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Abstract 
Declining forest productivity and increasing food demand are major concerns in Java. Intercropping, which 
combines clonal teak with turmeric as shade-tolerant, is one approach to addressing these problems. This study 
specifically examined intercropping of medium-aged clonal teak with turmeric at various densities. The objective 
of this research was to examine the impact of stand density on the productivity and profitability of 10-year-old 
clonal teak and turmeric. The research was conducted from 2019 to 2021 in Ngawi. Two treatments were applied, 
namely stand density (1111, 833, 416, 312, and 250 trees/ha) and intercropping patterns. The results showed that a 
lower stand density significantly enhanced the standing stock. Intercropping resulted in a larger productivity than 
monocultures. Furthermore, the highest turmeric productivity at 18-month-old (±3.96 tons/ha) was observed at the 
second lowest density, while the highest curcumin (7.17%) was at a density of 416 trees/ha. Intercropping yielded 
a maximum NPV of USD 14,726.

Keywords: curcumin, financial analysis, stand density, turmeric.

1. INTRODUCTION 

Declining forest productivity is a major concern in some 
countries in several areas, primarily caused by deforestation, 
forest conversion, and land degradation (Ellison et  al., 
2017; Sudomo et al., 2019). In Indonesia, the total area of 
deforestation in primary, secondary, and plantation forests 
reached 121,103.5 hectares per year (Ministry of Environment 
and Forestry, 2024), while land degradation occurred in an 
area of 14,006,450 hectares in 2018 (BPS, 2020). Teak forests, 
which make up a significant portion of production forests, 
are also affected, with their area continuing to decline due 
to illegal logging and agricultural expansion (Tsujino et al., 
2016). Teak (Tectona grandis L.f.) is recognized as a valuable 
and abundant tropical hardwood species (Montes et al., 2019), 
with global plantations spanning 4.35 to 6.89 million hectares 
across 69 countries (Berrocal et al., 2020). More than 80% of 
these plantations are in Asia, 10% in Africa, and 6% in tropical 
America (Kollert & Kleine, 2017). Most teak plantations are 
located in tropical Asia, particularly India (43%), Indonesia 
(31%), Thailand (7%), Myanmar (6%), Bangladesh (3%), and Sri 
Lanka (2%) (Fauzi et al., 2014). In Indonesia, the largest teak 
forest is on Java, covering 1,000,534 hectares, or 67% of Java’s 

production forest area (Perhutani, 2014). However, the area 
of this teak forest has decreased by 750,426 ha (Ministry of 
Environment and Forestry, 2012). Additionally, teak forest 
productivity declined from 81.7 m³/ha to 70 m³/ha (Perhutani, 
2006). These combined challenges underscore the urgent need 
for rehabilitation efforts to increase forest and land productivity, 
particularly through intensive silviculture.

In Indonesia, teak productivity improvement programs 
continue to be implemented using intensive silviculture 
techniques, one of which is the use of selected teak clones. Clonal 
teak plantations are established through a series of breeding 
programs and are now widely adopted in most production 
forests in Java (Budiadi et al., 2017; Widiyatno et al., 2023). 
The teak clones have a diameter growth almost twice that of 
conventional teak trees (Basri & Wahyudi, 2012). The clonal 
teak plantation can increase to over 200 m³/ha (Na’iem, 2014). 
The use of superior clones shortens the harvest period of teak 
trees from long-term to short-term, reducing the time from 
around 50 years to around 20 years (Budiadi et  al., 2012; 
Na’iem, 2014). Vegetative propagation of teak clones has 
successfully increased land productivity and supported the 
rehabilitation of degraded forests (Hardiwinoto et al., 2021; 
Wirabuana et al., 2022). Based on the high growth rate, clonal 
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plantations close the canopy quickly and require intensive 
silvicultural practices to maintain productivity and wood 
quality. Consequently, proper stand density management 
is essential as it influences the growing space and resource 
sharing among intercropping plants (Maharani et al., 2022).

