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A B S T R A C T   

Camphor (Dryobalanops aromatica C. F. Gaertn.) is a vulnerable tropical tree species that has been 
exploited for its timber as well as its resin, which is used for medicinal uses. The use of camphor in 
Indonesia is limited owing to the decreasing size of the species’ population in its native habitat. 
Therefore, replanting programs have been encouraged for this species owing to its adaptability to 
mineral soils and shallow peatlands. However, experimental evidence of the effect of different 
growing media on morphology, physiology, and biochemistry is very limited, which is needed to 
evaluate the replanting program’s success. Therefore, this study aimed to determine the responses 
of camphor (D. aromatica) seedlings grown in two different types of potting media i.e. mineral and 
peat, for 8 weeks of planting. In particular, the types of bioactive compounds produced in 
camphor leaves and their levels were assessed by analyzing their metabolite profiles. Leaf growth 
was evaluated morphologically using the plastochron index, while photosynthetic rates were 
measured with LI-6800 Portable Photosynthesis System. Metabolites were identified by using 
liquid chromatography-tandem mass spectrometry. The percentage of LPI of 5 or more was lower 
in the peat medium at 8% than in the mineral medium at 12%. The photosynthetic rate of 
camphor seedlings was 1–9 μmol CO2 m⁻2 s⁻1, with a higher rate in the peat medium than in the 
mineral medium, suggesting that the peat medium was better for growth. Lastly, the metabolomic 
analysis in the leaf extract revealed the presence of 21 metabolites, which were dominated by 
flavonoid compounds.   

1. Introduction 

Dryobalanops aromatica C. F. Gaertn. commonly known as camphor, is a tropical tree species from the Dipterocarpaceae family, 
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which is native to Borneo and Sumatra islands [1, 2]. Camphor produces wood for carpentry with strength class II-I [3], and, it is also a 
source of non-timber forest products (NTFPs) such as crystals and essential oils, namely, borneol [4, 5]. Borneol is a premium com
pound that effectively melts blood clots in the heart and brain; reduces menstrual, muscle, and joint pain; and prevents germ cell 
proliferation [4, 6]. The high market demand for camphor wood products and their derivatives must be balanced against raw ma
terials’ supply and availability. However, the population of camphor trees has been decreasing annually owing to exploitation of the 
species and land conversion, resulting in the species being placed in the vulnerable category based on the International Union for 
Conservation of Nature Red List of Threatened Species assessment [7]. Therefore, the conservation of this species through a replanting 
program is urgently needed. 

In natural forests, camphor trees grow in groups on dry sandy or gravel soils [8]. However, recent evidence suggests that this 
species also grows naturally in the shallow peat swamp forest in the Singkil Wildlife Reserve (Suaka Margasatwa Singkil), Aceh 
Province, Sumatera Islands, Indonesia [9]. These findings provide important baseline information for future replanting plans for this 
species. Therefore, studies regarding the adaptability of this species in two different habitats and how these differences affect the 
morphology, physiology, and biochemistry of plants are needed, given that the morphological, physiological, and biochemical 
characteristics of plants are correlated with their adaptive responses to environmental conditions, and these responses are based on the 
plant’s adaptive strategies, stress response systems, and ecological strategies [10]. For instance, soil properties’ differences may affect 
plants’ growth rates and physiological responses because plants experience different types and levels of stress [11, 12]. This stress 
directly impacts plants’ photosynthesis rates, which is accompanied by a decrease in transpiration rate and stomatal conductance. 
Each type of plant in different habitat has a different rate of photosynthesis depending on its habitat. Furthermore, plant photosyn
thates are translocated toward vegetative and generative growth, including leaf formation [13]. 

The question regarding how camphor plants adapt to different habits was initially addressed through RNA sequencing (RNA-Seq) 
transcriptome analysis of seedlings planted in mineral and peat media [9]. However, to the best of our knowledge, phenotypic and 
chemical compound analyses have not yet been carried out. Therefore, this study aimed to investigate the responses of camphor 
seedlings to different planting media by examining their morphological, physiological, and chemical traits, such as growth rate, 
photosynthetic rate, leaf development index, and metabolic profile. The findings of this study may be fundamental for formulating 
strategies to conserve camphor populations and to sustainably maximize the utilization of this species in the future. In addition, the 
findings may support various restoration programs in Indonesia in terms of selecting economically valuable species that are adaptive to 
peatlands. 

