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Latex diagnosis is widely adopted in natural rubber-producing countries to
optimize the natural rubber production through a physiological-based latex-
harvesting system management. This study is the first bibliographical searching
and meta-analysis on the variation of latex physiological parameters i.e. sucrose,

KEYWORDS: inorganic phosphorus, thiols, and total solid content. The study used information
Antioxidant, extracted from 158 scientific papers. Descriptive statistics, agglomerative
breeding, hierarchical clustering, and principal component analysis were performed to

Hevea brasiliensis,
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oxidative stress,
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characterize applications of latex diagnosis, how often parameters are used and
interpreted as well as the variation of its parameter values. From 158 papers,
latex diagnosis parameters were used in 114 agronomy, 22 in physiology, and 22
in breeding papers. The agglomerative hierarchical clustering analysis indicated
that sucrose and inorganic phosphorus contents were clustered together and total
solid and thiols contents were located in another cluster. The average values of the
total solid content, sucrose, inorganic phosphorus and thiols were 43.9%, 9.4 mM,
16.5 mM, and 0.52 mM, respectively. The percentage of interpretation is 63.3% for
sucrose, 54.4% for inorganic phosphorus, 47.5% for thiols, and 41.1% for the total
solid content. The low interpretation of thiols and total solid contents question
their relevance in latex diagnosis. The low adoption of latex diagnosis in breeding
could hinder the selection of activities leads to a limitation of selection for long-
term high yielding and stress-adapted clones.

1. Introduction

Para rubber (Hevea brasiliensis) is the main
natural rubber-producing species. It is mainly
cultivated in Southeast Asia and some in South Asia,
Africa, and Tropical American countries. Natural
rubber is a polymer synthesized in derived from the
cytoplasm of laticifer cells. The cytoplasm of laticifer
cells, called latex, is harvested through the incision
of the bark. The latex contains 25-50% dry matter,
95% of which are natural rubber particles (d’Auzac
and Jacob 1989; Jacob et al. 1993; Bottier 2020). In
rubber plantations, the latex production cycle is
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25 to 30 years. Sustainability of latex production is
imperative for economic viability. To optimize the
yield and maintain the lifespan of plantations, the
harvesting system implicates some factors, including
tapping frequency, ethylene stimulation and panel
management.

Tapping frequency depends on the duration of
latex regeneration between two tappings wich is
related to the laticifer metabolic activity. Ethylene
stimulation is required for certain clones to increase
the metabolic activity and the latex flow. Panel
management combines different factors including
cut length and direction of tapping cut. Many
scientific studies led to better understand the effect
of harvesting systems on latex physiology (for
review: d’Auzac et al. 1989). Several physiological
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parameters were associated with latex yield and the
occurrence of tapping panel dryness (TPD): latex
pH, total solid content (TSC), sucrose content (Suc),
inorganic phosphorus content (Pi), thiols content
(RSH), redox potential (RP), bursting index (BI),
magnesium content (Mg?*), etc. (Jacob et al. 1985).
These knowledge allowed developing latex diagnosis.

As a blood test in humans to check the health
status, the latex diagnosis (LD) was introduced to
estimate the physiological status at one moment of
the tree production. The diagnosis is performed by
assessing latex physiological parameters i.e. TSC,
Suc, Pi, RSH, BI, RP (Jacob et al. 1995). However, in
daily practice, only four main parameters (TSC, Suc,
Pi, and RSH) are widely used. These parameters
represent the latex regeneration level, carbohydrate
availability, metabolic activity, and antioxidant
status (Escbach et al. 1984; Jacob et al. 1985; d’Auzac
etal. 1997). According to Gohet et al. (2019), TSC, Suc,
and RSH decrease with the increase in stimulation
intensity, while Pi exhibits a reverse parabolic
pattern. A high Suc and low Pi indicate that the
plant is under-exploited; conversely, a low Suc and
high Pi indicate high metabolic activities due to
tapping and stimulation regimes. The TSC is more
used for converting fresh yield to dry yield than
for physiological consideration while, the RSH, a
parameter for estimating the stress level, in some
reports did not represent the stress level received
by the plant. Thus, some studies only used two main
physiological parameters, Suc and Pi contents, for
example in Chantuma et al. (2011) and Phearun et al.
(2016).

At the plantation scale, the LD technology has
been adopted in rubber-producing countries. Since
it is privately owned by the plantation companies,
little is known about LD data, which are mostly not
published. Therefore, it is difficult to capture the
variation of LD values at the plantation level. The
only report in this field is a meta-analysis performed
by Gohet et al. (2019), in which the authors reported
on an LD dataset from rubber plantations in Africa.
Besides confirming the positive correlation between
RSH and sucrose content, the meta-analysis leads to
a hypothesis that RSH and RSH x Pi value could be
an indicator for clonal suitability and global stress
on the plantation scale. To date, little is known about
LD implementation in commercial plantations in the
different producing countries.

In the present study, we carried out a
bibliographical searching and meta-analysis using
information from 158 scientific papers mentioning
latex diagnosis. To our knowledge, this study is the
first report on the variation of latex physiological

parameters used in H. brasiliensis research. We
identified the chronological development of the
LD application, the frequency of parameter used,
the interpreting, variation of LD values, and the
relevance of these parameters as well as we address
new scientific questions for latex physiology.

2. Materials and Methods

2.1. Strategy to Select Scientific Paper

The scientific papers used in this study were
collected from online and printed journals and
conference proceedings. Several bibliographic
databases were accessed for online searching i.e.
Web of Science, Scopus, PubMed, ScienceDirect,
Directory of Open Access Journals (DOAJ), Journal
Storage (JSTOR), Agris-FAO, Agritrop-CIRAD, and
Google Scholar. The keywords wused included
(Hevea or rubber) and (harvesting or tapping or
stimulation), (Hevea or rubber) and (physiology or
latex or diagnosis), (Hevea or rubber) and (stress
or oxidative or antioxidant), (Hevea or rubber) and
(sucrose or phosphorus or thiols). Some papers were
also obtained directly from authors. The literature
searching led identifying 413 papers. A screening
procedure, consisting of reading carefully the
Materials and Methods section of each paper, was
applied and led to select 158 papers that assessed at
least one of four main LD parameters i.e., TSC or DRC,
Suc, Pi, and RSH.

2.2. Construction of Bibliographical Database
and Excel File for Meta-Data Analysis

The 158 selected papers were added to a Mendeley
database in order to generate a list of references used
in this study (Supplementary data 1). We tagged the
papers with the discipline information: “agronomy”
for plantation monitoring in order to adjust the
tapping system and consequently optimize the yield,
“physiology” for studies evaluating the environment
and harvesting stresses on various physiological and
agronomical parameters, and “breeding” for studies
related to the characterization of progenies. The
papers were read thoroughly and information was
extracted into an MS Excel table: authors, publication
year, country, discipline, genotype, tapping system,
assessed physiological parameters (Supplementary
data 2). Another MS Excel table was prepared to
record LD values (TSC (%), Suc (mM), Pi (mM), and
RSH (mM)) from each paper (Supplementary data 3).