Conversely, forest conditions on Java are under pressure 
due to the island’s rapid population growth. Statistics Indonesia 
(2018) reports that of Indonesia’s 266.91 million inhabitants, 
150.4 million (more than 50%) reside on Java Island. The growth 
of this population has led to an increased demand for food 
(OECD/FAO, 2019). Teak forests play a strategic role in this 
regard by providing food and improving the welfare of nearby 
communities through intercropping. An alternative to maintain 
land productivity is integrated farming or intercropping, 
which simultaneously and sequentially combines annual and 
seasonal crops (Maharani et al., 2022). Intercropping can 
augment product diversification, ensure food security, improve 
the local economy, and provide environmental benefits, such 
as carbon sequestration (Roshetko et al., 2013; Bansal et al., 
2021). In Indonesia, teak (Tectona grandis L.f.) is the most 
preferred woody perennial for intercropping, particularly on 
Java Island, according to Roshetko et al. (2013). 

The taungya system is an agroforestry approach that 
integrates forest plantation with cultivating seasonal crops 
between the tree rows (Rianse and Abdi, 2010). However, this 
system is usually practiced only in the first three years after 
the initial teak planting (Pachas et al., 2019). The taungya 
system is eventually terminated, and enters the post-taungya 
period. Investigations on the post-taungya system of middle-
aged clonal teak plantations are required to evaluate the 
potential for intercropping with seasonal crops. Implementing 
wide spacing in intercropping or agroforestry systems can 
enhance overall land productivity after three years of planting 
(Coulibaly et al., 2017). The productivity of the agroforestry 
system can be maximized by cultivating understory crops, 
e.g., with turmeric (Curcuma longa L) as a key example, that 
thrive in the shaded environments (Morcillo et al., 2017). 
Turmeric was chosen because it tolerates shade (Sharangi 
et al., 2022), making it suitable for planting under the closed 
canopies of mid-aged teak clones.

Turmeric is a valuable herbal commodity with extensive 
applications in medicine and cosmetics (Ahsan et al., 2020; 
Gulhane, 2025).   It is is a medicinal plant in high demand by 
the traditional medicine industry, in Indonesia, and worldwide 
(Salim & Munadi, 2017). Turmeric contains a crucial active 
compound called curcumin, which possesses antioxidant, 
anti-inflammatory, and antimicrobial properties (Lorenza 
et al., 2023; Ayub et al., 2021; Budiadi et al., 2025). Growing 
interest in traditional medicine is increasing the demand for 

medicinal plants such as turmeric, and developing this crop 
can provide economic opportunities.  

An intercropping system can contribute to the farmer’s 
income (Lewerissa, 2016). Intercropping systems can 
produce teak at a rate of USD 541–794/ha/year, whereas 
teak monoculture generates only USD 452/ha/year (Budiadi 
et  al., 2025). Pujar et al. (2007) found that herbal plants 
grown under teak produced higher yields and an increased 
total weight per plant. This also increases the selling price 
and income. Evaluating the financial analysis of teak and 
turmeric intercropping is necessary to assess its profitability 
and effective management for farmers and policymakers. 
This research promotes economic interests and sustainable 
agriculture by balancing land productivity, farmer welfare, 
and environmental sustainability (Weih et al., 2022; Toker 
et al., 2024). The research novelty is about stand densities in 
middle-aged clonal teak when intercropped with turmeric as an 
understory crop. Therefore, this study aimed to determine the 
effect of stand density in middle-aged clonal teak on the whole 
land productivity and economic profitability of intercropping 
with turmeric. This study may also aid rehabilitation efforts 
by increasing forest and land productivity.

2. MATERIALS AND METHODS 

2.1. Site description 

This study was conducted on 10-year-old clonal 
teak intercropped with turmeric (Curcuma longa L.) in 
Perhutani forest enterprise in Ngawi, East Java, Indonesia. 
The plots were located between −7°22′52.829” N latitude 
and 111°18′17.466″ E longitude, approximately 75 m above 
sea level. The average relative air humidity in the area is 
40%–50%, with air temperatures averaging 32°C and 37°C. 
Between November and March, peak precipitation occurs 
with an average annual rainfall of 1172 mm. The research was 
conducted from December 2019 to June 2021. The turmeric 
was planted in December 2019 and harvested 18 months later, 
in June 2021. Teak tree measurements were taken from the 
beginning of the intercropping period until the end of the 
observation period.

