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Abstract. Susanto D, Ruchiyat D, Sutisna M, Amirta R. 2016. Soil and leaf nutrient status on growth of Macaranga gigantea in
secondary forest after shifting cultivation in East Kalimantan, Indonesia. Biodiversitas 17: 409-416. Macaranga gigantea is an
important pioneer plant species in the tropical secondary forest of Kalimantan and as far the attractive wood species was not
commerciadly cultivated. This study aims to determine the soil and nutrient status on growth of M. gigantea in the secondary forest
particularly after shifting cultivation activity. For this purposes, the observation plots with 50m x 50m sizes were made and measured to
collect the data of diameter, height, soil conditions and leaf nutrient concentrations (N, P and K) of M. gigantea in different ages of
natural growth. A simple linear correlation analysis was used to determine the relationship of plant growth with the leaf and soil nutrient
concentrations as well. The results showed that the soil condition on growth of M. gigantea has the average at pH 4.7, CEC 5.57
meq/100g, base saturation 30.22%, and the concentration of soil nutrients were 0.062+0.015% (N), 12.65+4.9 ppm (P), and 57.76+33
ppm (K). We aso found that the leaf nutrient concentration was 1.94+0.13% (N), 0.22+0.08% (P) and 0.66+0.27% (K), respectively.
Moreover, the highest growth of diameter was found from the 6 years old of plant (27.88 m). The annual yield of diameter and high
were 4.65 cm year! and 2.96 year® and it was gradually decreased until the 10 years old of plant. The negative correlations was
observed from the soil nutrient K and growth of diameter and high of M. gigantea (r=0.95, p< 0.05). The positive correlation was
observed from the P and K content in the leaf of plant and growth of M. gigantea (diameter, height and volume increment, p<0.1). We
suggested that phosphorus and kalium content was play an important roles on the growth of M. gigantea and this nutrient factor should

be considered well when this species will be cultivated for the commercial purposesin the future.
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INTRODUCTION

Shifting cultivation or slash-and-burn farming or swidden
agriculture, is an age-old and prevailing subsistence
farming practice in the tropical regions, and is one of the
traditional practices of forest and land management (Imang
et a. 2008; Inoue et a. 2010; Comte et al. 2012; Li et &l.
2014). Generdly, shifting cultivation involves three
essential features: (i) the clearing of natural vegetation, (ii)
a cropping period, usually one to three years, and (i) iia
fallow period, 10-20 years, during which the land is
abandoned to natural vegetation. Usually the fallow period
must be longer the cropping period. Traditionaly, in many
areas, it is 10-20 years or more, but with increasing
population density, the fallow period will decrease
dramatically (Gauguin et al. 2002). Shifting cultivation
system adopted by the Dayak Kenyah people in Samarinda,
East Kalimantan, Indonesia an area of forest is cleared
usualy rather incompletely, the debris is burnt, and the
land is cultivated for a few years-usualy less than five
years-then allowed reverts to forest or secondary vegetation
(fallow period) before being cleared again. The average of
fallow period in Pampang Village, Samarinda was 6-10
years and forest reopened limited to young secondary
forest. The purpose of this shifting cultivation is to rest the

land so that the land can be fertile again and replanted
(Lahji et al. 1992; Imang et al. 2008). Imang et a. (2008)
classified fallow periods among the Kenyah in four
categories commonly used at field sites: shrub vegetation
(0-2 years), young secondary forest (5-8 years), old
secondary forest (more than 9 years), and primary forest.
During the fallow period, soil fertility is regenerated
through naturally occurring processes. The different
mechanisms are partly related to build-up of nutrients in
plant biomass, litter layer and soil organic matter during the
succesional reforestation under the fallow period (Gauguin
et al. 2002). The accumulation of nutrientsin plant biomass
is affected by soil fertility and crop species. When
compared, relatively fertile Inceptisol soil accumulated
considerably more nutrients than the less fertile Oxisol. A
two year Piper aduncum fallow accumulated twice as much
nitrogen (N), three times as much phosphorous (P), almost
seven times as much potassium (K) and twice as much
calcium (Ca) and magnesium (Mg) than did a two year
Imperata cilindrica fallow (Noordwijk et al. 2008).
Macaranga gigantea is a fast-growing pioneer species
in secondary tropical rain forests, and abundantly in the
open mixed dipterocarp forests after shifting cultivation
(Lawrence 2001; Lawrence 2005; Kiyono and Hastaniah
2005; Susanto et a. 2015). Imang et a. 2008 reported that
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Kenyah farmers also recognize some dominant species in
secondary forests (fallow period) that indicate the land is
fertile or not fertile for rice cultivation (cropping period).
Macaranga is important indicator species of treesin young
and old secondary forests. When the species found are
dominant and grow well in a certain area, it means that the
land is fertile enough for cropping period. Information
about flowering, fruiting and seed germination also has
been reported by Susanto et a. (2016). On the other hand,
M. gigantea has not yet been cultivated and information
about soil, leaf nutrient status, growth and its correlation
from naturally succession in various tread and age in
secondary forestsis not yet known.

