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Ketak or Paku Ata (Lygodium circinnatum (Burm. F) Sw.) is a climbing fern considered 
one of the most valuable non-timber forest products in Nusa Tenggara Barat. As the raw 
material is severely limited in nature, cultivation of the ketak plant is essential for 
sustainability. This study aimed to determine the effect of fertilizer and climbing tree 
species on the growth of ketak seedlings from spores. It used a factorial randomized block 
design with different types of fertilizers (cow dung, compound fertilizer, goat dung) and 
climbing tree species (Erythrina variegata, Diospyros malabarica, Gliricidia sepium, 
bamboo). 16 treatment combinations were tested, each replicated three times, resulting 
in 480 samples. Fertilizer had a significant effect on all observed parameters. Differences 
in climbing tree species significantly affected leaf number, tendril number, growth length, 
and plant survival. Goat dung and gamal (G. sepium) were optimal for increasing leaf 
number, survival rate, and tendril length (40.3 ± 25.9 cm). Meanwhile, the gamal 
climbing tree yielded the highest tendril growth. Using fertilizer and selecting climbing 
tree species play a key role in ketak growth in its habitat. The combined application of 2 
kg of goat manure/plant and the gamal species showed significant growth benefits 
(67.1%-76.0%), surpassing other treatments. 
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1. INTRODUCTION

Non-timber forest products (NTFPs) hold a higher
economic value in Indonesia than timber resources. The 
significance of NTFPs in supporting livelihoods can be 
classified into several categories. First, they play a crucial role 
in income generation, with many rural communities depending 
on NTFPs as a primary source of earnings [1, 2]. Moreover, 
NTFPs serve as a vital subsistence and economic buffer during 
challenging periods [3]. NTFPs provide income, especially for 
women and marginalized communities [4]. Study [5] observed 
an increasing acknowledgment that the monetary value 
assigned to NTFPs falls short of fully capturing their worth 
and significance. Achieving a delicate equilibrium between 
regulation, enforcement, and incentives is essential for 
promoting both forest protection and the welfare of individuals 
in proximity to forests [6].  

Rural communities utilize non-timber forest products 
(NTFPs) for various purposes, such as energy, food, 

pharmaceuticals, domestic tools, construction materials, 
agricultural implements, and handicrafts [7-10]. For 
handicrafts, "ketak" or "paku ata" (Lygodium circinnatum 
(Burm.F) Sw.) is one particular form of NTFP that is utilized. 
Ketak, a species of forest fern in the Schizaeaceae family, is 
one of the distinguishing characteristics of tropical forests [11]. 
Widely distributed in tropical areas with abundant light, 
particularly in glades due to its intolerance to shade [12]. This 
fern thrives in forests at low to medium altitudes, reaching up 
to 1500 m above sea level, encompassing regions such as Java 
and other tropical Asian areas [13, 14]. Despite its lack of 
direct biological benefits, Lygodium, as an understory fern, 
plays an important role in tropical forests by increasing the soil 
microbial diversity [15] and covering the forest floor to 
minimize surface runoff and prevent erosion [16]. 

Ketak is employed by Small and Medium Enterprises 
(SMEs) in diverse regions, including West Java, East Nusa 
Tenggara (NTT), West Nusa Tenggara (NTB), and Bali, for 
the production of handicrafts. The tradition of weaving items 
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from ketak has been passed down through generations due to 
its economic value. The popularity of ketak is closely tied to 
the growth of tourist destinations, as these woven crafts serve 
as sought-after souvenirs for visitors. Moreover, the market for 
ketak products has expanded to include exports, with notable 
demand from countries like Germany, England, France, and 
Asia [17]. Ketak is suitable for producing various handicrafts, 
including bags, fruit holders, spoon holders, baskets, barrel-
shaped straps, hats, tissue boxes, placemats, glasses, and more. 

Ketak-derived woven crafts are the leading products in NTB 
province, particularly on the island of Lombok, with Central 
Lombok emerging as the region's main hub for craft 
production [18]. The growth of ketak craft is supported by the 
substantial demand for raw materials in woven crafts and the 
involvement of numerous stakeholders [19]. The expansion of 
the craft industry has led to an escalating demand for ketak 
plant raw materials, resulting in a decrease in their availability 
due to the over-exploitation of natural habitats in the forest 
[20-22]. The main problem is the imbalance of supply and 
demand. High industrial demand and reduced availability from 
natural forests have not been accompanied by efforts to 
develop the plant outside the habitat. Domestication efforts by 
changing Lygodium circinnatum into a cultivated plant have 
become an important point as a solution to the problem. 
According to study [19], a significant portion of the rural 
community (39%–46%) emphasizes the importance of ketak 
cultivation despite reported challenges and unsuccessful 
cultivation efforts. Moreover, the current ketak potential in 
this region has diminished due to persistent exploitation to 
meet the raw material demands for weaving [23].  

The potential of Lygodium in nature is decreasing because 
of overexploitation. The majority of ketak observed were at 
the regeneration level, with only a limited number of clumps 
with a stem diameter greater than 3 mm - the standard criterion 
for suitable raw material [24]. This scarcity is attributed to the 
unexpectedly slow pace of natural regeneration, which 
includes the period from spore propagation to the development 
of plant-ready seedlings, which exceeds six months [23]. As a 
result, Lygodium circinnatum (Burm.f.) in the forest becomes 
a rare species.  