2. Materials and methods 

2.1. Plant materials and potting media 

Because natural regeneration could not be found in the Singkil Wildlife Reserve, we collected camphor seedlings from Lae Kombih 
Forest Park, Aceh Province, Sumatera Island, Indonesia. A total of 78 one-year-old seedlings were collected and transported to the 
greenhouse of the Department of Silviculture, Faculty of Forestry and Environment, IPB University, Bogor, Indonesia. Subsequently, 
the seedlings were treated with two different potting media, mineral soil (n = 39) or peat soil (n = 39), for 8 weeks at the greenhouse. 

The mineral soil was obtained from an area in the district of Dramaga, Bogor, West Java Province, Indonesia, whereas the peat soil 
was collected from the peatland hydrology units of Sungai Mendahara-Sungai Batanghari (Kesatuan Hidrologis Gambut Sungai 
Mendahara–Sungai Batanghari), East Tanjung Jabung Regency, Jambi Province, Indonesia. Then, the two types of soil were trans
ported to the greenhouse of the Silviculture Department, Faculty of Forestry and Environment, IPB University, Bogor, Indonesia, and 
subsequently used for planting media. 

The physical characteristics of the two soils, including soil pH, texture, and water content (%) for the mineral soil and pH, peat 
maturity level, and water content (%) for the peat soil, were assessed in the field. Soil pH was measured using pH test papers, and soil 
texture was assessed using the pipette method [14]. Soil water content was measured using the gravimetric method [15], and peat 
maturity was assessed using the handheld method [16]. Based on the results, the mineral medium was classified as clay loam with a pH 
of 5.0 and 32.09% water content, whereas the peat medium was classified as fibric peat with a pH of 4.0 and 135.32% water content [9, 
13]. 

Soil quality indicators, such as C-organic, cation exchange capacity (CEC), and base saturation, significantly affect plant growth and 
photosynthetic rates [17, 18]. In the current study, however, the chemical indicators of the two soils, including C-organic (%), CEC 
(cmol/kg), and base saturation (%), were evaluated using secondary data from the previous experiment. The mineral soil had a 
C-organic value of 2.43% (medium), base saturation of 10% (very low), and CEC of 10.21 cmol/kg (low), while the peat soil had a 
C-organic value of 15.22% (very high), base saturation of 6.15% (very low), and CEC of 16.40 cmol/kg (very high) [19, 20]. 

The mineral soil and dry peat were sieved using a 1 × 1-m screen with a galvanized 8 × 8 square wire mesh and a 1.00-mm sieve 
opening to remove the rocks and other soil impurities to obtain fine soils for use as planting media. Next, the seedlings were planted in 
25 cm round pots with fine mineral or peat medium without fertilizer. Acclimatization of the seedlings was conducted in a closed, dark, 
and humid location inside the greenhouse for 1 month. Afterward, the seedlings were moved to a place with sufficient sunlight 
exposure. The seedlings were watered every evening. 

2.1.1. Growth rate measurement 
The growth development of the camphor seedlings was evaluated based only on the seedling’s height recorded using a measuring 

tape. In addition, the number of leaves on each seedling was counted. The measurements were performed in the first and eighth weeks 
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after planting. 

2.2. Photosynthetic rate, transpiration rate, and stomatal conductance measurement 

The photosynthetic rate, transpiration rate, and stomatal conductance of five randomly selected camphor seedlings from both 
mineral and peat media were measured between 09:00 and 10:00 a.m. The measurements were performed using healthy leaves with 
the LI-6800 Portable Photosynthesis System instrument (LI-COR Biosciences, Lincoln, NE, USA). 