2.2. Study methods 

A clonal teak plantation was established in 2011 and 
initially had four spacing configurations, namely 3 m x 3 m, 
6 m x 2 m, 8 m x 2 m, and 10 m x 2 m. Thinning was carried 
out on 8-year-olds, resulting in five stand densities (Table 1), 
resulting in a relatively irregular spacing between the trees. 
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Table 1. Stand density of clonal teak intercropped with turmeric in Perhutani forest enterprise in Ngawi, East Java, Indonesia.

Stand Density (Trees/ha) Initial Spacing, Thinning

1,111 3 m x 3 m, no thinning (0%)

833 6 m x 2 m, no thinning (0%)

416 6 m x 2 m, thinned 50%

312 8 m x 2 m, thinned 50%

250 10 m x 2 m, thinned 50%

•	 Subtreatment: intercropping patterns, which focused on:
•	 Agroforestry of clonal teak with turmeric, followed 

by two sampling methods, at the edge of the tree rows 
(1-meter distance from the tree) and in the middle of 
the tree rows (center distance at each spacing) with a 
size of 1 m x 1 m.

•	 Clonal teak monoculture as a control in each subtreatment.

A randomized complete block design (RCBD) was adopted 
with three blocks as replications, as shown in Figure 1. The 
study design was categorized based on the following criteria:

•	 Main treatment: tree planting density, which included 
five different densities, namely 1,111, 833, 416, 312, and 
250 trees/ha. Treatments were separated by three-meter 
alleys from each other.

Figure 1. Five planting designs in different stand densities of 10-year-old clonal teak intercropped with turmeric, established in three replicate 
blocks, each with a control plot. A demonstration plot was established in the area of the Perhutani forest enterprise in Ngawi, East Java.

Turmeric was planted in 2019 under the canopy cover 
of various stand densities using a spacing of 50 cm × 50 
cm. The turmeric rhizomes were used as planting material 
homogeneously in size, approximately three cm per rhizome, 
and three buds were cultivated per planting hole. Maintenance 
activity included regular weeding and fertilization, then 
fertilization was applied once at the time of planting with 
manure (approximately 2.5 kg) and nitrogen-phosphorus-
potassium fertilizer (20 g) for each plant. Turmeric rhizomes 
were harvested at 18 months after sowing, cleaned, dried, 

and weighed until stable weights. A hemispheric camera 
(Nikon camera with a fish-eye 360° lens) was used to measure 
canopy openness (%).

2.3. Data collection

The effects of treatments on the tree growth of the middle-
aged clonal teak were assessed by measuring several parameters, 
namely stem diameter (DBH, cm), current annual diameter 
increment (CADI, cm/year), height (m), and volume (m3/ha). 



Floresta Ambient., Rio de Janeiro, 2026; 33: e20250025

4 - 11 Rahmawati RB, Budiadi B, Hardiwinoto S, Widiyatno W

4

Teak measurements were taken on the inner plot, and crop 
yields were determined based on turmeric production (gr), 
productivity (ton/ha),  curcumin content (%), and canopy 
openness. The UV–vis spectrophotometric method was used 
to analyze curcumin content. The following formula was used 
to calculate CADI (Equation 1): 

CADIi = DBHi - DBH0 			   (1)

where CADIi is the current annual diameter increment 
(cm/year), DBHi is the diameter at breast height at the current 
year (cm), and DBH0 is the diameter at breast height at the 
previous year. The volume was determined using the following 
formula (Equation 2) (Budiadi et al., 2017): 

V= (-0.0884+0.0297*DBH)2			   (2)

where V is the volume per hectare  (m3 ha−1), DBH is the 
diameter at breast height (cm).

The financial assessment was based on three parameters: net 
present value (NPV), benefit-cost ratio (BCR), and equivalent 
annual income (EAI). The benefits and costs associated with 
the clonal teak agroforestry system were measured over a 
specified period of 20 years. The EAI was used to compare the 
annual income generated from intercropping teak planting. 
NPV, B/C Ratio, and EAI were calculated using equations 
3, 4, and 5, respectively (Shukla SR & Viswanath S, 2014).

				   (3)

		 (4)

			   (5)

where B was the benefits in year t, C was the costs in year t, 
n was the selected time, and r was the selected discount rate 
(6%). The currency exchange rate was set at IDR 15,567 per 
USD, and the prices of teak timber were listed in Table 2. 

