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Abstract 
Khatta, A.N.M., Dumil, H., Jaslin, Z.A., Sabli, M.A.A., Kimjus, K., Chen, S., Terhem, R., Hassan, A.,  
2026. Soil types influence early shoot and root growth of Neolamarckia macrophylla (Roxb.) Bosser (Red 
laran) seedlings. Folia Oecologica, 53 (1): 43–53.

Neolamarckia macrophylla, commonly referred to as red laran, has not been extensively studied in Sabah, 
Malaysia. This species is known for its rapid maturation and pest resistance, making it a viable option for 
plantations because of its adaptability and profitability. This study examined the growth of N. macrophylla 
in cocopeat, poor soil, topsoil, and organic amendments under rhizotron conditions. The application of 
cocopeat enhanced the root size and morphology through soil moisture retention and facilitating adequate 
aeration. Notably, nutrient-deficient soils caused the seedlings to develop thicker stems and larger leaves, 
indicating the plant’s resilience in nutrient-poor environments. Optimal root development was observed 
when the topsoil was combined with rice husk. These findings suggest that N. macrophylla is well-suited for 
reforestation and land rehabilitation, particularly when appropriate soil amendments are utilised.
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Introduction

A significant issue concerning the threat to tropical forests is 
the extensive degradation occurring over large areas, which 
is accompanied by the loss of ecological function (Phillips, 
1997). While some of these areas have the potential to re-
cover naturally, human intervention is often necessary for 
restoration enabling these areas to become a new generation 
of forest plantations in the future (Silva et al., 2019). This 
can be achieved by establishing large-scale forest planta-
tions on degraded areas to facilitate reforestation (Lamb, 
1998). This is supported by Davis et al., (2012), where due 
to the unprecedented levels of deforestation, particularly 

in tropical regions, the establishment of forest plantations 
serves as a measure to restore ecological stability to the 
land. Consequently, as the availability of natural forests di-
minishes, the activity of forest plantation establishment has 
concurrently increased (Lintangah et al., 2010). Global 
demands for wood timber supply have led to the planting 
of selected species depending on their capability to adapt to 
local conditions and their unique fast-growing characteris-
tics (Dodet and Collet, 2012). Agroforestry and plantation 
systems are part of the overall ecosystem mechanisms in the 
way that trees interact with other organisms in the managed 
landscapes (Grandez-Rios  et al., 2025). This is to meet the 
industrial demand for raw materials derived from commer-
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cial forest products (Handayani et al., 2019). 
	 In 1985, in order to fulfil demand from many parts 
of the world, the Malaysian government initiated the es-
tablishment of large-scale Compensatory Forest Plantation 
activities by adapting various fast-growing exotic species 
(Hamid and Abiri, 2022). Due to this, Malaysia managed 
to establish nearly one million hectares of forest planta-
tions in 2019 (Ratnasing et al., 2020). In October 2013, 
Neolamarckia macrophylla (red laran) species, which is 
not well-known in Sabah, was utilised in two forest man-
agement units (FMU), which are the Usahawan Borneo 
Group and Sapulut Forest Developments involving 200 ha 
(Chung et al., 2016) et al., 2016). Exotic species which 
are introduced in such efforts through commercial planta-
tions are usually equipped with important features such as 
high capability of adaptation, fast-growing, succession of 
invasion and only need slight or intermediate shade toler-
ance (Dodet and Collet, 2012). 
	 N. macrophylla (Rubiaceae) known as red jabon 
(Irawan and Purwanto, 2014) or semama are endemic in 
Celebes and Moluccas. N. macrophylla can grow up to 40–
45 m straight and tall with columnar bole that is up to 80% 
free from branches. The reason it is called “red laran” is due 
to the crimson colour of its juvenile stem and leaf midrib 
(Chung et al., 2016). It is also classified a light-demanding 
tree (Efendi et al., 2019). Further, its self-pruning charac-
teristics give benefits in nourishing the soil (Halawane et 

al., 2015). This species is given preference because it grows 
within a short period of time, is known to be pest-resis-
tant with strong adaptability which makes it economically 
profitable (Irawan and Purwanto, 2014). The choice of 
fast-growing exotic tree species is usually guided by the fac-
tors of productivity, in addition to their ability to improve 
the soil in the eroded areas (Moslehi et al., 2025).
	 Soil and roots play important roles for plants in the 
uptake of water and nutrients directly from soil and this 
makes it important to understand how soil influences the 
roots effect (Logsdon, 2015). Soil amendments and plant-
ing media influence shoot and root growth of seedlings 
(Awang et al., 2009). The soil characteristics have a very 
strong impact on the establishment of tree seedlings as it 
determine the amount of nutrients available, the growth of 
roots, and the interactions between the plant and the soil 
microorganisms (Sánchez-Ledesma et al., 2025). Thus, 
the aim of this study was to evaluate the effects of various 
soil amendments or planting media on early shoot and root 
growth of N. macrophylla seedlings.

Materials and methods
 
Study site 

The four-months study (August 2021–November 2021) 

Fig. 1. Monthly temperature, rainfall, and relative humidity data from a weather station at Kota Kinabalu for the year 2021.