2.3. Data Analysis
Data summarization was performed using MS
Excel and the statistical analysis was performed
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using the XLSTAT software (Addinsoft Inc., New York,
USA). Supplementary data 2 was used for descriptive
statistics and the Agglomerative Hierarchical
Clustering (AHC) analysis. Supplementary data 3
was used for the descriptive statistic and Principal
Component Analysis (PCA).

3. Results

3.1. General Data Description

The literature searching found 413 papers. A
careful reading led to select 158 papers published
from 1972 to 2020, which assessed at least one of
the four main LD parameters: TSC or DRC, Suc, Pi,
and RSH (Figure 1). The 158 papers reported studies
conducted in 11 countries: Cote d’Ivoire (47 papers),
Indonesia (37), China (19), Thailand (18), India (9), Sri
Lanka (7), Vietnam (7), Cambodia (5), Malaysia (4),
Cameroon (3), and Brazil (2).

With regard to the discipline, the largest number
of papers was collected from studies in agronomy (114

20

papers) compared to breeding (22) and physiology
(22). The use of LD parameters, especially in
agronomy, increased after 2007 and peaked in 2016 -
2017. The LD parameters were more frequently used
in physiological and breeding studies since 2000.

3.2. Significance and Relationship between
Latex Physiological Parameters

According to the dataset in Supplementary data
2, early study of latex physiology involved several
parameters, including TSC, Suc, Pi, RSH, Mg?, BI,
pH, RP, and enzyme activities (Bealing and Chua
1972; Escbach et al. 1984; Escbach et al. 1986). The
number of latex physiological parameters was
reduced to the four most frequent parameters used:
TSC, Suc, Pi and RSH. Nonetheless, in the breeding
and physiology studies, additional parameters were
used to describe physiological traits related to latex
yield and the stress defence including initial flow
rate, plugging index, proline, peroxidase, superoxide
dismutase, and Mg?*. Of the 158 analyzed papers, Suc
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Figure 1. Number of literature by year published and discipline used for statistical analysis
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was assessed in 152 papers (96.2%), Pi in 142 papers
(89.9%), RSH in 131 papers (82.9%), while TSC and
DRC were assessed in 116 papers (73.4%). The other
parameters were assessed in less than 15% of cases.
An Agglomerative Hierarchical Clustering (AHC)
analysis was performed to identify the proximity of
the latex physiological parameters. Nine parameters
were selected when they were studied in more
than five papers. The AHC analysis was conducted
on criteria ‘Assessed’ and ‘Not assessed’ for each
parameter. The result indicated that these parameters
were grouped in 3 clusters: one for Suc and Pi, one
for RSH and TSC and one for all other parameters
(Figure 2). This later cluster consisted of numerous
parameters that were less frequently assessed i.e.
latex pH, BI, Mg?, initial flow and plugging index.

3.3. Variability of LD Parameters in the World
The average TSC was 43.9% with the minimum
value was 15.6% in Soumahin et al. (2016) and the
maximum was 71.4% in Soumahin et al. (2009)
(Figure 3A.). The minimum value of Suc was around
0.4 mM in Putranto et al. (2015) and the non-outlier
maximum observation was 20.2 mM with an average
of 9.2 mM. The highest outlier value was 46.3 mM
in Obouayeba et al. (2016) (Figure 3B.). We omitted
the data from Setiono et al. (2015), Attanayake et al.
(2018), and Syaher et al. (2020), which consisted of
extraordinary values up to 150.0 mM. For the Pi, the
minimum value was 0.15 mM (Anushka et al. 2020)
and the maximum was 36.3 mM, the average was 16.3
mM (Figure 3C.). The observations from Obouayeba
etal. (2009), Obouayeba et al. (2015), and Kudaligama
et al. (2017) were excluded due to their overly high
values up to 118.0 mM. Non-outlier RSH values
ranged from 0.11 mM (Guo et al. 2016; Lacote et al.
2019) to 1.03 mM (Lubis et al. 2020) with an average
value was 0.51 mM, while the outliers reached 1.50
mM in Wei et al. (2015) (Figure 3D.). The observation
from Anushka et al. (2020) was omitted due to its
extremely low values up to 0.008 mM, while the
observations from Commeére et al. (1988), Obouayeba
et al. (2016), and Sumarmadji and Tistama (2004)
were excluded due to their overly high value up to
2.02 mM. The Suc exhibited the highest variation
among LD parameters (coefficient variation was

72.9%), while TSC had the lowest coefficient variation
(19.6%). The Pi and RSH also showed a high variation,
coefficient variation 45.1% and 41.6%, respectively.

The principal component analysis (PCA) was
conducted on a set of data from papers in which TSC,
Suc, Pi and RSH were assessed together. The result
showed that the first two principal components
accounted for 65.38% of the variance in the original
dataset. For the first principal component (F1), all
four parameters were well represented with factor
loadings 0.494 to 0.694. The TSC, Suc and RSH
were positively correlated. For the second principal
component (F2), the TSC and Pi (factor loadings 0.562
and 0.615 respectively) were positively associated,
while Suc and RSH (factor loadings -0.445 and -0.530)
were negatively correlated (Figure 4). The correlation
matrix showed a small correlation between RSH/Suc
and TSC/Pi.

3.4. Interpreting of LD Parameters

Of the 158 scientific papers included in our
database, Suc was the most frequently analysed
parameter (96.2%) followed by Pi (89.9%), and RSH
(82.9%), and whilst TSC was the least frequently
analysed (73.4%) (Figure 5). Following a thoughtful
reading, we identified the authors’ interpretation for
each LD parameter such as the effect of genotypes,
harvesting systems or environmental conditions.
The TSC was interpreted in 56.0% of the papers, Suc
63.8%, Pi 60.6%, and RSH 42.8%. According to our
assessment, Suc was the most frequently interpreted
parameter, while the RSH was poorly interpreted.

4. Discussion

This study gathered and analyzed 158 papers
from 1972 to 2020, in which latex physiological
parameters were determined. These papers are
associated with studies on agronomy, physiology and
breeding. The number of physiological parameters
analysed was drastically reduced from to 16 to 4 main
parameters in the recent years, sucrose and inorganic
phosphorus contents being well interpreted to
describe the latex metabolic status of rubber trees.
These results raise several questions with regard to
the application of latex diagnosis and its limited use
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in breeding program. They also reveal the essential
role of two main latex diagnosis parameters and the
inconsistency of RSH.

4.1. Application of Latex Diagnosis in Rubber
Plantations and Research Stations

The present work showed that latex physiology
analysis is used in different studies, including
agronomy, physiology, and breeding.

