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scientific discourse and disseminate research on 
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Evaluation of Stevia rebaudiana Leaf-Axillary Shoot 
Formation, Cultured in MS Medium Supplemented 
with IAA-BAP and MS Medium Supplemented with 
Kinetin
Andira Rahmawati 1*, Victor Emmanuel1, Iriawati1, Khalilan Lambangsari1, Rizkita Rachmi Esyanti1, Roohaida Othman2,  Aldo 
Nathan Dela Simamora1, Bugy Suwito1

1) School of Life Sciences and Technology, Institut Teknologi Bandung
2) Faculty of Science and Technology, Universiti Kebangsaan Malaysia

Abstract
Stevia rebaudiana leaves can be used as a sweetener alternatives because they contain steviol glycoside derivative compounds, 
including steviosides and rebaudioside-A. Propagation of Stevia is more optimally carried out using in vitro culture when com-
pared to conventional propagation through seeds or cuttings. This study aimed to evaluate the formation and growth of Stevia 
shoots and leaves in MS medium containing a mixture of IAA and BAP with MS medium containing kinetin only, as well as 
evaluating the use of a liquid medium containing kinetin. Stevia was initiated from apical shoot then grown in MS medium 
containing a mixture of IAA and BAP with MS medium containing kinetin only. Stevia was subcultured every 4 weeks. Several 
parameters measured were number of axillary shoots and number of leaves. It was transferred into a liquid medium for 7 days. 
The results showed that the formation and growth of axillary buds and leaves at the initiation stage were better in medium 
containing IAA and BAP compared to medium containing single hormone kinetin. At the stage of shoot multiplication and 
maintenance, cultivation in semi-solid medium containing kinetin showed more leaves and axillary shoots compared to that 
cultivated in semi-solid medium with the addition of IAA and BAP. Plants acclimatized in liquid medium supplemented with 
1 ppm kinetin showed fast plant growth but were not accompanied by sturdy stem growth. The presence of brownish color on 
certain parts of the plant such as in some leaves and stems was also observed.

*) Corresponding author; e-mail: andira@itb.ac.id
Received: 2023-02-24
Accepted for publication: 2023-04-13

Keywords: axillary shoot, BAP, IAA, kinetin, Stevia rebaudiana

1. Introduction
Diabetes is one of the biggest health problems in the world. 

In 2017, it was estimated that around 4 million people died 
from diabetes and its complications [1]. The main cause of 
diabetes is the unhealthy lifestyle of modern society, including 
consuming too much high-energy diet [1]. Stevia rebaudiana 
is one of the plants that has a great potential as a producer  
of alternative sweetener compounds. The leaves of this plant 
produce steviol glycoside compounds which are known to 
be about 250 to 300 times sweeter than sucrose [2]. In addi-
tionn, Stevia extract can replace the sugar and be marketed as 
a non-caloric sweetener. The most abundant steviol glycosides 
are stevioside and rebaudioside-A. Since 1995, many food in-
dustries used Stevia extracts to sweeten their food products, 
such as in Japan, Brazil, and other countries [3]. 

One of the problems in the regeneration of Stevia is the 
non-uniform quality of seed. Regeneration of Stevia by in 
vivo production is not an ideal propagation method because 
the germination rate is low and the variety of offspring is high 
[4]. Therefore, to overcome that problem, in this study, Stevia 
propagation was developed using tissue culture technique.

Tissue culture or micropropagation is a method of plant 
propagation using an aseptic culture of cells, tissues, organs, 
and their components under in vitro aseptic conditions with 
predetermined chemical and physical conditions [5]. The prin-
ciple of tissue culture is the totipotency of plants, where plant 
cells can grow into new individuals identical to their parents. 
Tissue culture has many advantages over conventional plant 
propagation methods. With this method, large numbers of new 
plants can be produced in a short time and without requiring 
a lot of space. The properties of the tillers produced by the 
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2. Methodology
2.1 Stevia Explant 
Explants were obtained from the Indonesian Center for 

Biotechnology and Bioindustry Research, Bogor, West Java. 
Apical shoot containing three nodes from 4 weeks-old of S. 
rebaudiana plants, with a height about 30-50 cm, were used 
as an explant. 

2.2 Shoot Initiation
Stevia shoots (Figure 1) were washed in running tap wa-

ter for 3 minutes, soaked in a solution containing 0.5 % An-
tracolTM fungicide, then rinsed twice with distilled water and 
GULHG� XVLQJ�¿OWHU� SDSHU��([SODQWV�ZHUH� WKHQ� VWHULOL]HG�XVLQJ�
70% alcohol, followed by 0,27% (v/v) NaClO of commercial 
bleach solution added with 2 drops of Tween-20 for 5 min-
utes. Subsequently, the explants were rinsed three times with 
VWHULOH� GLVWLOOHG�ZDWHU� DQG�GULHG� XVLQJ� VWHULOL]HG�¿OWHU� SDSHU��
The explants were then transferred into a petri dish lined with 
VWHULOH�¿OWHU�SDSHU�

Explants were then cultured in semi-solid Mu-
rashige-Skoog (MS) medium [9] containing 30 g/L sucrose 
and 8 g/L agar, supplemented with 0.35 ppm IAA and 1.13 
ppm BAP or 1 ppm kinetin solely. The pH of the medium 
was adjusted to 5.6 to 5.8. The cultures were then incubated 
in room temperature under 12/12 hours photoperiod and light 
and light intensity 1000 lux using 36-watt TLD lamps. Sub-
culture was carried out three times in every 4 weeks using 
similar initiation medium. The new regenerated shoots were 
separated and transferred into new medium during subculture. 

Figure 1. Explant used in this research 

2.3 Shoot culture in liquid medium
Regenerated shoot from semi-solid medium were trans-

ferred into liquid medium, which consisted of half-strength 
MS medium, supplemented with 20 g/L sucrose and 1 ppm 
kinetin. The pH of the medium was adjusted to 5.6 to 5.8. 
The culture was then incubated on 40-rpm shaker in room 
temperature with 12/12 photoperiod. 

3.1 Stevia Initiation
At the initiation stage, the medium containing IAA and 

BAP produced leaves and more axillary shoots, which were 
developed from the explant’s nodes, compared to kinetin 
(Figures 2 A and B). Explants growing in IAA and BAP has 
regenerated leaves at 2 weeks after initiation (Figure 3A), 
meanwhile explants in medium containing kinetin did not 
show any growth, and some explants indicated yellowing 
(Figure 3B).

Shoot initiation stage usually need combination of auxin 
and cytokinin to regenerate new axillary buds. Auxins and 
F\WRNLQLQV� LQÀXHQFH� RUJDQ� UHJHQHUDWLRQ� E\� FRQWUROOLQJ� FHOO�
differentiation [7]. Auxins will trigger cell elongation and cell 
growth, while cytokinins stimulate cell division and shoot 
formation in culture. At the initiation stage, therefore, con-
centration of cytokinin in growth medium was usually higher 
than auxin in order for the explant can grow more shoots [10, 
11]. 

Two weeks after subculture, the formation of axillary 
shoots and leaves in the medium containing IAA and BAP 
was slower and less than the number of axillary shoots and 
leaves regenerated in medium containing kinetin (Figure 
4A). During the rest of the subculturing period, faster axil-
lary shoot regeneration occurred in medium containing IAA 
and BAP. At 4 weeks after subculture, therefore, the number 
of axillary shoots in both media were same. Leaf formation 
in medium containing IAA and BAP was slower than in me-
dium containing kinetin. Number of leaves in those medium, 
therefore, were fewer compared to the leaves in medium con-
taining kinetin. Longer internodes were observed in medium 
containing kinetin (Figures 5A and B).

The addition of kinetin to Stevia results in higher num-
ber of leaves and internodes compared to other PGRs such as 
IAA and BAP. The higher number of internodes can produce 
more explant when it is sub-cultured. The higher number of 
leaves can produce more steviol glycosides in Stevia. Kine-
tin is a cytokinin-type growth regulator, which can increase 
shoot propagation and cell division or plant biomass and 
plant cell differentiation [12]. Giving PGR kinetin as much 
as 1 ppm was the best concentration for the growth of Stevia 
shoot. Melviana et al. [7] showed that the addition of 1 ppm 
kinetin to the semi-solid culture of Stevia was able to pro-
duce a relatively high number of shoot and leaf multiplica-
tion compared to other PGRs, and the resulting plantlets were 

3. Result and Discussion

tissue culture method will also resemble the properties of the 
parents. Plants resulting from micropropagation can also be 
given improved characteristics through manipulation of phys- 
ical and chemical conditions, such as diseases-free plant and 
more secondary metabolites production [6].

In vitro culture of Stevia has been carried out by several re- 
searchers [7, 8]. Previous studies used a different composition 
of plant growth regulators (PGRs) to produce optimal growth, 
including 1.13 ppm BAP and 0.35 ppm IAA in the study by 
Sumaryono and Sinta [8] and 1 ppm kinetin in the study by 
Melviana et al. [7]. The purposes of this study were to eval-
uate the formation and growth of shoots and leaves of Stevia 
in semi solid medium containing a mixture of IAA and BAP 
or kinetin solely, and to evaluate the use of a liquid medium 
containing kinetin for shoot maturation.



3Bio Journal of Biological Science, Technology and Management 5(1):128-132 Rahmawati et al. 

DOI: 10.5614/3bio.2023.5.1.1130

3.2. Culture on Liquid Medium
Shoot maturation was conducted to strengthen the shoot 

for further research which included plantlet regeneration and 
multiplication in bioreactor as well as for increasing second-
ary metabolite content in plantlets. After the explants were 
SURSDJDWHG�LQ�VXI¿FLHQW�TXDQWLWLHV��WKH�FXOWXUH�ZDV�WUDQVIHUUHG�
to MS half-strength liquid medium with 1 ppm kinetin PGR 
for 7 days [7]. In Figure 6, it can be observed that the cul-
tured plants were brown in some parts. The browning can be 

caused by stress on plants such as changes in temperature, 
osmotic pressure, or other changes [13]. These changes can 
lead to enzymatic oxidation reactions of phenolic compounds 
that can produce quinones that are brownish-yellow in colour. 
Quinone compounds can damage plant tissues causing stunted 
plant growth [11,14]. In this study, stress occurred in plants 
due to continuous immersion in plants previously cultivated 
in solid media which was causing the browning and yellowing 
of tissues.

duce shoot bud and leaves than kinetin. Based on Muhammad 
et al. [16], multiplication rate of shoot bud development was 
dependent upon cytokinin type, its concentration, and medium 
used.

also green, indicating healthy plant growth. Similar result was 
shown in Hypericum spectabile where the highest number of 
shoot buds was produced in medium containing 1 ppm kine-
tin. Nevertheless, medium containing BAP was faster to pro-
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(A) (B)
Figure 2. (A) Number of axillary shoots and (B) Number of leaves at 3 weeks after initiation stage

(A) (B)
Figure 3. (A) Stevia culture on IAA and BAP medium and (B) Stevia culture

on kinetin medium at 2 weeks after initiation. Scale bar indicated 1 cm.
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(A) (B)
Figure 4. Number of axillary shoots and (B) number of leaves at 4 weeks after multiplication stage
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4. Conclusion
At the initiation stage, the shoot culture of Stevia cultivat-

ed in a semi-solid medium containing IAA and BAP showed 
good growth such as higher leaf number and axillary shoots, 
while at the shoot multiplication and maintenance stage, cul-
tivation on semi-solid medium with the addition of kinetin 
showed good growth such as higher leaf number and axillary 
shoots compared to cultivation in semi-solid medium with 
the addition of IAA and BAP. Acclimatized plants cultured in 
a liquid medium with the addition of 1 ppm kinetin showed 
fairly fast plant growth but was not accompanied by strong 
stem growth and the presence of brown colour in certain plant 
parts such as some leaves and stems.
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The Behavioral Response of Komodo Dragons (Va-
ranus komodoensis OUWENS, 1912) During Mating 
and Nesting Periods towards Tourist Presence in Loh 
Buaya, Komodo National Park
Aditya Dimas Pramudya1* and Achmad Sjarmidi1

1) School of Life Sciences and Technology, Institut Teknologi Bandung

Abstract
It has been recognized in many studies that wildlife tourism practices might generate a negative impact on wildlife, particularly 
during the reproductive period. Some wildlife may lower their sensitivity towards tourist presence, for instance in Komodo. 
Understanding to what extent habituation occurs in Komodo would be necessary for tourism management in Komodo National 
Park (KNP). Therefore, this study aimed to identify the response of Komodo to tourist presence during mating and nesting 
activities. The observation was conducted in Loh Buaya, which is one of the tourism sites in KNP. Komodo’s responses were 
divided into (1) avoidance; (2) neutral; and (3) aggressive under categorized stimulus: tourist number (i.e., < 5 persons; 5-10 
persons; and > 10 persons) and distance (i.e., < 5 m; 5-10 m; and > 10 m). Correlation analysis was performed to identify any 
LQÀXHQFHV�RQ�PDWLQJ�DQG�QHVWLQJ�DFWLYLWLHV��2XU�UHVXOWV�UHYHDOHG�WKDW�.RPRGR�LQKDELWLQJ�WRXULVP�IDFLOLWLHV�KDYH�EHHQ�KDELWXDWHG�
WR�WRXULVW�SUHVHQFH��'LIIHUHQW�WRXULVW�IUHTXHQFLHV�GLG�QRW�LQÀXHQFH�.RPRGR�PDWLQJ�DFWLYLWLHV��r(20)= 0.036, p=0.873), the nest 
preparing activity (i.e., digging proportion; r(22)= 0.054, p=0.803) and the guarding activity (i.e., nesting proportion; r(22)= 
0.314, p=0.135). Nevertheless, our results indicated possible impacts due to tourism activities and its supporting facilities, such 
DV�GRPLQDWHG�PDWLQJ�SDLUV��WKUHDWV�WR�IHPDOH�UHSURGXFWLYH�VXFFHVV��DQG�KXPDQ�.RPRGR�FRQÀLFWV��7KHUHIRUH��KDELWXDWLRQ�HYL-
dence must be carefully considered in order to develop more corresponding strategies and achieve sustainable tourism practices.   

*) Corresponding author; e-mail: adityadimas.p@itb.ac.id
Received: 2023-02-27
Accepted for publication: 2023-06-21

Keywords: wildlife tourism, Komodo, reproductive behavior, habituation

1. Introduction

Interaction between humans and wildlife has occurred for 
a long time. It could come up with consumptive activities, 
e.g., hunting, or non-consumptive activities, such as tourism 
[1]. Tourist motivation for visiting nature could be varied and 
not limited to observing wildlife, for instance, visitors’ activ-
ities in Bako National Park were mostly related to trekking, 
enjoying  nature  scenery,  observing  wildlife,  experiencing 
a relaxing environment, and taking nature photographs [2]. 
Nevertheless, in wildlife tourism, which makes wildlife en-
counters the main product, tourist satisfaction might be great- 
O\�LQÀXHQFHG�E\�WKH�TXDOLW\�RI�WKHLU�H[SHULHQFH�JHQHUDWHG�IURP�
the interaction with wildlife [1]. Many managers would come 
up with some strategies to improve the outcomes by building 
WUHNNLQJ� WUDFNV� >�@��ZDWFK� WRZHUV�� DUWL¿FLDO�ZDWHU� KROHV� >�@��

and wildlife feeding [4–6].
The impacts of tourism activities on wildlife have been 

reported in many studies, particularly during the breeding 
seasons. Animal reproductive activities become a highly in- 
teresting attraction for tourists, yet wildlife may experience 
great pressure [7]. Human visits during the early incubation 
period resulted in a lower nesting success rate in Common 
Eiders compared to late period visits [8]. Furthermore, human 
presence may force wildlife to exhibit antipredator behavior, 
which may reduce their body conditions [9,10] and cause be-
havioral changes [11]. In the study of the Iberian rock lizard, 
antipredator behavior caused the male individuals to spend 
more time in refuge and ultimately lose their mating oppor- 
tunities [12].

In order to offset the cost due to antipredator behavior, 
some wildlife could adjust their response through habituation. 
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2. Methodology
2.1 Description of Study Area
This study was conducted at a tourism area in Loh Bua-

ya, Rinca Island, Komodo National Park (Figure 1). The eco-
systems in that area were dominated by deciduous monsoon 
forest and savanna grassland. The climate consists of a long-
dry season in March-November and a short-wet season in 
December-February [21,24]. Six nests had been observed in 
this study, but one of those was different from the last study 
reported by Jessop et al. [26].

Mating observation was conducted around the Tourism 
Supporting Facility Area (TSFA) such as the barrack, kitchen, 
FDIp��JXHVW�KRXVH��DQG�RI¿FH��0HDQZKLOH��D�QHVWLQJ�REVHUYD-
tion was performed on a potentially active nest. According to 
a previous study, the active nests of Komodo are usually lo-
FDWHG�XQGHU�������RI�YHJHWDWLRQ�FDQRS\�FRYHUDJH�>��@��,Q�RU-
der to carry out our research design, the observed nest should 
be located under 10 meters with the tourism track. It was de-
termined by komodo’s ability to clearly distinguish a person 
from another object at six meters [24]. Therefore, there were 
only two possible nests that meet the criteria, which were 
LBM1 (i.e., Loh Buaya Mount-Nest) and LBM2 (Figure 2).

Figure 1. Map of study area in Loh Buaya that shows TSFA (Tourism Supporting Facility Area that consists of barac, cafe-
WDULD��NLWFKHQ��JXHVW�KRXVH��RI¿FH��DQG�RWKHU�IDFLOLWLHV���QHVW�GLVWULEXWLRQ��UHG��DFWLYH�QHVW�DQG�GDUN��QRW�DFWLYH�QHVW��DQG�LWV�

relative distance to tourism track.

Muting the antipredator behavior by lowering their sensitiv-
LW\�PD\�SURYLGH�EHQH¿WV�IRU�ZLOGOLIH��+DELWXDWHG�LQGLYLGXDOV�
can relatively improve their body conditions [13] and main- 
tain their reproductive success [11]. Nevertheless, habituation 
does not always come with positive consequences, such as 
KXPDQ�ZLOGOLIH�FRQÀLFW�>�����@��5HJDUGOHVV�RI�WKH�EHQH¿W�DQG�
cost to wildlife, habituation sometimes becomes a desirable 
result in wildlife tourism practices [1,13,16].

In general, wildlife might be forced to decrease their sen-
sitivity level due to the absence of alternative habitats [17] or 
EHFDXVH�WKH�EHQH¿W�SURYLGHG�H[FHHGV�WKH�FRVW�>�@��+DELWXDWLRQ�
may differ between species or individuals based on genetic 
DQG� OHDUQLQJ� DELOLWLHV� WR� VSHFL¿F� VWLPXOL� RU� HQYLURQPHQWDO�
conditions [14,18]. Individual characteristics, such as gender, 
PD\�LQÀXHQFH�WKH�UDWH�RI�KDELWXDWLRQ�>��@��0RUHRYHU��WKH�GH��
JUHH�RI�VWLPXOXV�ZLOO�DOVR�LQÀXHQFH�WKH�ZLOGOLIH�VHQVLWLYLW\�OHY��
el [11]. Therefore, with these varying factors and results in the 
habituation process, more comprehensive information would 
be necessary to draw the conclusions in the wildlife response 
to human presence.