Lygodium that grows naturally under forest stands, 
fertilizing and thinning can be applied in the rainy season and 
the growth period of the plant. But fertilization for natural 
generation that is applied in the short rainy season is proven to 
be ineffective [25]. Wild plants that are accustomed to living 
in marginal environments have a slow metabolic process. The 
nutrient input will exceed the metabolism requirement and 
become toxic for the plant [21]. According to a study [26], 
wild Lygodium plants will grow slowly in high soil nutrients 
because the soil nutrients can be toxic and delay the plant's 
metabolic processes. Therefore, to meet the high demand for 
seedlings, propagation through spores must be carried out, as 
natural seedlings in forest areas are very limited. 
Domestication efforts by changing Lygodium circinnatum into 
a cultivated plant have become an important point as a solution 
to the problem. 

Research on cultivation efforts has been carried out as an 
effort to domesticate and conserve ex situ [14, 22]. 
Nevertheless, some obstacles in cultivation are still found, 
namely (i) cultivation of Lygodium must be carried out from 
the time of spore so that it takes a long time, (ii) positive 

association of vines (climbing trees) and shade is required [27], 
(iii) we need a plant as vines (climbing trees) with certain 
branches [28], (iv) there is no significant effect of urea 
chemical fertilization [22], and (v) wild Lygodium plants will 
grow slowly in high soil nutrients because the soil nutrient can 
be a toxic and delay the plant metabolic processes [21]. Even 
some researches show failures such as: (i) intensive cultivation 
of Lygodium circinnatum (Burm. f.) by planting saplings has 
not provided satisfactory results [29], (ii) vegetative 
propagation produces few seedlings [30, 31] and (iii) in vitro 
conditions (in the laboratory) still require testing to find the 
appropriate conditions and medium for the growth of 
Lygodium sporophytes [22, 32]. 

Various treatments in this research show that efforts in 
domestication have not been effective in encouraging people 
to cultivate Lygodium on their land. The selection of one type 
of manure and the vine type should be based on the availability 
of the input material at the planned planting site. When 
planting vines from live plants/stems, it is important to ensure 
that the branches and crowns grow to support the growth of L. 
circinnatum. Furthermore, while the plant is still young, up to 
the age of one year, it is susceptible to interference from weeds 
and wild plants, necessitating cleaning. Nevertheless, study 
[33] stated that the development of climbing trees and organic 
fertilizer had been successfully carried out. Climbing trees 
should be planted to support the growth of ketak and improve 
environmental quality. As climbing ferns, ketak plants rely on 
suitable climbing trees for optimal development [34]. The 
study explores the use of climbing tree species such as gamal 
(Gliricidia sepium), dadap (Erythrina variegata), kelicung 
(Diospyros malabarica), and bamboo poles at the test site. 
Previous research indicated the success of gamal and dadap in 
enhancing ketak shoot growth in Rarung Research Forest 
(KHDTK Rarung), Central Lombok [24]. The presence of host 
trees creates a favorable environment for the growth of 
climbing plants, including ketak [35]. The previous cases have 
shown that basic fertilisation with chemical fertilisers is 
ineffective, so testing organic compost following their natural 
habitat is necessary to improve the quality of the site and the 
environment where plants grow. The use of compost or 
organic fertiliser can stimulate soil moisture, which is suitable 
for plant growth. In this case, cow and goat manure were 
chosen, considering that these fertilisers are always available 
when needed by the community. Most villagers in Lombok 
(West Nusa Tenggara) breed cows and goats. Some previous 
cases have shown that basal fertilization using chemical 
fertilizers has not been effective, indicating the need to test 
organic compost fertilization that aligns with the plant’s 
natural habitat in order to improve site quality and 
environmental conditions for plant growth. The use of 
compost or organic fertilizers can stimulate suitable soil 
moisture for plant development. In this context, cow and goat 
manure were selected due to their availability and accessibility 
to the local community. In villages across Lombok (West Nusa 
Tenggara), most people raise and keep cows and goats. In 
some cases, the application of manure (goat) gave better 
results than other manure fertilizers [22, 24]. The aim of the 
current study is to evaluate the effectiveness of the Lygodium 
circinnatum cultivation technique (Burm F.) SW with 
climbing tree species and fertilization for plant development 
and forest sustainability.
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2. MATERIALS AND METHOD 
 
2.1 Plant material and research location 
 

The research was conducted for 12 months, encompassing 
spore collection, breeding, seeding, planting, and growth 
measurement until the 10th month in the field (Figure 1). The 
research area conditions align well with the natural Ketak 
habitat [23, 33, 36]. 
 

    
(1)                                     (2) 

    
(3)                                     (4) 

 
Figure 1. Ketak planting performance with climbing tree (1) 

Bamboo (bamboo poles), (2) Dadap (E. variegata), (3) 
Gamal (G. sepium), and (4) Kelicung (D. malabarica) 

 

The study was conducted in KHDTK Rarung, situated at 
116°15' – 116°16' East Longitude and 08°30’00” – 08°30’36” 
South Latitude, with an elevation of 300–500 m above sea 
level (Figure 2). Located in Pringgarata District, Central 
Lombok Regency, NTB Province, Indonesia, the area features 
predominantly gentle topography (slope < 30%), with some 
locations having undulating to steep topography (slope 30 – 
45%, slope > 45%). The prevailing soil type is regosol. 
Climatically, KHDTK Rarung experiences a tropical rainy 
climate, characterized by a prolonged dry season. The region 
averages 125 annual rainy days with rainfall exceeding 2,000 
mm/year [37]. The minimum temperature is 27 ± 2.70℃, 
maximum 30.06 ± 3.55℃, and the average humidity is 57.5% 
± 11.1%. Based on the Schemit and Ferguson classification, 
the Rarung Research Forest is classified as climate type C 
(moderately wet). 

