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Abstract. Aryanti E, Arumingtyas EL, Azrianingsih R, Arisoesilaningsih E. 2023. Phenotypic diversity of bamboo Schizostachyum lima 
(Blanco) Merr. population grown in several critical habitats on Lombok Island, Indonesia. Biodiversitas 24: 2788-2796. This study 
aims to analyze the phenotypic diversity among populations of Schizostachyum lima (Blanco) Merr. grown in several critical habitats on 
Lombok Island. Sampling was conducted to record clump growth and habitat properties of 38 sites grouped based on the clump density 
using PAST 4.11 and ArcGIS 10.8.2 software. Sampling was conducted to record clump growth and habitat properties of 38 sites 

grouped based on the clump density using PAST 4.11 and ArcGIS 10.8.2 software. The results showed that habitat 1 was the most 
critical land and had the lowest fertility, but it provided a qualified bamboo as a raw material for the artisanal straw industry. The results 
showed that habitat 1 was the most critical land and had the lowest fertility, but it provided a qualified bamboo as a raw material for the 
artisanal straw industry. Bamboo density reached 46 culms per clump and had the smallest culms diameter of 13 mm. Bamboo density 
reached 46 culms per clump and had the smallest culms diameter of 13 mm. The soil comprised 90% sand, with SOC 0.9 g.kg-1, total N 
0.08 g.kg-1, and CEC 8.3 me.100 g-1. The soil comprised 90% sand, with SOC 0.9 g.kg-1, total N 0.08 g.kg-1, and CEC 8.3 me.100 g-1. 
Meanwhile, habitat 6 and habitat 7 were lesser critical, consisted of 66% of sand, showed the best soil fertility, and mean SOC 4.98 g.kg-

1, total N 0.30 g.kg-1, CEC 27.23 me.100 g-1, density 151 culms, and biggest culms diameter 33 mm. Meanwhile, habitat 6 and habitat 7 

were lesser critical, consisted of 66% of sand, showed the best soil fertility, and mean SOC 4.98 g.kg-1, total N 0.30 g.kg-1, CEC 27.23 
me.100 g-1, density 151 culms per clump, and biggest culms diameter 33 mm. The other habitats varied in soil quality and bamboo 
growth properties. It was revealed that the high culms density, diameter, height, and internodal length were significantly increased in the 
high soil CEC, SOC, and total N. Furthermore, the SOC and total N content significantly correlated with the wall thickness. 

Keywords: Critical habitat, growth, Lombok Island, Schizostachyum lima 

INTRODUCTION 

Bamboo can grow optimally in soils with sandy loam 

and clay loam textures, open areas, good irrigation, and flat 

topography to moderate slopes (Durai and Long 2019). 

Bamboo can grow optimally in soils with sandy loam and 

clay loam textures, open areas, good irrigation, and flat 

topography to moderate slopes (Durai and Long 2019). 
However, bamboo is also found in dry and humid areas, 

rocky areas, and critical land (Mishra et al. 2014). 

However, bamboo is also found in dry and humid areas, 

rocky areas, and critical land (Mishra et al. 2014). Critical 

land has a low content of organic matter, nitrogen, and 

other elements. Therefore, critical land is considered 

unproductive and barren (Ivanina 2017). Previous studies 

show that improper tillage or land use is the most probable 

reason for the increasing number of critical lands yearly. 

Previous studies show that improper tillage or land use is 

the most probable reason for the increasing number of 
critical lands yearly. In Lombok Island, Indonesia, the 

number of critical lands in 2018 was 17,035 ha. This 

number increased to 35,736.84 ha in 2020 (Environment 

and Forestry Service of West Nusa Tenggara Province 

2021). The increasing critical land becomes a big problem 

for land use and farming. However, several plants can 

adapt well to certain land conditions. However, several 

plants can adapt well to certain land conditions. 

Biologically, each plant can overcome environmental 
matter by modifying the morphological characteristics, 

physiology, and biochemical processes known as 

phenotypic plasticity. Phenotypic plasticity helps the plant 

to grow normally with habitat changes; it is also important 

in dealing with exotic species invasion. Phenotypic 

plasticity helps the plant to grow normally with habitat 

changes; it is also important in dealing with exotic species 

invasion. Apart from being influenced by genetic material, 

the morphological characteristics of most plants may also 

vary due to environmental factors such as temperature, 

humidity level, nutrients, and others (Laitinen et al. 2019). 
Apart from being influenced by genetic material, the 

morphological characteristics of most plants may also vary 

due to environmental factors such as temperature, humidity 
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level, nutrients, and others (Laitinen et al. 2019). 

Bamboo has a high adaptability level making it grow in 

various habitats. Bamboo has a high adaptability level, 

making it grow in various habitats. These characteristics 

have many benefits for bamboo usage for many purposes. 

These characteristics have many benefits for bamboo usage 

for many purposes. As explained above, bamboo can 

support cultivated plants, ropes, flutes, shortness of breath 

medicine, and house walls (Sinyo et al. 2017). Bamboo is 

also used to reduce plastic usage in life, such as a raw 
material for environmentally friendly straws. However, not 

all types of bamboo can be used for straw materials. 

Therefore, it is important to consider bamboo's diameter 

and thickness for straw materials. Therefore, it is important 

to consider bamboo's diameter and thickness for straw 

materials. 

