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Secretariat IRRDB, 260, Jalan Ampang, 50450 Kuala Lumpur, Malaysia
International Rubber Research and Development Board (IRRDB)
Overall Aims and Objectives:
The IRRDB is a voluntary association of national organizations (Member Institutes) committed to
research and development in natural rubber. The countries where these Institutes are located
cover 96 per cent of world natural rubber production. The IRRDB conducts its business through
a Board, responsible for all matters affecting the IRRDB; a Committee of Directors and Chief
Executives - whose function is to examine, discuss and make recommendations on technical
matters to the Board matters; and a Finance Committee.
The IRRDB conducts a range of activities year-round including:
I.
II.
III.
IV.

meetings to facilitate exchange of ideas between the staff of Member Institutes
programmes initiated by the IRRDB’s Specialized Groups
training
International research programmes initiated by the IRRDB and executed by one or more
Member Institutes collaboratively, with occasional external funding. There are ten
Specialized Groups, each operation being coordinated by a Liaison Officer: (i) Plant
Breeding, (ii) Plant Protection, (iii) Biotechnology (iv) Technology and End Uses, (v) SocioEconomic (vi) Crop management (vii) Sustainability Task Force

A copy of the IRRDB Constitution is available from the Secretariat (see below).
Secretariat
260, Jalan Ampang, 50450 Kuala Lumpur, Malaysia
Or
P.O. Box 10150, 50908 Kuala Lumpur, Malaysia
Secretary General
Accountant
Auditors

Datuk Dr Abdul Aziz S.A. Kadir FASc
Mrs. Nurul Syahidah Yunus
Nasharuddin Wong & Co.

Telephone
Fax
E-mail
Website

+6(03)-42521612; +6(03)-92063750
+6(03)-42560487
admin@theirrdb.org
www.irrdb.com
www.theirrdb.org
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Indonesia
Dr. Muhammad Supriadi
Malaysia
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Myanmar
Mr. Hla Myint
Dr. Ye Tint Tun

Sri Lanka
Prof. Vishaka Sooriyabandara
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Thailand
Mr. Sunan Nuanphromsaku
Dr. Krissada Sangsing
Vietnam
Mr. Phan Thanh Dung
Mr. Do Kim Thanh
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Liaison Officers of IRRDB Specialist Groups
Plant Protection
Dr. Nguyen Anh Nghia
Head, Crop Protection Division
Rubber Research Institute of Vietnam
HQ: 236bis Nam Ky Khoi Nghia, Dist.3,
Ho Chi Minh City, Vietnam
Email: anhnghia@gmail.com
Plant Breeding
Dr. Kavitha K.Mydin,
Joint Director (Crop Improvement)
Rubber Research Institute of India
Rubber Board P.O.,
Kottayam 686 009
Kerala, India.
Email: kavitha@rubberboard.org.in
Socio-Economic
Dr. Wasana Wijesuriya
Principal Research OfficerA
Biometry Section
Rubber Research Institute of Sri Lanka
Dartonfield, Agalawatta 12200,
Sri Lanka.
Email: wijesuriyawasana@gmail.com

Crop Management
Dr. Jessy M.D.
Joint Director,
Agronomy/Soils Division,
Rubber Research Institute of India, Kottayam,
Kerala, India 686 009
Email: jessy@rubberboard.org.in

5

Molecular Biology & Physiology
Dr. Roslinda Sajari
Head
Genetic Resources and Improvement Unit
Production Development Division
Stesen penyelidikan RRIM Sg. Buloh
47000 Sg Buloh, Selangor.
Email: roslinda@lgm.gov.my

Technology and End Uses
Mrs. Nopparat Vichitcholchai
Rubber Technology Research & Development Division
Rubber Authority of Thailand
Ministry of Agriculture and Cooperatives
50 Phaholyothin Rd. Ladyao
Chatuchak, Bangkok 10900, Thailand
Email: processingsg@gmail.com

African Coordinator
Dr. Timothy Esekhade
Head Production Department
Rubber Research Institute of Nigeria
KM 19, Benin-Sapele Road, PMB 1049
Iyanomi, Benin State, Nigeria
Email: esekhadetu@yahoo.com

Sustainability Task Force
Dr. Mohd. Nasaruddin Mohd Aris
Director
Production Development
Malaysian Rubber Board
Kuala Lumpur, 50450
Malaysia
Email: nasaruddin@lgm.gov.my
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REPORT OF THE SECRETARIAT
Natural Rubber is an important raw material produced largely by farmers from smallholdings. However,
low rubber price for the last seven years has created hardship for rubber growers especially smallholders.
A large number of smallholdings in many NR producing countries have been abandoned because growers
have had to seek alternative opportunities to earn income as it has become increasingly uneconomical to
continue producing rubber.
Overall, the natural rubber industry has been plagued by aging small holder population, uneconomic size
holdings which are generally less than five hectares. Most of them are not well-maintained and good
agricultural practices are not adhered to. Low productivity is compounded by the lack of funds for
replanting to replace old trees with new high yielding clones which are also disease resistant.
Consequently, many smallholders have resorted to contract tapping, which in many cases lead to
excessive bark consumption which cause irrepairable damage to the trees. Against this scenario, the
rubber growers have continued to be mired in poverty. The socio-economic problems of the rubber
industry demand new and innovative approaches to improve productivity, income and quality of life of
the smallholders.
Thus, one of the important aspects of rubber production which must receive due attention is profitability.
However, this crucial component of the natural rubber industry has been largely ignored in demands for
better quality produce without the accompanying financial rewards. For example, Thailand has produced
premium grade rubber smoked sheets (RSS) but it has not been adquately rewarded. Ensuring rubber
producers profit from their enterprise must go alongside efforts of maintaining Fair Trade.
It must be noted that while the Natural Rubber industry has come under scrutiny and has been under
pressure to uphold sustainable values and practices, the synthetic rubber industry on the other hand, has
not been subject to similar demands.
Recent serious outbreaks of Leaf diseases caused by fungal pathogens such as Fusicoccum and
Pestalotiopsis could be attributed to, in part, the withdrawal of fertilizer application and more recent
evidence point to the effect of unprecedented rainy seasons. Of concern, the recent outbreak of
Pestalotiopsis Leaf Blight have resulted in significant yield loss reaching to 40 to 50 per cent.
The outbreak was first reported in South Sumatra and now it has spread to Malaysia, Thailand and
recently, Sri Lanka and India.
The IRRDB has assembled a team of plant pathologists representing NR producing countries such as
Indonesia, Malaysia and the involvement of universities from Malaysia (UPM), IPB University in Bogor and
University of Queensland. This internatational collaboration is focused on studying the epidemiology and
management of the disease.
The IRRDB Molecular Biology and Physiology Specialist Group have developed Hevea DB, an online
platform hosted by CATAS and made available to all IRRDB member institutes. Research organizations
involved in studies of rubber genome can also have access to the database. This important first step will
bring together the molecular biologist and traditional plant breeders to make quantum improvement on
Hevea breeding.

7

In 2018, the IRRDB Board awarded Dr. Pisamai Chantuma and Dr. Paulo de Souza Goncalves the IRRDB
B.C. Sekhar Award for Research Excellence. They have made considerable contributions to the NR
industry.
During the year the IRRDB organized a total of six workshops and coinciding with the annual meeting by
Cote D’Ivore, the second training programme under the Academy Hevea concept was successfully
organized in Abidjan.
The Secretariat wishes to extend its deepest appreciation to all parties who have been cooperated to
ensure the success of these activities.
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2018 IRRDB B.C. Sekhar Award for Research Excellence
Dr. Pisamai Chantuma
Dr. Paulo Goncalves
In 2018, the IRRDB Select Committee decided to award two recipients for the IRRDB B.C. Sekhar Award
for Research Excellence. One award was presented at the opening ceremony of the International Rubber
Conference (IRC 2018) in Abidjan, Cote d'Ivoire and the other award was presented in Sao Jose de Rio
Preto, Brazil during the IRRDB Good Agricultural Practices (GAP) workshop in November.
The Secretariat had received a total of four nominations. Two of the four candidates namely, Dr. Pisamai
Chantuma and Dr. Paulo de Souza Goncalves have made considerable contributions to the NR industry.
Dr. Pisamai is an Agricultural Research Scientist working at the Chachoengsao Rubber Research Centre,
Rubber Institute of Thailand, Rubber Authority of Thailand. She has been involved in Latex Harvesting
technology as well as Physiology and Environment. On the other hand, Dr. Paulo de Souza Goncalves is a
Scientific Researcher at the Agronomic Institute (IAC) - Center of Rubber Tree and Agroforestry Systems,
Brazil since July, 1987. He has made significant contributions in the field of Plant Breeding and assisted
the IRRDB in the 1981 expedition into the Amazon jungle of Brazil. He has also presented papers at the
seminars organised by the IRRDB in Brazil.
The presentation of the B.C Sekhar Award for Research Excellence in Abidjan, Cote d’Ivoire was made by
the Honorary Minister of Agriculture and Rural Development, Cote d’Ivoire, Mr. Mamadou Sangafowa
Coulibaly to Dr. Pisamai Chantuma. The award was made in recognition of her research contributions to
the rubber industry in Thailand and other NR producing countries.
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International Rubber Conference (IRC 2018), Abidjan, Cote d’Ivoire, 22-24th
October 2018.
Report by Dr. Narayanan (RRI India)
International Rubber Conference (IRC 2018) was organized by jointly by IRRDB, APROMAC, CNRA,
FIRCA. There were 418 participants from 27 countries. Seven parallel sessions on agronomy and
good practices, plant protection, latex harvesting and physiology, technology, economy and
environment, biotechnology and breeding were discussed among the participants at the
conference.
Day 1: 22 October 2018
On 22.10.2018, the opening ceremony started with the welcome address by Mr. Eugene M.
Kremien, Chairman of the Organizing Committee & Chairman of APROMAC. Later, introductory
remarks were made by Datuk Dr Abdul Aziz S.A. Kadir, Secretary General of the IRRDB.
Subsequently, opening address was given by Mr. Mamadou Sangafowa Coulibaly, Minister of
Agriculture and Rural Development and Chairman of the Conference and followed by
presentation of B.C. Sekhar Award for Research Excellence.
In the plenary keynote session chaired by Datuk Dr Abdul Aziz S.A. Kadir, Secretary General of the
IRRDB, there were talks by Mr. Salvatore Pinizzotto, Secretary General of the IRSG, Mitsutoshi
SAEKI, The Japan Automobile Tyre Manufacturers Association, Inc., Mr. Tan Tee Yong Director
Rubber Commodities Derivatives – Singapore Exchange, and Mr. Dar WONG Principal Consultant
APSRI in Singapore. Later, B.C. Sekhar Award for Research Excellence, constituted by IRRDB, was
awarded to Dr. Pisamai Chantuma of Thailand.

Inaugural session (Hon’ble Mr. Mamadou Sangafowa Coulibaly, Minister of Agriculture and
Rural Development, Cote d’Ivoire and Chairman of the Conference and Dato Dr. Abdul Aziz,
Secretary General, IRRDB)
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Plenary keynote session during IRC 2018

During the Agronomy & Good Practices session which was chaired by Dr. Eric Gohet, CIRAD
France, there were presentations on innovative root trainer technique, precision grafting
technology for rapid propagation of quality planting materials of rubber and evaluation of micropropagated rubber. Later in the afternoon, in continuity, there was a second session on
Agronomy & Good Practices, chaired by Mr. Mak Sopheaveasna, RRI Cambodia. There were
papers on various aspects on agronomy and soil practices with case studies as well as on Good
agricultural practices (GAP) standards for rubber plantation and harvesting fresh latex from the
field. In the parallel sessions on Plant Protection chaired by Dr. Eugene EHABE, IRAD Cameroon,
and Dr Phan Thanh Dung, RRI of Vietnam, there were presentations by various authors on disease
management strategies in rubber plantation in different rubber growing regions.

Day 2: 23 October 2018
There were six parallels sessions on Latex Harvesting & Physiology, Technology, Socio Economy
and Environment, Biotechnology and Breeding. Few trainees also presented their research
papers during various sessions of the Conference. In the session on latex harvesting, papers
focused on relationship between low intensity tapping system (LITS) and latex productivity and
also on the effect of hormonal stimulation and early upward tapping on rubber production. The
LITS technology helped in minimizing the cost of production ad improved profit to growers. The
session on technology chaired by Prof. Zhou Jiannan, CATAS, China gave opportunity to authors
to present their findings on microstructures of raw rubber products, production of biogas from
effluent and application of rubber wood cellulose nanocrystals as steric stabilizer for synthesis of
magnetite nanoparticles with wide application in NR industry.
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Deliberations on NR industry during technical session at IRC 2018

During the session on socio-economy and environment, papers highlighted sustainable
development of rubber industry in various countries through empowerment of rubber growers.
Participatory approaches were followed to empower rubber growers in few countries. During the
Biotechnology Session, chaired by Prof. Sangare Abdourahamane, CNRA, Cote d’Ivore, papers
were presented on research on molecular biology interventions in natural rubber research. Novel
technique for discerning clonal identity and genetic control of rubber molecular weight, were
presented and discussed. In the session on breeding there were important contributions in the
form of information on a novel database hub for rubber tree genome research and revelation of
molecular mechanisms underlying genetics of rubber productivity. The importance of
multilateral clone exchange in strengthening the global Hevea gene pool for application in genetic
improvement for yield and resilience to climate and diseases was stressed.
In the closing session on panel discussion on “Achieving sustainable development and
preservation of the environment with the NR industry: sharing our experiences” panel members
from Cote d’Ivoire, Cameroon, Bangladesh, Thailand, Sri Lanka and Brazil, discussed about
important strategies for sustaining natural rubber in various countries. In his concluding remark,
Datuk Dr. Abdul Aziz S.A. Kadir, Secretary General of IRRDB reiterated on efforts required towards
development of mega projects and innovative research on value addition of natural rubber for
sustaining the growers and the NR industry. He also stressed on the need to create global
awareness on the importance of the natural rubber in carbon trading and clean environment in
order to sustain global NR industry. Closing address was given by Mr. Eugene M. Kremien
Chairman of APROMAC and the technical sessions were concluded.
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Sharing experiences during panel discussion on achieving sustainable development and
preservation of the environment with the NR industry

Two post-conference field trips were arranged for various groups of participants. One trip was
organized to the quarantine site of clones introduced as part of the IRRDB multilateral clone
exchange program at Marc Delorme. Trainees, mostly from IRRDB research institutes, made
observations on the clones imported from various countries. During the visit to the quarantine
bud wood garden site of various clones, the trainees had opportunity to observe the
characteristic features of different clones which help in their identification. There was also
discussion on the effective utilization of the exchanged clones in breeding programme of
different countries for sustainable NR industry. The visit to rubber estate of the Compagnie des
Caoutchoucs du Pakidié de Dabou (CCP Dabou) gave opportunity to trainees to get acquainted
with rubber processing in the factory. This visit also gave opportunity to interact with growers of
small holding.
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REPORT OF APPROVED ACTIVITIES FOR 2018
International Plant Protection Workshop, (31st July – 1st August 2018)
Program
Day 1 (31st July 2018)
Opening session (8.30-9.30)
1. Welcome address : Dr. Karyudi, Director Indonesian RRI
2. Introductory Remarks : Datuk Dr. Abdul Aziz SA Kadir, Secretary General IRRDB
3. Opening address : Dr. Teguh Wahyudi, President Director Indonesian Research Institute for
Estate Crops (IRIEC)

Coffee break (9.30-10.00)
Key note address (10.00-11.00)
Chairman: Dr. Teguh Wahyudi, President Director, IRIEC
1. New trends in rubber disease management (Dr. Kuruvilla Jacob)
2. Quarantine Strategic Approach for Pest Management (Dr. Antarjo Dikin, MSc)
3. Management of Corynespora leaf disease of rubber (Dr. C. K. Jayasinghe)

Session 1. Fusicoccum Leaf disease (11.00-12.10)
Chairman : Mr. Weragoda, Chairman RRI Sri Lanka
1. Fusicoccum leaf disease : Current status and management challenges (Dr. Nyaka Ngobisa epse
Mandengue Aurelie)
2. Strategies to Minimize the Incidence of Fusicoccum Leaf Blight in Malaysia (Dr. Murnita M.
Mahyudin and Dr. Adam Malik A. Zambri)
3. The outbreak of Fusicoccum leaf disease in Indonesia and the potential yield loss (Dr. Tri Rapani
Febiyanti)
4. Factors affecting the Fusicoccum outbreak in Indonesia (Andi NurCahyo, MSc)

Discussion (12.10-12.20)
Lunch (12.30-13.30)
Session 2. Leaf disease (13.30-15.10)
Chairman : Dr. Mohd Nasaruddin Mohd Aris, Director of Production Development, MRB
1. The control of Corynespora leaf disease (Dr. Shaji Philip)
2. Chemical Control of Oidium Leaf Fall on Mature Rubber: Some Technical Aspects (Dr. Nguyen Anh
Nghia)
3. South American Leaf Blight : Most devastating disease of Hevea (Dr. Adam Malik A. Zambri)
4. Mapping of severity of leaf disease by using drone technology (Mr. Arif Makhdzir)
5. Re-Emergence of Hevea Leaf Spot Caused by Pestolotia sp in Malaysia (Dr. Adam Malik Ahmad
Zambri, Dr. Murnita Mohmad Mahyudin, Aizat Shamin Noran)
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Discussion (15.10-15.40)
Coffee Break (15.40-16.10)
Session 3. Stem disease (16.10-17.10)
Chairman : Prof. Zhou Jiannan, Senior Officer for International Cooperation
Rubber Research Institute, CATAS
1. The control of Corticium salmonicolor by using biofungicide (Zaida Fairuzah)
2. Study of stem rot caused by Botryodiplodia theobromae (Alchemi Putri Juliantika Kusdiana)
3. Establishment of a phytosanitary warning system on the rubber field in the face of the
development of parasitism related to climate change in Cote d’Ivoire (Dr. Wahounou Polie Jean)

Discussion (17.10-17.30)
Closing (17.30-18.10)
Summing Up: Datuk Dr. Abdul Aziz SA Kadir, Secretary General IRRDB
Closing address : Dr. Karyudi
Day 2 (1st August 2018)
Field trip : Sembawa Research Centre
1.
2.
3.
4.

Fusicoccum control on GT1 clone
Double row spacing trial (intercropping with sugarcane)
Clonal susceptibility to Fusicoccum
Genomic Analysis of Tapping Panel Dryness

Visit Melania Estate
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REPORT ON THE IRRDB PLANT BREEDERS’ MEETING 29-30 JULY 2018
SEMBAWA RESEARCH CENTRE, IRRI, INDONESIA
A meeting of the IRRDB Plant Breeding Specialist Group was convened at the Sembawa Research
Centre of the Indonesian Rubber Research Institute from 29 -30 July 2018. The participants included
Plant Breeders from various IRRDB member institutes who had assembled to finalize the
Compendium on Hevea Clones included in the IRRDB Multilateral Clone Exchange Program initiated
in 2014. A total of 22 Scientists from 10 countries actively participated in the deliberations and field
visit.
DAY 1 : 29 July 2018
The program for the Meeting in the Conference Hall of Sembawa Research Centre, IRRI included an
introductory session followed by the prolonged Technical Session in three sittings on Day 1
(Annexure 1), followed by a Field visit to the Sembawa Research Centre Farm and source bush
nursery for clone identification on Day 2.
The introductory session with Dr. Heru Suryaningtyas, Head of Sembawa Research Centre, IRRI,
Dr.Ramli Othman and Ms. Noraini Saad from IRRDB on the Dias commenced at 8 a.m. In the
welcome address Dr. Heru Suryaningtyas, announced his pleasure at having the IRRDB Plant
Breeding Specialist Group to meet at Sembawa and hoped the discussions on clones exchanged
would be fruitful to the rubber plantation sector at large.
This was followed by self introduction by the participants from 10 different countries that were
actively involved in the IRRDB Multilateral Clone Exchange Program. A list of the 23 participants is
appended in Annexure 2. Annexure 3 includes the names and contact details of the members of the
present Plant Breeding Specialist Group.
Dr.Ramli Othman, addressed the gathering explaining the significance of the Clone Exchange and
why it was necessary to have a Compendium on the new generation clones which were put under
multilateral exchange among IRRDB member institutes. Morphological descriptors form the
simplest method of identification and proper documentation of the identifying traits would help
researchers in all rubber growing nations.
Dr.Napawan Lekawipat, Former Liaison Officer, Plant Breeding presented the status of the
Multilateral Clone Exchange Program explaining how important it was for improving international
co operation for the benefit of the natural rubber industry. Among 15 participating countries that
were signatory to the MCE MOU, 12 were donors of clones, while 3 countries that do not have
clones to offer would be recipients. A total of 49 clones are included in the exchange program
(Annexure 4). Eleven countries, viz., China, Cambodia, Cote de Ivoire, France, India, Indonesia,
Myanmar, Philippines, Sri Lanka, Thailand and Vietnam have exchanged clones between 2014 and
2018, but the process is not yet complete. Malaysia and Nigeria have some official hurdles to clear
before embarking on the exchange program. India has exchanged clones with 10 countries while
Thailand, France and Philippines have exchanged clones with 7 countries. The other institutes have
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had clone exchanges with 3 to 5 countries and are in the process of completing the exchange of
budwood. The research institutes that have obtained clones have established them in source bush
nurseries or are in the process of multiplying the clones. Some instance of infected budwood and
quarantine measures as well as failure of budding were also brought to the notice of the group. The
future line of work would include laying out field trials and preparation of a Compendium on
morphological descriptors for the clones exchanged.
Dr.Kavitha K.Mydin, present Liaison Officer, Plant Breeding presented the draft strategic plan for
2019 – 2023 for the Plant Breeding Specialist Group (Annexure 5). A project on “Population
improvement of the 1981 IRRDB Wild Amazonian germplasm of Hevea in IRRDB member institutes
by recurrent selection” (Annexure 6) was also presented for detailed discussion within the group.
The major points that were discussed among the group included :
• While laying out field trials with the clones under multilateral exchange was very important,
it was inevitable to wait until the countries completed exchange of clones with one another,
so that a common layout could be decided upon for initiating trials. In the meantime, the
countries that have obtained sufficient clones (like India) were going ahead with designing
large scale trials for evaluation of the newly introduced clones, according to availability of
budwood and land for trials.
• It was suggested that countries that have not completed the process of clone exchange
engage in one to one dialogue with donor countries and import budwood without further
delay.
• It was also suggested that countries not having clones to donate could offer to meet the
expenses involved in importing clones from donor countries and thus obtain the MCE clones.
For this they could write to the concerned donor institutes and make arrangements. Papua
New Guinea and Bangladesh have newly joined the MCE endeavour and would receive
clones .
• The plant breeding group could liaise with the molecular breeders for DNA fingerprinting of
the 49 clones. Institutes that have the facility could initiate work for the purpose. The
molecular breeders could also work out genetic diversity of the clones in order to select
divergent parents for breeding.
• The problem of non synchronous flowering of wild and cultivated clones and chances of low
seed retrieval from Amazonian accessions was brought to the notice of the group by
Dr.Nasaruddin.
• While discussing the project on recurrent selection starting with seeds collected from wild
accessions and cultivated clones growing in adjacent areas, it was informed that Malaysia,
Sri Lanka and India are in the process of evaluating polycross progeines of the wild
germplasm.
• The specific advantage of the proposed project would be that countries that do not have the
1981 IRRDB wild germplasm would get an opportunity to receive advanced generation seeds
of the accessions . Furthermore, the process would make available a number of different
natural cross combinations among the wild Amazonian accessions and Wickham clones from
various countries to the participating institutes, who could evaluate the material for evolving
locally adapted and improved clones, thus widening the genetic base of Hevea.
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•

•

Since descriptors are not ready for the SALB tolerant clones, it was opined that the Plant
Breeders in MRB where these clones are available in mature stage, could fill up the format
of clone descriptors for the 5 SALB tolerant clones offered by CIRAD for the MCE program.
This could enable eassy completion of the Compendium on clones.
Possibilities of conducting training programs were also discussed, such as :
1. Plant breeding for stress tolerance in India,
2. Tissue culture and hardening of plants in China,
3. SALB Screening for Plant Breeders in Brazil - Descriptors for CMS clones included in the
MCE Program could also be formulated during the training program for plant breeders
in Brazil, since the trees of these clones are available in Brazil.

The afternoon session commenced with a lecture by Dr.Ramli Othman on identification of clones
using morphological descriptors and the use of accurate terminology to describe clonal characters.
It was suggested that since Dr.Ramli would be available in Thailand for the IRRDB seminar in midAugust , RRIT could take his help in completing their descriptors.
Other points discussed in relation to completion of clone descriptors :
• India: Dr.Kavitha presented the descriptors
• Sri Lanka: Dr.Liyanage presented the descriptors. He also shared with the group some
detailed descriptions and photographs on morphological characterisation of clones.
• China: Dr. Zhang presented the descriptors. Photograph of the ventral view of seeds to be
included
• Malaysia: Dr. Zarawi presented the descriptors. Picture of 1-2 year plant in the field required
for correct assessment of shape of leaf storey
• Vietnam: Dr.Tran Thanh presented the descriptors. Clearer photograph of single leaf to be
provided.
• Thailand : Dr.Kanlaya presented the descriptors. Complete the proforma with more details
• CIRAD: Descriptors not ready. MRB or Michelin were to take the initiative and provide
descriptors of the Clones under MCE.
• Indonesia: Dr.Fetrina presented the descriptors. May complete their document and submit
soon.
• Cote de Ivoire: Dr.Elabo presented the descriptors. Points that require clarification were
discussed at length in the group and corrections incorporated. Further clarifications could
be had during IRC 2018 at Abidjan.
• Philippines: Dr.Ramli presented the descriptors.
• Myanmar: Dr.Kavitha presented the descriptors.
• Nigeria: Dr.Omokhafe presented the descriptors.
The matter of printing the Compendium was also discussed. Dr.Nasaruddin offered to get
the printing done at MRB. However, good quality original photographs were required for
good resolution. Hence , the members of the plant breeding specialist group from each of
the 12 clone donor countries may send in their clone descriptors once again after making
the necessary corrections as discussed at the meeting in Sembawa and also submit the
original colour photographs of the plant, leaf, tree and seeds of each clone. While taking
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fresh photographs of seeds, a ruler may be placed on one side or at the bottom of the picture
for uniformity in size assessment.
It was also decided to form a Whattsapp group of plant breeders so as to exchange
information and pictures faster. Consultation with Dr.Ramli Othman could also be done
more effectively in the group. The L.O. and Registrar of Clones would take the initiative and
act as admins. Mrs. Noraini Saad, IRRDB, would also be a member of the group.
The deliberations of the technical sessions of the Plant Breeders’ Meeting came to a close at
11 p.m. on 29 July 2018.
DAY 2: 30 July 2018
The field visit to the Sembawa Research Centre Farm on 30 July 2018 commenced at 8 a.m and was
wound up at 1 p.m. The group visited source bush nurseries for discussing the finer aspects of foliar
morphological descriptors and also visited mature areas of various clones for characterisation of
trunk, canopy and branching traits. The systems of tapping, stimulation schedules and details of
yield recording were discussed. Other Hevea species and the collection of Hevea clones in Sembawa
were also observed during the visit.
ANNEXURE 1
IRRDB Plant Breeders Meeting, IRRI Sembawa Research Centre, 29-30 July’18
Program
DAY 1 : 29 July 2018
Introductory Session
Chairman : Dr. Ramli Othman
8 a.m.
Welcome Address

Dr.Heru Suryaningtyas, Head ,
Sembawa Research Centre, IRRI

8.15 a.m.
8.30 a.m

Introductions among participants
Address by the IRRDB Senior
Dr.Ramli Othman
Consultant, Plant Breeding
Tea Break
9 a.m.
Status of the 2014 IRRDB Multilateral Dr.Napawan Lekawipat
Clone Exchange Program
Outgoing L.O., Plant Breeding
9.30 a.m.
Draft Strategic Plan 2019- 2023 for
Dr.Kavitha K.Mydin
the IRRDB Plant Breeding Specialist
L.O., Plant Breeding
Group
10 a.m. onwards : Technical Session: Presentations on Clone Descriptors
Chairman : Dr.Kavitha K.Mydin, L.O. Plant Breeding
1.
Descriptors of Indian Clones
Dr.Kavitha K.Mydin
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2.