 
2.2 The experimental design and research procedure 
 

The study used a completely randomized block design in a 
factorial structure with fertilizer treatments and climbing tree 
species. Fertilizer treatments included a control (P0), goat 
dung (P1, 2 kg per hole), cow dung (P2, 2 kg per hole), and 
NPK (P3, 10 g per hole). Climbing tree treatments include 
gamal stands (T1), dadap stands (T2), bamboo canes (T3), and 
kelicung stands (T4). Sixteen fertilizer treatments and 
climbing tree species combinations were tested, with three 
block replications. Each block consisted of 10 ketak seedlings 
spaced 3 m × 2 m. The planting containers consisted of 15 × 
20 cm polybags. Measurement tools included a meter, calipers, 
flux meter, hygrometer, thermometer, check counter, roll 
counter, and GPS. 

 

 
 

Figure 2. Research location 
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The study consisted of three main stages: spore collection 
and propagation, planting, and growth measurement of ketak. 
Spores were collected from healthy, mature trees in Pusuk 
Forest, West Lombok. Breeding was carried out in a seed 
house using chopped fern stalk media. Plants were 
transplanted when the seedlings developed a leafy shoot with 
3-5 buds. Seedlings were grown in polybags (15 × 20 cm) with 
a mixed medium of manure and soil (1:3 ratio) and 2 g NPK 
fertilizer. Planting was carried out with 480 ketak seedlings 
according to the established design. Plant dimension 
observations were conducted using a measuring tape and a 
hand counter to measure vine stem length, number of vines, 
number of leaves, and survival rate. Initial measurements were 
taken at planting and repeated every three months thereafter. 
The survival rate was calculated as the number of living plants 
divided by the total number of plants per experimental unit. 
Soil samples were collected at a depth of 0–30 cm at the end 
of the observation period, and each sample underwent 
comprehensive physical and chemical property analysis. 

 
2.3 Data analysis 
 

Data were analyzed using IBM SPSS Statistics 26 at a 
significance level of α = 0.05. Growth parameters—including 
tendril stem length (cm), number of tendrils per plant (shoot), 
leaf count (leaf blades), and survival rate (%)—were subjected 
to analysis of variance (ANOVA). When significant 
differences were found, treatments were further compared 
using Duncan’s Multiple Range Test (DMRT) at the 5% 
significance level [24, 38]. The experimental design was based 
on the following model: 
 

Yijk = μ + αi + βj + (αβ)ij+ εijk (1) 
 
where, 

Yijk = Observation value of the i-th fertilizer treatment, the 
j-th climber, and k-th replicate; 

µ = Mean value; 
αi = Effect of i-th fertilizer treatment; 

βj = Effect of j-th tree climbing species treatment; 
(αβ)ij = Interaction effect of the i-th fertilizer treatment and 

the j-th climbing tree species; 
εijk = Effect of error in the treatment of the i-th fertilizer, the 

j-th climbing tree on the k-th replication. 
 

 
3. RESULTS AND DISCUSSION 
 
3.1 The site condition of the ketak plantation 
 

The ketak plantation site had generally poor fertility, as 
indicated by soil analysis, which showed slightly acidic to 
acidic pH, moderate nitrogen, moderate organic carbon, loamy 
sand texture, and low to moderate cation exchange capacity 
(CEC). Macronutrients (P, K, Ca, Mg) ranged from very low 
to very high criteria, while Fe showed moderate to high levels, 
Mn was very low, and Zn was marginal or deficient (Table 1). 
The soil texture is clay loam, with the lowest and highest value 
of clay ranging from 47.6%–51.6%. Soil texture presents the 
soil mass's relative proportions of sand, silt, and clay fractions. 
Overall, there was an improvement in site quality after 
fertilizer application compared to the control condition 
without fertilizer application (Table 1). 

 
3.2 Plant growth 
 

Harvesting of ketak is usually done by cutting the tendrils, 
which can grow up to 10 m in length in their natural habitat 
[21]. Therefore, observations were made on the length and 
number of tendrils, as well as the number of leaves produced 
as a result of the treatments applied. Ketak plantation 
observations extended up to 10 months in the field. The 
productivity of young plants continued to increase due to the 
favorable site conditions and environmental support in their 
natural habitat. Across four measurements, the average tendril 
length, number of tendrils per shoot, and number of leaves 
generally increased, with exceptions noted in plants associated 
with kelicung as the climbing tree (Table 2). 

 
Table 1. Chemical and physical soil characteristics in the research site 

 
Parameters Method Control Criteria Goat Criteria Cow Criteria NPK Criteria 

Water content (%) Gravimetry 21.17 - 23.92 - 23.54 - 21.31 - 

pH-H2O pH-meter 5.28 Slightly acid 5.77 Slightly acid 5.74 Slightly 
acid 5.5 Acid 

N-Total (%) Kjeldahl 0.34 Moderate 0.40 Moderate 0.42 Moderate 0.36 Moderate 

C-organic (%) Walkey and 
Black 2.26 Moderate 2.55 Moderate 2.57 Moderate 2.30 Moderate 

Texture (%) Hydrometer Clay sand Rough Clay sand Rough Clay sand Rough Clay 
sand Rough 

CEC (cmol/kg) Pekolasi 14.30 Low 24.76 Moderate 20.03 Moderate 14.65 Low 
Available P (ppm) 

Morgan 
Wolf 

3.1 Moderate 3.64 Moderate 3.55 Moderate 3.69 Moderate 

Available K (ppm) 60.44 Very high 71.56 Very 
high 67.78 Very 

high 69.82 Very 
high 

Available Ca (ppm) 63.6 Very low 69.8 Very low 68.5 Very 
low 69.9 Very low 

Available Mg (ppm) 30.33 High 29.62 High 30.23 High 30.40 High 

Available S (ppm) 30.88 Slightly low 52.90 Slightly low 39.28 Low 60.87 Slightly 
low 