		  Organic				  
Treatments	 pH	 matter 	 N (in meq	 P (in meq	 K(in meq	 Texture (sand%-Silt%-Clay%)	
		  (%)	 100 g–1)	 100 g–1)	 100 g–1)
Cocopeat (T1)	 5.7	 85.0	 0.06	 0.003	 0.04	 Fibrous (>95% organic fibres)
Poor soil (T2)	 4.7	   2.0	 0.16	 0.005	 0.10	 72-18-10 (sandy loam)
Topsoil as control (T3)	 5.5	   3.8	 0.31	 0.015	 0.22	 56-27-17 (loam)
Mixture of topsoil and 
rice husk (T4)	 6.3	 14.5	 0.54	 0.030	 0.41	 41-34-25 (clay loam)
Mixture of topsoil 
and sand (T5)	 6.8	   0.9	 0.11	 0.004	 0.07	 86-9-5 (sandy)

Table 1. Physical and chemical characteristics of the substrates (nutrients in meq 100 g–1)
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was conducted at the Faculty of Tropical Forestry, Uni-
versiti Malaysia Sabah (UMS), Kota Kinabalu, Sabah, 
Malaysia (6°02’10.7’’ N and 116°07’34.9” E). In 2021, 
the weather conditions for the experimental site ranged 
between 26.2–28.2 °C for temperature, 78.6–87.1% for 
relative humidity, and 2.0 mm to 21.0 mm for rainfall (Ja-
batan Meteorologi Malaysia, 2021) (Fig. 1). 

Plant preparation and research design 

Rhizotrons were used in this study, made from transparent 
polycarbonate material (Hassan et al., 2020) measuring 15 
cm × 15 cm × 100 cm. A total of 30 rhizotrons were used 
during the study. There were five (5) treatments which are 
cocopeat (T1), poor soil (T2), topsoil as control (T3), mix-
ture of topsoil and rice husk (T4) and mixture of topsoil 
and sand (T5) with six replications for each treatment. For 
T1 the soil media was according to ratio 1:1 (Villanueva 
et al., 2010). The quantity of growing media topsoil 80% 
and rice husk was 20% (T4) (Marjenah et al., 2016) while 
topsoil and sand (T5) used the mixture of 2:1 ratio (Khat-
ta  et al., 2023). The poor soil used in this experiment was 
sourced from desolate areas near the study site, while the 
topsoil was from the Tamparuli Forest Reserve located ap-
proximately 30 km from UMS. The topsoil was dried for 
seven days inside the greenhouse. 
	 Nets were installed at the openings in each rhizotron 
to prevent the soil from coming out. Each of the soil – 
filled rhizotrons was subjected to a compaction process 
using a hand compactor (hand tamper) to mimic natural 
conditions in the field (Ambas et al., 2024). The physical 
and chemical characteristic of the treatments before the 
nutrient washing and fertilization are presented in Table 
1. After the compaction process, five litres of water were 
poured through each rhizotron to remove water-soluble 
plant nutrients to achieve soil homogeneity. Fertilization 
was applied once during the early of the experiment after 
the nutrient washing process, seedlings was grown solely 
on the inherent nutrient content of the respective substrates 
until the week of harvesting. A compound NPK fertilizer 
(15:15:15) was incorporated into the experiment, where 
each seedling was supplied with 0.120 g per rhizotron on 
a biweekly basis. This dosage corresponds to an estimated 
field application rate of 50 kg ha–1. Each rhizotron was then 
marked to indicate four depths which are 0–25 cm, 25–50 
cm, 50–75 cm and 75–100 cm (Hassan  et al., 2020). 
	 All the treatments were arranged using a Complete-
ly Randomized Design (CRD). A month-old seedling of 
N. macrophylla was supplied by Forest Research Centre 
(FRC), Sandakan. The origin of the seedlings was from 
shoot cutting and none were from seed germination. 
The age of the seedlings upon transplanting into the rhi-
zotrons was 3 months. Then seedlings were planted in 
the rhizotrons available for the different soil treatments. 
The seedlings transplanted into the rhizotrons were al-
lowed to go through the hardening process for a week 
to adapt to their new environment before data collection 
commenced. Harvesting throughout this study was divid-
ed into two stages.

Data collection 

For the aboveground or shoot parameters, vernier cal-
lipers were used to measure the root collar diameter of 
the seedlings (Takoutsing et al., 2013) and height of the 
seedlings was measured using measuring tape. Leaf area 
index (LAI) is the total leaf area (m2) per ground area (m2) 
(Tsialtas and Maslaris, 2008). Total leaf area (m2) was 
measured using a leaf area meter (Li-3000) (Tewolde et 
al., 2005). Shoot biomass was measured by harvesting and 
drying the shoot in an oven for 48 hours at 70 °C (Ambas 
et al., 2024). The shoot biomass of 30 plants was anal-
ysed (each rhizotron only had one plant). Parameters mea-
sured for roots for each of the four soil depths included 
root intensity (RI) (intersection m–1 gridline), root length 
density (RLD), root biomass (RB) (Hassan et al., 2020) 
and specific root length (SRL) (Hassan et al., 2021b). In 
order to count the roots, the grid lines in the images were 
intercepted, and the values for the number of roots were 
converted to RI (intersections m–1 grid line) (Hassan et 
al., 2021b). The root images were taken by using a digital 
camera with a 16-megapixel resolution (Nikon Coolpix 
S6800) as a non-destructive method (Hassan et al, 2021a). 
Harvesting was performed twice. Once it reaches 8 weeks 
after transplant (WAT) and 16 WAT for the final harvest. 
For each harvesting it involves three replicates for each 
treatment with a total of 15 plants. 

Statistical analysis 

Statistical Package for Social Sciences software was used 
for statistical analysis (IBM SPSS Statistics 28.0). One-
way ANOVA and post hoc pairwise comparisons using 
Tukey’s HSD were used to test whether there were any 
significant differences (p < 0.05) in shoot and root param-
eters between the soil treatments. 

Results 

Aboveground components

Height and root collar diameter increments 
Both root collar diameter increment (RCDI) and height 
increment (HI) showed non-significant differences be-
tween the soil treatments (p > 0.05) as shown in Table 2. 
The RCDI values however were similar (0.44 ± 0.09 mm 
(topsoil) to 0.78 ± 0.62 mm (cocopeat)) across treatments 
which show similarity in the thickness of the stem. On the 
same note, HI was 2.13 ± 0.44 cm (topsoil and ricehusk) to 
2.88 ± 0.49 cm (poor soil). Although there were no notable 
differences, a clear pattern was followed in the growth of 
height as the seedlings planted in the poor soils revealed 
the highest increment, whereas the ones in the topsoil + 
rice husk treatment had the lowest HI.