One of approaches in determining fertilizer
requirements on plants which can be applied properly is
soil analysis. Plant tissue analysis is more practical to
determine nutrient status on plant than other methods. Plant
tissue generally analyzed is leaf. Nutrients in leaves not
only have arole in photosynthesis but also represent plant
nutrient status. Leaves also consist of tissues which always
available for analysis of plant nutrient status. Leaf analysis
has been used as indicator in nutrient diagnosis and as basic
recommendation for fertilizer application on fruit crops at
some countries (Smith 1962; Leece 1976; Shear and Faust
1980; Liferdi et a. 2008). Kim et al. (2015) reported the
foliar N and P concentration could be used as a parameter
to assess the nutrient environments of tree species restored
in afire-disturbed urban forest. Singh (2006) aso reported
that the growth rates (height, diameter and volume
increment) were positively related to foliar N and P
concentration.
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Therefore, here in this research we focus our work on
soil and leaf nutrient status of M. gigantea in fallow period
of shifting cultivation areas. By obtaining information
about soil and leaf nutrient status of this plant, expected to
support if this species will be cultivated for the commercial
purposes in the future.

MATERIALSAND METHODS

Study area

This research was conducted in Pampang, Sungai
Siring (village of Dayak Kenyah), Samarinda, East
Kalimantan, Indonesia. It was located between the
coordinates of 00°20°15.47-00°21°58.8” South  and
117°13°46.67-117°14°11.0” East (Figure 1). The average of
annua rainfals (2003-2013) was 2423 mm, the highest
annual rainfall interception was 2757.5 mm in 2008. The
highest monthly rainfall interception was in April (288.3)
and the lowest was in August (115.3 mm). Wet period
occurs between 9-12 months, while dry period occurs
between 0-3 months. Average monthly temperature was
27.5° and average air humidity was 82% (Anon. 2012;
Susanto et a. 2016). Soil and leaf nutrient analysis, and
data analysis were conducted in the Soil Science
Laboratory at the Faculty of Forestry and Plant Physology
Laboratory, Faculty of Mathematics and Natural Sciences,
Universitas Mulawarman, Samarinda, East Kalimantan,
Indonesia. The research was conducted from July 2011 to
January 2012.
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Figure 1. Map of study areain fallow period shifting cultivation at Pampang Village Samarinda, East Kalimantan
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Procedures

Research in the area of fallow periods shifting
cultivation begins by conducting interviews with land
owners (farmer) to obtain information about shifting
cultivation cycles, location and age of fallow lands. For
each age fallow land made one plot size of 50 m x 50 m.
Coordinate point is determined using GPS, then measuring
the following: number of trees M. gigantea, diameter and
height of trees, sampling the soil and leaf of M. gigantea.

Measurement of diameter and height M. gigantea

On each plot was measured M. gigantea plants,
include: the number of trees, diameter at breast height
(dbh); and height (h) is measured with clinometer.

Soil sampling

Soil sampling was conducted in all research plots with
drill ground at a depth of 0-30 cm and 30-60 cm. On each
plot was take 4 point drilling, soil samples composited for
each plot. Composite soil samples were then taken 500 g of
each class of depth, put into plastic bags, labeled and
transported to the laboratory to be analyzed concentration
nutrient elements (C, N, P, K).

