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Leaf character of sugar palm on various shades and concentrations of
liquid organic fertilizer

Abstract. Palm sugar has been developed to produce various products and raw materials for their
derivatives. There is a very high morphological diversity of sugar palm plants (Arenga pinnata (Wurmb)
Merr.), while the morphological identification of different sugar palm plant species in Banten province
is still limited. The aim of this research is to determine the effect of different treatments, such as shade
percentage, liquid organic fertilizer concentration, and a combination of both, on the properties of palm
leaves. The experimental design used in this study was the 2-factor RCBD split plot with 3 levels each.
The first factor is the variation of the shadow percentage, namely NO (no shadow), N1 (55% shadow),
and N2 (85% shadow). The second factor is different concentrations of liquid organic fertilizer (POC),
namely PO (0 ml/liter water), P1 (1 ml/liter water), and P2 (2 ml/liter water). The results showed that
different types of shade yielded insignificant results in terms of variable number of leaves, total leaf
area, and leaf greenness. The different types of liquid organic fertilizer concentration treatments and
treatment combinations of shade percentage and liquid organic fertilizer concentrations did not
influence any of the observed variables.
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Introduction

Sugar palm (Arenga pinnata Merr) is one of the
important palm plants after coconut and oil palm.
Almost all parts of this annual plant have
economic value and can be utilized, so it has a
high potential to be developed (Sebayang, 2016).

The main problem with sugar palm plants is
that the intensive cultivation system has not been
carried out. Sugar palms are usually allowed to
grow naturally without advanced treatment, so
the sap yield is still relatively low. Therefore, it is
necessary to carry out various treatments for
sugar palm plants that can increase production
(Paulina et al., 2018; Rattan et al., 2022).

Shading can be one of the attempts to adjust
the light intensity to the needs of the seedlings
and is expected to have a positive effect on the
growth of the seedlings. The sugar palm naturally
grows in the shade of the canopy in the country,
so the level of shade is one of the most important
factors influencing the growth of the sugar palm.
Research by Furqoni et al. (2018) shows that
shady palm seeds have more optimal growth.
56% shade can increase the wet weight, dry
weight, and root volume of sugar palm seedlings
compared to seeds that receive no shade.
According to Samal et al. (2020), the sugar palm
plant is a semi-shade tolerant plant, which means
that the sugar palm needs shade early in its
growth. According to Barus (2017), young oil
palm seedlings need shade to reduce the intensity
of sunlight at the beginning of growth because
too high or too low light intensity is one of the
inhibiting factors for the growth of young oil
palm seedlings. There is limited information on
the optimal amount of shade for sugar palm
farms, so it is necessary to conduct research. In
addition to shading, the carrying capacity of the
soil is an important factor in the cultivation
phase. The low availability of nutrients in the soil
for seedlings can be overcome by adding
nutrients through organic fertilizers.

Liquid organic fertilizer is widely used to
add nutrients to plants from organic waste
processing (Roidah, 2013). The liquid organic
fertilizer content used in this study includes
0.18% N+P.05+K>0 total, 4.6% C Organic, 41.04
ppm Zn, 8.43 ppm Cu, 2.42 ppm Mn, 2.54 ppm
Co, 0.45 ppm Fe, 0.12% S, 60.40 ppm Ca, 16.88
ppm Mg, 0.29% CI, 0.15% Na, 60.84 ppm B, 0.01%
Si, 6.38 ppm Al, 0.98% NaCl, 0.11 ppm Se, <0.06
ppm Cr, <0.2 ppm Mo, <0.04 ppm V, 0.35% Sos,
pH 791, 044% lipid, 0.72% proteins, 0,01%
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humic, wvulvic, gibberellin, cytokinin, auxin
(Stockistnasa, 2022).

Leaves have a special function in
photosynthesis and respiration with a flat shape,
which makes it easy to receive sunlight and
carbon dioxide and facilitate the process of water
and water vapor flowing in and out.
Morphologically, leaves have different shapes,
colors, sizes, and textures. This is related to the
task of these organs to carry out the basic
physiological functions of plants. Conversely,
leaves are structurally divided into the epidermis
(with stomata), mesophyll, and transport tissue.
However, the composition of these components is
influenced by the physical environment, such as
water availability, light intensity, and the
ecological niches of the plants (Riyaldi et al.,
2017).

The aims of this study were (1) to determine
the effect of various shading on the characteristics
of palm leaves, (2) to determine the effect of
different liquid organic fertilizer concentrations
on the characteristics of palm leaves, and (3) to
know the effect of the combination of organic
liquid fertilizer concentration and the best shade
for the characteristics of palm leaves.

Materials and Methods

The research was conducted at the screen house
of the Experimental Farm of the Faculty of
Agriculture, Universitas Jenderal Soedirman,
with an altitude of 110 meters above sea level. The
study was carried out from September until
December 2021. The experimental design used in
this study was the Split Plot Randomized Block
Design with 2 factors with 3 levels each. The first
factor is the percentage of shade, namely Nj
(without shade), N1 (55%), N2 (85% shade). The
second factor is the type of liquid organic
fertilizer concentration, namely Po (without
fertilizer), P1 (1 mL liter?), P, (2 mL liter?).