Leaf area index (LAI)
Table 3 shows that the mean leaf area index did not differ 
significantly among the soil treatments (p > 0.05). How-
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ever, the poor soil treatment resulted in the highest leaf 
area index (1.96 ± 0.60 m2 m–2) compared to other treat-
ments while the lowest mean LAI was for the topsoil and 
rice husk treatment (3.95 ± 0.86 m2 m–2). 

Table 2. Root collar diameter increment (RCDI) and height increment (HI) of N. macrophylla seedlings under five soil treat-
ments (16 WAT). There was no significant difference between treatments in the light of one-way ANOVA with Tukey HSD post 
hoc (p > 0.05, n = 3).

Aboveground	                                        Treatments (Mean ± standard deviation) 		  p-value
parameters	 Cocopeat	 Poor soil	 Topsoil	 Topsoil + Rice husk	 Topsoil + Sand	
RCDI (mm) 	 0.78 ± 0.62	 0.78 ± 0.07	 0.44 ± 0.09	 0.45 ± 0.03	 0.49 ± 0.11	 p > 0.391
	 2.31 ± 1.83	 2.88 ± 0.49	 2.51 ± 0.56	 2.13 ± 0.44	 2.50 ± 0.86	 p > 0.909

Table 3. The leaf area index (LAI) of seedlings of N. macro-
phylla under five soil treatments with 16 WAT. There were no 
significant differences between treatments according to one-
way ANOVA and Tukey HSD post hoc test (p > 0.05, n = 3).

                             Leaf area index (m2 m–2)

Treatment
 	 Mean ± standard 

	 deviation	
p-value

Cocopeat	 2.51 ± 1.93
Poor soil	 3.95 ± 0.86
Topsoil	 2.68 ± 1.13	 p > 0.341
Topsoil + Rice Husk 	 1.96 ± 0.60
Topsoil + Sand	 2.87 ± 0.33

Table 4. Dry shoot biomass of seedlings of N. macrophylla 
placed under 16 WAT under various soil treatments less than 
five. The difference between treatments was insignificant ac-
cording to one-way ANOVA with Tukey-HSD post hoc test 
(p > 0.05, n = 3).

                             Dried shoot biomass (g)

Treatment 
	 Mean ± standard 

	 deviation	
p-value

Cocopeat	 155.18 ± 146.89
Poor soil	 200.19 ± 68.95
Topsoil	 200.19 ± 68.95	 p > 0.76607
Topsoil + Rice Husk 	 114.00 ± 16.64
Topsoil + Sand	 154.33±34.15

Dried shoot biomass (DSB)
The results from one-way ANOVA indicated that there are 
no significant differences between treatments (p > 0.05) 
for dried shoot biomass of N. macrophylla as shown in 
Table 4. The DSB showed a range of values of 114.00 g to 
200.19 g across treatments. The maximum mean of DSB 
was found in poor soil treatment (200.19 ± 68.95 g) and 
the minimum mean in the topsoil and rice husk treatment 
(114.00 ± 16.64 g). At the same time, cocopeat (155.18 
± 146.89 g), topsoil (152.83 ± 53.38 g), and topsoil and 
sand (154.33 ± 34.15 g) treatments had rather similar 
shoot biomass performance.

Root parameters

Root intensity (RI)
As shown in Fig. 2, at 8 WAT a significant difference (p < 0.05) 
was observed at all depths for all treatments. The highest 
RI was found in the cocopeat treatment (126.45 ± 20.00 
at 8 WAT) and (86.94 ± 5.20 at 16 WAT) which showed 
a positive effect on early root growth. By 16 WAT, it was 
demonstrated that roots continued to develop. Cocopeat 
continued to give the highest RI of treatments at depths 
between 50–100 cm and this would indicate further pen-
etration of roots being supported. It is also worth noting 
that the topsoil + rice husk treatment experienced higher 
root establishment at depths of 25–5 cm at 16 WAT than 
at 8 WAT, which depicts the gradual root adjustment to 
the amended media over time. Topsoil and ricehusk and 
topsoil and sand treatments, on the other hand, had only 
minor improvements on RI yet were found to be weaker 

Fig. 2. Root intensity (intersections m–1 gridline) of N. macrophylla at four soil depths under five soil treatments at 8 and 16 
WAT. Means with the same letter for each soil depth do not differ significantly between treatments based on one-way ANOVA 
followed by Tukey’s HSD test (8 WAT: p < 0.05, n = 3; 16 WAT: p > 0.05, n = 3).
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Fig. 3. Root biomass (g) of N. macrophylla at four soil depths under five soil treatments. Means with the same letter for each soil 
depth do not differ significantly between treatments based on one-way ANOVA followed by Tukey’s HSD test (p < 0.05, n = 3). 
Error bars indicate standard deviation.

Fig. 4. Root biomass (g) of N. macrophylla at four soil depths under five soil treatments. Means with the same letter for each soil 
depth do not differ significantly between treatments based on one-way ANOVA followed by Tukey’s HSD test (p < 0.05, n = 3). 
Error bars indicate standard deviation.

Fig. 5. Specific root length (cm g–1) of N. macrophylla at four soil depths under five soil treatments. Means with the same letter 
for each soil depth do not differ significantly between treatments based on one-way ANOVA followed by Tukey’s HSD test 
(p < 0.05, n = 3). Error bars indicate standard deviation.