Although the price of turmeric was different based on the 
variety, the quantity produced, and the growing location.

Table 2. Adjusted price of teak timber based on diameter classes 
(in USD m−3).

Classes Size Wood Price

A1 Diameter 16-19 cm, length 
1-1.90 m 94.1-141.1

AII Diameter 21-29 cm, length 
1-1.90 m 174.7-362.8

AIII Diameter 30-49 cm 530.7-651.6
Source: Decree of Board Director Perum Perhutani 183/KPTS/DIR/12/2020.

2.4. Data analysis

Data were analyzed using a two-way analysis of variance 
(ANOVA), followed by Tukey’s post-hoc test for multiple 
comparisons among treatment means. Statistical analyses 
were carried out using the SPSS Statistics 18.0 software, 
and the differences were considered statistically significant 
at P < 0.05. Canopy openness was analyzed using the Gap 
Light Analyzer software. Financial analyses were conducted 
to compare the NPV, BCR, and EAI between treatments.

3. RESULTS

3.1. Effect of stand density on clonal 
teak productivity 

The results showed that stand density significantly affected 
the growth of the 10-year-old clonal teak, including DBH (P < 
0.01), CADI (P < 0.01), height (P < 0.01), and volume (P < 0.01) 
(Table 3). However, the presence of turmeric had a significant 
effect only on DBH (P < 0.05) and volume (P < 0.05), as 
shown in Table 3. The highest DBH, CADI, and height growth 
rates were noticed at the lowest stand density of 250 trees/ha 
(Figure 2; Figure 3). However, the highest volume per hectare 
was found in the highest density, at 1111 trees/ha (Figure 3).

Table 3. Results of variance analysis of stand density effects on clonal-teak growth and turmeric yield in Perhutani forest enterprise in 
Ngawi, East Java.

DBH CADI Height Volume/Ha

F Value Sig P Value F Value Sig P Value F Value Sig P Value F Value Sig P Value

Stand density 65.230 0.000** 73.936 0.000** 11.405 0.000** 56.228 0.000**

Presence of Turmeric 6.933 0.009** 0.206 0.456ns 3.794 0.052ns 4.833 0.029*
Note: * significant at p ≤ 0.05, ** significant at p ≤ 0.01, ns: nonsignificant difference at tα 0.05.
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The results show that lower density increases both DBH 
and CADI growth (Figure 2). The lowest density produced 
the highest DBH (26.25 cm) and CADI (1.86 cm/year) of 
the 10-year-old clonal teak (Figure 2). Therefore, a density of 

250 trees/ha results in higher DBH and CADI than a density 
of 1111 trees/ha, by 28.95% and 59.13% respectively. These 
results indicate that density has a significant impact on both 
diameter growth and current annual diameter increment.

Figure 2. Means and standard deviations for DBH and CADI for each stand density. Different letters show significant differences among 
treatments at tα 0.05.

Stand density affected the total height growth of the 
trees during the observation period, as shown in Table 3. 
The highest growth in tree height (23.14 m) was observed 
at the lowest stand density of 250 trees/ha of the 10-year-
old clonal teak (Figure 3). Conversely, the lowest tree 

height at the highest density was 21.42 m. In addition, 
stand density significantly affected the volume of the 
stand, with the highest volume (254.77 m3/ha) recorded 
at 1111 trees/ha and the lowest volume (117.20 m3/ha) at 
250 trees/ha (Figure 3).

Figure 3. Means and standard deviations for height and volume for each stand density. Different letters show significant differences 
among treatments at tα 0.05.



Floresta Ambient., Rio de Janeiro, 2026; 33: e20250025

6 - 11 Rahmawati RB, Budiadi B, Hardiwinoto S, Widiyatno W

6

Intercropping of clonal teak with turmeric considerably 
influenced the diameter growth and volume compared with the 
monoculture, as shown in Figure 4. Teak clones intercropped 
with turmeric achieved a greater diameter (23.07 cm) than 

monoculture teak clones (22.19 cm). Volume per hectare was 
also higher with intercropping (185.88 m3/ha) compared to 
monoculture (165.94 m3/ha). Thus, intercropping 10-year-old 
teak clones with turmeric increases both diameter and volume

Figure 4. Means and standard deviations for DBH and volume for teak monoculture and teak intercropping. Different letters show 
significant differences between treatments at tα 0.05.