The world’s largest living lizard, the Komodo (Varanus 
komodoensis�28:(16���������KDV� D�YHU\� OLPLWHG�GLVWULEX��
WLRQ�LQ�¿YH�LVODQGV�LQ�WKH�(DVW�1XVD�7HQJJDUD�UHJLRQ��IRXU�RI�
which are within the Komodo National Park [20–22]. Komo-
do National Park (KNP) is one of the conservation areas in- 
tended to protect the well-known lizard population and their 
natural habitat. The tourism practice with Komodo as the main 
attraction has grown steadily since the establishment of KNP 
in the 1980s [4]. According to the Bureau of Statistics [23], 
the total number of visitors in KNP increased from 68,000 
(2015) to 178,683 (2018) individuals/year. Furthermore, the 
peak season for visitors was July-August, which also happens 
to be Komodo dragon reproduction season [24]. The mating 
and nesting activities might be highly attractive for visitors  
to observe, yet it was also the most sensitive period for the 
Komodo population.

Komodo habituation to visitors has been discussed in a 
previous study. It was reported that the Komodo inhabiting the 
high human activity areas were less sensitive (or habituated) 
[25]. Despite an extensive examination of human activity’s 
impact on the population, the discussion of Komodo’s habitu-

ation was limited to direct responses, with no extension to oth-
er behaviors such as mating and nesting. According to Auffen-
berg [24], Komodo will exhibit aggressive behavior during 
mating and nesting activities. Therefore, understand- ing the 
Komodo response to tourist presence during those times may 
provide more information about the extent of habituation.

This study aimed to identify the Komodo’s response to 
tourist presence during mating and nesting activities. The re-
sponse would be assessed under different tourist numbers (i.e., 
low, moderate, and high) and distances (i.e., near, moderate, 
and far). In particular, we would like to identify whether there 
were certain numbers or distances that could possibly termi-
nate mating and nesting activities. Furthermore, the relation-
ship between the stimulus and reproductive behavior would 
EH�DVVHVVHG�WR�GHWHUPLQH�WKH�LQÀXHQFH�RI�WRXULVW�SUHVHQFH��8O-
timately, it may provide extensive information regarding the 
habituation of Komodo.
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Figure 2.�2EVHUYHG�.RPRGR¶V�1HVW��$��/%0��DQG��%��/%0��
LBM1 and LBM2 are mount-type nests and located in a 

deciduous monsoon forest. The average solar radiation inten-
sities were 90.97 (SE) 1.52 Lux (LBM1) and 90.20 (SE) 1.30 
Lux (LBM2). Due to the direct exposure to an open area (> 
����RI� WRWDO� VXUURXQGLQJ�FRYHU���/%0�� LV� OLNHO\� WR�H[SHUL-
ence higher pressure than LBM2.

2.2 Behavior Observation
This study was conducted at a tourism area in Loh Bua-

ya, Rinca Island, Komodo National Park (Figure 1). The eco-
systems in that area were dominated by deciduous monsoon 
forest and savanna grassland. The climate consists of a long-
dry season in March-November and a short-wet season in 
December-February [21,24]. Six nests had been observed in 
this study, but one of those was different from the last study 
reported by Jessop et al. [26].

Mating activities were observed using the Focal sampling 
method and limited to the pairs that were observed mating 
around TSFA. Those pairs would be categorized into resident 
and visitor pairs. The resident pairs (i.e., both male and female 
individuals) were distinguished by their regular presence 
DURXQG�76)$��$OO�LQGLYLGXDOV�ZHUH�¿UVWO\�LGHQWL¿HG�E\�WKHLU�
natural marks, such scars [28]. Copulation duration and inter-
val (i.e., pre-copulation and post-copulation) were recorded 
GXULQJ�REVHUYDWLRQ��:KHQ�RQH�RI�WKH�WZR�LQGLYLGXDOV�OHIW�WKH�
TSFA, the observation would come to an end.

A similar method was also performed for nesting observa-
tion. The observations were limited from pre-egg laying phase 
WR�WKH�¿UVW�ZHHN�RI�WKH�SRVW�HJJ�OD\LQJ�SKDVH��7KLV�SHULRG�ZDV�
thought to be the most vulnerable to disturbances [8]. A single 
female individual from either LBM1 or LBM2 would be con-
tinuously observed for 12 h (i.e., 06.00-18.00) based on Ko-
modo’s daily active period [24]. The observation will be fo-
FXVHG�RQ�VLQJOH�IHPDOH�LQGLYLGXDO�WKDW�ZDV�¿UVWO\�UHFRUGHG�WR�
starting her nesting activity. Duration of other nesting activity, 
including resting would be recorded during this observation.

2.3 Assessment of Response Toward Tourist Pres-
ence

The direct responses were divided into three categories: 
(1) Avoidance, i.e., Komodo stop the activities and run away 
from tourists, which results in a broken mating pair or nest 

abandonment; (2) Neutral, i.e., Komodo continue the mating 
or nesting activities; and (3) Aggressive, i.e., Komodo stop 
the activities and run toward tourists in an aggressive course.

The tourism stimuli were categorized by the number of 
tourists in one group and observation distance. The manage-
ment of Komodo National Park has decided that one guide 
ZLOO� DFFRPPRGDWH� D� PD[LPXP� RI� ¿YH� YLVLWRUV� LQ� D� VLQJOH�
group. It is also possible that a single group will have more 
than 5 participants and will be led by more than one guide. 
7KHUHIRUH�� WKLV� WKUHVKROG�ZDV� XVHG� WR� GH¿QH� WKH� QXPEHU� RI�
tourist categories: low (i.e., < 5 persons in a group); moderate 
(i.e., 5-10 persons in a group); and high (i.e., > 10 persons in 
D�JURXS���7KH�REVHUYDWLRQ�GLVWDQFH�ZDV�DOVR�FODVVL¿HG�DV�FORVH�
(5 m), moderate (5-10 m), and far (> 10 m). That was based 
on Komodo’s ability to clearly recognize an object at 6 meters 
[24]. Under the conditions where multiple groups occurred, 
the total number of visitors, which was then calculated into 
tourist frequency (i.e., visitors/minute), and the nearest dis-
tance would be recorded.

2.4 Statistical Analysis
Differences in mating activity (i.e., pre-copulation, copu-

lation, post-copulation, and total mating) between resident and 
visitor pairs were analyzed using a t-test. If the data could not 
PHHW�WKH�SDUDPHWULF�WHVW�DVVXPSWLRQV��WKHQ�WKH�0DQQ�:KLWQH\�
U test would be performed [28]. Similar methods were used 
to analyze differences in nesting activity (i.e., digging activity, 
other nesting behavior, total nesting, and foraging) between 
the pre-egg laying and post-egg laying phase. Furthermore, 
the Chi-square test will be used to examine the difference in 
Komodo’s response to all stimulus categories. Furthermore, 
the Pearson’s correlation test will be used to determine any 
impact of tourist presence on mating behavior. It aimed to see 
the relationship between visitor frequency and mating propor-
tion (i.e., copulation behavior/mating interval). Similar meth-
ods were used to investigate the effect of visitor frequency 
RQ�QHVWLQJ�EHKDYLRU��:H�WULHG�WR�LGHQWLI\�ZKHWKHU�WKH�YLVLWRU�
IUHTXHQF\� LQÀXHQFHV�QHVW�SUHSDULQJ�EHKDYLRUV� �L�H���GLJJLQJ�
other nesting behaviors) as well as nest-guarding behaviors 
(i.e., nesting/foraging). The R program (R GUI version 4.0.4, 
assisted by R Studio version 1.4.1106) was used for all statis-
tical analysis.



3Bio Journal of Biological Science, Technology and Management 5(1):133-141 Pramudya & Sjarmidi

DOI: 10.5614/3bio.2023.5.1.2136

3. Results and Discussion

Table 1. Mating and nesting behavior of Komodo

Figure 3. )RFDO�,QGLYLGXDOV��5HVLGHQW�SDLU���$��ƃ���-RKQVRQ��DQG��%��Ƃ���-HVVLFD���9LVLWRU�SDLU���&��ƃ���-HUHP\��DQG��'��Ƃ��
(Jane)).

Figure 4. Komodo mating behavior. 

3.1 Mating Behavior
7ZR�SDLUV��ZKLFK�DUH�UHVLGHQW��L�H���ƃ��DQG�Ƃ���)LJXUH���$�

DQG�%��DQG�YLVLWRU��L�H���ƃ��DQG�Ƃ���)LJXUH���&�DQG�'���ZHUH�
observed mating around TSFA during this study (Table 1 & 
Figure 4). The resident pair was observed mating 13 times 

in two consecutive days and visitor only mating nine times 
in a single day. The resident pair exhibited a longer duration 
of total mating (U= 84.5, p= 0.044), pre-copulation (U= 88, 
p= 0.022) and post-mating (U= 94, p= 0.019). Nevertheless, 
FRS��XODWLRQ�GXUDWLRQ�ZDV�QRW�VLJQL¿FDQWO\�GLIIHUHQW�EHWZHHQ�
those pairs (U= 45.5, p= 0.396).
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Table 1. Mating and nesting behavior of Komodo

Figure 5. Komodo nesting behavior. 

Table 1. Komodo response towards tourist presence during mating and nesting activities

3.2 Nesting Behavior
'XULQJ�RXU�¿HOGZRUN��ZH�UHFRUGHG�WKDW�WKUHH�RI�VL[�.RPR-

do nests were active, which were LBM1, LBM3, and LBM 6 
(Figure 1). The active nest was distinguished by the presence 
of female individual during the nesting period. Nevertheless, 
the observation was carried out at LBM1, since it met with the 
JLYHQ�FULWHULD��,QGLYLGXDO�Ƃ��ZDV�REVHUYHG�QHVWLQJ�DW�/%0��
LQ����GD\V�DIWHU�WKH�ODVW�PDWLQJ�ZLWK�ƃ���1HYHUWKHOHVV��VKH�ZDV�
also spotted mating with another male individual the day be-

fore it, but the data was not included in the analysis. Nesting 
activity became more intensive on day 6th and carried on for 
another 12 days until eggs were laid. There was a different in 
nesting activity between preparation and guarding phase (Ta-
ble 1 & Figure 5). Total nesting (U= 30, p= 0.032) and other 
nesting behaviors (U �����S ��������ZHUH�VLJQL¿FDQWO\�KLJKHU�
GXULQJ�WKH�SRVW�HJJ�OD\LQJ�SHULRG��2Q�WKH�RWKHU�KDQG��GLJJLQJ�
(U= 86.5, p= 0.044) and foraging (U= 94.5, p= 0.028) were 
UHFRUGHG�VLJQL¿FDQWO\�ORZHU�LQ�WKDW�SHULRG�

3.2 Komodo Response Towards Tourists
Both resident and visitor pairs exhibited neutral respons- 

es in all stimulus categories (Table 2). The highest number  
of visitors was 40 persons with the closest distance was 3 
meters. The average tourist frequency was found to be sig-
QL¿FDQWO\�KLJKHU� LQ� WKH� UHVLGHQWV� �������� �6(������� WRXULVWV��
PLQXWH�� WKDQ�YLVLWRU�SDLUV� ���������6(������� WRXULVWV�PLQXWH��
U=1895, p=0.001). The resident pair was observed mating 

more frequently than the visitor pair around the study area. It 
increased the possibility of multiple tourist groups occurring 
and affected the average tourist frequency. In addition, dif-
IHUHQW� WRXULVW� IUHTXHQFLHV� GLG� QRW� LQÀXHQFH�.RPRGR�PDWLQJ�
activities (r(20)= 0.036, p=0.873; Figure 6). All the stimulus 
categories and pairs were not analyzed separately due to the 
limited data available.
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Figure 6. Relationship between Komodo mating behavior (i.e., copulation proportion) and tourist frequency

,QGLYLGXDO�Ƃ��H[KLELWHG�D�QHXWUDO�UHVSRQVH�LQ�DOO�VWLPXOXV�,QGLYLGXDO�Ƃ��H[KLELWHG�D�QHXWUDO�UHVSRQVH�LQ�DOO�VWLPXOXV�
categories during pre-egg laying and post-egg laying phase categories during pre-egg laying and post-egg laying phase 
(Table 2). During the nesting observation, the highest num-(Table 2). During the nesting observation, the highest num-
ber of tourists was 35 persons with the closest distance was ber of tourists was 35 persons with the closest distance was 
5 meters. The average tourist frequency for the pre-egg lay-5 meters. The average tourist frequency for the pre-egg lay-
LQJ����������6(�������WRXULVWV�PLQXWH��ZDV�VLJQL¿FDQWO\�ORZ-LQJ����������6(�������WRXULVWV�PLQXWH��ZDV�VLJQL¿FDQWO\�ORZ-
HU�WKDQ�WKH�SRVW�HJJ�OD\LQJ����������6(�������WRXULVWV�PLQXWH��HU�WKDQ�WKH�SRVW�HJJ�OD\LQJ����������6(�������WRXULVWV�PLQXWH��
UU=1476, =1476, pp ��������,QGLYLGXDO�Ƃ��ZDV�UHFRUGHG�WR�VSHQG�PRUH� ��������,QGLYLGXDO�Ƃ��ZDV�UHFRUGHG�WR�VSHQG�PRUH�
time around the nest during post-egg laying phase. Therefore, time around the nest during post-egg laying phase. Therefore, 

multiple groups were more likely to occur, which increased multiple groups were more likely to occur, which increased 
the average tourist frequency. Furthermore, different tour-the average tourist frequency. Furthermore, different tour-
LVW� IUHTXHQFLHV�KDG�QR� LQÀXHQFH�RQ�QHVW� SUHSDUDWLRQ� DFWLYL-LVW� IUHTXHQFLHV�KDG�QR� LQÀXHQFH�RQ�QHVW� SUHSDUDWLRQ� DFWLYL-
ty (i.e. digging proportion; ty (i.e. digging proportion; rr(22)(22)= 0.054, = 0.054, pp=0.803; Figure 7) =0.803; Figure 7) 
and guarding activity (i.e. nesting proportion; and guarding activity (i.e. nesting proportion; rr(22)(22)= 0.314, = 0.314, 
pp=0.135; Figure 7). All the stimulus categories and nesting =0.135; Figure 7). All the stimulus categories and nesting 
phases were not analyzed separately due to the limited data phases were not analyzed separately due to the limited data 
available.available.

Figure 7. Relationship between Komodo nesting behavior and tourist frequency. (A) Digging proportion and (B) Nesting 
proportion

Both resident and visitor pairs appeared to be already ha-
bituated to tourist presence. All the mating events were not in-
ÀXHQFHG�E\�WKH�WRXULVW¶V�SUHVHQFH��L�H���WKHUH�ZDV�QR�HYLGHQFH�
in broken mating pair). Moreover, different tourist stimulus 
categories did not seem to cause the mating duration shorter 
or longer. Nevertheless, according to our observations, mat-
ing occurred more frequently under the low tourist frequency. 
Unfortunately, we could not make any clear judgements re-

garding the relationship between mating frequency and tourist 
numbers due to the limited data available. 

Furthermore, we were unable to determine whether the 
lower mating occurrence on visitor pairs was due to their low-
HU�KDELWXDWLRQ�OHYHO�ZKHQ�FRPSDUHG�WR�UHVLGHQW�SDLUV���:H�UH-
corded that the visitor pair performed mating only on a single 
day around the TSFA. According to the data, the pair exhib-
LWHG�QR� UHVSRQVH� WRZDUG� WRXULVW�SUHVHQFH�GXULQJ�PDWLQJ��:H�
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assumed that the mating occurred when the male individu-
als extended their home range during the reproductive peri-
od and overlapped with the female [29]. It has been reported 
in a previous study that mating in Komodo often take place 
near carcass [24]. Therefore, human activities in the TSFA 
PD\�DWWUDFW�.RPRGR�WR�DJJUHJDWH�>��@��:LWKRXW�WKH�SUHVHQFH�
of the dominant resident male, other individuals, particularly 
the subordinate male or visitors, could have an opportunity to 
mate around the TSFA [30]. 

The resident exhibited a longer duration in mating activi-
ties (i.e., pre-copulation and post-copulation) than the visitors. 
0DWLQJ�GXUDWLRQ�LQ�.RPRGR�FRXOG�EH�LQÀXHQFHG�E\�WKH�PDOH¶V�
experience. A younger male individuals take longer mating 
time than a more experienced older male individuals [24]. 
The longer mating duration in the resident pair might be in-
ÀXHQFHG�E\�D�KLJK�LQGLYLGXDO�GHQVLW\�DURXQG�WKH�76)$�ZKLFK�
could increase the competition among male individuals. It has 
been reported in the previous study that Komodo were attract-
HG�WR� WRXULVP�IDFLOLWLHV��SDUWLFXODUO\� WKH�NLWFKHQ�>��@��:LWK�D�
male:female ratio that is skewed toward male (i.e., 3.3:1), the 
FRPSHWLWLRQ�ZLOO�EH�RQ�WKH�PDOH�LQGLYLGXDOV�WR�¿QG�D�PDWLQJ�
SDUWQHU� >�����@��2XU�REVHUYDWLRQV�VXSSRUWHG� WKLV�VXJJHVWLRQ��
All the resident pair mating activities were occurred in the 
middle of individual aggregation around the TFSA. There 
were almost 15 occurrences of mating disturbances recorded 
during the mating observation. 

Moreover, a high frequency of interaction among resident 
LQGLYLGXDOV�GXH�WR�DJJUHJDWLRQ�PD\�DOVR�LQÀXHQFH�IHPDOH�UH-
ceptivity. According to Auffenberg [24], female individuals 
would tend to exhibit aggressive behavior toward male indi-
viduals. Bigger male individuals ofter attack smaller individ-
uals, including females, while eating a carcass in aggregation. 
Mating rejection by females may also be affected by their re-
ceptive period, which could be different among individuals 
>�����@��1HYHUWKHOHVV�� IHPDOH� LQGLYLGXDOV�ZLOO�¿QDOO\� DFFHSW�
mating to avoid a bigger cost generated from male coercion 
[32]. Unfortunately, our observations could not distinguish the 
receptive period of the female resident during mating activi-
ties.

  Human disturbance during the nesting period often leads 
to some unfavorable consequences, such as nest abandonment 
[8]. Nevertheless, such evidence was not detected on our focal 
IHPDOH��,QGLYLGXDO�Ƃ��GLG�QRW�DEDQGRQ�KHU�QHVW�GXULQJ�WRXULVW�
visits in both phases. During preparation phase, high tourist 
frequency did not interfere digging activity. Moreover, it also 
GLG�QRW�VHHP�WR�KDYH�DQ\�LQÀXHQFH�RQ�QHVWLQJ�EHKDYLRU�GXULQJ�
the guarding phase. Unfortunately, less habituated females 
were not covered by this study, which might prefer to avoid 
nesting in disturbed areas [17]. 