Shade was applied at the beginning of the
study with the respective percentages of 55% and
85% * 2m from the top of the seedling and +0.5m
to the side of the seedling. The application of
liquid organic fertilizer was carried out 8 times
with doses according to treatment, as much for
every plant once every 14 days by pouring it into
polybags. Data collection for sugar palm plants
was carried out when the plants were 20, 40, 60,
and 80 days after transplanting.

Observed variables include:
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1. Increasing the number of leaves (sheets)
Fully opened leaves are counted. The increase in
leaf number was measured at 40 and 80 days of
age after transplanting and measured by the
formula (Farida, 2017):
The increase in the number of leaves = [the
number of last leaves - the number of early
leaves].

2. Total leaf area (cm?)
The total leaf area is calculated using the length
per width method using the following formula:
Leaf area = PxWxKk,
where LD = leaf area; P = leaf length; L = blade
width; and k = (0.66) constant.
The value of this constant is obtained by
comparing the value between the actual leaf
area (which was performed using the graph
paper method in this study) and the estimated
leaf area using the length x width value. After
transplanting, the total leaf area was measured
at 40 and 80 days of age (Susilo, 2015).

3. Stomata density (um?)
Stomata density is a comparison of the number
of stomata in the area (Marantika, 2021) and is
measured at 40- and 80-days post-
transplantation (HPST). Calculated with the
formula:
Stomata density = (number of stomata)/ (field of
view)
The formula calculates the field of view:1/4 x 1
x d2, m = 314, and d = diameter of the
microscope's field of view = 0.45.

4. Green of Leaves (unit)
Chlorophyll content was measured on the
plant's top, middle, and bottom leaves using the
Soil Plant Analysis Development (SPAD) tool.
This measurement is made on the 2nd wing of
the last fully opened wing. The increase in the
number of leaves was measured at 40 and 80
days after transplanting.

The results of the observation of variables
consisting of the increase in the number of leaves,
total leaf area, stomata density, and green leaves
were then analyzed for variance with the F test at
the 5% level that had a significant effect. It was
continued with the Duncan’s Multiple Range Test
(DMRT) tests at the significant level of 5% at the
DSAASTAT application.
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the number of leaves, the total leaf area, and the
greenness of the leaves (Table 1).

Table 1. The average data on the effect of various
percentages of shade and types of liquid organic
fertilizer concentrations on the leaves of sugar
palm seedlings (5 months old).

Treatments INL TLA SD GL
(sheet) (cm?) (pm?) (unit)
Shade 7.142 5183 3.170 9.375
FO0.5 5.143 5143 5143 5.143
Sig. * * ns *
Liquid organic ~ 2.689 1.023 0289 2514
fertilizer
F0.5 3.555 3.555 3.555 3.555
Sig. ns ns ns ns
Shade X
Liquid organic  0.61 0213 0481 2758
fertilizer
F0.5 2.928 2928 2928 2928
Sig. ns ns ns ns

Results and Discussion

The analysis using the F test showed that the type
of shade treatment only affected the increase in

Note: INL = increase of number leaves, TLA = total
leaf area, SD = stomata density, GL = greenish
leaves. The numbers listed are obtained from the
results of the analysis of variance using the F test at
the 5% level. Ns = not significantly different, * =
significantly different at Duncan’s test.

Increase the number of Leaves. The
significant difference in the variable number of
leaves in different types of percent tint treatment
shows no significant difference in the treatment
of different organic liquid fertilizer
concentrations and their combinations (Table 1).
Based on the results of further tests on the effect
of shade types, the highest number of leaves was
without shade, with 12.58 leaves, and the smallest
number of leaves was found in the 55% shade,
with 8.42 leaves (Figure 1).

The results showed that sugar palm seedlings
with higher light intensity without shade had more
leaves than sugar palm seedlings with 55% & 85%
shade. The lower the light intensity, the fewer
leaves (Akmalia & Suharyanto, 2017). Low light
intensity will cause the ambient temperature to
decrease and affect the primordial temperature,
delaying the initiation of leaf formation. The
number of leaves affected by shade has fewer leaves
than plants that get full compared to those without
shade light. The number of leaves affected by shade
has fewer leaves than plants that get full light
(without shade) (Handriawan et al., 2016; Wahba et
al., 2016).

Balanced fertilization has a very positive effect
on plant growth. The higher the concentration of
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liquid organic fertilizer used, the greater its
contribution in providing the nutrients needed in
plant physiological processes, but the balance of the
availability of nutrients absorbed by plants will
determine the increase in plant growth (Ramirez et
al., 2010; Oktaviani et al., 2022).

14 4
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Increase of numberleaves (sheet)

Shade

m0% m55% w85%
Figure 1. Bar chart of the increase in the number

of sugar palm leaves.