2.2.1. Leaf development index measurement 
Leaf development was measured using the plastochron index (PI) and leaf PI (LPI). PI was used to estimate the time in terms of the 

total plastochron that has passed the reference length (λ) in growing plant populations. LPI was used to estimate leaf age based on 
morphological development, and it was expressed relative to the reference length [21]. The measurements were carried out on 5 leaves 
from 5 individual seedlings grown in each medium, using a digital caliper for every 2 days for a total of 20 days. A total of 50 leaves 
were used in this study. PI and LPI were calculated using the following formulas [21]: 

PI= n +
logLn − log λ

logLn − logLn + 1  

LPI= PI − ñ  

where n represents the sequential index number calculated from the base of the shoot and has a length greater than or equal to the 
reference length (λ) of 20 mm; logLn is the logarithm of leaf length n, and logLn +1 is the logarithm of leaf length n that is less than λ 
[21]. Finally, leaf dimensions were measured according to the method described by Kremer et al. [22]. 

2.2.2. Metabolite separation and identification 
Metabolites were analyzed at Advanced Research Laboratory, IPB University, Bogor, Indonesia. Two upper leaves collected from 

five randomly selected camphor seedlings were used for metabolite identification. The leaves were cleaned, sprayed with liquid ni
trogen in a vacuum sealer to minimize contact with air and stored in a freezer at − 80 ◦C. Next, the dried leaves were extracted using 
ultrasonication. A sample was splashed with liquid nitrogen to facilitate the grinding process, and 100 mg of the ground sample was 
then immersed in 1 mL of 70% ethanol. Ultrasonication extraction was carried out at 28 ◦C for 30 min using 5 repetitions. Afterward, 
the extract obtained underwent liquid chromatography-tandem mass spectrometry (LC–MS/MS) with the use of a Vanquish Flex Ultra 
High–Performance Liquid Chromatography (UHPLC) tandem Q Exactive Plus Orbitrap–High Resolution Mass Spectrometer (Thermo 
Scientific, Germany) for metabolite identification. 

The metabolites were separated using a UHPLC converter for the mobile phase of LC–MS/MS, according to the method described by 
Jalal et al. [23]. The optimal mobile phase used was a ratio of water (A) and acetonitrile (ACN) (B). The ACN composition was as 
follows: 5%–25% B (0–3.500 min), 25%–40% B (3.500–4.733 min), 40%–75% B (4.733–6.933 min), 75%–100% B (6.933–7.800 min), 
100%–5% B (7.800–8.233 min), and 5% B (8.233–14.000 min). The columns (Accucore ™; 100 × 2.1 mm × 2.6 μm) were run with a 
phenyl stationary phase injection volume of 0.2 μL and a flow rate of 0.080 mL/min at 35 ◦C. The data obtained were analyzed using 
Compound Discoverer 2.1 SP 1. The metabolites were identified using an untargeted approach and an online database. Lastly, the m/z 
tolerance of 5 ppm and intensity tolerance of 30% was applied to detect unknown compounds. 
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Figure 1. The average increase in height of the camphor seedlings grown in the mineral and peat media.  
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2.3. Data analysis 

The distribution of growth data on the seedlings’ height, diameter, and number of leaves was examined using descriptive analysis in 
the form of a graphs and boxplot diagrams using Microsoft Excel 2016. In addition, the effect of the media on the growth of camphor 
seedlings was analyzed by correlation analysis and a t-test, using SPSS 16.0 [24]. 

3. Results and discussion 

3.1. Seedling growth performance 

Photosynthate distribution in growing plants may be influenced by the ability of sink organs to attract photosynthate (sink 
strength) and by environmental factors [25, 26]. Seedling growth is indicated by the increase in the plant’s height and diameter and 
the number of its leaves. The average increase in height of camphor seedlings planted in the peat medium was 1.28 cm, which was 
higher than that in the mineral medium at 1.18 cm (Figure 1). The average increase in seedlings’ diameter in the peat medium was 0.49 
mm, which was also higher than that in the mineral medium at 0.45 mm (Figure 2). Meanwhile, the average increase in the number of 
leaves of seedlings in the mineral media was 6 leaves, which was more than that of seedlings in the peat medium with 5 leaves 
(Figure 3). However, the increase in height, diameter, and leaf number of camphor seedlings grown in the peat and mineral media were 
not morphologically significant. Nevertheless, some seedlings grown in the peat medium tended to be taller and have larger diameters 
than those grown in the mineral medium, likely due to a higher rate of photosynthesis in the peat medium. As previously noted, a 
higher photosynthetic rate produces more photosynthates for growth [27]. In addition, the leaves of the camphor seedlings grown in 
the peat medium (Figure 4a) appeared darker and duller but larger than those of seedlings grown in the mineral medium (Figure 4b). 