Low availability of suitable nest might turn the habituation 
DV�D�SUHIHUDEOH�ZD\�IRU�LQGLYLGXDO�Ƃ��LQ�RUGHU�WR�GHSUHVV�WKH�
cost, otherwise more energy should be spent for exploring oth-
er potential nests outside the disturbed area [7,8,17,33]. Nev-

HUWKHOHVV��DGYHUVH�FRQVHTXHQFHV�PLJKW�UHPDLQ�WR�HPHUJH��2XU�
camera trap results indicated that the LBM1 had experienced 
the highest pressure from egg predators due to its surround-
ing openness compared to the other more isolated active nests 
�H�J���/%0��DQG�/%0����2SHQLQJ�KDELWDW�LV�RIWHQ�LPSOHPHQW-
ed in tourism practice, and it has been reported that this could 
potentially increase nest predation [11,34]. Furthermore, it 
PLJKW�WKUHDWHQ�WKH�ERG\�FRQGLWLRQ�RI�LQGLYLGXDO�Ƃ���+RZHYHU��
the limited nest available and food attraction (i.e., attracted by 
food smells around kitchen and feeding attraction) seemed to 
overcome the cost. Nonetheless, long-term effects may occur, 
jeopardizing the reproductive success of Komodo dragons.

+XPDQ�ZLOGOLIH� LQWHUDFWLRQ� IUHTXHQWO\� UHVXOWV� LQ�FRQÀLFW��
such as an attack on humans, and the likelihood is higher in 
habituated wildlife [15,35,36]. Several cases of Komodo at-
tack have been reported around the study site, but they have 
not been properly documented. During our observation, in-
GLYLGXDO�Ƃ��ZDV�RQFH�VSRWWHG� IRUDJLQJ� LQWR� WKH� UDQJHU¶V� ID-
cilities (i.e., barac). Therefore, it could be assumed that the 
human-Komodo encounter could take place in an undesired 
ORFDWLRQ��:LWKRXW�DQ\�SURSHU�IDFLOLWLHV�WR�WUHDW�WKH�ELWH�ZRXQGV��
it could have fatal consequences. 

Even though our results showed that komodo exhibited a 
neutral response toward tourist presence, they might poten-
tially take an aggressive course when the tourist was within 
closer range. As has been reported by Auffenberg [24], Komo-
do was often observed exhibiting ignorance behavior toward 
tourists up to 1-2 meters while they were around carcasses. 
During the observation, an aggressive response just occurred 
when the disturber (i.e., other Komodo individuals) came 
within a certain distance (i.e., 1 meter during mating and 2 
meters during nesting). According to our data, the closest dis-
tance of the tourist while observing Komodo was still higher 
compared to the recorded proximity of disturber individuals. 
:H�EHOLHYH�WKDW�WKH�XQZDQWHG�LQWHUDFWLRQ�FRXOG�SRVVLEO\�RFFXU�
if the threshold was exceeded [37].

Misinterpreting the evidence of habituation may lead to an 
XQZDQWHG�FRQÀLFW�EHWZHHQ�.RPRGR�DQG�WRXULVWV��$SSURSULDWH�
management should be implemented by the manager in order 
to achieve sustainable tourism practices. Therefore, several 
plans were proposed as follows:

1. Food attraction and feeding practices should be strict-
ly regulated by the manager, as has been proposed 
LQ�WKH�SUHYLRXV�VWXG\�>��@��7KH�UXOHV�RI�:KR��:KHQ��
DQG�:KHUH�PXVW�EH�FRQVLGHUHG�DV�D�EDVHOLQH�LQ�FRQ-
VWUXFWLQJ�WKH�SODQ��:KR��)HHGLQJ�SUDFWLFH�QHHGV�WR�EH�
limited only for a certain type of visitor (i.e., those 
who has a special interest, such as researchers or doc-
XPHQWDU\�¿OPPDNHUV��DQG�ZDV�KHOG�XQGHU� WLJKW�VXU-
YHLOODQFH�E\�WKH�.13�PDQDJHU��:KHQ��7KH�SUDFWLFHV�
could only be carried out for a certain period of time 
considering some adverse impacts that may follow, 
such as lowering body condition and decreasing the 
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NRPRGR¶V�QDWXUDO� KXQWLQJ� DELOLW\��:KHUH�� ,QGLYLGXDO�
aggregation due to food attraction should be relocated 
out of TSFA for the purpose of avoiding unwanted in-
teraction in an undesirable place. The baiting method 
was encouraged to be used in a preferable location, 
VXFK�DV�D�IRUHVW��:H�EHOLHYHG�WKDW�WRXULVWV�ZRXOG�JDLQ�
a greater experience by encountering Komodo in the 
wild rather than around TSFA.

2. +DELWDW�PRGL¿FDWLRQ�ZDV�RQO\�FRQGXFWHG� LQ� LQVHQVL-
tive areas, such as trekking tracks, baiting areas, or 
nest observation spots [1]. Clearing path along trek-
king track should be necessary due to the safety pur-
poses towards unintentionally ambushing attack by 
komodo. Clearing habitat around the nest would not 
be encouraged due to the potential impact, as has been 
discussed above.

3. Tourist behavior should also be regulated to avoid 
unintentional conduct that could provoke the komo-
do to take an aggressive course [1,37]. A minimum 
distance between komodo and tourist should be estab-
lished during their encounter. In addition, any sudden 
movement should also be prevented. Auffenberg [24] 
mentioned that komodo was not only sensitive to a 
chemical signal, but also a sudden motion. Moreover, 
the tourist number should also be regulated carefully. 
According to the study of the Nubian ibex in southern 
Israel, the species’ tolerance increased with the num-
ber of humans present. Nevertheless, it would be a 
desirable outcome for a short period yet could lead to 
maladaptation in a long period [38].

Finally, tourist perception and knowledge of wildlife 
would be important and may become a key factor in establish-
ing sustainable tourism practices [1]. Therefore, it should be 
taken into account by the KNP manager. Furthermore, multi-
disciplinary research will be encouraged in order to provide a 
more comprehensive picture.

4. Conclusion
Komodo, particularly those inhabiting the tourism area, 

have become habituated to the tourist presence during mating 
and nesting activities. Nevertheless, tourism activity should 
be managed carefully in order to avoid any negative conse-
TXHQFHV�IRU�ERWK�KXPDQV�DQG�.RPRGR��2XU�VWXG\�VXJJHVWHG�
that the intensity of interaction between humans and Komo-
do should be limited. There must be a threshold for tourist 
numbers in order to avoid any further decrease in Komodo’s 
tolerance level, which might lead to maladaptation. Direct in-
WHUDFWLRQ�VKRXOG�EH�UHVWULFWHG�WR�PLQLPL]H�DQ\�FRQÀLFWV��VXFK�
as an unintentional attack, that could possibly occur. Further-
PRUH��KDELWDW�PRGL¿FDWLRQ�VKRXOG�DYRLG�DQ\�VHQVLWLYH�DUHDV��
such as nests. The open access to the nest due to altered habitat 
could decrease a female Komodo’s body condition and repro-
ductive success. In the long term, it might jeopardize the spe-

cies population viability. Finally, with a comprehensive plan 
by the manager, tourism activity in Loh Buaya could generate 
a positive impact for both the socio-economic aspect and the 
conservation of the Komodo population.
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Abstract
*OXWDWKLRQH�5HGXFWDVH��*5��EHORQJV�WR�WKH�1$'3+�GHSHQGHQW�ÀDYRSURWHLQ�R[LGRUHGXFWDVH�IDPLO\�DQG�LV�IRXQG�LQ�ERWK�SUR-
NDU\RWHV�DQG�HXNDU\RWHV��7KH�*5�JHQH�LV�FRQVLGHUHG�WR�SOD\�D�NH\�UROH�LQ�WKH�HOLPLQDWLRQ�RI�R[LGDWLYH�UHDFWLRQ�SURGXFWV�E\�
ORRNLQJ�DW�WKH�OHYHO�RI�JHQH�H[SUHVVLRQ�RI�*5�ULFH�LQ�GHDOLQJ�ZLWK��GURXJKW�VWUHVV�XVLQJ�T3&5��2QH�RI�WKH�LPSRUWDQW�VWHSV�WR�
GHYHORS�D�VSHFL¿F��HIIHFWLYH�DQG�HI¿FLHQW�T3&5�LV�WKH�SULPHU�GHVLJQ��6HYHUDO�VWXGLHV�DQDO\]LQJ�*5�JHQH�H[SUHVVLRQ�LQ�ULFH�KDYH�
DOVR�GHVLJQHG�SULPHUV��+RZHYHU��WKH�SULPHU�VWLOO�ODFNV�DQ�LGHDO�FKDUDFWHULVWLF�RI�SULPHU��DV�LW�VWLOO�KDV�D�VHFRQGDU\�VWUXFWXUH��7KLV�
VWXGLHV�DLPV�WR�GHVLJQ�ULFH�*5�VSHFL¿F�SULPHUV�DQG�RSWLPL]H�WKH�DQQHDOLQJ�WHPSHUDWXUH�IRU�*5�JHQH�H[SUHVVLRQ�DQDO\VLV�RQ�
ULFH��3ULPHUV�ZHUH�GHVLJQHG�XVLQJ�WKH��3ULPHU��DQG�*HQHLRXV�3ULPH�DQG�FKHFNHG�IRU�VSHFL¿FLW\�XVLQJ�WKH�3ULPHU�%/$67�WRRO��
7KH�VHOHFWHG�SULPHU�SDLUV�ZHUH�WKHQ�RSWLPL]HG�IRU�DQQHDOLQJ��WHPSHUDWXUH�XVLQJ�JUDGLHQW�3&5��7KH�EHVW�SULPHU�GHVLJQ�UHVXOWV�
ZHUH�*5�)RUZDUG��¶�$&*$77*&$*&&$*7*$$*$��¶�DQG�*5�5HYHUVH��¶�7*&**&$$7$&7$7&$$&$7&&��¶��ZLWK�
DQ�DPSOLFRQ�OHQJWK�RI�����ES��SULPHU�EDVH�OHQJWKV�RI����DQG����QXFOHRWLGHV��7P�YDOXHV�RI����&�DQG������&���*&�RI�����DQG�
�������UHVSHFWLYHO\��7KLV�SULPHU�SDLU�KDG�QR�VHFRQGDU\�VWUXFWXUH��ERWK�KDLUSLQ�DQG�VHOI�GLPHU��*UDGLHQW�3&5�VKRZHG�WKH�RSWL-
PXP�DQQHDOLQJ�WHPSHUDWXUH�IRU�WKLV�SULPHU�SDLU�ZDV�����o&�VR�WKDW�WKH�SULPHU�FDQ�EH�XVHG�DV�D�VSHFL¿F�SULPHU�WR�DQDO\]H��WKH�
*5�JHQH�H[SUHVVLRQ�LQ�ULFH�XVLQJ�T3&5�


��&RUUHVSRQGLQJ�DXWKRU��H�PDLO����YLROLWD#IPLSD�XQS�DF�LG���YLROLWDYLRYLROLWD#JPDLO�FRP
5HFHLYHG������������
$FFHSWHG�IRU�SXEOLFDWLRQ������������

Keywords: annealing temperature, glutathione reductase, primer design, rice

1. Introduction
*OXWDWKLRQH�UHGXFWDVH��DOVR�NQRZQ�DV�*65�RU�*5�EHORQJV�

WR�WKH�1$'3+�GHSHQGHQW�ÀDYRSURWHLQ�R[LGRUHGXFWDVH�IDPLO\�
and is found in both prokaryotes and eukaryotes. GR contains 
different domains such as NADPH binding domain, FAD 
ELQGLQJ�GRPDLQ�DQG�LQWHUIDFH�GRPDLQ�IRU�MRLQLQJ�WZR�*5�VXE��
XQLWV� >�@��$OWKRXJK�*5� LV� ORFDOL]HG� WR�FKORURSODVWV�� F\WRVRO��
DQG�PLWRFKRQGULD��PRUH�WKDQ�����RI�LWV�DFWLYLW\�LQ�SKRWRV\Q��
WKHWLF�WLVVXHV�LV�LQ�FKORURSODVW�LVRIRUPV�>�@��*5�LV�NQRZQ�WR�EH�
LQYROYHG�LQ�SURWHFWLQJ�SKRWRV\QWKHVLV�DJDLQVW�R[LGDWLYH�VWUHVV�
>�@��2QH�RI�ZKLFK�RFFXUV�GXH�WR�GURXJKW�VWUHVV�>�@�

Glutathione reductase plays an important role in cellu-
ODU� GHIHQVH� DJDLQVW� UHDFWLYH� R[\JHQ� PHWDEROLWHV� HI¿FLHQWO\�
maintaining the cellular pool of reduced glutathione (GSH) 
E\�FDWDO\]LQJ� WKH� UHGXFWLRQ�RI�R[LGL]HG�JOXWDWKLRQH� �*66*��

WR�UHGXFHG�JOXWDWKLRQH��*6+��ZLWK�D�FRQFRPLWDQW�LQFUHDVH�LQ�
1$'3+�R[LGDWLRQ��*5�FRQYHUWV�*66*�WR�*6+��WKHUHE\�DV��
VLVWLQJ�LQ�PDLQWDLQLQJ�D�KLJK�*6+�*66*�UDWLR�XQGHU�YDULRXV�
abiotic stresses [2].

*OXWDWKLRQH� UHGXFWDVH� LV�RQH�RI� WKH�DQWLR[LGDQW� HQ]\PHV�
produced by plants as a defense mechanism against drought 
VWUHVV��%DVHG�RQ�WKH�UHVXOWV�RI�9LROLWD���������*5�HQ]\PH�DF-
WLYLW\� LQFUHDVHG�ZLWK� WKH� OHQJWK� WLPH�RI�GURXJKW�VWUHVV� WUHDW��
ment in soybean plants. The highest increase in GR activity 
occurred on the 10th day of the drought stress treatment. This 
increase in GR activity is related to the role of GR in protect-
LQJ�SODQWV�IURP�R[LGDWLYH�VWUHVV�GXH�WR�D�GHFUHDVH�LQ�WKH�UHOD-
WLYH�PRLVWXUH�FRQWHQW�RI�WKH�OHDYHV��*5�HQ]\PHV�SURWHFW�FHOOV�
IURP�R[LGDWLYH�GDPDJH�WKURXJK�WKH�UHJXODWLRQ�RI�F\FOLF�DVFRU-
EDWH�JOXWDWKLRQH��$6+�*6+��>�@��*5�HQ]\PH�DFWLYLW\�LQ�WKH�
ASH-GSH cycle is controlled by genes GR differ depending 
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2. Methodology

7KLV�VWXG\�ZDV�UHVHDUFK�EDVHG�RQ�PROHFXODU�ELRORJ\�DQG�
computational testing (bioinformatics). Gene nucleotide se-
TXHQFH�RI�*5��1&%,�DFFHVVLRQ�QXPEHU��;0B�������������
ZKLFK�ZLOO�EH�PRGL¿HG�UHIHUULQJ�WR�UHVHDUFK�>��@��>��@��3ULP-
HUV�ZHUH�GHVLJQHG�XVLQJ�WKH�SURJUDP�SULPHU��RQ�WKH�VLWH�3ULP-
HU�ZHE��KWWSV���SULPHU��XW�HH����*HQHUDWHG�SULPHU�FDQGLGDWHV�
ZHUH� DQDO\]HG� IXUWKHU� XVLQJ�*HQHLRXV� 3ULPH� VRIWZDUH� >��@��
WKHQ�WDUJHW�JHQH�VSHFL¿FLW\�ZDV�DQDO\]HG�XVLQJ�SULPHU�%/$67�
RQ�WKH�1&%,�ZHEVLWH�>��@��7KH�SULPHUV�REWDLQHG�ZHUH�WHVWHG�
IRU�WKHLU�DQQHDOLQJ�WHPSHUDWXUH�XVLQJ�JUDGLHQW�3&5��HOHFWUR-
SKRUHVLV�XVLQJ������DJDURVH�JHO�DQG�YLVXDOL]DWLRQ�XVLQJ�*HO�
Doc.

2.1 Primer Design
*5�DFFHVVLRQ�QXPEHU�RI��;0B�������������ZDV�HQWHUHG�

RQ�FROXPQ�VHDUFK�RQ�WKH�1&%,�VLWH��7KH�V\PERO�IRU�WKLV�JHQH�
LV�/2&��������ZLWK�WKH�ORFXV�WDJ�2613%B����������IRXQG�
in chloroplasts [16]. Then the primer generated using ‘pick 
SULPHU¶�WRROV��7KH�OHQJWK�RI�WKH�3&5�SURGXFW�ZDV�DGMXVWHG�IRU�
T3&5�DQDO\VLV�LQ�WKH�³3&5�SURGXFW�VL]H´�FROXPQ��ZKLFK�ZDV�
D�PLQLPXP�RI�����DQG�D�PD[LPXP�RI�����ES�

2.2 Primer Analysis Using Geneious Prime and Prim-
er-BLAST

7KH�)$67$�¿OH�RI�*5�VHTXHQFH��;0B�������������ZDV�
GRZQORDGHG�IURP�WKH�1&%,�ZHEVLWH��WKHQ�LPSRUWHG�WR�WKH�*H-
QHLRXV�3ULPH� VRIWZDUH��$OO� FDQGLGDWH� SULPHU� VHTXHQFHV� WKDW�
KDYH� EHHQ� GHVLJQHG� XVLQJ� µSLFN� SULPHU¶� RQ� WKH�1&%,�ZHE-
VLWH�ZHUH�FRSLHG�DQG�VDYHG�DV�SULPHU�VHTXHQFHV�LQ�*HQHLRXV�
3ULPH��7KH�SULPHU�FULWHULD�ZHUH�VKRZQ�RQ�SULPHU�DQQRWDWLRQ�
and also the DNA fold displayed for each primer. Then a prim-
HU�SDLU�WKDW�¿WV�WKH�FULWHULD�IRU�D�JRRG�SULPHU�ZDV�FKRVHQ��$IWHU�
REWDLQLQJ� WKH�EHVW� SULPHU�� WKHQ� WKH� VSHFL¿FLW\�RI� WKH�SULPHU�
ZDV�FKHFNHG�XVLQJ�WKH�SULPHU�%/$67�WRRO�RQ�WKH�1&%,�ZHE-
VLWH��6HOHFWHG�SULPHU�SDLU�ZDV�V\QWKHVL]HG�LQ�,'7��6LQJDSRUH�

2.3 Rice Root RNA Extraction
751$� H[WUDFWLRQ� IURP� ULFH� URRW� ZDV� XVLQJ� *(1(]ROTM 

5HDJHQW� �&DW�� *=5������ $OO� VWDJHV� RI� H[WUDFWLRQ� IROORZHG�
WKH� *(1(]RO� SURFHGXUHTM�� 6DPSOHV� ZHUH� ZHLJKHG� ��±����
PJ�DQG�WKHQ�FUXVKHG�XVLQJ�OLTXLG�QLWURJHQ�ZLWK�WKH�KHOS�RI�D�
PLFURSHVWOH��7R�WKH�VDPSOHV������O�*(1(]RO�ZDV�DGGHG�DQG�

RQ�WKH�W\SH�RI�JURXS��7KLV�LV�LQ�OLQH�ZLWK�WKH�UHVXOWV�RI�5HÀL�	�
3XUZHVWUL���������UHVHDUFK��WKDW� WUDQVFULSWLRQ�SDWWHUQV�RI�*5�
JHQH�FKDQJH� LQ�GLIIHUHQW�ZD\V� LQ� UHVSRQVH� WR�GURXJKW� VWUHVV�
and salinity in rice plants. GR gene transcription regulates 
glutathione reductase activity in plants. Therefore, GR en-
]\PHV�PD\�KDYH�OHVV�DFWLYLW\�LQ�GURXJKW�WUHDWHG�ULFH�VHHGOLQJV�
FRPSDUHG� WR� WKRVH� WUHDWHG�ZLWK�VDOLQLW\��7KLV�PD\�EH�GXH� WR�
PRUH�*5�JHQHV�ZKLFK�LQYROYHV�VHWWLQJ�VWUDWHJLHV�IRU�DGDSWLQJ�
rice seedlings to salinity com- pared to drought strategies [4].

