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Abstract. Sopacua F, Wijayanto N, Wirnas D. 2021. Growth of three types of sengon (Paraserianthes spp.) in varying planting spaces in 
agroforestry system. Biodiversitas 22: 4423-4430. Sengon (Paraserianthes spp.) is a fast-growing tree species that is commonly 
cultivated in the agroforestry system by communities in Indonesia, mainly on Java Island. Among several types of sengon, Solomon 
sengon is currently gaining popularity due to the fast growth in height and stem diameter. Nonetheless, the spacing layout of selected 

sengon types is unclear, including Solomon sengon, which yields more optimal growth. This study aimed to examine the growth of three 
sengon types (i.e., Solomon F2, Solomon F1, and local Kendal) in three spacing patterns, namely 1.5x1.5m, 3x1.5m, and 3x3m. This 
research was conducted from October 2019 to January 2020 (three months) in the Cikabayan Forest, Bogor Agricultural University, 
Bogor, West Java. The parameters of sengon growth observed were plant height, height growth rate, stem diameter, stem diameter 
growth rate, tree volume, and canopy area. Data analysis was performed using ANOVA and continued with Duncan's. The results 
showed that all types of sengon had optimal growth in the agroforestry system at various spacings. The growth of Solomon F2 adapted 
well to denser spacings (1.5x1.5m and 1.5x3m) with the highest averages in plant height, stem diameter, volume, and canopy area of 
10.50 m, 8.65 cm, 0.36 m3, and 5.39 m2. Local Kendal had optimal growth at a wider spacing (3x3m) with the highest average stem 

diameter, volume, and canopy area of 8.96 cm, 0.043 m3, and 1063 m2. While Solomon F1 adapted well to the three spacings with the 
highest average in plant height, the growth rate of plant height, stem diameter, volume, and canopy area of 10.05 m, 1.54 m, 8.59 cm, 
0.042 m2, and 2075.30 m2. In general, it can be concluded that the Solomon F1 sengon can adapt well to narrow distances or wide 
distances. While Solomon F2 is more recommended to be planted at a narrower distance and Kendal local sengon is more recommended 
to be planted at a wider distance to get optimal growth. 
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INTRODUCTION 

Agroforestry (AF) is a land-use management system 

that combines agriculture and forest practices by planting 

agricultural crops along with forestry trees to be managed 

as a sustainable system (Sarminah et al. 2018; Agu et al. 

2019). From an agroecological perspective, agroforestry 

forms multi-strata canopy layers that are beneficial for soil 

conservation. It can reduce the speed of rainwater, 
minimizing the potential risk of erosion caused by run-off 

water (Sepulveda and Carrillo et al. 2015; Sollen-Norrlin et 

al 2020). With the soil structure maintained from run-off 

water, agroforestry can increase the soil nutrient 

availability due to the litterfall from the trees (Dollinger 

and Jose 2018). The soil in the agroforestry system has 

more advantages than that in monoculture crops since it has 

more microbial diversity (Udawatta 2019), which can 

improve soil fertility (Khalif et al. 2014; Iskandar et al. 

2017). Along with the increased organic carbon content, 

the soil C/N ratio and organic materials in the agroforestry 
land can promote plant growth (Utomo et al. 2016). The 

intercropping system in agroforestry can also reduce the 

spread of pests and diseases (Lestari et al. 2013; Rahayu et 

al. 2021) compared to the monoculture system (Darwiati 

and Anggraeni 2018; Nugroho et al. 2021). From a socio-

economic view, the agroforestry system is a win-win 

option that can become an income source for the 

community (Premono and Lestari 2018; Pachas et al. 2019) 

without changing the field tradition (huma) (Iskandar et al. 

2017). 

In managing an agroforestry system, the selection of 
plant species is the key consideration to achieve 

sustainability (Japarudin et al. 2020). When doing so, it 

should take into account several aspects, including climate 

condition, topographical factor, growth requirements, and 

local community socio-economic conditions (Agu et al. 