Sampling leaf M. gigantea

Leaf sampling conducted in all research plots using a
pole. In each plot, four trees set an example. The leaves of
the tree each sample is then taken in such a way by
observing the position of the individual components of the
canopy leaf vertically (bottom, middle and top) and
horizontal position of each of these components in the stem
(the part closest, medium and farthest part). Further
examples of composite leaf for each study plot, sampled
500 g, put in plastic bags and transported to the laboratory
to be analyzed concentration nutrient elements (N, P, K).

Soil analysis

Soil sample was taken from the depth of 0-30 cm, 30-60
cm and the results were calculated after being dried in the
oven with the temperature of 150°C until constant weight
was reached. Composite sample was air-dried and its pH,
base saturation, cation exchange capacity, organic carbon
content, total Nitrogen (Kjendal), available phosphor
(Bray), available potassium were analyzed.

Analysis on leaf nutrient concentrations

The total N concentrate was measured using Kjeldahl
method (extraction, distillation, and titration). To measure
the element of P and K, the plant components were
extracted using High Pressure Digestion method at the
temperature of 180°C for 10 hours with HNO; as a
reductant. Phosphor was measured by using calorimetric
technique and using nitrate-molybdate-vanadate acid as a
coloring agent and was measured by using spectrophoto-
meter at the wavelength of 470 nm. Potassium (K) was
measured by using Atomic Absorption Spectrophotometer
at the wavelength of 766,5 nm, 489,5 nm and 245,2 nm.

Data analysis
The data obtained from the observation in the field, soil
and leaf concentration were analyzed descriptively.
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Correlation between soil N, P, K concentration (X) with
leaf N, P, K concentration and growth of M. gigantea (Y)
was explored through regression analysis, for significance
through a two-tailed Student’s t-test (p= 0.05-0.10).

RESULTSAND DISCUSSION

Soil chemical properties

Results of soil chemical analysis showed that the soil
pH range between 4.4-4.7 with an average of 4.63 + 0.11
that included the category of acid and very acid. Cation
exchange capacity is very low (3.66 to 4.96 meq. 100g}) to
low (5.64 to 7.63 meq 100gr™) with average 5.90+1.18 meq
100gr. Effective base saturation is medium and low
(24.81 to 43.43%) at a depth of 0-30 cm and the status of
low and very low (9.19 to 33.14%) at depth of 30-60 cm.
Base saturation tends to decrease from the fallow period of
0.5 to 6 years and increased again in the fallow period 7 to
10 years (Table 1).

Results of soil chemical analysis showed that the
carbon concentrations ranged from 0.3 to 0.78% with the
average of 0.53 + 0.17 with a very low status. A carbon
nutrient concentration in the 0-30 cm soil depth class is
always greater than 30-60 cm soil depth class on all plots.
The concentration of N status is very low in the range of
0.04 to 0.09% with the average value of 0.062 + 0.015.
Further away from the surface of the soil, the concentration
of N decreased in al study plots. The concentration of P
has the status of extremely low (5.33 ppm) to high (24.23
ppm) with the average of 12.65 + 4.9 which is low.
Phosphorus nutrient concentrations at a depth of 30-60 cm
class are always better than for the class of 0-30 cm depth.
The concentration of K nutrient status is very low (17.11
ppm) to low (122.56 ppm) with average 57.76 + 33.8 were
classified as very low. Kalium nutrient concentrations in
the 0-30 cm soil depth class higher than the class of the
depth of 30-60 cm, has a tendency to continue to decline
until the fallow fields 6 years and increased again in the
fallow period of 7 yearsand 10 years (Table 2).

Plant growth

The results of the field studies showed that M. gigantea
found on fallow land age of 0.5 years to 10 years. Fallows
old 0.5 years, the mean diameter is 0.73 cm, with 0.58 m
height that still includes categories seedling. A 2 years, the
mean diameter M. gigantea is 2.27 cm and 3.03 m heigh.
M. gigantea in fallow land 3 years, the average diameter is
6.05 cm with a height of 5.69 m. Fallow land 6 years, the
average diameter was 27.88 cm and a height of 17.74 m.
Falow land 7 years the average diameter M. gigantea is
22.02 cm and heigh is 15.37 m. M. gigantea in fallow land
10 years the average diameter is 26.79 cm and height 18.17
m. The study showed that highest mean diameter (27.88
cm) was obtained in M. gigantea from fallow 6 years old,
then decreased. Diameter and height growth increment of
the largest (4.65 cm.yr™* and 2.96 m. year™) obtained on the
plant from fallow 6 years old and continued to decline until
the age of 10 years (Table 3).
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Table 1. Soil chemica properties in each age falow period
shifting cultivation in Pampang Village, Samarinda, East
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Table 2. Soil Nutrient concentration in each age fallow period
shifting cultivation in Pampang Village, Samarinda, East