7R�¿QG�RXW�KRZ�WKH�PHFKDQLVP�RI�WKH�*5�HQ]\PH�LQ�GHDO-
LQJ�ZLWK�GURXJKW�VWUHVV��IXUWKHU�UHVHDUFK�RQ�WKH�H[SUHVVLRQ�RI�
WKH�*5�JHQH�LQ�GHDOLQJ�ZLWK�GURXJKW�VWUHVV�LV�UHTXLUHG��7KLV�
FDQ�EH�DFFRPSOLVKHG�E\�H[DPLQLQJ�GLIIHUHQFHV�LQ�WKH�DFWLYLW\�
OHYHOV� DQG� WUDQVFULSWLRQ� RI� JHQHV� HQFRGLQJ� WKH�*5� HQ]\PH��
ZKLFK�LV�H[SHFWHG�WR�SOD\�D�YLWDO�UROH�LQ�UHGXFHG�JOXWDWKLRQH�
GHIHQVH��*6+��DQG�WKH�UHPRYDO�RI�R[LGDWLYH�UHDFWLRQ�SURGXFWV�
[4].

*HQH� H[SUHVVLRQ� LV� FRPSURPLVHG� RI� WZR� VWDJH� VXFK� DV�
WUDQVFULSWLRQ� DQG� WUDQVODWLRQ�� 7R� H[SUHVV� LWV� JHQHWLF� LQIRU-
mation, cells carry out various processes, including copying 
genetic information from DNA to mRNA (messenger RNA), 
WKLV�SURFHVV�LV�FDOOHG�WUDQVFULSWLRQ��DQG�WKHQ�IROORZHG�E\�WKH�
translation of the genetic information contained in the mRNA 
PROHFXOH�LQWR�SURWHLQ��WKLV�SURFHVV�LV�FDOOHG�WUDQVODWLRQ�>�@�

7KH�WHFKQLTXH�PRVW�IUHTXHQWO\�XVHG�WR�DQDO\]H�GLIIHUHQWLDO�
P51$�H[SUHVVLRQ� LV�TXDQWLWDWLYH�UHYHUVH� WUDQVFULSWLRQ�SRO\-
PHUDVH� FKDLQ� UHDFWLRQ� �T57�3&5��� T57�3&5� LV� DQ� HIIHFWLYH�
PHWKRG�IRU�REVHUYLQJ�FKDQJHV�LQ�JHQH�H[SUHVVLRQ�GXULQJ�SUR-
cesses such as cellular differentiation because it is highly sen-
VLWLYH�DQG�VSHFL¿F�>�@��7KH�T57�3&5�ZDV�XVHG�WR�VHH�WKH�TXDO-
LW\�RI�JHQH�H[SUHVVLRQ� WKURXJK�IRUPDWLRQ�RI�FRPSOHPHQWDU\�
'1$��F'1$��IRUPHG�IURP�51$�DQG�FDOFXODWH�WKH�TXDQWLW\�RI�
F'1$�DPSOL¿FDWLRQ�SURGXFHG�>�@��,Q�WKH�F'1$�DPSOL¿FDWLRQ�
VWDJH�ZLWK�3&5��D�SDLU�RI�SULPHUV�LV�QHHGHG��IRUZDUG�DQG�UH-
YHUVH���WR�OLPLW�WKH�DUHD�WR�EH�DPSOL¿HG�>�@�

3&5�VXFFHVV�GHSHQGV�RQ�WKH�SULPHU�XVHG��3ULPHUV�DUH�VLQ-
JOH�VWUDQGHG�ROLJRQXFOHRWLGH�PROHFXOHV�FRQVLVWLQJ�RI�DSSUR[-
LPDWHO\�������EDVHV��$�JRRG�SULPHU�LV�GHWHUPLQHG�E\�VHYHUDO�
SULPHU�FULWHULD��7KHVH�FULWHULD�LQFOXGH��SULPHU�OHQJWK�EHWZHHQ�
������PHU���*&�UDQJLQJ�IURP������������7P��PHOWLQJ�WHP-
SHUDWXUH��������&�DQG�QRW�PRUH�WKDQ����&��QR�SULPHU�LQWHUDF-
tions (dimers and hairpins), primer stability, repeats, runs and 
IDOVH�SULPLQJ�>�@�

7KH�NH\�WR�3&5�VXFFHVV�LV�LQVHSDUDEOH�IURP�ELRLQIRUPDW-
LFV� VWXGLHV�ZKHQ�GHVLJQLQJ�VSHFL¿F�SULPHUV� IRU� WDUJHW�JHQHV�
>��@��7KH�VXFFHVV�RI�JHQH�DPSOL¿FDWLRQ�E\�3&5�XVLQJ�VSHFLDO-
ly designed primers is largely determined by the accuracy of 
WKH� SULPHU� DWWDFKPHQW� WHPSHUDWXUH� �DQQHDOLQJ��ZLWK� D�'1$�
WHPSODWH��,I�WKH�WHPSHUDWXUH�LV�WRR�ORZ�LW�FDQ�FDXVH�WKH�SULP-
HU� WR� VWLFN� WR� WKH� JHQRPLF�'1$�RU� DWWDFK� WR� D� QRQ�VSHFL¿F�
SODFH��ZKLOH� WKH� WHPSHUDWXUH� LV� WRR� KLJK� LW�ZLOO� SUHYHQW� WKH�
DPSOL¿FDWLRQ�SURFHVV�IURP�RFFXUULQJ�>��@��)RU�WKLV�UHDVRQ��LW�
LV�QHFHVVDU\�WR�RSWLPL]H�WKH�3&5�SURFHVV�VR�WKDW�WKH�3&5�UH-

VXOWV�REWDLQHG�DUH�RSWLPDO�>��@��6HYHUDO�VWXGLHV�DQDO\]LQJ�*5�
JHQH�H[SUHVVLRQ�LQ�ULFH�KDYH�DOVR�GHVLJQHG�SULPHUV�>��@��>��@��
+RZHYHU��WKH�SULPHU�VWLOO�ODFNV�DQ�LGHDO�FKDUDFWHULVWLF�RI�SULP-
er, as it still has a secondary structure, both hairpin and dimer. 
7KLV�VHFRQGDU\�VWUXFWXUH�FDQ�UHGXFH�3&5�HI¿FLHQF\��%DVHG�RQ�
WKLV��WKH�SXUSRVH�RI�WKLV�VWXG\�ZHUH�WR�GHVLJQ�ULFH�*5�VSHFL¿F�
SULPHUV�DQG�RSWLPL]H�WKH�DQQHDOLQJ�WHPSHUDWXUH�IRU�*5�JHQH�
H[SUHVVLRQ�DQDO\VLV�RQ�ULFH�
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incubated for 10 minutes at room temperature. After that, 200 
�O�RI� FKORURIRUP�ZDV� DGGHG� WR� WKH� VDPSOH� WXEH�DV�PXFK�DV�
�����O�E\�VKDNLQJ�JHQWO\�IRU����VHFRQGV��6DPSOH�PL[WXUH�ZDV�
FHQWULIXJHG�DW��������USP�IRU����PLQXWHV�DW��2&��7KH�DTXHRXV�
SKDVH�FRQWDLQLQJ�51$�ZDV�WUDQVIHUUHG�WR�D�QHZ�WXEH��,VRSUR-
SDQRO�DOFRKRO�ZDV�DGGHG�DFFRUGLQJ�WR�WKH�YROXPH�RI�51$�LQWR�
the tube and then incubated at room temperature for 10 min-
XWHV��6DPSOH�ZDV�FHQWULIXJHG�DW��������USP�IRU����PLQXWHV�DW�
42&�WKHQ�WKH�VXSHUQDWDQW�ZDV�GLVFDUGHG�ZLWKRXW�GLVWXUELQJ�WKH�
SHOOHW��51$�SHOOHWV�ZHUH�ZDVKHG�XVLQJ�����HWKDQRO�DQG�FHQ-
WULIXJHG�DW�������USP����PLQXWHV�DW��o&��7KH�VXSHUQDWDQW�ZDV�
GLVFDUGHG�DJDLQ�ZLWKRXW�GLVWXUELQJ�WKH�SHOOHW�WKHQ�DLU�GULHG�WKH�
RNA pellet for 10 minutes at room temperature. To resuspend 
WKH�51$�SHOOHW�����O�RI�QXFOHDVH�IUHH�ZDWHU�ZDV�DGGHG�WKHQ�
LQFXEDWHG�DW���o&�WR�GLVVROYH�WKH�SHOOHWV�

2.4 cDNA Synthesis
F'1$�V\QWKHVLV�ZDV�SHUIRUPHG�XVLQJ�UHYHUVH�WUDQVFULSWDVH�

�57��HQ]\PHV�LQ�FRPELQDWLRQ�ZLWK�T3&5�ZLWK�WKH�6HQVLIDVW�
F'1$�6\QWKHVLV�.LW��T57�3&5�ZDV�FDUULHG�RXW�E\�SUHSDULQJ�
D�F'1$�V\QWKHVLV� UHDFWLRQ�PL[WXUH��7KH�VDPSOH�ZDV�EULHÀ\�
KRPRJHQL]HG�ZLWK� D� YRUWH[�� WKHQ� SXW� LQWR� WKH� WKHUPRF\FOHU�
DQG�UXQ�IRU����PLQXWHV��ZLWK�DQQHDOLQJ�VHWWLQJV�DW���o&�IRU����
minutes, reverse transcription stage at 42o&� IRU����PLQXWHV��
DQG�LQDFWLYDWHG�DW���o&�IRU���PLQXWHV�DQG�WKH�F'1$�FDQ�EH�
GLUHFWO\�XVHG�DV�D�WHPSODWH�IRU�T3&5�DQG�VWRUHG�DW����o&�

2.5 Gradient PCR
2SWLPL]DWLRQ�RI�DQQHDOLQJ�WHPSHUDWXUH�ZDV�FRQGXFWHG�XV-

LQJ�JUDGLHQW�3&5���3&5�UHDFWLRQ�LQ�����O�FRQVLVWLQJ�RI������O�
ULFH�URRW�F'1$�������O�RI�����0�IRUZDUG�DQG�UHYHUVH�SULP-
HUV�����O�RI��[�*R7DT�3&5�PDVWHU�PL[��3URPHJD��DQG������O�
QXFOHDVH�IUHH�ZDWHU�� 3&5� WHPSHUDWXUH� F\FOH�� L�H�� LQLWLDO� VWHS�
���&�IRU���PLQXWHV�� IROORZHG� �E\����F\FOHV�RI�GHQDWXUDWLRQ�
��Û&�IRU����VHFRQGV��DQQHDOLQJ�WHPSHUDWXUH�ZDV�VHW�JUDGLHQW��
������&�IRU����VHFRQGV��HORQJDWLRQ����&�IRU����VHFRQGV��DQG�
¿QDO�HORQJDWLRQ����&�IRU���PLQXWHV��7KH�3&5�SURGXFWV�ZHUH�
VHSDUDWHG�XVLQJ�HOHFWURSKRUHVLV�XVLQJ������DJDURVH�JHO�ZLWK�
�[�7$(�EXIIHU��(OHFWURSKRUHVLV�ZDV�FDUULHG�RXW�DW�����9�IRU�
���PLQXWHV��)XUWKHUPRUH���WKH�HOHFWURSKRUHVLV�UHVXOW�ZDV�YLVX-
DOL]HG�XVLQJ�*HO�'RF��

3. Results and Discussion
3.1 Primer Design
%DVHG�RQ�WKH�GHVLJQ�UHVXOWV�RQ�WKH�SURJUDP�µSLFN�SULPHU¶��

��� IRUZDUG�SULPHUV�DQG���� UHYHUVH�SULPHUV� ����SULPHU�VHWV��
ZHUH�REWDLQHG�7DEOH����)RUZDUG�SULPHU�LV�D�SULPHU�ORFDWHG�DW�
the front end of the DNA target and serves to mark the front 
HQG�RI�WKH�'1$�VWUDQG�WR�EH�GXSOLFDWHG��LQ�RWKHU�ZRUGV��IRU-
ZDUG�SULPHU�ZLOO�JR�IURP�WKH��¶�HQG�WR�WKH��¶�HQG��0HDQZKLOH��
the reverse primer is located at the back end of the DNA target 
>�@��

2I�WKH����VHWV�RI�SULPHU�FDQGLGDWHV�JHQHUDWHG��HDFK�KDV�D�

different amplicon length and nucleotide arrangement. Ampli-
cons are target DNA strands that have been successfully dupli-
FDWHG�GXULQJ�WKH�3&5�SURFHVV�>��@��7KH�OHQJWK�RI�WKH�3&5�DP-
SOL¿FDWLRQ�DPSOLFRQV�GHSHQGV�RQ�WKH�SXUSRVH�RI�WKH�UHVHDUFK�
WR�EH�FDUULHG�RXW��6WDQGDUG�3&5�DPSOLFRQ�OHQJWKV�DUH���������
ES��3URGXFWV�ZLWK�D�OHQJWK�RI������ES�UHTXLUH���PLQXWH�IRU�WKH�
H[WHQVLRQ�SURFHVV�DW�WKH�3&5�VWDJH�>��@��%DVHG�RQ�WKH�GDWD�RI�
the primer candidates in Table 1, each primer has a length of 
������ES�VR�WKDW�WKH�UHTXLUHG�H[WHQVLRQ�WLPH�IRU�3&5�LV�DOVR�
less than 1 minute.

3.2 Primer Analysis Using Geneious Prime and Prim-
er-BLAST

$QDO\VLV� RI� SULPHU� FDQGLGDWHV� ZDV� FRQGXFWHG� EDVHG� RQ�
JRRG� SULPHU� FULWHULD� XVLQJ� *HQHLRXV� 3ULPH�� ,Q� JHQHUDO�� WKH�
RSWLPDO�EDVH�OHQJWK�IRU�T3&5�SULPHU�ZDV�������QXFOHRWLGHV�
>��@��%DVHG�RQ�WKH�SULPHU�FDQGLGDWH�GDWD��7DEOH�����DOO�SULPHU�
FDQGLGDWH�VHWV���WR����DUH�JRRG�SULPHUV�IRUZDUG�DQG�UHYHUVH�
ZKLFK� KDYH� SULPHU� OHQJWK� RI� DERXW� ������ QXFOHRWLGHV�� WKLV�
meets the criteria for optimal base length.

0HOWLQJ� WHPSHUDWXUH� �7P�� LV� WKH� WHPSHUDWXUH� DW� ZKLFK�
����RI�WKH�'1$�GRXEOH�VWUDQGV�VHSDUDWH��7KH�RSWLPDO�SULPHU�
7P�IRU�T3&5�LV���o&�±���o&�>��@��,Q�WKLV�VWXG\����VHWV�RI�SULP-
HU�SDLU�FDQGLGDWHV��IRUZDUG�DQG�UHYHUVH��KDYH�D�7P�EHWZHHQ�
�����o&��7KH�DOUHDG\�PHHWV�WKH�RSWLPDO�SULPHU�7P�IRU�T3&5��
:KLOH��SULPHU�VHW���KDV�UHYHUVH�SULPHU�7P�RI�����o&�VR�WKDW�
LW�GRHV�QRW�PHHW� WKH�FULWHULD�IRU�D�JRRG�7P��7DEOH����� ,I� WKH�
7P�SULPHU� LV� WRR� ORZ�� WKH�SULPHU� WHQGV� WR�DQQHDO�HOVHZKHUH�
DQG�SURGXFH�QRQ�VSHFL¿F�SURGXFWV��:KLOH� LI�7P� LV� WRR�KLJK�
�!���R&���LW�ZLOO�UHGXFH�WKH�HIIHFWLYHQHVV�RI�DQQHDOLQJ�ZKLFK�
FDQ�OHDG�WR�IDLOXUH�RI�WKH�'1$�DPSOL¿FDWLRQ�SURFHVV��3ULPHU�
pair must have a difference in the Tm value of not more than 
��EHFDXVH�LW�FDQ�FDXVH�D�GHFUHDVH�LQ�WKH�DPSOL¿FDWLRQ�SURFHVV�
RU�HYHQ�QR�DPSOL¿FDWLRQ�SURFHVV�RFFXUV��7P�FDQ�EH�FDOFXODWHG�
PDQXDOO\�XVLQJ�WKH�IRUPXOD�7P� ���$�7������*�&���7KH�7P�
RI�D�SULPHU�PXVW�EH�FKRVHQ�FDUHIXOO\�EHFDXVH�LW�KDV�D�VLJQL¿-
FDQW�LPSDFW�RQ�WHPSHUDWXUH�DQQHDOLQJ�XVHG�LQ�WKH�3&5�SURFHVV�
>��@�

3HUFHQWDJH�����*&�LV�WKH�QXPEHU�RI�SHUFHQWDJHV�RI�JXD-
QLQH�DQG�F\WRVLQH�LQ�D�SULPHU���*&�VKRXOG�EH�LQ�WKH�UDQJH�RI�
�������>�@��,Q�WKLV�VWXG\��DOO�VHWV�RI�SULPHUV�IRUZDUG�DQG�UH-
YHUVH�DOUHDG\�PHW�WKH�FULWHULD�IRU�D�JRRG��*&����������������
H[FHSW�SULPHU�VHW���EHFDXVH�WKH�UHYHUVH�SULPHU�RQO\�KDV�������
�7DEOH�����3ULPHUV�ZLWK��*&�EHORZ�����UHTXLUH�D�EDVH�OHQJWK�
RI�PRUH�WKDQ���ES�WR�NHHS�7P�DERYH�WKH�UHFRPPHQGHG�PLQ-
LPXP��7KH���VHWV�RI�SULPHU�SDLU�FDQGLGDWHV�KDYH�IXO¿OOHG�WKH�
SULPHU�FULWHULD�RI��*&�EHFDXVH�WKH\�DUH�LQ�WKH�UDQJH�RI����
����>��@�

7KH�LGHDO�3&5�SURGXFW�VL]H�RU�SULPHU�DPSOLFRQ�OHQJWK�IRU�
T3&5� LV�EHWZHHQ���������ES� WR� LQFUHDVH�DPSOL¿FDWLRQ�HI¿-
FLHQF\�>��@��,Q�WKLV�VWXG\��RQO\���SULPHU�VHWV��IRUZDUG�DQG�UH-
YHUVH��ZKLFK�PHW� WKH� LGHDO�DPSOLFRQ� OHQJWK�FULWHULD��QDPHO\�
VHW���ZLWK�DQ�DPSOLFRQ�OHQJWK�RI�����ES�DQG�VHW����ZLWK�DQ�DP-
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SOLFRQ�OHQJWK�RI�����ES��0HDQZKLOH��WKH�RWKHU�SULPHU�FDQGL- dates do not meet the ideal amplicon length criteria (Table 1). 