Descriptors of Srilankan Clones
Dr.Kapila Liyanage
Lunch Break
3.
Descriptors of Thailand Clones
Dr.Kanlaya Nirapathpongpoon
4.
Descriptors of Malaysian Clone
Mr. Zarawai A.S. Ghani
5.
Descriptors of Vietnamese Clones
Dr.Tran Thanh
6.
Descriptors of Chinese Clones
Mr. Zhang Xiaofei
7.
Descriptors of Indonesian Clones
Dr.Fetrina Oktavia
Break for Dinner
8.
Descriptors of Cote de Ivoire Clones
Dr. Angeline Elabo
9.
Descriptors of Philippino Clone
Dr.Ramli Othman
10.
Descriptors of Myanmar Clones
Dr.Kavitha K.Mydin
11.
Descriptors of Nigerian Clones
Dr.Kenneth Omokhafe
10 p.m.: End of Session Discussions
DAY 2 : 30 July 2018 : Field Visit in Sembawa Research Centre

ANNEXURE 2
IRRDB Plant Breeders Meeting, IRRI Sembawa Research Centre, 29-30 July’18
Participants
Sl.
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Name
Dr.Ramli Othman
Ms. Noraini Saad
Dr.Kavitha K. Mydin
Dr.Tran Thanh
Dr. Napawan Lekawipat
Ms. Ratchanee Rattanawong
Dr.Kanlaya Nirapathpongpoon
Dr.Ehabe Eugene E.
Dr.Nyaka N. Aurelie
Dr.Mohd. Nasaruddin bin Mohd.
Aris
Mr. Zarawi Ab. Ghani
Dr.Wong Min Yun
Mr. Zhou Jiannan
Dr. Zewei An
Mr. Zhang Xiaofei
Ms. Zeng Xia
Mr. K.K.Liyanage
Dr.Elabo Angeline
Dr.Wahounou Polie Jean
Dr.Nguyen Anh Nghia

Institution / Country
IRRDB, Malaysia
IRRDB, Malaysia
RRII, India; L.O.(Plant Breeding), IRRDB
RRIV, Vietnam, Registrar of Clones, IRRDB
RRIT, Thailand, Former L.O. Plant Breeding
RRIT, Thailand
RRIT, Thailand
IRAD, Cameroon
IRAD, Cameroon
MRB, Malaysia
MRB, Malaysia
UPM, Malaysia
CATAS, China
CATAS, China
CATAS, China
CATAS, China
RRISL, Sri Lanka
CNRA, Cote d’ Ivoire
CNRA, Cote d’ Ivoire
RRIV, Vietnam
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21.
22.
23.

Dr. Fetrina Oktavia
Mr.Sigit Ismawanto
Dr.Kenneth Omokhafe

IRRI, Indonesia
IRRI, Indonesia
RRIN, Nigeria

ANNEXURE 3
IRRDB PLANT BREEDING SPECIALIST GROUP

Country

Institute

Representative

Contact E mail i.d.

Cambodia

CRRI

Mr.Phean Chetha

chetha_phean@yahoo.com

China

CATAS

Prof. Huang Huasun / Dr.Zhang Xiaofei

xjszhxf@163.com

Cote d’Ivoire

CNRA

Ms.Elabo Agnyman Angleine Eliathe

angelineelabo@yahoo.fr

France

CIRAD

Mr.Andre Clement Demange / Dr. Jérôme Sainte
Beuve

dominique.garcia@cirad.fr

India

RRII

Dr.Kavitha.K.Mydin

kavitha@rubberboard.org.in

Indonesia

IRRI

Dr.Fetrina Oktavia

fetrinaoktavia@yahoo.com

Malaysia

MRB

Mr. Zarawi Ab Ghani

zarawi@lgm.gov.my

Myanmar

MRPPA

Mr.Zar Ni Zaw

spszarni@gmail.com

Nigeria

RRIN

Dr.K.O.Omokhafe

kenomokhafe2001@yahoo.com

Philippines

University of Southern
Mindanao

Dr.Romulo L. Cena /Ms Honey Fe Gumay

romulo55cena@yahoo.com
gumayh@gmail.com

Sri Lanka

RRISL

Mrs.Samanthi Withange

pamuditharama@yahoo.co.uk

Thailand

RRIT

Ms.Kannikar Teerawattanasuk/ Ms. Ratchanee Ra tkanikar@yahoo.com

Vietnam

RRIV

Dr.Tran Thanh

tranthanhrriv@yahoo.com
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ANNEXURE 4
Hevea Clones under the 2014 IRRDB Multilateral Exchange Program
Institute/Country No. Class I
CATAS, China
5
Reyan 7-33-97

CIRADMichelline
CNRA,
Cote
de Ivoire
**IRR
USM,Philippines
MRPPA,
Myanmar

5
5
3
1
2

**RRII , India 5
(IRB)
RRIM
, 5
Malaysia(MRB)
**RRIN, Nigeria
3
RRISL,
Sri Lanka

5

RRIT, Thailand

5

RRIV, Vietnam

5

TOTAL

49

Class II
Reyan 7-20-59

FDR 5788

CDC 312,
PMB 1
IRCA 41, IRCA 230, IRCA 317
IRCA 331
IRR 5, IRR 104
IRR 119
USM 1

Class III
Hongshan 67-15,
Baoting 936,
Zhanshi 8-67-3
FDR 5240,
FDR 4575
IRCA 804

Promising

ARCPC 6
(22),
ARCPC 2 (4),
RRII 430,RRII 417, RRII 429
RRII 414, RRII 422
RRIM 2001, RRIM RRIM 2024
2002, PB 350
NIG 800, NIG 801,
NIG 803
RRIC 203
RRISL 211,
RRISL 2001,
RRISL 219
RRIT 408, RRIT RRIT 3604
251, RRIT 226
RRIV 1, RRIV 5
RRIC 106, RRIV
107, RRIV 114

RRIM 2025

RRISL 208

RRIT 3904

ANNEXURE 5
Draft Strategic Plan 2019-2023 for The IRRDB Plant Breeding Specialist Group
Though conventional breeding programmes are time consuming, the results generated in the
form of newer clones are permanent and are a sure shot to crop improvement. The present day
rubber clones are just 3-4 generations ahead of their predecessors in the original Wickham
population. Thus a lot more still needs to be done in the area of exploitation of the variability for
economically important traits in the Wickham clones. The recent Multilateral Clone Exchange
among IRRDB member institutes is a promising initiative in the area of replenishment of the
Wickham gene pool with more of domesticated Hevea germplasm. The wild Amazonian germplasm
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has added scope for further widening the genetic base of Hevea and for gene mining in specific
instances like resistance to Powdery mildew and SALB and abiotic stress tolerance. In recent years
some progress has been made in the utilisation of the 1981 IRRDB Wild germplasm collection.
Proposed plan of action
A strategic plan for crop improvement should necessarily involve the wild and cultivated
germplasm and also incorporate molecular marker assisted selection. Emphasis during the next
five years should be on the following areas:
• Screening of wild germplasm accessions with physiological, biochemical and molecular
markers for biotic and abiotic stress tolerance is to be taken up. This will facilitate gene
mining and utilisation. International cooperation in the preservation and utilisation of this
germplasm is very important. So also, the latest results on identification of sources of
valuable genes in the wild germplasm may be shared.
• A programme for recurrent selection in the Hevea germplasm coupled with multilateral
exchange of polycross seeds of selected genotypes has been submitted for approval. This
will aid population improvement simultaneously in all rubber growing countries. The first
phase of the proposed project will be covered during this strategic plan period.
• The clones exchanged in recent years under the MCE endeavour need to be evaluated in
each country and this will throw light on the region specificity of the clones, either for use in
direct cultivation or for use as parents in conventional breeding programs.
• Large scale evaluation of clones exchanged under the MCE program needs to be taken up at
the earliest in every country.
• For proper utilization of the valuable genetic resource exchanged under the IRRDB MCE
program, it would be pertinent to study the genetic diversity among the clones using
molecular markers, so that a judicious choice of parents for breeding could be achieved.
• Further collection of wild germplasm from the Amazon forests has been on the anvil for quite
some time. Progress in this direction would be required for the safe future of genetic
conservation of the species.
• Training young researchers on conventional breeding, statistics, early selection / screening
techniques for tolerance to disease, drought, cold etc. as well as on molecular markers for
DNA fingerprinting and QTL detection for early selection are areas that need attention during
this five year period.
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ANNEXURE 6
PROJECT PROPOSAL
Project title :
Population improvement of the 1981 IRRDB Wild Amazonian germplasm of Hevea in IRRDB
member institutes by recurrent selection.
Project Co ordinator: Liaison Officer, Plant Breeding Specialist Group, IRRDB
Introduction :
The 1981 wild Hevea germplasm collection which was organised by the IRRDB with cooperation
from member countries was a huge success in terms of the size of the collection made and also in
terms of the extent of international cooperation which resulted in every member country getting
an opportunity to have a big share of the wild Amazonian accessions thus collected.
More than 35 years after the event, it would be to the benefit of all countries maintaining the wild
Amazonian accessions to exchange among themselves the second generation that has resulted from
this valuable genetic resource and thus initiate a programme of recurrent selection for population
improvement of the domesticated and wild germplasm resources at the disposal of the IRRDB
member countries. Those countries not having the wild germplasm collection could also benefit by
gaining access to this advanced generation material. The problem of narrow genetic base of Hevea
can be effectively addressed by such a programme.
A preliminary enquiry by the present Liaison Officer, IRRDB Specialist Group on Plant Breeding has
revealed that about five member institutes have the germplasm accessions in the form of an
arboretum or in the form of seed bearing trees. In most cases the entire collection is not represented
in the arboretum and in some cases these accessions are planted interspersed with domesticated
clones for the purpose of checks, as done in India. In any case, apart from the Amazonian basin being
the primary centre of diversity, the regions where this wild germplasm accessions have been grown
for over 35 years have developed into secondary centres of diversity. Some member institutes have
also utilized the wild Amazonian accessions for biparental crossings with success. Such biparental
crossings, however, have been hindered in many cases of specific cross combinations by the non
synchronous flowering between domesticated and wild germplasm.
In view of the outcrossed nature of Hevea brasiliensis and the cross compatibility among genotypes,
it would be most opportune to exploit open pollinated progeny for selection. The programme of
recurrent selection being proposed would further enrich the germplasm resources of rubber
growing countries under the IRRDB umbrella. It would also ensure carrying forward the valuable
genes from the wild and domesticated genetic resources at our disposal.
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Technical program:
Assuming five countries (eg. Malaysia, India, China, Indonesia and Sri Lanka) to have seed bearing
trees of the 1981 IRRDB collection of wild Amazonian germplasm, and also assuming some
Wickham clones are planted along with the trees as check, the recurrent selection program is
proposed as follows :
Assuming that the project proposal is approved by the IRRDB and the necessary MOU among
institutes has been signed by July 2018 the following is proposed:
Year
2019

2019

2020

Activity
Collect OP seeds from arboreta of
wild germplasm planted along
with Wickham clones . Proper
plant protection measures may
be taken from the time of
refoliation in order to ensure
production of healthy seeds. As
far as possible seeds of the
Wickham clones planted within
the germplasm area may also be
gathered. So , the seed lot will be
a mixture of WxA and A x W
OPseeds.
When exchanging seeds, a list of
Amazonian accessions and
Wickham clones in the vicinity of
the seed collection sites is to be
provided to the receiving country.
Seedling nurseries

Provide OP seeds of wild
germplasm to other IRRDB
member institutes that do not
have trees of wild germplasm.
Proper plant protection measures
may be taken from the time of
refoliation in order to ensure
production of healthy seeds. As
far as possible seeds of the
Wickham clones planted within
the germplasm area may be
gathered so as to have a mixture

Details
Exchange among the five countries
Each country thus has five lots of
second generation wild germplasm
seeds (inclusive of own seed lot). Each
seed lot exchanged will have 500 OP
seeds collected from the area where
trees of wild Amazonian accessions
are standing along with Wickham
clones. Seed germination and nursery
layout to be initiated (1x1m
spacing).Minimum plot size:100 plants
. Also include treatments such
as:(1)OP seedlings of a local Class I
clone.(2) 2-3 check clones as desired.
This makes the total number of
treatments 8or 9.

Establish seedling nurseries of the 6
lots of seedling progeny and check
clones .
Seed germination in this second batch
of institutes. Nursery layout to be
initiated (1x1m spacing). Minimum
plot size:100 plants . Also include
treatments such as:(1)OP seedlings of
a local Class I clone.(2) 2-3 check
clones as desired. The total number of
treatments :8or 9.
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2020

2021

2022

2023

2024

2024

2025

2028

2029

20302032

of WxA and AxW OPseeds. Each
country will thus receive 5 lots of
seeds (expense for transportation
to be met by the receiving
institute) with list of A accns. and
W clones .
Seedling nurseries in the second
batch of institutes.
Nursery evaluation in first batch
of institutes for girth, test tap
yield (Peak season) and any
additional yield components or
secondary attributes.
Nursery evaluation in second
batch of institutes for girth, test
tap yield (Peak season) and any
additional yield components or
secondary attributes.
Clone top 50% selections from
each of the six lots of polycross
progeny.
Field planting of 300 clones plus
three checks in a SSCT in the first
batch of institutes.
Clone the top 50% selections
from each of the six lots of
polycross progeny in 2nd batch
instts.
Field planting of 300 clones plus 3
checks in a SSCT in 2nd batch of
institutes.

Establish seedling nurseries of the 6
lots of seedling progeny and check
clones in second batch of institutes.
In the first five countries, record
growth and test tap yield. Select the
top 50% seedlings from each of the 6
seedling plots . Use the check clones
for comparison.
Record growth and test tap yield.
Select the top 50% seedlings from
each of the 6 plots. Use the check
clones for comparison.
Establish 300 clones in polybags/ root
trainers along with three check clones.
Design : Rectangular lattice/
Augmented RBD. Plot size : 3 trees.
Spacing : 4.3 x 4.3 m; Reps.: 2; Clones :
303 ; Area :4 ha.
Establish 300 clones in polybags/ root
trainers along with three check clones.

Design : Rectangular lattice/
Augmented RBD. Plot size : 3 trees.
Spacing : 4.3 x 4.3 m; Reps.: 2;
Clones : 303 ; Area :4 ha.
st
In the 1 batch of institutes: Test Multiply the promising clones for
tapping of four year old clones in further evaluations and utilization in
peak season in the SSCTs to select each country.
promising yielders.
In the 2nd batch of institutes: Test Multiply the promising clones for
tapping of four year old clones in further evaluations and utilization in
peak season in the SSCTs to select each country.
promising yielders.
Collect seeds from the whole area Repeat cycle as from 2019 ( all
(planted in 2023 and 2024) and
institutes involved)
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20332034

bulk the seeds . Exchange
multilaterally among IRRDB
member institutes
Select the best clones from SSCT

Proceed for evolution and release of
clones locally adapted according to the
breeding cycle followed in the
respective RRI. If possible, future MCE
s too of the best among these clones
can be undertaken.

Work program:

2019
2019
2020

2021
2022
2023

2024

2025
2028
2029
20302032
2033

A. Five countries with
germplasm arboretum
OP seed exchange (500 nos per lot)
Seedling nursery6 plots+ 2-3checks
OP seed export to B. countries
(500nos. to each)

B. Rest of the countries with
no germplasm arboretum

Import of OP seeds from 5 countries
Seedling nursery 6 plots+ 2-3 checks

Nursery evaluation
Nursery evaluation
Select top 50% from each plot
(300 seedlings) clone them &
establish in polybags/root trainers
with check clones
Field planting in SSCT (4 ha.)

Select top 50% from each plot
(300 seedlings),clone them & establish
in polybags/root trainers with checks
Field planting in SSCT (4 ha.)

Test tapping in SSCT at 4 yrs
(optional)
Seed collection from SSCT and
multilateral exchange of OP seeds
Selection from SSCT for further
trials within country

Test tapping in SSCT at 4 yrs(optional)
Seed collection from SSCT and
multilateral exchange of OP seeds

2034

Selection from SSCT for further trials
within country
nd
Note : Starting from 2031-32 the 2 14 year cycle of recurrent selection begins
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Results expected/ Justification :
In the above manner, exchange of polycross seeds resultant from natural open pollination among
Amazonian wild accessions and Wickham clones among IRRDB member institutes every 12-14 years
would lead to introgression of genes from wild germplasm and enrich the germplasm resources of
every member institute. This will certainly aid in broadening the genetic base of Hevea in all rubber
growing countries. The genetic advancement of Hevea in the countries which have already become
secondary centres of diversity will be immense if the program is successful. This will also facilitate
evolution of locally adapted cross combinations among wild and domesticated germplasm.
The specific advantage envisaged for such a multilateral endeavour is that a wide array of cross
combinations of wild and domesticated parent accessions can be exchanged and evaluated in each
location/ country. The cost of transportation of seed material in small lots of 500 seeds in negligible
compared to the large consignment of budwood of clones exchanged in recent years. However,
since resources are scarce, countries that don’t have seeds to contribute for the first cycle of
evaluation may have to bear the cost of importing seeds. By the second cycle every country will
have seeds to provide in a multilateral exchange mode.
This program is expected to speed up genetic improvement of Hevea in IRRDB member countries
and at the same time reduce gene erosion compared to the early years of Hevea breeding since
selection is not stringent and half of every base population is to be field planted for the next cycle
of this recurrent selection program.
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RAOT & IRRDB WORKSHOP ON IMPROVED AGRO MANAGEMENT PRACTICES TO SUSTAIN
NATURAL RUBBER PRODUCTION, 14th-16th AUGUST 2018, BANGKOK, THAILAND
Day 1 (14th August 2018)
07:30 – 08:30
Registration
Opening Ceremony
08:30 – 09:15

Welcome Address
Mr. Yium Tavarolit
Acting Governor, Board of Director
Rubber Authority of Thailand
Introductory Remarks by Datuk Dr. Abdul Aziz S.A. Kadir
Secretary General, International Rubber Research and Development Board
(IRRDB)

09:15 – 09:45

Coffee Break
Presentation Session 1: Guest Lectures
Chairman: Mr. Picheat Promoon

09:45 – 10:05

10:05 – 10:25

10:25 – 10:45

10:45 – 11:05

11:05 – 11:30

11:30 – 11:50

11:50 – 12:10

Presentation 1
Sustainability: Meaning and Implications to The NR Industry
Prof. Dato’ Dr Ahmad Ibrahim, IRRDB Fellow, UCSI Kuala Lumpur
Presentation 2
New Perspective of Sustainable Plantation Crops based development in
Indonesia
Dr. Gede Wibawa, Director IRRI
Presentation 3
A Vision for Sustainable Rubber Production - A Mission of Farmer CoOperatives by Facilitating Elite Agro-Management Practices
Dr. Jacob Mathew, IRRDB Fellow
Presentation 4
From Brazil to Peru: Widening the genetic base to break the yield barrier
Dr. Ramli Othman, IRRDB Fellow
Discussion
Presentations Session 2: Latex Harvesting Technology
Chairman: Dr. Jacob Mathew
Presentation 5
Sustainable Natural Rubber Production through Novel Approaches in
Latex Harvesting
Dr. Thomas K U, IRRDB Fellow
Presentation 6
Optimizing Tapping Tree Density of Rubber Plantations in South China
Mr. Qi Dongling, Associate Professor, Chinese Academy of Tropical
Agricultural Sciences (CATAS)
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12:10 – 12:30

Presentation 7
Good Agricultural practices (GAP) Standards for Rubber Plantation and
Harvesting Fresh Latex from the Field
Dr. Pisamai Chantuma, Senior Researcher
Chachoengsao Rubber Research Center, Rubber Research Institute of Thailand, RAOT

12:30 – 12:50
12:50 – 14:00

14:00 – 14:20

14:20 – 14:40

14:40 – 15:00

15:00 – 15:20

15:20- 15:40

15:40 – 16:00

16:00 – 16:30

Discussion
Lunch Break
Presentations Session 3: Soil Fertility and Management
Chairman: Dr. Gede Wibawa, Director IRRI
Presentation 8
Know your Soils to Obtain the Desired Productivity of Rubber
Dr. Wan Mohamad Nordin Wan Daud, University Putra Malaysia
Presentation 9
The estimation of fertilizer nutrient requirements for a RRIM600 clone
base on nutrient removal, soil test levels and the loss of nutrients from
soil
Ms.Pornpat Suchartgul, Senior Researcher, Rubber Authority of Thailand
Presentation 10
Enhancing The Growth Performance of Hevea brasiliensis Through Basalt
Application
Dr Shafar Jefri, University Putra Malaysia
Presentation 11
Nitrogen Balance of Rubber Plantation in China
Dr. Wang Wenbing, Associate Professor, Chinese Academy of Tropical
Agricultural Sciences (CATAS)
Presentation 12
Progress and Prospect on nutrient management of rubber tree in China
Dr. Lin Qinghuo, Associate Professor, Chinese Academy of Tropical
Agricultural Sciences (CATAS)
Presentation 13
Study on the Impact of Different Fertilizer Regimes on Growth of Hevea
brasiliensis planted on hilly area
Muhammad Zahidin bin Razman, Senior Researcher, Malaysian Rubber
Board
Discussion
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Day 2 (15th August 2018)
Presentations Session 4: Plant Protection
Chairman: Dr. Ramli Othman, IRRDB Fellow
08:30 – 08:50

08:50 – 09:10

09:10 – 09:30

09:30 – 09:50

09:50 – 10:20
10:20 – 10:50

Presentation 14
Efficacy and Methodology on using N-fertilizers and Sulfur for White root
Disease Control in Rubber Replanting
Mrs Arom Rodesuchit
Presentation 15
The outbreak of Fusicoccum Leaf Disease in Indonesia and the potential
yield loss
Dr. Tri Rappani Febbiyanti, Senior Researcher
Sembawa Research Centre – Indonesia Rubber Research Institute
Presentation 16
Weed Management Strategies for GAP in Rubber Plantation
Dr. Goh Sou Sheng, Head Crop Management Unit Production Development
Div, Malaysian Rubber Board
Presentation 17
Innovative Crop Protection Solution for Sustainable Rubber Production –
An Indian Parable
Dr. Jacob Mathew, IRRDB Fellow
Discussion
Coffee Break
Presentations Session 5:
Chairman: Dr. Chairil Anwar, CEO IRCo

10:50 – 11:10

11:10 – 11:30

11:30 – 11:50

11:50 – 12:10

12:10 – 12:30

Presentation 18
Natural Rubber Productivity, Quality & Profitability Equal to Sustainability
Mr. Othman Halim, IRRDB Fellow
Presentation 19
Introducing RSS GMP Premium Grade for Rubber Farmer Group
Sustainability
Mrs.Preprame Tassanakul, Senior scientist, Rubber Technology Research
and Development Division, Rubber Authority of Thailand
Presentation 20
Effects of Soilless media and Water Levels on Growth and Biomass Yield of
Rubber (Hevea brasiliensis) Seedlings
Dr. Salisu Monsuru Adekule, University Putra Malaysia
Presentation 21
Species Diversity in a Naturally Managed Rubber Plantation in Hainan
Island, China
Dr. Lan Guoyu, Professor, Chinese Academy of Tropical Agricultural Sciences
(CATAS)
Progress report of IRRDB International Clone Exchange Programme
Dr. Napawan / Dr. Ramli Othman
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12:30 – 12:50
12:50 – 14:00
14:00 – 16:00

Discussion
Lunch Break
Panel Discussion: Good Agricultural practices (GAP), Rubber Productivity
and Sustainability of Natural Rubber
Moderator: Datuk Dr. Abdul Aziz S.A Kadir
Secretary General IRRDB
Panelists:
Mr Picheat Promoon, Director, Rubber Research Institute of Thailand
Prof. Dato’ Dr Ahmad Ibrahim, IRRDB Fellow, UCSI Kuala Lumpur
Dr. Chairil Anwar, CEO, International Rubber Consortium Limited (IRCo)
Dr. Gede Wibawa, Director, Indonesian Rubber Research Institute
Dr. Jacob Mathew, IRRDB Fellow
Dr. Ramli Othman, IRRDB Fellow

