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ABSTRACT

This research was conducted with the aim of knowing the relationship between nitrogen
content, ash content, C-organic, soil pH and water table depth with stem diameter and plant
height of sengon. This research was conducted from January to April 2020 at Peat Soil in
Gandang Barat Village, Pulang Pisau Regency, Central Kalimantan. The method used is
descriptive exploratory, namely by conducting a survey in the field at the location of
peatlands where sengon is cultivated, then followed by taking soil samples in the field at a
depth of 0-30 cm and 30-60 cm, at a distance of 1 meter from the stem. The results showed
that the nitrate content was related to the stem diameter and height of the plant and the
depth of the groundwater level (GWL) was related to the plant height (PH), but was not
related to the stem diameter (SD) of the sengon plant. Nitrate at 0-30 cm depth and ground
water level have the largest contribution to sengon PH. The sengon equations form are PH =
5,036+1,060 N-NO3 and PH = -130,286+2,392 GWL, while for the total N content,
ammonium, pH, C- organic and ash content were not related to stem diameter and plant
height of sengon.
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Peatlands in Indonesia, especially in Kalimantan, are quite extensive. According to
Ritung et al., (2011) the area of peatland in Kalimantan reaches 4.8 million ha and in Central
Kalimantan it reaches 2,659,234 ha. These very large areas of peatlands have potential to
be developed into agricultural land and plantations; but there are some specific obstacles
that are usually encountered in its management. Forest fires are a problem that is often
faced on peatland, whereas according to data of the Ministry of Environment and Forestry
during 2014-2019, the largest area of forest and land fires that occurred in Central
Kalimantan Province reached 583,833.44 Ha in 2015.

Forest fires will cause vegetations on peatlands to be lost and opened, in addition to
forest fires causing plant seeds in the soil to be damaged (Wibisono et al., 2011). Peat that
has been burned will usually be overgrown by ferns and other tree plants, but this type of
tree that grows naturally takes a long time to grow.

Sengon is a recommended choice as a vegetation rehabilitation plant on peatlands that
have experienced fires (KLHK, 2015). Sengon can grow and develop on both wet and dry
lands (Baskorowati, 2014). In one year after planting, sengon in Temanggung can grow up to
8 m (Santoso, 1992); while at the age of two years and three years, the growth of sengon
stem diameter was 12 cm and 16 cm (Hardiyanto, 2010).

Soil acidity, nutrient availability, ash content, CEC, and organic C are the prominent
chemical properties of peat soil (Szajdak et al., 2007; Fahmi et al., 2014). Generally, peat
soils have limiting factors related to soil fertility; where this can be seen by the low availability
of nutrients, low soil pH, high CEC and low KB (Najiyati et al., 2005). According to Kurnain
(2005) in Dariah et al., (2015) peat ash content can also be used as a characterizing factor
for peat soil fertility. The higher the ash content, the better the fertility of the peat soil (Noor et
al., 2014). According to Kurnain et al., (2001) burned peat has a high ash content.
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Peat soil has a high content of organic matter (C-organic), which can reach more than
18% (Agus, 2008). The C-organic content is determined by the maturity level of the peat
which the reform process is assisted through the activity of microorganisms (Agus et al.,
2011; Dimitriu et al., 2010; Andersen et al., 2013). In addition, peat soil has a very high total
nitrogen (N-total) content (Handayani, 2008); however, these nutrients cannot be utilized
directly by plants.

Peat groundwater level also plays an important role in cultivating crops in order to
reduce the negative impact of managing the land for agriculture. According to Sosiawan et
al., (2017) the types of plants to be cultivated must be adjusted to the water level of the peat
land, both for food crops and annual crops. The height of the groundwater table will greatly
determine the availability of nutrients needed for plant growth.

Based on this description, it can be seen that there is a relationship between plant
nutrient content, especially nitrogen, as well as other soil chemical properties such as soil
pH, C-organic content, ash content with stem diameter and Sengon plant height which at the
same time depend on each specific GWL. This research was conducted to see the
relationship in question; to see the relationship between nitrogen nutrient content, ash
content, C-organic, pH, at each particular groundwater level with stem diameter and plant
height of sengon on peat soil.

METHODS OF RESEARCH

Soil sampling was carried out using purposive sampling based on various sizes of stem
diameters and height of plants on peatlands. Determination of the sample point is done by
going through the pre-survey stage in the field. The data obtained through GPS is then
processed using the Geographic Information System (ArcGis 10.3). Soil samples were taken
as many as fifteen points at various sizes of stem diameters and height of plants with a
ground water levels of 0-30 cm and 30-60 cm. Soil samples were composited taken at the
root zone as much as 4 points with a distance of 1 m from the tree. Variables analyzed in the
laboratory were 1) N-total (Kjeldahl method); 2) available nitrogen (N-NH4+ Komres and
Zweers, 1986 and N-NO3- Yang, 1998); 3) Level of ash content (Muffle Furnance); 4) soil-pH
(H20); and 5) C-organic (Walkley and Black).