48

as compared to cocopeat and other amended media, par-
ticularly in deep layers. But at 16 WAT, the differences 
were not significant anymore (p > 0.05).

Root biomass (RB)
The results of ANOVA showed significant differences 
(p < 0.05) in RB between treatments at 8 WAT and 16 
WAT at each soil depth. As shown in Fig. 3, for root bio-
mass at 8 WAT (602.00 ± 200.00) the cocopeat treatment 
markedly outperformed all other treatments at the deep-
est soil layer, reaching more than 600 g compared to all 
other treatments. In contrast, the lowest RB was shown 
by the poor soil treatment while topsoil, topsoil and rice 
husk, topsoil and sand demonstrated intermediate perfor-
mance. By 16 WAT, as shown in Fig. 4, the pattern of root 

biomass at different depths was more similar for most 
treatments and the total biomass values increased, indi-
cating that roots were still developing. Cocopeat was still 
the top producer of biomass in total. The poor soil treat-
ment, however, remained the least productive, although 
some biomass increase was observed in the upper layer 
at 8 WAT (33.73 ± 22.47) and 16 WAT (64.23 ± 28.59). 

Specific root length (SRL)
The results of ANOVA showed significant differences (p < 
0.05) in SRL between treatments at 8 WAT and 16 WAT at 
each soil depth. As shown in Fig. 5, at 8 WAT the poor soil 
(611.97 ± 54.61) and topsoil (601.32 ± 200.00) treatment 
had significantly higher SRL values than the other treat-
ments, especially at 25–50 cm depth. It showed that plants 

Fig. 7. Root length density (cm cm–3) of N. macrophylla at four soil depths under five soil treatments. Means with the same letter 
for each soil depth do not differ significantly between treatments based on one-way ANOVA followed by Tukey’s HSD test (p 
< 0.05, n = 3). Error bars indicate standard deviation.

Fig. 6. Specific root length (cm g–1) of N. macrophylla at four soil depths under five soil treatments. Means with the same 
letter for each soil depth do not differ significantly between treatments based on one-way ANOVA followed by Tukey’s HSD 
test (p > 0.05, n = 3). Error bars indicate standard deviation.
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Fig. 8. Root length density (cm cm–3) of N. macrophylla at four soil depths under five soil treatments. Means with the same letter 
for each soil depth do not differ significantly between treatments based on one-way ANOVA followed by Tukey’s HSD test (p 
< 0.05, n = 3). Error bars indicate standard deviation.

that grow in poor soil and topsoil treatments had roots that 
were finer and longer. The opposite observation was found 
for the topsoil, topsoil and rice husk, topsoil and sand treat-
ments, where the SRL was lowest, suggesting roots were 
shorter and thicker. At 16 WAT (Fig. 6), SRL slightly de-
creased in the poor soil and topsoil treatment, but increased 
in the topsoil and rice husk and topsoil and sand treatments 
at the same depths. There is a significant difference (p 
<0.05) using one-way ANOVA followed by Tukey’s HSD.

Root length density (RLD)
As shown in Fig. 7 at 8 WAT N. macrophylla showed signif-
icant differences (p < 0.05) at all levels of soil depths. Co-
copeat always recorded the greatest values of RLD of 2.33 
to 4.40 cm cm–3 which indicated that it supported the initial 
proliferation of the root better. It was then followed by the 
topsoil treatment which also had an intermediate value be-
tween 0.14 to 2.40 cm cm–3 according to depth. Conversely, 
topsoil and ricehusk, topsoil and sand treatment recorded 
low values of RLD, had low values of root development 
with the values being near zero at all depths. The 16 WAT 
(Fig. 8) shows that the patterns of RLD remained slight-
ly different due to the further growth and redistribution of 
roots in the soil profile. Although the overall RLD of co-
copeat remained the highest, it remained a slight decrease 
between 1.50 and 2.66 cm cm–3 but the values of poor soil 
and topsoil treatments were slightly higher than 8 WAT, es-
pecially at 50–75 cm soil depth (2.46 to 3.30 cm cm–3). 

Discussion

For RCDI in Table 2, cocopeat is known to have accept-
able pH, electrical conductivity, and other chemical prop-
erties. It also holds a lot of water which means there is 
not a lot of space for air. This reduces the air-water bal-