2019; Nuroniah et al. 2021). One tree species that is 

gaining popularity to be cultivated in agroforestry is sengon 

(Paraserianthes spp.). Sengon is fast-growing tree species 

and very easy to adapt to various soil conditions 

(Krisnawati et al. 2011; Wasis and Saidah 2019). In 

Indonesia, Sengon has been planted either on a small scale 
by individual farmers or by companies on a large 

commercial scale. This plant has high economic value to be 

developed as raw materials for pulp, paper, and plywood 

industries (Krisnawati et al. 2011; Darmawan et al. 2015). 
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In the agroforestry system, sengon is an ideal tree plant 

because it has an open crown. The light can go through into 

the ground, and the lower canopy space can be cultivated 

with agricultural crops (Wijayanto and Pratiwi 2011). The 

commonly used undergrowth crops in the agroforestry 

system are food-producing plants, for example, rice. Rice 

has a high economic value for the community, either self-

consumed or as cash income (Nurliza et al. 2017; Kadigi et 

al. 2020). Several types of sengon trees have been planted 

in Indonesia, including two types of origins, namely local 
sengon and Solomon sengon. Local sengon types are 

originated from Indonesia regions and have been developed 

by local communities for decades. Several types of local 

sengon include Kendal, Temanggung, and Wonosobo. 

Solomon sengon is a sengon that originated from Solomon 

Islands in Pacific Ocean and is now gaining attention since 

in general, Solomon sengon has a faster growth than the 

local sengon types (Setiadi et al. 2014; Azizah et al. 2019).  

The pattern of planting sengon in the agroforestry 

system can affect the growth of sengon and the 

undergrowth crops, especially as the age of sengon 
increases (Azizah et al. 2019). Spacing can also affect 

canopy characteristics and wood quality (Tun et al. 2018). 

Spacing needs to be adjusted so that the undergrowth 

seasonal crops or agricultural crops can grow optimally 

(Wijayanto and Nurunnajah 2012). For example, Senjaya et 

al. (2018) found that in agroforestry land, upland rice 

planted under a three-month-old sengon stand with a 

spacing of 1.5x1.5m did not affect upland rice production 

or growth of sengon. In contrast, upland rice planted under 

a 2-year-old sengon stands with a spacing of 2.5x2.5m 

reduced upland rice production due to lack of received 
sunlight (Senjaya et al. 2018). In another study, a three-

year-old sengon stand at 3x3m spacing can increase the 

growth of height, stem diameter, and root length of sengon 

compared to monoculture system (Ningrum et al. 2019). 

Studies on the growth of sengon planted in agroforestry 

and monoculture systems have long been performed. 

However, information of the growth of particular types of 

the Solomon F2, Solomon F1, and local Kendal in the 

agroforestry system is still limited. Previously, Azizah et 

al. (2019) investigated the growth of three sengon types 

(i.e., Solomon F2, Solomon F1, and local Kendal) and rice 

plant at 3-6 months after planting. The results showed that 

the Solomon F1 sengon obtained the highest tree height, 

stem diameter, canopy area, and root length compared to 
Solomon F2 and local Kendal types. 

Yet, it was not clear from such a previous study 

regarding the planting space that produces the best growth. 

Therefore, this study aimed to examine the growth of three 

sengon types (i.e., Solomon F2, Solomon F1, and local 

Kendal) in varying spacing patterns. From this study, it can 

be inferred that the optimal sengon type and spacing can be 

suggested to be selected and planted in the agroforestry 

system. 

MATERIALS AND METHODS  

Study area and period 
This study was performed in Cikabayan Forest, 

Darmaga Campus, Bogor Agricultural University, Bogor, 

West Java, Indonesia. The experimental site is located at 

the coordinates 06°32’48.8” S 06° 43’02.4” E (Figure 1). 

This experiment was carried out from October 2019 to 

January 2020, starting at the beginning of the rainy season, 

to provide the plants with sufficient water. The rainfall 

during the four months of observation was 381.9, 330.1, 

552.8, and 383.5 mm/month, respectively (BMKG 2020). 