Plants were sampled using purposive method, which determined according to the
locations of soil samples. Variables observed were 1) stem diameter (cm); and plant height
(cm), right on the spots of soil samples which all are 15 plants.

The study was conducted in Gandang Barat Village, Pulang Pisau Regency, the Center
Kalimantan, Indonesia as shown in Figure 1.
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Figure 1 — Gandang Barat Village, Pulang Pisau Regency, Center of Kalimantan, Indonesia
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Data was analyzed using stepwise multiple regression executed using SPSS v25 (2020)
between soil variables and plant variables in each level of depth of soil sample 0 — 30 cm
and 30 — 60 cm. Variable X (independent variable) is more than one variable to be tested
against the variable Y (the dependent variable); therefore, data analysis using multiple linear
regression test. Multiple linear regression analysis is usually used to see or find out the
relationship between the independent variable and the dependent variable which have more
than one independent variables to be tested against the dependent variable (Ghozali, 2011).
The equations used for multiple linear analysis are as follows:

Y =a+ B1X1+ B2X2 + B3X3 + .... + B6X6

Where: Y = Plant height (PH) and stem diameters (SD); a = Regression constant; $1.... 7 =
Regression coefficients; X1, ..., X7 = N-total, N-NO3-, N-NH4+, ash content, pH, C-organic
and groundwater level.

RESULTS AND DISCUSSION

Based on the results of multiple regression and correlation tests using all variables at a
depth of 0-30 cm, it is known that the variables X: N-total, N-NO3-, N-NH4*, pH, C-organic,
ash content; and groundwater level are simultaneous (together) no significant effect on the
variable plant height (F-Sig value = 0.101). It showed that only two variables have a partial
(individual) significant effect on plant height, N-NO3" and ground water level (GWL) (t-Sig N-
NO3 = 0.028 and the value of t-Sig ground water level = 0.030). Other X variables such as
N-total, N-NH4", pH, C-organic and ash content partially have no significant effect on plant
height (each t-Sig value for these variables is t-Sig > 0.05). The equation and the scatter plot
graph could be seen in Figures 2 and 3.
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Figure 2 — Relationship between N-NO3- and PH with the equation: PH = 5.036 + 1.060 N-NO3-
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Figure 3 — Relationship of groundwater level (cm) with plant height (m) with the equation:
PH =-130,286 + 2,392 GWL
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Based on the existing equations, it is shown that N-NO3" and groundwater level have a
positive regression coefficient, meaning that if these variables increase, there will be an
increase in plant height growth. Based on the results of the F test in regression analysis and
multiple correlations, it shows that N-NO3" and groundwater level simultaneously (together)
have a significant effects on plant height, this can be seen from the value of each F-Sig
<0.05 i.e. 0.000. Based on the results of the t-test showed that N- NO3" and groundwater
level partially (individually) had a significant effect on plant height, this can be seen from the
t-sig value of N-NO3" <0.05, which is 0.000 and the t-Sig value for the depth of the
groundwater table is <0.05, which is 0.000. It is also found that the coefficient of
determination (R2) N-NO3" is 0.901 the same as the ground water level is 0.920, meaning
that the variable N-NO3- and the depth of the groundwater table have a contribution or
influence on the variable height of each plant by 90, 1% and 92.0%. The value of the
correlation coefficient (r) is known that N-NO3- is 0.949 and the depth of the groundwater
table is 0.959, meaning that N-NO3" and the depth of the groundwater table have a very
strong correlation with the variable height of plants.

The research also found that using all variables at a depth of 0-30 cm, the variables X:
N-total, N-NO3:, N-NH4*, pH, C-organic, ash content, and water table simultaneously
(together) has no significant effect on stem diameter (SD), this can be seen from the F-Sig
value > 0.05, which is 0.142. The results of the t-test showed that only one variable had a
partial (individual) significant effect on stem diameter, that is N-NO3", this could be seen from
the value of F-Sig <0.05, which was 0.048. Other X variables such as N-total, N-NH4*, pH,
C-organic, ash content and groundwater level have no significant effect on the stem diameter
variable, which t-Sig > 0.05; The equation and the scatter plot graph (Figure 4) is as follows:
Stem Diameter = 7,648 + 1,811 N-NO3"
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Figure 4 — Relationship of N-NO3- (ppm) and stem diameter (cm), with equation:
PH=7,648 + 1,811 N-NO3-

Based on the results of multiple regression and correlation tests using all variables at a
depth of 30-60 cm, it is known that the variable X consists of N-total, N-NO3-, N-NH4*, pH, C-
organic, and ash content simultaneously (together) have no significant effect on the variable
plant height, this can be seen from the F-Sig value > 0.05, which is 0.066. The t-test on
regression analysis and multiple correlations showed have no significant effect of soail
variable at 30-60 cm on plant height.

Based on the results of multiple regression and correlation tests using all variables at a
depth of 30-60 cm, it is known that the X variable consists of N-total, N-NO3-, N- NH4", pH,
C-organic, ash content, and groundwater level. Simultaneously (together) has no significant
effect on the stem diameter variable, this can be seen from the F-Sig value > 0.05, which is
0.419.