In agronomy works, latex diagnosis application
was mainly for yield optimization. The increase in the
number of publications using LD parameters occurred
since 2003-2013 when studies searched for a new
tapping system to optimize clonal yield potential, for
example, the use of double cutting (Chantuma et al.
2011) and ultrasound (She et al. 2013). The number of
publications remained high after 2013, even reached
a peak in 2015-2017 (Supplementary data 2). The
experiments of low-frequency tapping accompanied
by stimulation modification, for example, the works
by Sainoi et al. (2017), Atsin et al. (2014), and Phearun
et al. (2019), contributed to a significant report on
LD application. These typical studies might be a
response to the low natural rubber price in order to
reduce the tapping cost.

In physiology studies, LD parameters were
used for physiological mechanism understanding,
environmental stress adaptation, and tapping stress
mitigation. The researchers investigated the seasonal
variation of physiological parameters (Sreelatha et al.

DOAssessed ONot assessed O Discussed ONot discussed

O Not discussed @ Discussed

OAssessed ONot assessed
Figure 5. The proportion of the paper listed and interpreted by the authors for TSC (A), Suc (B), Pi (C), and RSH (D)

2011; Nguyen et al. 2016), rubber tree physiological
maturity (Rachmawan and Sumarmadji 2007;
Obouayeba et al. 2012), environmental stress impacts
(Alam et al. 2003; Kudaligama et al. 2017), and free
radical and the scavengers’ production on account
of TPD extent (Kudaligama et al. 2017; Tistama et al.
2019). The studies had two main objectives: first, to
establish more suitable tapping system to optimize
the latex yield, and second, to monitor the stress
level in laticifers to prevent TPD.

The breeding works involved LD parameters for
growth and yield-related traits investigation (Vinod
et al. 2000; Rattanawong et al. 2008), progenies
evaluation (Sayurandi and Daslin 2011; Woelan et al.
2014; Syafaah et al. 2015; Phearun et al. 2016), and
performance assessment of rubber clones (Woelan
et al. 2013; Cardoso et al. 2014). The LD was also
used for clonal typology characterization, grouping
the rubber clones based on the latex physiological
characteristic (Escbach et al. 1984; Thanh and Thuy
2003; Gohet et al. 2015). The typology was then
used as the foundation for the determination of the
exploitation system by agronomists in plantations
(Gohet et al. 2008).

Interestingly, this meta-analysis reveals that
the adoption of the LD method in physiology and
breeding works (reported in 22 papers for each
discipline) is lower than the agronomy discipline
(assessed in 114 papers). Breeding activities still
rely on histology (such as bark tissue and laticifers
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characteristics) and agronomy traits (especially
initial growth and yield) in the screening process,
indicating that a dissatisfactory link occurs between
breeding and physiological works. In the case of LD
adoption, the agronomy works took more advantages
than breeding. Given the robustness of some LD
parameters such as of Suc and Pi, these parameters
should be better adopted this deserves further
investigations to promote better and more efficient
use of LD by breeders.

Most of the publications analysed in this paper
came from scientific experiments (Supplementary
Data 1). The connexion with research institutions
is a key factor for the adoption of LD by the private
sector. Determination and analysis of LD require both
laboratory facilities, lab-skill and expertise in data
analysis. In rubber plantation, the adoption of the
technology is mainly by well-established companies
which have access to research institutions and able
to build a laboratory. However, The data from the
companies are rarely published. In our database, only
Nang et al. (2015) and Gohet et al. (2019) reported
LD data from rubber companies in communication.
On the other hand, the adoption in smallholding
plantations s still limited. Some papers, such as Gohet
and Chantuma (2003), Obouayeba et al. (2008), and
Kudaligama et al. (2017) included the LD parameters
inthe harvesting system experiments in smallholding
plantations, yet not particularly for the physiological
evaluation. The smallholding plantation, which is
characterized by limited land tenure and in some
cases with low technology adoption, dominates
the proportion of the total world rubber cultivated
area. Thus, the diffusion LD technology may be a
breakthrough for yield improvement on a global
scale. Although the LD method has been introduced
for more than three decades, the utilization of
the technology is still limited to partial research
discipline and type of rubber plantation and calls for
the development of a high throughput and easy-to-
use methodology.

4.2. Limited Use of Latex Diagnosis in
Breeding Program

The standard 45-50 cm of girth for open-tapping
of rubber tree may be reached in 4-8 years, depending
on the clones, agro-climate and agronomical
practices applied (Obouayeba et al. 2012). Due to a
long immature period, the conventional breeding
program led to select clones for early tapping and high
early production, so-called quick starter clones. This
type of clones, for example, PB 235, PB 260, RRIM 911,
and IRCA 130, possesses the characteristics of low-
medium sugar loading and high metabolic activity

of the laticifers (Jacob et al. 1995; Gohet et al. 2019).
The high yield emanates from the effectiveness of
the latex regeneration and flow. However, the quick
starter clones were reported to have a weak response
to ethylene stimulation (Gohet et al. 1996; Jetro and
Simon 2007; Lacote et al. 2010). Some studies also
showed that the quick starter clones are susceptible
to tapping panel dryness (Gohet et al. 1997; Okoma et
al. 2011; Putranto et al. 2015).

The harvesting system in rubber plantations is
shifting toward low-frequency tapping system (up
to d6) combined with high stimulation intensity (up
to 78/year) (Supplementary data 2). This approach
is adopted in response to increasing labour costs
and skilled-tapper shortage. Although some studies
showed that quick starter clones have a low response
to ethylene stimulation and consequently are less
suitable to the low-frequency tapping (Atsin et al.
2014; Atsin et al. 2017), some new quick-starter clones
may be more responsive to ethylene application.
On the other hand, several studies showed that
high sugar loading clones were able to amplify the
benefit of low-frequency tapping (Gohet et al. 1996;
Soumabhin et al. 2009; Lacote et al. 2010; Diarrassouba
et al. 2012). High sugar-loading clones are also more
resistant to TPD due to the abundant availability of
latex and antioxidant material (Jacobetal. 1995; Gohet
etal. 1997, 2019). This capability is crucial in terms of
climate change that increases environmental stress.
Based on these considerations, the breeding program
needs to switch the direction from high metabolic
clones to high sugar loading clones. Various sucrose-
related genes were characterized in H. brasiliensis,
such as sucrose synthase (HbSus) gene family (Xiao
et al. 2014), efflux transporter (HbSWEET) genes (Sui
et al. 2017), and sucrose transporter (HbSUT) genes
(Dusotoit-Coucaud et al. 2009; Long et al. 2019).
Interestingly, Klaewklad et al. (2017) suggested that
the expression of SUT3 gene may be used in the early
selection of high-yielding rubber clones.