The humidity and temperature at the study location were 

70-73% and 29.8-30.73 oC. 

 

 
 
Figure 1. Map of the experimental site in Cikabayan Forest, Bogor Agricultural University, Bogor, West Java, Indonesia 
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Figure 2. Research layout of agroforestry system of sengon intercropped with rice (Oryza sativa) using two factors: i.e., sengon (֍: 
Solomon F2, Φ: Solomon F1, Δ: Local Kendal), and planting space (1.5x1.5m, 3x1.5m, and 3x3m) 
 
 

 
Table 1. Soil chemical properties at two cultivation period 
 

Variable Before rice planting  After rice harvesting 

pH H20  5.77 (slightly acid) 6.06 (slightly acid) 
C-organic (%) 2.60 (medium) 2.94 (medium) 
KTK 17.53 (medium) 17.02 (medium) 
P-available 7.01 (low) 20.73 (very high) 
N-total (%) 0.20 (low) 0.24 (medium) 
C/N Ratio 13 (medium) 12 (medium) 

Base saturation 31.66 (low) 69.15 (high) 

Note: The data presented were based on the soil chemical analysis 
in ICBB (Indonesian Center for Biodiversity and Biotechnology); 
The assessment criteria referred to Balitbangtan (2005). 

 

 

 

The soil at the research site is red-yellow podzolic 

(Azizah et al. 2019), with properties are presented in Table 

1. The soil pH before and after planting was 5.77-6.06, 

which were categorized as fairly acid (Balitbangtan 2005). 
Before rice plant planting, the soil had low total-N, 

moderate organic-C, low available-P, moderate C/N ratio, 

moderate CEC, and low basic saturation. After three 

months, some soil properties increased, including moderate 

total-N, high basic saturation, and very high available-P. 

Plant materials and site preparation 

Three sengon types were used in this study, namely 

local Kendal, which is local sengon type obtained from 

Kendal; Solomon F1, which is Solomon type obtained from 

cultivated plants in Kendal Regency, Central Java; and 

Solomon F2, which is Solomon type crossed with local 
Kendal type. The age of the plants when this experiment 

was started was 14 months after planting (MAP).  

The soil at the experiment site was prepared using 

common techniques, such as clearing weeds and tilling the 

soil by hoe to make the soil becomes loose. A plot was 

made between the stands of sengon to plant rice, with the 

distance between the sengon and the upland rice was 50 

cm. Dolomite with a dose of 600 kg/1500 m2 was given 

two weeks before basic fertilization. Soil acidity was reduced 

by liming or by fertilizing phosphate and KCL (Sudaryono, 
2009). Urea, SP-36, and KCL were applied at ten days after 

planting (DAP) to upland rice with a dose of 15 kg/1500 

m2 for each type of fertilizer. Then the fertilization was 

carried out again at 20 DAP with 15 kg/1500 m2 of urea. 

The fertilization was done by making an array next to the 

rice about 1-2 cm according to the prescribed dose. 

Experimental procedure 

The experiment was designed as a factorial, completely 

randomized design with two factors. The first factor was 

the sengon types, namely Solomon F2, Solomon F1, and 

local Kendal, while the second factor was the spaces, 
namely 1.5x1.5m. 3x1.5m and 3x3m. The layout of sengon 

and rice planting can be seen in Figure 2. The light intensity at 

each spacing was 1383.6 lux (1.5x1.5m), 1623.3 lux 

(1.5x3m), and 2259.6 lux (3x3m). Each treatment used 

eight replications with a sample of 72 plants. 

Sengon growth parameters observed 

Plant height 

The measurement of sengon height used a pole or a 

hypsometer. This measurement was carried out once a 

month until the rice harvest. 

N 
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Plant height growth rate 

The plant height growth rate was calculated based on 

the difference in height between the beginning of the 

observation and the end of the observation. 