Available Fe (ppm) 12.34 Slightly high 12.55 Slightly high 15.62 Slightly 
high 14.67 Slightly 

high 
Available Mn (ppm) 0.72 Very low 0.95 Very low 0.85 Very low 0.88 Very low 
Available Cu (ppm) 0.53 Sufficient 0.20 Sufficient 0.55 Sufficient 1.16 Sufficient 
Available Zn (ppm) 1.32 Marginal 0.88 Marginal 0.84 Marginal 0.92 Marginal 
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Table 2. The growth of ketak 
 

Treatment 
Combination 

Number of Tendrils Length of Tendril (cm) Number of Leaves 
(Sheet/a Pair of Leaves) 

1 
Month 

4 
Month 

7 
Month 

10 
Month 1 Month 4 Month 7 Month 10 Month 1 

Month 
4 

Month 
7 

Month 
10 

Month 
P0T1 3 ± 1 3 ± 1 4 ± 1 4 ± 2 12.6 ± 4.2 17.7 ± 8.8 25.2 ± 11.8 36.3 ± 17.4 6 ± 3 8 ± 3 11 ± 6 14 ± 8 
P0T2 2 ± 1 3 ± 2 3 ± 2 4 ± 2 7.2 ± 3.1 8.7 ± 2.2 17.1 ± 11.4 21.1 ± 14.9 5 ± 2 6 ± 3 9 ± 5 9 ± 6 
P0T3 2 ± 1 3 ± 2 4 ± 2 4 ± 2 7.7 ± 1.2 9.0 ± 3.8 20.9 ± 11.3 28.2 ± 21.7 4 ± 2 6 ± 3 7 ± 4 10 ± 7 
P0T4 2 ± 1 2 ± 0 1± 1 1.± 1 6.2 ± 2.1 6.8 ± 2.7 8.2 ± 3.6 9.2 ± 3.4 3 ± 1 3 ± 1 3 ± 1 3 ± 1 
P1T1 4 ± 2 4 ± 2 5 ± 3 6 ± 3 11.0 ± 6.7 17.6 ± 11.6 38.6 ± 15.5 64.5 ± 20.6 6 ± 3 9 ± 4 17 ± 8 23 ±16 
P1T2 3 ± 2 4 ± 2 4 ± 3 5 ± 3 7.0 ± 2.3 13.6 ± 5.8 30.2 ± 24.5 55.9 ± 30.2 5 ± 3 8 ± 5 15 ± 8 18 ±13 
P1T3 2.± 2 3 ± 2 3 ± 2 4 ± 2 6.1 ± 2.2 12.8 ± 8.4 30.8 ±2 0.8 64.6 ± 25.1 5 ± 3 10 ± 4 18 ± 6 21 ± 9 
P1T4 3 ± 1 3 ± 1 2 ± 1 1 ± 1 10.2 ± 4.7 10.3 ± 4.7 10.4 ± 3.9 10.4 ± 3.9 6 ± 2 6 ± 2 6 ± 2 6 ± 2 
P2T1 3 ± 2 3 ± 2 3 ± 2 3 ± 2 8.7 ± 3.9 12.7 ± 8.1 22.4 ± 15.3 36.3 ± 30.6 5 ± 2 5 ± 3 11 ± 6 14 ± 8 
P2T2 2 ± 1 2 ± 1 3 ± 1 3 ± 1 6.5 ± 3.5 16.6 ± 13.1 30.6 ± 27.4 34.7 ± 28.4 5 ± 2 9 ± 6 9 ± 6 10 ± 6 
P2T3 2 ± 1 2 ± 1 2 ± 1 2 ± 1 6.8 ± 3.9 9.2 ± 6.3 23.3 ± 18.5 33.3 ± 22.0 4 ± 2 4 ± 2 8 ± 2 12 ± 3 
P2T4 3 ± 0 3 ± 0 3 ± 2 3 ± 2 9.2 ± 0.0 11.5 ± 0 11.5 ± 4.5 13.7 ± 5.0 6 ± 0 6 ± 0 6 ± 3 6 ± 4 
P3T1 3 ± 1 4 ± 1 4 ± 2 4 ± 2 12.1 ± 5.5 13.1 ± 5.3 23.6 ± 18.4 44.5 ± 20.2 6 ± 2 7 ± 3 8 ± 5 11 ± 8 
P3T2 3 ± 2 3 ± 3 4 ± 2 4 ± 3 8.6 ± 3.7 11.5 ± 6.5 15.5 ± 9.5 32.3 ± 11.0 6 ± 4 7 ± 4 8 ± 5 11 ± 5 
P3T3 2 ± 1 3 ± 1 4 ± 2 4 ± 2 7.0 ± 3.1 8.1 ± 3.0 15.3 ± 12.5 23.4 ± 13.1 5 ± 2 9 ± 7 10 ± 8 11 ± 6 
P3T4 2 ± 1 2 ± 1 2 ± 1 2 ± 0 7.5 ± 4.6 10.7 ± 4.5 7.2 ± 3.5 7.2 ± 3.0 5 ± 3 4 ± 2 4 ± 2 3 ± 1 

Note: P0 = Control, P1 = Goat, P2 = Cow and P3 = NPK; T1= Gamal (G. sepium), T2 = Dadap (E. variegata), T3 = Bambu (bamboo poles), T4 = Kelicung (D. 
malabarica). 