Day 3 (16th August 2018)
07:00 – 09:30
09:30 – 12:00

12:00-13:00
13:00 – 15:00
15:00 – 17:30

Field Trip
Departure from Bangkok to Chachoengsao Research
Visit Rubber Farmer Plantation of Mr. Somchai Saman for ‘Demonstration
of Soil and Fertilizer Mixing and Integrated Farming” program.
Chachoengsao Province
Lunch
Visit Chachoengsao Rubber Research Center to Study Tapping, Increasing
Production, Plantation Practices, and etc.
Departure from Chachoengsao Research to Bangkok
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Report on International Forum on Current Socio-economic Issues and their Impact on Rubber
Production Sector Performance, 03 – 05 October 2018
This forum was attended by 41 participants, including the foreign participants who attended the
workshop on Statistics and local participants representing the Ministry of Plantation Industries,
Rubber Development Department, Rubber Secretariat, National Institute of Plantation
Management, Sri Lanka Council for Agricultural Policy (SLCARP), Smallholder Tea and Rubber
Revitalization (STaRR) Project, Planters’ Association of Sri Lanka and the Rubber Research Institute
of Sri Lanka.
The Programme for International Forum on Current Socio-economic Issues and their Impact on
Rubber Production Sector Performance is given below.
DAY 03: WEDNESDAY 03 OCTOBER 2018

0830 - 0900

INAUGURAL SESSION
Registration of Participants

0900 - 0915

Welcome of Delegates to the Forum on Socio-economic Issues and their
Impact on Rubber Production Sector Performance
Mr. N V T A Weragoda, Chairman, Rubber Research Board of Sri Lanka

0915 - 0930

Introduction to the Forum on Socio-economic Issues and their Impact on
Rubber Production Sector Performance
Dr. Abdul Aziz, Secretary General of IRRDB

0930 – 0945
0945 – 1030

Address by the Director, Rubber Research Institute of Sri Lanka
Dr. Gamini Seneviratne
Guest Speech 1

1030 - 1045
1045 - 1115

Participatory Learning and Action Method to Assist in Community Level
Organization and Implementation of Development Projects by Rubber
Farmers
Dr. Jacob Mathew, IRRDB Fellow
Discussion
Refreshments

1115 - 1200

END OF INAUGURAL SESSION
Guest Speech 2
Solving Socio-economic Problems of Rubber Growers in Thailand through
Effective Transfer of Technology Mechanisms
Dr. Suthee Intraskul
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Former Chairman, The Expert Group on Establishment of a Regional
Rubber Market, IRCO Thailand
1200 - 1230
1230 - 1400

Discussion
Lunch

TECHNICAL SESSION 1 : Chairperson – Dr. Jacob Mathew
1400 - 1430
Socio-economic problems of the Rubber Smallholders and their solutions:
Malaysia’s Experience
Ms. Siti Hawa Sulong
Head of Economic Planning Unit (UPE)
1430 - 1500

Enduring Low Rubber Prices and Socio-economic Problems faced by the
Rubber Smallholders in South Sumatra
Mrs. Dwi Shinta Augustina
Socio-economic Researcher, Indonesian Rubber Research Institute (IRRI)

1500 - 1530

1600 - 1630

Current Socio-economic Impacts Caused by Low Prices of Natural Rubber
in Cambodia
Miss. Sreynet Srun
Researcher, Cambodian Rubber Research Institute (CRRI)
Sri Lankan Experience in Rubber Cultivation in Non-traditional Areas
Dr. Lakshman Rodrigo
Additional Director, Rubber Research Institute of Sri Lanka
Discussion

1630 - 1700

Refreshments

1530 - 1600

END OF DAY 03
DAY 04:THURSDAY – 4 OCTOBER 2018
TECHNICAL SESSION 2 : Chairperson – Dr. Suthee Intraskul
0900 - 0930
Capacity Forecast of Rubber Planting Industry in China
Mr. He Changhui
Economist, Rubber Research Institute
Chinese Academy of Tropical Agricultural Sciences (CATAS)
0930 - 1000

Rubber smallholders in India: Socio-economic issues, challenges and
opportunities
Ms. Binni Chandy
Senior Scientist (Economics), Rubber Research Institute India (RRII)

1000 - 1015
1015 - 1030

Discussion
Refreshments
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1030 - 1100

1100 - 1130

1130 - 1145
1145 - 1200

Strategic technology transfer methods: Experience from the smallholder
rubber sector of Sri Lanka
Dr. Anura Dissanayake, Head, Advisory Services Department, Rubber
Research Institute of Sri Lanka
Introducing RSS GMP Premium Grade for Rubber Farmer Group
Sustainability
Mrs. Preprame Tassanakul, Senior Scientist, Rubber Technology Research
and Development Division, Rubber Authority of Thailand
Discussion
Concluding Remarks
Dr. Lakshman Rodrigo, Additional Director, RRISL

1200 - 1330

Lunch

1330 onwards

Field visit to promising smallholder rubber fields and processing centres
END OF PROGRAMME

The Chairman, Mr. N V T A Weragoda welcomed the delegates while Dr. Abdul Aziz, the Secretary
General of IRRDB made the introductory remarks on the Forum on Socio-economic Issues and their
Impact on Rubber Production Sector Performance. As guest speakers, Dr. Jacob Mathew, IRRDB
Fellow and Dr. Suthee Intraskul, Former Chairman, The Expert Group on Establishment of a Regional
Rubber Market, IRCO Thailand addressed the audience on their experiences, viz. Participatory
Learning and Action Method to assist in community level organization and implementation of
development projects by rubber farmers and solving socio-economic problems of rubber growers
in Thailand through effective technology transfer mechanisms, respectively. In the two technical
sessions, there were 08 presentations from China, India, Indonesia, Thailand, Malaysia, Cambodia
and Sri Lanka.
The Forum concluded with a field visit to a promising smallholder field and a tour to the Southern
part of Sri Lanka, where the participants experience the mangrove caves, the jungle beach and the
famous Dutch Fort in Galle.
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São José do Rio Preto, São Paulo State, Brazil
International Workshop on “Good Agricultural Practices”
Programme
November 19th
09:00 h
09:30 h
10:00 h
10:30 h
11:30 h
12:00 - 14:00 h
14:00 h
14:30 h
15:00 h
15:30 h
16:00 h
16:45 h
17:30 h
November 20th
09:00 h
09:30 h
10:00 h
10:30 h
12:00 - 14:00 h
14:00 - 17:30 h

Opening ceremony and honors
The IRRDB: structure and actions
Rubber challenges for global demand (IRRDB)
Rubber cultivation on sub-optimal areas in Brazil
Discussing
Lunch
Rubber improvement in Brazil: an overview
Rubber improvement in São Paulo State: the IAC case
Rubber improvement in Asia countries
Coffee break
Thematic groups of Brazil: Molecular Biology, Phytopathology and
Economy
Discussing
End of day 1

The IRRDB perspectives for new prospections expeditions
The IRRDB Clone Exchange Program
Brazilian environmental legislation
Discussing
Lunch
Field visitation in the Center of Rubber Tree IAC

November 21th
Field visitation:
Small and large areas of rubber cultivation
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Report on the International workshop on enhancing incomes of rubber small holders through integrated
farming and Good Agricultural Practices, 11th and 12th December 2018 at Bago Region City Hall, Bago, Myanmar.

The International Rubber Research and Development Board (IRRDB) in association with the Myanmar Rubber
Planters and Producers Association (MRPPA) organized a two day workshop on 'Enhancing incomes of rubber
small holders through integrated farming and Good Agricultural Practices' on 11th and 12th December 2018
at Bago Region City Hall, Bago, Myanmar. The workshop was inaugurated by. U Nyunt Shwe, the Finance
Minister of Bago Region. The participants were welcomed by Mr. Aung Myint Htoo, President of MRPPA. In
the introductory remarks Mr. Hla Myint, Advisor, MRPPA said that Good Agricultural Practices and integrated
farming are key factors that can help in overcoming the difficulties posed by the low rubber prices. The
association that MRPPA has with IRRDB has been fruitful in sharing the international scientific developments
in rubber cultivation for the benefit of the rubber growers in Myanmar.
In his opening remarks, Dr. Abdul Aziz, Secretary General, IRRDB stressed the need for development of a long
term policy for important crops like rubber by every rubber growing country. This will be beneficial in
minimizing the impact of price fluctuations of commodities. It would be short sighted for the farmers to
switch from rubber to other crops since rubber prices had always shown a cyclical pattern. It is very important
to continue the research on rubber to minimize the cost of production and maximize productivity. We also
have to do research on development of new applications of natural rubber that will lead to large volume of
consumption. The green credentials of natural rubber make it dearer for future as against the fossil fuel based
synthetic rubber which increases the carbon footprint.
In the inaugural address the Chief Minister pointed out that the economy of Myanmar is agriculture based
and rubber cultivation is an important component in it. Although the present low prices affect the
profitability, the employment generated by rubber is significant and Government support to the rubber
plantation industry would continue. However, all solutions cannot be provided by the Government. The
growers should change their attitude and co-operate among themselves to find solutions for the problems
they face.
The opening session was followed by two technical sessions. The first technical session was chaired by Datuk
Dr. Abdul Aziz, Secretary General, IRRDB in which five papers were presented. He presented the components
of GAP for both immature and mature phases of rubber and discussed the importance of each component in
improving the growth and productivity of rubber trees.Dr. Regis Lacote, Scientist, CIRAD in his paper stressed
the importance of low frequency tapping (LFT) based on the experiments conducted in Thailand. He
mentioned that stimulation at recommended intervals and control on bark consumption are key factors in
the success of LFT. Dr Kuruvilla Jacob, IRRDB Fellow, made a presentation on how the formation and
interventions of Rubber Producers Societies in India helped in overcoming the effects of low rubber prices
that occurred during 1980s. The focus was on group production of high quality rubber and direct marketing
to consuming industry. These small farmers' cooperative societies were effective in rural employment and
income generation, thus facilitating rural development. Mr. Picheat Prommoon, IRRDB Fellow, presented the
details of integrated farming systems with rubber and various other components being experimented in
Thailand with the aim of increasing the income from small holdings. Dr.Zhang Xicai, Associate Professor,
Chinese Academy for Tropical Crops (CATAS) presented the results of some of the experiments on high
yielding clones developed in China.
The second technical session was chaired by Mr Picheat Prommoon. The current status of rubber diseases
and strategies for their management was presented by Dr Kuruvilla Jacob. He mentioned that the poor rubber
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prices have prompted farmers to ignore crop husbandry practices resulting in poor tree health which
predisposes occurrence of new epidemics like Fusicoccum leaf disease. Dr Qi Dongling, Associate Professor,
CATAS, presented the details of multifunctional rubber plantations being experimented in China. Dr Zainol
MD. Eusof, Director, Green Yield, Malaysia made a detailed presentation on soil conservation practices which
could be adopted in rubber plantations. The changes in land use pattern in China and its ecological and
environmental effects were discussed in a paper by Ms Sun Rui, Ecologist, CATAS. Dr. Jayashree Madhavan,
Principal Scientist, Rubber Research Institute of India made a presentation on the performance of the rubber
clones planted in the non-traditional rubber growing regions of India, particularly in Assam and Tripura which
are close to Myanmar. In each session the presentations were followed by discussion in which the farmers
participated actively to get the details clarified. The technical session concluded with brief concluding
remarks by Dr. Abdul Aziz and Mr. Picheat Prommoon. Mr. Hla Myint also added a few concluding remarks.
The vote of thanks was proposed by the President of Bago Region of MRPPA.
On the next day the participants visited two medium sized rubber plantations their processing units and a
small holding in the Bago Region. In some plantations soil was sandy loam while in others loam. The terrain
is flat or gently undulating. The general maintenance of plantations is good. The clones mainly planted are
PB 260, RRIM 2002, BPM 24 and RRIT 251. The tapping was on 2/d3 (2 tappings in 3 days) and the bark
consumption is generally high. The processing is into Ribbed Smoked Sheets. Motorised bulking tanks,
coagulation tanks with separators, sheeting batteries and partial solar drying systems were observed on the
estates while it was hand rollers and home kitchen smoking in small holdings. Some sheets were showing
tackiness due to excess drying temperature and poor air circulation while most sheets were of good quality.
Partial solar drying of sheets was observed on one estate.

Report on the IRRDB-DOA Hevea clone identification training workshop, Mawlamyine, Myanmar
The workshop on Hevea clone identification training was jointly organized by IRRDB and the Department of
Agriculture, Myanmar during 13th to 15th December 2018 in Yarmanya Hotel, Mawlamine, Mon State,
Myanmar. The workshop was inaugurated by Mr. Saw Aung Myint Khaing, Minister of Kayin Ethnic Affairs
and Minister in Charge of rubber, Mon State. Mr. Tun Htay, Minister of Agriculture, Mon State also was
present. After brief introductory remarks by Dr. Abdul Aziz, Secretary General, IRRDB, the opening address
was delivered by Mr Htun Htun Htwe, Director, Perennial Crops Division, Department of Agriculture,
Myanmar. He pointed out the importance of clone identification and use of the right clones for improving
the yield of rubber plantations. He thanked the IRRDB for coming forward to organize the workshop and
hoped that the knowledge shared by the international team of experts would benefit the participants and
the rubber growers at large.
The first technical session was chaired by Mr. Picheat Prommoon, IRRDB Fellow. In the first technical
presentation, Dr. Abdul Aziz described the importance of maintaining a Registry of Clones and its essentiality
for claiming intellectual property rights. He explained how future breeding programs will be benefitted if the
pedigree of parent materials are known. Knowing the importance of registry of clones IRRDB has already
appointed a Registrar of Clones and all the clones included in the IRRDB Multilateral Clone Exchange (MCE)
are included in the Registry. The IRRDB member countries have offered their best clones for exchange. There
are 49 clones offered for exchange and a compendium containing descriptors and other characteristics of
each clone is being prepared. The second presentation was made by Mr Kyi Soe, Director, Agriculture
Department, Mon State. He presented an overview of the agricultural sector in the State and the importance
of rubber cultivation. He also stressed the need for research to develop new technology in rubber based
farming and extension to deliver such technology to the farmers. Mr. Tajuddin Ismail, IRRDB Fellow,
presented the Good Agricultural Practices to be followed in the planting and maintenance of Source bush
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nurseries. The fourth presentation was on management of nursery leaf diseases by Dr. Kuruvilla Jacob, IRRDB
Fellow. He also presented a short video on Fusicoccum leaf disease that occurred as an epidemic during
January to June 2018 in Indonesia.
The second technical session was chaired by Mr. Htun Htun Htwe. Mr. Pichet Prommoon, IRRDB Fellow,
presented the details for identification of clones popular in Thailand. Dr. Jayashree Madhavan, Principal
Scientist, Rubber Research Institute of India presented the characteristics for identification of popular clones
planted in India and the new high yielding clones developed in India which are offered for multi-lateral
exchange.
In the third technical session, Dr. Ramli Othman, IRRDB Fellow, presented the status report on the IRRDB
Multilateral Clone Exchange program. This was followed by the training session in which he described the
basic principles for identification of Hevea clones. It was explained that although molecular techniques are
now available for fool-proof identification of clones, it is costly and not convenient for on-farm reference.
Hence morphological identification using specific descriptors for each clone becomes necessary. He
explained the descriptors in detail and prompted the trainees to identify the clones using samples and
photographs.
On the second day, a field trip was arranged to visit the Integrated Farming Trial of DOA in Mudon, the rubber
nursery, bud-wood garden and the experimental plots of clones in the IRRDB MCE received by Myanmar
and maintained by the Perennial Crops Research Institute. In the integrated farm, practical training on clone
identification was given by Dr. Ramli Othman and Mr. Md. Din, Chief Clone Inspector, Malaysian Rubber
Board. Mix-up of clones PB 260, RRIM 717 and RRIM 2002 was observed in the field under second year of
planting in the integrated farm. Intercrops, fish and edible frogs were observed as components in the
integrated farm. The benefit of pit manuring with compost and drip irrigation to the pits was discussed. In
the nursery, training on identification of plants grown in poly-bags at first leaf whorl stage was given.
Importance of proper shading and manuring were discussed. Micronutrient deficiency symptom was
observed on some plants. In the MCE bud-wood nursery the plants are labelled and well maintained. Disease
incidence was low. Drip irrigation is provided. The characteristics of clones from different countries were
discussed. Very few plants with doubtful identity were observed. It was suggested that bud-wood should not
be collected from them and it would be good to replace them with new plants of same clone.
In the experimental plots for evaluation of the IRRDB MCE clones the lay out was found to be very good.
Proper identification of the plots is possible with the help of field map and border markings displayed. The
plants are given drip irrigation. The growth is satisfactory.
On the third day, the discussion on Hevea breeding and clone identification led by Dr. Ramli Othman
continued in the Perennial Crops Research Institute at Mudon. All the doubts raised by the trainees were
cleared so that they can identify clones with confidence. The training workshop was closed by the afternoon
of 15th December 2018.
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Annual Report 2018-2019
IRRDB Plant Breeding Specialist Group
Introduction: Major activities of the Plant Breeding Specialist Group
The Multilateral Clone Exchanges initiated in 2014 as well as utilization of the 1981 IRRDB Wild
germplasm collection continued to be the major plant breeding activity in 13 IRRDB member
institutes. A major achievement during the reporting year was the finalisation of the draft for
publication and release of the Compendium of Clones exchanged multilaterally among IRRDB
member institutes. The countries that had imported clones established source bushes and some
institutes multiplied the clones for field evaluations to be laid out in 2019. Some countries are still
in the process of exchanging budwood and are corresponding with one another on the matter. Each
institute also had their own genetic improvement programmes on Hevea as per the priorities of the
respective countries. The progress of research with respect to the IRRDB Multilateral Clone
Exchange programme, the 1981 IRRDB Wild Amazonian Germplasm and general Hevea breeding
programmes of each institute are detailed in the proceeding pages.
The Plant Breeding Specialist Group met in Kuala Lumpur for The Plant Breeders’ Workshop at the
MRB Headquarters from 8-12 July 2019. The descriptors of the 49 clones exchanged under the 2016
IRRDB Multilateral Clone Exchange Programme, in its final form was handed over for the final
printing process of the Clone Compendium. The Registrar of Clones, IRRDB was entrusted with the
process. A total of 35 Scientists from 13 countries actively participated in the deliberations and field
visit to Johor. A detailed report of the meeting is given in Annexure 1. The meeting provided an
opportunity for the plant breeders to discuss the new international project on population
improvement of the 1981 IRRDB Wild germplasm by a recurrent section procedure.
Reports on the progress of plant breeding programmes received from eight countries viz.,
Cambodia, Cote d’Ivoire, Indonesia, India, Myanmar, Sri Lanka, Thailand and Vietnam under the
IRRDB umbrella are compiled in this report.
For countries such as China, Malaysia and Indonesia, since reports were not received in time,
information from the presentations made at the Plant Breeders’ Workshop in Kuala Lumpur have
been included in this report.
1.
REPORT ON HEVEA BREEDING ACTIVITIES IN CRRI, CAMBODIA
Dr. Chetha Phen
1.
The CRRII has 24 on going clone evaluation trials and have released clone recommendations
for 2018- 2020, as follows:
1.
Recommendation for industrial rubber plantation:
Class I
IRCA 230, RRIM 600, PB 280, RRIC 121, IRCA 130
Class II
Class III

GT 1, IRCA 109, RRIM 712, PB 235, PB 217, RRIC 101,
RRIC 100, KV 4
BPM 24, IRCA 111, IRCA 41, PR 303, PR 254, PB 310, PB 314,
PB 324, PB 330, PR 261
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2.
Recommendation for small holders:
Clones GT 1, RRIM 600, IRCA 230, RRIM 712, PB 280.
Under the Multilateral Clone Exchange Programme, CRRI had obtained a total of 13 clones from
India, Thailand and Ghana. These have been multiplied and established in a budwood garden. Five
of the CIRAD-Michelin clones were given in exchange to India and Thailand. Details are as follows:
From India 5 clones (RRII 414, RRII 417, RRII 422, RRII 429 and RRII 430) on October 2015
From Thailand 5 clones (RRIT 226, RRIT 251, RRIT 408, RRIT 3604 and RRIT 3904) on December 2015
From Ghana 3 clones (FDR 5240, FDR 5597 and FDR 5802) on March 2016
During the year under report no fresh exchanges were made, but correspondence on the matter is
underway.
2.
REPORT ON HEVEA BREEDING ACTIVITIES IN CATAS, CHINA
(As presented by Mr. Hu Yanshi at the IRRDB Plant Breeders’ Workshop, Kuala Lumpur, 8 July
2019)
I. The Multilateral Clone Exchange programme
A total of 20 sets of budwood of 5 clones from CATAS were exported to IRRDB member countries
such as Thailand, India, the Philippines and Ghana, and 15 clones were introduced from Thailand,
Ghana and India.

II. The conservation and utilization of 1981 IRRDB germplasm
A total of 5710 accessions of germplasm and six Hevea species as well as one variant of rubber tree
are conserved in the National Rubber Tree Germplasm Repository in an area of 9.73 ha.
There are 2004 genotypes in a gene pool garden with five trees per genotype planted in 2007 at a
spacing of 3m x 6m. RRIM 600 has been planted as control. The results obtained on tapping the wild
genotypes indicate wide differences in latex yield between the wild genotypes and advanced
breeding materials. There were only 2 genotypes that produced relatively higher mean latex yield
than the control. The accession AC/AB/15 54/512 gave the highest mean dry rubber yield of 35.31
g/t/t (110.14% RRIM600), followed by the accession AC/F/6B 40/21 (34.10 g/t/t, 106.36% of
RRIM600).
The evaluation of the wild Hevea genotypes of the 1981 IRRDB germplasm in the field showed large
variation in growth and yield. The yields were generally low. From the results we can see it is unlikely
to select any useful high rubber yielding genotypes for commercial planting. However, there are
about 140 genotypes possessing high growth vigour with long straight, smooth boles producing high
timber volume suitable for rubber forest establishment. It would be also more meaningful when the
promising genotypes based on growth vigour to be incorporated in the breeding programme to
produce latex timber clones
W x A hybridizations were carried out between 2009 and 2018. A total of 1232 hybrid progenies
were produced by crossing 2000-10000 flowers per year.
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3.

I.

REPORT ON HEVEA BREEDING ACTIVITIES IN CNRA, COTE DE IVOIRE
Dr. Angeline Elabo
Status of multilateral clone exchange in Cote d’ Ivoire

Côte d’Ivoire has received 18 clones from the Philippines in July (USM1), India in August (RRII430,
RRII417, RRII414, RRII422, RRII429), Thailand in August (RRIT 408, RRIT 251, RRIT 226, RRIT 3604,
RRIT 39043) and CIRAD in September (FDR 5788, FDR 5665, FDR 4575, CDC 312, PMB 1). It has
exported 5 clones (IRCA 41, IRCA 230, IRCA 317, IRCA 331, IRCA 825) to the Philippines in March and
India in August (IRCA 41, IRCA733, IRCA 317, IRCA 331, IRCA 825).
The IRRDB clone exchange by multilateral agreement between Côte d’Ivoire and the other countries
involved in the project began in March 2016 and is going on. To date, Côte d'Ivoire through the
CNRA has received and met demands of IRCA clones from the Philippines, India, Thailand and Sri
Lanka. It is expecting to receive import permits from other countries so as to process and send to
them IRCA clone budwoods. Over the 44 expected, 16 clones from the Philippines (USM1), India
(RRII430, RRII417, RRII414, RRII422, RRII429), Thailand (RRIT408, RRIT251, RRIT226, RRIT3604,
RRIT39043) and CIRAD Ghana (FDR5788, FDR5665, FDR4575, CDC312) were introduced in Côte
d'Ivoire.
II.
Status of maintenance and utilization of 1981 germplasm
Côte d'Ivoire's Hevea collection is composed of:
1.
Cultivated genotypes (Wickham genotypes),
2.
Wild genotypes from prospection (IRCA and University of Abidjan in 1974, the Schultès
collection in 1940 and 1986, IRRDB in 1981,
3.
Hybrid material (clones introduced from foreign research centres and those created in Côte
d'Ivoire).
4.
The wild material group is subdivided into two subgroups and has a total of 2926 genotypes
prospected in the Amazon rainforest.
The IRRDB collection is composed of 2500 genotypes carried out in 1981 in 16 districts of three
Brazilian states Acre, Rondonia and Mato-Grosso. Half of these accessions are being maintained in
tree form.
The structure of the genetic diversity of the wild genotype population prospected by the IRRDB
obtained from these 12 enzymatic systems showed a clear divergence between the clones of MatoGrosso on the one hand and the clones of Acre and Rondonia on the other hand (Chevallier, 1988).
This population was structured into two genetic groups AM1 and AM2 each subdivided into two
subgroups. The AM1 group consists of the Acre genotypes and a large part of the Rondonia
accessions. The AM2 group includes the genotypes of Mato-Grosso and a small part of the Rondonia
genotypes. A second study undertaken with the same enzymatic systems but integrating all the
populations of the collection revealed that most of the variability lies within the prospecting states
for the 1981 IRRDB population. Wickham clones appear genetically closer to the genotypes of MatoGrosso. The Schultès genotypes are genetically different from other populations and have some
specific alleles (Seguin et al., 1995).
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Introduced in a single agronomic evaluation trial in 1982, the wild accessions of the 1981 were
evaluated at 3 years and about 50 of them were selected mainly on the latex production criterion.
Grpe 1 SCH (Prod 16,5% GT 1)
Grpe 2 AM (Acre Ouest AC/T, AC/F) Prod 11% GT 1
Grpe 3 AM (Acre Est (AC/S, AC/B, AC/X) Prod 13% GT 1
Grpe 4 AM (Rondonia (RO/C, RO/A, RO/JP, RO/OP, RO/OP, RO/CM) Mato-Grosso (MT/VB) Prod 13%
GT 1
Grpe 5 AM (Mato-Grosso (MT/C, MT/I, MT/A) Prod 15% GT 1
From 1985, the assessment and characterization of rubber tree germplasm was the main concern
of breeders in IRCA. It emerged mainly from their work that wild accessions were divided into
several genetically populations different from cultivated clones. In the same way, their agronomic
evaluation showed a low rubber production equivalent on average to 13% of that of clones
conventionally planted (Clément-Demange and Keli, 1993, Clément-Demange et al., 1997). Because
of their low level of production, wild genotypes could not be used for industrial cultivation. They
were then crossed to Wickham clones according to the flowering synchronism. These crosses were
carried out in the hope of taking advantage of a possible effect of heterosis and to reduce the rate
of consanguinity in the populations of offspring created (Légnaté and Clément-Demange, 1991 a).
Hybrids resulting from these crosses had agronomic performances superior to those of their wild
relatives but inferior to those of descendants resulting from crosses between cultivated genotypes
(Clément-Démange et al., 1995). These encouraging results have opened up new avenues for using
wild accessions in breeding programmes. However, the problems of synchronization of flowering
and fertility of the parents on the one hand, and the very high number of these wild accessions on
the other hand, have considerably limited the expected genetic gains. So, the natural pollination in
isolated rubber gardens was considered.
A rubber tree seed orchard was planted in Côte d’Ivoire in 1992 with a view to use natural pollination
for recombining two groups of wild genetic resources, in order to implement recurrent selection
and population breeding. The parental population included 25 wild AM1 genotypes, 25 wild AM2
genotypes, and GT1. The study of the gene flow related with pollen displacement has been based
on paternity analysis by use of 8 microsatellite markers. It showed that the outcrossing rate was
important (96%). The distance separating the trees did not seem to generate any limitation to the
recombination. Pollen was disseminated from the pollinating trees to every direction, without any
relation with the dominant wind direction. These results confirm the entomophilous pollination in
rubber. One of the two genetic groups (AM2) was predominant in its contribution to the pollination
of the seed garden (Lidah 2005).
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5.
REPORT ON HEVEA BREEDING ACTIVITIES IN IRRI, INDONESIA
(Based on the presentation made by Dr. Fetrina Oktavia at the Plant Breeders’ Workshop, Kuala
Lumpur, 8 July 2019)
I.
Status of multilateral clone exchange in Indonesia
The following are details of the clones exchanged with four countries till date:
Institution
Import
Export
Remark
Rubber
Research Done in 2015
Done
Multiplied in Sungei
Institute of India (RRII) (5 clones)
2015
Putih Research Centre
(3 clones) - IRRI
Philippine
Rubber
Research Institute
(PRRI)
Rubber
Research
Institute of Thailand
(RRIT – RAOT)
Ghana Rubber Estate
(CIRAD)

Process in 2018
(1 clone)
Done in 2018
(5 clones)
Process in
2018
(5 clones)

Done in
2018
(3 clones)
Done
2018
(3 clones)
Process in
2018
(3 clones)

Multiplied in Sungei
Putih Research Centre
- IRRI
Multiplied
in
Sembawa Research
Centre - IRRI
Multiplied
in
Sembawa Research
Centre - IRRI

II.

