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Abstract

Yogyakarta, Indonesia 55281 

Jln. PT TEL Rambang Dangku, Muara Enim, Indonesia 31172-
 

Fertilization is one of the nutrient management efforts that play an important role in improving the productivity of 
plantation forests. It was conducted to provide adequate nutrients for the plant at the initial growth period when the 
availability of soil nutrients is very limited. The optimum dose of fertilization for each plant is different depending on 
its requirement, climate, and soil properties. This study investigated the influence of fertilization on early growth, 
aboveground biomass, carbon storage, and leaf characteristics in Eucalyptus pellita in the sixth months after field 
establishment. An experiment comprising four treatments of fertilization, i.e., 0, 75, 133, and 167 kg ha  of triple 
superphosphate 46% P O  was set up using randomized complete block design with five replications. Four 
indicators were selected to evaluate the early growth of E. pellita, namely survival rate, height, the collar of diameter, 
and crown projection area. Aboveground biomass and carbon storage of E. pellita were estimated in each 
component, covering stem, bark, branches, and leaves. The leaf characteristics of E. pellita described by
individual leaf area, individual leaf dry weight, specific leaf area, and leaf area index Results showed that the 
different treatment of fertilization did not have a meaningful effect on survival rate, individual leaf area, and specific 
leaf area. The treatments presented a substantial effect on other indicators such as height, diameter, crown 
projection area, aboveground biomass, carbon storage, individual leaf dry weight, and leaf area index. Despite the 
fact that the highest mean of height and collar of diameter were observed in the dose of 167 kg ha , the greatest 
average of aboveground biomass and carbon storage were noted in the rate of 133 kg ha . Nevertheless, this study 
did not find a highly different performance of E. pellita between both treatments statistically.
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Plantation forest has been widely established around the 
world and provides a meaningful contribution to the future 
viability of forestry industry . It also plays 
an important role in rural development and climate change 
mitigation . A study documents the 
establishment of a plantation forest is very helpful in 
accelerating the reforestation program and stabilize timber 
production in many countries . More than 
35% of global wood demand was supplied by plantation 
forests . Therefore, sustainable 
plantation forest management becomes an interesting issue 
in the forestry sector.

(Payn et al., 2015)

(Nambiar, 2015)

(Sasaki et al., 2016)

(Mcewan et al., 2019)

Introduction Eucalypts plantation is one of the most valuable 
plantation forests in tropical countries. Approximately 20 
million h  of eucalypts plantation have been managed 
intensively and deliver a positive influence on improving 
gross domestic products . To date, the primary 
objective of eucalypts plantation management is still 
dominated to supply raw materials for pulp and paper 
industry , even though several studies 
have reported that the quality of eucalypts wood can be used 
in another industry such as construction, veneer, plywood, 
and renewable energy 

a

(Booth, 2013)

(Pirralho et al., 2014)

(Lumbres et al., 2015; Hii et al., 2017; 
Simetti et al., 2018). In Southeast Asia, around six eucalypts 
species have been commercially developed in plantation 
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forests, including E. dunni, E. grandis, E. globulus, E. 
urophylla, E. camaldulensi , E. pellita s and (Nambiar & 
Harwood, 2014). Among those species, is the most 
important species for plantation forests in Indonesia. It is a 
native species from Papua New Guinea, Irian Jaya, and North 
Queensland . This plant is classified 
into fast-growing species and has highly tolerant of a wide 
range of environmental gradient. 

E. pellita 

(Harwood et al., 1997)

Development of in Indonesia obtains a high 
attention after the productivity of declined 
rapidly due to the impact of pest and disease 

E. pellita 
Acacia mangium 

(Hardie et al., 
2018). This species is selected because it is more resistance 
against pest and disease and demonstrates better survival 
than other alternative plants in species trials. Even though it 
has been managed almost third rotation, the productivity of 
E. pellita A. mangium is relatively lower than from previous 
rotation in a similar site. In addition, the mean annual 
increment of in Indonesia is about 16–17 m  ha , 
while ranges 22–33 m  ha  before infected by 
pest and disease that decrease its productivity to 16–18 m ha

E. pellita 3  -1

A. mangium 3 -1

3 -1 

(Nambiar & Harwood, 2014). It indicates the growth rate of 
E. pellita A. mangiumis substantially inferior to . A technical 
note informs that at the sixth months after establishment, the 
average height of is about 1.9 m while 
reaches closely 2.3 m . Consequently, it is 
very important to explore the best strategy for increasing the 
growth of .

