
chlorophyll b, and total chlorophyll had no significant
difference between the clones tested and in the dead-end
trench application.

Discussion

Resistivity under soil profile provides resistivity data
that illustrated the effective mapping and estimation of
spatial variability of water and soil dynamics. This
description used for precision agriculture. Electrical
resistivity provided an approach to determine water content
in soils and some soil properties that affect crop yields
(Isola et al. 2018). The dead-end trench gave in the soil
making low resistivity. Low resistivity (the blue color)
indicated an ion breakdown, electric current was easier to
conduct because there was no material resistance in the
soil. The presence of water in the soil also causes lower
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resistivity. The resistivity geoelectric method used to
determine the distribution of soil moisture in a section of
land. Interpretation depended on the land geology
(Williams et al. 2018). The existence of low resistivity was
possible for many new roots to grow. Mechanical barriers
in the form of texture and structure reduced. More root
growth in tertiary and quartet roots in soils with low
resistivity. Primary and secondary roots were found in soils
with higher resistivity. The dead-end trench gave the soil
had more water content so that there were many roots in
the area.

Water content varies at each depth of the soil profile,
roots took moisture by penetrating into new areas in the
soil that had a higher water potential. The dead-end trench
application roots cutting and trigger the new root hair
growth. Apical dominance removed by cutting roots tip.
The root extended by the cells extension behind the tip of
meristem and the root width was the end cell enlargement
produced the lateral meristem. The water availability in the
dead-end trench allowing the roots to grow properly, cells
from the meristem tip undergo roots expansion. Root
differentiation zone was directly proportional to root
growth. Cells at the border that regulate mitosis give
signals to meristematic cells in the root cap. regulation of
cell production provides great benefits for plants (Brigham
et al. 1998).

The treatment given did not affect the CO, content, it is
in accordance with the opening conditions of the stomata
and the stomata density which did not have a significant
difference between treatments. Increased levels of CO; in
the air caused an increase in temperature and humidity. The
rate of photosynthesis in this study was not affected by the
various treatments given (Table 5). Photosynthesis
induction was regulated by sub-processes such as RuBP
regeneration, Rubisco activation, and stomata movement.
Changed in mesophile conductance and non-photochemical
blackouts in response to irradiation may further regulate
photosynthetic dynamics and were also influenced by CO;
and leaf temperature. Activation of the Rubisco enzyme
was very sensitive to CO. content (Kaiser et al. 2014).
Photosynthesis in C3 plants increases with increasing CO;
concentration in the air. Rubisco activity in mesophyll has
increased quite high in response to an increase in air COx.
An increase in CO; concentration, stimulates an increase in
CO, assimilation, growth and crop vyields through
decreased photorespiration activity and increased CO;
fixation by Rubisco.

The content of CO, had an effect on transpiration. The
phenomena of an increase in leaf-air vapor pressure deficit
and decreased stomatal conductance and can affect the rate
of carboxylation and Rubisco activation (Kaiser et al.
2014). The rate of transpiration was influenced by many
environmental factors, it could be influenced by the
presence of wind that was not too hard could increase the
rate of transpiration. These conditions increased cytokinin
levels in guard cells and vascular tissue in the leaves.
Guard cell activity requires the exchange of water and ions
with surrounding cells. Changed in turgor exert mechanical
stress on the surrounding cells. The rate of transpiration can
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change the pH of xylem sap, which also affects the
apoplastic pH of the leaves (Casson et al. 2007).

The content of H20 and CO- leaves increased under the
dead-end application and absorbing more water. Water
used to stomata enclosure and maintained leaf turgor.
Plants use CO; for photosynthesis. The main function of
stomata was maximized CO; diffusion. Stomatal
conductance decreased when CO, increased should not
necessarily mean decreasing transpiration in the canopy.
Increasing leaf temperature forced the leaf increasing
transpiration (Leakey 2009). There was an assumption that
increasing CO; in the atmosphere will reduce O uptake by
plants, however, a study with six hundred measurements on
nine species of plants conducted in Illinois on an increase
in CO; concentration over a long period of time indicates
no decrease in O, uptake of plant respiration (Davey et al.
2004).