Schizostachyum lima (Blanco) Merr. is a bamboo 

species with a small diameter and thin wall thickness. For 

these reasons, S. lima can be used as raw straw material. A 

preliminary study indicates that S. lima is also found on 

Lombok Island, Indonesia. A preliminary study indicates 
that S. lima is also found on Lombok Island, Indonesia. 

This bamboo grows on unproductive lands, such as 

unmanaged yards around houses or abandoned land 

categorized as critical lands (Ivanina 2017). In Indonesia, 

such as on Lombok Island, S. lima is easily found at an 

altitude of 500 m asl (Damayanto et al. 2020). In Lombok 

Island, this species is generally used as raw material for 

eco-friendly straws and exported to many countries in Asia, 

Europe, Australia, and Africa (Aryanti et al. 2021). 

According to the explanation above, S. lima bamboo 

grows on some critical lands in Lombok Island and is 
currently used as raw material for the straw industry. 

However, limited information about the relationship 

between critical land characteristics and population growth 

is shown by its phenotypic diversity. However, limited 

information about the relationship between critical land 

characteristics and population growth is shown by its 

phenotypic diversity. Thus, this study aims to analyze the 

relationship between the phenotypic diversity of the 

population of S. lima, which grows in several critical lands 

on Lombok Island. Thus, this study aims to analyze the 

relationship between the phenotypic diversity of the 

population of S. lima, which grows in several critical lands 

on Lombok Island. Furthermore, this study will be useful 

for determining the habitat preferences of S. lima 

populations and further support the bamboo-based straw 

industry. Furthermore, this study will be useful for 
determining the habitat preferences of S. lima populations 

and further support the bamboo-based straw industry. 

MATERIALS AND METHODS  

Sampling procedures 

Sampling was conducted in 38 sites in four districts of 

Lombok Island, West Nusa Tenggara Province, Indonesia 

(Figure 1). These areas were selected based on the 

preliminary data from the literature and the community. 

This fieldwork recorded several parameters, such as 

coordinates, altitude (m asl), culm height (m), diameter 

(mm), intermodal length (cm), wall thickness (mm), clump 
density (culms per clump), number of old culms, number of 

young culms, and number of shoots of each clump. 

Soil sampling 

Soil rings were used to get the soil samples in-depth 0 

to 20 cm, measured from the surface around the clumps. 

Soil rings were used to get the soil samples in-depth 0 to 20 

cm, measured from the surface around the clumps. The soil 

samples of 500 g were analyzed in the West Nusa Tenggara 

Agricultural Technology Assessment Center (BPTP). The 

tested physical and chemical properties were: soil texture, 

pH, soil organic carbon (SOC), total N, and cation 
exchange capacity (CEC). 

 

 
 
Figure 1. Sampling sites of S. lima distribution on Lombok Island, West Nusa Tenggara Province, Indonesia 
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Table 1. Schizostachyum lima population grouping based on 
clump density  

 

Habitat group Clump density (culms per clump) 

Habitat 1 <50 
Habitat 2 51-90 
Habitat 3 91-105 
Habitat 4 106-125 

Habitat 5 126-140 
Habitat 6 141-150 
Habitat 7 >150 

 

Statistical analysis 

The sampling data were classified into seven groups 

based on the clump density (Table 1). The bamboo 

ecological character data and population growth were 

analyzed using univariate descriptive statistics, regression 

analysis, and biplot analysis (PAST Software, version 
4.11). An ArcGIS Desktop (version 10.8.2) was used to 

analyze the distribution profile of the S. lima population 

and the soil texture of the habitat on Lombok Island. An 

ArcGIS Desktop (version 10.8.2) was used to analyze the 

distribution profile of the S. lima population and the soil 

texture of the habitat on Lombok Island, Indonesia. 

RESULTS AND DISCUSSION 

Spatial variation of abiotic factors of S. lima 

populations habitat 

The soil texture of the habitat of the S. lima population 

found on Lombok Island is sandy, loamy sand, sandy loam, 

and loam. The soil texture of the habitat of the S. lima 
population found on Lombok Island is sandy, loamy sand, 

sandy loam, and loam. The soil texture of habitat-1 was 

sandy; in contrast, habitat-3, habitat-4, and habitat-5 

showed loamy texture, sandy loam, and loamy sand (Figure 

2.A). Besides, habitat-2 soil had sand, loam, sandy loam, 

and loamy sand texture. On the other side, habitat-6 and 

habitat-7 showed a loam-sandy loam texture and a loamy 

sand texture, respectively. In addition, the sampling sites 

varied in soil fraction (Figure 2.B). In line with this, the 

sand, silt, and clay fractions might affect the formed soil 

texture. In line with this, the sand, silt, and clay fractions 
might affect the formed soil texture. The highest fraction of 

sand in habitat-1 was 90%, while the other habitats ranged 

from 52 to 75%. Habitat-1 had the lowest fractions of silt 

and clay than other habitats, 10%, and 0%, respectively. 

Habitat-1 had the lowest fractions of silt and clay than 

other habitats, 10%, and 0%, respectively. The clay fraction 

from habitat-2 to 7 ranged from 16 to 35%, with 5% to 

12%. The clay fraction from habitat-2 to 7 ranged from 16 

to 35%, with 5% to 12%. However, all habitats' sand 

fraction was relatively higher than the silt and clay. 

However, all habitats' sand fraction was relatively higher 
than the silt and clay. 