The rubber breeding cycle consists of F1 seedling
evaluation, primary selection, small-scale clone trial,
and multilocation trial that takes atleast 33 years from
the crossing to improved clones release (Gireesh et al.
2017). This conventional procedure is still the main
method to select desired superior clones. To date,
the rubber breeding program is mainly dedicated to
yield and growth characteristics, while physiological
traits are rarely assessed. Although some works have
involved the LD parameters in the early assessment
of the progenies (Phearun et al. 2016), our present
observation suggesting that the LD parameters are
still infrequently adopted in the breeding discipline,
only found in 22 out of 158 selected papers. Further
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investigations are necessary to better understand the
limitations of LD applications in Hevea breeding.

4.3. Two Latex Diagnosis Parameters Widely
Represented

Latex flow and in situ regeneration between
two tappings are the main limiting factors in latex
production of H. brasiliensis. Parameters linked to
the latex flow are TSC, BI, RSH, and Mg?*. Parameters
linked with latex regeneration including TSC, Suc,
pH, Pi, Mg*, RSH, and RP (Jacob et al. 1989). Those
parameters were the basis of latex diagnosis at the
early period when this method was introduced
(Jacob et al. 1985; Jacob et al. 1995). Progressively,
LD was based on only four main parameters (TSC,
Suc, Pi and RSH) to monitor rubber plantations.
These parameters represent the latex regeneration
level, carbohydrate availability, metabolic activity,
and antioxidant status, respectively, in laticifers
(Eschbach et al. 1984; Jacob et al. 1985; d’Auzac et al.
1997).

The papers in this work came from various
countries, disciplines, plant age, clone, and tapping
systems so that the LD values showed a high variation
(coefficient variation of 19.6-72.9%). Among the four
main parameters used in latex diagnosis, Suc and Pi
were the most used and interpreted in the scientific
papers. Sucrose content indicates carbohydrate
availability, a carbon source for rubber biosynthesis
and a source of energy in the laticifers (Tupy
1985; Jacob et al. 1995). The energy is required for
various metabolic pathways, including enzymes
biosynthesis and antioxidant regeneration, which
are pivotal for resilience to oxidative stress. The
principal component analysis (PCA) revealed that
Suc had higher correlation with RSH than other LD
parameters. The Pi parameter shows the metabolic
activity level in the laticifers. High Pi in latex
indicates that the plant has spent much energy on
latex regeneration. In the context of climate change,
we can question the role of latex metabolism in clone
adaptation. Nguyen and Dang (2016) showed that the
latex yield of a high-metabolic rubber clone PB 235
was more affected by temperature fluctuation than a
medium metabolic clone GT1.

Variability of Sucand Piis a genetic component and
can be used for early rubber clonal selection (Phearun
et al. 2016). In breeding, they are combined with
anatomy and agronomy parameters for progenies
evaluation and clonal metabolism identification. They
are also used in the environmental stress assessment

by collaborating with other stress markers. Indeed,
Suc and Pi are the most considered parameters by
agronomists in settling the harvesting system.

4.4. Role of Antioxidants

The latex harvesting practice, by mechanical
artificial wounding and exogenous ethylene
application, induces the reactive oxygen species
(ROS) accumulation beside the natural production
by cellular metabolism and environmental stress
(Tian et al. 2015; Putranto et al. 2015). Over-
exploitation and over-stimulation are known as the
main factors of the TPD, a physiological disorder
due to over-accumulation of ROS (Yusof et al. 1995;
Gohet et al. 1997; Das et al. 2002; Putranto et al.
2015). Antioxidants and ROS-scavenging enzymes
are essential to maintain the redox homeostasis and
prevent cellular damage. The function of latex main
antioxidants (thiols, ascorbate, and tocotrienol) and
detoxifying enzymes such as superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPX),
and glutathione S-transferase (GST) was reviewed in
Zhang et al. (2017).

Thiols, the organo-sulphur compounds that
contain a carbon-bonded sulfhydryl group (R-SH)
(Rouhier et al. 2015), plays important role in the
stress responses of plants due to its redox properties.
In latex, up to 90% of RSH consists of glutathione
and cysteine (Mc Mullen 1960). Low RSH content
indicates that the plant is either under minimum
stress, which not require antioxidant synthesis, or
high antioxidant oxidation due to exceeding stress.
A rubber tree with high RSH is expected to have
the ability for neutralizing oxidative stress and
maintaining the yield level. Total RSH content in
latex is around 0.5-0.9 mM (Jacob et al. 1984). Our
meta-analysis showed that the RSH values ranged
from 0.11-1.50 mM with the mean was 0.51 mM. The
variability may reflect the clonal effect, plant age,
agro-climatic, harvesting regime, and measurement
methodology.

According to our dataset, RSH is still low-
interpreted both in plantation monitoring and
research disciplines. RSH was interpreted only in
42.8% of the 131 papers. Some RSH values were not
associated with the level of stress leading authors to
limit the interpretation of their data. For example,
in Herlinawati and Kuswanhadi (2012) and She et
al. (2013), the content of the RSH remained constant
whilst the stress increased. Some papers mentioned
that Suc and Pi might be a better stress indicator
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(Gohet et al. 2019; Tistama et al. 2019). The low
interpreting of RSH questions whether this parameter
is relevant in LD and calls for the development of a
new parameter.

The reduced form of antioxidant carries the
antioxidant power. When ROS are generated, the
reduced form neutralizes ROS and is transformed
into oxidized form (Tausz et al. 2003). Some
studies detected the alteration in the proportion
of reduced and oxidized antioxidants in response
to environmental stress (Noctor et al. 2012; Marok
et al. 2013). The ratio revealed the capacity of
regeneration of antioxidant power through the
ascorbate-glutathione cycle. This ratio could be a
better indicator than total antioxidant content only.
This approach offers an opportunity to improve the
LD method.

Our study indicated that the better use of LD
in breeding can improve selection for long-term
high-yielding and stress-adapted clones. Clone
adaptation is needed and a better understanding of
redox metabolism should allow identifying better
biomarkers related to stress tolerance (Zhang et al.
2019). The development of a simple and robust LD
technology is also a challenge for sustainable rubber
production.

Acknowledgements

This work was funded through Labex AGRO 2011-
LBX-002 (under I-Site Muse framework) coordinated
by Agropolis Fondation and SEARCA (Rubber Redox
Project No 1803-004).