Status of maintenance and utilization of 1981 germplasm
The maintenance of IRRDB 1981 germplasm is in the budwood garden. The germplasm is
maintained at Sungei Putih and Sembawa Research Centre, IRRI. Some of the genotypes were used
as parents on the breeding programme. There are several studies related to IRRDB germplasm:
From the W x A hybridizations among eight Wickham clones and four wild accessions, 94 hybrid
progenies were obtained. Finally, selected one hybrid progeny (No.17, resultant of the cross IRR 104
x PN 1682) with high yield (37.4 g/t/t), Girth (67 cm), NLVR (5), PrI: 55.8, and VLF: 22.9 cc/minute.
6.

REPORT ON HEVEA BREEDING ACTIVITIES IN RRII, INDIA
Dr.Kavitha K. Mydin
I.
International Clone Exchange under the IRRDB MCE Programme.
Replenishment of domesticated germplasm with clones from other rubber growing
countries via bilateral and multilateral exchanges was successfully achieved. A total of 44 high
yielding and disease resistant clones have been imported thus from 10 countries from 2016
onwards. In July 2019 exchange of clones with the 11th country, Nigeria is underway.
II. Conservation and utilization of the 1981 IRRDB Wild Germplasm in India
Conservation:
The germplasm introduced originally in the 1980s was first established as budwood nurseries for
conservation at 5-16 points per accession at our Central Experiment Station in Kerala, and in two
locations in the Northeast – Guwahati and Agartala. A major portion of the material sent to the
North East was lost due to the unfavourable conditions. A total of 4548 accessions were finally
established in the nurseries, 3576 and 972 accessions in Kerala and the NE respectively.
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Arboretum:
A programme to conserve the entire Hevea germplasm available in India, both wild and Wickham,
in the form of an arboretum (Heveatum) at Teksragre in Tura, Meghalaya, in the Northeast of India
was initiated in 2014. As the collection will comprise the 1981 IRRDB wild germplasm interspersed
with the Wickham clones, panmixis in this population will also result in natural genetic mixing
between the accessions from four different locations – Acre, Rondonia and Mato Grosso, as well as
Manaus from where the original Wickham collection had been made. This will ensure a regular and
easy supply of open pollinated seeds with new recombinants every year for evaluation.
Simultaneously however, hybridisation between selected accessions will also be possible whenever
necessary. So far, a total of 466 wild Amazonian and Wickham accessions have been established
here. Another arboretum established earlier and comprising of 120 accessions, is being maintained
at Central Experiment Station (CES), Chethackal of RRII.
Evaluation
Characterization and evaluation of the wild germplasm are essential prerequisites for its utilisation.
However, in view of the size of the collection and the perennial nature of the crop, this can be done
only in phases as per availability of land and manpower.
Preliminary Evaluation
Systematic characterisation of the entire collection for yield and yield contributing factors like
laticifer rows, was done as augmented field trials (Preliminary Evaluation Trials) in batches at normal
spacing. The last three trials in this format were planted at North Kerala in 2000 (A&B) and 2002.
Nine relatively high yielding accessions AC 3131, AC 552, RO 2136, RO 1313, AC 567, AC 1964, RO
341, MT 4351 and RO 210, and vigorous accessions for timber traits MT 4219, AC 4140, MT 387, AC
647 and RO 2883 have been identified from these trials.
A comprehensive preliminary agronomic evaluation in the juvenile phase of the entire collection in
a short time became possible in the newly re-established SBNs as they provided uniform sets of
accessions in terms of age. Replanting of the accessions in six sets at a spacing of 1 x 1 m, in an
augmented RBD, with check clones and a plot size of five, has facilitated morphological
characterization and preliminary evaluation in the juvenile stage for the entire collection here, with
preliminary selections being forwarded to full-fledged evaluation trials (FETs).
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Table 1: Promising wild accessions with relatively high number of latex vessel rows

Sl#

Acc.No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

MT 49
RO 4450
6/32
AC 2646
RO 2284
OR 1177
MT 1070
MT 1033
RO 2179
MT 2558
RO 2946
7 108
AC 2421
OR 1155
RO 2405
RO 2328
OM 1116
OM 1101
RO 4321
RO 3000
MT 191
PB 235
RRIM 600
RRII 105

BT
2009
mm
4.0
3.0
3.0
3.0
2.5
2.7
4.0
2.2
4.0
2.5
3.0
2.5
3.0
2.3
3.6
3.0
3.5
1.7
2.5
3.0
2.7
3.1
2.4
2.7

Avg
NLV
11.8
11.6
9.5
8.6
8.3
8.1
8.0
7.9
7.8
7.7
7.7
7.5
7.4
7.4
7.4
7.2
7.2
7.2
7.2
7.2
7.1
7.0
5.9
6.8

TTY 2008 Girth 2009
g/t/t
cm
1.1
2.0
4.2
3.5
0.7
0.1
1.6
0.4
0.5
1.4
1.0
2.7
1.4
0.2
2.7
1.2
4.5
0.7
0.1
0.2
2.3
3.9
2.7
3.1

19.7
11.0
22.5
26.2
20.0
20.5
28.0
20.0
22.0
27.5
21.8
20.5
16.5
22.3
32.0
18.0
26.4
14.8
27.5
21.8
19.7
25.0
17.3
20.6

TTY 2009
g/t/t

6.1
7.4

6.0

8.1
9.0

1.9
7.9
6.3
6.5

The entire wild germplasm collection in the reestablished nurseries has been morphologically
characterized for qualitative traits in the juvenile stage according to the descriptor prepared by Rao
et al. (2005). The entire set has also been subjected to preliminary agronomic evaluation, including
test tapping in the 3rd and 4th years of growth before being cut back for budwood. As expected,
preliminary evaluation through test tapping of the entire collection showed that most of the wild
accessions are low yielders compared to the popular Wickham clones. However, a few individual
accessions with comparable or even higher test tap yield than the popular clone RRII 105 were
identified, and are being tested further. Identification of direct selections for yield from wild
germplasm of any other crop is not expected as most of the domesticated crops have undergone
hundreds of years of genetic improvement for yield. The presence of such high yielders in the Hevea
germplasm is probably due to the fact that rubber has undergone relatively fewer cycles of genetic
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improvement since its domestication was relatively recent, and we are just a few generations away
from the plants in the wild. From these nurseries, 61 and 190 wild accessions with > 80% and 5080% respectively of the test tap yield of the control RRII 105, were identified for further detailed
evaluation in FETs.
Profiling of bark anatomical traits in a set 701 wild accessions in one of the reestablished nurseries
in the fourth year of growth, has tentatively (as plot size ranged from 1-5) identified 21 wild
accessions with a high average number of latex vessel rows ranging from 7.1-11.8, compared to the
average of 5.9 to 7.0 in controls PB 235, RRII 105 and RRIM600. Six of these also show high test tap
yield, and will be given priority for breeding with the Wickham clones. At present, apart from the
preliminary selections which are already under further evaluation, 81 wild accessions with more
than 80% of the test tap yield of the control and another 61 accessions with 50-80% of the control’s
test tap yield, identified from various preliminary studies so far, are to be evaluated further.
Further evaluation and selection
Accessions that perform well in preliminary evaluations are taken for further evaluation in fullfledged field trials: those accessions showing 80 per cent or more test tap yield than the check clones
are planted in statistically laid out large scale further evaluation trials (FETs), while those with 50-80
per cent of the yield of the check clones are evaluated first in clonal nurseries (CNs). These
accessions are also being used in hybridization programmes to infuse new alleles for yield and
related traits into the gene pool.
a. Clonal nursery evaluation
A clonal nursery comprising 15 selected wild accessions from SBN 2004 having 50- 80% test tap yield
of RRII 105 was planted at CES, Chethackal along with three check clones at a spacing of 2.5 x 2.5 m
for evaluating their yield potential. After two rounds of test tapping, three accessions (AC 2199, MT
1056, and AC 2027) with good growth and test tap yield higher than RRII 105 were identified.
b. Further Evaluation Trials
There are currently six FETs comprising 117 accessions at different locations: CES, RRII and Dapchari.
The first FET in 1995 with 80 wild accessions preliminarily selected on the basis of test tap yield was
completed. AC 166 identified from this trial has been forwarded to on-farm testing in 5 locations in
Kerala. The other selections from this trial are shown in Tables 2-4 (Reghu et al. 2018). The selections
have been included in the breeding pool for yield improvement.
Table 2. Top ranking accessions for growth and vigour
Tree Girth (cm) in years
th
Accessions
14 year
15th year
MT 1032
79.73
79.61
MT 941
75.46
79.35
MT 1630
74.40
75.22
MT 915
73.12
74.06
RRII 105
59.00
61.01
CD(P= 0.05)
10.08
12.32

16th year
83.32
83.24
79.01
77.39
62.02
12.43
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Table 3. Mean dry rubber yield of potential accessions
Dry rubber yield ( g/t/t) during various tapping years
Accessions
6th year
7th
8th year
year
AC 166
58.79 (90.7%)
63.67 (99.7%)
65.26 (101.9%)
AC 2004
57.56 (88.9%)
57.90 (90.7%)
54.9 (85.7%)
RO 2385
54.18 (83.7%) 57.09 (89.38%)
61.13 (95.5%)
RO 2908
53.54 (82.8%) 54.84 (85.89%)
54.59 (85.2%)
RRII 105
64.76
63.87
64.04
CD(P= 0.05)
16.01
17.99
20.06
* Figures in parenthesis : % of the yield of the check clone, RRII 105
Table 4. Potential accessions for timber yield (16th Year)
Timber yield
Dry rubber
Accessions
(bole volume
yield
m3)
(g/t/t)
MT 941
0.16
15.38 (24.0%)
RO 1347
0.14
14.78 (23.0%)
MT 199
0.14
8.94 (13.9%)
MT 1630
0.14
5.33 (8.3%)
AC 661
0.14
2.01 (3.13%)
RO 255
0.13
24.70 (38.6%)
MT 915
0.13
18.88 (29.5%)
MT 68
0.13
2.95 (4.6%)
MT 1032
0.13
10.97 ( 17.1%)
AC 3013
0.13
32.74 ( 51.1%)
RRII 105
0.08
64.04
CD(P= 0.05)
0.04
20.06
* Figures in parenthesis : % of the yield of the check clone, RRII 105
In FET 2003, 22 preliminary selections of wild Hevea accessions along with three modern clones viz.
RRII 105, RRIM 600 and RRII 208, are being evaluated in the traditional rubber growing region of
Kerala. Highly significant clonal differences were observed for yield and growth traits, except bole
height. AC 2629 had the highest yield of 29.4 g/t/t followed by AC 716 (24.9 g/t/t) and AC 4149 (23.6
g/t/t), respectively (Table 5). AC 2629 also had the highest girth, girth increment per year over 4
years and bole volume (Rao and Jayashree, 2017). The girth in the seventh year ranged from 26.9
cm (RO287) to 47.8 cm (RO 2629); girth increment from 3.6 (RO3804) to 6.4 cm (RO 2629). Wood
quantity in terms of clear bole volume ranged from 0.03 m 3 (RO 3804) to 0.10 m3 (RO 2629). RO
2629, MT 2233, AC 4149 and AC 626 ranked top with the maximum number of desirable traits.
Having a completely different genetic background from the traditional Wickham clones, these
accessions will serve to broaden the genetic base of present-day cultivated Hevea by introgression
into the elite cultivars.
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Table.5. Variability for yield and growth related characters in wild Hevea germplasm.
Wild accessions
Control clones
CHARACTERS
Mean yield
(g/t/t) over
first 2 years
Girth (cm) 7th year
Girth
increment
(cm/year)
over 4 years
Branching
height (m)
Bole volume
(m 3)

Minimum

Maximum

General
Mean

RRII 105

RRII
208

RRIM
600

5.76
(AC 605)

29.37
(RO 2629)

13.57

31.93

21.55

27.64

26.23
(MT 4529)

47.75
(RO 2629)

34.78

36.19

32.69

34.25

3.59
(RO3804)

6.36
(RO 2629)

4.68

4.64

2.99

4.16

2.19
(RO 3804)
0.03
(RO 3804,
MT 4529,
MT1009,
RO 287)

3.07
(MT 2233)

2.51

2.46

2.18

2.91

0.10
(RO 2629)

0.05

0.05

0.03

0.05

In another FET planted in 2005 with 22 preliminary selections, 2 accessions (MT 43,
MT 4788) are comparable with RRII 105, followed by AC 2004 and MT 1077.
Nineteen wild accessions were evaluated for latex-timber traits in a trial at RRS, Padiyoor. At the
age of 11 years, timber volume was significantly higher in two wild accessions (MT 941 and AC 650),
while 12 others were on par. Two accessions (AC 685 and AC 707) recorded yield of 28.3 and 30.3
g/t/t, which were statistically on par with RRII 105 and PB 235 (38.7 and 30.5 g/t/t ). Three more
sets of 26, 13 and 22 selections from the preliminary evaluation in the reestablished SBNs have been
planted in FETs in 2008, 2010 and 2013 respectively at CES, and another 12 at RRS, Dapchari in 2014.
On-Farm evaluation:
The accession AC 166 has been forwarded to on-farm evaluation (OFT) in 2010, considering its
consistent yield performance in FET 95 (Reghu et al. 2018). This is being done on 5 private estates
in Kerala. The performance of this accession in terms of growth after eight years has been good
compared to other test clones so far.
Screening for stress tolerance
a.
Biotic stress resistance (Disease)
For Phytophthora, out of 152 accessions short listed, 18 were found to have tolerance level equal
or better than RRII 105 (Joseph et al., 2012). Among these 18, 14 accessions represented Mato
Grosso provenance indicating genetic potential of MT accessions towards Phytophthora tolerance,
as reported earlier also by Mercy et al., 1995. In the further evaluation of 80 wild accessions in the
mature stage, it was observed that accession MT 922 had the highest leaf retention (82.86 %)
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followed by MT 999 (76.67%) whereas it was only 60% in the susceptible clone RRII 105 (Reghu et
al., 2018). This shows the tolerance potential of these two accessions against Phytophthora
infestation.
A set of 41 shorted listed wild Hevea accessions along with 2 control clones (RRII 105 and GT 1) are
under evaluation for confirmation of field tolerance to Corynespora in a hotspot region for the
disease.
b.
Abiotic stress resistance (Drought & Cold)
Field screening of the wild accessions in the drought prone areas in Dapchari (Maharashtra), and in
the cold sub-Himalayan region at Nagrakatta (Northern part of W. Bengal), are in progress to identify
sources of tolerance.
Screening for drought tolerance
Wild accessions were screened in the drought prone area at RRS, Dapchari, Maharashtra, a region
experiencing high temperature and light intensity during summer months with soil moisture stress.
Out of 235 accessions screened, 23 potential accessions could be identified. In general Mato Grosso
and Rondonian accessions were superior for drought tolerance. Accessions RO 1769 and RO 2976
gave good juvenile yield under drought stress. These 23 accessions identified are now under a
detailed evaluation at RRS, Dapchari along with 6 check clones viz., RRII 430, RRII 414, RRII 105, RRIM
600, RRII 208 and Tjir 1. After experiencing ten summer periods from 2008 – 2017, 4 wild accessions
recorded girth higher than the proven drought tolerant clone RRIM 600. Accession MT 4856
recorded highest girth at 10th year under unirrigated condition at Dapchari and other promising
accessions are MT 40 and MT 43. The modern clones RRII 430 and RRII 414 showed significantly
better growth than the proven drought tolerant clone RRIM 600 under Dapchari conditions (Mercy
et al., 2017). Around 200 OP seeds were collected from this field trial to evaluate their growth and
yield performance for selecting potential recombinants of wild and Wickham clones. Another
accession RO 5363 was also identified as superior for yield in both the drought prone region at
Sukma, and cold prone region at Nagrakatta (Rao et al., 2014).
Screening for cold tolerance
Sixty-four wild accessions along with checks are under evaluation in the cold prone areas in the SubHimalayan region in West Bengal, India. Accessions AC 3353, RO 2902, RO 3204, RO 2727, MT 915
and MT 900 recorded higher girth and tappability than RRIM 600. Accns AC 471, AC 4653, AC 3514
&MT 915 had good yield.
Germplasm Working Collection
In spite of best efforts at maintenance of the huge base collection planted at 5 points per accession,
field attrition over time can result in random loss of accessions, including the potentially useful ones.
Hence the large number of accessions identified at different stages during the characterization and
evaluation for yield, laticifers, disease and drought tolerance traits, are being established in a
separate working collection in order to prevent field attrition, ensure better maintenance and easier
access to the promising selections of wild germplasm for various uses. A total of 119 wild accessions
have been established in the Germplasm Working Collection so far since 2015.
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Utilisation
Utilization of the 1981 IRRDB Wild Hevea germplasm was initiated in 1990 with the first set of W x
A hybridizations. Thirteen promising hybrids evolved from these crosses are in the final stages of
farmer participatory multilocational trials preceding their release. The SSCTs of these clones are
continuing to completion. Response to stimulation was assessed in the early W x A hybrids. Initial
response in terms of yield increase on stimulation ranged from 66 % in 90/193 to 137 % in 90/241
as compared to RRII 105 (98%).
Since 2009, 13 wild accessions including one with high tolerance to Oidium, were used in five W x A
hybridization programmes. A total of 275 W x A progenies are under nursery evaluation now. More
recently, 55 potential high yielders have been selected from the 2009, 2013 and 2014 W x A
hybridizations.
Introgression of genes from the wild Amazonian germplasm:
With an aim to develop high-yielding clones through transgressive introgression, hybridizations
were carried out during 2011-14 using high-yielding Wickham clones (RRII 105, RRII 414, RRII 429
and RRII 430) as male parents and superior W x A hybrids (95/10, 95/34 and 95/274) as female
parents. From 353 hybrids thus produced and evaluated in the nursery, 63 selections have been
made for the next stage of clonal nursery evaluation (Table 6).
Table 6: No. of W x (WxA) pollinations, hybrids obtained and selections
No. of hand
pollinations

No. of hybrids
obtained

No. of
selections

RRII 414 X 95/10

4016

62

12

RRII 414 X 95/34

1566

81

14

RRII 429 X 95/34

699

6

0

RRII 430 X 95/10

883

63

18

RRII 430 X 95/34

260

6

2

RRII 430 X 95/274

420

23

3

RRII 105 X 95/10

1736

13

4

RRII 105 X 95/34

3150

99

10

Total

12730

353

63

Cross combination

II.
General Hevea breeding programmes in India
Classical breeding procedures including hybridization, polycross breeding and ortet selection
produced good results during the reporting year. Long term performances of hybrids and selections
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from polycross breeding were utilized for a comparative study of the two cardinal breeding
procedures in rubber. Ortets selected from small holdings and large estates were also evaluated in
small scale and large-scale trials. Response to Ethephon stimulation in the RRII 400 series clones as
well as clones in the pipeline was evaluated. Ninety superior pipeline clones were evaluated in
Central Large-Scale Trials and satellite on-farm trials spread over 44 locations in traditional and nontraditional regions for selecting superior clones though participatory plant breeding approach. At
the same time screening of a second batch of clones in the pipeline for abiotic stress tolerance in
non-traditional regions was initiated. Twenty-six clones recently imported under a multilateral clone
exchange programme with five IRRDB member countries were multiplied for further large-scale
evaluation of their suitability to the agro-climatic situation in India. A compilation of results from 10
multi locational evaluations of PB clones introduced from Malaysia in 1985 indicated scope for
release of three of these clones in a region-specific manner in the traditional rubber growing area.
Long term performances of IRCA clones introduced from Cote d’Ivoire in 1991 also indicated scope
for upgradation of two of these clones to Category 2 of the planting recommendations for the
traditional region.
The following table shows the present status of Hevea breeding trials in India:
Stages of evaluation

Trials

Clones / Seedlings

Sites

Source bush nurseries

16

413

2

Seedling nursery evaluations

8

11446

4

Clonal nursery evaluations

7

254

2

Small scale evaluations

25

735

2

Large scale evaluations

14

246

2

On farm evaluations

41

852

41

TOTAL

111

Clones- 2500
Seedlings -11446
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A total of 2500 newly evolved clones and 11,446 hybrid and polycross seedlings are currently under
evaluation in 111 field trials across 52 locations. There is a total of 283 promising clones comprising
ortets, hybrids and half-sib selections in the pipeline for the final evaluation before release in India.
Out of these 119 pipeline clones are already under farmer participatory multilocational trials in 50
sites. Clone RRII 429 is to be released shortly for wide scale cultivation in North East India by way of
its high yield and cold tolerance, as well as the low incidence of powdery mildew reported from
North eastern states of India.
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7.
REPORT ON HEVEA BREEDING ACTIVITIES IN MALAYSIA
(Based on the presentation made by Mr. Zarawi Ab Ghani at the Plant Breeders’ Workshop, Kuala
Lumpur, 8 July 2019)
I.
Multilateral Clone Exchange Programme
Among the 49 clones from 12 donor countries, listed to be multilaterally exchanged among the
IRRDB member institutes, the Malaysian Rubber Board has received five SALB resistant clones from
CIRAD. These are preserved in budwood gardens. Malaysia is yet to exchange clones with the rest
of the countries
II. The conservation and utilization of 1981 IRRDB germplasm
Malaysia received more than 10,000 genotypes of wild Hevea germplasm collected from the states
of Acre, Rondonia and Mato Grosso in 1981. These materials were conserved in the gene pool
garden at the RRIM Research Station Sg. Buloh, Malaysia. The results on their evaluation showed
that latex production was generally low as compared to the growth performance. Thus, several
genotypes have been selected to incorporate in rubber breeding programme in order to broaden
and enhance the rubber genetic base.
Selected oriental clones and promising 1981 germplasm were incorporated to the breeding
programme. Progenies were tested in the Hand Pollination Seedling Trial and the promising
progenies were planted in Small Scale Clone Trial. The potential high-yielding genotypes were
selected for further evaluation in Large Scale Clone Trial.
A total of 99 families of cross combinations involving oriental clones and wild germplasm were
generated between 1986 and 2004 from 119,371 hand pollinations. Following seedling nursery
evaluation, promising progenies were evaluated in SSCTs. The results from evaluation of progenies
generated from the 1989, 1990 and 1991 HP programmes showed that crossing with the 1981
germplasm showed the improvement of latex production and girth performance. Several genotypes
showed promising results with improved girth and yield performances compared to the control
clones PB 260. Hybrids with yield ranging from 50 – 78 g/t/t were obtained from crosses using wild
genotypes as both male and female parents, while the yield of the check clone PB 260 was in the
range of 44 - 62 g/t/t. Through the breeding programme, crossing with 1981 germplasm has
increased the genetic base.
Large Scale Clone Trial (LSCT) in RRIES Sungai Sari, Kedah was established in June 2013. This trial
comprises 16 potential genotypes from Small Scale Clone Trial F34 Sg. Buloh (Hevea Germplasm
1981 crosses – HPS 1990) with control clone PB 350.
7. REPORT ON HEVEA BREEDING ACTIVITIES IN MYANMAR
Dr. Theingi Myint
I.