Table 1. 6SHFL¿FDWLRQ�RI�*5�SULPHU�FDQGLGDWHV

$�JRRG�SULPHU�FDQ¶W�KDYH�D�VHFRQGDU\�VWUXFWXUH�OLNH�D�KDLU-
pin and dimer. Stability secondary structure determined by the 
IUHH� HQHUJ\� �¨*�� DQG� WKH�PHOWLQJ� WHPSHUDWXUH�� 7KLV� FDXVHV�
the primer to not anneal to  the DNA template. A hairpin is 
D�VWUXFWXUH�IRUPHG�E\�SRO\QXFOHLF�DFLG�EDVH�SDLULQJ�EHWZHHQ�
FRPSOHPHQWDU\� VLQJOH�VWUDQGHG� VHTXHQFHV�RI� HLWKHU�'1$�RU�
RNA. The formation of hairpin structures in primers should 
EH�DYRLGHG��EXW� LW� LV�YHU\�GLI¿FXOW� WR�REWDLQ�SULPHUV�ZLWKRXW�
KDLUSLQ�VWUXFWXUHV��3ULPHU�DOVR�PD\�QRW�ERQG�ZLWK�WKHLU�SDUW-
QHU�SULPHU�ZKLFK�LV�FDOOHG�SDLU�GLPHU�QRU�VHOI�GLPHU�ZKLFK�LV�
IRUPHG�E\�LQWHUPROHFXODU�LQWHUDFWLRQV�EHWZHHQ�WKH�WZR��VDPH�
VHQVH��SULPHUV��ZKHUH�WKH�SULPHU�LV�KRPRORJRXV�WR�LWVHOI��2I�
the primer candidates that have been designed, only 2 primer 
sets meet these criteria, namely primer set 2 and primer set 10 
(Table 1).

Based on the analysis of primer above, the selected prim-
ers are primer sets of 10 that have met the criteria for good 
SULPHUV��QDPHO\�ZLWK�EDVH�OHQJWKV�RI����DQG����QXFOHRWLGHV��
7P������DQG���2&���*&�����DQG���������DPSOLFRQ�OHQJWK�
204 bp and has no secondary structure (hairpin and self-di-
PHU���7KH� VSHFL¿FDWLRQV� IRU� WKH� VHOHFWHG� SULPHU� FDQGLGDWHV�
can be seen in Table 2. This primer set 10 is then named by 
GR primer.

7KH�VSHFL¿FLW\�RI�WKH�GHVLJQHG�SULPHUV�ZDV�FKHFNHG�XVLQJ�
WKH�3ULPHU�%/$67�WRRO�RQ�WKH�1&%,�ZHEVLWH��$FK\DU�HW�DO���
�������1&%,�3ULPHU�%/$67�UHVXOWV��)LJXUH����LQGLFDWH�WKDW�
SULPHU�SDLUV�FDQ�DPSOLI\�*5�P51$�VHTXHQFH�ZLWK�DPSOLFRQ�
length GR of 204 bp (Figure 2).  

Figure 1. 1&%,�SULPHU�%/$67�UHVXOWV�IURP�SULPHU�VHW���
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Figure 2. Amplicon length of primer set 10

6SHFL¿FLW\�FKHFNV�ZHUH�FDUULHG�RXW�WR�GHWHUPLQH�WKH�QXP-
ber and type of genes GR that can be detected using the primer 

Table 2. 6HOHFWHG�SULPHUV��SULPHU�VHW�����FKDUDFWHULVWLFV�DQDO\]HG�XVLQJ�*HQHLRXV Prime

DV�ZHOO� DV� RWKHU�RUJDQLVPV� WKDW� FDQ� DOVR�EH�GHWHFWHG�E\� WKH�
primer [21]. 

3.2 Primer annealing temperature (Ta) optimization

2SWLPL]DWLRQ�RI�DQQHDOLQJ�WHPSHUDWXUH��7D��XVLQJ�JUDGLHQW�
3&5�DLPV�WR�WHVW�SULPHU�SDLUV�LQ�RUGHU�WR�REWDLQ�WKH�RSWLPXP�
Ta in amplifying target genes [22]. The optimal Ta is typically 
��&�ORZHU�WKDQ�WKH�7P�RI�WKH�SULPHU�VV'1$�WHPSODWH��7KH�7D�
is determined by the number and order of nucleotides in the 
SULPHU�>��@��

Based on the results of agarose gel electrophoresis of 
SULPHU�VHW�����)LJXUH�����WKH�RSWLPXP�DQQHDOLQJ�WHPSHUDWXUH�
LV�DW�����2&�EHFDXVH�WKH�UHVXOWLQJ�'1$�EDQGV�DUH�EULJKWHU�DQG�
WKLFNHU�WKDQ�WKH�RWKHU�'1$�EDQGV��$FFRUGLQJ�WR�,TEDO�HW�DO���
(2016), bands that are clear, brilliant, unbroken or not smeared 
DUH�FRQVLGHUHG�WR�PHHW�WKH�UHTXLUHPHQWV�IRU�JRRG�'1$�EDQGV��

,Q�WKLV�VWXG\�DOO�VDPSOHV�KDG�EDQGV�WKDW�ZHUH�FOHDUO\�YLVLEOH��
EULOOLDQW��WKLFN�DQG�QR�XQVSHFL¿F�EDQG�QRU�GLPHU��7KH�VL]H�RI�
WKH�DPSOLFRQ�LV�DOVR�LQ�DFFRUGDQFH�ZLWK�WKH�UHVXOWV�RI�WKH�GH-
sign.  Mubarak et al. (2020) stated that an annealing tempera-
ture that is too high prevents optimal primer-template binding, 
ZKHUHDV�DQ�DQQHDOLQJ� WHPSHUDWXUH� WKDW� LV� WRR� ORZ�FDQ� UHVXOW�
LQ�QRQ�VSHFL¿F�ELQGLQJ�DQG��FRQVHTXHQWO\��QRQ�VSHFL¿F�3&5�
SURGXFWV��$IWHU�WKH�SULPHUV�K\EULGL]H�WR�WKH�WHPSODWHV��H[WHQ-
VLRQ�RFFXUV�>��@�
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Figure 6. 9LVXDOL]DWLRQ�RI�HOHFWURSKRUHVLV�UHVXOWV�RI�3&5�SURGXFWV�ZLWK�SULPHU�VHW����RQ�F'1$�RI�ULFH�URRWV�VWUHVVHG�E\�
GURXJKW�DW�D�WHPSHUDWXUH�UDQJH�RI������o&�XVLQJ�D�����ES�PDUNHU

7KH�EHVW�SULPHU�GHVLJQ�UHVXOWV�ZHUH�SULPHU�VHW����ZKLFK�
is named GR primer. The characteristic of GR primer are 
*5�IRUZDUG� �¶�$&*$77*&$*&&$*7*$$*$��¶� DQG�
*5�UHYHUVH��¶�7*&**&$$7$&7$7&$$&$7&&��¶��DPSO-
icon length 204 bp, base lengths 20 and 22 nucleotides, Tm 
YDOXHV�����&�DQG�������&���*&�����DQG��������UHVSHFWLYHO\��
Both primers had no secondary structure (hairpin and self di-
PHU��ZLWK������&�DV�RSWLPXP�DQQHDOLQJ�WHPSHUDWXUH��VR�WKDW�
WKHVH�SULPHUV�FDQ�EH�XVHG�DV�D�VSHFL¿F�SULPHU�WR�DPSOLI\�WKH�
*5�JHQH�LQ�ULFH�XVLQJ�T3&5�

4. Conclusion
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Abstract
In general, community forest management is still limited to the management of individual farmers so that it affects diversity, 
especially in the form of stands. This study aimed to explore the stand structure and composition characteristics and develop a 
model for estimating the potential stand volume at the Citragaluh community forest management unit with 55 observation plots 
based on a combination of slope and density classes. The data taken includes slope; plant species; plant coordinates; planting 
pattern and spacing; tree diameter, tree height, and canopy density. The results of plot observations showed that the cropping 
pattern of Citragaluh Community Forest Management Unit (CFMU) consisted of monoculture (10.9%), mixed stands (20%), 
DJURIRUHVWU\��������GU\�¿HOGV�����������ZHW�¿HOGV�������EDPERR�VWDQGV��������DQG�EXLOW�XS�DUHD���������7KH�WUHHV�VSHFLHV�
IRXQG�ZHUH�-HXQJMLQJ��0DKRJDQ\��7HDN��7LVXN��6REVL��$NDVLD��DQG�3XVSD��%DVHG�RQ�WKH�UHVXOWV�RI�VWUDWL¿FDWLRQ��GLDPHWHU�GLVWUL�
bution, and stand volume, mixed gardens were the best cropping pattern. This research proves the role of community forest as 
a transition between plantation forest and natural forest based on the stand form and composition. The stand volume potential 
HVWLPDWRU�PRGHO�FKRVHQ�ZDV�OLQHDU�ZLWK�WKH�HTXDWLRQ�<� ������;1���������;2���������ZKHUH�;1� �VORSH�DQG�;2 = Normalized 
Difference Vegetation Index (NDVI). The values of R2�PRGHOV�DUH��������7KH�DYHUDJH�SRWHQWLDO�IRU�WKH�&LWUDJDOXK�LV���������
m3/ha, which tends to be higher than other community forest studies.


��&RUUHVSRQGLQJ�DXWKRUV��H�PDLO��WLHQ��#LWE�DF�LG��HQGDQJ�KHUQDZDQ#LWE�DF�LG
5HFHLYHG������������
$FFHSWHG�IRU�SXEOLFDWLRQ������������

Keywords��community forest, agroforestry, stand structure, stand composition, stand volume potential

1. Introduction

The community forest is a forest that is outside the state 
forest area and the land is owned by the general public so that 
the form of management is unique compared to other forest 
types. Community forest management is generally still on a 
WUDGLWLRQDO�LQGLYLGXDO�SHU�IDPLO\�VFDOH�ZLWK�OLPLWHG�NQRZOHGJH�
and experience of farmers [1]. This form of management af�
fects diversity, especially in the form of land stands such as 
patterns and spacing. The planting pattern of the community 
IRUHVW�LV�LQÀXHQFHG�E\�WKH�QHHGV�DQG�KDELWV�RI�WKH�ODQGRZQHU��
as well as the biophysical condition of the land [2][3]. The 
needs and habits of the landowner can be seen when viewed 
from the land owner’s profession. Landowners who work as 
farmers tend to have agroforestry planting patterns, while 
landowners with other professions have monoculture or poly�

culture cropping patterns [2].
Land biophysical factors in the form of land contours, cli�

mate, season, and soil conditions and types are also one of 
the considerations for farmers in choosing cropping patterns. 
Land with steep slopes will have a high potential for erosion 
and runoff so that it can experience critical conditions. There�
fore, land with steep slopes will generally be dominated by 
perennial/forestry species with denser spacing than those with 
low slopes. The closer the spacing, the higher the canopy cov�
er density, where the denser the canopy cover, the higher the 
vegetation index value [5]. Consideration of these two factors 
is important for farmers in determining the shape of the pat�
WHUQ�DQG�VSDFLQJ�WR�DYRLG�IDLOXUH�>�@�

In addition to affecting the shape of the stand, the plant�
ing pattern and spacing of community forests also affect the 
amount and type of product produced. The main product of 
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2. Methodology
The research was carried out in March – April 2021, which 

was located at Citragaluh CFMU, Tanjungsiang District, Sub�
ang Regency. The boundary of the research coordinates is be�
WZHHQ����o ��¶�±����o ��¶�HDVW� ORQJLWXGH�DQG��o���¶�±��o���¶�
south latitude. The area of the CFMU Citragaluh based on the 
FHUWL¿FDWLRQ� LV��������KD��EXW� LQ� WKLV� VWXG\�� WKH�DUHD�XVHG� LV�
���������KD�DV�VKRZQ�LQ�)LJXUH���EHORZ�

Figure 1. Map of Research Locations (Boundary of the four villages)

community forest is wood, but other products can also be pro�
duced, especially on land with agroforestry patterns. Commu�
nity forests can be an alternative source in increasing national 
log production. Based on data from the Ministry of Environ�
ment and Forestry, the total production of logs in 2019 from 
QDWXUDO�IRUHVWV�DQG�SODQWDWLRQV�ZDV������PLOOLRQ�P3�DQG�������
million m3, respectively. This number has decreased from 
�����ZKLFK�ZDV������PLOOLRQ�P3�RI�������PLOOLRQ�P3 for nat�
XUDO�IRUHVWV�DQG�LQGXVWULDO�IRUHVWV�>�@��7KH�OHYHO�RI�ZRRG�SUR�
duction in community forests can be determined by estimating 
WKH� SRWHQWLDO� VWDQG� YROXPH��8QWLO� QRZ�� LW� LV� VWLOO� GLI¿FXOW� WR�
get the right form for estimating the potential stand volume 
in community forests, so involving geographic information 
systems (GIS) and remote sensing is expected to produce a 
good model.

7KH�&LWUDJDOXK� 6XVWDLQDEOH�&RPPXQLW\� )RUHVW�0DQDJH��
PHQW�8QLW��&)08��LV�RQH�RI�WKH�FHUWL¿HG�FRPPXQLW\�IRUHVWV��
located in four villages namely Cimeuhmal, Rancamanggung, 
Gandasoli, and Cibuluh. The Citragaluh CFMU has a total  

DUHD�RI������ODQG�XQLWV�ZLWK�D�WRWDO�ODQG�DUHD�RI��������KHFW��
ares. Although it has been in the form of a management unit, 
the management of the Citragaluh CFMU is still traditional in 
which each member is individual, so it does not have a clear 
plan and does not fully guarantee sustainability in terms of 
farmers’ income and the existence of community forests [1]. 
This study aims to explore the structural characteristics of  
the stand composition on the land and determine a model for 
estimating the potential for stand volume on the Citragaluh 
CFMU land.
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The data used in this study were the  Citragaluh CFMU cer�
WL¿FDWLRQ�GRFXPHQWV�LQ�WKH�IRUP�RI�LPDJHV�RI�ODQG�FRYHU�PDSV�
RI�WKH�IRXU�YLOODJHV�LQ�������VKDSH¿OH�PDS�RI�WKH�ERXQGDULHV�
of the four villages sourced from the Geospatial Information 
$JHQF\��%,*��ZHE�EDVHG�RQ�GDWD�LQ�0DUFK�������'LJLWDO�(OH�
vation Model (DEM) data for the Subang Regency area from 
WKH�1DWLRQDO�'(0�'(01$6�� DQG� D� SDQFKURPDWLF�6327���
satellite image dated June 1, 2020, sourced from the Lem�
baga Antariksa dan Penerbangan Nasional  (LAPAN). The 

data retrieval stages were carried out entirely with the ArcGIS 
�����DSSOLFDWLRQ��7KH�FUHDWLRQ�RI�WKH�$UHD�RI�,QWHUHVW��$2,��LV�
FDUULHG�RXW�E\�JHRUHIHUHQFLQJ�DQG�GLJLWL]LQJ�WKH�FHUWL¿FDWLRQ�
document of the mixed plantation land cover map image. The 
slope map is made from DEM data based on the Regulation of 
the Minister of Forestry of the Republic of Indonesia No. P.32/
0HQKXW�,,������FRQFHUQLQJ�3URFHGXUHV�IRU�&RPSLOLQJ�7HFK�
QLFDO�3ODQV�IRU�)RUHVW�DQG�:DWHUVKHG�/DQG�5HKDELOLWDWLRQ�>�@�
ZLWK�FODVVL¿FDWLRQV�DV�VKRZQ�LQ�7DEOH���EHORZ�

Table 1. 6ORSH�FODVV�FODVVL¿FDWLRQ

The vegetation density class map is made based on the 
Normalized Difference Vegetation Index ( NDVI) value, with 
the following formula.

 

The results of the calculation of the NDVI value will 
YDU\� LQ� WKH� UDQJH�RI� YDOXHV� IURP� ��� WR����7KLV� VWXG\�XVHV� D�

UDQJH�RI�1'9,�YDOXHV�EHWZHHQ���������RU�PRUH�WR�GLVWLQJXLVK�
WUHH�YHJHWDWHG� DUHDV� LQ� FRPPXQLW\� IRUHVWV� >�@��7KH� LQWHUYDO�
of the density class NDVI value is determined based on the 
desired number of classes using the following formula [9]. 

This study has divided the vegetation density class into 
¿YH�FODVVHV�DV�VKRZQ�LQ�7DEOH���EHORZ�

Table 2. 9HJHWDWLRQ�GHQVLW\�FODVV�FODVVL¿FDWLRQ

The results of overlaying the slope map and vegetation 
GHQVLW\� PDS� DUH� WKHQ� LQWHUVHFWHG� WR� SURGXFH� ��� FODVVHV� RI�
RYHUOD\�RI�VORSH�DQG�GHQVLW\��7KLV�VWXG\�XVHG�VWUDWL¿HG�UDQGRP�
sampling based on the combination of slope and density class�
es which had 55 samples of square plots measuring 20x20 
PHWHUV�VTXDUH�������KD���7KH�QXPEHU�RI�SORW�DOORFDWLRQV�SHU�
combination of slope and density is determined based on the 
results of the calculation of the proportion of the area. Data 
ZHUH�WDNHQ�GXULQJ�¿HOG�REVHUYDWLRQV�LQ�WKH�IRUP�RI�WKH�SODQW�
species (either forestry or agriculture); the number of plants; 
planting pattern and spacing; tree diameter at breast height/
'%+��WRWDO�WUHH�KHLJKW��EUDQFK�IUHH�WUHH�KHLJKW��FDQRS\�ZLGWK�
radius; tree coordinates; and the slope of the land.

2.1 Analysis of Structural Characteristics and Stand 
Composition

The existing/actual condition of the stand characteristics 

composition structure was analyzed using diameter distribu-
tion diagrams and tables. The type of stand structure can be 
LGHQWLÀHG�XVLQJ�D�GLDPHWHU�GLVWULEXWLRQ�GLDJUDP��,I�WKH�VKDSH�
of the diagram resembles an inverted ‘J’, it describes a forest 
that is not the same age/similar to a natural forest; Otherwise, 
if the shape resembles the form of a bell/normal distribution, 
it describes a forest of the same age/similar to a plantation 
forest [10]. The form of the stand structure can also affect the 
sustainability of its management, where the stand structure of 
a good community forest is similar to the concept of a normal 
IRUHVW� >�@�� ,Q�DGGLWLRQ�� WKH�VKDSH�RI� WKH�VWDQG�VWUXFWXUH�ZLOO�
DOVR�EH�YLVXDOL]HG�ZLWK�D�YHUWLFDO�SURÀOH�GLDJUDP���'�PRGHO��
DQG�D�KRUL]RQWDO�VWDQG��WUHH�FDQRS\�GLDJUDP��XVLQJ�WKH�6([L�
)6��7KH� WUHH� FDQRS\� GLDJUDP�ZDV� DQDO\]HG� XVLQJ� WKH�7UHH�
Cramming method, which is measuring the percentage of 
canopy cover by moving and closing the positions of the tree 
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canopy sizes so that they become one group [11]. The results 
RI�WKH��'�PRGHO�RI�WKH�VWDQG�ZLOO�EH�DEOH�WR�NQRZ�WKH�VWUDW-
LÀFDWLRQ��ZKLOH�WKH�UHVXOWV�RI�WKH�FDQRS\�SURÀOH�GLDJUDP�FDQ�
NQRZ� WKH�SHUFHQWDJH�RI� WKH�FDQRS\�FRYHU�DUHD��7KH�VWUDWXP�
GLYLVLRQ�LV�JURXSHG�LQWR�ÀYH�EDVHG�RQ�QDWXUDO�IRUHVW��QDPHO\�
VWUDWXP�$��!��P��� VWUDWXP�%�������P��� VWUDWXP�&������P���
VWUDWXP�'�����P���DQG�VWUDWXP�(�����P��>��@���7R�GHWHUPLQH�
the composition of stands, they are divided into monoculture 
forests, mixed forests, natural forests and non-forests such as 
gardens, agroforestry and others.