Figure 3 shows a spatial variation of the soil properties 

in all habitats. Figure 3 shows a spatial variation of the soil 

properties in all habitats. The highest SOC and total N 

contents were found in habitat-7: 5.7 g.kg-1 and 0.43 g.kg-1. 

Meanwhile, the lowest SOC and total N contents were 

found in habitat-1 and habitat-2, respectively, 0.9 g.kg-1 

and 0.06 g.kg-1. The highest CEC was recorded in habitat-

6, reaching 29.5 me.100 g-1. Interestingly, the lowest CEC 

in habitat-1 was only 8.3 me.100 g-1. The pH values in all 

habitats were classified as slightly acidic ranging from 6.1 

to 6.6. 

Spatial variations of S. lima population growth  

The S. lima population was found in 38 sites spread 

across four districts on Lombok Island from an altitude of 
60 m asl to 566 m asl. According to the observation, the 

bamboo populations were generally found in home gardens, 

bamboo plantations, rivers, paddy fields, shrubs, dry land, 

hills, and secondary forests (Table 2). Based on the local 

people's information, bamboo usually grows in critical 

lands, including unproductive, under-utilized, and abandoned 

lands. Based on the local people's information, bamboo 

usually grows in critical lands, including unproductive, 

under-utilized, and abandoned lands. 

The lowest clump density was found in habitat-1 and 

only 46 culms per clump at Sanggar Sari 3. In contrast, 
habitat-7 had the highest clump density (161 culms per 

clump). Old and young culms were highly found at habitat-

7 and habitat-5, respectively. There was no different density 

of bamboo shoots in all habitats, with approximately 1 to 5 

shoots in each habitat (Figure 4).  

The data showed a spatial variation of bamboo's culm 

height-diameter, internodal length, and thickness (Figure 

5). The culm height varied from 4 m to 10 m, and internode 

lengths ranged from 64 to 95 cm. The average diameters 

were also variable, ranging from 13 mm to 36 mm. 

Regarding the wall thickness, habitats 1-5 had similar 
thicknesses, around 0.2 mm. Interestingly, bamboo grown 

in habitats-6 and -7 had thicker walls that reached 0.3 mm. 

Interestingly, bamboo grown in habitats-6 and-7 had 

thicker walls that reached 0.3 mm. 

A regression analysis identified the relation between 

SOC and total N on the culm height, diameter, and wall 

thickness. A regression analysis identified the relation 

between SOC and total N on the culm height, diameter, and 

wall thickness. This analysis showed that increases in soil 

SOC and total N significantly increased the culm height, 

diameter, and wall thickness. This analysis showed that 

increases in soil SOC and total N significantly increased 
the culm height, diameter, and wall thickness. Besides, the 

CEC content also significantly increased the number of 

culms per clump (Figure 6). 

According to the biplot analysis, the observed habitat 

groups were classified into three clusters regarding the 

similarity of bamboo growth and habitat characteristics 

(Figure 7). The first cluster belongs to habitats-1 and -2 

with a high sand fraction and a low clay and silt fractions, 

culm height, culms density, and soil CEC. The first cluster 

belongs to habitats-1 and -2 with a high sand fraction and a 

low clay and silt fractions, culm height, culms density, and 
soil CEC. The second cluster consisted of habitat-3, 

habitat-4, and habitat-5, showing a high density of young 

culm and a low culm diameter, mature culm density, wall 

thickness, SOC, and total N.  The second cluster consisted 
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of habitat-3, habitat-4, and habitat-5, showing a high 

density of young culm and a low culm diameter, mature 

culm density, wall thickness, SOC, and total N. Finally, the 

third cluster corresponds to habitats -6 and -7 where the 

high culm height, diameter, wall thickness, culm density, 

mature culms, and a high value of all environmental 

parameters except the sand fraction. Finally, the third 

cluster corresponds to habitats-6 and -7, where the high 

culm height, diameter, wall thickness, culm density, mature 

culms, and a high value of all environmental parameters 

except the sand fraction. 

 

 
Table 2. Schizostachyum lima, population habitat grouping, based on clump density (culms per clump) 
 
Habitat 
groups 

Sampling sites Coordinates Main land use Category habitats 
Altitude 
(m asl.) 

Clump 
density 

1 Sanggar Sari 3 8°24’18.7”S, 116°07’45.9”E Bamboo plantations Unproductive land 116 46 
2 Lendang Dode 8°62’70.7”S, 116°29’32.8”E Home garden Under-utilized land 330 82 
 Kangas Lauk 2 8°47’34.7”S, 116°10’39.6”E Home garden Under-utilized land 108 83 
 Sanggar Sari 2 8°24’18.7”S, 116°07’45.9”E Bamboo plantations Unproductive land 119 80 
 Tunak 8°50’58.1”S, 116°17’14.9”E Paddy field Productive land 170 80 
 Sedayu 8°37’40.1”S, 116°09’58.4”E Dryland Abandoned land 87 80 
 Malimbu 2 8°26’22.4”S, 116°02’35.0”E Hill near the beach Unproductive land 60 75 
 Lantan 8°32’39.6”S, 116°19’36.9”E Hill near paddy field Abandoned land 538 75 
 Sanggar Sari 1 8°24’18.7”S, 116°07’45.9”E River Productive land 106 73 