Multilateral Clone Exchange Programme

Myanmar has so far received 26 clones from six countries under the multilateral clone exchange
programme. These clones from Philippines, India, Thailand, Cote de Ivoire, Sri Lanka and Ghana
(CIRAD) have been established in source bush nurseries. The number of source bushes of the MCE
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clones raised in Myanmar are as follows:
Country

Date
received

1

Philippine

2

India

24.8.2016
Total
7.9.2016

3

Total
Thailand
13.6.2017

4

Ghana

Total
17.8.2017

5

Total
Sri Lanka
24.1.2018

6. Ivory Coast

Total
17.11.2018

Total

Clone

USM 1
1
RRII 414
RRII 417
RRII 422
RRII 429
RRII 430
5
RRIT 226
RRIT 3604
RRIT 408
RRIT 3904
RRIT 251
FDR 5788
CDC 321
FDR 5665
FDR 4575
PMB 1
RRISL 2001
RRISL 211
RRISL 219
RRISL 208
RRISL 203
IRCA 825
IRCA 307
IRCA 230
IRCA 41
IRCA 331

Budwood
received
(m)
21
21
5
5
5
5
5
25
5
5
5
5
5
25
6
6
5
6
5
28
5
5
5
5
5
25
5
5
5
5
5
25

Plants in BW
Nursery
(June2019)
229
363
240
353
356
329
260
297
262
298
277
47
69
22
10
12
36
44
35
47
40
14
69
23
14
50
-

II. General Hevea breeding programmes in Myanmar
A breeding and selection programme were carried out in Perennial Crops Research and
Development Center (PCRDC), Mawlamyine, Mon State under Perennial Crops Division.
(1) Clone trails at PCRDC
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Hand pollination was done on twenty parent clones and seedlings of 49 hybrids were planted in
seedling trail in 2002 and some of the selected budded plants were planted in 2005, 2013 and
2014 as in the SSCT. Records on girth, bark thickness, yield, DRC and disease incidence have been
recorded.
(2) Breeding plots for hand pollination
(a) Twenty parent clones of PR-305, PB-252 , PB -310 , PB-311 , SCATC-14-39 , RRIC-110, KRS-156 ,
RRIM-717 , BPM-24 , RRIC-100 , RRIM-600 , GT-1 , PB-260 , PB-235 , PB-717 , HAKEN-2, PB-5/63 ,
RRIM-623 , CH-32 and PR-255 were planted as breeding stocks in 1997 at PCRDC compound and
the trees were trained with the aim to carry out hand pollination.
(b) Twenty parent clones were planted in 2016 with the spacing of 18 × 9 ft at PCRDC compound.
(c) Twenty-four clones from Malaysia, China, India, Sri Lanka, Thailand and local hybrids, each of 48
trees were planted in 2017 with the spacing of 30 × 30 ft at Perennial Crops Research
8. REPORT ON HEVEA BREEDING ACTIVITIES IN RRISL, SRI LANKA
Dr. Samanthi Withanage
I.
Multilateral Clone Exchange Programme
In this year we have received five clones from Cote d’Ivoire and bud grafted (Table 1). Altogether
twenty-two foreign clones now have been established at bud wood nursery at Neuchatle Estate.
The 12 clones received from India, Myanmar and Thailand are prepared to establish to test their
adaptability and performances at large scale clonal trials. Fifty tree plots in each clone were
designed to plant at Neuchatle estate and bud grafting is continued for further adaptability trials.

Table 1: Received Clones from
Country

Clones

India

RRII 422
RRII 429
RRII 417
RRII 430
RRII 414
ARCPC 24/4
ARCPC 6/22
RRIT 3604
RRIT 251
RRIT 408
RRRRIT 3904
RRIT 226
IRCA 41
IRCA 230
IRCA 317

Myanmar
Thailand

Cote d’Iviory

No. of Bud
grafted
12
25
5
6
15
26
43
9
23
18
23
18
26
33
25

Number of
success
10
24
4
6
15
25
37
9
23
16
19
16
09
11
09
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IRCA 331
IRCA 825

24
30

11
11

Sent clones to
Country
India
Thailand
Ghana

Clones
RRISL 203. /RRISL 208/RRISL 2001/RRISL 219/RRISL 211
RRISL 203. /RRISL 208/RRISL 2001/RRISL 219/RRISL 211
RRISL 203. /RRISL 208/RRISL 2001/RRISL 219/RRISL 211

II.
Conservation and evaluation of the IRRDB germplasm (GPB/GP/85/2)
Multiplication and evaluation of the genotypes collection of Hevea obtained from 1981 IRRDB
expedition to the Amazon
Multiplication and Evaluation of the Germplasm collection of Hevea obtained from 1981 IRRDB
expedition to the Amazon
Rubber breeding in the world is largely based on small Wickham population. Due to directional
selection during last 100 years and extensive use of clonal vegetative propagation Lead; inbreeding
depression/ declining yield response. Now we believe that we have exploited the maximum genetic
variability in Wickham genetics.
Objectives
➢
➢
➢
➢

Establishment and maintenance of the germplasm collection
Scientific evaluation and classify the genotypes according to
genetic parameters and by using molecular markers to identify
promising genotypes for future breeding programme

Incorporation of promising genotypes to Hevea breeding programme: From 1995 up to now we
have developed 910 genotypes
Multiplication/ establishment and scientific evaluation of the Hevea germplasm collection was
started with the aim of enhancement of productivity through genetic improvement and
management of genetic resources of Hevea. Around 1400 accessions were planted at Nivitigalakele
Substation and some accessions are ready to establish in bud wood nurseries at Neuchatle estate.
One thousand eight hundred and thirty number of accessions were selected for this year
multiplication and establishment. All these accessions were preliminary characterized under
different categories such as early and late wintering, high girth, dwarf, tall, smooth bark etc. Then
they were pollarded and established in a seedling nursery for bud grafting. Planting in Nivitigalakele
substation was completed.
Characterized Non-Wickham accessions under Twelve Categories
III.
General breeding programmes in RRISL
Annual hand pollination / Hybridization programme
The annual hand pollination programme was done at Neuchatle estate and only 11 new genotypes
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were raised due to experience of bad weather during the period of fruit setting. Details of new
genotypes and crosses made are given in Table 01.
Table 01. Details of 2018hand pollination programme
Cross

No. of
genotypes
obtained

RRISL 211 x RRISL 203
RRISL 2006 x RRISL 203
RRISL 2006 x Germplasm MT 11-76(I)
RRISL 211 x Germplasm MT 11-76 (II)
RRISL 203 x RRISL 2005
RRISL 203 x RRISL 2006
RRISL 211 x RRISL 2006
RRISL 211 x RRISL 2005

04
02
00
04
00
00
01
00

Total

11

Screening of selected Hevea brasiliensis L. genotypes from 2005 HP progeny for Corynespora leaf fall
disease (CLF) resistance using Microsatellite Molecular markers:
All six clones and 35 genotypes from 2005 HP progeny were screened with four polymorphic
SSR molecular markers. Pairwise genetic distance matrix was developed using Power marker
programme V 3.25 and dendogram was constructed by MEGA 6.06 programme. Two main clusters
were produced. The clones RRIC 103, RRISL201, PB 86 and RRIC 52 were grouped together while
grouping another group into three sub groups. The CLF resistant clone RRIC 100 was grouped with
eleven genotypes which showed field level CLF resistance. All these genotypes were selected for further
CLF resistance screening in molecular and field level.
Screening of drought tolerance in selected clones of Hevea brasiliensis:
In order to reach a higher production level, rubber (Hevea brasiliensis) cultivation should be
extended to non-traditional rubber growing areas in the dry zone of Sri Lanka where soil and
atmospheric drought conditions are prevailed. Identification of drought tolerant Hevea clones which
are able to withstand the drought stress and provide a better yield are urgently needed. Epicuticular
wax content influences the plants ability to withstand the drought by reflecting the sunlight delaying
leaf wilting. Epicuticular wax content is not significantly different among RRISL 2100, RRISL 2005 and
RRISL 2006 Hevea clones. Significant differences were found in diffusion rate, chlorophyll content
and average quantum photosynthetic yield of photo-system II between water stressed plants and
plants grown under normal condition of the three clones studied. Results showed that clone RRISL
2005 have better drought tolerance. This result was also supported by qRT-PCR (quantitative RealTime PCR) where stress responsive Mitogen Activated Protein (MAP) kinase gene was upregulated
in the clone RRISL 2005 at 8th day of water stress.
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Assessment of impact of soil moisture stress on three rubber (Hevea brasiliensis) clones of RRIM
600, RRISL 203 and RRIC 121:
Expansion of rubber (Hevea brasiliensis) to non-traditional areas in Sri Lanka is necessary due to
increasing global demand of natural rubber and limiting of available land in traditional rubber
growing areas. According to the dry climatic conditions which requires stress tolerant plants. The
experiment was conducted to identify level of soil water stress tolerance in RRISL 203 and RRIC 121
against the tolerant level of RRIM 600 which has been already identified as a drought tolerant clone,
under control environment. The physiological performance of each clone under soil water stress
measured according to stomatal conductivity, chlorophyll content, quantum photosynthetic yield
and relative water content of leaves. The physiological data were proved by the molecular analysis
of gene expressions of catalase (CAT), Manganese Superoxide dismutase (Mn SOD) and Glutathione
peroxidase (GPX) in water stressed plants against the controls.
Functional analysis of the promoter sequence regions of the rubber elongation factor gene from
Hevea brasiliensis:
Rubber elongation factor (ref) gene is the key gene which is involved in rubber biosynthesis. REF
protein is the major protein which is tightly bound to the surface of large rubber particles in latex.
It makes up between 10-60 % of the total protein in whole latex but is absent in C-serum EF gene
expression shows differential expression among clones of H. brasiliensis. The Specific research
objectives of this study are Cloning and characterization of the distal promoter sequence of the
rubber elongation factor gene from high yielding and low yielding Hevea brasiliensis clones and
Functional analysis of the promoter region of the ref gene. It has been observed that REF gene
expressed differentially among rubber clones and the 700 bp of REF promoter gene has isolated and
transferred to the pCAMBIA 1391Z (11,227bp) vector for study the expression using GUS gene. The
construct is ready to transfer to the rice callus through Agrobacterium mediator.
Analysis of antioxidant genes expression in tapping panel dryness (TPD) affected rubber trees
(Hevea brasiliensis Muell. Arg.) and effect of exogenous application of ascorbic acid on
alleviating TPD:
This was started with the objectives of studying the role of antioxidant genes on TPD and the effect
of exogenous application of antioxidants on TPD affected rubber trees. Using quantitative real time
PCR, the expression pattern of antioxidant genes will be analyzed in TPD affected and healthy rubber
trees to identify the antioxidant genes express deferentially under TPD condition. It was found that
TPD affected laticifer tissues might run short of antioxidants, mainly HbSOD antioxidant enzyme
making the clone more prone to TPD. Then the latex protein profiles of some TPD affected and
healthy rubber clones were analyzed using SDS-PAGE to identify potential protein markers for early
detection of TPD susceptible trees. At the beginning, RRISL 2001 and RRIC 121 TPD affected and
healthy trees were used for latex protein profile analysis. A protein band with around 35 kDa of size
(Indicated in arrow heads in figure 4) was present in all the healthy tees but absent in all the TPD
affected trees (Figure 1). However, later analysis of latex protein profiles of different other clones
(RRISL 217, RRISL 2100 and RRISL 2003) indicated that this protein band is not a reliable marker as
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it was present in both latex protein profiles of TPD affected and healthy trees.

Figure 1. SDS-PAGE analysis of latex protein profiles from TPD affected
and healthy clones. SRPP: small rubber particle protein, REF:
rubber elongation factor, M: protein size marker.
Ascorbic acid application of TPD affected trees:
It is worthwhile to study the effect of exogenous application of antioxidants such as ascorbic acid to
compensate this shortage of antioxidants and the potential of ascorbic acid to recover TPD affected
clones (third objective of above research).
The experiment was repeated in different time periods at different rubber plantations namely,
Eladuwa with 2 unregistered clones (78HP-140 and 78HP-141), Payagala with three clones (RRIC
121, RRISL 2000, and RRISL 2100), Clyde with two clones (RRISL 2000 and RRISL 2003) and
Nivitigalakele with one unregistered clone (78HP-150) (All trees were tapped in S2D/2 tapping
system). TPD recovery observations were taken in first experiment at Payagala and Eladuwa estates
in 4th, 5th and 8th week after starting the application of ascorbic acid and data was analyzed using
analysis of variance and mean separation was done using Duncan’s Multiple Range Test (DMRT) (P
< 0.05). A positive response (Recovery percentage of TPD incidences) of exogenous application of
ascorbic acid was observed in all clones at both sites. Compared to the control plants, all clones in
both sites showed significantly different TPD recovery (p < 0.05) after ascorbic acid application In
the second experiment also, all the clones showed significantly different mean TPD recovery
percentage compared to their controls after 13th, 15th and 17th weeks of exogenous application of
ascorbic acid but not clear differences among different concentrations and time durations of
application indicating the antioxidant activity of exogenous application of ascorbic acid helps
rubber trees to mitigate TPD severity.
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9. REPORT ON HEVEA BREEDING ACTIVITIES IN RRIT, THAILAND
Dr. Ratchanee Rattanawong

I.

IRRDB Multilateral Exchange Clones in Thailand

Since 2014, Thailand imported rubber budwood of 5 clones of from India, 5 clones China, 5 clones
from Cambodia, 5 clones from Sri Lanka, 2 clones from Myanmar, 5 clones from Vietnam, 5 clones
from Cote d’Ivoire and 5 Clones from Ghana. For these reason, Five RRIT’s clones (RRIT 226, RRIT
251, RRIT 408, RRIT3604 and RRIT3904) budwood already sent to India in October, 2014, to
Philippines on 29 September, 2015, to CRRI on November, 2015, to Sri Lanka, Cote d’Ivorie, China in
September and October, 2016, respectively. In 2017, Five RRIT’s clones already sent to Vietnam,
Cote d’Ivoire and Ghana on September, October and November 2017 respectively. Indonesia is the
first countries that start going in 2018. Five RRIT’s clones already export to Indonesia and, in the
meanwhile, RRIT imported 3 clones from Indonesia on July, 2018.
In 2019, 18 clones from India, China, Cambodia, Sri Lanka and Myanmar were transferred from
nursery to budding garden at Chacheongsao Rubber Research Center. The remained clones still
under the control of plant quarantine.
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The status of IRRDB Multilateral Clone Exchange programme in Thailand
Country
India

Cambodia

China

Import/Export

Date

Exchange Clones

Import

October, 2014

RRII 422. RRII 4291. RRII 417, RRII 430,
RRII 430

Export

November, 2014

RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904

Import

October, 2015

Export

November, 2015

Import

September, 2015

FDR 5788, CDC 312, PMB 1, FDR 5240,
FDR 4575
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
Reyan 7-20-59, CATAS 7-33-97,
Hongshan 6-7-15, Zhanshi 8-67-3,
Baoting 936.
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904

Export

September, 2015

Import

August, 2018

Export

November, 2015

Import

November, 2015

Export

November, 2015

Import

August. 2016

Export

August. 2016

Import

September, 2017

Export

September, 2017

Cote

Import

October, 2017

d’Ivoire

Export

July, 2016

Ghana

Import

December,2017

Export

November,2017

Import

July, 2018

IRR 5, IRR 104, IRR 119

Export

July, 2018

RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904

Philippines

Sri Lanka

Myanmar

Vietnam

Indonesia

On going
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
RRIC102, RRISL203, RRISL2001,
RRISL2003, RRISL 2005
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
ARCPC 6 (22) , ARCPC 2 (4)
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
RRIV 1, RRIV 5, RRIV 106, RRIV 107,
RRIV 114
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
IRCA 41, IRCA 230, IRCA 331,IRCA
317,IRCA 804
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
CDC 312, PMB 1, FDR 5240, FDR 4575,
FDR 5788
RRIT226, RRIT251, RRIT 408, RRIT3604,
RRIT 3904
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II.

Status of the 1981 IRRDB Wild Hevea germplasm in Thailand

According to the narrow genetic base of Hevea population, from 22 Wickham seedling.
Cooperation between IRRDB and Brazilian government expedition was carried out in 1981 to
collected wild Hevea germplasm in Amazon rain forest, Brazil. As a member of IRRDB, Rubber
Research Institute of Thailand (RRIT) received 6,069 germplasm from Malaysia germplasm center
during 1985-1989. However, 3,085 wild germplasm are survived and conserved as budwood nursery
in 3 locations as Chachengsoa Rubber Research Center, Nongkhai Rubber Research Center and
Songkhla Agricultural Research and Development Center representative of East, Northeast and
South region of Thailand, respectively. The characters and performance of the germplasm also
continue evaluated. Moreover, 2,984 Hevea wild accessions also conserved as gene pool garden
with 5 trees per genotype in Traditional planting area (Surat Thani, Ranong, Phuket and Krabi
province) and Non-traditional area (Nongkhai and Chachengsao province). Agronomic characters
and growth vigor of the germplasm were evaluated. The genetic vigor of the germplasm was
evaluated using girth measurement at the height of 170 cm above ground.
According to the growth vigor information, in Non-traditional area, Mato Grosso germplasm had
better average girth measurement than Rondonia and Acre germplasm. Whilst in traditional area,
Acre germplasm showed the highest of girth.
Latex yield potential also has been evaluated. Most of germplasm was opened for tapping using
1/2s d/2 tapping system. The various average yield of each district accession were investigated.
Latex yield of Mato Grosso germplasm have been better than Acre and Rondonia germplasm.
Otherwise, ortet clones in Phuket and Chachoengsoa gene pool garden and Acre germplasm gave
the highest average latex yield. From the result of the evaluation, the 1981 wild germplasm showed
the variation of growth vigor and latex yield. Most of the genotype which expressed high girth but
low yield.
The result of 1981 germplasm evaluation in gene pool garden showed the large variation of growth
vigor and latex yield potential. However, most of the genotype showed high girth measurement,
the latex yield was generally low. From these performances, it is quite difficult to select and improve
any high latex yield performance from the 1981 wild germplasm. But it is possible to use the 1981
wild germplasm as parents crossed with high yielding Wickham clones for improve high yielding
clones along with good growth in breeding programme. Consequently, elite of 1981 wild germplasm
has been selected and used as parents to enhance the genetic base of breeding programme.
The utilization of 1981 Hevea germplasm in breeding programme
According to the evaluation or girth and latex yield potential in the 1981 wild germplasm gene pool
garden in tradition and non-traditional planting area of Thailand. It is very unlikely to select the high
yield performance of the 1981 wild germplasm used in breeding programme for high latex yield
clones. However, the progenies of Wickham and Wild germplasm hybridization are expected to
show very low latex yield, it is possible to use these germplasm for genetic base enhancement.
Promising genotypes of the 1981 wild germplasm was selected and used in breeding programme,
crossed with high yielding Wickham clones. Since 1992, Wickham x Amazonian (W x Am) crosses
were attempted. Four hundred and fifteen crossing and 7,388 progenies were reported since 1992
to 2009. However, 6,124 progenies were tapped and evaluated, 589 progenies were selected and
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planted in Small Scale Clone Trial, consequently. In 2006, the highest number WxAm crossing (65
crossing) were operated, 2,135 progenies have been planted and evaluated in Seedling Evaluation
Trial (SET). In the SET, the progenies were tapped at 2 or 3 years, depend on the girth measurement.
Ten day tapping for 3 cycles using 1/2s d/3 tapping system were applied. After 3 cycles tapping test
(30 tapping days), 2.5 % stimulant was applied using the same tapping system. From the SET, 318
progenies were selected and transferred to the small scale clone trial in the non-traditional rubber
planting area such as Chachengsao and Nongkhai province and 561 progenies were selected and
transferred to the small scale clone trial in the non-traditional rubber planting area such as
Chanthaburi and Krabi province in 2002 to 2013.
Table 1 W x Am progenies at Chanthaburi Agricultural Engineering Research Center.
Girth
Clone
%
G/T/T
(cm.)
15.5Y R600 Y1
Y2
Y3
Y4
Y5
Y6
Y8
Y7
OP-CH-381695
67.6
114 43.2 44.8 44.5 64.5 83.7 115.4 119 78.4
OP-CH-382258
85.4
145 24.6 39.6 34.8 57 81.5 105.9 102.8 83.1
OP-CH-382345
74.5
126 27.8 39.2 34.7 63.5 79.4 78.7 55.7 48.3
OP-CH-382021
55.5
94 34.3 52.6 46.3 53.8 65.1 85.1 51.8 33.5
OP-CH-382043
71.4
121 31.5 38.8 38.2 54.8 66.7 77.1 57.7 46.7
OP-CH-382118
66.1
112
22
36 36.2 54.2 65.7 73.1
66
53.3
OP-CH-381621
67.5
114 34.5 43.4 38.3 49.9 58.5 76.8 61.8 35.4
OP-CH-381691
61.2
104 26.8 34.1 34 43.4 60.5 59.3 63.1 43.5
BZ-CH-38-510
48.4
82 29.5 26.5 28.9 36.4 58.1 75.1 58.8
50
BZ-CH-38-467
56.8
96
21 32.6 35.2 47.4 55.9 67.5 49.4 31.4
BZ-CH-39-534
89.6
152 14.3 22.3 27.8 40.9 49.8 34.2 47.6 49.2
BZ-CH-39-813
78.8
133 13.4 23.6 26.3 38.5 40.5 49.9 41.9 39.9
BZ-CH-39-810
69.9
118 17.8 23.4 27.3 43.8 44.4 32.2 30.2 33.3
BZ-CH-39-938
73.3
124 17.1 22.8 25.1 33.6 35.2 42.9 37.7 37.7
BPM24
PB260
RRIM600

62.1
55.8
59.1

105
94
100

22.5 33.7 27.9 37 47.2
18.3 23.8 26.8 32.3 38
18.8 23.5 25.6 33.2 32.3

58.3
53.3
34.8

48.2
43.7
33.4

%
AV

R600

74.2

252

66.2

225

53.4

182

52.8

180

51.4

175

50.8

173

49.8

169

45.6
45.4
42.6
35.8
34.3
31.5
31.5

155
154
145
122
117
107
107
130
113
100

31.3 38.2
28.6 33.1
33.4 29.4
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III.

General programmes of Hevea breeding in Thailand

Rubber breeding in Thailand started from 1933 by the conventional rubber breeding programme to
develop rubber clones using many methods such as importing the rubber clones from abroad, hand
pollination and rubber clonal selection. Because rubber planting area in Thailand expanded to
northeast and north of Thailand very rapidly, rubber planting has increased from 1.92 million
hectare in 1997 to 3.67 million hectare in 2016. Low fertility of soil and unsuitable climate condition
is the limiting factor for planting rubber in new planting area. Thus, developing new rubber clones
suitable for new planting area through breeding programme started since 1992. Moreover, Tissue
culture and biotechnology have been applied for rubber clonal improvement. The objectives of
rubber breeding included high latex yielding, high timber yielding, tolerant to rubber diseases and
good adaptation for the specific environment. Conventional breeding in marginal area has been
carried out following the standard procedure. The procedure start from hand pollination, selection
in the nursery, small scale clone trial and large scale trial.
1.
Hand pollination: Since 1992 – 2017, number of 3,035 - 55,660 flowers were pollinated at
Chachoengsao Rubber Research Center by Kannikar Teerawatanasuk and 351 flowers were
pollinated for resistance to Phytophthora leaf fall at Surat Thani Agricultural Research and
Development Center in 2017. Achievement of Fruit set rates varies from 1.09% to 8.87%, with
average 4.43%.
2．Selection
2.1 Seedling Evaluation Trial (SET): The hybrid seeds obtained from hand pollination are first
planted in polybags and at the two-whorl leaf stage, then transferred to the field using high density
2 x 2 m. The preliminary recording on vigour as expressed by diameter and girth are made at 10 cm
high level every six months for two years. After the second year, the seedlings are test-tapped
following s/2 d/3 tapping system. Each genotype evaluated based on ten–day-tapping system. In
2016, 135 genotypes were selected, the progenies of RRIT 251 x RRIC 130, BPM 24 x RRIT 408, and
BPM 24 x RRIT 251 expressed high latex yield.
2.2 Small Scale Clone Trial (SSCT): The selected clones from SET has been propagated and
tested in small scale clone trials which are presented at RRIT experimental station at Chachoengsoa,
Nongkhai and Surat thani Rubber Research Center. Simple and triple lattice design with two and
three replications are used and each plot consisted of 6-8 trees. Clone RRIM 600 is usually used as
control. Girth measurements are taken at 170 cm height, Early selection is applied in SSCT.
Since 2008, 24 SSCT have been set up and 8 genotypes expressed significantly higher latex
than control as RRI-CH-36-980, RRI-CH-36-1035, RRI-CH-36-187, RRI-CH-36-1286, RRI-CH-36-301,
RRI-CH-36-387, RRI-CH-36-1457, RRI-CH-36-1515 were selected in 2016.
2.3 Large Scale Clone Trial (LSCT): LSCT are agricultural trials carried out in condition similar
to that of the planters. Generally experimental design is randomized complete block with 3-4
replications. Evaluated based on latex yield and secondary characteristics are taken at regular
interval. The selected clones could be recommended for large scale planting. In 2008, 230
genotypes were evaluated in 18 LSCT in different locations. New hybrid clones, RRI-CH-35-1396
were selected and recommended as class 1 clones in 2011 clonal recommendation, namely RRIT
408. In 2016, 164 genotypes were evaluated and 4 genotypes expressed higher latex than control
significantly as RRI-CH-35-1886, RRI-CH-35-779, RRI-CH-35-1323 and RRI-CH-35-1316.