The process of loss of plant water and stomata carbon
dioxide exchange had a major role in stomata regulated
photosynthesis and controlled transpiration. The relative
changed in stomatal conductance provides a relative
changed in the rate of transpiration (Jones 1999). Stomatal
conductance had no trigger to high photosynthesis, but
could be inducing adverse effects due to excessive water
using (Lu et al. 1998). The dead-end trench was reported to
trigger a higher photosynthesis rate. Clones RCC 70, RCC
71, and KKM 22 reported had no significant difference in
stomatal density, stomatal conductance, H.O leaf content,
CO, leaf content, and photosynthesis rate. Stomatal
opening there was loss of plant water and decreasing the
leaf potential. Water loss in plants was caused by
transpiration through stomata. The stomatal opening and
closure depend on the pressure of the plant cell turgor
(Lestari 2005). Plant water absorption and movement were
influenced by soil moisture, root contact with soil, and
water soil resistance to water flow.

Transpiration occurred through stomata, wider stomatal
opening triggered high transpiration. The guardian cell
experienced loss of turgor when the moisture in the leaves
lower. NRA allowed for estimation of nitrogen status in
plants correlated with yield and plant growth. Nitrate
reductase played a role in reducing NOsinto organic
molecules. Plant nitrogen conditions were no different in
the various clones tested. In research Garg and Singla
(2005), there was a decrease in NRA under saline
conditions causing the degradation of nitrate reductase or
decreasing in enzymes synthesis rate. NRA reduction in
leaf and root occurred proportionally to the reduction of the
dry weight root and shoot accumulation. High radiation
increased photosynthesis rate that was conducive to the
enzyme nitrate reductase activity.

Inside chloroplast lamella, there were pigments, mostly
in the form of chlorophyll a and chlorophyll b. Low
chlorophyll content and high anthocyanin pigmentation
from leaf expansion kept leaf temperatures low and
reduced transpiration. Decreased transpiration rate caused
by the leaves dense hair covering (Almeida and Valle
2007). Temperature and water were important factors in
chlorophyll synthesis. Climate, soil, and phylogeny factors
have little effect on chlorophyll variation in forest



2802

ecosystems. The existence of chlorophyll variations on a
large scale was difficult to be used as the main input
parameter (Li et al. 2018). Low chlorophyll concentrations
still absorbed enough light energy at high light intensities.
High chlorophyll content became very important at low
radiation intensity (Buttery and Buzzell 1977).

Plant leaves that grew with low light intensity usually
had low levels of nitrate reductase. The activity of the
enzyme increased when plants were moved under
conditions of high light intensity. The intensity of light also
affects the stability of the enzyme. The rate of reduction of
nitrates in leaves was influenced by light in various
variations (Anjani et al. 2006). ANR observations were not
significantly different because the intensity of the light
being held captive by plants also did not experience a
difference. Nitrite production used in vivo testing depends
on the diffusion of NOgsinto the tissues to reach the
cytoplasm where the enzyme was located. The nitrate
reductase catalyst converts NOsinto NO2 by using NADH
that comes from the oxidative respiration pathway. Under
normal conditions NO2'was produced in green tissue that
was transferred to chloroplasts and reduced to ammonia
using ferredoxin obtained from photosynthetic electron
transport (Cazetta and Villela 2004).

Lack of correlation between photosynthesis rate and
crop yield in several studies because each plant genetically
responds differently to photosynthesis. Carbon by 50%
could be assimilated by leaves under limited light
conditions for each different biochemistry and biophysics
that determine the rate of photosynthesis. Increasing leaf
area could be achieved by increasing leaf area per area.
Increased leaf area, where shaded conditions, occurred
causing photosynthesis rate to decreased because the
sources spread more in the leaf area. Photosynthesis could
be limited by the capacity of the bottom. The period after
flowering was generally deep in the seed portion of the
plant, namely the number and potential size of seed
formation. The decreased in the capacity of the pit was
induced by the removal of the seeds filling which caused
decrease in the capacity of photosynthesis.

In conclusion, the results showed that the dead-end
trench significantly increased total chlorophyll a, stomatal
opening width, transpiration, and H,O leaf content, CO-
leaf content, and photosynthesis rate. The dead-end trench
application significantly improves the physiology of the
canopy of cocoa plants, based on the results of the
resistivity geoelectric inversion. The conclusions in points
1 and 2 applied equally to the three tested cocoa clones,
namely RCC 70, RCC 71, and KKM 22,
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