Stem diameter 

The stem diameter of sengon was measured at breast 

height (dbh) which is about 1.30 m from the base of the 

stem. The measurement used a tape measure and was 

carried out once a month until the rice was harvested. 

 
d = K / π 

 

Where: 

d : Diameter (cm) 

K : Circumference 

π : Constant (3.14) 

The growth rate of stem diameter 

The rate of growth of stem diameter was calculated 

based on the difference in diameter between the beginning 

of the observation and the end of the observation. 

Tree volume 
Tree volume uses a combination of tree height and 

trunk diameter, but according to Ardelina et al. (2015) 

stated that the determination of the volume of the sengon 

tree can be calculated based on the diameter of the trunk 

using the formula. 

Tree volume can be estimated using a combination of 

tree height and trunk diameter, but according to Ardelina et 

al. (2015), the volume of the sengon tree can be calculated 

using trunk diameter only as follow: 

V=0.000213D2.37 

Canopy area 
The canopy/crown area was measured as the length and 

width of the canopy using a meter and was done month 

until the rice was harvested. 

x = a + b;  y = c + d;  r =  

LT =   x π x r2 

 

Where:  

CA : Canopy area (m2) 

LA : Land area (¼)  

π    : Constant (3.14) 

r2    : radius (m) 

x   : canopy length 

y   : canopy width 

Data analysis 

The data were analyzed using analysis of variance 

(ANOVA). Further test using the Duncan test (Duncan 

Multiple Range Test) was conducted if the ANOVA had a 
significant effect at the 5% level of confidence. Statistical 

analysis used SAS 9.4 Software. 

RESULTS AND DISCUSSION 

Trees with fast growth rates will yield high 

productivity, yet they require the most suitable plant type 

and spacing management. Accordingly, the selection of 

sengon to be cultivated in an agroforestry system 

intercropped with rice requires correct choice of sengon 

type and planting space, which might differ in every 

sengon type (Widiyanto et al. 2013). Based on the results 

of the analysis of variance (ANOVA), Table 2 shows that 
the type of sengon significantly affected the canopy area, 

while the spacing had a significant effect on plant height 

and canopy area. The interaction between sengon type and 

plant spacing significantly affected plant height, plant 

height growth rate, stem diameter, tree volume, and canopy 

area. However, it was not significantly different for the 

growth rate of stem diameter. 

Effects of sengon types and spacing on plant height and 

height growth rate 

The result of Duncan’s to see the effect of sengon type 

and spacing on plant height and height growth rate at 16 
months after planting is presented in Table 3. Spacing 

treatment had no significant effect on the height of 

Solomon F1 and local Kendal sengon types, while spacing 

treatment had a significant effect on the height of the 

Solomon F2 in which spacing at 3x3m yielded the lowest 

height. In addition, narrow spacing had a significant effect 

on the height growth rate of Solomon F1 which the spacing 

of 1.5x1.5m (1.54 m) resulted in the highest growth rate 

across all treatments (Table 3). 

 

 

 
Table 2. The results of ANOVA on the effect of sengon type and planting space on all growth parameters     
 

Observational variables 
Treatment 

Coefficient of  variance (%) 
Sengon type Spacing Interaction 

Plant height  ns * * 9.75 
Plant height growth rate ns ns * 1.66 

Stem diameter  ns ns * 13.19 
Stem diameter growth rate  ns ns ns 3.67 
Tree volume  ns ns * 17.91 
Canopy area * * * 3.82 

Note: ns: treatments had no significantly difference at 5% with (Pr>F) 0.05 (α); *: treatments had significant difference at 5% with 
(Pr>F) 0.05 (α). 
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The lower height of Solomon F2 at the spacing of 3x3m 

was thought to be due to the lower adaptability of Solomon 

F2 at a wider planting distance than narrower spacing. 

Susanto and Baskorowati (2018) reported that Solomon 

sengon has high adaptability to various environmental 

conditions, which is influenced by its genetic factor. 