References

Alam, B., Das, G., Raj, S., Roy, S., Pal, TK., Dey, S.K., 2003.
Studies on yield and biochemical sub-components
of latex of rubber trees (Hevea brasiliensis) with a
special reference to the impact of low temperature in
anon-optimal environment. J. Rubber Res. 6,241-257.
Anushka, PV.A., Withhanage, S.P,, Karunaratne, N.P.S.N.,
Kudaligama, K.V.V.S., Dahanayake, T.T.D., Peiris, H.P.
2020. Assessment and selection based on girth and
yield performance of new Hevea genotypes generated
from controlled hybridization. In: Proceeding of the 7th
Symposium on Plant Crop Research. Colombo: Rubber
Research Institute of Sri Lanka. pp. 33-44.
Atsin, G.J.0., Soumahin, E.F,, Kouakou, H.T., Coulibaly, L.E,
Traore, S.M., Alle, ].Y., Kouame, C., Obouayeba, S. 2014.
Impact of reduced tapping fre uency on agronomic,
physiological and biochemical aspects of clone PB
260 of Hevea brasiliensis in the Centre West of Cote
D’Ivoire. J. Rubber Res. 17, 45-56.
G.J.0., Soumahin, E.F, Mahyao, A., Okoma, K.M.,
Kouakou, T.H., Obouayeba, S., 2017. Incidence of
latex harvesting technologies on agronomic and
physiological 1parameters and profitability of some
rapid metabolic class clones of rubber tree (Hevea
brasiliensis) in South-western Cote d’Ivoire. Int. J.
Biol. Chem. Sci. 11, 2209. https://doi.org/10.4314/ijbcs.
v11i5.21

Atsin,

Attanayake, A.P.,, Karunanayake, L., Nilmini, A.H.R.L., 2018.
Effect of ethephon stimulation on natural rubber latex
properties; new insight into ethephon stimulation.
J. Natl. Sci. Found. Sri Lanka. 46, 179-185. https://doi.
org/10.4038/jnsfsr.v46i2.8418

Bealing, FJ., Chua, S.E., 1972. Output, composition and
metabolic act1v1ty of Hevea latex in relation to tapping
1nten51t%/ and the onset of brown bast. J. Rubber Res.
Inst. Malaya. 23, 204-231.

Bottier, C.,2020. Blochemical composition of Hevea brasiliensis
latex: a focus on the protein, lipid, carbohydrate and
mineral contents, in: Nawrot, R. (Eds.), Latex, Laticifers
and Their Molecular Components: From Functions to
Possible Applications. Academic Press, Cambridge, pp.
201-237. https://doi.org/10.1016/bs.abr.2019.11.003

Cardoso, S.E.A., Freitas, T.A., Silva, D.D.C.,, Gouvéa, LR.L,
Gonc;alves PD.S., Mattos, CRR, Carcia, D., 2014.
Comparison of growth yleld and related traits of
resistant Hevea genotypes under high South American
leaf blight pressure. Ind. Crops Prod. 53, 337-349.
https://doi.org/10.1016/j.indcrop.2013.12.033

Chantuma, P, Lacote, R., Leconte, A., Gohet, E., 2011. An
innovative tapping system, the double cut alternative,
to improve the yield of Hevea brasiliensis in Thai
rubber plantations. F. Crop. Res. 121,416-422. https://
doi.org/10.1016/.fcr.2011.01.013

Commere, ]J., Eschbach, J.M., Lacote, R., Serres, E., 1988.
Result of trial on reducmg tapplng frequency in
Cote d’Ivoire. In: Proceeding of the IRRDB International
Conference 1988, Paris: International Rubber Research
Development Board. pﬁ. 321-333.

d’Auzac, J., Jacob, J.L., 1989. The composition of latex from
Hevea brasiliensis as a laticiferous cytoplasm, in:
d’Auzac, ]., Jacob, J.L., Chrestin, H. (Eds.), Physiology
of Rubber Tree Latex. CRC Press Inc., Boca Raton, pp.
59-96. https://doi.org/10.1201/9781351075695-4

d’Auzac,].,Jacob, ].L., Chrestin, H., 1989. Physiology of Rubber
Tree Latex. CRC Press Inc, Boca Raton.

d’Auzac, J., Jacob, J.L., Prévot, J.C., Clément, A., Gallois, R.,
Chrestin, H., Lacote, R., PUJade Renaud V., Gohet, E.,
1997. The regulation of cis- polyisopréne productlon

(natural rubber) from Hevea brasiliensis. Recent Res.
Dev Plant Physiol. 1,273-332.

Das, G., Alam, B,, Raj, S., Dey, S.K,, Sethuraj, M.R., Sen-Mandi,
S.,2002. Over-exploitation associated changes in free
radicals and its scavengers in Hevea brasiliensis. ].
Rubber Res. 5, 28-40.

Diarrassouba, M., Soumabhin, E.F., Coulibaly, L.F., N'guessan,
A.E.B., Dick, K.E., Kouame, C., Obouayeba, S., Ake, S.,
2012. Latex harvesting technologies adapted to clones
PB 217 and PR 107 of Hevea brasiliensis Muell. Arg. of
the slow metabolism class and to the socio-economic
context of Cote d’Ivoire. Int. J. Biosci. 2, 125-138.

Dusotoit-Coucaud, A., Brunel, N., Kongsawadworakul, P.,
Viboonjun, U., Lacointe, A., Julien, ]J.L., Chrestin, H.,
Sakr, S., 2009. Sucrose importation into laticifers of
Hevea brasiliensis, in relation to ethylene stimulation
of latex production. Ann. Bot. 104, 635-647. https://
doi.org/10.1093/aob/mcp150

Escbach, .M., Roussel, D., van de Sype, H., Jacob, ].L., D’Auzac,
J., 1984. Relationships between yield and clonal
Bhysmloglcal characteristics of latex from Hevea

rasiliensis. Physiol. végétale. 22, 295-304.

Escbach, J.M., Tupy, ]J., Lacrotte, R., 1986. Photosynthate
allocation and productivity of latex vessels in Hevea
brasiliensis. Biol. Plant. 28, 321-328. https://doi.
org/10.1007/BF02902242

Gireesh, T., Meenakumari, T., Mydin, K.K., 2017. Fast track
evaluation and selection of Hevea brasiliensis clones
from a clonal nursery. Ind. Crops Prod. 103, 195-201.
https://doi.org/10.1016/j.indcrop.2017.04.001



HAYATI J Biosci

Vol. 30 No. 2, March 2023

Gohet, E., Prevot, ]J.C., Eschbach, ].M., Clement, A., Jacob, J.L.,
1996. Clone, growth and stimulation: latex production
factors. Plant. Rech, Dev, 1996, 30-38.

Gohet, E., Kouadio, D., Prévét, J.C., Obouayeba, S., Clément,
A., D'Auzac, ]., Keli, Z]., Jacob, J.L., 1997. Relation
between clone ttype, latex sucrose content and
the occurrence o taJ)ping panel dryness in Hevea
brasiliensis. Presented in: the IRRDB Tapping Panel
Dryness Workshop. Danzhou: International Rubber
Research Development Board. pp. 1-14.

Gohet, E., Chantuma, P. 2003. Double cut alternative tapping
system (DCA) towards improvement of yield and
labour productivity of Thailand rubber smallholdings.
In: Proceedings of the International Workshop on
Exploitation Technology. Kottayam: Rubber Research
Institute of India. pp. 43-69.