3 Pampang 2 8°48’03.6”S, 116°10’34.8”E Bamboo plantations Unproductive land 137 102 
 Kangas Lauk 1 8°47’44.8”S, 116°10’40.1”E Bamboo plantations Unproductive land 123 104 
 Karang Sidemen 2 8°34’00.1”S, 116°18’06.7”E Home garden Under-utilized land 407 93 
 Narmada 8°35’36.4”S, 116°12’32.7”E Home garden Under-utilized land 129 90 
 Presak Bat 8°36’39.6”S, 116°23’38.9”E Home garden Under-utilized land 408 95 
 Tojak 8°38’14.3”S, 116°17’43.3”E Bamboo plantations Unproductive land 322 96 
 Batu Jangkih 8°48’52.1”S, 116°09’30.8”E Dryland Abandoned land 284 96 
 Montong Terep 8°38’43.1”S, 116°17’43.3”E Bamboo plantations Unproductive land 302 98 

4 Panggongan 8°48’30.6”S, 116°11’53.3”E River, paddy field Productive land 139 122 
 Jurit 8°36’18.8”S, 116°21’49.3”E Bamboo plantations Unproductive land 399 119 
 Bebante 1 8°37’13.7”S, 116°17’58.9”E Dryland Abandoned land 384 115 
 Lendang Kondak 2 8°40’44.6”S, 116°18’04.0”E Home garden Under-utilized land 255 115 
 Kending Sampi 1 8°48’19.7”S, 116°10’58.6”E Home garden Under-utilized land 116 112 
 Pampang 1 8°48’03.0”S, 116°07’45.1”E Home garden Under-utilized land 129 111 
 Bebante 2 8°37’09.1”S, 116°17’50.8”E Bamboo plantations Unproductive land 379 109 

5 Lando 1 8°48’18.0”S, 116°10’58.7”E Home garden Under-utilized land 491 132 
 Kending Sampi 2 8°48’18.0”S, 116°10’58.7”E Home garden Under-utilized land 125 132 
 Sape 8°37’57.8”S, 116°19’31.3”E Home garden Under-utilized land 363 130 
 Lando 2 8°36’02.4”S, 116°23’17.4”E Shurbs and dry land Unproductive land 409 130 
 Karang Lebah 8°36’47.2”S, 116°21’56.8”E Home garden Under-utilized land 345 128 
 Gunung Sasak 1 8°41’01.4”S, 116°07’57.8”E Home garden Under-utilized land 72 128 
 Gunung Ise 8°37’51.2”S, 116°17’55.9”E Bamboo plantations Unproductive land 347 128 
 Beson 8°40’16.4”S, 116°22’48.3”E Bamboo plantations Unproductive land 369 136 
 Malimbu 1 8°26’25.5”S, 116°02’37.7”E Hill near the beach Unproductive land 60 134 

6 Lendang Tampel 8°36’56.9”S, 116°17’01.0”E Paddy field Productive land 294 144 
 Gunung Sasak 2 8°41’01.4”S, 116°07’58.1”E Hill near settlement Unproductive land 70 143 
 Lendang Kondak 1 8°40’44.6”S, 116°18’04.0”E River Productive land 251 146 

7 Karang Sidemen 3 8°31’51.3”S, 116°18’41.6”E Secondary forest Productive land 564 157 
 Karang Sidemen 1 8°31’56.7”S, 116°18’55.3”E Secondary forest Productive land 554 165 

 
 

   
A B 

 
Figure 2. Spatial variation of soil texture. A. Soil texture distribution, B. Spatial variations of soil fraction  



 BIODIVERSITAS 24 (5): 2788-2796, May 2023 

 

2792 

According to the straw home industry, four sizes of 

bamboo straws are preferred by consumers and have been 

exported to several countries. According to the straw home 

industry, four sizes of bamboo straws are preferred by 

consumers and have been exported to several countries. 

These straws have different diameter classifications: thin, 

medium, large, and extra large (Figure 8). The most fitted 

diameter of bamboo culms grown in habitat-1 were thin, 

small, and large diameters; the S. lima-based straws for 

those three categories were produced from habitat-1. The 
most fitted diameter of bamboo culms grown in habitat-1 

were thin, small, and large diameters; the S. lima-based 

straws for those three categories were produced from 

habitat-1. Bamboo grown in habitat-2 had medium, large, 

and extra-large straw sizes. Large and extra-large straw 

sizes were also provided by habitat-3. Habitat-6 and 

habitat-7 did not provide any bamboo straw classification 

(Table 3). Bamboo grown in habitat-2 had medium, large, 

and extra-large straw sizes. Large and extra-large straw sizes 

were also provided by habitat-3. Habitat-6 and habitat-7 

did not provide any bamboo straw classification (Table 3). 
 