Kalimantan Kalimantan
Fallow Soil depth Soil chemical properties Fallow Soil Soil nutrient concentrations
dagn  Cm M gy BSGem) e (PN ce) N6 P(ppm) K (ppm)
05 0-30 4.7 6.10 37.31 0.5 0-30 0.71 0.07 1425 104.24
30-60 4.7 6.38 30.23 30-60 0.39 0.05 17.82  122.56
2 0-30 4.6 6.81 4343 2 0-30 0.77 0.08 5.70 90.87
30-60 4.7 7.63 28.57 30-60 0.33 0.06 24.23 78.09
3 0-30 4.7 6.59 32.86 3 0-30 0.74 0.07 12.83 72.43
30-60 4.6 7.01 25.18 30-60 0.37 0.04 15.68 27.84
6 0-30 4.7 3.77 24.81 6 0-30 0.78 0.08 9.76 31.45
30-60 4.8 3.87 9.19 30-60 0.30 0.05 18.3 17.11
7 0-30 44 5.36 41.11 7 0-30 0.55 0.06 7.13 4531
30-60 45 6.35 29.09 30-60 0.32 0.04 10.69 19.64
10 0-30 45 5.30 40.74 10 0-30 0.76 0.09 5.33 50.37
30-60 4.6 5.64 33.14 30-60 0.35 0.04 10.13 33.14
Mean 053+017  4.63+0.11  31.30+93 Mean 0.53+0.17  0.062+0.015 12.65+4.9 57.76+33.8

Note: CEC= cation excange capasity, BS= base saturation

L eaves nutrient concentrate

Result of leaf analysis showed that M. gigantea leaves
from fallow land shifting cultivation had different N, P, K
concentrations. The concentration of N in the leaf M.
gigantea in the range of 1.75 to 2.12%, with the average
1.94% =+ 0: 13. Concentration of P has arange from 0.14 to
0.36%, and K has from 0.37 to 1.06%, by average,
respectively 0.8% * 0.22 (P) and 0.66% + 0.27 (K). The
concentration of N, P, K leaf M. gigantea increased until
the age of 6 years and then declining age of 7 and 10 yearsold.

Correlation between plant growth with soil and leaf N,
P, K concentration

The concentration of nitrogen and phosphorus in the
soil does not correlate with the diameter and height of
plants M. gigantea, whereas the concentration of potassium
in the soil at a depth of 0-30 cm and 30-60 cm negatively
correlated with stem diameter, height, diameter increment,
height increment and volume increment. Results of t- test

on the value of r shows that statisticaly significant (p <
0.05). (Table5, and Figure 3).

The relationship between the concentration of nutrients
P, K leaves with average stem volume and volume
increment, statistically significant for the elements K, and
diameter increment and height increment statistically
significant for the elements P. (Table 6, Figure 4).

Table 4. Concentration of leaf nutrient M. gigantea in each age
fallow period shifting cultivation in Pampang Village Samarinda.

Fallow land L eaf nutrient concentrations
old (yr) N (%) P (%) K (%)
0.5 2.00 0.18 0.61
2 1.89 0.14 0.38
3 1.89 0.25 0.56
6 212 0.36 0.85
7 2.00 0.20 0.37
10 1.75 0.15 1.06
Mean 1.94+0.13 0.22+0.08 0.66+0.27