Gohet, E., Scomparin, C., Cavaloc, E., Balerin, Y., Benites, G.,
Dumortier, F.,, Williams, H.O., Permadi, H.P,, Ginting,
E., De Rostolan, E., Uche, E., Chegbene, P., Hocepied,
E., Echimane, P, Soumahoro, M., Sarﬁeant, HJ.,
Suyatno, Najera, C.A., Soumahoro, B., Eschbach, ].M.,
2008. Influence of ethephon stimulation on latex
physiological parameters and consequences on latex
diagnosis implementation in rubber agro-industry.
Presented in the IRRDB Workshop on Latex Harvesting
Technologies. Kottayam: Rubber Research Institute of
India. pp. 1-11.

Gohet, E., Cavaloc, E., Cardoso, S., Cairo, I., Garcia, D., Rivano,
F., Lacote, R., Lesturgez, G., 2015. A first physiological
assessment of latex clonal metabolic typology and
rubber yield potential of ‘CMS’ rubber tree clones. In:
Proceeding ojpthe International Rubber Conference. Ho
Chi Minh: Agriculture Publishing House. pp. 287-294.

Gohet, E., Cauchy, T., Soumahoro, M., Kotochi, C., Chegbene, P,
Njoku, A., Lesturgez, G., 2019. Meta-analysis of a large
industrial latex diagnosis database provides insight
on Hevea brasiliensis clonal adaptation and site-
specific yield potential in Western Africa. Presented
in the International Rubber Conference. Nay Pyi Taw:
2019. pp. 1-19.

Guo, X.L., Sun, L., Huy, Y.Y., Liu, ].P., Wang, Z.H., Yuan, K., 2016.
Analysis on latex physiological parameters of Hevea
brasiliensis plants at different tapping panel dryness
extents. J. South. Agric. 47, 1553-1557.

Herlinawati, E., Kuswanhadi. 2012. Pengaruh penggunaan
stimulan gas terhadap produksi dan karakter fisiologi
klon BPM 24. ]. Penelit. Karet. 30, 100-107. https://doi.
org/10.22302/jﬁk.v30i2.126

Jacob, ].L, Prevot, ].C., Chrestin, H., Vidal, A., 1984. Glutathione
reductase and thiols in latex; their role in Hevea
yield. In: Proceedings of the Symposium: Exploitation,
Physiology and Imgrovement of Hevea. Montpellier:
International Rubber Research Development Board
pp. 101-114.

Jacob, ].L., Eschbach, ].M.M., Prévot, J.L., Roussel, D., Lacrotte,
R., Chrestin, H., d’Auzac, ]. 1985. Physiological
basis for latex diagnosis of the functioning of the
laticiferous system in rubber trees. In: Proceeding of
the International Rubber Conference. Kuala Lumpur:
Rubber Research Institute of Malaysia. pp. 43-68.

Jacob, ].L, Prevot, ].C., Lacrotte, R., Clement, A., Serres, E.,
Gohet, E. 1995. Clonal typology of laticifer functioning
in Hevea brasiliensis. Plant. Rech. Dev. 1995, 43-49.

Jacob, ].L, Prevot, ].C., Roussel, D., Lacrotte, R., Serres, E.,
D’Auzac, ]., Eschbach, J.M., Omont, H., 1989. Yield-
limiting factors, latex physiological parameters,
latex diagnosis, and clonal typology. in: d’Auzac, J.,
Jacob, J.L., Chrestin, H., (Eds.), Physiology of Rubber
Tree Latex, CRC Press Inc., Boca Raton, pp. 345-382.
https://doi.org/10.1201/9781351075695-16

Jacob, J.L., d’Auzac, ., Prévot, J.C., 1993. The composition of
niatggal l%gex from Hevea brasiliensis. Clin. Rev. Allergy.
11, 325-337.

Jacob, J.L., Prévot, ].C., Lacrotte, R., Eschbach, .M., 1995. Latex

diagnosis. Plant. Rech. Dev. 2, 33-37.

N.N, Simon, GM., 2007. Effects of
2-chloroethylphosphonic acid formulations as yield
stimulants on Hevea brasiliensis. African J. Biotechnol.
6, 523-528.

Klaewklad, A., Nakkanong, K., Nathaworn, C.D., Nualsri,
C., 2017. Expression of the sucrose transporter 3
(HbSUT3) in rubber tree and its relation to latex
yield. Mol. Breed. 37, 1-10. https://doi.org/10.1007/
s11032-017-0694-9

Kudaligama, K.V.V.S., Lakshman, R.G.N., Rodrigo, V.H.L., 2017.
Performance of once in three days (S/2 d3) and four
days (S/2 d4) tapping systems in marginal drier areas
in Sri Lanka. In: Procee infs of the International Rubber
Conference. Jakarta: Indonesian Rubber Research
Institute. pp. 401-412.

Kudaligama, K.V.V.S,, Rodrigo, V.H.L., Randunu, R.P.S., Perera,
M.K.P., Madushani, P.D.T.L., 2017. A low frequency
harvesting system exclusively for smallholder rubber
grower being employed off-farm. In: Proceedings of the
International Rubber Conference. Jakarta: Indonesian
Rubber Research Institute. pp. 572-582.

Lacote, R., Gabla, O., Obouayeba, S., Eschbach, ]. M., Rivano, F.,
Dian, K., Gohet, E., 2010. Long-term effect of ethylene
stimulation on the yield of rubber trees is linked
to latex cell biochemistry. F. Crop. Res. 115, 94-98.
https://doi.org/10.1016/j.fcr.2009.10.007

Lacote, R., Sainoi, T., Sdoodee, S., Rawiwan, C., Rongthong,
P, Kasemsap, P., Chehsoh, J., Chantuma, P., Gohet,
E., 2019. Performance of different latex harvesting
systems to increase the labor productivity of rubber
plantation in Thailand. Presented in the International
Rubber Conference. Nay Pyi Taw: International Rubber
Research Development Board. pp.1-19.

Long, X., Li, H., Yang, ]., Xin, L., Fang, Y., He, B., Huang, D.,
Tang, C., 2019. Characterization of a vacuolar sucrose
transporter, HbSUT5, from Hevea brasiliensis:
involvement in latex production through regulation
of intracellular sucrose transport in the bark and
laticifers. BMC Plant Biol. 19, 1-11. https://doi.
org/10.1186/s12870-019-2209-9

Lubis, Y., Gunawan, I., Purwaningrum, Y., 2020. Penyadapan
yang sesuai pada tanaman karet klon slow starter
dari fisiologi dan produksi lateks. Agril. J. [lmu Pertan.
8, 177-181.

Marok, M.A. Tarrago, L., Ksas, B., Henri, P, Abrous-
belbachir, O., Havaux, M., Rey, P, 2013. A drought-
sensitive barley variety displays oxidative stress
and strongly increased contents in low-molecular
weight antioxidant compounds during water deficit
compared to a tolerant variety. J. Plant Physiol. 170,
633-645. https://doi.org/10.1016/.jplph.2012.12.008

Mc Mullen, A.L, 1960. Thiols of low molecular weight in Hevea
brasiliensis latex. Biochim. Biophys. Acta. 41, 152-154.
https://doi.org/10.1016/0006-3002(60)90383-8

Nang, N., Hai, T. V., Thanh, D.K., Luyen, P.V., Tuan, T.V.,
Nguyen, V.T,, Viet, N.Q., Thuy, K.T., 2015. The yield
and latex physiological parameters on d3 and d4
tapping system of PB 260 clone at Southeast region
in Vietnam. In: Proceeding of the International Rubber
Conference 2015. Ho Chi Minh: Agriculture Publishing
House. pp. 265-273.