According to Ikhfan and Wijayanto (2019), tree growth is 

strongly influenced by genetic variables and adaptability to 

the environment. Suitable environmental factors can 

provide more optimal growth to the plant types (Hayati et 
al. 2012). Nevertheless, Azizah et al. (2019) and Ikhfan and 

Wijayanto (2019) explained that Solomon sengon had 

faster growth than the local Kendal sengon type.   

Similar result was also found by Wahyudi et al. (2014) 

and Schwerz et al. (2020) that narrow spacing resulted in 

higher plant height growth than wider spacing. This 

condition was thought due to competition in narrow 

spacing, as trees responded to environmental factors, such 

as temperature and light intensity, which increased the 

auxin hormone for cell elongation. According to Susanto 

and Baskorowati (2018), tree height (tree height and 
diameter) was dominantly caused by environmental 

variation. Environmental factors, such as temperature, 

humidity, and rainfall, can influence plant growth 

(Messaoud and Chen 2011).  

Effects of sengon types and spacing on stem diameter 

and stem diameter growth rate 

Tree planting in an agroforestry system requires a 

particular spacing to gain greater diameter (Wahyudi et al. 

2014). A wider spacing reduces the density of the planted 

trees and lessens nutrient competition among the trees 

(Widiyanto et al. 2013).   
A significant difference caused by sengon type and 

spacing interaction on stem diameter was only found in the 

Solomon F2 type, which occurred at a planting space of 

3x3m (Table 3). In contrast, Solomon F1 and local Kendal 

have no significant difference in all spacing treatments. 

The average stem diameter in local Kendal at 3x3 m 

yielded the highest diameter (8.96 m) than in Solomon F1 

(7.52 m) and Solomon F2 (5.23 m) at a similar planting 

space. This finding is in contrast with Azizah et al. (2019) 

that found Solomon sengon diameter yielded a greater 

diameter than the local Kendal sengon type. This difference 

was thought due to local Kendal adaptability to a wider 

spacing which showed a positive response to growth. 

According to Ozcelik et al. (2014), each tree type performs 

different height and diameter due to the genetic capability 
and its interaction with the surrounding environmental 

condition. In general, wider planting space will result in a 

greater stem diameter (Rahman et al. 2018; Tun et al. 2018) 

since there is more abundant sunlight received by plants 

that will help the photosynthesis process.  

Maintenance and fertilization applied in rice plants had 

a positive response to sengon growth. Senjaya et al. (2018) 

stated that sengon height and diameter growth were more 

improved in the agroforestry system than in the 

monoculture pattern. This is because land management in 

agroforestry often involves soil treatments (such as tillage 
and fertilization) which can affect the soil quality (in terms 

of structure and nutrient supply), which is beneficial for 

sengon growth (Ikhfan and Wijayanto 2019; Senjaya et al. 

2018). In addition, tree density will affect competition 

among plants in nutrient, water, and sunlight absorptions. 

The growth rate of stem diameter showed no significant 

difference in all treatment interactions. Hartoyo et al. 

(2014) stated that the planting pattern of sengon did not 

significantly affect the increase in diameter of sengon if 

only three months observation. Krisnawati et al. (2011) 

also stated that the growth of sengon diameter fluctuated up 
to the age of 6 years. In addition, it is suspected that the 

growth of sengon at the age of 16 months after planting is 

still focused on the growth of plant height so that the 

results of photosynthesis are more widely used to increase 

the rate of growth of plant height. 

 

 

 
Table 3. Growth responses in term of plant height, plant height growth rate,  stem diameter, stem diameter growth rate, tree volume, and 
canopy area of three sengon types in three spacing treatments 

Type 

sengon 

 

Spacing 

Parameters 

Plant 

height  

(m) 

Plant height 

growth rate 

(m) 

Stem 

diameter 

(cm) 

Stem diameter 

growth rate 

(cm) 

Tree 

volume 

(m3) 

Canopy 

area 

(m2) 

Solomon F2      

 
1.5x1.5m  10.01±1.17 ab   0.90±0.11 b  8.03±1.11 a    1.74±1.05 a 0.031±0.009 abc   530.2±138.1 c 