 
In this study, the tendril length growth of the ketak plant 

appears relatively low compared to observations in other 
locations, such as L. microphyllum in Florida, USA [39], 
Pusuk forest [40], Kalimantan [20], and KHDTK Rarung [24]. 
Likewise, this ketak plant's survival percentage can reach 
76.0%, lower than the survival percentage of the previous 
research, which is 85.5% [24]. This low ketak growth and 
survival rate is generally due to the influence of the lack of 
stock of quality seeds that were ready for planting at that time.  

Due to time constraints during nursery preparation and 
planting, a seedling quality assessment conducted before 
planting showed that 77.4% of the seedlings were less than 10 
cm in height, while 22.6% exceeded 10 cm. According to 
study [24], ideal seedlings for planting should have tendrils at 
least 30 cm in height, a minimum of 3 shoots, and at least 10 
leaves. Overall, the survival rate of seedlings with a height 
above 10 cm was higher at 69.6%, compared to seedlings 
below 10 cm at 53.5%. Correlation analysis results revealed 
that seedling quality, especially tendrils above 10 cm, 
significantly impacted plant success, accounting for almost 
85%, while seedlings below 10 cm had a lesser impact, 
approximately 65%. 

ANOVA revealed significant effects of fertilizer treatment 
on all observed parameters except the number of tendrils. 
Similarly, climbing tree species significantly influenced all 
observed parameters. However, the interaction between the 
treatments did not yield significant effects on any parameter 
(Table 3). 
 

Table 3. Results of analysis of variance (ANOVA) 
 

No. Parameters Types of 
Fertilizer 

Species of 
Climbing 

Tree 

Fertilizer 
× 

Climbing 
Tree 

1 Tendril’s length s s ns 

2 Number of 
tendrils ns s ns 

3 Number of leaves s s ns 
4 Survival s s ns 

Notes: s: significant; ns: non-significant. 
 
3.3 The effect of fertilizer on ketak growth parameters 

 
The application of goat manure to the control treatment 

(without NPK fertilizer) significantly improved plant survival, 
tendril length, and number of leaves, as evidenced by the 
findings in Table 4. When applied to naturally regenerating 
ketak (without planting from spores) in its natural habitat, goat 
manure demonstrated significantly better results than chemical 
fertilizers [24]. It is believed that goat manure creates a more 
favorable and relatively natural environment that aligns with 
ketak’s native habitat, unlike chemical fertilizers, which may 
have contrasting or disruptive effects. However, for mature 
ketak plants to produce new stem shoots, additional 
fertilization is needed—either 10 grams of NPK per plant [24] 
or 300 mg of urea per plant [22]. Interestingly, no significant 
difference was observed among the various types of fertilizers. 
Specifically, the growth of tendril length exhibited a 
noteworthy increase with the application of goat manure, 
indicating a 40.3 cm length augmentation. In contrast, other 
fertilizer types did not yield a significant difference (Table 4). 
 

Table 4. Single effect of fertilizer on the ketak’s growth 
parameters 

 
Fertilizer 

Type 

Length of 
Tendrils  

Survival 
Rate 

Number of 
Leaves 

cm % sheets 
No fertilizer 14.97 a 49.03 a 3.5 a 

NPK fertilizer 23.48 a 51.03 ab 5.2 ab 
Cow manure 23.95 a 52.12 ab 7.9 ab 
Goat manure 40.27 b 67.06 b 11.1 b 

Notes: The numbers followed by the same letter in the same column are not 
significantly different from Duncan's test of 5%. 

 
The analysis of soil samples from three fertilizer treatments 

revealed minimal differences in soil fertility criteria (Table 1). 
Notably, the elemental content of NPK fertilizer was 
sometimes higher than cow manure, specifically in sulfur (S), 
phosphorus (P), potassium (K), and calcium (Ca). Surprisingly, 
the site treated with goat manure exhibited relatively higher 
fertility, characterized by increased nutrient content and 
availability compared to other sites. However, the growth 
parameters responded similarly to cow manure and NPK 
chemical fertilizer applications, with no significant differences. 
Only in CEC (cation exchange capacity) were there variations 
in criteria between manure treatment (medium criteria) and 
NPK fertilizers and controls (low criteria).  

The application of goat manure notably enhanced leaf 

2339



number growth, averaging 11 leaves, while other fertilizer 
types showed no significant differences. Among the climbing 
tree species, kelicung had the lowest leaf number, while other 
species maintained a relatively constant number, with gamal 
reaching the highest with 10 leaves. Regarding survival, goat 
manure resulted in the highest survival percentage at 67.1%, 
significantly different from the control treatment, while other 
fertilizers showed no significant differences. Among the 
climbing tree species, gamal showed the highest survival rate 
of ketak at 76.0%, while bamboo and kelicung trees showed 
lower rates of 56.35% and 22.94%, respectively (Table 4). 

Fertilizer application provides essential nutrients for 
optimal plant growth. Moreover, fertilizer application, 
especially with organic options, induces suitable soil moisture 
for seedlings' growth. This leads to optimal growth in 
parameters such as tendril length, number of leaves, and plant 
survival [41-43]. Organic fertilizers, like goat and cow manure, 
offer higher nutrient availability for plant use than chemical 
fertilizers such as NPK [42, 44]. Therefore, organic fertilizers, 
particularly goat manure, enhance soil structure, improve CEC, 
and increase porosity, air volume, and soil density. The 
mechanism of soil improvement with goat manure (dynamic 
process of increasing CEC and releasing nutrients) is shown in 
Figure 3. 