ance in the medium which can make it harder for oxygen 
to get to the roots (Awang et al., 2009). Even so, the poor 
soil treatment matched the cocopeat treatment in RCDI 
performance, which may be due to more roots growing 
when the plant is stressed, which increased the stem and 
the thickness of the root collar in places where nutrients 
are low (Rahmani et al., 2021). Similar reasons might be 
applicable to the HI, where poor soil treatment outper-
formed all other treatments despite its low nutrient status. 
The abiotic stress caused by the poor soil may have led to 
the plant’s elongated growth, possibly a stress response 
mechanism to maximise light capture under suboptimal 
conditions (Oldroyd and Leyser, 2020). According to 
Juliandari (2025), this type of species is frequently se-
lected because it establishes rapidly, thereby supporting 
faster reforestation and the restoration of degraded land. 
Table 3 shows the LAI results, which is a crucial indica-
tor of productivity and reflect leaf surface availability for 
photosynthetic activity (Hinojo-Hinojo and Goulden, 
2020). Plants growing in poor soils tended to increase 
their leaf area, likely to enhance carbon assimilation and 
light capture, which is consistent with stress-adaptive 
strategies that allow adjustment to low soil fertility (Lam-
bers et al., 2008).
	 Cocopeat has a lightweight, highly fibrous structure, 
which makes uniform compaction difficult. Variation 
in bulk density among rhizotrons (not measured in the 
present study) may have produced differential water and 
air distribution, contributing to the high inter-replicate 
variability. Future work should measure and standardise 
substrate bulk density prior to planting. Moreover, the 
inherently low nutrient levels of cocopeat imply that 
small variations in the retention or leaching of fertilizer 
may cause variations in the performance of the seedlings 
among the replicates. The elevated water retention of co-
copeat can also form local areas of excess moisture un-
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der variable compaction again increasing the anomalies 
in root and shoot development. A combination of these 
physical and chemical factors could have been the reason 
why the cocopeat treatment was more varied.
	 Based on Table 4, poor soil treatment despite its re-
duced nutrient content and reduced water-holding capac-
ity had the highest dried shoot biomass. This reaction can 
be explained with respect to the improved root allocation 
plans within nutrient-restricted situations in which plants 
generally allocate more energy to root development to 
boost nutrient foraging effectiveness, which in turn can 
be converted to shoot development (Hodge, 2004). 
Moreover, the abundance of positive soil microorgan-
isms, which is a significant part of soil organic matter, 
might have led to the enhancement of nutrient cycling 
and plant uptake and partially offset the drawbacks of the 
poor soil (Brennan and Acosta-Martinez, 2017). In 
general, the observations reveal that N. macrophylla can 
have some adaptive mechanisms allowing it to stay pro-
ductive in its shoots even in non-optimal soil conditions.
	 As shown in Fig. 2, cocopeat, which showed better 
results has high porosity and holds water well, helping 
to ensure good aeration and has access to moisture by 
the plants (Ilahi and Ahmad, 2017). A study by Shintia-
vira et al., 2023 reported that cocopeat has a lower pH, 
electrical conductivity, and more moisture than other me-
dia, and that it performs better than rice husk in all kinds 
of media, increasing the number and length of roots. In 
comparison, poor soil and topsoil treatments had fewer 
roots, especially at deeper soil layers, because of their 
lower fertility and compaction (Sheleme et al., 2023). 
This is because the reduced pore space in compacted 
soils also raises the soil’s strength, making it difficult for 
roots to penetrate the soil (Lynch et al., 2022). Accord-
ing to Darlis et al. (2024), N. macrophylla is one of the 
species chosen to be planted in ex-gold mining areas with 
poor soil conditions. On the other hand, the better perfor-
mance of topsoil and rice husk treatments at 16 WAT sug-
gests that using organic amendments with local soils is a 
cheap way to maintain good root development (Raviv et 
al., 2002). According to Baiyeri and Nwajuani (2024), 
better soil structure, sufficient water supply, nutrient re-
tention and gaseous exchanges are all made possible by 
topsoil. 
	 Based on Figs 3 and 4, the cocopeat treatment was 
better at 8 WAT and 16 WAT for root biomass. The fa-
vourable physical characteristics of cocopeat treatment, 
which is made from coconut husk fibres, provide ideal 
conditions for root growth by guaranteeing steady mois-
ture availability (Atzori et al., 2021) and enough oxygen 
for root respiration (Nomoto et al., 2024). Furthermore, 
the high cation exchange capacity of cocopeat promotes 
nutritional availability and retention (Aswath and Pillai, 
2004). This is supported by Arista (2023), as cocope-
at had a good influence on the growth performance of 
N. macrophylla in contrast with the poor soil treatment. 
Plants often grow more fine roots in order to penetrate 
huge amounts of soil when the soil is nutrient-poor 
(Świątek and Pietrzykowski, 2021). Low nutrient 

levels in poor soil always prevent N. macrophylla from 
growing properly, which hinders plant growth during re-
vegetation operations (Asmarahman et al., 2023). 
	 The findings for SRL highlight how growth media 
affects root morphology over time. A high SRL denotes 
a resource-acquisitive strategy, whereby plants grow lon-
ger, thinner roots to increase their surface area and absorb 
nutrients while using less biomass (Kramer-Walter et 
al., 2016). This highlights why poor soil resulted in less 
root biomass compared to the other treatments. The type 
of treatment influenced how far the roots can forage deep 
into the soil. Plants need to have an extensive root system 
to absorb water and nutrients well, rather than just being 
heavy or thick. A plant with limited roots can get more 
nutrients from the soil if those roots cover a wider space. 
That is because longer roots have access to more water 
and nutrients deeper in the soil (Eissenstat, 1992). The 
SRL and RLD were always positively related to RLD 
(Bakker et al., 2019). Based on what is illustrated in Figs 
7 and 8, the cocopeat treatment provided excellent sup-
port for root development as it provided the right amount 
of moisture and oxygen for roots to thrive. Cocopeat acts 
as a rooting media, has the ability to balance air-water 
ratios and directly provides a stable structure for root ex-
pansion (Kumar et al., 2019). Poor aeration can cause 
the roots to grow more slowly and often grow shorter as 
the roots keep exploring downwards, resulting in shorter 
and deformed roots (Asady and Smucker, 1989), 1989). 
Furthermore, combining topsoil and sand may produce 
a substrate that is less able to store water and nutrients, 
which may further restrict root growth (Scanlan et al., 
2022). Plants frequently display stunted root systems 
in nutrient-deficient or degraded soils as a result of the 
combined stressors of limited resources and poor phys-
ical properties, which is part of plant survival strategies 
under a degraded ecosystem (Kumari et al., 2022). 
	 In general, the observed difference between the five 
treatments can be partially attributed to natural differ-
ences in the water-retention capacities, aeration, nutrient 
concentration, especially the low nutrient level of coco-
peat, and micro-structural dissimilarity that affect root 
accessibility to water and nutrients.