E. pellita A. mangium 
(Inail et al., 2015)

E. pellita
In the majority of eucalypts plantation, nutrient 

management generally has a significant effect on 
determining plant growth and development. Nutrient 
deficiency can reduce the growth rate and result in low 
performance, but the excessive amount of nutrients can also 
contaminate the plant and impact on its mortality (Dell et al., 
2008). To provide sufficient nutrients for the plant, 
fertilization has an essential position in sustainable eucalypts 
plantation management. Besides improving soil fertility, 
fertilization also has a direct influence on plant productivity. 
For example, higher productivity of eucalypts plantation in 
Brazil largely depends on the additional phosphate and 

(Fujita et al., 2014). It was categorized to three forest 
management units, namely Subanjeriji, Lematang, and 
Benakat. Site quality in MHP was classified to five groups 
depending on the soil impending layer: A (>150 cm), B 

Study area 
e

This study was conducted in a concession of 
ucalypts plantation, managed by PT Musi Hutan Persada 

(MHP) in South Sumat ra. This area had geographic position 
in 3°00' 4°00' and 103°00' 104°30' (Figure 1). MHP had 
total concession area approximately 260,000 ha with an 
effective area for ucalypts plantation around 190,000 h

e
S – E –

e a

M sethod

potassium fertilizer due to the dominant of sandy soil (Silva 
et al., 2013). On another side, the performance of eucalypts 
plantation in Spain is highly determined by the application of 
nitrogen and phosphate fertilizer . A 
similar condition is also noted in Vietnam, where fertilization 
using phosphate has a meaningful impact on the productivity 
gain of eucalypts .

(Viera et al., 2016)

(van Bich et al., 2019)
Many studies reported the majority of eucalypts species 

is very required phosphorus as a macronutrient in the initial 
growth period (Tng et al., 2014; Crous et al., 2015; Melo et 
al., 2016; Amezquita et al. 2018; Bassaco et al., 2018). 
Although the total phosphorus in soil is naturally high 
enough, the availability of phosphorus for the plant is very 
low . Therefore, fertilization is very needed 
to supply phosphorus nutrient for eucalypts. However, the 
most challenge of fertilization in eucalypts plantation is how 
to determine the optimum dose for each tree.  Moreover, the 
response of eucalypts to fertilization can vary depending on 
soil properties, climate, and tree competition 

(Shen et al., 2011)

(Bassaco et al., 
2018). An optimum dose of fertilization can be evaluated 
from the highest productivity of plant using several growth 
indicators such as height, diameter, volume, biomass 
accumulation, and leaf area index . This 
study investigated the effect of fertilization on early growth, 
biomass distribution, carbon storage, and leaf characteristics 
in  plantation.

(Silva et al., 2016)

E. pellita
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Figure 1 Study site of plantation located in South Sumat ra  E. pellita e  .(Mori et al., 2018)
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Experimental design A randomized complete block design 
with five blocks (4 blocks for continuous measurement and 1 
block for destructive sampling in certain period, i.e. 6, 18, 
and 36 months) was set up in this study. This design was 
selected due to the high environmental gradient in study area, 
particularly from soil condition. There were four treatments 
of fertilization, i.e. 0, 75, 133, and 167 kg ha  of  triple 
superphosphate (TSP 46%, P O ). It was applied inside of 
hole when planting with the dose of fertilization for each 
seedling ranging 45, 75, and 100 g. The symbol of each 
treatment sequentially was Control, P1, P2, and P3. Every 

-1

2 5

(101–150 cm), C (51–100 cm), D (26–50 cm), and E (0–25 
cm). The majority of compartments in MHP were dominated 
by group C ranging 70% of total effective area. Topography 
was gradient with slope level varying 0–25%. Altitude 
ranged from 60 to 200 m above sea level. Soil types were 
dominantly ultisols with high clay content. This area was 
classified as having humid condition with air humdity varied 
from 76.5 to 84.2%. The average daily temperature was 29 °C 
with average minimum of 23 °C and maximum of 35 °C. 
Annual rainfall ranged from 1,880 to 3,894 mm year  during 
the past 10 years from 2009 to 2018. Most of rainfall occurred 
between October and May with the highest rainfall was 
recorded in every December. Dry periods were relatively 
longer for 4 months between June to September.