Figure 2. Macaranga gigantea plants: A. seedling, B. sapling, C. mature trees
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Table 3. Datainventory vegetation of M. gigantea in each age fallow period shifting cultivation in Pampang Village, Samarinda
Fallow . . Diameter Height Vol
land old N 2500m*>' N ha? Diameter Height V%";]”_‘f’ increment increment increment
(yr) (cm) (m) (mha’) (cm th™) (mth? (m*hath?)
0.5 9 36 0.73 0.58 0.0005 0.73 0.580 0.0005
2 38 152 227 3.03 0.13 11 1.135 0.065
3 12 48 6.05 5.69 0.44 20 2.017 0.147
6 5 20 27.88 17.74 11.06 4.65 2.96 1.843
7 9 36 22.02 15.37 8.77 3.2 2.196 1.253
10 12 48 26.79 18.17 25.88 2.7 1.870 2.588
Mean 24+14 1.8+0.8 0.9+1.1

Table 5. Correlation coefficient from results regression anaysis and p-value for significance throught t-test between soil nutrient

concentration and growth of M. gigantea

sal - Depth oy Hooot v t DI t HI t VI t

concentration  (cm)

N (%) 0-30 029 0585 028 059 0566 0223 0.10 0.850 0.06 0911 0.505 0.305
30-60 047 0352 050 0316 0472 0344 034 0509 040 0432 0441 0.381

P (ppm) 0-30 048 0339 052 0289 0881 0232 025 0627 0.22 0.672 0.818 0.265
3060 073 0195 063 0176 0.084 0146 0.38 0458 0.35 0502 0.105 0.183

K (ppm) 0-30 095 004 09 003 0666 0149 097 0.01 0.94 0.05 0.823 0.04
3060 077 007 081 005 0498 0314 083 0.04 0.93 0.007  0.622 0.187

Note: Bold values denote significance at p < 0.05. D= stem diameter, H= stem height, V= volume of stem, DI= diameter increment, HI=

height increment, V1= volume increment and t = t-test values.

Table 6. Correlation coefficient from results regression analysis and p-value for significance throught t-test between leaf nutrient

concentration and growth of M. gigantea

Leaf t H t Vv t DI t HI t VI t
concentration
N (%) 009 0863 003 0952 0388 0445 042 0413 032 0539 015 0773
P (ppm) 041 0417 038 0463 0010 0954 074 0094 075 0082 020 0700
K (ppm) 060 0212 056 0234 0789 0062 041 0420 032 0542 076 0081

Note: Bold values denote significance at p < 0.10. D= stem diameter, H= stem height, V= volume of stem, DI= diameter increment, HI=

height increment, V1= volume increment and t= t-test values

Discussion

The soil chemical propertiesin this study area pH (H,0)
is very acid to acid reaction, cation exchange capacity is
very low to low and effective base saturation is low to
medium a a depth of 0-30 cm and 30-60 cm. Base
saturation tends to decrease from the fallow lands of 0.5 to
6 years and increased again in the fallow lands 7 to 10
years (Table 1). Ruhiyat and Lahjie (1992) reported that the
soils in falow lands of shifting cultivation systems of
Dayak Kenyah in Barong Tongkok, East Kalimantan, have
very acid to acid reaction, with pH (H,O) value of 4.0-5.2.
Effendi et al. (2009) also reported that the soil propertiesin
fallow lands under intensified shifting cultivation systems
in Sarawak, Malaysia could be characterized by a strongly
acidic nature with low levels of exchangeable bases.
During the fallow, soil organic carbon, cation exchange
capacity (CEC), nitrate, total phosphorous, and extractable
basic cations all manifest positive associations with fallow
length after 3 to 11 yr of fallow. No declines in soil
parameters were detected between plots based on the

frequency of past dash-and-burn activity (Kleinman et
al.1996).