Conclusions

This study revealed that soil treatments exert a significant 
influence on the growth of N. macrophylla, affecting both 
above-ground and below-ground development. Cocopeat 
offers optimal physical support for roots, characterised 
by its high porosity, moisture retention, and aeration. 
Conversely, suboptimal soil conditions induced stress in 
the plants, as evidenced by increased stem width, high 
leaf area index, and elongated roots, even in nutrient-de-
ficient environments. These findings suggest that N. mac-
rophylla can adapt its growth of both shoots and roots 
under suboptimal conditions, rendering it a viable candi-
date for reforestation and soil rehabilitation. Additional-
ly, the improved outcomes observed with the topsoil and 
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rice husk mixtures indicate that organic soil amendments 
can be used to enhance sustainable plantation strategies. 
Overall, understanding the impact of soil treatments on 
plant growth can provide more effective practices for res-
toration ecology and forest management.

Acknowledgement

The authors gratefully acknowledge the support from 
Forest Research Centre (FRC), Sepilok, Sandakan, Sa-
bah for the seedlings supply for this study. 

References

Arista, S.,  2023. Respons Pertumbuhan Bibit Jabon Merah 
	 (Anthocephalus macrophyllus Roxb.) terhadap Pemberian 
	 Pupuk NPKMg dan Cocopeat [Response of Red Jabon 
	 seedlings (Anthocephalus macrophyllus Roxb.) to the 
	 application of NPKMg fertilizer and Cocopeat]. S1 thesis.
	 Universitas Jambi Repository. [cit. 2025-08-07].   https://
	 repository.unja.ac.id/id/eprint/55994. (In Indonesian).
Asady, G.H., Smucker, A.J.M.,  1989. Compaction and root 
	 modifications of soil aeration. Soil Science Society of 
	 America Journal, 53 (1): 251–254. https://doi.org/
	 10.2136/sssaj1989.03615995005300010045x
Asmarahman, C., Prasetia, H., Damayanti, I., 2023. Endo-
	 mycorrhizae and soil ameliorant applications on growth 
	 performance of Red Jabon (Anthocephalus macrophy-
	 llus) in limestone post-mining land of PT. Holcim In-
	 donesia Tbk. International Journal of Design and Nature 
	 and Ecodynamics, 18 (3): 517–527. https://doi.org/10.
	 18280/ijdne.180303
Aswath, C., Pillai, P., 2004. Effect of cocopeat medium and 
	 electrical conductivity on production of gerbera. Journal 
	 of Ornamental Horticulture, 7 (1): 15–22.
Atzori, G., Pane, C., Zaccardelli, M., Cacini, S., Massa, D., 
	 2021. The role of peat-free organic substrates in sustain-
	 able management of soilless cultivations. Agronomy, 11 
	 (6): 1236.
Awang, Y., Shaharom, A.S., Mohamad, R.B., Selamat, A.,  
	 2009. Chemical and physical characteristics of cocopeat-
	 based media mixtures and their effects on the growth 
	 and development of Celosia cristata. American Journal 
	 of Agricultural and Biological Science, 4 (1): 63–71. 
	 https://doi.org/10.3844/ajab.2009.63.71
Baiyeri K.P., Nwajuani, L.,  2024. Proportional supplemen-
	 tation of top soil with rice husk and fractional addition 
	 of poultry manure influenced growth and yield of carrot 
	 (Daucus carota L.) in two pot experiments. Nigerian 
	 Journal of Horticultural Science, 28 (1). https://doi.
	 org/10.60787/njhs.v28i1.10-15
Bakker, L.M., Mommer, L., Van Ruijven, J.,  2019. Using 
	 root traits to understand temporal changes in biodiversity 
	 effects in grassland mixtures. Oikos, 128 (2): 208–220. 
	 https://doi.org/10.1111/oik.05612
Brennan, E.B., Acosta-Martinez, V.,  2017. Cover cropping 
	 frequency is the main driver of soil microbial changes 

	 during six years of organic vegetable production. Soil 
	 Biology and Biochemistry, 109: 188–204. https://doi.org/
	 10.1016/j.soilbio.2017.01.014
Chung, A.Y.C., Pereira, J.T., Hastie, A., Paul, V., Johnlee, 
	 E.B., 2016. New records of insect associated with Red 
	 Laran (Neolamarckia macrophylla) in Sabah. Sepilok 
	 Bulletin, 23–24: 1–14.
Darlis, V.V., Anggraini, F.Z., Mardhiansyah, M.,  2024. 
	 Increased growth of Red Jabon (Anthocephalus macro-
	 phyllus) seedlings using various doses of compost fer-
	 tilizer on used gold mine planting media. Jurnal Agro-
	 nomi Tanaman Tropika, 6 (3): 789–800.
Davis, A.S., Jacobs, D.F., Dumroese, R.K.,  2012. Challenging 
	 a paradigm: toward integrating indigenous species into 
	 tropical plantation forestry. In Forest landscape resto-
	 ration: integrating natural and social sciences. Dordrecht: 
	 Springer, p. 293–308.
Dodet, M., Collet, C.,  2012. When should exotic forest plan-
	 tation tree species be considered as an invasive threat 
	 and how should we treat them? Biological Invasions, 14 
	 (9): 1765–1778. https://doi.org/10.1007/s10530-012-0202-4
Efendi, D., Rosdayanti, A., Ahmad, A.,  2019. Identifikasi 
	 Potensi Jabon Merah (Anthocephalus macrophyllus) di 
	 Kecamatan Bua Kabupaten Luwu [Identification of the 
	 potential of Red Jabon (Anthocephalus macrophyllus) 
	 in Bua District, Luwu Regency]. Jurnal Penelitian Ke-
	 hutanan BONITA, 1 (2): 23. https://doi.org/10.55285/
	 bonita.v1i2.311. (In Indonesian).
Eissenstat, D.M.,  1992. Costs and benefits of constructing 
	 roots of small diameter. Journal of Plant Nutrition, 15 
	 (6–7): 763–782. https://doi.org/10.1080/0190416920936
	 4361
Grandez-Rios, J.M., Iñape-Oroche, B.L., De Araújo, W.S 
	 2025. Network structure of phytophagous insects in 
	 Theobroma bicolor agroforestry. Folia Oecologica, 52 
	 (2): 174–188. https://doi.org/10.2478/foecol-2025-0017
Halawane J.E., Hidayah H.N., Kinho J., 2015. Prospek pen-
	 gembangan jabon merah, Anthocephalus macrophyllus 
	 (Roxb.) Havil.: solusi kebutuhan kayu masa depan 
	 [Prospects for the development of Red Jabon, Antho-
	 cephalus macrophyllus (Roxb.) Havil.: a solution for 
	 future timber needs]. Balai Penelitian Kehutanan Manado, 
	 Kementerian Lingkungan Hidup dan Kehutanan. 70 p. 
	 (In Indonesian).
Hamid, H.A., Abiri, R., 2022. The way forward of forest 
	 plantation in Malaysia. IOP Conference Series: Earth 
	 and Environmental Science, 959 (1): 012001. https://
	 doi.org/10.1088/1755-1315/959/1/012001
Handayani, S., Mansur, I., Karti, P.D.M.,  2019. Pengaruh 
	 kerapatan pohon dan pemupukan nitrogen terhadap per-
	 tumbuhan rumput di bawah tegakan Samama (Antho-
	 cephalus macrophyllus) [Effect of tree density and nitro-
	 gen fertilization on grass growth under Samama (Antho-
	 cephalus macrophyllus) stands]. Journal of Tropical Sil-
	 viculture, 10 (2): 89–94. (In Indonesian).
Hassan, A., Balachandran, P., Khamis, K.R., 2021a. Early 
	 root development of Eucalyptus pellita seedlings from 
	 seed and stem cutting propagation. International Journal 
	 of Forestry Research, article ID 6624266: 1–10. https://