1.5x3m  10.50±1.63 a   0.91±0.17 b  8.65±1.89 a    2.24±1.45 a 0.036±0.018 ab   539.1±144.5 c 

3x3m    6.61±1.47 c   1.05±0.21 b  5.23±1.59 b    1.28±0.63 a 0.013±0.009 c   536.9±235.6 cd 
Solomon F1      
 1.5x1.5m    9.75±1.65 ab   1.54±1.15 a  7.80±1.79 a    1.15±0.81 a 0.030±0.018 abc   398.9±199.5 d 

1.5x3m  10.05±3.08 ab   0.92±0.09 b  8.59±3.17 a    1.55±1.44 a 0.042±0.033 ab   531.9±288.1 cd 
3x3m    9.27±4.66 ab   0.88±0.11 b  7.52±2.99 a    1.55±0.38 a 0.033±0.03 ab 2075.3±2071.6 a 

Local Kendal      
 1.5x1.5m    9.94±1.75 ab   0.95±0.25 b  7.22±1.44 a    1.37±1.11 a 0.025±0.011 bc   454.4±136.1 cd 

1.5x3m    9.65±1.77 ab   0.96±0.35 b  7.54±1.92 a    1.09±0.93 a 0.028±0.016 abc   466.3±180.2 cd 

3x3m    9.10±2.28 b   0.89±0.12 b  8.96±2.66 a    1.88±1.22 a 0.043±0.029 a 1063.6±1013.3 b 

Note: Numbers followed by different letters in the same column show significant differences based on the results of the Duncan 
Multiple Range Test (DMRT) at the 5% level. 
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Effects of sengon types and spacing on tree volume 

Measuring tree volume needs to be done to determine 

what silvicultural treatment should be applied to produce 

optimal wood productivity. According to Ardelina et al. 

(2015) farmers may experience losses in the sale of sengon 

wood if they do not calculate the volume. In Table 3, the 

interaction between sengon type and spacing resulted in a 

significant difference in Solomon F2 and local Kendal. The 

Solomon F2 at 1.5x1.5m and 1.5x3m spacings were not 

significantly different, but the 3x3m spacing produced 
significantly lower volume. Meanwhile, the local Kendal at 

3x3m spacing was not significantly different from 1.5x3m 

spacing, but was significantly higher than 1.5x1.5m 

spacing. This condition was thought that volume growth in 

Solomon F2 was more responsive to a narrower spacing 

than local Kendal, which was more responsive to wider 

spacing.  

The sengon tree volume is influenced by stem diameter 

growth in which fast-growing type could obtain a greater 

volume than the slow-growing type. In addition to stem 

diameter, stand density strongly affect tree volume, with a 
narrower density usually causes narrower growing space, 

resulting in nutrients and sunlight competition. Craine and 

Dybzinski (2013) mentioned that every species has 

different genetic characteristics regarding competition to 

retrieve nutrients, water, and light. Appropriate species 

selection and growth location environment are important to 

support plant capability to adapt to the environment 

(Venturoli et al. 2014). Villegas et al. (2009) reported that 

silviculture application treatment through a wider spacing 

could improve the growth rate of trees while death and 

damaged trees decrease the number of trees, making a 
wider growing space for the plant to grow. Suharja and 

Jumani (2017) and Rahman et al. (2018) mentioned that 

several factors which influence tree volume in a certain 

area are species, stand density, growth location quality, and 

treatments applied. 

Effects of sengon types and spacing on canopy area  

Canopy dimension plays an important role in plant 

growth since the photosynthesis process mainly occurs in 

this part of the plant (Cavalli and Finger 2016), which 

eventually affects tree biomass productivity (Goodman et 

al. 2014). The canopy area is also a good indicator 

regarding the use and requirement of growth space 
(Pretzsch et al. 2015). The good growth space availability 

of a tree can be measured through its canopy width 

(Sadono et al. 2016). The result showed that the Solomon 

F2 types had no significant difference among the spacing 

treatments, while the Solomon F1 at the 3x3 m spacing was 

significantly higher in canopy area, followed by local 

Kendal at the 3x3 m spacing (Table 3).     