 
Table 3. Various sizes of straws provided by some bamboo clumps 

diameters 
 

Habitat 

groups 

Culms 

diameter 

(mm) 

Variation of bamboo straws size (mm) 

Thin 

(5 to10) 

Medium 

(11 to 15) 

Large 

(16 to 20) 

Extra 

large 

(21 to 25) 

1 13.01±6.09 √ √ √ - 
2 20.22±6.33 - √ √ √ 
3 23.29±3.24 - - √ √ 
4 22.87±2.06 - - - √ 
5 23.23±1.79 - - - √ 
6 35.56±2.98 - - - - 
7 30.03±1.41 - - - - 

Note: Values indicate mean ±SD, -: not meet the standard),√: meet 

the standard 

 

  
A B 

  
B D 

Figure 3. Variation of soil properties of Schizostachyum lima habitat. A. SOC, B. Total N, C. CEC, D. pH  
 

 
A B 

Figure 4. Spatial variation of Schizostachyum lima population. A. Distribution, B. Clump density (culms per clump) 
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A B 

  
C D 

 
Figure 5. Variation of culm growth in populations of Schizostachyum lima. A. Height (m), B. Diameter (mm), C. Internodal length 
(cm), D. Wall thickness (mm) 
 

 

  
A B 

  
C D 

 

Figure 6. Significant relationships between growth and soil properties. A. Culm height with SOC, B. Culm diameter with SOC, C. Wall 
thickness with total N, D. Culm density with CEC 
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Figure 7. Interaction between habitat properties and growth of Schizostachyum lima 
 
 

 
A B C D 

Figure 8. Various sizes of bamboo straws of Schizostachyum 

lima. A. thin (5-10 mm), B. Medium (11-15 mm), C. Large (16-
20 mm), D. Extra-large (21-25 mm). Scale bar: 2 cm 
 
 

Discussion 

The habitat conditions strongly influenced the 

population growth of S. lima. As confirmed by previous 

studies, the limiting factors for bamboo growth were 

altitude, climate, and soil type (Fitmawati et al. 2021). This 

study revealed that the S. lima populations in Lombok 
Island were found in 107 m asl to 456 m asl (Table 1). A 

previous study also supported these results, where S. lima 

was found at an altitude of 500 m asl in Central Lombok 

(Damayanto et al. 2020). A previous study also supported 

these results, where S. lima was found at an altitude of 500 

m asl in Central Lombok (Damayanto et al. 2020). 

Furthermore, the population of S. lima on this island grew 

in the specific soil pH values from 6.23 to 6.53 (Figure 3), 

while the bamboo population grown in Gunung Baung 

Nature Park, Pasuruan, grew in pH 5.6 to 6.5 (Sofiah et al. 

2018). Furthermore, the population of S. lima on this island 

grew in the specific soil pH values from 6.23 to 6.53 
(Figure 3), while the bamboo population grown in Gunung 

Baung Nature Park, Pasuruan, grew in pH 5.6 to 6.5 

(Sofiah et al. 2018). These data indicated that S. lima 

bamboo populations grew well in slightly acidic soil. 

However, some studies reported that bamboo could adapt 

well to non-optimum or harsh soil by modifying its 

morphological, physiological, or biochemical properties. 

However, some studies reported that bamboo could adapt 

well to non-optimum or harsh soil by modifying its 

morphological, physiological, or biochemical properties. 

These growth variations or phenotypic variability included 

culm height, diameter size, internodal length, and wall 

thickness (Gratani 2014; Granata et al. 2020; Zhang et al. 2022). 
Three growth variations were found in Lombok Island's 

S. lima population: poor, good, and very good. Three 

growth variations were found in Lombok Island's S. lima 

population: poor, good, and very good. The population 

growth of S. lima in habitats-1 and -2 was categorized as 

poor due to the lowest growth parameters. The soil 

properties of these two habitats were categorized as poor 

based on the soil quality standards by the Indonesian Soil 

Research Center (2009), the SOC content ranged from 0.9-

1.8 g.kg-1, and total N ranged from 0.06-0.08 g.kg-1. The 

population growth of S. lima in habitats -1 and -2 was 
categorized as poor due to the lowest growth parameters. 

The soil properties of these two habitats were categorized 

as poor based on the soil quality standards by the 

Indonesian Soil Research Center (2009), the SOC content 

ranged from 0.9-1.8 g.kg-1, and total N ranged from 0.06-

0.08 g.kg-1. Meanwhile, the SOC and total N content in 

habitats -6 and -7 were relatively higher than in other 

habitats (ranging from 4.5-5.7 g.kg-1 and 0.22-0.43 g.kg-1, 

respectively, Figure 5). Meanwhile, the SOC and total N 

content in habitats -7 and -6 were relatively higher than in 

other habitats (ranging from 4.5-5.7 g.kg-1 and 0.22-0.43 

g.kg-1, respectively, Figure 5). As stated in a previous 
study, organic SOC and total N content are essential 

nutrients in the soil for plant development and growth 

(Heuermann et al. 2021). The statistical regression analysis 

showed significant correlation between growth parameters, 

SOC, and total N content (Figure 6). The statistical 

regression analysis showed significant correlation between 

growth parameters, SOC, and total N content (Figure 6). 

The SOC determined soil quality, especially nutrient 

reserves and fertility (Gerke 2022). 

In addition, nitrogen is a macronutrient for growth, 

categorized as an essential plant substance (Leghari et al. 
2016). In addition, nitrogen is a macronutrient for growth, 
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categorized as an essential plant substance (Leghari et al. 

2016). Nitrogen is needed in most plants' metabolic and 

physiological processes more than other important nutrients 

(Kishorekumar et al. 2020). Nitrogen is needed for most 

plants' metabolic and physiological processes more than 

other important nutrients (Kishorekumar et al. 2020). As 

studied before, the different nitrogen levels correlated to 

the population of bamboo shoots and leaves of 

Dendrocalamus latiflorus Munro (Lili et al. 2021). As 

studied before, the different nitrogen levels correlated to 
the population of bamboo shoots and leaves of 

Dendrocalamus latiflorus Munro (Lili et al. 2021). 