52

	 doi.org/10.1155/2021/6624266
Hassan, A., Dresbøll, D.B., Thorup-Kristensen, K., 2021b. 
	 Naturally coloured roots as a tool for studying root inter-
	 actions in mixed cropping. Plant, Soil and Environment, 
	 67 (12): 700–710. https://doi.org/10.17221/154/2021-pse
Hassan, A., Kodoh, J., Kamu, A., Majius, R., Yunus, N.M.,  
	 2020. Root interactions on sole crop and intercrop give 
	 different effects of competition. IOP Conference Series: 
	 Earth and Environmental Science, 449 (1): 012012. 
	 https://doi.org/10.1088/1755-1315/449/1/012012
Hinojo-Hinojo C., Goulden M.L.,  2020. Plant traits help 
	 explain relationship between vegetation indices and 
	 gross primary production. Remote Sensing, 12 (9): 1405.
Hodge, A., 2004. The plastic plant: root responses to hetero-
	 geneous supplies of nutrients. New Phytologist, 162 (1): 
	 9–24. https://doi.org/10.1111/j.1469-8137.2004.01015.x
Ilahi, W.F., Ahmad, D., 017. A study on physical and hydraulic 
	 characteristics of cocopeat-perlite mixture as a growing 
	 media. Sains Malaysiana, 46 (6): 975–980.
Irawan, U.S., Purwanto, E.,  2014. White Jabon (Antho-
	 cephalus cadamba) and Red Jabon (Anthocephalus mac-
	 rophyllus) for community land rehabilitation. Agricul-
	 tural Science, 2 (3): 36–45. https://doi.org/10.12735/as.
	 v2i3p36
Jabatan Meteorologi Malaysia,  2021. Carian Data Meteo-
	 rologi [Meteorological Data Search]. [Accessed 2025-
	 11-11]. https://mymetdata.met.gov.my/shop/category/
	 met-data/1. (In Malay). 
Juliandari, R.,  2025. Respons Pertumbuhan Tanaman Jabon 
	 Putih terhadap Pupuk Kandang Sapi dan NPK [Growth 
	 response of White Jabon plants to cattle manure and NPK 
	 fertilizer]. S1 thesis. Universitas Jambi. https://repository.
	 unja.ac.id/id/eprint/76878. (In Indonesian).
Kramer-Walter, K.R., Bellingham, P.J., Millar, T.R., 
	 Smissen, R.D., Richardson, S.J., Laughlin, D.C., 2016.
	 Root traits are multidimensional. Journal of Ecology, 
	 104 (5): 1299–1310. https://doi.org/10.1111/1365-
	 2745.12562
Kumar, S., Malik, A., Yadav, R., Yadav, G.,  2019. Role of 
	 different rooting media and auxins for rooting in flori-
	 cultural crops: a review. International Journal of Chemi-
	 cal Studies, 7 (2): 1778–1783.
Kumari A, Sharma, B., Singh, B.N., Hidangmayum, A., 
	 Jatav, H.S., Chandra, K., Singhal, R.K., Sathyana-
	 rayana, A, E., Patra, A., Mohapatra, K.K.,  2022. Phy-
	 siological mechanisms and adaptation strategies of 
	 plants under nutrient deficiency and toxicity conditions. 
	 In Plant perspectives to global climate change: develo-
	 ping climate-resilient plants. London: Elsevier, Aca-
	 demic Press, p. 173–194. https://doi.org/10.1016/B978-
	 0-323-85665-2.00012-1
Lamb, D., 1998. Large-scale ecological restoration of degraded 
	 tropical forest lands. Restoration Ecology, 6 (3): 271–
	 279.
Lambers, H., Pons, T.L., Chapin, F.S.,  2008. Plant physio-
	 logical ecology. New York: Springer: 1785.
Lintangah, W., Mojiol, A.R., Kodoh, J., Solimun, M., 
	 2010. Tree plantation activity among smallholders in 
	 Ranau, Sabah. Modern Applied Science, 4 (9): 58–65. 