The highest and lowest turmeric production was obtained 
at stand densities of 312 and 1111 trees/ha, achieving a yield of 
3.96 and 0.4 tons/ha, respectively (Table 5). Regarding turmeric 
quality, stand density has no significant effect on curcumin 
content, which ranged from 5.12% to 7.17% (Table 5). The 
highest curcumin content (7.17%) was found at a density of 
416 trees per hectare.

3.2. Effect of stand density on turmeric 
yield productivity 

The result showed that stand density significantly affected the 
turmeric yield (P < 0.01) (Table 4). However, the sampling methods 
(edge or center) had no significant effect on turmeric production 
per plant (gram) or per hectare (ton/ha), as shown in Table 4. 

Table 4. Results of variance analysis of stand density effects and sampling method on turmeric yield in Perhutani forest enterprise in 
Ngawi, East Java.

Weight/Piece Weight/Ha Curcumin Canopy

F Value Sig P Value F Value Sig P Value F Value Sig P Value F Value Sig P Value

Stand density 26.755 0.000** 33.692 0.000** 0.757 0.603ns 208.288 0.000**

Sampling methods 0.006 0.939ns 0.113 0.739ns 0.57 0.492ns 1.503 0.288ns
Note: * significant at p ≤ 0.05, ** significant at p ≤ 0.01, ns: nonsignificant difference at tα 0.05.
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Table 5. Effect of teak stand density on turmeric productivity in Perhutani forest enterprise in Ngawi, East Java.

Stand density (trees/ha) Tuber weight/Piece (gr) Tuber Weight/Ha (ton/ha) Curcumin content (%)

1,111 31.13 ± 14.99b 0.4 ± 0.20c 5.12 ± 1.24ns

833 42.50 ± 11.43b 1.13 ± 0.30b 6.92 ± 1.92ns

416 129.13 ± 28.87a 3.44 ± 0.77a 7.17 ± 1.39ns

312 131.92 ± 33.07a 3.96 ± 0.99a 6.09 ± 0.93ns

250 59.38 ± 15.06b 1.90 ± 0.48bc 6.88 ± 0.69ns

Note: Different letters show significant differences among treatments at tα 0.05.

openness. However, a higher percentage of canopy openness 
does not necessarily result in the highest turmeric production. 
Production was optimized at a canopy openness of 23.4% with a 
stand density of 312 trees/ha, compared to 30.1% at 250 trees/ha.

Moreover, turmeric probably absorbs more sunlight with a 
considerable percentage of canopy openness of the different stand 
densities (Figure 5). As shown in Figure 5, the results indicate that 
lower density is associated with a higher percentage of canopy 

Figure 5. Percentage of canopy openness at different stand densities of middle-age clonal teak in Perhutani forest enterprise in Ngawi, 
East Java Ngawi, East Java, Indonesia. Different letters show significant differences between treatments at tα 0.05.

3.3. Impact of intercropping on economic value 

The financial analysis of intercropping clonal teak with 
turmeric showed that higher values were associated with 
lower stand density (Table 6). The highest NPV was observed 
at a stand density of 250 trees/ha, at 14,726 USD/ha/20 years 
(NPV>0). This value was 50% higher than the stand density 
of 1,111 trees/ha, with an NPV>0. Similarly, the EAI was 
higher for a lower stand density (EAI>0). The BCR value 
was >1.0, showing that any additional costs in cultivation 
would yield benefits exceeding the added costs. Stand density 
of 250 trees/ha had the lowest timber volume per hectare, 
but showed the highest NPV.

Table 6. Financial analysis of teak intercropping with turmeric at 
different stocking densities for 20 years at a discount rate of 6% of 
the clonal teak plantation.