Moreover, using nitrogen fertilizer on Bambusa bambos L. 

influenced the height, the number of culms, diameter, and 

growth rate of new culms daily (Waseem et al. 2019). 

Moreover, using nitrogen fertilizer on Bambusa bambos L. 

influenced the height, the number of culms, diameter, and 

growth rate of new culms daily (Waseem et al. 2019). 

Besides, SOC and total N content, and CEC also played an 

important role in plant growth and development. As 

previously studied, the CEC is an important soil property of 
fertility due to its ability to prevent nutrient loss from 

leaching (Zhao 2016). Therefore, a higher CEC value may 

provide more nutrients than a lower one (Räty et al. 2021). 

Therefore, a higher CEC value may provide more nutrients 

than a lower one (Räty et al. 2021). The CEC value found 

in all habitats was 8.3 to 29.5 me.100 g-1 and categorized as 

low to medium levels (Soil Research Center 2009). Then, 

the regression analysis showed that increasing CEC 

significantly increased the culm density (Figure 6). The 

CEC value was closely related to the soil fraction and pH 

(Tomašić et al. 2013). However, the soil CEC did not 
correlate with pH in this study due to no pH variation in all 

habitats. However, the soil CEC did not correlate with pH 

in this study due to no pH variation in all habitats. A 

previous study in Vojvodina, Serbia, indicated that CEC 

depended on the clay fraction and humic organic matter 

(Nešić et al. 2015). A previous study in Vojvodina, Serbia, 

indicated that CEC depended on the clay fraction and 

humic organic matter (Nešić et al. 2015). Another study 

also supported this result, where CEC showed a positive 

correlation with clay, silt, and organic matter but had a 

negative correlation with sand (Yunan et al. 2018). 

Biplot analysis showed that the high sand fraction was 
the main character of cluster 1 (habitat-1 and habitat-2). 

This sand fraction was negatively correlated with the clay 

and silt fractions, culm height, culms density, and CEC 

(Figure 7. This sand fraction was negatively correlated with 

the clay and silt fractions, culm height, culms density, and 

CEC (Figure 7). The sand fraction in cluster 1 reached 

90%, while the other habitats ranged from 52% to 75%. 

The sand fraction in cluster 1 reached 90%, while the other 

habitats ranged from 52% to 75%. Sandy soil has low 

water and nutrient content and weak particle binding 

capacity (Tsozué et al. 2016). Sandy soil has low water and 
nutrient content and weak particle binding capacity 

(Tsozué et al. 2016). A previous study confirmed that 

sandy soil is unsuitable for growing bamboo due to its high 

permeability (Durai and Long 2019) and nutrients leaching 

from the topsoil layer (Huang and Hartemink 2020). 

In contrast, cluster 3, consisting of habitats-6 and -7, 

was found to have a high value for almost all soil parameters 

except sand fraction. In contrast, cluster 3, consisting of 

habitats-6 and -7, was found to have a high value for 

almost all soil parameters except sand fraction. The high 

CEC, SOC, and total N content promoted good growth 

parameters except for young culm. The high CEC, SOC, 

and total N content promoted good growth parameters 

except for young culm. It was revealed that a culm larger 

than 30 to 36 mm in diameter might prevent bamboo 
harvest in cluster 3 habitats. It was revealed that a culm 

larger than 30 to 36 mm in diameter might prevent bamboo 

harvest in cluster 3 habitats. Consequently, these habitats 

had a higher old culm density and litter biomass for better 

soil fertility, as shown by the high SOC, total-N, and CEC 

content. Consequently, these habitats had a higher old culm 

density and litter biomass for better soil fertility, as shown 

by the high SOC, total-N, and CEC content. This SOC 

increased the age of old clump density (Nath et al. 2015). 

The decomposition and nutrient release from bamboo in the 

Northeast India traditional agroforestry system increased 
the SOC and total N content. Hence, it might improve the 

soil microenvironment (Nath and Das 2011).  

The soil textures in cluster 3 were loam, sandy loam, 

and loamy sand. The clay soils have greater total pore 

space than sandy soil (Firoozi et al. 2016). Besides, sandy 

loam and clay soils had a medium soil texture (Jaja 2016). 

Soil texture influences water content, nutrient availability, 

and retention (Silver et al. 2000). Generally, good soils 

have a fine and medium texture that makes it easier to bind 

nutrients, and water content and supply the available 

nutrients. Generally, good soils have a fine and medium 
texture that makes it easier to bind nutrients and water 

content and supply the available nutrients. This study 

recorded two soil classes, such as medium and coarse 

textures. This study recorded two soil classes, such as 

medium and coarse textures. The medium texture includes 

loam and sandy loam, while the coarse texture consists of 

sand and loamy sand (Jaja 2016). 

Meanwhile, bamboo growth in cluster 2 was found in 

habitats -3, -4 and -5 and is considered a good category. 

Meanwhile, bamboo growth in cluster 2 was found in habitats 

-3, -4, and -5 and is considered a good category. The average 

culm height of this population was 8 to 9 m, with a 
diameter ranging from 22 to 23 mm. The soil textures were 

loam, sandy loam, and loamy sand; the SOC varied from 

1.8 to 2.4 g.kg-1, while the total N content varied from 0.06 

to 0.13 g.kg-1. The soil textures were loam, sandy loam, 

and loamy sand; the SOC varied from 1.8 to 2.4 g.kg-1, 

while the total N content varied from 0.06 to 0.13 g.kg-1. 