	 https://doi.org/10.5539/mas.v4n9p58
Logsdon S.D., 2015, 2015. Root effects on soil properties. In 
	 Applied statistics in biology: a practical guide using 
	 SAS, R, and JMP. Advances in Agricultural Systems 
	 Modeling, p. 173–196. https://doi.org/10.2134/advag-
	 ricsystmodel4.c8
Lynch, J.P., Mooney, S.J., Strock, C.F., Schneider, H.M., 
	 2022. Future roots for future soils. Plant, Cell and Envi-
	 ronment, 45 (3): 620–636.
Marjenah, Kiswanto, Purwanti, S., Sofyan, F.P.M., 2016. 
	 Biochar, cocopeat and compost effects on dipterocarp 
	 seedlings. Nusantara Bioscience, 8 (1). https://doi.org/
	 10.13057/nusbiosci/n080108
Moslehi, M., Ahmadi, F., Matinizadeh, M., Sadeghi, S.M., 
	 Izadi, M., Faunae, N., Alizadeh, T., Shackleton, RT., 
	 2025. Native versus non-native Prosopis woody species: 
	 Which fertilize soil better? Folia Oecologica, 52 (1): 
	 70–81. https://doi.org/10.2478/foecol-2025-0008
Nomoto, Y., Gulbuddin, G., Shah, P.D., Terada, N., Sanada, 
	 A., Kamata, A., Goto, I., Koshio, K., 2024. Possible 
	 enhancement of cucumber seedling establishment by 
	 cocopeat extract. International Society for Southeast 
	 Asian Agricultural Sciences, 30 (1): 39–50.
Oldroyd. G.E.D., Leyser, O.,  2020. A plant’s diet: surviving 
	 in variable nutrient environment. Science, 368 (6486). 
	 https://doi.org/10.1126/science.aba0196
Phillips, O., 1997. The changing ecology of tropical forests. 
	 Biodiversity and Conservation, 6 (2): 291–311.
Rahmani, W., Nazre Salleh, M.,  Hamzah, M.Z., Abdu, A., 
	 Ishak, M.F., Khadir, W.R.W.A. Awang, M.R.,  Ibrahim, 
	 Z., Majkid, A.F.A., Salleh, M.S.A.,  Anuar, A., Alias, 
	 M.A. , 2021. Effect of mulching on soil properties and 
	 tree growth of Magnolia champaca. International Journal 
	 of Forestry Research, 2021: 5517238.
Ratnasing, J., Latib, H.A., Paramjothy, N., Liat, L.C., Na-
	 darajah, M., Ioras, F., 2020. Plantation forestry in 
	 Malaysia since 1970. Notulae Botanicae Horti Agrobo-
	 tanici Cluj-Napoca, 48 (4): 1789–1801.
Raviv, M., Wallach, R., Silber, A., Bar-Tal, A.,  2002. 
	 Substrates and their analysis. In Hydroponic production 
	 of vegetables and ornamentals. Athens, Greece: Embryo 
	 Publications, p. 25–102.
Sánchez-Ledesma, J.A., Águila, B., Garibay-Orijel, R., 
	 García-De la Peña, C., Nava-Reyna, E., 2025. Soil my-
	 cobiome structure in pecan agroecosystem. Folia Oecologica, 
	 52 (2): 149–161. https://doi.org/10.2478/foecol-2025-0015 
Scanlan, C.A., Holmes, K.W., Bell, R.W.,  2022. Sand and 
	 gravel subsoils. In Oliveira, T.S.D., Bell, R.W.  (eds). 
	 Subsoil constraints for crop production. Cham: Spring-
	 er, p. 179–198. https://doi.org/10.1007/978-3-031-00317-
	 2_8
Sheleyeme, B., Regassa, A., Mishra, B.B., Haile, M.,  2023. 
	 Soil properties. In The soils of Ethiopia. Cham: Springer, 
	 p. 111–156. https://doi.org/10.1007/978-3-031-17012-6
Shintiavira, H., Dewanti, M., Rachmawati, F., Nurlaeni, Y., 
	 Nurdina, D., Sadli., Ariyantika, S., Kartikaningrum, 
	 S., 2023. Cocopeat-perlite mixture as rooting medium. 
	 Caraka Tani, 38 (2): 359–370.
Silva, L.N., Freer-Smith, P., Madsen, P.,  2019. Production, 



53

	 restoration, mitigation: new generation of plantations. 
	 New Forests, 50 (2): 153–168.
Świątek, B., Pietrzykowski, M.,  2021. Soil factors deter-
	 mining fine-root biomass after post-fire mining recla-
	 mation. Catena, 204: 105449. https://doi.org/10.1016/j.
	 catena.2021.105449
Takoutsing, B., Tchoundjeu, Z., Degrande, A., Asaah, E., 
	 Gyau, A., Nkeumoe, F., Tsobeng, A.,  2013. Seedling 
	 quality in Cameroon nurseries. Small-scale Forestry, 13 
	 (1): 65–77. https://doi.org/10.1007/s11842-013-9241-7

Tewolde, H., Sistani, K.R., Rowe, D.E., Adeli, A., Tsegaye. 
	 T., 2005. Estimating cotton leaf area index. Agronomy 
	 Journal, 97 (4): 1158–1163.
Tsialtas, J.T., Maslaris, N.,  2008. Evaluation of leaf area 
	 prediction model for sunflower. Photosynthetica, 46 (2): 
	 294–297. https://doi.org/10.1007/s11099-008-0052-6
Villanueva, I.P., Valdez, M., Valdez, T.,  2010. Effects of 
	 garden soil and organic substrate ratio on eggplant plug 
	 transplants. 18 (1): 51–55.

Received July 23, 2025
Accepted December 9, 2025