As an organic fertiliser, goat manure contains a variety of 
nutrients, including macro-nutrients such as C, N, P, and K, as 
well as micro-nutrients Ca, Mg, Fe, and Mn (Figure 3(a)). 
Some positive charge ions, such as K+ or Ca2+, can also 
improve the soil pH in acidic soil by replacing the Al3+ or H+ 
in soil colloids. Improving the pH to become neutral can 
improve [45-47] soil CEC and also provide optimum life for 
microorganisms. The main composition of goat manure is 
organic matter, through the decomposition process, breaks 
down into humus and slowly releases the nutrients (Figure 
3(b)). The humus contains the negative charge colloids, which 
are an important site to attract the positive charge (K+, Ca2+, 
etc.). Because it's a colloid, humus can also directly increase 

the soil CEC [48]. The other content of goat manure is 
microorganisms that can decompose the organic matter in it 
(Figure 3(c)). Because of the decomposition activity, the soil 
provides a better living habitat for microorganisms (pH and 
soil structure), so they can decompose other organic matter 
that is also deposited in the soil. It will provide the 
sustainability of soil fertility to plants [49]. 

A notable distinction in fertilizer analysis lies in the 
elevated CEC observed in soils treated with goat manure. A 
higher CEC value corresponds to an increased nutrient 
capacity in the soil for plant use [50]. The organic matter in 
the soil plays a crucial role in shaping soil structure and 
contributes to the rise in soil CEC, thereby enhancing soil 
fertility [51]. In some studies, goat manure acts as a soil 
ameliorant, where goat manure helps increase soil microbial 
activity, increase the concentration of nutrient bioavailability, 
and increase water holding capacity [52-55]. Consequently, 
soil treated with goat manure demonstrated an enhanced 
nutrient supply available for absorption by ketak roots, 
resulting in a remarkable 67.1% survival rate, the highest 
average tendril length of 40.3 cm, and the highest average leaf 
count of 11 pairs.  

Nutrients play a crucial role in supporting plant growth, and 
a plant thrives when all the necessary elements are present in 
a form suitable for absorption [56, 57]. Research [57-59] 
indicated that goat manure contains high levels of phosphorus 
(P) and potassium (K). These elements are essential for plant 
growth, aiding in metabolism, disease prevention, and yield 
enhancement, especially in addition to nitrogen (N) [59, 60]. 
Additionally, study [61] found that Lygodium mycrophyllum 
exhibits better leaf area, biomass, photosynthesis rate, and 
growth at pH levels of 5.5–6.5. Previous study [24] 
demonstrated that fertilizer treatments significantly increased 
the growth parameters of ketak seedlings. Furthermore, study 
[55] suggested that a combination of goat manure and 
chemical fertilizer is recommended for enhanced plant growth. 

 

 
 

Figure 3. Diagram of soil improvement by the addition of goat manure (CEC enhancement and nutrient release) 
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Figure 4. Diagram of the relationship between Gliricidia plants and Lygodium growth 
 
3.4 The effect of climbing trees on Ketak growth 
 

The use of various species of climbing trees significantly 
increased all parameters observed in the treatment (Table 5). 
Moreover, the growth of tendril length exhibited significant 
disparities between the kelicung climbing tree and other 
climbing trees, with the gamal climbing tree species 
demonstrating the highest growth at 34.3 cm (Table 5). 
Regarding the increase in tendrils, both the gamal and dadap 
climbing tree species had a significant effect compared to the 
bamboo and kelicung climbing trees, with the highest 
observed result attributed to the gamal climbing tree (1.6 
tendrils). Under the kelicung stand, the condition of the lush 
canopy and the age of the stand were more than 25 years, with 
a spacing of 3 m × 6 m, in which the canopy was relatively 
dense and thick (Table 5). 

Leguminosae species used as climbing trees in ketak 
cultivation can influence the abundance of Rhizobium bacteria 
in the soil. Gamal (Gliricidia sepium), as a member of the 
Leguminosae family, is capable of forming a mutualistic 
symbiosis with Rhizobium bacteria. Leguminous plants are 
unique in agricultural systems due to their ability to establish 
symbiotic relationships with soil bacteria collectively known 
as rhizobia [62]. The presence of Gamal plays a significant 
role in enhancing Rhizobium abundance. These bacteria infect 
plant roots, forming nodules that serve as sites for biological 
nitrogen fixation [63]. In leguminous climbing tree systems, 
soil conditions influence the density of microorganisms, 
including Rhizobium bacteria, and the amount of litter 
produced [64-66]. In addition, litter from legumes is of high 
quality due to its low C/N and C/P ratios [66]. High-quality 
litter increases soil microbial activity [67]. Microbial 
communities play an important biological and ecological role 
in improving soil quality and health [68]. For more details, the 
symbiosis model between gamal plants and ketak plants is 

shown in Figure 4. 
Rhizobium, the symbiosis bacteria of the Leguminosae, 

catch nitrogen from the air and convert it to ammonia, which 
is then converted to ammonium in an absorbable form for the 
plant (Figure 4(a)). This process is held in the root nodules [69, 
70]. Ammonium, the available nitrogen form, was transported 
from the root nodules to all parts of the Gliricidia trees (Figure 
4(b)). This ion was needed by plants to convert into the amino 
acid that is an important part of photosynthesis and growth 
[71]. Old Gliricidia leaves fall to the ground and become soil 
litter (Figure 4(c)). Because it has a lower C/N ratio, this litter 
decomposes easily and contains more nutrients. Lygodium 
planted around Gliricidia will absorb soil nutrients more 
quickly [72]. 
 
Table 5. Single effect of climbing tree species on the ketak’s 

growth parameter 
 

Climbing 
Tree 

Species 

Length of 
Tendrils  

Number 
of 

Tendrils 

Survival 
Rate 

Number 
of Leaves 

cm shoots % sheets 
Kelicung  5.81 a 0.1 a 22.94 a 0.2 a 

Dadap  30.83 b 0.8 a 56.35 b 7.9 b 
Bamboo  31.70 b 1.3 b 71.05 c 9.5 b 
Gamal 34.31 b 1.6 b 76.04 c 10.1 b 

Notes: The numbers followed by the same alphabet in the same column are 
not significantly different at Duncan's test rate of 5%. 