Although the culm diameter in clusters 1 and 2, including 

habitat-1 to habitat-5 ranged from 13 to 24 mm, it met the 

standard for medium to extralarge straw. Although the 

culm diameter in clusters 1 and 2, including habitat-1 to 

habitat-5 ranged from 13 to 24 mm, it met the standard for 
medium to extralarge straw. In contrast, the bamboo 

population in cluster 3, including habitat-6 and habitat-7 

had higher diameters reaching 30 mm to 36 mm, and did 

not meet the straw standard (Table 3). In contrast, the 

bamboo population in cluster 3, including habitat-6 and 
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habitat-7 had higher diameters reaching 30 mm to 36 mm, 

and did not meet the straw standard (Table 3). 

Spatial variations in SOC, total N, CEC, and soil texture 

greatly influenced the growth of S. lima populations, shown 

by phenotypic variability in height, diameter, intermodal 

length, wall thickness, and clump density. The habitat 

properties of clusters 1 and 2 had low SOC, total N content, 

and CEC but a high sand fraction. These properties 

promoted low growth parameter levels, including bamboo 

height, diameter size, intermodal length, and wall thickness. 
These properties promoted low growth parameter levels, 

including bamboo height, diameter size, intermodal length, 

and wall thickness. Hence, clusters 1 and 2 should be used 

as the referenced habitats for the S. lima population, which 

provided a high qualification of straw industry materials. 

Hence, clusters 1 and 2 should be used as the referenced 

habitats for the S. lima population, which provided a high 

qualification of straw industry materials. Besides, a better 

bamboo growth of cluster 3, mostly grown in the less 

critical land, had a higher SOC, total N, and CEC content, 

but a low sand fraction. Besides, a better bamboo growth of 
cluster 3, mostly grown in the less critical land, had a higher 

SOC, total N, and CEC content but a low sand fraction.  

ACKNOWLEDGEMENTS 

All authors acknowledged the funding support of 

Doctoral Research Grants from 2021 to 2022 of the Faculty 

of Mathematics and Natural Sciences, Universitas 

Mataram, Indonesia. In addition, the authors thank the 

Insan Mandiri Women Farmers Group, Karang Sidemen 

Village, Central Lombok, and the Gumi Bamboo Team for 

their kind hands in data collection. The authors also thank 

Dr. Serafinah Indriyani, for her advice and input during the 
research. Thank you to laboratory assistants, students, and 

other parties who cannot be mentioned individually in the 

Faculty of Mathematics and Natural Sciences, Universitas 

Mataram, and Department of Biology, Faculty of Mathematics 

and Natural Sciences, Universitas Brawijaya as well. 

REFERENCES  

Aryanti E, Indriyani S, Arisoesilaningsih E, Azrianingsih R. 2021. The 

morphological character variation analysis of Schizostachyum lima 

(Blanco) Merr in Central Lombok Regency. IOP Conf Ser Earth 

Environ Sci 886: 012054. DOI: 10.1088/1755-1315/886/1/012054.  

Damayanto IPGP, Rustiami H, Miftahudin, Chikmawati T. 2020. A 

synopsis of Bambusoideae (Poaceae) in Lombok, Indonesia. 

Biodiversitas 21 (10): 4489-4500. DOI: 10.13057/biodiv/d211004. 

Durai J, Long TT. 2019. Manual for Sustainable Management of Clumping 

Bamboo Forest the International Bamboo and Rattan Organisation. 

INBAR, Beijing. 

Environment and Forestry Service of Nusa Tenggara Province West. 

2021. https://data.ntbprov.go.id/dataset/data-lahan-kritis-provinsi-ntb. 

[Indonesian] 

Firoozi AA, Firoozi AA, Baghini MS. 2016. A review of clayey soils. 

Asian J Appl Sci 4 (6): 1319-1330. 

Fitmawati, Ikhsan M, Kurniawan H, Yundika Z, Wahyuda B, Pranata S, 

Kholifah SN, Sofiyanti N, Wahibah NN, Khairijon, Adnan A. 2021. 

Species diversity and environmental effects on bamboo (Bambusoideae) in 

estuaries along the East Coast of Sumatra. Sabrao J Breed Genet 53 

(3): 403-416. 

Gerke J. 2022. The central role of soil organic matter in soil fertility and 

carbon storage. Soil Syst 6 (2): 33. DOI: 10.3390/soilsystems6020033. 

Granata MU, Bracco F, Catoni R. 2020. Phenotypic plasticity of two invasive 

alien plant species inside a deciduous forest in a strict nature reserve 

in Italy. J Sustain For 39 (4): 346-364. DOI: 10.1080/10549811.2019.1670678. 

Gratani L. 2014. Plant phenotypic plasticity in response to environmental 

factors. Adv Bot 2014: 208747. DOI: 10.1155/2014/208747. 

Heuermann D, Hahn H, von Wirén N. 2021. Seed yield and nitrogen 

efficiency in oilseed rape after ammonium nitrate or urea fertilization. 

Front Plant Sci 11: 608785. DOI: 10.3389/fpls.2020.608785. 

Huang J, Hartemink AE. 2020. Soil and environmental issues in sandy 

soils. Earth Sci Rev 208: 103295. DOI: 10.1016/j.earscirev.2020.103295. 