Based on the results of the t-test on multiple regression and correlation, it shows that
the variables X: N-total, N-NO3', N-NH4*, pH, C-organic, and ash content partially
(individually) have no significant effect on stem diameter variable, this can be seen from each
t-Sig value for that variable, with t-Sig > 0.05.
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Based on the results of research that has been carried out, it is known that the growth
of stem diameter and height of sengon plants is related to the nutrient content of nitrogen in
the form of nitrate (N-NO3") at a depth of 0-30 cm. This statement is in accordance with
Wahyudi (2010) that nitrogen nutrients play a role in the process of increasing the vegetative
growth of a plant. The growth of this plant height is usually influenced by apical meristem
tissue whose function is to encourage the primary growth process (longitudinal growth) in
plants (Wijayanti et al., (2019). According to Bar (2011) the absorption of nitrogen (N)
nutrients, especially in the form of nitrate ( N-NO3") requires potassium (K) paired cations,
therefore compared to ammonium (N-NH4%) this form of nitrate nutrient can increase
potassium (K) nutrient uptake, according to Raven et al., (2002) in Nihayah (2018) The
enlargement of stem diameter is influenced by lateral meristem tissue that can support the
secondary growth process of plants in the form of sideways division of plant cells.

Based on the results of research that has been carried out, it is known that the growth
of sengon plant height is related to the height of the ground water level. Based on the
research results of Sahputra et al., (2016) it is known that the groundwater level in peatlands
affects the availability of nitrate. When the soil is in aerobic conditions (sufficient oxygen), it
supports the nitrification process which will increase the availability of nitrate nutrients and
contribute to plant height growth.

Based on the results of research that has been carried out, it is known that the growth
of the stem diameter of the sengon plant is not related to the height of the groundwater level,
this could be due to other factors that affect the growth of the stem diameter of the sengon
plant. According to Gardner (1991) in Amalia et al. (2018), the stem diameter of a plant can
increase due to the influence of cell division activity in lateral meristem tissue. Potassium is a
nutrient that plays a role in the process of cell division in lateral meristem tissue, while
according to Damanik et al., (2011) in aerobic soil conditions such as at the location of this
study, nitrate is the dominant nutrient available.

Based on the results of research that has been carried out, it is known that the growth
of stem diameter and height of sengon plants is not related to the total N content, this could
be due to the dominant N-total in the peat soil in a form that is not available to plants. This is
in accordance with the statement of Radjagukguk (2001) that the high total N content in peat
soils is generally caused by high levels of unavailable N.

Based on the results of research that has been carried out, it is known that the growth
of stem diameter and height of sengon plants is not related to the nutrient content in the form
of ammonium (N-NH4*). This could be due to the fact that the growth of the sengon plant
was supplied more by nitrate nutrients as a result of the change in the form of ammonium (N-
NH4%) to the form of nitrate (N-NO3J") that occurred. According to Indriyanti at al., (2008)
changes in the form of these nutrients can occur because the soil is in aerobic conditions, so
that it will support the nitrification process which is assisted through the activity of
microorganisms.

Based on the results of research that has been carried out, it is known that the growth
of stem diameter and height of sengon plants is not related to soil pH. This can happen
because sengon plants have tolerance or resistance to various soil pH conditions. According
to Nugraha et al., (2012) sengon plants can grow well at soil pH ranging from 5.5 to 7.0. In
addition, according to Soerianegara et al., (1993) in Krinawati (2011) sengon plants can grow
in various types of soil, even on soils that have low pH conditions (acidic) or on soils that
contain salt.

Based on the results of research that has been carried out, it is known that the growth
of stem diameter and height of sengon plants is not related to organic C content. This can
happen because the existing organic C content cannot be directly absorbed by plants, so this
organic C must undergo a mineralization process first by soil microorganisms so that it can
be converted into available forms of nutrients or can be absorbed by plants. This statement is
in accordance with Atmojo (2003) that the mineralization process will be related to the
availability of nutrients needed by plants.

Based on the results of research that has been carried out, it is known that the growth
of stem diameter and height of sengon plants is not related to the ash content. This could
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happen because the composition of the peat soil at the study site was dominated by organic
soil material. This is in accordance with the statement of Agus et al. (2008), that peat soil is
soil that can be formed from plant remains that have not been completely decomposed, thus
making peat soil more dominated by organic soil material when compared to minerals.

CONCLUSION

Based on the research that has been done, it can be concluded that the nitrate content
at a depth of 0-30 cm is related to the stem diameter and height of the sengon plant and the
ground water level is also related to the height of the sengon plant, but not related to the
stem diameter of the sengon plant. Ground water level and nitrate have the largest
contribution to sengon plant height, the form of the equation is Plant height = -130,286 +
2,392 groundwater level; and Plant height = 5.036 + 1.060 N-NO3. Total N content,
ammonium, C-organic, pH and ash content were not related to stem diameter and plant
height of sengon.
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