 
Climbing ferns such as ketak exhibit enhanced growth when 

positioned near appropriate climbing trees for support [24, 34]. 
According to study [35], the characteristics of suitable host 
tree species can support the growth of climbing plants such as 
Lygodium species. Dadap and Gamal belong to the 
Leguminosae family, renowned for their nitrogen-fixing 
abilities. However, the contribution of the dadap species to 
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ketak climbing tree support was not as significant as that of the 
gamal climbing tree. This discrepancy arises from the 
suboptimal adaptability of the dadap species at the research 
site, where more than 50% of the plants withered or showed 
weak growth. Similar findings were reported concerning the 
condition of climbing trees of gamal and dadap species in a 
ketak study involving uprooted seedlings at KHDTK Rarung, 
Central Lombok [24]. 

Gamal is a member of the Fabaceae family that is able to 
form a symbiosis with the bacteria Rhizobium. Rhizobia, root 
nodule bacteria, are nitrogen-fixing soil bacteria that can 
induce root nodules and/or stems on legume plants. It has been 
proven that planting leguminous plants can increase soil 
nutrition [73, 74], the growth of companion plants [11], and 
crop yields [75]. Rhizobia and the process of biological 
nitrogen fixation play a critical role in supporting the 
interaction between main crops and climbing trees. Through 
the process of root exudation and leaf decomposition, gamal 
roots and leaves stimulate the rhizosphere microbiome, 
including phosphate-solubilizing bacteria, nitrogen-fixing 
bacteria, and mycorrhizae, thereby increasing the availability 
of nutrients (macro and micro). These nutrients are absorbed 
by the ketak plants to enhance their growth [76]. Therefore, 
the use of Gamal as a climbing tree is recommended to support 
the sustainability of ketak cultivation and contribute to land 
rehabilitation efforts.  

Gamal belongs to the semi-deciduous plant category, 
contributing to soil organic matter through leaf litter 
decomposition, thereby enhancing CEC, rehabilitating soil P 
content, and nitrogen [57, 77-79]. As a living support plant, 
Gamal forms root nodules that engage in a mutually beneficial 
symbiosis with the supported vine [80, 81]. Research [61] 
showed that nitrogen concentration increases the growth of 
Lygodium. Gamal is planted using 1.5 m-2.0 m stem cuttings, 
simultaneously planted with ketak. This guarantees that as 
ketak grows, its tendrils have ready-to-attach branches to 
provide optimal support. Furthermore, the Gamal canopy's 
quick growth provides adequate climbing space while 
efficiently mitigating temperature increases from direct 
sunshine, boosting humidity levels surrounding the plant, and 
mimicking circumstances in its native habitat. Temperature 
and humidity play pivotal roles in plant growth, influencing 
the development of tendrils [33]. Therefore, for these reasons, 
ketak performed better growth in the gamal treatment as the 
supporting plants. The use of gamal (Gliricidia sepium) as a 
climbing tree for naturally regenerating ketak, without spore 
planting, gave the best results [24]. 

Development is inhibited in plant growth under kelicung 
stands, and some plants withered. This may be attributed to 
various active compounds within the Diospyros genus, 
including tannin, triterpenoids, and naphthoquinones [82]. 
Particularly in kelicung, each part contains tannin, notably in 
its fruit, which harbors condensed tannin and terpenoids [83-
85]. Tannin in leaf litter has been found to impede the 
composting process and hinder microbial activity in the soil 
[86]. Tannin present in the soil additionally retards the 
absorption of nutrients by plants. Naphthoquinone is an 
allelopathic chemical that is commonly present in higher 
plants [87, 88]. Naphthoquinone has been found to disrupt 
plant metabolism through enzyme inhibition, interference with 
metabolite transport and storage processes, and damage to 
plant cellular structures [89, 90]. Allelopathic compounds 
from kelicung, particularly naphthoquinones such as 
plumbagin, function as natural chemical weapons to inhibit 

nearby competitors. The mechanism involves disruption of the 
basic metabolism of other plants through oxidative stress and 
inhibition of key enzymatic pathways [91]. 

Furthermore, study [92] found that the triterpenoid content 
in A. scholaris plants influences the growth of surrounding 
vegetation by inhibiting radicle growth, seed germination, and 
the functioning of photosystem II. Thus, the presence of these 
active compounds in kelicung plants can impede the 
development of neighbouring vegetation. 

Other considerations for providing an optimal environment 
for ketak involve assessing light availability. Sunlight 
influences the position of chloroplasts, gathering them at both 
the nearest and furthest cell walls from the radiation source 
[93]. The average light intensity under kelicung stands is 1156 
lux, while gamal tree climbing species experience 377 lux. 
This significant difference may hinder the proper development 
of young shoots under kelicung stands due to the relatively 
poor and heavily shaded lighting. Conversely, light intensity 
has antagonistic interactions with auxin, as noted by studies 
[94, 95], in which the light could inhibit the auxin signaling in 
plants. 

Moreover, findings of study [96] in ketak indicate that shade 
treatment significantly affects the diameter growth of ketak, 
with light shade treatment being notably better than moderate 
shade treatment. Study [97] emphasized that diameter growth, 
influenced by photosynthesis, is sensitive to environmental 
conditions, particularly water source availability. Root 
responses to temperature variations impact water and mineral 
absorption. The correlation of light intensity received at the 
forest floor influences tree photosynthesis. Higher light 
intensity benefits root growth, enabling deeper water 
absorption and optimal photosynthesis. Optimal light intensity 
accelerates transpiration and stomata opening, influencing 
overall plant development [98]. Moreover, crown closure 
opening is crucial for regeneration success, with 87% light 
proving more effective than full light [99]. 