Nguyen, B.T., Dang, M.K., 2016. Temperature dependence
of natural rubber productivity in the South-eastern
Vietnam. Ind. Crops Prod. 83, 24-30. https://doi.
org/10.1016/j.indcrop.2015.12.019

Jetro,



Junaidi et al.

Nguyen, V.H.T., Diem, N.V.L,, Thao, T.T.N., Thuy, T.K., Nang, N.,
Thanh, K.D., 2016. Seasonal variation and evolution
of some latex physiological parameters of Hevea
brasiliensis over consecutive tapping years. In:
Proceeding of the International Rubber Conference.
Siem Reap: International Rubber Conference. pp.
190-204.

Noctor, G., Mhamdi, A., Chaouch, S., Han, Y., Neukermans,
J., Marquez-Garcia, B., Queval, G., Foyer, C.H., 2012.
Glutathione in plants: an integrated overview. Plant,
Cell Environ. 35, 454-484. https://doi.org/10.1111/
j.1365-3040.2011.02400.x

Obouayeba, S., Soumahin, E.F., Boko, A.M.C,, Dea, G.B., Dian,
K., Gnagne, Y.M., 2008. Improvement of productivity
of rubber trees in smallholding by the introduction
of upward tapping in the south-east of Cote d’Ivoire.
J. Rubber Res. 11, 163-170.

Obouayeba, S., Soumahin, E.F,, Dobo, M., Lacote, R., Gabla,
0., Doumbia, A. 2009. Agronomic performance of the
clone IRCA 111 of Hevea brasiliensis under different
frequencies of tapping and stimulation in South-West
Cote d’'lIvoire. J. Rubber Res. 12, 93-102.

Obouayeba, S., Diarrassouba, M., Soumabhin, E.F., Essehi, ].L.
2015. Latex harvesting technologies adapted to clones
IRCA 18, IRCA 111, IRCA 130, PB 235, and PB 260 of
Hevea brasiliensis of the class to active metabolism
in South-western Cote d'Ivoire. In: Proceeding of
the International Rubber Conference. Ho Chi Minh:
Agriculture Publishing House. pp. 305-327. https://
doi.org/10.9734/JAERI/2016/27181

Obouayeba, S., Eric, S.F, Modeste, K.K., Fanlégué, L., Okoma,
K.M., N'guessan, A.E.B., Christophe, K. Sévérin,
A., 2012. Influence of age and girth at opening on
rubber yield, biochemical and tapping panel dryness
parameters of Hevea brasiliensis in determining
tapping norms. Int. J. Biosci. 2, 1-18.

Obouayeba, S., Soumahin, E.F., Obouayeba, A.P., Adou, B.Y.C.,
Essehi, J.L., Atsin, 0.].G., Okoma, M.K., 2016. Effect
of the stimulating paste conservation period and
economic benefit of Ethrel-palm oil mixture in rubber
tree plantation in South-eastern Cote d’Ivoire. J. Exp.
Agric. Int. 14, JEAL26973. https://doi.org/10.9734/
JEAI/2016/26973

Okoma, K.M.,, Dian, K., Obouayeba, S., Elabo, A.A.E., N'guetta,
A.S.P,,2011.Seasonal variation of tapping panel dryness
expression in rubber tree Hevea brasiliensis Muell.
Arg. in Cote d’Ivoire. Agric. Biol. J. North Am. 2, 559-
569. https://doi.org/10.5251/abjna.2011.2.3.559.569

Phearun, P, Chetha, P, Bunthuon, H., Lacote, R., Chan, C,
Sopheaveasna, M., Gohet, E. 2016. Early clonal
selection of Hevea brasiliensis based on latex
physiological parameters in Cambodia. In: Proceeding
of the IRRDB International Rubber Conference. Siem
Reap: International Rubber Research Development
Board. pp. 286-297.

Phearun, P, Sopheaveasna, M., Chan, C., Gohet, E., Lacote, R.
2019. Evaluation of low frequency tapping systems
with stimulation on Hevea in traditional area of
Cambodia. In: Proceeding of the IRRDB International
Rubber Conference. Nay Pyi Taw: International Rubber
Research Development Board. pp. 1-8.

Putranto, R.A., Herlinawati, E., Rio, M., Leclercq, ]., Piyatrakul,
P, Gohet, E., Sanier, C., Oktavia, F., Pirrello, ].,
Kuswanhadi, Montoro, P, 2015. Involvement of
ethylene in the latex metabolism and tapping panel
dryness of Hevea brasiliensis. Int. . Mol. Sci. 16, 17885-
17908. https://doi.org/10.3390/ijms 160817885

Rachmawan, A., Sumarmadji., 2007. Kajian karakter fisiologi
dan sifat karet klon PB 260 menjelang buka sadap. J.
Penelit. Karet. 25, 59-70.

Rattanawong, R., Prapan, K., Lekawipat, N., Teerawatanasuk,
K., Kasemsap, P., Seguin, M., Clément-Demange, A.
2008. QTLs detection for growth and initial latex
production in rubber (Hevea brasiliensis). Presented
in the IRRDB International Natural Rubber Conference.
Kuala Lumpur: Agricultural Research for Development.

pp. 1-Zo.

Rouhier, N., Cerveau, D., Couturier, J., Reichheld, J.P,, Rey, P,
2015. Involvement of thiol-based mechanisms in plant
development. Biochim. Biophys. Acta. 1850, 1479-
1496. https://doi.org/10.1016/j.bbagen.2015.01.023

Sainoi, T., Sdoodee, S., Lacote, R., Gohet, E., Chantuma, P.,
2017. Stimulation affecting latex physiology and
%ield under low frequency tapping of rubber (Hevea

rasiliensis) clone RRIM 600 in southern Thailand.
Aust.]. Crop Sci. 11,220-227. https://doi.org/10.21475/
ajcs.17.11.02.p305

Sayurandi, Daslin, A., 2011. Heterosis dan heretabilitas
pada progeni F1 hasil persilangan kekerabatan jauh
tanaman karet. J. Penelit. Karet. 29, 1-15. https: /‘}doi.
org/10.22302/jpk.v29i1.105

Setiono, Aji, Y.B.S., Nugrahani, M.O., 2015. Effort to increase
latex yield and reduce production cost through
preliminary research of circle cutting system (SCS). In:
Proceeding of the International Rubber Conference. Ho
Chi Minh: Agriculture Publishing House. pp. 297-304.