2.2 Statistical Analysis of Stand Volume Potential Es-
timator Model

The stages of building a stand volume potential model 
consist of calculating the volume of each plot, testing correla�
tions between variables, testing the validity of the combined 
vegetation density and slope class mapping, determining the 
basic shape of the model, testing classical assumptions, test�
LQJ�YHUL¿FDWLRQ�DQG�PRGHO�YDOLGDWLRQ��VHOHFWLQJ�WKH�EHVW�PRG�
el, and volume prediction map creation based on the model. 
The calculation of the total volume in each plot with the fol�
lowing formula.

([SODQDWLRQV��
Vi  = tree volume (m3)
Vteg  =  total volume in each plot (m3/plot)
ʌ��  �����
DBH = diameter at breast height (m)
7EF�� �EUDQFK�IUHH�WUHH�KHLJKW��P�
I��  �WUHH�IRUP�IDFWRU��I� �����

The correlation testing between variables is carried out 
to determine the relationship between two or more variables, 
with the Pearson correlation formula as follows [13].

([SODQDWLRQV���
U��  �FRHI¿FLHQW�FRUUHODWLRQ
n  = number of sample
;i��  �¿UVW�YDULDEOH�YDOXH�
Yi  = second variable value

7KH�UHVXOWV�RI�WKH�FRUUHODWLRQ�FRHI¿FLHQW�WHVW�ZLOO�SURGXFH�
D�YDOXH�EHWZHHQ����WR���ZLWK�WKH�FRQ¿GHQFH�OHYHO�XVHG�LQ�WKH�
study is 95%. The form of interpretation of the value of the 
relationship between variables can be seen in full in Table 3 
EHORZ�>��@�

Table 3. Interpretation of correlation level

Testing the validity of the combined density and slope 
FODVV�PDSSLQJ�LV�FDUULHG�RXW�E\�FKHFNLQJ�WKH�¿HOG�FRQGLWLRQV�
(ground check) from the observations based on the combined 
slope and density map. Testing the accuracy of the two vari�
ables was carried out using the confusion matrix, Overall Ac�
curacy (OA) calculations, Kappa value and its interpretation 
LQ�7DEOH���DV�IROORZV�

([SODQDWLRQV�
;ii  = diagonal value from row i and column i 
;i+  = total column pixel i
;+i  = total row pixel i
N  = total sample plot

Table 4. Interpretation of correlation level
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The modeling uses two scenarios, namely a model with 
RQH� HVWLPDWRU� YDULDEOH�� QDPHO\� WKH�1'9,� �;�� YDOXH�� DQG� D�
PRGHO�ZLWK�WZR�HVWLPDWLQJ�YDULDEOHV��QDPHO\�VORSH��;���DQG�
1'9,�YDOXH��;2) to estimate the potential stand volume (Y). 
The form of the basic equation used is as follows.

([SODQDWLRQV��
Y  = Stand volume potential
Į��  �LQWHUFHSW
ȕQ��  �Q�UHJUHVVLRQ�FRHI¿FLHQW
;1  = Slope variable
;2  = NDVI variable

Before making the model, the data must meet the classical 
assumptions, namely normality, multicollinearity, heterosce�
GDVWLFLW\�� DQG� DXWRFRUUHODWLRQ� WHVWV� >��@��7KLV� VWXG\�ZDV� QRW�
conducted autocorrelation test because the data is not in the 
form of time series. All classical assumption tests were per�
formed with the IBM SPSS 25.

7KH�PRGHO�YHUL¿FDWLRQ�DQG�YDOLGDWLRQ�WHVWLQJ�LV�FDUULHG�RXW�
XVLQJ�VHYHUDO�FULWHULD�VXFK�DV�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ��DG�
MXVWHG�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ��5RRW�0HDQ�6TXDUH�(UURU�
(RMSE), error (e), aggregate deviation (AD), mean deviation 
�0'���DQG�&KL�VTXDUH�WHVW��7KH�FDOFXODWLRQ�RI�WKH�FRHI¿FLHQW�
of determination (R2) aims to determine the effect of the lev�
el of accuracy and the closeness of the relationship between 
YDULDEOHV�LQ�WKH�UHJUHVVLRQ�PRGHO��ZKLOH�WKH�FRUUHFWHG�FRHI¿�
FLHQW�RI�GHWHUPLQDWLRQ��DGMXVWHG�5���LV�D�PRGL¿FDWLRQ�RI�WKH�
FRUUHFWHG�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ�ZKLFK�VKRZV�WKH�HIIHFW�
of the number of estimators/predictors on model predictions 
>��@��7KH� IRUPXOD� IRU� FDOFXODWLQJ�5�� DQG� DGMXVWHG�5�� LV� DV�
follows.

([SODQDWLRQV�
R2��  �FRHI¿FLHQW�RI�GHWHUPLQDWLRQ�
SSR  = Sum of Squared Regression
SST  = Sum of Squared Total
SSE  = Sum of Squared Error
yi  = observed value
y_ l = predicted value
��ࡄ�\  �PHDQ�YDOXH
��2ࡄ�5  �DGMXVWHG�FRHI¿FLHQW�RI�GHWHUPLQDWLRQ
n  = number of observations

k = total parameter used in model

The calculation of RMSE (Root Mean Square Error) is 
carried out to determine the level of error / error that occurs 
in the calculation results of the model when compared to the 
DFWXDO�YDOXH�>��@��7KH�IRUPXOD�IRU�FDOFXODWLQJ�506(�LV�DV�IRO�
lows.

([SODQDWLRQV�
RMSE = Root Mean Square Error 
E   = expected value
O   = observed value
n   = total sample plot

The calculation of error (e) is carried out to determine the 
level of error in the study that can be caused by errors in mea�
VXUHPHQW� RU� WHFKQLFDO� HUURUV�KXPDQ� HUURU� >��@��7KH� IRUPXOD�
for calculating the error is as follows.

([SODQDWLRQV�
e  = error
E  = expected value
O  = observed value
n  = total sample plot

The calculation of the aggregate deviation (AD) is the ra�
tio of the difference between the number of actual values and 
the total estimated values of the model with the total estimat�
HG�YDOXHV�RI�WKH�PRGHO��ZLWK�D�UDQJH�RI�YDOXHV�EHWZHHQ����WR�
��>��@��7KH�IRUPXOD�IRU�FDOFXODWLQJ�6$�LV�DV�IROORZV�

([SODQDWLRQV�
AD = aggregate deviation
E  = expected value
O  = observed value

The calculation of the mean deviation (MD) is the absolute 
sum of the ratio of the difference between the estimated value 
and the actual value with the estimated value, which is divided 
E\�WKH�WRWDO�HVWLPDWHG�YDOXH�>��@��7KH�IRUPXOD�IRU�FDOFXODWLQJ�
SR is as follows.
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([SODQDWLRQV�
MD  = mean deviation
E  = expected value
O  = observed value

The calculation of the mean deviation (MD) is the absolute 
sum of the ratio of the difference between the estimated value 
and the actual value with the estimated value, which is divided 
E\�WKH�WRWDO�HVWLPDWHG�YDOXH�>��@��7KH�IRUPXOD�IRU�FDOFXODWLQJ�
SR is as follows.

([SODQDWLRQV��
;2

cal�� �FDOFXODWHG�;�YDOXH�&KL�6TXDUH
O  = observed (actual volume value/Va)
E  = expected (model volume value/Vm)

+\SRWKHVHV�LQ�WKH�VLJQL¿FDQW�WHVW��
+���9P� �9D�� WKH�PRGHO�YROXPH�YDOXH� LV� VLPLODU� WR� WKH�

actual volume value
+���9P���9D��WKH�PRGHO�YROXPH�YDOXH�LV�QRW�VLPLODU�WR�WKH�

actual volume value.

The best model is selected based on the ranking score of 
each criterion based on the test results of each model. The 
higher the score value, the lower the ranking. The criteria that 
will be used in selecting the best model are as follows.

1) Has a high R2 value and a high R2 adjustment.
2) Has a low RMSE value.
3) Meet the real difference test / Chi Square.
��� +DV�D�ELDV�YDOXH�FORVHVW�WR�]HUR�
5) Has a MD value below 10%.
��� +DV�DQ�$'�YDOXH�LQ�WKH�UDQJH�RI����WR����
The distribution map of the potential standing volume 

of Citragaluh CFMU was made based on the selected model 
HTXDWLRQ�ZLWK�$UF*,6������

3. Results and Discussion
3.1 Characteristics of Structure and Composition of 

Stands
The characteristics of the structure and composition of 

stands at Citragaluh CFMU are quite diverse, including 
monoculture, polyculture, and agroforestry. Monoculture is a 
homogeneous cropping pattern that only grows one type of 

forest plant species; while polyculture or mixed stands is a 
heterogeneous cropping pattern that grows more than one 
species with forestry plant types. Agroforestry is the most ho�
mogeneous cropping pattern among the three because there 
is a combination of two or more types of crops between for�
estry, plantation, and agriculture in one area. The agroforestry 
found on the Citragaluh CFMU land is in the form of complex 
agroforestry with a combination of the three types of forestry, 
agricultural, and plantation crops that resemble natural for�
est ecosystems. The agroforestry complex is divided into two 
based on the location, namely the yard and the agroforest.

The type of yard is located near a residential area with 
WKUHH�SKDVHV�RI�IRUP��WKH�¿UVW�IRUP�LV�JDUGHQ��WKHQ�WKH�VHFRQG�
form is a mixed garden, and the last form is talun garden. 
,Q�WKH�¿UVW�SKDVH��WKH�GRPLQDQW�DQQXDO�FURSV�DUH�SODQWHG�E\�
farmers after land clearing or the beginning of planting; in 
the mixed garden phase, farmers begin to plant various types 
RI�WUHHV�VLGH�E\�VLGH�ZLWK�DQQXDO�FURSV��WKH�¿QDO�SKDVH�RI�WKH�
talun garden has tree species that have dominated and growth 
large in size so that there are almost no annual plants. The 
second type is agroforest, located far from the owner’s house 
and does not produce seasonal food crops. Seasonal food 
crops are only planted at the beginning of land clearing and 
will be replaced directly by planting various types of trees. 
$QRWKHU�IRUP�RI�FURSSLQJ�SDWWHUQ�IRXQG�LV�D�¿HOG�RI�DQQXDO�
crops, with a few trees planted in the form of a line as a land 
boundary fence.

%DVHG�RQ�WKH�UHVXOWV�RI�¿HOG�REVHUYDWLRQV��WKH�VWDQG�FRP�
SRVWLRQ�DW�&LWUDJDOXK�&)08�FDQ�EH�LGHQWL¿HG�LQWR�IRXU�W\SHV��
namely monoculture patterns, polyculture patterns (mixed 
stands), agroforestry patterns, and other patterns. In the 
PRQRFXOWXUH� FURSSLQJ� SDWWHUQ�� �� SORWV� ��������ZHUH� IRXQG�
with two types of plants; mixed stands pattern was found in 
11 plots (20%) with four dominant plant species; two forms 
RI�DJURIRUHVWU\�SDWWHUQV�ZHUH�IRXQG�LQ����SORWV�������EDVHG�
on their location; other patterns were found as many as 22 
SORWV�������ZKLFK�ZHUH�GRPLQDWHG�E\�GU\�¿HOGV��7KH�RYHUDOO�
stand composition of Citragaluh CFMU.can be seen in Table 
5 below.

Each cropping pattern will be represented by one sample 
plot for visualization of the 3D stand model and tree can�
RS\� SUR¿OH� GLDJUDP� DV� VKRZQ� LQ�7DEOH� ��� ,Q� WKH�PRQRFXO�
ture pattern, the spacing used is 2x2 m2 so that the stands 
are very close together; the mixed stand pattern varies quite 
a bit between 2x2 m and 3x3 m; the agroforestry pattern 
(mixed garden, talun garden, and agroforest) do not have 
UHJXODU�VSDFLQJ��DQG�WKH�IRUP�RI�GU\�¿HOGV�RI��[��P�RU��[��
m between fence trees. The pattern and spacing also affect 
the stand volume. The denser the stand, the volume will also 
increase. Based on the results of data processing, the high�
est volume value was obtained with an average of 3,959 
P��SORWV��IROORZHG�E\�WDOXQ�JDUGHQV�RI�������P��SORWV��WKHQ�
PL[HG�VWDQGV�RI�������P��SORWV��PL[HG�JDUGHQV�RI�������P��
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SORWV��GU\�¿HOGV�RI�������P��SORWV��DQG�DJURIRUHVWV�RI�������
m3/plots. The volume in the agroforest is the lowest because 

there is only one plot. The distribution of volume values for 
HDFK�FURSSLQJ�SDWWHUQ�FDQ�EH�VHHQ�LQ�7DEOH���EHORZ�

Table 5. Stand Composition  of CFMU Citragaluh’s cropping pattern

Table 6. The form of visualization of the structure and composition of stands per cropping pattern
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Table 7. The form of visualization of the structure and composition of stands per cropping pattern

The number of plant species depends on the type of crop�
ping pattern, which is a commercial type. The types of forestry 
plants found were jeunjing/sengon (Falcataria moluccana), 
mahoni (Swietenia mahagoni), tisuk (Hibiscus macrophyl-
lus), sobsi (Maesopsis eminii), ki maung (%LVFKR¿D�MDYDQLFD), 
mindi (Melia azedarach), white teak (Gmelina arborea), and 
Teak (Tectona grandis). Types of plantation crops found were 
mangosteen (Garcinia mangostana), coffee (Cofea arabica), 
sugar palm (Arenga pinnata), banana (Musa paradisiaca), co�
conut (Cocos nucifera), and hanjuang (Cordyline fruticosa). 
The dominant types of crops are cassava (Manihot esculenta), 
aromatic ginger (Kaempferia galanga), ginger (Zingiber of-
¿FLQDOH), taro (Colocasia esculenta), and long beans (Vigna 
unguiculata). The more types of plants that make up a stand, 
the more the number of strata.

Monoculture patterns and mixed stands, only had one stra�
tum, namely stratum C; agroforestry pattern has two strata, 
QDPHO\�VWUDWXP�&�DQG�'��DQG�WKH�IRUP�RI�WKH�¿HOG�KDV�WKUHH�
VWUDWD��QDPHO\�VWUDWXP�&��'��DQG�(��7KH�¿HOG�KDV�VPDOO�DQQXDO�
SODQWV�VR� WKDW� LW�FDQ�KDYH�PRUH�VWUDWD��,Q�DGGLWLRQ�WR�VWUDWL¿�
FDWLRQ��&LWUDJDOXK�&)08�VWDQGV�VKDSH�FDQ�DOVR�EH�LGHQWL¿HG�
through the distribution of tree diameters. Overall, the shape 

of the diameter distribution graph for each cropping pattern 
is similar to a bell/normal distribution curve. This shows that 
the shape of the stands at Citragaluh  CFMU  tends to re�
semble a plantation forest where the planting is carried out 
simultaneously (for a lifetime), but with quite varied types 
of plants. Based on the results of data processing, the aver�
DJH�WUHH�KHLJKW�ZDV��������P�DQG�WKH�GRPLQDQW�GLDPHWHU�ZDV�
������FP��7KH�GLDPHWHU�VL]H�WHQGV�WR�EH�VPDOO�DQG�EDVHG�RQ�
the tree’s survival level, the size is still at the pole level. The 
shape of the diameter distribution graph for each cropping 
SDWWHUQ�FDQ�EH�VHHQ�LQ�7DEOH���

3.2 Statistical Analysis for Estimating Stand Volume 
Potential Model

The results of the calculation of the plot volume for each 
IRUP�RI�FURSSLQJ�SDWWHUQ�FDQ�EH�VHHQ� LQ� IXOO� LQ�7DEOH���DQG�
the sampling error value is 0.013. Based on the results of the 
correlation test of all variables, a moderate relationship (r = 
�������ZDV�REWDLQHG�EHWZHHQ�WKH�SHUFHQWDJH�RI�FDQRS\�FRY�
er and NDVI so that it could be used in the ground check 
�JURXQG�WUXWK���7KH�UHODWLRQVKLS�EHWZHHQ�1'9,�DQG�YROXPH�
LV� DOVR� PRGHUDWH� �U�  � �������� EXW� WKH� UHODWLRQVKLS� EHWZHHQ�
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VORSH�DQG�YROXPH� LV� ORZ� �U� �������� VR� WZR� VFHQDULRV�ZHUH�
carried out in constructing the model. Based on the results of 
the Ground check, the Kappa and OA values for the slope are 
������DQG��������UHVSHFWLYHO\��ZKLOH�WKH�YHJHWDWLRQ�GHQVLW\�LV�
������DQG��������.DSSD�YDOXHV�LQ�YHJHWDWLRQ�GHQVLW\�WHQG�WR�
be low because many plots have high NDVI values but in ac�
tual conditions do not have appropriate canopy cover. Based 
on the Kappa value, the reliability level of slope and NDVI 
data is 15 – 35%. The slope, NDVI, and volume data were 
then tested for classical assumptions and divided into training 

GDWD�DQG�YDOLGDWLRQ�GDWD�ZLWK�D�SURSRUWLRQ�RI��������7KH�IRUP�
of the model that was successfully raised can be seen in full 
LQ�7DEOH���EHORZ�

0RGHOV� QXPEHU� RQH� WR� VL[� DUH� WKH� ¿UVW� VFHQDULR�PRGHOV�
(using only the NDVI variable), while models number seven 
and number eight (using the NDVI variable and slope vari�
DEOH���7KH�UHVXOWV�RI�WKH�YDOLGDWLRQ�DQG�YHUL¿FDWLRQ�WHVWV�RI�WKH�
model can be seen in Table 9, Table 10, Table 11, and the best 
model selection can be seen in Table 12.