The soil carbon, nitrogen and phosporus concentrations
in this study area a very low, phosphous has the status of
extremely low (Table 2). Ruhiyat and Lahjie (1992) aso
reported that status carbon concentration ranges 2.6 to
5.9% in 1 month fallow periods, increases by 4.3-7.2% and
5.7-14% in the fallow periods of 2 and 3 years. At plots
with a longer fallow period it is obvious that the carbon
concentration decreases again. Nitrogen concentration in 1
month fallow periods shows the lowest value (0.34%),
increase up to the fallow 3 years (0.64%), and N
concentration to decrease to 0.58% in fallow periods 5
years. The decrease in N concentration continues until the
falow periods 8 years (0.33%), and fallow period of 35
year 0.43%. At plots with duration of up to 2 year for the
fallow period the P concentration is lowest (0.3-0.9 ppm),
increasing to 2.7-17.3 ppm at fallow period 3-5 year, P
concentration decreases again with longer fallow period 8
and 35 years. K concentration at plot the plot with fallow
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period of 2-5 years show a relative increase, then its
decrease again at plots with a fallow period of 8 to 35
years. Funakawa et al. (2010) reported that he soilsin East
Kaimantan were generaly less fertile. The lower N
availability could be ascribed to the loss of N from soil
ecosystems and the insufficient recovery of soil N pools
under poor vegetation regrowth due to intensive land use in
this area (Effendi et al. 2009). Styger et al. (2007)
recommended that upland agricultural intensification and
diversification based on improved soil fertility through
optimized organic and inorganic inputs and fire-less land
management that encourages the re-establishment of
nutrient stocks. The study showed that highest mean
diameter (27.88 cm) was obtained in M. gigantea from
fallow 6 years old, then decreased. Diameter and height
growth increment of the largest (4.65 cm.yr™ and 2.96 m.
year™) obtained on the plant from fallow 6 years old and
continued to decline until the age of 10 years (Table 3).
Hiratsuka et al. (2006) reported that the average stem
diameter of M. gigantea at the age of three years after
forest fire in East Kalimantan, Indonesia was 4,6 cm
(average diameter increment was 1,53 cm). On the other
side, Davies et al. (1998) reported that the diameter growth
of M. gigantea was 0.22 mm year™, at seedling or sapling
stratum was 022 mm year’, 037 mm vyear' a
reproductive stratum, 0.74 mm year! at reproductive
stratum and 0.39 mm year at mature stratum (Figure 2).

Compared with this data, our results showed that the
diameter increment and height of M. gigantea in fallow
after shifting cultivation activity was higher than
previously reported.

Imang et a. (2008) reported that in shifting cultivation,
vegetation succession more real existence and simpler for
farmers instead of using the number of years of fallow
period. The condition of vegetation, especialy of key
species is adirect indication of the level of soil fertility. If
farmers describe the plot of falow land to describe the
status of their real ecological succession. If the indicator
species has grown and become the dominant vegetation, it
means that the land was fertile and cleaned ready for
replanting. Farmers use their experience and knowledge
with a view vegetation species key to determiner that
particular plot of aland enough fertile for farming use. In
Pampang, Blumea balsamifera is a good indicator species
of vegetation most fertile soil in the shrub vegetation, while
Macaranga triloba is a tree species important indicator for
young secondary forests. Macaranga spp, Hibiscus
macrophylus, Spatholobus oblongifolius are important
indicators for the old secondary forest. Tree species
important indicator for primary forest is Shorea spp. If the
species were discovered dominant and growing in a certain
area, it means that the land is enough fertile for farming.
Cultivators Kenyah also recognize some dominant species
in secondary forest indicates that the soil is not fertile.
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These species include Dicranopteris linearis, Melastoma
malabatricum, Imperata cylindrica, Oncosperma horridum
and Tristaniopsis whiteana.

The leaf nitrogen concentration in this study is 1.94% +
0: 13 (1.75 to 2.12%), concentration of P has a range from
0.14 to 0.36%, and K has from 0.37 to 1.06%, by average,
respectively 0.8% * 0.22 (P) and 0.66 + 0.27% (K) (Table
4). Ishida et al. (2004) reported the N concentrate ranged
between 15-20 mg g, while phosphor concentrate ranged
between 1.7 to 2.7 mg g™ in seedling canopy M. gigantea.
On the other hands, it was also reported that the highest
nitrogen concentrate of M. gigantea leaves which grow
naturally was 2.5 mol kg and 2.0 mol kg when the plant
was growth under sapling stratum; and the lowest nitrogen
concentrate was found at seedling, sucker stratum and
mature stratum, that only gave 1.5 mol kg™. Breulmann et
a. (2002) stated that phosphorus concentrate on
Macaranga growth in the natural forests in Malaysia was
ranged between 0.06 to 0.09%, while potassium content
was 0.71 to 0.82%, respectively. The largest size of M.
gigantea leaves was found at sapling stadium, reaching 60
cm long and 50 cm wide (Okuda 1996; Silk et al. 2000).
The same is expressed by Gauguin et al. (2002) that the
biomass of leaves and nutrients stored in leaf increased
rapidly in the first years of falow shifting cultivation,
where after it will reach its maximum level. Nutrients more
concentrated on the delicate parts of the plant such as
leaves, twigs and small branches rather than the more
rugged components such as rods. Delicate parts only make
up a small proportion of secondary forests growing older
but often have a large proportion of total nutrients in
above-ground biomass. The nitrogen content in the biomass
secondary forest stands ex-shifting cultivation increases
linearly only up to 5 years. After thisinitial period the leaf
canopy is fully developed and the increase in weight of the
stand increases in nitrogen poor bole material. For biomass
of P on the same tendency that increased linearly only up to
7 years, being the elements K and Ca are very similar to N.
During the first years the availability of nutrients K are
relatively high but when taken out of many available
nutrients taken with a strong and next at a lower rate.
Likewise, the Mg nutrients are just higher at the beginning
of growth