-1

treatment was established in a square plot (0.03 ha) 
consisting of 25 measured trees and 24 border trees. The 
existence of border trees aimed to clarify the boundaries 
between treatments in every replication. To facilitate the 
measurement process, a nameplate was installed in each 
treatment plot using a specific code.  Each measured tree was 
also marked by a number identity (Figure 2).

This experiment was established in April 2018. Site 
preparation was conducted to ensure the distribution of 
biomass residue spreading evenly. It was also directed to 
identify the environmental gradient such as slope variation, 
waterlog, wind disturbances, as well as soil properties. It 
aimed to manage a homogenous condition in each block for 
minimizing the disturbance to experimental plot (Gonçalves 
et al., 2010). Soil sampling was undertaken at five different 
points in three depth layers, namely 0–10 cm, 11– 0 cm, and 
21–30 cm  (Figure 3). Then, they was 
composited and brought to laboratory for quality test, 
covering soil texture, soil acidity, soil organic carbon, and 
cation exchange capacity (Table 1). Soil texture was 
examined using hydrometer, while soil acidity was measured 
by pH meter. Walkey and Black method was used to assess 
soil organic carbon. In another side, cation exchange 
capacity was estimated using ammonium acetate method. 
Those processes were done referring to the guide for methods 
of soil, plant, and water analysis by  

Li et al., 2018)

(Estefan et al., 2013)

(

156

Figure .2 Layout of experimental design in the study site  

V V V V 5 6 15 16 25
P1 Control P3 P2

IV IV IV IV 4 7 14 17 24
Control P3 P2 P1

II II II II 3 8 13 18 23
P2 Control P1 P3

II II II II 2 9 12 19 22
P2 P1 P3 Control

I I I I 1 10 11 20 21
Control P1 P2 P3 2 m

Replication
Treatment 3 m

Border tree Measured tree

Figure  .3 Five sample points for soil sampling in each block from the experimental site  
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          [2]

The plant material of used in this study was 
from provenance Muting, Merauke. Seed collection was 
obtained from a seedling seed orchad (SSO), owned by MHP. 
The seed was sown in the nursery around 3 months. A week 
before planting, the seedlings were graded for quality. In this 
study, only seedlings with a height of 30 cm and having 
healthy condition were utilized for field establishment. The 
seedlings were planted by initial spacing 3 m 

E. pellita 

× 2 m referring 
to the operations of this company (Figure 2). Intensive 
maintenance was also done to control weed competition by 
slashing and chemical spraying after planting in 3, 6, and 12 
months.

Data collection and analysis In present paper, the 
observation was focused on the performance of in 
the sixth months after field establishment. This period was 
commonly used by the majority of plantation forest company 
in Indonesia to conduct the first evaluation of experiment and 
ensure a quality control for operations, particularly in 
planting activity. Data collection was undertaken from 
October 2018 to December 201 . Four indicators were 
selected to evaluate the early growth of , covering 
survival rate (%), height (m), collar of diameter (cm), and 
crown projection area (m ). Survival rate was a ratio between 
actual density and initial density. Height was an average of 
trees height from aboveground to top crown estimated by 
measuring pole. Collar of diameter was a mean of trees 
diameter at 0.3 m aboveground measured by caliper. To 
calculate crown projection area (cpa), crown width (r) was 
measured in eight directions. Then, crown radius (cr) was 
understood as the quadratic mean of crown width (e.g. 1),  
and the transition between crown radius to crown projection 
area was expressed by the occupation area of tree (e.g. 2) 

E. pellita 

8
E. pellita

2

(Pretzsch et al., 2015).

          [1]

The destructive method was done to measure 
aboveground biomass and carbon storage. Every treatment 
was represented by five sample trees. After the selected trees 
were felled, we separated their components into stem, bark, 
branches, and leaves. The fresh weight of each component 
was recorded, and approximately 500 g sample was dried at 
70 C for 48 h in a forced-air oven for biomass determination. 
Then, carbon storage was estimated from total biomass in 

°

Carbon storage =   biomass [3]0.5 ×        

                     [4]

each component (Equation ) (Viera & Rodríguez-
Soalleiro, 2019).