Increased spacing size is followed by the increased 

canopy area in Solomon F1 and local Kendal sengon types. 

The 3x3m spacing obtained the best canopy area in 

Solomon F1 and local Kendal with 2075.3 m2, and 1063.62, 
respectively (Table 3). Narrower spacing as the plant age 

increases causes the canopy area competition among the 

plants. A tree with a wider canopy will be more 

competitive to gain the environmental factors, such as light, 

nutrients, and water (Sharma et al. 2016). Sadono (2015) 

explained that the tree canopy shape could change its size 

and shape due to age variation, growing region, and 

environmental location. 

Planting pattern is closely related to the sengon growth 

(Dendang and Sudorno 2020). Besides the upland rice 

plant, there were several studies of food-producing plants 

cultivated under the sengon stand, such as soybean 

(Affandi et al. 2019), turmeric (Purnomo et al. 2018), and 

peanut (Sarminah et al. 2018; Susanto et al. 2021). In this 
study, the agroforestry of sengon and rice plant impacted 

sengon growth because the macronutrients initially aimed 

to fertilize rice plant were indirectly absorbed by the 

sengon trees. According to Hartoyo et al. (2014), the 

sengon horizontal roots were found abundantly in 

agroforestry land compared to monoculture system. 

Senjaya et al. (2018) also mentioned that roots in 

agroforestry land could easily obtain more nutrients than 

roots in monoculture land. Roots play an important role in 

nutrient and water absorptions which will be distributed to 

all plant parts, resulting in a good photosynthesis process 
and other metabolisms (Wijayanto and Hidayanthi 2012). 

Besides increasing growth, the agroforestry system also 

becomes a way to suppress pest and disease developments 

(Rahayu et al. 2021). In the studied area, damaged sengon 

caused by disease and pest was low, and there were only 

found damaged branch or tip death caused by weather. 

Maintenance activities, such as watering and weeding, 

could also improve the sengon tree growth quality 

(Ningrum et al. 2019; Senjaya et al. 2018). The litterfall 

and rainwater that contains abundant nutrients (K and Na) 

provide a large amount of N, P, K, Mg, and Na nutrient 
concentrations in the soil of agroforestry land as well as the 

soil organic carbon (Pardon et al. 2017). This condition is 

similar to the results of soil analysis in the study field that 

showed an increase in available-P, total-N, and base 

saturation. According to Rahmawati et al. (2017), initial 

fertilization in soybean provided nutrients to increase 

sengon plant growth in agroforestry system compared to 

monoculture system. 

In general, it can be concluded that the three types of 

sengon at various spacings have optimal growth in 

agroforestry systems. The growth of Solomon F2 can adapt 

well to denser spacings (1.5x1.5m and 1.5x3m) with the 
highest averages in plant height, stem diameter, volume, 

and canopy area of 10.50 m, 8.65 cm, 0.36 m3, and 5.39 

m2. Local Kendal has optimal growth at a wider spacing 

(3x3m) with the highest average stem diameter, volume, 

and canopy area of 8.96 cm, 0.043 m3, and 1063.6 m2. 

While Solomon F1 can adapt well to the three spacings 

with the highest average in plant height, a growth rate of 

plant height, stem diameter, volume, and canopy area of 

10.05 m, 1.54 m, 8.59 cm, 0.042 m2, and 2075.3 m2. 

Solomon F1 sengon can adapt well to narrow distances or 

wide distances. While Solomon F2 is more recommended 
to be planted at a narrower distance and Kendal local 

sengon is more recommended to be planted at a wider 

distance to get optimal growth. Type and spacing selections 

depend on the agroforestry developmental goal in the 

future. Wider spacing can provide an opportunity to gain 
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optimal rice plant productivity. However, if the 

development in the future is aimed at wood production, the 

development will be focused on trees with greater volume 

and better physical condition. 
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