She, F, Zhu, D., Kong, L., Wang, ]., An, E, Lin, W. 2013.
Ultrasound-assisted tapping of latex from para rubber
tree Hevea brasiliensis. Ind. Crops Prod. 50, 803-808.
https://doi.org/10.1016/j.indcrop.2013.08.065

Soumahin, E.F,, Doumbia, A.A., Brou, Y.C., Okoma, K.M.,
Obouayeba, S., 2016. Effect of tapping panel
management on agronomic and ysiological
parameters of Hevea brasiliensis (Muell. Arg.) clone
GT 1 in South-eastern Cote d'Ivoire. In: Proceeding
of the IRRDB International Rubber Conference. Siem
Reap: International Rubber Research Development
Board. pp. 241-259.

Soumabhin, E.F,, Obouayeba, S., Anno, P.A., 2009. Low tapping
frequency with hormonal stimulation on Hevea
brasiliensis clone PB 217 reduces tapping manpower
requirement. J. Anim. Plant Sci. 2, 109-117.

Sreelatha, S., Mydin, K.K.,, Simon, S.P,, Krishnakumar, R., Jacob,
J., Annamalainathan, K., 2011. Seasonal variations in
yield and associated biochemical changes in RRI 400
series clones of Hevea brasiliensis. Nat. Rubber Res.
24,117-123.

Sui, J., Xiao, X., Qi, J., Fang, Y., Tang, C., 2017. The SWEET
gene family in Hevea brasiliensis - its evolution
and expression compared with four other plant
species. FEBS Open Bio. 7, 1943-1959. https:ﬂdoi.
org/10.1002/2211-5463.12332

Sumarmadji, Tistama, R., 2004. Deskripsi klon karet
berdasarkan karakter fisiologi lateks untuk
menetapkan sistem eksploitasi yang sesuai. J. Penelit.
Karet. 22, 27-40.

Syafaah, A., Ismawanto, S., Herlinawati, E., 2015. Keragaman
sifat pertumbuhan, fisiologi, dan daya hasil progeni
karet (Hevea brasiliensis Muell. Arg.) hasil persilangan
antara klon PB 260 dan RRIC 100. J. Penelit. Karet. 33,
121-130. https://doi.org/10.22302/jpk.v33i2.177

Syaher, S., Suherman, C.V.Z., Rosniawaty, S., Oktavia, F.
2020. Respons karakter fisiologis tanaman karet
(Hevea brasiliensis Muell. Arg) klon BPM 24 terhadap
konsentrasi dan jenis stimulan etilen organik kulit
pisang. Paspalum J. IIm. Pertan. 8, 68-77. https://doi.
org/10.35138/paspalum.v8i2.163



HAYATI J Biosci

Vol. 30 No. 2, March 2023

Tausz, M., Gullner, G., Komives, T., Grill, D., 2003. The role of
thiols in plant adaptation to environmental stress. In:
Abrol, Y.P, Ahmad, A. (Eds.), Sulphur in Plants. Kluwer
Academic Publisher, Dordrecht, pp. 221-244. https://
doi.org/10.1007/978-94-017-0289-8_12

Thanh, D.K,, Thuy, K.T., 2003. Hevea clonal t?/pology: latex
physiological parameters and clonal grouping by
Principal Component Analysis. In; Proceeding of the
International Workshop on Exploitation Technology.
weeeeeees KoOttayam, pp. 179-190.

Tian, W.M., Yang, S.G., Shi, M.J., Zhang, S.X.,, Wu, ].L,
2015. Mechanical wounding-induced laticifer
differentiation in rubber tree: an indicative role of
dehydration, hydrogen peroxide, and jasmonates.
Journal of Plant Physiology. 182, 95-103. https://doi.
org/10.1016/j.jplph.2015.04.010

Tistama, R., Siregar, A.P., Mawaddah, Ade-Fipriani, L., Junaidi.
2019. Physiological status of high and low metabolism
Hevea in the difference stage of tapping panel dryness.
Biodiversitas 20, 267-273. https: ﬁdoi.org/ 10.13057/
biodiv/d200143

Tupy, ]J., 1985. Some aspects of sucrose transport and
utilization in latex producing bark of Hevea
brasiliensis Muel. Arg. Biol. Plant. 27, 51-64. https://
doi.org/10.1007/BF02894634

Vinod, K.K., Pothen, ]J., Chaudhuri, D., Priyadarshan, P.M.,
Ea})pen, T., Varghese, M., Mandal, D., Sharma, A.C,,
Pal, TK., Devakumar, A.S., Krishnakumar, A.K., 2000.
Variation and trend of yield and related traits of Hevea
brasiliensis Muell. Arg. in Tripura. Indian J. Nat. Rubber
Res. 13, 69-78.

Wei, E, Luo, S., Zheng, Q., Qiu, J., Yang, W., Wu, M,, Xiao, X.,
2015. TranscrilJtome sequencing and comparative
analysis reveal long-term flowing mechanisms in
Hevea brasiliensis latex. Gene 556, 153-162. https://
doi.org/10.1016/j.gene.2014.11.048

Woelan, S., Sayurandi, Pasaribu, S.A., 2013. Karakter fisiologi,
anatomi, pertumbuhan dan hasil lateks klon IRR
seri 300. J. Penelit. Karet. 31, 1-12. https://doi.
org/10.22302£lipk.v31il.128

Woelan, S., Sayurandi, S., [rwansyah, E., 2014. Keragaman
genetik tanaman karet (Hevea brasiliensis Muell Arg.)
dari hasil persilangan interspesifik. J. Penelit. Karet.
32, 109-121. https://doi.org/10.22302/jpk.v32i2.157

Xiao, X., Tang, C., Fang, Y., Yang, M., Zhou, B,, Q1, ]., Zhang, Y.
2014. Structure and expression profile of the sucrose
synthase gene family in the rubber tree: indicative
of role in stress response and sucrose utilization
in the laticifers. FEBS J. 281, 291-305. https://doi.
org/10.1111/febs.12595

Yusof, F., Arija, M.A.S., Ghandimathi, H., Hamzah, Z,
Sivakumaran, S., Yeang, H.Y., 1995. Changes in some
physiological latex parameters in relation to over
exploitation and onset of induced tapping panel
dryness. J. Nat. Rubber Res. 10, 182-198.

Zhang, Y., Leclercq, J., Montoro, P., 2017. Reactive oxygen
species in Hevea brasiliensis latex and relevance to
tapping panel dryness. Tree Physiol. 37, 261-269.
https://doi.org/10.1093/treephys/tpw106

Zhang, Y., Leclercq, J., Wu, S., Ortega-Abboud, E., Pointet,
S., Tang, C., Huy, S., Montoro, P., 2019. Genome-wide
analysis in Hevea brasiliensis laticifers revealed
species-specific post-transcriptional regulations of
several redox-related genes. Sci. Rep. 9, 5701. https://
doi.org/10.1038/s41598-019-42197-8