67

According to the result of rubber breeding projects, Rubber Research Institute of Thailand’s (RRIT’S)
clonal recommendations have been revised every 4 years based on information of latex yield from
clone trials in traditional and non-traditional rubber planting area. Six RRIT’s rubber clonal
recommendation, in 1993, 1999, 2003, 2007, 2011 and 2016 have been issued in this phase. The
newest, 2016 of RRIT’s Rubber clonal recommendation has been improved. Different climate zone
of planting areas used as main criteria for considering, consequently, divided into 2 zones ; 1)
Traditional zone, rubber clones recommended for traditional rubber planting area, included most
of planting area in 14 provinces of southern area and 3 provinces in eastern area which have rainfall
greater than 1,600 mm./year. And 2) non-traditional zone, rubber clones recommended for new
planting area, promising clones selected based on the results from clone evaluation trails in nontraditional planting area which rainfall less than 1,600 mm./year (5-6 months of dry period)
Clones for each zone separated into 3 classes as follows:
Class I: The class refers to clones which have been tested and grown widely. Information on yield
performance, disease susceptibility and other secondary characteristics are carefully gathered for
at least 10 years (3 years tapping) from various large-scale trials. The class I clones can be planted
throughout a plantation.
Class II: The class refers to clones which express high yield and good growth performance, but
limited some information on yields and other characteristics. It is recommended that these clones
have not planted over 50% per plantation or planted with the clone in class III not over 50% per
plantation.
Class III: The class refers to clones which express high yield and good growth performance,
but limited some information on yields and other characteristics. It is recommended that these
clones have not planted over 50% per plantation under the RRIT’s advise.
In addition, based on latex and timber yield potential, each class consists of 3 groups:
Group 1 : Latex clones, are clones which have high latex yield. These clones
suitable for latex production only.
Group 2 : Latex timber clones, are clones which have high latex yield with good growth and long
straight boles. These clones suitable for latex and wood production
Group 3 : Timber clones, are clones which have high rubber wood production. These clones have
vigorous growth of stem, good long straight boles and good branching behaviour. However, the
latex yield generally lower than group 1 and 2. These clones suitable for forest plantation.
RRIT’s clonal recommendation, 2016 is as follows :
I) Traditional planting area
Class 1, clones can be planted throughout a plantation
Group 1 : Latex clones : RRIT 251, RRIT 226, BPM 24 and RRIM 600
Group 2 : Latex Timber clones : PB 235 and PB 260
Group 3 : Timber clones : AVROS 2037 and BPM 1
Class 2, clones can be planted not over 50% per plantation or planted with the clone
from class III not over 50% per plantation.
RRIT 403, RRIT 406, RRIT 408, RRIT 3702, RRIT 3801 and RRIT 3802
Class 3, clones can be planted not over 50% per plantation under the RRIT’s advise.
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RRIT 3902, RRIT 3903, RRIT 3904, RRIT 3905, RRIT 3908, RRIT 3909,
IRCA 825 and IRCA 871
II) Non-traditional planting area
Class 1, clones can be planted throughout a plantation
Group 1 : Latex clones : RRIT 408, RRIT 251, RRIT 226 and RRIM 600
Group 2 : Latex Timber clones : RRII 118 and PB 235
Group 3 : Timber clones : RRIT 402, and BPM 1
Class 2, clones can be planted not over 50% per plantation or planted with the clone
from class III not over 50% per plantation.
RRIT 411, RRIT 417, RRIT 3604, RRIT 3607, RRIT 3609, RRIT 3610,
RRIT 3612, RRIT 3702, RRIT 3902, RRIT 3904 and RRIT 3906
Class 3, clones can be planted not over 50% per plantation under the RRIT’s advise.
RRIT 3608, RRIT 3611, RRIT 3613, RRIT 3614, IRCA 825 and IRCA 871
10. REPORT ON HEVEA BREEDING ACTIVITIES IN RRIV, VIETNAM
Dr. Tran Thanh
I.

Status of Multilateral Clone Exchange

In order to promote international cooperation and capacity building of scientists in IRRDB member
countries for the betterment of the natural rubber plantation industry, a multilateral clonal
exchange programme under the IRRDB is in progress. As an IRRDB member, the Rubber Research
Institute of Vietnam has agreed to participate in this programme in the hope that the exchanged
clones could be used as planting materials for commercial cultivation and/or parental materials in
hand pollination programme to widen the genetic base for genetic improvement in the IRRDB
member countries. All clones included in this exchange programme are elite RRIV’s clones, which
have been contributing to the increase in rubber production through activities of replanting and
enlarging the areas under rubber cultivation throughout the country.
Currently, a total of 13 clones were successfully exchanged between the Rubber Research Institute
of Vietnam and other two rubber research institutes including the Rubber Research Institute of India
(08 clones) and Rubber Research Institute of Thailand (05 clones). In addition, the bilateral clone
exchange (05 clones) between the Rubber Research Institute of Vietnam and CIRAD – Michelin is in
progress.
5. Challenges and perspectives
Even though Hevea breeding programmes in Vietnam have been advanced at a certain level and
several RRIV’s clones have been recommended for on-farm planting throughout the country,
improvement of high yielding clones along with specific performance such as disease resistance,
abiotic stresses are still need to be extremely considered. In addition, new technologies such as
molecular markers, physiological and biochemical parameters have to be continuously improved
and applied for shortening the duration of breeding programme.
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Currently, beside the exclusive objective to improve latex yield, Hevea breeding programmes in
Vietnam have also involved in breeding for drought tolerance, cold tolerance, wind damage and
disease resistance in order to select multi-clones which can be recommended for different rubber
growing regions throughout the country.
II. Progress in evaluation and utilization of IRRDB 1981 germplasm in Vietnam
1. Ex situ conservation of Hevea germplasm
Currently, a total of 3,340 accessions of Hevea brasiliensis have been conserved in Vietnam. The
majority of this germplasm were derived from the IRRDB’81 germplasm collected in the Amazonian
habitats of the genus. This collection has been considered as the key factor contributing to the
improvement of rubber tree through breeding programmes.
In Vietnam, the ex situ conservation of Hevea germplasm was established in 1986 and duplicated in
2010. The majority of this germplasm collection was derived from the IRRDB’81 collection
expedition in the Amazon forests of Brazil which is the primary centre of diversity of the crop and
the source of wild rubber trees. In addition, this germplasm also included the collection of local
Hevea accessions, the introduction of Hevea clones from other countries. The IRRDB’81 germplasm
was introduced into Vietnam in the form of budwood in 1984.
On receipt of the budwood, each accession was first multiplied by bud grafting and then planted in
the field gene-bank for conservation in the form of source-bush garden, which was laid out in
randomized complete block design in which each accession was represented in two replications of
five trees with planting distance of 1.5 m x 1.2 m. The genetic resources of Hevea germplasm
conserved in Vietnam were showed in Table 1. The source-bush garden is cut back every year to
maintain the conservation and also to generate budwood for various evaluation trials. Several
preliminary field evaluation trials for most of Hevea germplasm accessions have been being
established in several representative locations to evaluate their agronomical and morphological
characteristics.
Table 1. The genetic resources of Hevea germplasm conserved in Vietnam
Genetic sources
South America
Acre (AC)
Mato Grosso (MT)
Rodonia (RO)
Others
Africa
Ivory Coast
Asia
Vietnam
Malaysia
Indonesia
Sri Lanka
China

Number of accessions
3,077
956
900
1,116
105
38
38
225
126
55
7
16
7
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Cambodia
India
Thailand
Total

1
8
5
3,340

2. Evaluation, characterization and utilization of IRRDB’81 germplasm
Most of the Hevea germplasm has been tested in various clonal trials including arboreta and small
scale clonal trials which were established in several representative locations. Observation and
recordings were carried out on main agronomical and morphological characteristics such as growth,
latex production and disease susceptibility for all trials. Further studies of anatomical characteristics
of bark, physiological characteristics of latex properties were conducted on the small scale clonal
trial, STLK 85. Details of these clonal trials are given in Table 2.
In the view of latex production, IRRDB’81 collection exhibited very poor performance with an
average latex yield of around 16% of the level of currently developed Wickham clones after five
years of tapping. Outstandingly, in the first three years of tapping, some IRRDB’81 accessions
exhibited very good performance in latex yield with the production up to 154% of that of the control
clone. These accessions have been used as parents in Hevea breeding programmes. A large number
of IRRDB’81 accessions showed very good growth performance, especially in the highlands area
which was considered as a non-traditional rubber growing region in Vietnam. Superiority of these
accessions will be of considerable value in advanced breeding programmes. Recently, IRRDB’81
collection has been considered as an important source for timber selection and rubber wood
production. As the results, several IRRDB’81 accessions could be considered as suitable clones for
timber production purposes.
Regarding disease susceptibility, differences in the level of resistance to important diseases have
been observed in IRRDB’81 collections. It seemed that Wickham and IRRDB’81 accessions showed
no significant differences in susceptibility to pink disease, powdery mildew and Gloeosporium leaf
diseases. In the view of latex physiological paramesters, the sucrose content (SUC) and plugging
index (PI) of IRRDB’81 accessions were significant higher than the Wickham clones, but the latter
have higher contents of thiols (RSH) and inorganic phosphorus (Pi). In IRRDB’81 germplasm,
significant positive correlations were found between latex yield and RSH/Pi while significant
negative correlation was found between latex yield and PI. On anatomical features of virgin bark,
the IRRDB’81 accessions were significant lower than the Wickham ones in most of anatomical
paramesters of virgin bark, especially in latex vessel rings. In addition, the properties related to
viscosity and plasticity of raw rubber in IRRDB’81 accessions were also studied. As the results, in
general, three properties of rubber including initial plasticity, plasticity retention index and mooney
viscosity were similar to those of rubber obtained from domesticated clones, and technologically
and commercially acceptable.
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Table 2. Details of arboreta (SG) and small scale clonal trials (ST)
Trials

Location
(province)

Area
(ha)

Spacing
(m x m)

Tree x Replication

SGLK84

Binh Duong

3,00

7 x 2,5

2x3

No. of
accession
s
235

SGAL85

Dong Nai

7,00

7 x 2,5

1x5

648

SGLK85

Binh Duong

15,80

7 x 2,5

1x5

1536

STLK85

Binh Duong

12,50

7 x 2,5

8x3

200

STLK86

Binh Duong

12,50

7 x 2,5

STLK87

Binh Duong

12,50

7 x 2,5

3x2

216

SGLK91
SGLK94
SGLK95
SGLK96
SGYS97
SGCS97
SGPH98
SGCP00
SGLK03
SGLK04
SGLK05
SGLK06

Binh Duong
Binh Duong
Binh Duong
Binh Duong
Binh Duong
Gia Lai
Phu Tho
Gia Lai
Binh Duong
Binh Duong
Binh Duong
Binh Duong

1,40
4,95
2,08
3,00
1,80
2,00
1,24
1,00
2,00
2,00
3,10
2,00

7 x 2,5
7 x 2,5
3x3
7 x 2,5
(4+16) 3 x 2
7 x 2,5
7 x 2,5
7 x 2,5
7 x 2,5
7 x 2,5
7 x 2,5
7 x 2,5

1x5
3x2
12 x 2
3x2
3x4
1x5
1x5
3x2
3x2
3x2
3x2
3x2

133
328
52
225
57
204
153
81
190
190
265
196

208

Remarks

Replante
d
Replante
d
Replante
d
Replante
d
Replante
d
Replante
d
Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed

3. Utilisation of IRRDB’81 germplasm
Regarding widening the genetic base for genetic improvement, several promising IRRDB’81
accessions have been included in hand pollination programme in RRIV since 1997. Based on the
agronomical and morphological traits as well as the genetic diversity analysis, recently, many
attempts have been made to enlarge the genetic base of Hevea breeding materials by polycrossing
among different genetic resources. In this way, many crosses between Wickham (W) and Amazonian
(A) clones have been preferably made, and of which the progenies are in various phases of
evaluation with the expectation that they could not only combine the good agronomical
characteristics from the parents but also help to enhance the genetic variability in the population.
As a result, a total of 5,355 W x IRRDB’81 and IRRDB’81 x W progenies were produced from 529
crosses. Generally, in comparison to other progeny populations, these progeny populations
exhibited rather good girth but very poor latex productivity in early selection trials. However, some
progenies had significantly higher latex yield than the control clone in both early selection and small
scale clonal trials.
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III. Hevea breeding programmes
1. Hand pollination
Since the Hevea breeding programme was resumed in 1980, many attempts have been carried out
to exploit the available Hevea genetic resources for the hand pollination programmes. The origins
of parents of hand pollination gardens showed that priority has been given to diversification of
parental clones and combinations (Table 3). Besides, new Hevea germplasm, especially the IRRDB’81
collection, has been included in hand pollination programmes based on their performances in
evaluation trials.
Table 3. The origins of parental clones in hand pollinations gardens
Origin
Wickham
Indonesia
Malaysia
Sri Lanka
Vietnam
- Old clones
- Advanced hybrids
Others
South American
Wickham x Amazon
Amazon
Others
IRRDB’81 germplasm
Acre
Mato Grosso
Rondonia
Total

Hand pollination gardens
1990
1993
1996
1999

1980

1984

9
15
14

2
8
3

21

4
6
2

9

8

19
4

24
17
1

3
4
1

2
1

5
2
7

2

6
4
14
89

3

67

4
3
12
39

59

1
2

11
3

2
27

26
2

10
10
10
30

2002*

2006*

4
5

5

3
61

30
2
1

2

4
84

38

(*) These hand pollinations gardens are being used.
2. The network of clonal trials
In Hevea breeding programmes, recombination, evaluation and release of clones is laborious and
time consuming. Recombination breeding starts with the production of full-sib families using the
hand pollination via crossing highly heterozygous parents which is a traditional technique used. Each
cycle of hand pollination involves a large number of crosses to generate few hundred to several
thousand new progenies, therefore the first stage evaluation of these progenies is carried out in
early selection trial (EST), that helped to reduce the potential individuals to a manageable level,
followed by a small scale clonal trial (SSCT) and a large scale clonal trial (LSCT) and/or promotion
plot. A small scale and large scale clonal trials are very important intermediary evaluation stages in
which the selections from ESTs are evaluated in normal commercial scale spacing to further reduce
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the number of selections to much smaller number, which are subsequently worth passing forward
to on farm trials.
In Vietnam, areas under rubber trees are mainly in the Southeast region, followed by the Highlands,
Coastal region and the newly-developed areas in the Northern region. Of these regions, the
Southeast region is a traditional area for rubber tree, however, diseases are factors hindering the
performances of clones in this region. In contrast, the Highlands are considered as a non-traditional
region which is characterized by lower temperature, drought, regularly stronger wind and higher
number of mist days than the Southeast region. The Coastal region is characterized with many
constraints such as very strong wind caused by typhoon and coldness which displayed adverse
effects on the survival of rubber trees. Similarly, the Northern part of Vietnam, referred to as a nontraditional region for rubber cultivation, where rubber trees have been developed recently, presents
various stress factors, particularly climate features such as prolong low temperature and low solar
radiation in the winter, very high air temperature and strong wind in the summer. Till now, the
network of clonal trials including 116 trials scattering from 11o N to 22o N latitude are being
evaluated. Out of these trials, 62, 169, 11 and 24 trials were located in Southeast region, Highlands,
Coastal region and Northern region of Vietnam, respectively (Table 4).
Table 4. The network of clonal trials which are being evaluated
Trials
ESTs
SCCTs
LCCTs and
Promotion plots
Total

Southeast
region
6

Highlands

Coastal region

Northern region

23
33

9
10

5
6

7
17

62

19

11

24

3. Application of biotechnology in Hevea breeding programmes
3.1. Tissue culture
The production of uniform plants is one of the objectives for in vitro propagation of Hevea in
Vietnam. Recently, micro cutting and somatic embryogenesis are being carried out in Vietnam.
However, the frequency of somatic embryo induction was found to be very low and nonsynchronous, its germination remains very difficult and thus Hevea embryogenesis system needs
further improvement.
3.2. Genetic markers
In Vietnam, significant progress has been made in application of genetic markers in Hevea breeding
programmes. Currently, isozyme electrophoresis, random amplified DNA polymorphism (RAPD) and
inter-simple sequence repeat (ISSR) have been used to identify Hevea clones, analyse genetic
diversity of Hevea germplasm, and to select good clones for future breeding or cultivation purposes.
Most recently, microsatellite (SSR) has been used to analyse genetic structure of Rondonia
population (15 SSR markers; 951 accessions) in order to discover and develop SNP markers. The
combination of morphological characterization, isozyme, RAPD, ISSR and SSR markers could help
breeders constitute a core collection of IRRDB’81 germplasm to ensure conserving the genetic
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variability. In addition, these markers could also help in checking the genetic variability of the Hevea
breeding programmes, and could be useful for accumulation and management of genetic-breeding
resources and would help to utilize the new genetic resources more effectively in Hevea breeding
programmes in Vietnam.
3.3. Physiological, biochemical and molecular responses to drought stress
In order to identify key factors to be used in phenotyping new clones, particularly RRIV’s clones for
their tolerance of drought stresses, physiological and biochemical responses and expressions of
genes involved in energy biosynthesis and reactive oxygen species (ROS) scavenging were
systematically analysed following drought stress treatments. The results revealed that the
combination of physiological, biochemical and molecular markers are valuable parameters for early
detection of drought stress tolerant clones of Hevea which can be developed the location specific
clones especially for drought prone areas in Vietnam.
******************************************************
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Report on the International Forum on Current Socio-Economic Issues
and their Impact on Rubber Production Sector Performance
03 – 05 October 2018
This forum was attended by 41 participants, including the foreign participants from the workshop
on Statistics, as well as local participants representing the Ministry of Plantation Industries; the
Rubber Development Department; the Rubber Secretariat; the National Institute of Plantation
Management; the Sri Lanka Council for Agricultural Policy (SLCARP), Smallholder Tea and Rubber
Revitalization (STaRR) Project, Planters’ Association of Sri Lanka and the Rubber Research Institute
of Sri Lanka.
The Programme for International Forum on Current Socio-economic Issues and their Impact on
Rubber Production Sector Performance is given below.
DAY 03: WEDNESDAY 03 OCTOBER 2018

0830 - 0900

INAUGURAL SESSION
Registration of Participants

0900 - 0915

Welcome of Delegates to the Forum on Socio-economic Issues and their
Impact on Rubber Production Sector Performance
Mr. N V T A Weragoda, Chairman, Rubber Research Board of Sri Lanka

0915 - 0930

Introduction to the Forum on Socio-economic Issues and their Impact on
Rubber Production Sector Performance
Dr. Abdul Aziz, Secretary General of IRRDB

0930 – 0945

Address by the Director, Rubber Research Institute of Sri Lanka
Dr. Gamini Seneviratne
Guest Speech 1
Participatory Learning and Action Method to Assist in Community Level
Organization and Implementation of Development Projects by Rubber
Farmers
Dr. Jacob Mathew, IRRDB Fellow
Discussion
Refreshments

0945 – 1030

1030 - 1045
1045 - 1115

1115 - 1200

END OF INAUGURAL SESSION
Guest Speech 2
Solving the Socio-economic Problems of Rubber Growers in Thailand
through Effective Transfer of Technology Mechanisms
Dr. Suthee Intraskul
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Former Chairman, The Expert Group on Establishment of a Regional
Rubber Market, IRCO Thailand
1200 - 1230
1230 - 1400

Discussion
Lunch

TECHNICAL SESSION 1: Chairperson – Dr. Jacob Mathew
1400 - 1430
The Socio-economic problems of Rubber Smallholders and their
solutions: Malaysia’s Experience
Ms. Siti Hawa Sulong
Head of Economic Planning Unit (UPE)
1430 - 1500

Enduring Low Rubber Prices and the Socio-economic Problems faced by
Rubber Smallholders in South Sumatra
Mrs. Dwi Shinta Augustina
Socio-economic Researcher, Indonesian Rubber Research Institute (IRRI)

1500 - 1530

1600 - 1630

Current Socio-economic Impacts Caused by Low Prices of Natural Rubber
in Cambodia
Miss. Sreynet Srun
Researcher, Cambodian Rubber Research Institute (CRRI)
The Sri Lankan Experience in Rubber Cultivation in Non-traditional Areas
Dr. Lakshman Rodrigo
Additional Director, Rubber Research Institute of Sri Lanka
Discussion

1630 - 1700

Refreshments

1530 - 1600

END OF DAY 03
DAY 04: THURSDAY – 4 OCTOBER 2018
TECHNICAL SESSION 2: Chairperson – Dr. Suthee Intraskul
0900 - 0930
Capacity Forecast of the Rubber Planting Industry in China
Mr. He Changhui
Economist, the Rubber Research Institute
The Chinese Academy of Tropical Agricultural Sciences (CATAS)
0930 - 1000

Rubber smallholders in India: Socio-economic issues, challenges and
opportunities
Ms. Binni Chandy
Senior Scientist (Economics), Rubber Research Institute India (RRII)

1000 - 1015
1015 - 1030

Discussion
Refreshments
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1030 - 1100

1100 - 1130

1130 - 1145
1145 - 1200

Strategic technology transfer methods: Experience from the smallholder
rubber sector of Sri Lanka
Dr. Anura Dissanayake, Head, Advisory Services Department, Rubber
Research Institute of Sri Lanka
Introducing RSS GMP Premium Grade for Rubber Farmer Group
Sustainability
Mrs. Preprame Tassanakul, Senior Scientist, Rubber Technology Research
and Development Division, Rubber Authority of Thailand
Discussion
Concluding Remarks
Dr. Lakshman Rodrigo, Additional Director, RRISL

1200 - 1330

Lunch

1330 onwards

Field visit to a promising smallholder rubber fields and processing centres
END OF PROGRAMME

The Chairman of the Rubber Research Board of Sri Lanka, Mr. N V T A Weragoda welcomed
delegates while Dr. Abdul Aziz, the Secretary General of IRRDB made the introductory remarks on
the Forum on Socio-economic Issues and their Impact on Rubber Production Sector Performance.
As guest speakers, Dr. Jacob Mathew, IRRDB Fellow and Dr. Suthee Intraskul, Former Chairman,
The Expert Group on Establishment of a Regional Rubber Market, IRCO Thailand addressed the
audience on their experiences, viz. Participatory Learning and Action Method to assist in
community level organization and implementation of development projects by rubber farmers and
solving socio-economic problems of rubber growers in Thailand through effective technology
transfer mechanisms, respectively. In the two technical sessions, there were eight presentations
from China, India, Indonesia, Thailand, Malaysia, Cambodia and Sri Lanka.
The Forum concluded with a field visit to a promising smallholder field and a tour to the Southern
part of Sri Lanka, where the participants experienced the mangrove caves, the jungle beach and
the famous Dutch Fort in Galle.
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REPORT OF CROP MANAGEMENT SPECIALIST GROUP (2018-2019)

Progress of research in Crop Management in India
Developing sustainable farm practices, monitoring and sustaining soil fertility, reducing cost
of cultivation, generating additional income and improving bio-diversity have been the major thrust
of research of the Crop Management unit of the Rubber Research Institute of India. Follow up
studies of Rubber Soil Information System (RubSIS) were initiated at different locations in South
India. Work was in progress to extend RubSIS rubber-growing regions of NE India.
Spatial variability in 13 soil fertility parameters was delineated in rubber growing regions of South
India and soil fertility maps were generated. An online fertilizer recommendation system (RubSIS)
which brings soil fertility status and fertilizer recommendation for rubber plantations of South India
to the fingertips of rubber growers is being popularised among growers. Soil acidity is the major
fertility constraint in the rubber-growing regions of South India (Figure1) and ameliorative measures
were recommended on soil test basis. Micronutrients zinc and boron were also recommended on
soil test basis. An experiment to evolve a fertilizer recommendation for root trainer rubber plants
was in progress. The field experiment to study the effects of long-term application of inorganic and
organic manures on the growth and yield of rubber and soil properties was continued without
applying fertilizer and FYM. The superiority of the treatment 25% fertilizer + 75% FYM in enhancing
the growth and yield of rubber was maintained. The field trials to study the effects of secondary and
micronutrients on performance of rubber and soil properties were continued to the mature phase
at different locations.
Figure 1. Spatial variability in soil pH in rubber growing regions of Kerala.
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The experiment on evaluation of biological / vegetative hedges for soil and water conservation in
rubber plantation was in progress. The establishment of hedges had no significant effects on the
growth of rubber over a period of nine years compared to plots without hedges. Various
experiments to develop rubber-based multispecies cropping systems with annual and short-term
food crops, perennial crops, timber trees and ornamental plants were in progress. Ornamental
plants like Dracaena fragrans cv. Massangeana performed well in rubber plantations. Modified
planting systems to extend the period of intercropping were also in progress.
The field experiment on the effect of legume covers and natural flora on the growth of rubber, soil
properties, biomass and nutrient turnover was continued. The growth of rubber under both cover
crops was comparable and the highest growth was recorded in Pueraria established plots. Rubber
+ 1m2 weeding also recorded a comparable girth to that of Mucuna established plots. The study on
weed spread of Mikania micrantha kunth from rubber plantations showed that the intensity of
Mikania was severe within plantations with the least human disturbance with ample sunlight. The
frequency of occurrence reduced to moderate levels when moving away from the epicenter area
outwards. In general, the study showed that the rubber plantations infested with Mikania were a
good source for the weed spread to nearby localities.
The field experiment initiated to evolve an agronomic package to reduce the immaturity period of
rubber was in progress. Direct-seeded green budded plants under integrated management was
significantly superior to all other treatments. The experiment investigating the comparative field
performance of one- whorl, two- whorl and three- whorl polybag and root trainer rubber plants
initiated was continued. Three- whorl polybag plants were significantly superior to all other types
of planting material in terms of growth. Yield is being recorded from the experimental area.
The experiment to estimate root respiration component of soil respiration in different rubber-based
systems was concluded. In banana-rubber systems, the contribution of root respiration towards soil
respiration was more than rubber-pineapple and mature rubber systems. The total soil respiration
was also higher in rubber–banana systems followed by rubber-pineapple and mature rubber systems.
The study on the assessment of water quality in watersheds dominated by rubber, tea and
cardamom in major land use systems of the region was concluded. The study showed that most of
the quality parameters were within the acceptable limits for drinking water in all three land use
systems (Table1). Compared to rubber systems, significantly higher contents of nitrate, calcium,
magnesium, and potassium were observed in tea and cardamom systems. Significantly higher
dissolved oxygen content in surface water of rubber watershed indicated better health of water
resources in rubber system. Pesticide residues were below the level of quantification in samples
from all three land use systems. The study showed that bacterial contamination is the major water
quality problem in the study area, rendering the water unsuitable for drinking purpose
A survey conducted to find out the extent of adoption of various agro-management practices in
rubber plantations of Kerala, Tamil Nadu, Karnataka, Goa and Maharashtra showed that banana was
the widely adopted intercrop in all states although regional differences were observed. The use of
herbicides was very limited, only 2.0 per cent of the growers applied herbicides in rubber
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plantations. Manual weed control continued to be the most widely adopted method though weed
cutters are gaining popularity. The construction of terraces for conserving soil and water was the
widely accepted conservation practice.
Table 1 Total dissolved solids (TDS) in groundwater and surface water (mg/l)
Groundwater
Rubber
Tea
Cardamom
R xT
(n=27)
(n=20)
(n=22)
Post-mon. 2015
26.0(9-60)
67.3(16-169)
164.5(30-377)
**
Pre-mon. 2016
47.8(8-149)
87.4(7-215)
171.0(18-400)
**
Post-mon. 2016
54.6(5-250)
113.9(16-459)
210.0(63-489)
**
Pre-mon. 2017
50.7(9-180)
117.4(10-466)
212.8(17-589)
*
Surface water
Rubber
Tea
Cardamom
RxT
(n=10)
(n=9)
(n=12)
Post-mon. 2015
25.9(13-48)
72.4(31-174)
93.1(44-179)
**
Pre-mon.2016
34.4(15-68)
64.0(18-95)
102.4 (50-162)
**
Post-mon. 2016
22.7(7-48)
75.8(36-113)
83.6(28-219)
**
Pre-mon. 2017
57.5(12-89)
104.9(53-168)
106.6(76-184)
**
BIS acceptable
500
limit