[3]

The measurement of leaf characteristics was also 
implemented by destructive sampling. We sampled 30 leaves 
randomly from the total leaf harvested in every tree. The 
individual leaf area was measured by planimeter.  Next, the 
sample leaves were also dried using a similar method like 
biomass determination. Specific leaf area (SLA) and leaf 
area index (LAI) were calculated for every sample tree 
(Equation  and Equation ) .(Hakamada et al., 2016)[4] [5]

Results and Discussion  

                     [5]

Early growth 

E. pellita 
 among trees 

 It was similar to 
a study reported by , who noted the 
mean mortality of stand under one year still lower 
than 10%. 

Woods & Peseta (1996)
E. pellita 

 The increase of fertilization dose provided a 
positive trend to improve the early growth of . At the 
treatment without fertilization, presented lower 
growth performance than after the application of fertilizer. It 
signified that the actual soil properties were not able to 
supply adequate nutrients for , particularly related 

E. pellita
E. pellita 

E. pellita

Results demonstrated that the treatment of 
fertilization did not have a significant effect on survival rate. 
Most of the treatments still had an average survival rate of 
more than 90%. It indicated that the mortality of 
caused by natural competition is relatively low 
in the sixth months after field establishment.

However, a meaningful influence of fertilization 
was observed in height, the collar of diameter, and the crown 
projection area.

Statistical analysis was processed using software R 
version 3.6.1 with a significant level of 5%. 

was used to identify the range of data distribution. The 
normality of data was examined with 

. Homogeneity of variance among the 
treatments were evaluated by . The influence of 
fertilization on early growth, aboveground biomass, carbon 
storage, and leaf characteristics in was analyzed 
separately for each indicator using and followed by 

. 

The descriptive 
test 

the Kolmogorov-
Smirnov test

Levene's test

E. pellita 
ANOVA

HSD Tukey
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dry weightleafIndividual
arealeafIndividualSLA =

cpa
SLAbiomassleavestotalLAI ´

=

Table 1  Soil properties in the site experiment based on the minimum (min), maximum (max), average (mean), and standard 
deviation (stdev) values of sand, sitl, clay, actual soil acidity, soil organic carbon, and cation exchange capacity

  

Soil parameters
 

Symbol
 

Unit
 Results of laboratory analysis

 

Min
 
Max

 
Mean

 
Stdev

 

Sand fraction
 

SF
 

%
 

30.00
 

36.00
 

32.00
 

2.65
 

Silt fraction
 

SiF
 

%
 

25.00
 

28.00
 

26.14
 

1.21
 

Clay fraction
 

CF
 

%
 

38.00
 

46.00
 

42.14
 

3.44
 

Soil acidity (H2O)  pH  -  5.10  5.30  5.19  0.07  

Soil organic carbon  SOC  %  0.58  0.84  0.65  0.09  

Cation exchange capacity  CEC  cmolc kg -1  8.00  15.00  10.14  2.79  
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to its phosphorus requirement. 

record E. pellita
Figure 4

The highest mean height and 
collar of diameter were performed by P3, while P2 showed 
the greatest crown projection area. Nevertheless, this study 
did not  an extremely different growth of  
between P2 and P3 statistically ( ). 

This study observed that  exhibited a high 
response to increasing the dose of fertilization using triple 
superphosphate. This trend was also reported by Halomoan et 
al. (2015), who studied the response of eucalypts hybrids (

x ) to different treatments of fertilization in 
Riau. Another study conducted by  in 
Colombia also discovered more impressive growth of 

Amezquita et al. (2018)

in a higher concentration of phosphate fertilizer. It 
evidenced that  is a very required phosphorus 
nutrient to support its growth and development. However, the 
majority of soil type in the Indonesian plantation forest was 
ultisols that had primary problems related to low availability 
nutrients, particularly for phosphorus . 
Even though ultisols naturally had a high phosphorus 

(Nurudin et al., 2013)

E. pellita

E. 
grandis E. pellita

E. 
pellita 

E. pellita

Compared to the treatment of control, fertilization using 
P2 and P3 for considerably increased the early 
growth of by approximately more than 50% for 
height, collar of diameter, and crown projection area. Both 
treatments also resulted better growth than the performance 
of  reported by . In the similar 
period, P2 and P3 were could improve the average height of 

Inail et al. (2015)

by approximately 26.31% and 31.57%. These 
results were also higher, around 9.09% and 13.63%, than the 
growth of  that was developed in previous time

.