Ivanina V. 2017. What makes up marginal lands and how can it be defined 

and classified?. 1st International Symposium Soils of Marginal Lands 

- Definition, Assessment and Land Use Option. Vienna, 25 April 2017. 

Jaja N. 2016. Understanding the Texture of Your Soil for Agricultural 

Productivity. Virginia Tech, Blacksburg, Virginia. 

Kishorekumar R, Bulle M, Wany A, Gupta KJ. 2020. An overview of 

important enzymes involved in nitrogen assimilation of plants. 

Methods Mol Biol 2057: 1-13. DOI: 10.1007/978-1-4939-9790-9_1.  

Laitinen RAE, Nikoloski Z. 2019. Genetic basis of plasticity in plants. J 

Exp Bot 70 (3): 739-745. DOI: 10.1093/jxb/ery404. 

Leghari SJ, Wahocho NA, Laghari GM, Laghari AH, Bhabhan GM, 

Talpur KH, Bhutto TA, Wahocho SA, Lashari AA. 2016. Role of 

nitrogen for plant growth and development: A review. Adv Environ 

Biol J 10 (9): 209-218. 

Lili F, Tarin MWK, Han Y, Hu W, Rong J, He T, Zheng Y. 2021. Effects 

of soil exogenous nitrogen on bamboo. Res Sq 2021: 1-22. DOI: 

10.21203/rs.3.rs-1070177/v1. 

Mishra G, Giri K, Panday S, Kumar R, Bisht NS. 2014. Bamboo: 

Potential resource for eco-restoration of degraded lands. J Biol Earth 

Sci 4 (2): B130-B136.  

Nath AJ, Das AK. 2011. Decomposition dynamics of three priority 

bamboo species of homegardens in Barak Valley, Northeast India. 

Trop Ecol 52 (3): 325-330. 

Nath AJ, Lal R, Ashesh KD. 2015. Ethnopedology and soil properties in 

bamboo (Bambusa sp.) based agroforestry system in North East India. 

Catena 135: 92-99. DOI: 10.1016/j.catena.2015.07.001. 

Nešić L, Vasin J, Belić M, Ćirić V, Gligorijević J, Milunović K, Sekulić P. 

2015. The colloid fraction and cation-exchange capacity in the soils of 

Vojvodina, Serbia. Ratar Povrt 52 (1): 18-23. DOI: 10.5937/ratpov52-7720. 

Räty M, Keskinen R, Yli-Halla M, Hyvönen J, Soinne H. 2021. Estimating 

cation exchange capacity and clay content from agricultural soil testing 

data. Agric Food Sci 30 (4): 131-145. DOI: 10.23986/afsci.111107. 

Silver WL, Neff J, McGroddy M, Veldkamp E, Keller M, Cosme R. 2000. 

Effects of soil texture on belowground carbon and nutrient storage in 

a Lowland Amazonian Forest Ecosystem. Ecosystems 3 (2): 193-209. 

DOI: 10.1007/s100210000019. 

Sinyo Y, Sirajudin N, Hasan S. 2017. Pemanfaatan tumbuhan bambu: 

Kajian etnoekologi pada masyarakat Kota Tidore Kepulauan. 

Saintifik Jurnal Pendidikan Mipa 1 (2): 57-69. [Indonesian] 

Sofiah S, Setiadi D, Widyatmoko D. 2018. The influence of edaphic 

factors on bamboo population in Mount Baung Nature Tourism Park, 

Pasuruan, East Java, Indonesia. Trop Drylands 2 (1): 12-17. DOI: 

10.13057/tropdrylands/t020103. 

Soil Research Center. 2009. Chemical Analysis of Soil, Plants, Water and 

Fertilizers. Technical Instructions 2nd edition. Balai Penelitian Tanah, 

Bogor, West Java. [Indonesian] 

Tomašić M, Zgorelex Z, Jurišić A, Kisić I. 2013. Cation exchange 

capacity of dominant soil types in the Republic of Croatia. J Cent Eur 

Agric 14 (3): 937-951. DOI: 10.5513/JCEA01/14.3.1286. 

Tsozué D, Tematio P, Tamfuh P. 2016. Relationship between soil 

characteristics and fertility implications in two typical dystrandept 

soils of the Cameroon Western Highland. Intl J Soil Sci 11 (2): 36-48. 

DOI: 10.3923/ijss.2016.36.48. 

Waseem M, Baloch DM, Khaliq G, Rashid M, Ali Q, Khan MA. 2019. 

Intensification in bamboo (Bambusa bambos L.) traits in response to 

organic and chemical nitrogen along the coast of Arabian sea. J Innov 

Sci 4 (1): 19-26. 

Yunan D, Xianliang Q, Xiaochen W. 2018. Study on cation exchange 

capacity of agricultural soils. IOP Conf Ser: Mater Sci Eng 392 (4): 

042039. DOI: 10.1088/1757-899X/392/4/042039. 

Zhang L, Chen A, Li Y, Li D, Cheng S, Cheng L, Liu Y. 2022. 

Differences in phenotypic plasticity between invasive and native 

plants responding to three environmental factors. Life 12 (12): 1970. 

DOI: 10.3390/life12121970. 

Zhao X. 2016. Determination and analysis of cation exchange capacity of 

agricultural soil in Xiangyang City. Environ Dev 28 (1): 53-55. [Chinese] 