 
3.5 Implication for sustainable forest management 
 

As the world faces challenges such as biodiversity loss, 
climate change, and deforestation, integrating sustainable 
practices into environmental management is essential for the 
well-being of current and future generations [74, 100]. One 
often overlooked aspect of sustainable forest management is 
the role of specific plant species in maintaining ecosystem 
balance. Ferns, particularly Lygodium circinnatum 
(commonly known as ketak or paku ata), play an important 
role in this context. Although it may lack direct biological 
benefits, the understory fern ketak contributes significantly to 
the ecological integrity of tropical forests by covering the 
forest floor to minimize surface runoff, prevent erosion, and 
maintain soil health [15, 16]. Also referred to as the climbing 
fern, ketak is valued not only for its ecological functions but 
also for its economic significance [20]. It provides income for 
rural and marginalized communities [1, 2, 4] and serves as an 
economic buffer during times of hardship [3]. 

Sustainable forest management is crucial to addressing the 
increasing environmental challenges faced globally. In this 
context, striking a balance between environmental 
sustainability and economic viability is especially important 
when dealing with non-timber forest products. However, the 
natural availability of ketak is severely limited, making its 
cultivation essential for maintaining ecological balance and 
ensuring the long-term sustainability of this valuable resource. 
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By prioritizing the cultivation of ketak, both environmental 
conservation and local livelihoods can be supported, fostering 
a more sustainable future. The use of organic fertilizers and 
the selection of appropriate climbing tree species are essential 
to the successful domestication of ketak. Utilizing native 
vegetation is particularly important when cultivating climbing 
fern species, as it supports robust branch and canopy 
development. Additionally, the application of fertilizer 
enriches the soil with vital nutrients, enhancing fertility and 
overall plant health. Successful ketak cultivation is critical not 
only for its continued economic use but also for preserving 
wild populations of the species. Effective sustainable 
management practices ensure the conservation of natural 
resources, maintain biodiversity, and support the livelihoods 
of communities that depend on these ecosystems [101]. 
 
 
4. CONCLUSIONS 
 

The productivity of young plants will always increase if the 
site conditions and the environment support their development. 
Besides these factors, it is crucial to consider the technical 
availability of ready-to-plant seedlings for the success of a 
ketak plantation. These seedlings should meet specific criteria: 
a minimum height of 30 cm, at least 10 leaves, and 3 tendrils. 
When preparing ready-to-plant seedlings through spore 
propagation, attention must be given to the timing and duration 
between seed preparation and planting. This process typically 
takes over six months, from spore collection and propagation 
to seeding and planting. Therefore, to succeed in planting 
ketak in the field, it is recommended to prepare for the first 
year of nursery and carry out planting in the second year. In 
the cultivation of ketak (L. circinnatum) plantation, to increase 
the success and the area of the ketak plantation according to 
the needs in the field, it is necessary to research the 
propagation/breeding of spores related to the fulfillment of 
ready-to-plant seedlings. Spore propagation generally takes a 
long time (about 6 months), and spore germination is relatively 
low and susceptible to failure if there are disturbances related 
to temperature and humidity. 

The application of fertilizer and the selection of appropriate 
climbing tree species are crucial factors that significantly 
support the growth of ketak plants in the field. Specifically, 
using goat manure at a weight of 2 kg per plant, combined with 
the climbing tree gamal species (G. sepium), has shown a 
notable positive impact. This combination enhances the 
growth and success of young ketak plants more effectively 
than several other treatments. When selecting the type of 
manure and climbing tree species, it is essential to consider the 
availability of these materials at the intended planting site. The 
accessibility of these inputs ensures that the chosen materials 
can be used consistently and sustainably. For planting 
climbing fern species, it is important to use living plants or 
stems to ensure robust growth of branches and crowns. This 
healthy development is vital as it provides the necessary 
structural support for the ketak fern tendrils, allowing them to 
thrive. Moreover, the interaction between the manure and the 
climbing tree species is synergistic. Goat manure enriches the 
soil with essential nutrients, enhancing its fertility and 
promoting the overall health of the plants. Meanwhile, the 
gamal species, known for its rapid growth and sturdy structure, 
offers excellent support for the ketak fern tendrils. This 
support is crucial as it helps the ferns to climb and spread 
effectively, ensuring optimal light exposure and air circulation, 

which are critical for their growth. In conclusion, the 
successful cultivation of the ketak plant is crucial for ensuring 
the sustainability of the ketak fern. The ketak fern's ecological 
and economic significance can be preserved for future 
generations by ensuring its health and proliferation through 
optimising farming procedures. 
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NOMENCLATURE 
 
Yijk Observation value for the i-th fertilizer, j-th 

climber, and k-th replicate 
pH Soil acidity (dimensionless) 
CEC Cation exchange capacity (cmol/kg) 
ppm Parts per million 
cm Centimeter (unit of length) 
% Percentage (dimensionless) 
g Gram (unit of weight) 
kg Kilogram (unit of weight) 
 
Greek symbols 
 
μ Mean value 
αi Effect of i-th fertilizer treatment 
βj Effect of j-th climbing species treatment 
(αβ)ij Interaction effect of the i-th fertilizer 
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treatment and the j-th climbing tree species 
εijk Effect of error in the treatment of the i-th 

fertilizer, the j-th climbing tree on the k-th 
replication 

Subscripts 
i Fertilizer treatment 
j Climbing tree species 
k Replication number 
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