The correlation between growth of M. gigantea trees
with soil nutrient concentration at a depth of 0-30 cm, 30-
60 cm statistically significant only in the element of K
(p=0.05), while for the other elements are not significant.
Concentration of potassium in the soil at a depth of 0-30
cm and 30-60 cm negatively correlated with stem diameter,
height, diameter increment, height increment and volume
increment (Table 5, Figure 3). M. gigantea growth was
negatively correlated with soil K concentration. Based on
the r-value, soil K concentration had moderately correlated
with M. gigantea growth. The r-value of 0.96 and 0.77
showed that 96% and 77% variance of M. gigantea growth
change could be explained by soil K concentration
variable, while the remain of 4% and 23% could be
explained by other factors.

On the other hand, relationships between the
concentration nutrients of foliage M. Gigantea and growth
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of M. gigantea, statistically significant (p=0.10) for nutrient
P and K (Table 6, Figure 4). Liferdi et al. (2008) reported
that calibration test gives meaning of leaf analysis value
obtained from laboratory become interpreted data, whether
nutrient concentration in leaf is very low, low, moderate
high, and very high. Only plants having low nutrient
concentration require fertilizer. Kim et al. (2015) reported
that the foliar N and P concentration could be used as a
parameter to assess the nutrient environments of tree
speciesrestored in afire-disturbed urban forest.

In the tropical rain forests of East Kalimantan servings
of nutrient base class (K, Ca and Mg) more accumulates on
vegetation than in the soil, while the portion of nutrient N
largely accumulates in the soil (Ruhiyat 1993), and in
forest plantation reported that plant forests of Eucaliptus
deglupta and Paraseriantes falcataria at the age of 5-10
years in East Kalimantan also accumulate nutrient element
of K in alargest amount, followed by calcium, nitrogen and
magnesium. Therefore, the availability nutrient element of
K to fulfill the need of Eucalyptus deglupta stand should
get a prioritized attention. In the other parts of natural
forests in East Kalimantan show that 70 to 94% of base
elements exist in the stand biomass (Ruhiyat 1993;
Meckensen 1999; Meckensen et al. 2001).

In conclusion, soil condition of M gigantea in fallow
periods has the average at pH 4.63+0.11, CEC 5.90+1.18
meq 100g”, base saturation 31.30+0.93%, and the
concentration of soil nutrients were 0.062+0,015% (N),
12.65+4.9 ppm (P), and 57.76+33.8 ppm (K). We aso
found that the leaf nutrient concentration was 1,94+0,13%
(N), 0,22+0,08% (P) and 0,66+0,27% (K), Diameter and
height increment of the largest (4.65 cm yr™* and 2.96 m
year) obtained on the plant M. gigantea at fallow land 6
years old and continued to decline until the age of 10 years.
The negative correlations was observed from the soil
nutrient K and growth of diameter, high, diameter
increment, high increment and volume increment of M.
gigantea (p=0.05). The correlation between the
concentration of N leaf with diameter and hight stem
dtatistically not significant, but for P leaf nutrient
statistically significant with diameter increment and height
increment, and K leaf nutrient with stem volume and stem
volume increment.
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