RxC

TxC

**
**
**
**

**
*
**
*

RxC

TxC

**
**
**
**

*
**
NS
NS

Table 2 Dissolved oxygen content in surface water from three cropping systems (mg/l)

Post-mon.
2015
Pre-mon.2016
Post-mon.
2016
Pre-mon. 2017
WHO specified
limit

Rubber
(n=10)
8.1(7.1-8.6)

Tea
(n=9)
5.4(4.4-7.3)

Cardamom
(n=12)
6.8(6.3-7.0)

RxT

RxC

**

**

7.0(6.1-7.5)

5.5(3.4-6.7)

6.0(3.1-8.8)

**

NS

7.4(6.8-7.8)

5.7(4.3-6.1)

6.0(5.6-6.6)

**

**

7.1(6.5-7.9)

5.4(4.5-6.4)

6.0(4.3-7.0)

**

**

TxC
**
NS
NS
NS

6.0
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Progress of research in Latex Harvesting Technology and Crop Management in Cirad
Experiments followed up by Cirad regarding latex harvest technology were set up in partnership
with other IRRDB member countries (universities and research institutes) or with private agroindustry companies. Most of the activities are aimed to tat the optimization of tapping systems for
various eco-climatic and socio-economic contexts in close association with rubber physiology and
breeding research programmes. The most important activity was the optimization of tapping
systems recommendations using Latex Diagnosis (LD), carried out in two steps:
a. Establishment of general tapping systems recommendations per location, depending on
clonal typology
b. Local (plot per plot) optimization of these recommendations using Latex Diagnosis (diagnosis
or under-exploitation, over-exploitation or normal exploitation, and local corresponding
adjustments of tapping systems: increased, decreased or maintained intensity). This relies
on an increased capability of LD interpretation permitted by the continuous development of
Cirad LD databases and now leads to piloting of rubber plantations tapping intensity on a
plot scale “site specific” recommendations.
Cirad also continues the research on optimization of typical smallholders tapping systems, mostly
using high tapping frequency resulting from tapping intensification caused by decreasing of average
rubber smallholding size. In such intensive contexts, reduced tapping frequencies and associated
compensation by ethephon stimulation are mostly out of reach by planters. Cirad approach to TOT
and good agricultural practices (GAP) have been published during different workshops in Malaysia,
Singapore, Thailand, Cambodia and Myanmar. Twelve presentations have been delivered in
international workshops since 2016.
A study of the effects of climate (temperature and rainfall especially) on rubber yield potential has
been set up by combining international production database with climatic data, in order to
characterize and quantify the intensities of climatic stresses and their effects on rubber yield
potential. The ultimate goal is to create a climatic typology of climatic stresses on latex production
and to propose related adaptations of optimised tapping systems to reduce these climatic impacts
on yields.
The study of the interaction between fertilizer application and tapping intensification/ stimulation
is being continued in a research conducted in Thailand with Kasetsart University. A research
program on soil quality and sustainability was developed in Africa and in Asia. The objective is to
improve the local optimization of the immature fertilizer recommendation according to soil
properties, climate characteristics, management of the biomass at replanting and clonal growth.
Agronomic and socioeconomic research on rubber-based agroforestry systems (performance and
resilience to global changes, farmer’s rationalities) has also been developed in Thailand.
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Recent publications and communications from Cirad (2017-2019), related to Latex harvesting
Technology and Crop management:
Biret C., Buttard C., Farny M., Lisbona D., Janekarnkij P., Barbier J.M., Chambon B. 2019. Assessing
the sustainability of different forms of farm organizations: Adaptation of IDEA method to rubber
family farms in Thailand. Biotechnologie, Agronomie, Société et Environnement, 23 (2) : 14 p.
http://www.pressesagro.be/base/index.php/base/issue/archive?issuesPage=4#issues
Gohet E., Chambon B., Lacote R. 2019. Towards optimizing smallholders yield and productivity
through adoption of appropriate latex harvesting technology. Melaka : MRB, 1 p. International
Workshop on Soil Fertility, Good Agriculture Practices and Productivity, 2019-04-09/2019-04-10,
Melakha (Malaisie).
Penot E., Danthu P., Chambon B., Bertrand B. 2019. Beyond economic advantages of agroforestry
systems: what role and place of externalities in farmers' strategies?. In: Dupraz Christian (ed.),
Gosme Marie (ed.), Lawson Gerry (ed.). 4th World Congress on Agroforestry. Book of abstracts.
Montpellier : CIRAD, INRA, p. 428. World Congress on Agroforestry. 4, 2019-05-20/2019-05-22,
Montpellier (France). https://agroforestry2019.cirad.fr/news-press
Thaler P., Chambon B., Tongkaemkaew U., Penot E., Brauman A., Sajjaphan K., Suvannang N.,
Panklang P., Thoumazeau A., Béral A., Thériez M., Stroesser L. 2019. Too good to be true?
Permanent rubber agroforestry systems. Reality and challenges in Thailand. In: Dupraz Christian
(ed.), Gosme Marie (ed.), Lawson Gerry (ed.). 4th World Congress on Agroforestry. Book of abstracts.
Montpellier : CIRAD, INRA, p. 604. World Congress on Agroforestry. 4, 2019-05-20/2019-05-22,
Montpellier (France). https://agroforestry2019.cirad.fr/news-press
Thoumazeau A., Bessou C., Renevier M.S., Panklang P., Puttaso P., Peerawat M., Heepngoen P.,
Polwong P., Koonklang N., Sdoodee S., Chantuma P., Lawongsa P., Nimkingra P., Thaler P., Gay F.,
Brauman A. 2019. Biofunctool®: A new framework to assess the impact of land management on soil
quality. Part B: Investigating the impact of land management of rubber plantations on soil quality
with
the
Biofunctool®
index.
Ecological
Indicators,
97:
p.
429-437.
https://doi.org/10.1016/j.ecolind.2018.10.028
Thoumazeau A., Bessou C., Renevier M.S., Trap J., Marichal R., Mareschal L., Decaëns T., Bottinelli
N., Jaillard B., Chevallier T., Suvannang N., Sajjaphan K., Thaler P., Gay F., Brauman A. 2019.
Biofunctool®: A new framework to assess the impact of land management on soil quality. Part A:
Concept and validation of the set of indicators. Ecological Indicators, 97 : p. 100-110.
https://doi.org/10.1016/j.ecolind.2018.09.023
Thoumazeau A., Bustany C., Rodrigues J., Bessou C. 2019. Using the LANCA® model to account for
soil quality within LCA: First application and approach comparison in two contrasted tropical case
studies. Indonesian Journal of Life Cycle Assessment and Sustainability, 3 (1) : 13 p.
https://ijolcas.ilcan.or.id/index.php/IJoLCAS/article/view/42
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Vrignon S., Gay F., Ricard S., Snoeck D., Perron T., Mareschal L., Laclau J.P., Gohet E., Malagoli P.
2019. Nutrient management of immature rubber plantations. A review. Agronomy for Sustainable
Development, 39 (1) : 21 p. https://doi.org/10.1007/s13593-019-0554-6
Chambon B., Lai Dao X., Tongkaemkaew U., Gay F. 2018. What determine smallholders' fertilization
practices during the mature period of rubber plantations in Thailand?. Experimental Agriculture, 54
(6) : p. 824-841. http://dx.doi.org/10.1017/S0014479717000400
Gohet E. 2018. Bridging Research and Society's Needs in Agriculture. Application to the Rubber Tree.
In : Proceedings of TSB2018. Bangkok : Thai Society for Biotechnology, 2 p. TSB2018 Annual Meeting
of the Thai Society for Biotechnology and International Conference "Bridging Research and Society's
Needs". 30, 2018-11-22/2018-11-23, Bangkok (Thaïlande).
Gohet E., Chambon B., Lacote R. 2018. Towards Optimizing Smallholders' Yield and Productivity
through Adoption of Appropriate Latex Harvesting Technology. Bago : s.n., 2 p. Workshop on
Enhancing lncomes of Rubber smallholders through lntegrated Farming & Good Agriculture
Practices (GAP), 2019-12-09/2019-12-16, Bago (Myanmar).
Hougni D.G.J.M., Chambon B., Penot E., Promkhambut A. 2018. The household economics of
rubber intercropping during the immature period in Northeast Thailand. Journal of Sustainable
Forestry, 37 (8) : p. 787-803.https://doi.org/10.1080/10549811.2018.1486716
Kullawong S., Aditto S., Chambon B., Promkhambut A. 2018. Dynamic of rubber production in
Northeast Thailand: A case study at Subsomboon village, Doonsard sub-district, Kranuan district,
Khon Kaen province. Khon Kaen Agriculture Journal, 46 (1) (suppl.) : p. 239-248.
https://ag2.kku.ac.th/kaj/
Penot E., Chambon B., Thériez M., Benavidez López D.N., Tongkaemkaew U. 2018. Les plates
formes d'innovation comme nouveau modèle de développement agricole inter-acteurs dans les
pays en développement : regard croisé sur deux expériences en cours en Thaïlande et au Nicaragua.
In : Les nouveaux modes d'organisation des processus d'innovation. Montpellier : RRI, 20 p. Congrès
RRI - Forum innovation. 8, 2018-06-04/2018-06-05, Nîmes (France).
Stroesser L., Penot E., Michel I., Tongkaemkaew U., Chambon B. 2018. Income diversification for
rubber farmers through agroforestry practices. How to withstand rubber price volatility in
Phatthalung Province, Thailand. Revue Internationale des Etudes du Développement (235) (dossier
La résilience en pratiques) : p. 117-145. https://doi.org/10.3917/ried.235.0117
Thoumazeau A., Bessou C., Renevier M.S., Panklang P., Puttaso P., Peerawat M., Prapatsorn P.,
Koonklang N., Sdoodee S., Chantuma P., Lawongsa P., Nimkingrat P., Jaillard B., Chevallier T.,
Suvannang N., Sajjaphan K., Thaler P., Gay F., Brauman A. 2018. Biofunctool®: a new framework to
assess the impact of land management on soil quality. In : Book of abstract Soil organic matter
management in agriculture Assessing the potential of the 4per1000 initiative. Braunschweig :
Thünen Institute of Climate-Smart Agriculture, p. 51-51. International Symposium on Soil Organic
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Matter Management in Agriculture, 2018-05-29/2018-05-30, Braunschweig (Allemagne).
https://www.som-management.org/programme/book-of-abstracts/
Thoumazeau A., Gay F., Chevallier T., Panklang P., Prapatson P., Tivet F., Bessou C., Brauman A.
2018. Development of a new in situ, time-and cost-effective indicator to assess the impact of land
management on soil organic carbon dynamics. In : Axel Don (ed;), Christopher Poeplau (ed.), Heinz
Flessa (ed.). Book of abstract Soil organic matter management in agriculture Assessing the potential
of the 4per1000 initiative. Braunschweig : Thünen Institute of Climate-Smart Agriculture, p. 25-25.
International Symposium on Soil Organic Matter Management in Agriculture, 2018-05-29/2018-0530,
Braunschweig
(Allemagne).
https://www.som-management.org/programme/book-of-abstracts/
Thoumazeau A., Gay F., Tixier P., Brauman A., Bessou C. 2018. First proposition to include an
integrated indicator of soil quality within the life cycle assessment framework. In : Rattanawan
Mungkung (ed.), Shabbir H. Gheewala (ed.). Book of abstracts of the 11th International Conference
on Life Cycle Assessment of Food 2018 (LCA Food) "Global food challenges towards sustainable
consumption and production". Bangkok : Life Cycle Assessment, p. 78-78. International Conference
on Life Cycle Assessment of Food 2018 (LCA Food). 11, 2018-10-16/2018-10-20, Bangkok
(Thaïlande).
http://www.lcafood2018.com/wp-content/download/BOA_Prgm_Abs_Final.pdf
Tongkaemkaew U., Chambon B. 2018. Rubber plantation labor and labor movements as rubber
prices decrease in southern Thailand. Forest and Society, 2 (1) : p. 18-27.
https://doi.org/10.24259/fs.v2i1.3641
Biret C., Buttard C., Farny M., Lisbona D. 2017. Assessment of the sustainability of the rubber farms
in Centre-east Thailand using IDEA method. s.l. : s.n., 52 p.
Chambon B., Promkhambut A., Duangta K., Lesturgez G., Sainte-Beuve J. 2017. Practices and
quality perceptions of farmers producing cup coagulum in Thailand. Rubber Science, 30 (3) : p. 213225.
Chantuma P., Lacote R., Sonnarth S., Gohet E. 2017. Effects of Different Tapping Rest Periods during
Wintering and Summer Months on Dry Rubber Yield of Hevea Brasiliensis in Thailand. Journal of
Rubber
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Progress of research in Latex Harvest Technology and Crop Management in RRI, CATAS
Low frequency and low intensity tapping system of 4d and 5d +ET tapping system were widely
implemented. Meanwhile, 1/8 S+ Ethylene gas and 7d +ET tapping system were extended in some
farms. It was found that the 7d+ET(3.5%) tapping system increased DRC, yield per tree and yield
per tapper in comparison with the 5d+ET tapping system(table 1). Therefore, the specialized
Ethylene stimulation formula suitable for the 7d tapping system was developed and extended
(Fig1).
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Table 1 Comparison of tapping yield between the 1/2s 5d + ET and 1/2s 7d + ET a tapping systems
Experimental Tappe Trees per taping Dry rubber Yield per Yield per farm rs person s DRC(%)
yield(kg) tree tapper
Trees
Shengli 64971 19
3420
31.0 29.2 113398.1 1.75
5968.3
Tuanjie
53504
Huoxing 65650
5d Shuifeng 3300
Xinshidai 59834
Shuguang 34435
Mean
Shengli 1059971
790224
Tuanjie

18
20

2972
3283

26.0
23.0

26.7
31.5

87439
101424

1.63
1.54

4857.7
5071.2

1
24
13

3300
2493
2649
3019
2789
2549

22.4
27.5
28.5
26.4
35.0
35.0

27.7
29.7
28.5
28.9
28.2
26.5

3734.0
109254
73788.4
1731877
1255070

1.13
1.83
2.14
1.67
1.63
1.59

3734.0
4552.3
5676.0
4976.6
4557.6
4048.6

2517

31.5
38.3

28.4
24.2

769598
3058.3

1.50
1.45

3772.5
3058.3

34.0
37.0
35.1

28.6
28.7
27.4

1294806
811729.9

1.91
1.84
1.65

4419.1
4435.7
4048.64

380
310

513536 204
Huoxing
2114
1
7d Shuifeng
Xinshidai 676617 293
Shuguang 440582 183
Mean

2114
2309
2408
2448

Fig. 1. A specialized Ethylene stimulation formula for the 7d tapping system
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The 4GXJ-I electronic tapping knife was in mass production and extended to some rubber
plantations in China, Myanmar, Laos, Vietnam, Thailand, Cambodia, Sri Lank, Malaysia and
Indonesia (Figure 2). A new rotary tapping (4CJX-303B, Figure3）knife was developed and was
being tested further.

Fig. 2. the 4GXJ‐I electronic tapping knife

Fig. 3. A new 4CJX-303B rotary tapping knife
In the integrated tube training technique for producing budded rubber saplings, the biodegradable
tubes were used. Thus, the grafted rubber tree saplings can be planted without removing the tube
and the tube will degrade in less than six months (fig 4). A total of 40,000.
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This kind of saplings were dispatched to different farms for fu rther experiment.

Fig. 4. The bio-degradable tubes used in the integrated tube training technique
Meanwhile, the maximum-stump rubber sapling producing technique and suitable planting
techniques were further updated to reduce the gestation period of the rubber tree. The sapling
grows very well six months after planting (fig5)

Fig. 5. The maximum‐stump rubber

sapling and its planting techniques

The TPD control and recovery nutrient agent was registered by the Chinese government. It was
produced in mass production and implemented in large-scale (Figure 6). 45 experimental rubber.
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Plantations were established for demonstration.

Fig. 6. The implementation of TPD control and recovery tnutrien
agent

A GIS based soil nutrient managing database was established, and corresponding fertilizer
recommendations were given (Fig 7). A slow-release fertilizer bar manufacturing system was set
up and the fertilizer bar were tested in several farms.
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Fig. 7. The GIS based soil nutrient managing database
Effects of different fertilizer nutrients on rubber tree latex quality were studied preliminarily. It was
found that different fertilizer types and NPK composition will change latex total solid content, dry
rubber content, nitrogen content, Mg2+ content and Ca2+ content of fresh latex. Meanwhile, raw
rubber impurity content, ash content, nitrogen content, volatile matter content, initial plasticity
value P0, plastic retention rate PRI, Mooney viscosity, rubber molecular weight and other indicators
were studied. The optimized fertilization combination suitable for different raw rubber properties
is proposed for the production of different rubber or latex products. Mitigation reagent was
developed and tested in both rubber plantation and other crops. It was found that the regent can
significantly increase rubber soil pH and soil fertility.
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Fig. 8. An acid soil mitigation reagent and its utilization
(intercrop valuable trees in rubber plantation were studied) Fig.8

Fig. 7. Fertilization of high yielding rubber plantation

8. Rubber
Fig. tree forest planting patterns

(Fig.7). Some new rubber tree forest planting patterns.
Four high yielding rubber plantations which produced more than 2250kg dry rubber per hectare per
year were established and maintained.
To make the rubber plantations more productive and profitable, the 2×4+20 m rubber based
intercropping system was more widely extended (Fig. 9). More crops, vegetables, cash crops and
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patterns were tested.

Fig7

Fig. 9. Rubber based agriculture system extended
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Draft Annual Report 2018 – 2019 of Plant Protection Specialist Group
By Nguyen Anh Nghia , IRRDB Liaison Officer for Plant Protection Specialist Group
Introduction
The Plant Protection Specialist Group is one of the eight (8) specialist groups of the IRRDB. The
responsibility of the Plant Protection Specialist Group is to proactively monitor incidents of diseases
in all NR producing countries, prepare status report for circulation to all member institutes and
address other matters relating to rubber crop protection.
The draft annual report 2018-2019 gathered and summarized the information of the progress of
rubber plant protection activities from member institutes (China, France, India, Indonesia, Malaysia,
Myanmar, Sri Lanka, Thailand, The Philippines and Vietnam).
Pest status survey of rubber plantation in the world has been ongoing.
The progress of all activities of the IRRDB Plant Protection Special Group included rubber protection
activities of IRRDB member countries
Members of the Plant Protection Specialist Groups
Member countries nominated representative as listed in table 1:
Table 1. List of members of Plant Protection Specialist Group (2017 - 2020)

No

Name and title

Country

No

Name and title

Country

1

Prof. Dr. Edson Luiz Furtado

Brazil

10 Mr. Hla Myint

Myanmar

2

Mr. Lim Khantiva

Cambodia

11 Ms. Mi Khin Htay Than

Myanmar

3

Prof. Fu Yueguan

China

12 Dr. Victor Omorusi

Nigeria

4

Dr. Valérie Pujade-Renaud

France

13

Sri Lanka

5

Dr. Shaji Philip

India

14 Ms. Arom Rodesuchit

Thailand

6

Dr.Tri Rapani Febbiyanti

Indonesia

15 Dr. Nguyen Anh Nghia

Vietnam

7

Dr. Wahounou Polie Jean

Ivory Coast 16 Dr. Aurelie Nyaka

8

Dr. Adam Malik Ahmad
Zambri

Malaysia

9

Mr Aizat Shamin Noran

Malaysia

Dr. Sarojani Fernando

Mr. Carlos Alfredo
Najera Castillo
Mr. José Alberto
18
Mota León
17

19 Mr. Meynard P. Abello

Cameroon
Guatemala
Guatemala
Philippines
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Work tasks and progress in 2018
Pest status of rubber plantations in the world in 2018
A “pest survey on rubber tree” form was sent to group members and responses were received from
India, Indonesia, Thailand, Myanmar and Vietnam. In general, SALB has not been detected in any
Asian and African rubber growing countries. CLFD is severe in India, Myanmar and Vietnam; mild in
Indonesia and Thailand. OLF is severe in Myanmar and Vietnam; moderate in India, Indonesia and
Thailand. CLD is severe in India; moderate in Indonesia, Myanmar and Vietnam; mild in Thailand.
PLF is severe in India, Myanmar; moderate in Thailand and Vietnam; very mild in Indonesia. BR is
severe in Myanmar and Vietnam; mild in Indonesia.
Pink disease is severe in Myanmar and Vietnam; moderate in India; mild in Indonesia and Thailand.
White root disease is severe in Thailand; moderate in Indonesia; mild in Myanmar.
New diseases were detected and was reported to have become more serious. notably Fusicoccum
leaf blight was detected in Indonesia. Previously, this disease was a less important and a very
insignificant disease. Initially, the disease occurred in the area of North Sumatra since 2016. It then
spread to the Southern Sumatra region at the end of 2017 until 2018. By March 2018, the disease
developed into an epidemic, covering large areas of rubber plantations in that region with heavy
defoliation. More than 25.000 hectares were infested and this spread in seven provinces in
Indonesia. Almost all popular clones were infected. This disease made up more than 60% to 90% of
canopy defoliation with 15-25% reduction of latex.
A leaf spot disease of Hevea in Malaysia caused by Pestalotia sp. has been detected from rubber
plantations aged 10 -15 years in Johor State, on clones RRIM 2001, RRIM 2025, RRIM 2023, PB 260,
PB 350. The disease attacked leaves, shoots, twigs, fruits and seeds. The fungus has been restricted
to isolated cultures and confirmation spores of Pestalotia sp. from infection of mature leaves of
Hevea. In pathogenicity tests, tested isolates caused blight and necrosis on leaves. The pathogen
was re-isolated from diseased leaves, confirming Koch's postulates.
Activities and proposed actions to control major pests and diseases in 2018
Action on Fusicoccum Leaf Blight disease in Indonesia.
The IRRDB dispatched a team of experts comprising Dr. Kuruvilla Jacob, Dr. Adam Malik, Dr. Ramli
Othman, Mr Tajuddin Ismail, Ms. Azimah Izhar, and Mr. Arif Makhdzir, a drone expert, to visit the
affected areas to investigate and suggest control measures in April 2018. Diseased leaf samples and
root samples from severely affected trees were collected for further observation in the laboratory.
The drone was used to evaluate the canopy density by collecting aerial images. The Plant
Pathologists examined the samples collected from the field. From these observations, it was clear
that the causal organism of the leaf disease epidemic is Fusicoccum sp. (Neofusicoccum sp.). Based
on the observations made, the experts confirmed that the epidemic is caused by Fusicoccum and
suggested control strategies. A mission report was written by Dr. Kuruvilla Jacob. Besides, a report
on the present status of Fusicoccum leaf blight was also discussed and made by plant pathologists
at a meeting in Palembang (Indonesia) in Aug. 2018.
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International Plant Protection Workshop on Integrated Disease Management in Rubber
Plantation.
This workshop was held at Aryaduta Hotel, Palembang, Indonesia from 31 July to 1 August 2018.
The objective of the workshop is to update the research progress by IRRDB research institute
members on rubber disease management and to discuss further about the outbreak of the
Fusicoccum leaf disease in Indonesia recently. There were 147 participants from 14 countries
(Cameroon, China, Côte d’Ivoire, India, Indonesia, Japan, Malaysia, Myanmar, Nigeria, Philippines,
Sri Lanka, Singapore, Thailand and Vietnam). Eighteen (18) papers were presented in Keynote
Address and three (3) sessions focused on: 1. Fusicoccum leaf disease; 2. Leaf disease; and 3. Stem
and root disease.
Training workshop on South American Leaf Blight（SALB）
A five-day workshop on Training of Trainers on Protection against SALB of rubber in the Asia-Pacific
region was held from 3 – 7 December 2018 in Kota Kinabalu, Sabah, Malaysia. The training
programme was co-organized by the Food and Agriculture Organization (FAO) and the Department
of Agriculture, Malaysia, through the APPPC. This workshop was held in pursuance to the agreement
reached at the 29th Session of the APPPC Bali meeting to update the progress on the prevention of
SALB incursion. The meeting also put forward a future action plan to strengthen capacity building,
especially in mitigating SALB pathways of non-rubber and rubber agricultural products by applying
international standard on pest free area of production. Eighteen participants from eleven rubberproducing countries in the region namely Cambodia, China P.R., India, Indonesia, Lao PDR, Malaysia,
Myanmar, Sri Lanka, Thailand, The Philippines, Viet Nam and from IRRDB attended the meeting
Information exchange on Fusicoccum leaf disease and bark rot (Botryodiplodia theobromae)
Information on Fusicoccum leaf disease and bark rot (Botryodiplodia theobromae) has been
exchanged among group members.
In Indonesia, Fusicoccum disease become epidemic at the beginning of this year, when bark rot was
first detected.
In Malaysia, Fusicoccum has long existed but bark rot has not been detected yet.
In Brazil, the Fusicoccum genus of fungi are known in Brazil to cause stem-end rot in various fruit
plants, such as mango, guava, peach and avocado, but it has not been detected in rubber tree. In
China, the leaf diseases caused by Fusicoccum has been detected to have caused slight damage in
rubber trees. The disease caused by Botryodiplodia theobromae is also present in China, causing
Black rotted bark with latex exuding and dieback of immature trees, with some cases of serious
infestations in Hainan. In Sri Lanka, Fusicoccum disease has not yet been detected but the bark rot
is present there. The invasion is mostly secondary. Any nursery or immature plant with the
infections of Corynespora/Colletotrichum can get Botryodiplodia as a secondary invader. In mature
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plantations, Botryodiplodia cause bark cracks and sometimes cause knots as well. If untreated
during wet seasons, it can be destructive.
In Vietnam, Fusicoccum disease has not been detected yet, while the disease caused by
Botryodiplodia theobromae is common in almost all rubber planting areas. The Botryodiplodia
disease could occur in nursery, bud wood garden, immature and mature rubber fields.
Control measures were also introduced and discussed.
Research activities
Some specific researches are ongoing in IRRDB member institutes
In Indonesia, studies to molecular identify the causative, epidemiology and control measure of
Fusicoccum disease are being carried out.
In France, characterization of Corynespora cassiicola effectors is in progress. Effectors are molecules
secreted by one organism in order to manipulate the immune system of another organism and allow
its colonization. It has been demonstrated that the deletion of the cassiicolin gene from the virulent
Corynespora cassiicola isolate CCP, causes a loss of virulence on the rubber tree. However, some
moderately virulent isolates do not carry a cassiicolin gene, suggesting the existence of other
effectors. Consequently, researchers developed a genomic/transcriptomic approach to identify in
silico all putative effectors from CCP and other isolates representative of C. cassiicola genetic
diversity. This molecular resource may provide interesting tools for effector-assisted selection of
rubber trees with better tolerance to C. cassiicola.
In Myanmar, three research projects are being implemented:
1. The ccreening of Resistant Clones to Phytophthora Leaf Fall and Powdery Mildew (SLF) with
the objective to assess the resistance of the PCRDC-bred clones to Phytophthora Leaf Fall and
Powdery Mildew (SLF) and use for clone selection and recommendation. On Phytophthora Leaf Fall
(PLF), compared to BPM 24 (score 2), all the 8 tested PCRDC-bred clones are less resistant (score 3
- 4). Compared to PB 260 (score 3) which is moderately resistant to PLF, except one clone "PB 260 ×
RRIC 100(22)", the 7-remaining tested PCRDC-bred clones are found to have the same resistance
level (Score 3). "PB 260 × RRIC 100(22)" is found to be susceptible (score 4). On Powdery Mildew
(SLF), disease severity varies according to the years, due to different micro-climatic situation during
the refoliation period in those years. In the most severe year 2014, compared to BPM 24 (score 4)
which is severe and PB 260 (score 5) which is very severe, except "PB 260 × RRIC 100(22)", all the
remaining 7 tested PCRDC-bred clones are found to have more or less similar severity levels.
However, "PB 260 × RRIC 100(22)" is more resistant with (score 3). Therefore, "PB 260 × RRIC
100(22)" is moderately resistant to Powdery Mildew (SLF) and susceptible to Phytophthora Leaf Fall
among the assessed clone;
2. “Preliminary Assessment of the Severity of Corynespora Leaf Fall Disease (CLFD) in Various
Rubber Clones at PCRDC Nursery” with the objective to assess the severity of CLFD in various rubber
clones planted in Myanmar. Among the 25 clones studied in PCRDC bud wood nursery, RRIC 110 is
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the only clone infected with CLFD having severity level (score 4). Between the two clones assessed
in PCRDC polybag nursery, PB 260 is found to be more infected than BPM 24; and 3. “Preliminary
Study on Antagonistic Effect of Trichoderma harzianum against the Pathogens of Some Rubber Leaf
Diseases, in vitro” with the objective to determine the antagonistic effect of Trichoderma harzianum
against the pathogen of rubber leaf diseases (Phytophthora, Corynespora and Colletotrichum) in
vitro. It has been shown that Trichoderma harzianum could inhibit the growth of Phytophthora
botryosa (58.30%), Corynespora cassiicola (59.09%) and Colletotrichum gloeosporioides (55.80%).
Further studies and field trials need to be conducted on rubber nursery and immature planting. The
anticipated finding would form a basis to formulate biological control measures to some extent on
rubber leaf diseases.
In Vietnam, a research project on the “Study of Active Ingredients to Substitute Carbendazim in
Control of Diseases on Rubber Tree (Hevea brasiliensis)” is being deployed with the aim of finding
some active ingredients that can be a substituteto carbendazim, which will be banned in Vietnam
from 2019, in the control of several popular diseases on rubber tree such as: Corynespora leaf fall
(CLF), Oidium leaf fall (OLF), Colletotrichum leaf disease (CLD), Bird’s eye spot, Bark rot (BR)
(Botryodiplodia theobromae). Some active ingredients belonged to triazole group and others are
promising to substitute carbendazim in controlling diseases in rubber tree. Another project, aimed
to “Set up a website for Pest Diagnosis in Rubber Tree” is being established in Vietnam at
https://chandoanbenhonline.rubbergroup.vn/main.