The availability of adequate nutrients, as well as differences in the acidity and soil absorption of certain nutrients, may affect the 
nutrient absorption by plants [28]. According to the t-test analysis, the two media in the current study had no significantly different 
effects on the growth performance of camphor seedlings in terms of height, diameter, and leaf number (Table 1), presumably because 
both media provided the same or sufficient nutrients to the seedlings. The camphor seedlings grown in the peat and mineral media 
demonstrated the same potential for increases in the height, diameter, and leaf number. 

3.1.1. Leaf development index 
Among the 5 camphor seedlings grown in the peat medium, the greatest average leaf length was found in individual G1 (75.3 mm) 

and the lowest was found in individual G3 (24.4 mm) (Figure 5). Meanwhile, the average leaf length of 5 camphor seedlings in the 
mineral medium was highest in individual M3 (82.3 mm) and the lowest was found in individual M1 (51.2 mm) (Figure 6). However, 
the leaf length was not significantly different between seedlings grown in peat and mineral media. 

Results from PI analysis showed that the plastochron intervals had a linear pattern, while the LPI was calculated to determine leaf 
sizes and leaf development age based on the index length. Previous research showed that young leaves have an LPI value of 3–5, while 
fully developed (mature) leaves have LPI values between 10 and 14 [29]. The PI of the seedlings grown in the peat and mineral media 
with the reference length (λ) of 20 mm ranged from 4 to 6. The percentage of camphor leaves with an LPI of more than 5 was 8% in the 
peat media (Figure 7a), which was less than that in the mineral media at 12% (Figure 7b). Therefore, the leaves of camphor seedlings in 
both media were relatively young and still developing. Leaf age can affect plants’ photosynthetic stage, particularly during gas ex
change. Consequently, the limitations of photosynthetic induction are significantly higher in mature leaves than in young leaves. 
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Figure 2. The average increase in diameter of camphor seedlings grown in the mineral and peat media.  
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3.1.2. Photosynthetic rate 
The photosynthetic rates of the camphor seedlings grown in the peat and mineral media varied. Individual camphor seedlings 

planted in the peat medium had a higher photosynthetic rate than those in the mineral medium (Figure 8). The photosynthesis rate of 
camphor measured as the light energy (Q. leaves) absorbed was within a range of 190–440 μmol CO2 m− 2 s− 1. Meanwhile, the 
photosynthesis rate of camphor ranged from 1 to 9 μmol CO2 m⁻2 s− 1 (Figure 8), indicating that it is a slow-growing species. According 
to previous studies, the photosynthetic rate of trees in the tropics is 3–30 μmol CO2 m− 2 s− 1, and the photosynthetic rate of fast- 
growing species is higher than that of slow-growing species [30, 31]. Growth media can affect a plant’s photosynthetic rate, leaf 
age, transpiration rate, and stomatal conductance, thus influencing its photosynthesis and development [32, 33, 34]. 

Stomatal conductance, which tends to be high, is in line with a high transpiration rate and impacts the photosynthetic rate. The 
stomatal conductance and transpiration rate were higher in camphor seedlings grown in the peat medium than those grown in the 
mineral medium. In this study, stomatal conductance was 0.15933 mol m− 2 s− 1 in seedlings in the peat medium, higher than that of 
seedling in the mineral medium at 0.03571 mol m− 2 s− 1 (Figure 9). High stomatal conductance can increase carbon dioxide (CO2) 
diffusion, thus increasing the performance of the RuBisCo during carboxylation reaction and likely increasing the rate of 
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Figure 3. The average increase in the number of leaves of the camphor seedlings grown in the mineral and peat media.  

Figure 4. Comparison of the color of the leaves of the camphor seedlings grown in the peat (a) and mineral (b) media.  

Table 1 
The t-test analysis of the effect of the peat and mineral 
media on camphor seedling growth performance.  

Growth Parameter P-value 

Height 0.461ns 

Diameter 0.371ns 

Leaf number 0.370ns 

ns, P-value >0.05, indicating a lack of significant dif
ference at the 95% confidence interval. 
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Figure 5. Average leaf length of five camphor seedlings grown in the peat medium.  
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Figure 6. Average leaf length of five camphor seedlings grown in the mineral medium.  