Total Leaf Area. Various treatments of
shade percentage to the total leaf area showed
significantly different results. The F-count value
is lower than the F-table, so Hy is rejected. After
further testing with the DMRT methods at the 5%
level, there is no difference in letter notation
(Figure 2).
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Figure 2. Bar chart of total leaf area on sugar
palm plants.

Treatment of shade ratio to leaf area showed
no difference between treatments. The percent
shade with total leaf area values at 0.55% and 85%
treatment was 416.56 cm?; 418.50 cm? and 562.06
cm?. This may be due to the influence of various
existing environmental factors, such as the
condition of the palm seeds in the greenhouse,
which may have a different exposure to sunlight
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due to the location of the research greenhouse
between other greenhouse buildings. In addition,
changing environmental conditions, both in
terms of temperature, humidity, and intensity of
sunlight, can prevent the treatment from having
a different effect. Apart from the fact that plants
are generally capable of photosynthesis under
optimal lighting conditions, the large increase in
leaf area may also be due to plants adapting to the
increase in light-trapping area, allowing
photosynthesis to proceed normally even under
shady conditions (Supriyono et al., 2017). An
increase in leaf area in shaded plants is a
mechanism of plant adaptation to shade stress
(Xie et al., 2020; Ren et al., 2022). Extend these
efforts to increase the light capture range for more
efficient photosynthesis.

The treatment of liquid organic fertilizer
concentration and its combination with shade
had no significant effect on the total leaf area, one
of which could be due to the incompatibility of
the nutrient requirements of sugar palm seeds
with the Liquid organic fertilizer concentration
given. Several things must be considered in the
application of liquid organic fertilizer, namely the
type of liquid fertilizer used, the nutrient content,
the concentration of the solution, and the time of
application (Ren et al., 2022; Fernandez-Delgado
et al., 2022). Nutrient requirements in plants for
growth and development are not the same,
require different times, and not the same amount.
Fertilization treatment should be given when
plants need nutrients intensively for growth and
development to take place properly.

Stomata Density. Variable stomata density,
given various treatments such as percentage of
shade, kinds of organic liquid fertilizer
concentrations, and a combination of different
percentages of shade and liquid organic fertilizer
concentrations, showed results that were not
significantly different in the analysis using the F
test. The F-count value of each treatment is lower
than the F-table (Table 1). This indicates a high
value for each shading treatment for all variables.

These results showed that sugar palm
seedlings treated without shade had higher light
intensity and stomata density than palm seeds
with shade (85%), which received lower light
intensity. The number of leaf stomata in the
treatment of high light intensity (without shade)
was more than in the shade treatment, and shade
reduced the density or distribution of stomata
(Fitriatin et al., 2019). The absorption of nutrients
that enter through the stomata will be different
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and have a very small effect on plant growth and
yield if the time of spraying liquid fertilizer is
different. It is not recommended to spray foliar
fertilizer when the air temperature is hot because
the concentration of the fertilizer solution that
reaches the leaves quickly increases so that the
leaves quickly increase so that the leaves can burn
(Bergstrand, 2022)

Greenish Leaves. Various treatments of the
percentage of shade on the greenness of the
leaves gave significantly different results. Based
on Table 1, which means the percentage of shade
is significantly different. Further test results in
Table 1. also show a significant difference
according to the DMRT at the 5% level. The best
type of shade treatment was 85% shade with a
greenish value of 48.48 units.

30 -

Greenish leaves

10 A

Shade
m 0% m55% m85%

Figure 3. Bar chart of greenish leaves on sugar
palm plants.

Based on the average results of greenery
leaves on sugar palm seedlings, it can be
concluded that the higher the percentage of
shade, the denser the green color on the leaves.
Shade treatment can affect chlorophyll content
because the amount of light absorbed by plants is
lower (Wulandari et al., 2016). To adapt to low
light intensity, plants will increase light
absorption by increasing the chlorophyll content
per unit area of the leaf so that the green color of
the leaves will be more concentrated
(Sulistyowati et al., 2019).

Fluctuations in the liquid organic fertilizer
concentration and the combination of different
shade percentages and liquid organic fertilizer
concentrations did not show a significant
difference in the green of the leaves based on the
results of the F test, as the calculated F value was
smaller than the F -table. Conditions in the
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research environment can be affected by several
factors, including temperature, humidity, light
intensity, and precipitation. The light intensity
distribution and the presence of precipitation
may cause the light absorption of palm seeds to
be different, so the shade treatment applied
cannot tell the difference. Several factors
determine the effectiveness of the use of liquid
organic fertilizer, such as environmental factors,
method of application, concentration, dosage,
plant species, and the source of the organic matter
used as a basis for producing liquid organic
fertilizer, which also can fertilize. The treatment
applied is no different (Haupt et al., 2021).

Conclusion

Treating different types of shadows yielded
insignificant results for several variables,
including total leaf area and chlorophyll, at both
0.55% and 85% shadows. Variations in liquid
organic fertilizer concentration and combinations
of different treatments in shade fraction and
liquid organic fertilizer concentration also had no
effect on any of the observed variables.
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