Stand Density 
(trees/ha)

NPV  
(USD/ha/ 
20 years)

BCR EAI (USD/ha/year)

1,111 6,356 1.45 554

833 8,203 1.46 715

416 10,613 1.60 925

312 13,016 1.66 1,135

250 14,726 1.74 1,284
Note: NPV = net present value; BCR = benefit–cost ratio; EAI = equivalent 
annual increment.
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4. DISCUSSION 

4.1. Growth and productivity of clonal-teak 
intercropping and monoculture 

The lowest stand density produced the greatest diameter 
growth and diameter increment (CADI). A previous study 
has reported that wider spacing reduces the competition 
index among trees within a stand (Rahmawati et al., 2021), 
thereby enhancing stem diameter growth (Zahabu et al., 
2015). Consequently, the increase in DBH of clonal teak 
is significantly influenced by the spacing and density of 
individual trees (Pachas et al., 2019). In addition, thinning 
applied to the stands contributes to the diameter increment 
of the teak (Budiadi et al., 2017; Rahmawati et al., 2024). 
Stand density also affects total height growth (Berrocal et al., 
2020; Pamoengkas et al., 2021; Rahmawati et al., 2022). Stand 
density affects the vertical growth of plants; the denser the 
stand, the greater the height growth (Chen et al., 2025).

High stand density increases volume but negatively 
affects small-diameter class distribution, leading to lower 
income per unit area. In this context, thinning is the most 
effective treatment to optimize teak growth and produce 
high-quality wood (Seviset et al., 2017; Acosta et al., 2021). 
Low stand density boosts intercropped crop yield (Pachas 
et  al., 2019). Teak intercropped with turmeric exhibited 
superior diameter growth compared to non-intercropped 
or monoculture stands. Previous research (Xianbang et al., 
2024) indicates that intercropping teak with herbs improves 
soil nutrients and plant health. This suggests intercropping 
enhances stand productivity and revenue. Intensive turmeric 
cultivation could further increase teak yields via indirect 
benefits, including better fertilization and weed control 
(Khasanah et al., 2015). In intercropping, farmers conduct 
intensive maintenance, including soil cultivation and weed 
control (Maharani et al., 2022). This improves soil conditions 
and reduces competition for nutrients (Xianbang et al., 2024). 
Intercropping also involves fertilisation, which can boost 
fertility and nutrient levels (Khasanah et al., 2015; Sudomo & 
Hani, 2014). Meanwhile, intensive maintenance is not carried 
out in the teak monoculture. Therefore, intercropping has 
a positive impact on teak growth (Maharani et al., 2022).

4.2. Effect of stand density on turmeric 
yield productivity 

Turmeric production in this study was lower than 
commercial-scale turmeric production. The average 
commercial-scale turmeric production in East Java is around 
15 tons/ha (BPS, 2017). This is certainly different from the 

intercropping pattern under superior clones, where the area 
used is limited, thereby affecting productivity. This study found 
that the highest turmeric production occurred at 312 trees/ha. 
Increased planting space, due to lower stand density, yielded 
greater understory crops. However, turmeric productivity 
decreased at the highest canopy openness, i.e., at a density of 
250 trees/ha. Excessive light exposure can reduce the rate of 
photosynthesis in turmeric, resulting in suboptimal growth 
(Purnomo et al., 2018; Sharangi et al., 2022). This result shows 
turmeric thrives optimally with sufficient canopy openness 
at lower stand densities (Yuliantika & Sudarti, 2021). 

Stand density affects plant growth and understory species 
productivity (Pachas et al., 2019; Maharani et al., 2022). Low 
density aids understory crop cultivation by ensuring sufficient 
space. While teak initially grew with maize and upland rice, 
these were terminated due to the canopy cover. For advanced 
clonal tree intercropping, selecting shade-tolerant crops is 
vital. Arrowroot and taro, grown under 13-year-old clonal 
teak, had 43-52% survival and yields of 55-523 kg/ha (Prehaten 
et al., 2021). Turmeric and other shade-tolerant crops can 
be planted under middle-aged teak stands. Intercrops can 
be introduced after teak planting, especially with extended 
wide spacing (Pachas et al., 2019). Commercial turmeric 
production averages approximately 15 tons/ha (BPS, 2017). 
This contrasts with intercropping under clonal stands, where 
reduced intercropping area affects productivity. 