E. pellita 
E. pellita 

E. pellita

E. pellita 

A. mangium  
(Inail et al., 2015)

Aboveground biomass 
E. pellita

 

E. pellita

The total above-ground biomass of 
 was expressively affected by the treatment of 

fertilization. The similar results were also clearly 
documented on biomass distribution in stem, bark, branches, 
and leaves. P2 occupied the highest mean of above-ground 
biomass. This treatment extensively enhanced the average of 
aboveground biomass around four times higher than Control. 
In this early period, the majority of biomass in  from 
all treatments was distributed in leaves by approximately 
more than 50%. These findings were commonly found in 
most eucalypts under one year because it was an important 
time to maximize crown development for obtaining optimum 
growing space and optimizing photosynthesis process 

content, but the availability of phosphorus for the plant was 
relatively low due to the fixation of phosphorus by aluminum 
and iron . For that reason, fertilization is 
very needed to support the management of 
plantation in Indonesia.

(Singh et al., 2015)
E. pellita 

 In this case, would absorb 
the nutrient more effective when the fertilizer dissolved 
because it was placed inside of the planting hole near the root 
systems.

E. pellita 

Interestingly, the biomass production of showed 
by P2 was better than P3 even though for height and collar of 
diameter P3 exhibited better results. This outcome was 
possible because the crown projection area and LAI in P2 
were higher than P3. Several studies documented both 
indicators had a strong correlation to biomass as they played 
important roles in photosynthesis (Smethurst et al., 2003; 

E. pellita 
( ).Table  2
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Figure .4  Survival rate, height, collar of diameter and crown projection area in affected by fertilizationE. pellita 
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3
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P < 0.001**P = 0.267ns

P
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P
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The relationship between fertilization and biomass 
production in eucalypts species have been explored in many 
forestry studies. Higher biomass production would be 
obtained following the greater dose of fertilization due to the 
sufficient nutrient availability for eucalypts (Graciano et al., 
2006; Silva et al., 2013; Albaugh et al., 2015). E. pellita 

Nonetheless, there was a maximum limit of the nutrient 

was 
very required phosphorus because it was an essential macro-
nutrient to compound plant structure and accelerate the 
biochemical reactions in the plant . A 
study informed that phosphorus had a vital role in capturing 
and converting solar energy into useful plant organs such as 
leaves, branches, bark, and stem . 

(Crous et al., 2019)

(Yang et al., 2014)

An expressive effect of fertilization on the growth of 
eucalypts species also have been investigated by other 
studies. Aguiar  found the biomass 
accumulation in improved around 14.49% in 
Brazil by high fertilization

Ferreira and Stape (2009)

.  observed that the application of 
fertilization had an opportunity to enhance the biomass 
production of eucalypts hybrid ( x ) 
seedlings two times higher than no fertilization. 

Zeng et al. (2013)

Battie-laclau 
et al. (2016) reported the fertilization potentially increased 
stem biomass of plantation more than 70% in 
Brazil. 

E. urophylla 
, especially from phosphate 

fertilizer

E. grandis E. urophylla

E. grandis 

Kitajima et al., 2005; Posada et al., 2009). The 
photosynthesis would become more optimum along with the 
rising of the crown projection area and LAI. Thus trees could 
generate higher biomass. 

 

 
 

 

requirement for every eucalypt. When the biomass 
production started declining along with the increasing of 
fertilization, it indicated the amount of nutrients was 
excessive and capable to contaminate eucalypts (Silva et al., 
2013). Another study discovered the excess of phosphorus 
profoundly interfered with the absorbtion of other nutrients 
such as iron, manganese, and zinc .(Novais et al., 2016)

The concentration of carbon storage in had a 
strong relationship with its biomass accumulation (Latifah & 
Sulistiyono, 2013). Higher biomass production would result 
in greater carbon storage because carbon was the main 
material to compose biomass (Viera & Rodríguez-Soalleiro, 
2019). Carbon was an output from the photosynthesis 
process and accumulated in each component of plants 
(Johnson, 2016). This study presented where P2 generated 
the highest carbon storage as well as aboveground biomass.  

E. pellita 

Carbon storage 
E. pellita

E. pellita 

E. pellita
four times 

2

Fertilization demonstrated a meaningful 
effect on carbon storage in each component of . A 
high influence of fertilization was also clearly showed in 
total carbon storage. The highest carbon content of each 
component in was surveyed in leaves, while the 
lowest was detected in the bark. The treatment of P2 provided 
the greatest mean of total carbon storage in . It was 
approximately higher than the total carbon storage 
in control treatment (Table ).