Figure 7. Percentage of camphor seedlings grown in the peat (a) and mineral (b) media with different leaf plastochron indexes (LPIs).  
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Figure 8. Photosynthetic rates of camphor seedlings grown in the peat and mineral media.  
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photosynthesis [35, 36]. 
The highest transpiration rate in the camphor seedlings was found in the peat medium at 0.0037 mol m− 2 s− 1 and the lowest 

transpiration rate was found in the mineral medium at 0.0006 mol m− 2 s− 1 (Figure 10). The transpiration rate is closely associated with 
water loss in the stomata. Water loss under an open-stomatal condition is higher than CO2 absorption [37]. High CO2 absorption can 
lead to more carbohydrate production. A plant’s transpiration rate has a significant linear relationship with its photosynthetic rate and 
the 2 factors increase concurrently. In this study, the high transpiration rate of the seedlings grown in the peat medium affected the 
plants’ photosynthetic rate. 

Photosynthetic rates, transpiration rates, and stomatal conductance values were significantly different between camphor seedlings 
grown in the peat and mineral media (Table 2), suggesting that these leaf characteristics were affected by media. In addition, the peat 
medium was better for planting camphor seedling than the mineral medium in terms of the characteristics as mentioned above. The 
most striking differences between the peat and mineral media were associated with their pH, water content (%), peat maturity level, C- 
organic (%), and CEC (cmol/kg). These parameters significantly affect the availability of nutrients and water, important factors for 
photosynthesis. 

The peat medium (pH = 4.0) was more acidic pH than the mineral medium (pH = 5.0). The acidity of fibric peat is generally known 
to be limited by basic cations from decomposing organic matter. Moreover, the water content of the peat medium was 135.32%, which 
was higher than that of the mineral medium (32.09%). This difference was likely due to high organic matter content of peat, which 
enables it to absorb more water. As an example, polar OH-phenol and hydrophilic cellulose in fibric peat absorb substantial amount of 
water from the soil. A lack of water can cause stomatal closure and damage to the chlorophyll and thylakoid membranes, thus 
inhibiting carbon dioxide (CO2) absorption and decreasing transpiration and stomatal conductance [38, 39]. 

Peat maturity level is defined based on the level of decomposition of organic matter, the main component in affecting the fertility of 
peat soils and the availability of nutrients, and thus the determining factor in the productivity level of peatlands. The level of peat 
maturity is classified as fibric, which is the least mature; hemic, which is more mature; or sapric, which is the most mature [40]. The 
soil fertility and nutrient availability in fibric peatlands are lower than those in mature, hemic or sapric peat [41]. Finally, the 
C-organic and CEC in the peat medium were higher than those in the mineral medium, suggesting a higher level of soil fertility in the 
peat medium. 

3.1.3. Metabolite identification 
The identification of the metabolites in camphor leaf extract was conducted using an untargeted metabolomics approach and 

identifying all the metabolites detected by LC–MS/MS. The LC–MS/MS analysis yielded a chromatogram with bands resulting from the 
separation of camphor leaf metabolites. The chromatograms of camphor leaf extract with positive (Figure 11a) and negative 
(Figure 11b) ionizations had similar patterns, although intensities differed. The chromatograms were processed using the Compound 
Discoverer software, detecting 21 metabolites (Table 3). Then, the putative identification of metabolites was obtained from MS2 
fragmentation, followed by comparison and confirmation based on compound-centric databases such as ChemCalc [42], METLIN [43], 
MassBank [44], mzCloud [45], and LIPID MAPS [46]. 
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Figure 9. Stomatal conductance of camphor seedlings grown in mineral and peat media.  
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The identified compounds were classified into several groups, including amino acids, phenols, flavonoids, lipids, and sugars. These 
compounds were primary and secondary metabolites produced by plants in a certain amount under the condition of gripping. The 
identified amino acid compounds included Methionine sulfoxide, DL-tryptophan, and L-glutamic acid. The identified phenols were D- 
(− )-Quinic acid, Gallic acid, and Syringic acid. Meanwhile, the flavonoids identified were (− )-Epigallocatechin, Catechin, Citric acid, 
Epicatechin, Epigallocatechin gallate, Mearnsitrin, Quercetin-3β-D-glucoside, and trans-aconitic acid. The only lipid compound 
identified was 2-Amino-1,3,4-octadecanetriol. Several sugars were also identified: D-(+)-Glucose, D-(+)-Maltose, D-(+)-Mannose, D- 
Saccharic acid, L-Iditol, and α-Lactose. The identification procedure using LC− MS/MS did not successfully detect borneol compounds 
in the camphor leaf extract. Previously, borneol, which is volatile, was successfully identified in camphor leaf extracts using GC− MS 
[47]. Borneol is not extracted into ethanol solvents because it tends to be nonpolar. 