Furthermore, stand density does not significantly impact 
curcumin content. However, differences in stand density affect 
light intensity, and the effect of this on curcumin content 
remains unclear (Sharangi et al., 2022). While curcumin 
content can increase with high light intensity, it can also 
decrease with excessive sunlight exposure (Nelson et al., 
2017). Sharangi et al. (2022) state that curcumin content in 
turmeric is influenced not only by light intensity, but also by 
other environmental factors, one of which is rainfall. In this 
study, turmeric harvested over 18 months had a curcumin 
content of around 5-7%. The results of the study indicate 
that turmeric harvested at 6 months of age and grown in 
monoculture contains curcumin around 2.2-2.7% (Bata dan 
Hamzah (2021). The curcumin content in turmeric rhizomes 
is influenced by several factors. These include the type of 
turmeric plant, age of harvest, soil conditions, and size or type 
of rhizome (Ashgari et al., 2009). The curcumin content of 
turmeric (Curcuma longa) is around 3–8% (Chattopadhyay 
et al., 2004). Based on this result, intercropping teak and 
turmeric can provide high levels of curcuminoids. Turmeric 
is rich in curcumin, a compound that offers numerous health 
benefits (Cozmin et al., 2024). According to a previous study, 
49 active compounds were present in the turmeric rhizome 
powder, with curcumin being the most abundant (Suprihatin 
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et  al., 2020). The high concentration of curcuminoids in 
turmeric rhizomes is a key factor in evaluating quality and 
determining market value (Li et al., 2010)

4.3. Impact of intercropping on the 
economic value 

Low stand density leads to larger diameters, thereby 
increasing the economic value. The results of previous studies 
showed that the selling prices of teak varied by log diameter 
(Pachas et al., 2019; Seta et al., 2021). Fourteen-year-old teak 
clones planted at a distance of 6 m x 2 m with 50% thinning 
had NPV, IRR, and BCR values of 10,856 (USD/Ha), 15.1, and 
8.3, respectively (Seta et al., 2021). The larger the diameter 
of the log is proportional to the higher the market price. 
However, the contribution of turmeric cultivation to income 
is relatively minimal, only approximately 2%, primarily due to 
the considerably higher price of large-diameter teak timber 
compared with that of turmeric. Yustinianus et al. (2022) 
reported that turmeric contained more curcumin than any 
other herbal plant. The cultivation of turmeric has great 
future prospects, considering the cultural practice among 
Indonesians of consuming traditional herbal medicines.

Intercropping systems can increase farmers’ income by 
providing timber, crops, and other tree products. This improves 
their financial situation, as well as their ability to purchase 
food (Datta and Behera, 2023). Financial analysis using NPV, 
BCR, and EAI criteria shows that intercropping clonal teak 
with turmeric is economically viable, offering high returns 
at lower stand density. A financial analysis comparing teak 
cloning intercropping with other commodities, such as Lesser 
Yam, revealed an NPV value of 6,213 USD/ha/20 years, or an 
EAI of 554 USD/ha/year, when planted at a distance of 3 m x 
3 m with a density of 1,111 plants/ha (Budiadi et al., 2025). 
At the same densities, this study of teak clones with turmeric 
demonstrated a higher economic value. Furthermore, the 
NPV and EAI were much higher at lower stand densities. 
This suggests that teak combined with turmeric could be 
highly lucrative. This method provides additional benefits, 
including herbal and food products, and supplementary 
income for local communities, enhancing land productivity 
and farmers’ income (Arsyad et al., 2020).

5. CONCLUSION 

In conclusion, managing stand density is a critical silvicultural 
treatment for supporting the growth of clonal teak stands and 
providing growing space for the understory crops. The lowest 
stand density influences the growth of the middle-aged clonal 

teak, both in the monoculture and intercropping systems. 
The result of DBH and CADI of a density of 250 trees/ha 
increased by 28.95% and 59.13% respectively, compared to a 
density of 1111 trees/ha. Furthermore, intercropping clonal 
teak with turmeric can enhance stand productivity, with a 
larger diameter growth and increment. The second lowest stand 
density (312 trees/ha) enhances the productivity of understory 
crops, achieving a yield of 3.96 tons/ha with a curcumin 
content of 6.09%. Intercropping of clonal teak with turmeric 
also generates a reasonable economic value with the highest 
NPV, BCR, and AEV at the lowest density of 14,726 USD/ha, 
1.74, and 1,284 USD/ha, respectively. A middle-aged clonal 
teak can be managed with an optimum stand density of 312 
trees/ha for maximum stand production and economic value. 
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