Leaf characteristics Our observation reported that the 
different treatment of fertilization did not provide a 
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Tabel  2 Results of early growth, aboveground biomass, carbon storage, and leaf characteristics in  influenced by the 
treatment of fertilization

E. pellita
 

Group of variables Measured parameters Units Treatment of fertilization p-value  
Control P1 P2 P3 

Early growth Survival % 98.40 + 2.19 a 93.60 + 6.06 a 96.00 + 2.82 a 97.60 + 3.58 a 0.267 ns 

Height m 1.41 + 0.11 a 1.98 + 0.17 b 2.38 + 0.18 c 2.48 + 0.17 c < 0.001 ** 

Collar of diameter cm 1.52 + 0.20 a 2.40 + 0.22 b 2.99 + 0.19 c 3.11 + 0.29 c < 0.001 ** 

Crown projection area m2 2.21 + 0.91 a 3.67 + 1.77 b 4.74 + 0.88 c 4.31 + 1.00 c < 0.001 ** 
Aboveground 
biomass Stem biomass Mg ha -1 0.27 + 0.08 a 0.94 + 0.18 b 1.83 + 0.63 c 1.20 + 0.49 bc < 0.001 ** 

Bark biomass Mg ha -1 0.08 + 0.02 a 0.26 + 0.12 b 0.56 + 0.17 b 0.35 + 0.10 ab < 0.001 ** 

Branches biomass Mg ha -1 0.37 + 0.17 a 0.84 + 0.40 ab 1.51 + 0.41 c 1.18 + 0.45 bc < 0.001 ** 

Leaves biomass Mg ha -1 1.08 + 0.47 a 2.04 + 0.62 b 3.40 + 0.65 c 2.85 + 0.30 bc < 0.001 ** 

Biomass Accumulation  Mg ha -1 1.80 + 0.73 a 4.08 + 1.14 b 7.31 + 1.72 c 5.57 + 1.29 b < 0.001 ** 
Carbon storage Stem carbon Mg ha -1 0.14 + 0.04 a 0.47 + 0.09 b 0.92 + 0.32 c 0.60 + 0.24 bc < 0.001 ** 

Bark carbon Mg ha -1 0.04 + 0.01 a 0.13 + 0.06 a 0.28 + 0.09 b 0.17 + 0.05 ab < 0.001 ** 

Branches carbon Mg ha -1 0.18 + 0.09 a 0.42 + 0.20 ab 0.76 + 0.20 c 0.59 + 0.23 bc < 0.001 ** 

Leaves carbon Mg ha -1 0.54 + 0.23 a 1.02 + 0.31 b 1.70 + 0.32 c 1.42 + 0.15 bc < 0.001 ** 

Carbon accumulation Mg ha -1 0.90 + 0.37 a 2.04 + 0.57 ab 3.66 + 0.86 c 2.79 + 0.65 bc < 0.001 ** 
Leaf characteristics Individual leaf area cm2 60.79 + 5.29 a 71.77 + 9.71 a 90.78 + 3.06 a 66.18 + 2.82 a 0.067 ns 

Individual leaf dry weight g 7.20 + 0.06 a 11.10 + 0.08 b 12.72 + 0.16 b 7.76 + 0.02 a 0.026 * 

Specific leaf area cm2 g -1 8.45 + 0.31 a 6.47 + 0.92 a 8.57 + 0.24 a 8.61 + 0.22 a 0.078 ns 

Leaf area index - 2.49 + 0.54 a 2.49 + 0.72 a 3.85 + 0.36 b 3.57 + 0.48 b 0.043 * 

  * significant different at %, ** significant different at % non significant different at 5% based on ANOVA test. The number of same letter indicated 
non significant different according to HSD Tukey test at 5%

α α α 5  1 ,  ns
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Our results were different from what was discovered by 
H , where fertilization resulted in an 
extremely effect on individual leaf area and specific leaf area 
of eucalypts hybrid ( x ) in Riau. We 
assumed this distinction result was influenced by the 
different site conditions, the dose of fertilization, and kind of 
plant materials. This argument was also supported by a study 
documented by , who reported that the 
size of individual leaf area and dimension of specific leaf area 
was strongly influenced by the environmental gradient and 
growing space for plants.

alomoan et al. (2015)

E. grandis E. pellita

(Dwyer et al., 2019)
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A study stated that leaf characteristics, particularly the 
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effectiveness of fertilization . It 
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