Table 8. Model form and estimator equation

Table 9. R2, Adjusted R2, and RMSE value from training model

Table 10. R2, Adjusted R2, and RMSE value from testing model

Table 11.�HUURU��$'��0'��GDQ�&KL�6TXDUH�YDOXH
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Table 12. Best model selection based on rankings

$OO�PRGHOV�KDYH�PHW�WKH�UHTXLUHPHQWV�RI�WKH�&KL�6TXDUHG�
WHVW�FULWHULD�ZKHUH�WKH�YDOXH�RI�;FRXQW���;WDEOH����������DW�D�
����FRQ¿GHQFH�OHYHO��%DVHG�RQ�7DEOH�����WKH�EHVW�PRGHO�KDV�
the lowest total score, namely linear two variables with the 
HTXDWLRQ�<� ������;1� �� ������;��±��������7KLV�PRGHO� GH�
scribes a positive relationship between volume and slope and 
NDVI, where the effect of NDVI is greater than slope. The 

values of R2, Adjusted R2, RMSE, models are 51.3%, 39.1%, 
DQG��������UHVSHFWLYHO\��7KLV�VWXG\�DOVR�VKRZV�WKDW�YDULDWLRQV�
in the level of land slope and variations in NDVI values can 
explain the volume variation of 51.3% and the remaining 
������FDQ�EH�H[SODLQHG�E\�RWKHU�IDFWRUV��7KH�JUDSKLF�IRUP�RI�
WKH�WZR�YDULDEOH�OLQHDU�PRGHO�HTXDWLRQ�FDQ�EH�VHHQ�LQ�)LJXUH�
2 below.

Figure 2��*UDSK�RI�D���YDULDEOH�OLQHDU�PRGHO��PXOWL�OLQHDU�

The R2 value of the linear model of these two variables has 
a considerable difference between the training and validation 
stages when compared to the R2 value of other models. This 
can be caused by the lack of data making up the model so that 
the R2 value of the model that appears is not optimal. Howev�
er, when compared with the results of other community forest 
stand volume studies, the R2 value of the linear model of the 
two variables is still lower and no one has used the slope of the 
land variable in constructing the model [19]. The results of the 
selected model mapping resulted in a volume value range of 
������[������P3�KD�WR����������P3/ha, with an average stand 
YROXPH�SRWHQWLDO�RI���������P3/ha. Due to the shape of the 
volume graph being indicated to be positively skewed, the 
mapping of the potential volume distribution of the stands is 

divided into four classes based on quartiles so that the pro�
portion of potential volumes could be known. Quartile 1 has 
D�YDOXH�UDQJH�RI�������[������P3�KD�WR��������P3/ha with an 
DUHD�RI���������KD�����������4XDUWLOH���KDV�D�UDQJH�RI�YDOXHV�
IURP��������P3�KD�WR��������P��KD�ZLWK�DQ�DUHD�RI���������
KD� ����������4XDUWLOH� �� KDV� D� UDQJH� RI� YDOXHV� IURP��������
m3�KD� WR���������P3�KD�ZLWK�DQ�DUHD�SHUFHQWDJH�RI���������
KD�����������4XDUWLOH���KDV�D�YDOXH�UDQJH�RI���������P3/ha 
WR����������P3�KD�ZLWK�D�SHUFHQWDJH�RI���������KD����������
of area.

Based on this division, it can be seen that the second quar�
tile has the largest proportion with a volume potential range 
RI��������P3�KD�WR��������P3/ha. If these results are compared 
with other community forest studies, the quartile range and the 
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average potential volume of this study have similar results to 
WKH�DYHUDJH�SRWHQWLDO�YROXPH�RI�DURXQG�������P3/ha [19][20]. 
When compared with natural forest and plantation forest, the 
average yield potential of this study is close to plantation for�
est and much higher than natural forest [21][22]. Based on the 
results of this study, it can be seen that the stand structure of 
Citragaluh  CFMU resembles a plantation forest of the same 
age through the graph of its diameter distribution; with a stand 
composition resembling a natural forest through its mixed 
cropping pattern of varying plant types with more than one 
FDQRS\�VWUDWL¿FDWLRQ��7KH�PRUH�VWUDWD�RI�WKH�FDQRS\�RI�D�VWDQG��
the better the performance of the plant in increasing water and 
soil conservation. Strata A to D can slow down the kinetic 
HQHUJ\�RI�UDLQZDWHU�E\�LQWHUFHSWLRQ�DQG�VWHP�ÀRZ��ZKLOH�VWUDWD�
E can reduce the surface runoff [23]. In addition, the shape of 
the structure and composition of the stand also greatly affects 
the volume of the stand, where the observed volume value 
tends to be small due to the cropping pattern being dominated 
E\�WKH�IRUP�RI�¿HOGV�WKDW�RQO\�KDYH�D�IHZ�WUHHV��7KLV�VKRZV�
that community forests with mixed cropping patterns can act 
as a transition between plantation forests and natural forests.

4. Conclusion
7KH�VWDQG�VWUXFWXUH�DW�&LWUDJDOXK�&)08�KDV� WKH�FKDUDF��

WHULVWLFV� RI� DQ� DJH�ROG� SODQWDWLRQ� EDVHG� RQ� LWV� GLDPHWHU� GLV��
tribution and the characteristics of a natural forest based on 
LWV� VWUDWL¿FDWLRQ� DQG� FRPSRVLWLRQ� RI� SODQW� VSHFLHV�� 3ODQWLQJ�
SDWWHUQ�DIIHFWV�WKH�DPRXQW�RI�VWUDWL¿FDWLRQ�DQG�FRPSRVLWLRQ�RI�
plant species, while spacing affects tree size. The average tree 
VL]H�DW�&LWUDJDOXK�&)08�LV����P�IRU�WUHH�KHLJKW�DQG�������FP�
for diameter. The best model for estimating the potential stand 
YROXPH� DW� &LWUDJDOXK�&)08� LV� D� OLQHDU�PRGHO� RI� WZR� HVWL��
PDWLQJ�YDULDEOHV��QDPHO\�VORSH��;1��DQG�1'9,��;2), having 
WKH�HTXDWLRQ�<� ������;1���������;2�±�������ZLWK�D�YDOXH�RI�
R2 is 51.3%.
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Abstract
$VWHUDFHDH� LV�NQRZQ�DV� WKH� ODUJHVW� IDPLO\�RI�ÀRZHULQJ�SODQWV��'HVSLWH� VRPH�VSHFLHV�PHPEHUV�EHLQJ� LQYDVLYH�SODQWV�� WKHVH�
VSHFLHV�DUH�RIWHQ�DGRSWHG�DQG�XWLOL]HG�E\�ORFDO�FRPPXQLW\�JURXSV�IRU�IRRG��WUDGLWLRQDO�PHGLFLQH��DQG�RWKHU�XVHV��,Q�RXU�HWKQR-
ERWDQLFDO�VWXG\�RI�$VWHUDFHDH��ZH�LGHQWL¿HG�ZD\V�D�ORFDO�6XQGDQHVH�FRPPXQLW\�JURXS�LQ�:HVW�-DYD�XWLOL]HV�D�GLYHUVH�UDQJH�RI�
VSHFLHV�LQ�WKH�IDPLO\�IRU�GLIIHUHQW�SXUSRVHV��2XU�VWXG\�IRFXVHV�RQ�D�6XQGDQHVH�YLOODJH�FDOOHG�&LKDQMDZDU��ORFDWHG�LQ�WKH�UHJHQF\�
RI�3XUZDNDUWD��XVLQJ�HWKQRERWDQ\�DQG�HWKQRPHGLFLQH�DSSURDFKHV��3HRSOH�RI�&LKDQMDZDU�XWLOL]H�VRPH�VSHFLHV�RI�$VWHUDFHDH�
for food as ‘lalapan¶�DQG�WUDGLWLRQDO�PHGLFLQDO�SXUSRVHV��,Q�GHSWK��VHPL�VWUXFWXUHG�LQWHUYLHZV�ZLWK�WKH�SHRSOH�RI�&LKDQMDZDU�
ZHUH�FRQGXFWHG�WR�FROOHFW�SULPDU\�GDWD�UHJDUGLQJ�WKH�XWLOL]DWLRQ�RI�$VWHUDFHDH�VSHFLHV�DV�IRRG�DQG�WUDGLWLRQDO�PHGLFLQH��$�WRWDO�
RI�HLJKW�VSHFLHV�RI�$VWHUDFHDH�ZHUH�IRXQG�GXULQJ�WKH�¿HOG�JXLGHG�H[SORUDWLRQ�LQ�&LKDQMDZDU�9LOODJH��ZKLFK�LQFOXGH�Acmella 
paniculata, Ageratum conyzoides, Calyptocarpus vialis, Crassocephalum crepidioides, Dichrocepala integrifolia, Emilia son-
chifolia, Erechtites valerianifolia, Sphagneticola trilobata��VRPH�RI�ZKLFK�DUH�FRQVLGHUHG�LQYDVLYH�DOLHQ�VSHFLHV��7KH�VSHFLHV�
of A. paniculata, C. crepidioides, E. sonchifolia, Er. valerianifoliD�LV�HDWHQ�DV�D�UDZ�IRRG��ODODSDQ��,QG����7KHQ�Ag. Conyzoides 
and C. crepidioides DUH�XWLOL]HG�LQ�WUDGLWLRQDO�PHGLFLQH��C. vialis, D. integrifolia, and Sphagneticola trilobata�DUH�QRW�XVHG�E\�
WKH�SHRSOH�RI�&LKDQMDZDU�DV�IRRG�RU�DV�WUDGLWLRQDO�PHGLFLQH�


��&RUUHVSRQGLQJ�DXWKRU��H�PDLO��UH]DUDLKDQ��#JPDLO�FRP
5HFHLYHG������������
$FFHSWHG�IRU�SXEOLFDWLRQ������������

Keywords��Asteraceae, ethnobotany, ethnomedicine, lalapan, Sundanese

1. Introduction
$VWHUDFHDH�%HUFKW��	�-�3UHVO��������RU�WKH�VXQÀRZHU�IDP-

LO\�LV�NQRZQ�DV�WKH�ODUJHVW�SODQW�IDPLO\�LQ�$QJLRVSHUPDH�ZLWK�
������JHQHUD�DQG��������VSHFLHV�WKDW�DUH�ZHOO�GLVWULEXHG�ZRUOG-
ZLGH�H[FHSW�$QWDUFWLFD�>�@��'XH�WR�WKHLU�GLVWULEXWLRQ��VSHFLHV�
RI�$VWHUDFHDH� DUH� FRQVLGHUHG� LQYDVLYH� DOLHQ� VSHFLHV�� ZKLFK�
JURZ�ZHOO�RXWVLGH�WKHLU�QDWLYH�UDQJH��$FFRUGLQJ�WR�6HW\DZDWL�
HW� DO�� >�@� DQG�7UMLWURVRHGLUMR� HW� DO�� >�@�� VRPH� VSHFLHV� RI�$V-
WHUDFHDH�KDYH�EHHQ� UHFRUGHG�DV� LPSRUWDQW�DOLHQ�VSHFLHV�H�J���
Ageratum conyzoides, Austroeupatorium inulifolium, Bidens 
pilosa,�DQG�RWKHUV��,QYDVLYH�DOLHQ�VSHFLHV�UDLVHV�D�FHUWDLQ�LVVXH�
RQ�LWV�LPSDFWV��LQFOXGLQJ�D�WKUHDW�WR�ORFDO�ELRGLYHUVLW\��KXPDQ�
KHDOWK��DQG�HFRQRPLF�LQWHUHVW�>�@��$SDUW�IURP�EHLQJ�LQYDVLYH��
ORFDO�SHRSOH�VWLOO�XWLOL]H�$VWHUDFHDH�GDLO\�IRU�IRRG�DQG�WUDGL-
WLRQDO�PHGLFLQH��7KLV�LV�SDUWLFXODUO\�WUXH�IRU�6XQGDQHVH�SHRSOH�

ZKR�KDYH�XQLTXH�KDELWV�RI�FRQVXPLQJ� IUHVK�SODQWV�DV�YHJH-
WDEOHV�NQRZQ�DV�ODODSDQ�>�@��6HSWLDQL�HW�DO��>�@�UHFRUGHG�WKDW�
6XQGDQHVH� SHRSOH� LQ�1DJD�7UDGLWLRQDO�9LOODJH��7DVLNPDOD\D�
5HJHQF\�� FRQVXPH� YDULRXV� VSHFLHV� RI�$VWHUDFHDH�� LQFOXGLQJ�
Conyza sumatrensis, Lactuca sativa, DQG� RWKHU� VSHFLHV�� )RU�
PHGLFLQDO�SXUSRVHV��7DKQLD�>�@�DOVR�GLVFRYHUHG�WKDW�WKH�6XQ-
GDQHVH�SHRSOH�RI�&LUHXQGHX�7UDGLWLRQDO�9LOODJH��&LPDKL�&LW\��
XWLOL]H�Blumea balsamifera�WR�WUHDW�GLDUUKHD�

2QH�RI�WKH�6XQGDQHVH�YLOODJHV�LQ�:HVW�-DYD�WKDW�DUH�SDUWLF-
XODUO\�LQWHUHVWLQJ�GXH�WR�WKHLU�VHFOXVLRQ�DQG�WUDGLWLRQDO�SUDF-
WLFHV�LV�&LKDQMDZDU�9LOODJH��ORFDWHG�LQ�WKH�3XUZDNDUWD�5HJHQ-
F\��:HVW�-DYD��7KH�SHRSOH�RI�&LKDQMDZDU�DUH�PDLQO\�IDUPHUV��
+RZHYHU�� WKH\� DOVR� XWLOL]H� QDWXUDO� UHVRXUFHV� IRU� WKHLU� GDLO\�
QHHGV�GXH�WR�WKHLU�SUR[LPLW\�WR�IRUHVWV��ULFH�¿HOGV��DQG�IDUP-
ODQGV��3HRSOH� RI�&LKDQMDZDU� XVH� D�ZLGH� UDQJH�RI� SODQWV� IRU�
GLIIHUHQW�SXUSRVHV��)RU�H[DPSOH��WKH\�JURZ�SDGG\��Oryza sa-
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2. Methodology
7KH�VWXG\�ZDV�FRQGXFWHG� LQ�&LKDQMDZDU�9LOODJH��3XUZD-

NDUWD�5HJHQF\��:HVW�-DYD�LQ�0D\�������,Q�GHSWK��VHPL�VWUXF-

Figure 1��0DSV�RI�&LKDQMDZDU�9LOODJH��3XUZDNDUWD�5HJHQF\��:HVW�-DYD��*RRJOH�0DSV�������

tured interviews with two key informants which are also 
IDUPHUV�LQ�&LKDQMDZDU�ZHUH�FRQGXFWHG�WR�FROOHFW�SULPDU\�GDWD�
UHJDUGLQJ� WKH� XWLOL]DWLRQ� RI�$VWHUDFHDH� VSHFLHV� DV� IRRG� DQG�
WUDGLWLRQDO�PHGLFLQH�� ,Q� DGGLWLRQ� WR� WKLV�� DQ� H[SORUDWLRQ�ZDV�
DOVR�FDUULHG�RXW�XVLQJ� WKH�¿HOG�JXLGH�PHWKRG��GXULQJ�ZKLFK�
ZH�REVHUYHG�WKH�VXUURXQGLQJ�SDGG\�¿HOGV�DQG�IDUPODQGV�ZLWK�
RI�D�ORFDO�JXLGH�IURP�WKH�&LKDQMDZDU�9LOODJHUV��7KH�VSHFLHV�RI�
$VWHUDFHDH�ZKLFK�KDYH�EHHQ�FROOHFWHG�GXULQJ�WKH�¿HOG�JXLGHG�
H[SORUDWLRQ�ZHUH� WKHQ� LGHQWL¿HG�XVLQJ� WKH� µ$�*XLGHERRN�RI�
,QYDVLYH�3ODQW�6SHFLHV�LQ�,QGRQHVLD¶�>�@��µ���,PSRUWDQW�,QYD-
VLYH�3ODQW�6SHFLHV� LQ� ,QGRQHVLD¶� >�@�� DQG� µ:HHGV�RI�5LFH� LQ�
,QGRQHVLD¶� >�@��7KH�PDSV�DQG�HQYLURQPHQW�RI�&LKDQMDZDU� LV�
VKRZQ�LQ�¿JXUH���DQG����UHVSHFWLYHO\�

Figure 2��&LKDQMDZDU�9LOODJH��3XUZDNDUWD�5HJHQF\��:HVW�-DYD

tiva), cassava (Manihot esculenta���OLPD�EHDQ��Phaseolus lu- 
natus���FRPPRQ�EHDQ��3��vulgaris)��ZLQJHG�EHDQ��Psophocar- 
pus tetranogonolobus���EDQDQD��Musa�VSS����WRPDWR��Solanum 
lycopersicum), scallion ($OOLXP�¿VWXORVXP), and garlic chives 
�$��tuberosum��IRU�IRRG�DQG�PDUNHW�FURSV��9DULRXV�VSHFLHV�RI�
$VWHUDFHDH�DUH�DOVR�IRXQG� LQ�&LKDQMDZDU�7UDGLWLRQDO�9LOODJH�
DQG�DUH�XWLOL]HG�H[WHQVLYHO\�GHVSLWH�EHLQJ�FRQVLGHUHG�ZHHGV�
LQ� WKHLU� IDUP��7KLV� VWXG\� WKHUHIRUH�DLPV� WR�H[SORUH� WKH� UHOD��
WLRQVKLS�EHWZHHQ�WKH�VSHFLHV�RI�$VWHUDFHDH�DQG�WKH�SHRSOH�RI�
&LKDQMDZDU�WKURXJK�WKHLU�XVH�DV�IRRG�DQG�WUDGLWLRQDO�PHGLFLQH�
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3. Results and Discussion
3.1 Diversity and Traditional Uses of Asteraceae in 

Cihanjawar Village
$�WRWDO�RI�HLJKW�VSHFLHV�RI�$VWHUDFHDH�ZHUH�IRXQG�GXULQJ�

WKH�¿HOG�JXLGHG�H[SORUDWLRQ��PDLQO\� LQ� WKH�SDGG\�¿HOGV� DQG�
IDUPODQGV�LQ�&LKDQMDZDU�9LOODJH��3XUZDNDUWD�5HJHQF\��:HVW�
-DYD��RI�ZKLFK�RQO\�¿YH�VSHFLHV�DUH�XWLOL]HG�DV�IRRG�RU�PHGLFL-
QDO�SODQWV��7KH�¿YH�VSHFLHV�DUH�Acmella paniculata, Ageratum 
conyzoides, Crassocephalum crepidioides, Emilia sonchifo-

lia, and Erechtites valerianifolia��7KUHH�VSHFLHV��L�H���A. panic-
ulata, E. sonchifolia, and Er. valerianifolia are only used as 
IRRG��,Q�DGGLWLRQ� Ag. conyzoides�LV�WKH�RQO\�VSHFLHV�XVHG�IRU�
PHGLFLQDO�SXUSRVHV��ZKLOH�C. crepidioides�LV�WKH�RQO\�VSHFLHV�
XVHG�IRU�IRRG�DQG�PHGLFLQDO�SODQWV��7KH�SHRSOH�RI�&LKDQMDZDU�
GR�QRW�XWLOL]H�WKH�RWKHU�WKUHH�VSHFLHV��7KLV�LQFOXGHV�Calypto-
carpus vialis, Dichrocephala integrifolia,�DQG�6SKDJQHWLFROD�
WULOREDWD��7KH�FRPSOHWH�UHVXOW�RI�$VWHUDFHDH�VSHFLHV�LQFOXGLQJ�
WUDGLWLRQDO�XVHV�LQ�&LKDQMDZDU�9LOODJH�LV�VKRZQ�LQ�7DEOH����

Table 1. /LVW�RI�VSHFLHV�DQG�XWLOL]DWLRQ�RI�$VWHUDFHDH�LQ�&LKDQMDZDU�9LOODJH��3XUZDNDUWD�5HJHQF\��:HVW�-DYD

,Q� WKH�FRQWH[W�RI� WUDGLWLRQDO� IRRG�� WKH�ZD\�SHRSOH�RI�&L-
hanjawar consume A. paniculata, C. crepidioides and E. son-
chifolia� DUH�E\� HDWLQJ� WKHP� UDZ�RU�NQRZQ�DV� ODODSDQ�DV� WKH�
6XQGDQHVH�KDELW�DQG�WKHQ�VDXWpHG�DV�YHJHWDEOHV��A. paniculata 
LV� WKH� RQO\� VSHFLHV�ZKLFK� ERWK� WKH� OHDYHV� DQG� LQÀRUHVFHQFH�
DUH�FRQVXPHG��)RU�C. crepidioides and E. sonchifolia, leaves 
DUH� WKH�RQO\�SDUW�HDWHQ��)RU� WKH�WUDGLWLRQDO�PHGLFLQDO�DVSHFW��

WKH�SHRSOH�RI�&LKDQMDZDU�EHOLHYH�WKDW�Ag. conyzoides can heal 
DQ�H[WHUQDO�ZRXQG��7KH�FUXVKHG�OHDYHV�RI�Ag. conyzoides are 
UXEEHG� RQWR� WKH� ZRXQGHG� VNLQ� VXUIDFH��$QRWKHU� SODQW� XVHG�
for traditional medicine, C. crepidioides�� LV�EHOLHYHG�WR� WUHDW�
KHDGDFKHV�DQG�K\SHUWHQVLRQ�E\�FRQVXPSWLRQ�RI�WKH�OHDYHV��DO-
WKRXJK�IXUWKHU�LPSOHPHQWDWLRQ�ZDV�QRW�IXOO\�H[SODLQHG��6RPH�
VSHFLHV�RI�$VWHUDFHDH�DUH�VKRZQ�LQ�)LJXUH���

Figure 3���$��Ageratum conyzoides, (B) Calyptocarpus vialis���&��Crassocephalum crepidioides, �'���Acmella paniculata, 
and (E) Erechtites valerianifolia
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3.2 The Validation on Traditional Food Uses
6RPH�VSHFLHV�RI�$VWHUDFHDH�DUH�IRXQG�DQG�XWLOL]HG�E\�SHR-

SOH�RI�&LKDQMDZDU�DQG�RWKHU�6XQGDQHVH�SHRSOH�LQ�1DJD�7UD-
GLWLRQDO�9LOODJH��7DVLNPDOD\D�5HJHQF\��$FFRUGLQJ�WR�6HSWLDQL�
HW�DO��>�@�SHRSOH�RI�1DJD�DOVR�FRQVXPH�E. sonchifolia and A. 
paniculata as ‘lalapan’, which are eaten directly without any 
SURFHVV�� 3HRSOH� RI� &LKDQMDZDU� XWLOL]H� WKH� OHDYHV�� WKH� VDPH�
SODQW�SDUW�DV�1DJD¶V��+RZHYHU��WKH�SHRSOH�RI�1DJD�RQO\�FRQ-
sume A. paniculata� OHDYHV��XQOLNH� WKRVH�RI�&LKDQMDZDU�ZKR�
FRQVXPH�ERWK�OHDYHV�DQG�ÀRZHUV�

%HVLGHV� LQ�:HVW� -DYD�� WKH� 6XQGDQHVH� LQ� %DQWHQ� RU� ZHOO�
NQRZQ�DV�%DGX\�7ULEH��XWLOL]HG�$VWHUDFHDH�DV�IRRG�SODQWV��7KH�
VWXG\�IURP�,VNDQGDU�	�,VNDQGDU�>�@�GLVFRYHUHG�WKDW�6XQGDQHVH�
%DGX\�7ULEH�FRQVXPH�Er. Valerianifolia�DV�YHJHWDEOHV��2WKHU�
WKDQ�WKH�6XQGDQHVH�SHRSOH�LQ�:HVW�-DYD�	�%DQWHQ��UHVHDUFK�
FRQGXFWHG�E\�.XUQLDZDQ�HW�DO��>��@�LQ�'LHQJ�3ODWHDX��&HQWUDO�
-DYD��IRXQG����VSHFLHV�RI�$VWHUDFHDH��PRVW�RI�ZKLFK�DUH�DOVR�
XVHG�DV�IRRG�DQG�PHGLFLQDO�SODQWV��6RPH�RI�WKH�VSHFLHV�LQ�WKH�
'LHQJ�3ODWHDX�FDQ�DOVR�EH�IRXQG�DQG�FRQVXPHG�E\�SHRSOH�LQ�
&LKDQMDZDU�9LOODJH�� VXFK�DV�A. paniculata and C. crepidioi-
des�� ,Q�'LHQJ� 3ODWHDX�� WKH� OHDI� LV� DOVR� WKH� SODQW� SDUW�ZKLFK�
LV� FRQVXPHG�� %HVLGHV�� VWXG\� IURP� )DX]LDQD� 	� 6XVDQGDULQL�
>��@� LQ�7DZDQJPDQJX��.DUDQJDQ\DU�5HJHQF\��&HQWUDO� -DYD��
VKRZHG�WKDW�RWKHU�WKDQ�EHLQJ�XWLOL]HG�DV�PHGLFLQDO�SODQWV��E. 
sonchifolia�LV�DOVR�FRQVXPHG�DV�YHJHWDEOHV��

/HDYHV� DUH� WKH� PRVW� XWLOL]HG� SODQW� SDUW�� SDUWLFXODUO\� LQ�
IRRG�XVHV��,W�LV�PDLQO\�EHFDXVH�OHDYHV�DUH�WKH�SDUW�WKDW�KDV�WKH�
KLJKHVW�UHJHQHUDWLRQ�UDWH��LQ�D�VHQVH�WKDW�LW�FDQ�VSURXW�UHSHDW-
HGO\� DQG� WKHUHIRUH�ZLOO� QRW� LPSDFW� WKDW�PXFK� WKH�JURZWK�RI�
WKH�SODQW�UHJDUGOHVV�RI�WKH�SKRWRV\QWKHVLV�WDNLQJ�SODFH�LQVLGH�
WKH�OHDYHV�>��@��/HDYHV�SRVVHVV�D�SOHQW\�RI�PHWDEROLWHV�IURP�
SKRWRV\QWKHVLV�>�����@��,Q�DGGLWLRQ��OHDYHV�DUH�ULFK�LQ�YLWDPLQ�
%���YLWDPLQ�.��DQG�FDURWHQRLGV�>�����@��/HDYHV�DUH�WKH�PRVW�
DFFHVVLEOH�SODQW�SDUW�DQG�FDQ�JURZ�IDVWHU�WKDQ�RWKHUV�>�@�

3.3 The Validation on Traditional Medicinal Uses
,Q�DQ�HWKQRERWDQLFDO�VWXG\��WKH�XWLOL]DWLRQ�RI�SODQW�IRU�WUD-

GLWLRQDO�PHGLFLQH�E\�ORFDO�SHRSOH�FDQ�EH�YDOLGDWHG�E\�FRQGXFW-
LQJ�UHVHDUFK�UHJDUGLQJ�WKH�FKHPLFDO�FRPSRXQGV�RU�VHFRQGDU\�
PHWDEROLWHV�ZKLFK�SRVVHVVHV�ELRDFWLYLW\�RI�WKH�SODQW��$�VWXG\�
FDUULHG� RXW� E\� 'DVK� 	� 3Q� >��@� VKRZHG� WKDW� PHWKDQRO� DQG�
DTXHRXV�H[WUDFWV�RI�Ag. conyzoides leaves showed a faster rate 
RI�ZRXQG�KHDOLQJ�LQ�ZRXQGHG�UDWV��$FFRUGLQJ�WR�)LWULDQL�>��@��
leaves of Ag. conyzoides�SRVVHVV�VHFRQGDU\�PHWDEROLWHV��VXFK�
DV�DONDORLG�FRPSRXQGV��7KLV� VHFRQGDU\�PHWDEROLWH�FRXOG�EH�
WKH�UHDVRQ�ZK\�WUHDWPHQW�XVLQJ�LWV�OHDYHV�ZLOO�UHFRYHU�IDVWHU�

$FFRUGLQJ� WR�$GMDWLQ� HW� DO�� >��@��C. crepidioides is uti-
OL]HG�IRU�EORRG�SUHVVXUH�UHJXODWLRQ�E\�ORFDO�SHRSOH�RI�%HQLQ�
�LQ�$IULFD�UHJLRQ���)URP�WKLV��SHRSOH�RI�&LKDQMDZDU�DOVR�XVH�
C. crepidioides�DV�D�WUHDWPHQW�IRU�K\SHUWHQVLRQ�DQG�KHDGDFKH��
,Q�WHUPV�RI�WKH�FKHPLFDO�FRPSRXQGV�DQG�VHFRQGDU\�PHWDER-
lites, C. crepidioides�FRQWDLQV�WDQQLQ��ÀDYRQRLG��DQG�SKHQROV�
DOVR�SRVVHVVHV�WKH�SRWHQWLDO�DV�DQWL�LQÀDPPDWRU\��DQWLR[LGDQW��

LPPXQRPRGXODWRU\��DQWLPLFURELDO��DQWL�WXPRXU��DQG�DQWL�GLD-
EHWLF�>��@�

$QRWKHU�6XQGDQHVH�SHRSOH�LQ�:HVW�-DYD��SDUWLFXODUO\�IURP�
%DQFHX\�7UDGLWLRQDO�9LOODJH�� 6XEDQJ�5HJHQF\�� XWLOL]H� VRPH�
VSHFLHV�RI�$VWHUDFHDH�DV�PHGLFLQDO�SODQWV��DFFRUGLQJ�D�VWXG\�
IURP�:HNLQJ� HW� DO�� >��@�� )RU� H[DPSOH�� WKH\� XWLOL]H��Ag. co-
nyzoides and C. crepidioideV�ZKLFK�DUH�DOVR�IRXQG�DQG�DSSOLHG�
LQ�&LKDQMDZDU�9LOODJH�DUH�XVHG�WR�WUHDW�H[WHUQDO�ZRXQGV�DQG�
K\SHUWHQVLRQ��UHVSHFWLYHO\�

3.4 A Note on The Invasiveness of The Eight Species
2XW�RI�WKH�HLJKW�VSHFLHV�RI�$VWHUDFHDH�WKDW�ZH�KDYH�IRXQG�

GXULQJ� RXU� ¿HOG� H[SORUDWLRQ��A. paniculata, Ag. conyzoides, 
C. crepidioides, E. sonchifolia, Er. valerianifolia, and S. tri-
lobata� DUH� FRQVLGHUHG� LQYDVLYH� DOLHQ� VSHFLHV� >���@��ZKLOH�D. 
integrifolia�LV�WKH�RQO\�QDWLYH�VSHFLHV�FRPPRQO\�IRXQG�LQ�WKHLU�
QDWXUDO�KDELWDW�LQ�:HVW�-DYD��,Q�DGGLWLRQ��C. crepidioides, Er. 
valerianifolia, and S. trilobata�ZHUH�UHFRUGHG�DV����,PSRUWDQW�
,QYDVLYH�3ODQW�6SHFLHV�LQ�,QGRQHVLD�>�@��6LQFH�PRVW�WKH�&LKDQ-
MDZDU�SHRSOH�KDYH�OLYHOLKRRG�DV�IDUPHUV�DQG�OLYH�QH[W�WR�WKH�
ULFH¿HOG�� VRPH�RI� WKH�$VWHUDFHDH� VSHFLHV�ZKLFK� IRXQG�ZHUH�
DOVR�UHFRUGHG�DV�D�ZHHG�RI�ULFH¿HOG�E\�6RHUMDQL�HW�DO��>�@��VXFK�
as Ag conyzoides, C. crepidioides, and E. sonchifolia��

7KHVH� LQYDVLYH� VSHFLHV�KDYH�EHHQ�NQRZQ� WR� FDXVH�SURE-
OHPV� LQ�GLIIHUHQW�SODFHV�ZLWK�D� IHZ�FRQWURO�KDV�EHHQ� LPSOH-
PHQWHG�� ,Q� FRQVHUYDWLRQ� VLWHV�� VRPH�$VWHUDFHDH� VSHFLHV� DUH�
FRPPRQO\� IRXQG� VXFK� DV� LQ� &LERGDV� %RWDQLFDO� 3DUN� >��@��
0DVLJLW�.DUHXPEL�+XQWLQJ� 3DUN� >���� ��@�� DQG� LQ� SODQWDWLRQ�
VLWH�OLNH�FRUQ�SODQWDWLRQ�>��@��ULFH¿HOG�>��@��DQG�SLQH�	�VZHHW�
SRWDWR�SODQWDWLRQ�>��@��DQG�VXJDUFDQH�>��@��7KH�LQYDVLYH�VSH-
FLHV�ZH�IRXQG�LQ�&LKDQMDZDU��RQ�WKH�RWKHU�KDQG��LV�QRW�SDUWLF-
XODUO\�FRQWUROOHG��EXW�GXH�WR�DFWLYH�ZHHGLQJ�DQG�WKHLU�XVH�DV�
ERWK� IRRG�DQG�PHGLFLQH�� WKHLU�SRSXODWLRQ�FDQ�EH�FRQWUROOHG��
:H�VWLOO�GR�QRW�KDYH�VXI¿FLHQW�GDWD�WR�VKRZ�KRZ�LQWHQVLYH�WKH�
XVH�RI�WKHVH�VSHFLHV�LV�IRU�FRQVXPSWLRQ�WR�FHUWDLQO\�VWDWH�WKDW�
WKHUH�LV�D�EDODQFH�EHWZHHQ�WKH�LQYDVLYHQHVV�RI�WKH�SODQW�DQG�
WKHLU�XWLOL]DWLRQ��+RZHYHU��D�FKDQJLQJ�GLHWDU\�SDWWHUQ�DQG�VKLIW�
WR�PRGHUQ�PHGLFLQH�ZLOO�FHUWDLQO\�GLVUXSW�WKLV�PRGH�RI�WUDGL-
WLRQDO�FRQWURO�DQG�SRWHQWLDOO\�WKH�HFRV\VWHP��)XUWKHU�VWXG\�LV�
QHHGHG�WR�H[SORUH�WKLV�SKHQRPHQRQ�

4. Conclusion
,Q� &LKDQMDZDU�9LOODJH�� 3XUZDNDUWD� 5HJHQF\��:HVW� -DYD��

ZH�IRXQG�HLJKW�VSHFLHV�RI�$VWHUDFHDH�GXULQJ�WKH�¿HOG�JXLGHG�
H[SORUDWLRQ�LQ�&LKDQMDZDU�9LOODJH�� LQFOXGLQJ�Acmella panic-
ulata, Ageratum conyzoides, Calyptocarpus vialis, Crasso-
cephalum crepidioides, Dichrocepala integrifolia, Emilia son-
chifolia, Erechtites valerianifolia, Sphagneticola trilobata. A. 
paniculata, E. sonchifolia, and Er. valerianifolia are only used 
DV� IRRG��Ag. conyzoides� LV� WKH�RQO\� VSHFLHV�XVHG� IRU�PHGLF-
LQDO�SXUSRVHV��ZKLOH�C. crepidioides� LV� WKH�RQO\� VSHFLHV� WKDW�
XVHV�IRRG�DQG�PHGLFLQDO�SODQWV��/HDYHV�DUH�WKH�PRVW�SODQW�SDUW�
XVHG�DV�IRRG�DQG�WUDGLWLRQDO�PHGLFLQH��ZKLOH�WKH�ÀRZHU�RI�A. 
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submission ensures the quickest possible review and allows authors to track the progress of their papers. In order to submit a 
NEW Manuscript to 3BIO: Journal of Biological Sciences, Technology and Management, you must be a registered user of 
3BIO Journal, if you do not register, please register before you submit a NEW Manuscript. Submissions by anyone other than 
one of the authors will not be accepted. The submitting author takes responsibility for the paper during submission and peer 
review.  
  
Other relevant correspondence should be sent to The Editorial Office of the 3BIO Journal of Biological Science, Technology 
and Management, c/o Dr. Rudi Dungani, School of Life Sciences and Technology, Institut Teknologi Bandung, Jl. Ganesha 10 
Bandung 40132, Indonesia. Phone +62-22-2500258 Fax +62-22-2534107 E-mail: support3BIO@sith.itb.ac.id   

Type of articles: Articles may be in the form of Research article, Review article or Short communication. Research articles 
are reports of recent advances on the research of selected topics. Short communications are concise, but independent report 
representing a significant contribution in the field.   

Manuscript form: All manuscript must be written in English. Please ensure the following when submitting your manuscript 
to 3BIO:  

1. The manuscript has not been submitted/published earlier in any journal and is not under consideration for publication 
elsewhere (or an explanation has been provided in Comments to the Editor section).  

2. All authors have seen and approved the manuscript and have contributed significantly for the manuscript.  
3. The submitted file should be in OpenOffice, Microsoft World, RTF, or WordPerfect document file format.  
4. Cover letter should be written in Comments to the Editor section or submitted as a separate file in the Supporting Files 

section.  
5. The text is single-spaced, uses a 12-point font, employs italics rather than underlining (except with URL addresses), and 

all illustrations, figures and tables are place within the text at the appropriate points, rather than at the end of the document.  
6. The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines, which is found in the 

‘Guidelines to references’ page.  
7. Where available, URLs for the references should be provided.  

Referencing:  3Bio uses Vancouver citation style. Vancouver is a numbered referencing style commonly used in medicine and 
science, and consists of:  
• Citations to someone else's work in the text, indicated by the use of a number.  
• A sequentially numbered reference list at the end of the document providing full details of the corresponding in-text 

reference.  
  

It follows rules established by the International Committee of Medical Journal Editors, now maintained by the U.S. National 
Library of Medicine. It is also known as Uniform Requirements for Manuscripts submitted to Biomedical Journals.  

File Size and Format: Manuscripts will be distributed to reviewers via the Web. However, reviewers who use telephone 
modems may experience unacceptable download delays if the files are too large. A number of simple tricks can be used to 
avoid unnecessarily large files. Do not scan pages of text. Do not scan printed Figures unless no original digital document 
exists.   

If a scanned figure is unavoidable, please use Adobe PhotoShop or a similar program to edit the file and reduce the file size  
(not necessarily the image size) as much as possible before submission. For example, crop the picture to exclude surrounding 
"white space." Do not carelessly use colour. Black and white line drawings or gray-scale figures should not be saved as color 
documents; this will increase file sizes without increasing the information content of the file. Do not use colour unless 
absolutely needed to convey information.  

Readability: A paper may be returned to the corresponding author for no other reason than that it suffers due to poor English. 
Papers must be understandable and communicate an unambiguous message. The editors and staff can make only a limited 
number of edits, and it is the responsibility of the authors to obtain help from a colleague who is fluent in English if that is 
needed. Most problems occur when there are nuances in meaning, and the authors bear the primary responsibility for clarity. 
Poor English may ultimately be a reason to refuse a paper.  
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