The research on camphor’s responses to two different growth media in terms of growth performance, leaf development index, and 
metabolite identification was conducted on seedlings grown at a greenhouse scale to estimate the growth response when the seedlings 
are planted in the field. Therefore, field-scale studies are needed to ascertain how these camphor seedlings respond to two media. In 
addition, it is also necessary to further optimize the extraction method of camphor metabolites, particularly borneol compounds, using 
ethyl acetate and n-hexane, considering that borneol compounds were not detected in this study. 

4. Conclusions 

The camphor seedling leaves in the peat and mineral media were relatively young and still developing; the percentage of the leaves 
with an LPI of more than 5 in peat medium was 8%, which was lower than that of the leaves of seedlings grown in the mineral medium 
(12 %). The photosynthetic rate of the camphor seedlings in the peat and mineral media varied. The photosynthetic rate, ranging from 

Table 2 
The t-test analysis of the effect of the peat and mineral 
media on the photosynthetic parameters in camphor 
seedlings.  

Parameter P-value 

Photosynthetic rate 0.001* 
Transpiration rate 0.001* 
Stomatal conductance 0.000*  

* Significantly different at P-value >0.05 at the 95 % 
confidence interval. 

Figure 11. LC–MS/MS chromatogram with positive ionization (a) and negative ionization (b) in the camphor leaf extract.  
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Table 3 
Identification of metabolites (positive and negative ionization modes) in camphor leaf extract.  

No Structure Compound Formula Category 

1 (− )-Epigallocatechin C15 H14 O7 Flavonoid 

2 2-Amino-1,3,4-octadecanetriol C18 H39 NO3 Lipid 

3 Catechin C15 H14 O6 Flavonoid 

4 Citric acid C6 H8 O7 Flavonoid 

5 D-(− )-Quinic acid C7 H12 O6 Phenol 

6 D-(+)-Glucose C6 H12 O6 Monosaccharide 

7 D-(+)-Maltose C12 H22 O11 Disaccharide 

8 D-(+)-Mannose C6 H12 O6 Monosaccharide 

9 DL-Tryptophan C11 H12 N2 O2 Amino acid 

10 D-Saccharic acid C6 H10 O8 Polysaccharide 

11 Epicatechin C15 H14 O6 Flavonoid 

12 Epigallocatechin gallate C22 H18 O11 Flavonoid 

13 Gallic acid C7 H6 O5 Phenol 

(continued on next page) 
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1 to 9 μmol CO2 m⁻2 s⁻1, was higher in the peat medium than in the mineral medium, indicating that planting camphor in the peat 
medium enables better growth than in the mineral medium. Therefore, camphor represents a species that can be recommended for 
restoration program on peatlands. Although the analysis of camphor leaf extract using LC–MS/MS was not successful in detecting 
borneol, a typical compound in camphor; however, the same technique succeeded in identifying 21 other metabolites. 
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Table 3 (continued ) 

No Structure Compound Formula Category 

14 L-Glutamic acid C5 H9 N O4 Amino acid 

15 L-Iditol C6 H14 O6 Monosaccharide 

16 Mearnsitrin C22 H22 O12 Flavonoid 

17 Methionine 
Sulfoxide 

C5 H11 N O3 S Amino acid 

18 Quercetin-3β-D-glucoside C21 H20 O12 Flavonoid 

19 Syringic acid C9 H10 O5 Phenol 

20 trans-Aconitic acid C12 H22 O11 Disaccharide 

21 α-Lactose C12 H22 O11 Disaccharide  
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