Plant Protection Specialist Group Strategic Plan 2019 – 2023
The draft of the “Plant Protection Specialist Group Strategic Plan 2019 – 2023” was compiled
and discussed at a meeting in Palembang on 2 – 3 August 2018. The edited version was submitted
to the IRRDB secretariat.
List of Congresses and published papers in 2018:
1.

Lopez, D., Ribeiro, S., Label, P., Fumanal, B., Venisse, J.S., Kohler, A., de Oliveira, R.R., Labutti,
K., Lipzen, A., Lail, K., Bauer, D., Ohm, R.A., Barry, K.W., Spatafora, J., Grigoriev, I.V., Martin,
F.M., and Pujade-Renaud, V. (2018). Genome-Wide analysis of Corynespora cassiicola leaf fall
disease putative effectors. Frontiers in microbiology 9:276.

2.

Alchemi Putri Juliantika Kusdiana, Afdholiatus Syafaah, and Sigit Ismawanto, 2018. Resistance
of the IRR 300 Series Rubber Clones to Colletotrichum Leaf Fall Disease at South Sumatera.
Indonesia. Indonesian J. Nat. Rubb. Res. 2018, 36 (2): 147-156.

3.

Ribeiro, S., Tran, D. M., Déon, M., Clément-Demange, A., Garcia, D., Soumahoro, M., Masson,
A., and Pujade-Renaud, V. 2018a. Deletion of cassiicolin-encoding gene Cas1 from Corynespora
cassiicola causes a loss in virulence on rubber tree. in: IPMB (International Plant Molecular
Biology), Montpellier, France, August 5-10.
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Papers presented at the IRRBB International Rubber Conference 2018 Côte d’Ivoire
1.

K. Jacob, India Disease management strategies in rubber plantations for plant protection and
preservation of environment

2.

P. J. Wahounou, Côte d’Ivoire Distribution and incidence of main parasites in the rubber filds
in Côte d’Ivoire

3.

R. Arom, Thailand Efficacy and methodology of using n-fertilizers and sulfur powder for white
root disease control in the infectious replanting rubber plantations.

4.

A.I.C. Nyaka Ngobisa, Cameroon Effect of two fungicides on mycelial growth of fungi causing
Leaf blight and Wilt of the rubber plant (Hevea brasiliensis Muell Arg.) in Cameroon

5.

C. Cilas, France Detection and monitoring of Corynespora cassiicola leaf disease in rubber
plantation by remote sensing in Côte d’Ivoire

6.

K. A. P. Yao, Côte d’Ivoire Morphological and molecular characterization of isolates of
Corynespora spp., causal agent of “Corynespora leaf fall disease” of rubber tree in Côte d’Ivoire

7.

N. A. Nguyen, Vietnam Study of active ingredients to substitute carbendazim for the control of
Bird’s eye spot disease (Drechslera heveae) on rubber (Hevea brasiliensis) seedlings

8.

Huang Guixiu, China Epidemic monitoring, early warning, joint prevention and control research
on the major rubber pests in regional countries

9.

Narayanan Chaendaekattu, India Hevea disease resistance breeding – Initial results on yield
performance and disease resistance of segregating population

10. N. O. Ogbebor, Nigeria Current status of three common leaf diseases of Hevea brasiliensis
Muell. Arg. in Nigeria
11. J. P. Wahounou, Côte d’Ivoire Phytosanitary monitoring of rubber plantations in the context
of climate change in Côte d’Ivoire
12. Li Boxun, China, Analysis of host specicity and pathogenicity of Cas5 isoform cassiicolin in
Corynespora cassiicola from Hevea brasiliensis
13. V. Pujade-Renaud, France Effector-based selection for the tolerance to Corynespora Leaf Fall:
is cassiicolin a good candidate?
14. M. Y. Gnagne, Côte d’Ivoire Contribution to the preservation of the environment by the
implementation of a method of genetic control of Corynespora cassiicola in Côte d'Ivoire
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Work tasks and progress in 2019
The Pest status of rubber plantations around the world in 2019
A “pest survey on rubber tree” form has been sent to group members and responses have
been received from China, India, Indonesia, Malaysia, Myanmar, Thailand, The Philippines and
Vietnam.
SALB still has not been detected. CLFD is severe in China, India and Vietnam; moderate in
Myanmar and The Philippines; mild in Indonesia, Malaysia and Thailand. OLF is very severe in China;
severe in Myanmar and Vietnam; moderate in India Indonesia; The Philippines and Thailand; mild
in Malaysia.
CLD is severe in China, India and The Philippines; moderate in Indonesia and Vietnam; mild in
Malaysia, Myanmar and Thailand. PLF is severe in India, Myanmar; moderate in China, The
Philippines, Thailand and Vietnam; very mild in Indonesia and Malaysia. Bird’s eye spot is severe in
The Philippines; moderate in China, Myanmar and Vietnam; mild in India, Malaysia and Thailand; BR
is severe in Vietnam; moderate in The Philippines; mild in Indonesia. Pink disease is severe Vietnam;
moderate in India, Myanmar and the Philippines; mild in Indonesia, Malaysia and Thailand.
Black stripe is moderate in The Philippines and Vietnam; mild in India, Myanmar and Thailand;
very mild in Thailand; black stripe is severe in China; moderate in The Philippines and Vietnam; mild
in India, Malaysia, Myanmar and Thailand; very mild in Indonesia.
White root is severe in The Philippines; moderate in Indonesia, Malaysia and Thailand; mild in
Myanmar. Particularly, in China, except white root, almost all root diseases were detected, of which
red, purple and brown root are the most important… In India, a new circular leaf spot disease has
appeared. Symptoms of the disease are similar to the new disease in Indonesia. The isolated fungi
from infected samples were identified as Colletotrichum sp.
The outbreak of a new disease which was believed to be caused by Neofusicocum sp.
continues to spread and has become a more serious threat in Indonesia. By early 2019, more than
100,000 ha rubber plantations from Sumatra, Java, Sulawesi and Kalimantan were attacked. By July
2019, the disease has spread to over 382,000 ha rubber in the country. The authority estimated the
disease would reduce output by at least 15 percent this year.
According to experts, the cause of the outbreak is due to continuous rain from the end of the
year to the beginning of the following year, increasing the air humidity, creating favorable conditions
for fungal diseases to develop. In addition, low latex prices, have resulted in the plantations not
being fertilized since 2014.Therefore the trees become weak, susceptible to pathogens attack,
causing the outbreak of disease. In terms of pathogens, in 2018, experts concluded that these were
by the fungus Neofucicoccum sp.; in 2019, Pestalotiopsis sp. and Colletotrichum sp. were detected
from the lesions. This leads to the hypothesis that the leaf fall might be due to more than one
pathogen attacking the leaves in sequence, causing the leaves to be weakened initially by the first
pathogen attack, and subsequently, the leaf fall was caused by the second or third pathogens.
In Malaysia, by early 2019, the disease which was believed to have been caused by
Pestalotiopsis sp. began to appear in most states in an area of nearly 800 hectares. RRIM 600 and
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PB 350 clones were severely infected; PB 260, RRIM 2001, RRIM 2023, RRIM 2025 clones were
moderately infected. The disease caused over 50% loss of foliage and reduced the yield by 30%. This
disease has now become one of the most significant diseases in Malaysia. In Sri Lanka, newly
emerging diseases have been reported and confirmed as being caused by Neofusicocum sp. and
Pestalotiopsis sp.
Activities and proposed actions to control major pests and diseases in 2019
Action on new leaf fall disease outbreak in Indonesia.
The IRRDB dispatched a team of experts comprising Dr. Jayasinghe, Dr. Murnita, Mr Tajuddin
Ismail along with IRRI and MRB researchers to conduct a meeting in Sembawa, Indonesia from 6 –
13March 2019. The group visited some affected areas (Sembawa Rubber Research Centre, BRK
plantation…) Diseased leaf samples were collected for isolation, culturing and inoculation in the
laboratory.
In all cases, both Colletotricum spp., and Pestalotiopsis sp. were isolated. Other secondary
pathogens such as Botryodiplodia sp. and Fusarium sp. were also isolated in certain cases. However,
Fuscicoccum sp. was not isolated. Based on the results, the recent leaf fall disease outbreak in
Indonesia seems unlikely to have been due to Fusicoccum sp. as reported in 2016 & 2017.
At the meeting, two documents were prepared:
1. Urgent needs to be taken: proposed two exercises to be undertaken urgently for the
confirmation of pathogen and proving using Koch’s postulate method;
2. Long Term Requirements: list 13 scopes to be studied and completed in the long run for the
benefit of the rubber industry and for improvement of disease management strategies.
A WhatsApp group namely “IRRDB leaf disease team” was also created by Mr. Tajudin Ismail
comprising IRRDB plant pathologists to enable the exchange of information and discuss rubber
diseases, particularly the new leaf fall disease.
Meeting of the rubber diseases experts to discuss the new disease outbreak and its management
This meeting was held from 11 to 12April 2019 in Kuala Lumpur, Malaysia to discuss the leaf
diseases of rubber, with special reference to the recent leaf fall disease caused by Pestalotiopsis sp.
which was previously believed to be caused by Neofusicocum sp. It was also to develop standard
and common protocols to isolate, culture and identify fungal pathogens associated with leaf
diseases.
This workshop was attended by 33 participants from nine rubber producing countries in the
region, namely Cambodia, India, Indonesia, Malaysia, Papua New Guinea, Sri Lanka, Thailand, The
Philippines and Vietnam. At the meeting, Dr Nguyen Ngoc Bich, the Secretary General of the
Association of Natural Rubber Producing Countries (ANRPC), presented the structure of ANRPC
technical committee on plant protection and described its objective, composition and terms of
references. Experts from Sri Lanka, India, and Malaysia made presentations on leaf diseases, with
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special reference to Pestalotiopsis leaf fall. Country reports on leaf diseases were presented by
representatives from each country.
It was concluded that the recent leaf fall disease could be due to Pestalotiopsis sp. or multiple
attacks by Colletotricum spp., Pestalotiopsis sp. and some other or unknown fungi. Each member
country, excluding Malaysia and Indonesia, should conduct disease surveillance in rubber plantation
areas for the occurrence of leaf diseases caused by Pestalotiopsis sp., Fusicoccum sp. and other new
fungi. Each member country should convey information regarding economically important leaf
diseases in rubber or its possible outbreak, to their respective relevant authorities. In the meantime,
they should inform this to the IRRDB. Anthracnose or a similar type of symptoms should be highly
focused and without bias, all the pathogens associated for leaf spot diseases should be isolated and
Koch’s postulates, and should be performed to confirm the causative agent/s. Biology, epidemiology
and morphology of the fungi associated with leaf spot diseases should be studied along with
molecular biological approaches for a proper identification of the causative agents. Isolation of
fungal pathogens should be carried out on leaves at all developmental stages and a standard and
common protocol should be followed to isolate fungal pathogens associated with leaf diseases.
Proper chemical control measures following both ground and canopy spraying techniques should
be undertaken to control leaf fall diseases in the case of any outbreak.
The secretary general of the IRRDB stressed that regular reporting on leaf fall diseases is very
important as the issue is serious at present. He proposed that a collaborative research partnership
should be formed among research and development institutes to tackle leaf fall diseases in rubber.
A task group was appointed, representing a member from each country, to work and report on new
leaf spot pathogens and disease incidences in their respective countries. A draft report of the
meeting was also prepared.
Project Proposal on Identification, Bioecology and Management and Control of Pestalotiopsis Leaf
Fall Diseases (PLFD) in Rubber
A research proposal was prepared by Tri Rapani Febbiyanti, researcher from the Indonesian
Rubber Research Institute (IRRI). This project seeks to find out more about the pathogens that cause
leaf fall disease in rubber plants, their bioecology and also the management and control of this
disease. The results of this study will be very useful for rubber producing countries throughout the
world, because this disease is a big threat to the existence of rubber plantations.
The broad objective of the project is to sustain NR cultivation by smallholders, minimize loss
in NR production and increase the smallholders’ income in developing countries.
The objectives of the projects can be summarized as:
•

Identification of pathogens, knowing the bioecology of pathogens and the
environmental factors that influence to these diseases.

•

To improve productivity through the use of higher yielding clones resistant to PLFD; To
develop methods for Management of PLFD;
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•

To equip extension workers and smallholders with the necessary skills and know- how
to handle PLFD outbreak.

This project should benefit all the natural rubber producing countries with respect to the
management and control of this disease.
The expected outputs of this project are:
o Identification of pathogen and selection of clones resistant to these diseases;
o Efficient and practical method for control of PLFD;
o Minimize potential losses in productivity and incomes of smallholders and estates;
Enhance the viability and competitiveness of the NR industry;
o Dissemination of existing knowledge on PLFD control measures.
It is expected that when the Pestalotiopsis resistant clones have been identified and both short and
long-term management strategies to control the disease are adopted by the respective rubber
producing countries, there will be minimal loss in yield with productivity levels maintained at
targeted levels.
The project comprises five components as follows:
1Identification and bioecology of pathogens;
2. Agronomic approaches to minimize inoculum potential in the field and thus prevent
incidence of PLFD;
3. Screening for disease resistance/and susceptibility of clones sourced from various NR
countries in international budwood nursery to be established;
4. Training of research and extension officers on techniques and approaches to handle major
disease outbreak caused by Pestalotiopsis;
5. Dissemination workshop at the end of the project.
Research and other activities
Some specific researches are ongoing and other activities have been carried out in IRRDB
member institutes.
In Indonesia, several research projects have been implemented:
1. Control and biology of Pestalotiopsis sp. leaf diseases in Sembawa research center;
Study of fertilizer to controlling white root disease (Rigidoporus microporus) on rubber
plants;
2. Biofungicide efficacy testing on white root disease (Rigidoporus microporus) on rubber
plants;
3. Effect of weed control toward weed competition in root trainer rubber nursery;
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4. Testing of several endophytic bacteria against growth of Colletotrichum leaf fall
disease in the laboratory; Effect of several types of manures on the development of
White Root Disease (Rigidoporus microporus) in seedling rubber plants;
5. The effect of total rainfall to the intensity of light (lux) in the area of rubber plantation
infected by Pestalotiopsis sp. in two districts of North Sumatra, Indonesia.
In France (CIRAD and partners), researches are dedicated to: The development of
methodologies for the diagnosis of leaf pathogens; The typology of Corynespora cassiicola isolates
in West Africa and characterization of their effectors; The evaluation of rubber tree susceptibility to
C. cassiicola in selection programs; The identification of antagonists among rubber tree endophytes.
In Malaysia, pest and disease advisory services for rubber growers and implementing agencies
as well as training and demonstration on pests and diseases to MRB and other implementing
agencies extension officers have been carried out. In addition, a Pocket Book on The Characteristics
of Rubber Tree Diseases in Malaysia and The Control Methods and Posters on Pestalotiopsis Leaf
Fall have been published.
In the Philippines, a research project namely “The Management of Termites (Coptotermes
curvignathus) Infestation in Rubber Using Different Phytoinsecticides in the Zamboanga Peninsula”
is ongoing.
In Thailand, two research projects are implemented: Survey and evaluate diseases in planting
plots of breeding programs; bud wood gardens, seedling evaluation trial, small scale clone trials and
largescale clone trials; Research and development of white root disease management by ammonium
sulfate fertilizer and sulfur powder integrated with chemical in plantations.
In training programmes, two sessions for RAOT officers and four sessions for the Heads of
smallholders from four regions of Thailand, courses on “Rubber diseases, abnormal symptoms
caused by Environment impact and Management” have been carried out. Transfer technologies by
mobile unit for diagnosis, consultation, advice and training smallholders who experience diseaserelated problems in their rubber plantations and face other issues are on-going.
In Vietnam, a research project namely “The S study of herbicides to substitute Glyphosate in
management of weeds in rubber plantations” is being set up with the aim of finding herbicides that
can substitute Glyphosate, (which will be banned in Vietnam from 2020), in the management of
weeds in rubber plantations. A study on the detection of cassiicolin-encoding genes and genetic
diversity of Corynespora cassiicola isolates on rubber tree (Hevea brasiliensis) in Vietnam using
ribosomal DNA internal transcribed spacer (rDNA-ITS) sequences and sequence-related amplified
polymorphism (SRAP) has also been conducted.

104

List of Congresses and published papers in 2019:
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theobromae Fungus Causing Stem Canker Disease on Rubber Tree (Hevea brasiliensis) in
Indonesia. Journal of Agronomy, 18: 41-48. DOI: 10.3923/ja.2019.41.48
2. Tri Rapani Febbiyanti, Widodo, Suryo Wiyono, Sudirman Yahya, 2019. Effect of pH and Storage
Period to Growth of Lasiodiplodia theobromae Which Cause Stem Canker on Rubber Plant.
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1
–
10
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3. Ribeiro, S., Tran, D. M., Deon, M., Clement-Demange, A., Garcia, D., Soumahoro, M., Masson,
A., and Pujade-Renaud, V. 2019. Gene deletion of Corynespora cassiicola cassiicolin Cas1
suppresses virulence in the rubber tree. Fungal Genet Biol 129:101-114. DOI:
10.1016/j.fgb.2019.05.004
4. Pujade-Renaud, V., Deon, M., Gazis-Seregina, R., Ribeiro, S., Desailly, F., Granet, F., and
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Corynespora cassiicola. Phytopathology. DOI: 10.1094/PHYTO-03-19-0093-R.
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International Rubber Research and Development Board
Molecular Biology and Physiology Specialist Group
Annual Report 2018
Roslinda Sajari, Han Cheng, Julie Leclercq, Minami Matsui, Thitaporn Phumichai, R.G Kala , Dinh Minh Tran,
Sigit Ismawanto, Dian Kouadio

HIGHLIGHTS
IRRDB Molecular Biology and Physiology activities in the year 2018 emphasized on the utilization of rubber
genome resources and genomic technology. This is reflected by the research works undertaken by various
IRRDB members. An important milestone in 2018 is the construction of the HeveaDB, resource database for
rubber genomic study, maintained by CATAS under the International Rubber Research and Development
Board (IRRDB) initiative. The HeveaDB 1.0 (http://hevea.catas.cn) stores four Hevea draft genome,
transcriptomes, EST sequences, and rubber genes and clones information that can be accessed online.
Another important work to note in the rubber genomic study is the publication of three high density genetic
maps of which two were constructed by Chinese scientists, reported in this Annual Report and one was
published by the Brazilian group. These resources will benefit rubber breeders for their marker assisted
selection study. In addition, member countries also continue to share research progress in molecular biology
and physiology subject, notably Tapping Panel Dryness, abiotic stress, cold tolerance, genetic transformation,
and disease resistance.

A Rubber Genomics Workshop and Hackathon 2019 was held at Haikou, Hainan, China from 5th – 9th
September 2019. The Workshop attracted participants from China, India, Japan, Malaysia, Thailand and
Cambodia. The keynote addresses illustrated the latest update on China genome and on how future Hevea
genomics work can benefit from available information from other crops. The technical presentations in the
workshop highlighted research progress in rubber genomic where adoption of this technology was widely
used by the researchers to unravel questions on rubber genes and functions.

The 1st CATAS/IRRDB Hevea Hackathon 2019 was held in Haikou, China from 9th - 10th August 2019. The
hackathon event is dedicated to bring new ideas for Hevea research community and perspectives towards
addressing issues facing by the user of the genomics/transcriptomic Hevea data. With the advent of next
generation sequencing, most of Hevea researchers have generated and utilised substantial genomic data.
The massive data with multiple format or nomenclature system lead to problems in data reuse. Therefore,
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there is an increasing need to streamline the format of the shared data. The focus was to work on issues that
are deemed most significance, i.e gene synonyms and also to improve Hevea DB. The hackathon session
gathered 19 participants from 5 countries (China, India, Japan, Malaysia and Thailand). Dr Sitichoke
Tangphatsornruang from BIOTEC Thailand joined the event via online mode. The session started with
presentations of current research progress on three Hevea genomes: Reyan7-33-97 (China), RRIM 600
(Malaysia and Japan) and BPM24 (Thailand), followed by group activities.
CHINA

There are total of 40 papers in rubber tree molecular biology being published in SCI indexed journals by
Chinese scientists since September 2017. These papers can be classified into the following categories: gene
characterization, transcriptome study, rubber biosynthesis, latex metabolism, fungus disease, proteome
study, cold tolerance, alternative rubber plants, ROS, genetic map and evolution, etc. These researches
highlight genomic studies, i.e. rubber tree genome database construction and sequencing of hardy rubber
tree (Eucommia ulmoides) genome, which have great impacts on their community.

Construction of HeveaDB rubber tree genomic data hub for IRRDB community
With the advancement in the genome study in rubber tree, more and more data were produced. However,
these data are still deposited in public databases as raw format, and the utilization of these NGS data is
hindered for the researchers in rubber tree community. HeveaDB was therefore constructed and maintained
under the organization of International Rubber Research and Development Board. The HeveaDB database
has 5 major functional modules: Data, Search, Tools, Download and Submit and provide functions of data
archiving, distribution and utilization in rubber community. The HeveaDB 1.0 (http://hevea.catas.cn) mainly
stores 4 versions of Hevea draft genome, 99 NGS transcriptomes, 18451annotated EST sequences, 12 curated
gene families, 30200 gene annotations, 5049 wild germplasm phenotype data, and 18328 Wickham rubber
clonal information. Several bioinformatic tools are integrated in the database to facilitate the utilization of
the data for the users who are not skilled in bioinformatics. With the periodical update and functional
improvement, the HeveaDB will serve as a potential platform for genomic studies and breeding technology
in rubber tree.
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Genome sequencing in alternative rubber producing plants
At least two alternative rubber producing plant species were sequenced by Chinese scientists in 2017~2018,
hardy rubber tree (Eucommia ulmoides) and Russian dandelion (Taraxacum kok-saghyz TKS).
Eucommia ulmoides, also called hardy rubber tree, is an economically important tree; however, the lack of
its genome sequence restricts the fundamental biological research and applied studies of this plant species.
Here, a high-quality assembly of its $1.2-Gb genome (scaffold N50 = 1.88 Mb) with at least 26 723 predicted
genes for E. ulmoides was presented, the ﬁrst sequenced genome of the order Garryales, which was obtained
using an integrated strategy combining Illumina sequencing, PacBio sequencing, and BioNano mapping. As a
sister taxon to lamiids and campanulids, E. ulmoides underwent an ancient genome triplication shared by
core eudicots but no further whole-genome duplication in the last $125 million years. E. ulmoides exhibits
high expression levels and/or gene number expansion for multiple genes involved in stress responses and
the biosynthesis of secondary metabolites, which may account for its considerable environmental
adaptability. In contrast to the rubber tree (Hevea brasiliensis), which produces cis-polyisoprene, E. ulmoides
has evolved to synthesize long-chain trans-polyisoprene via farnesyl diphosphate synthases (FPSs).
Moreover, FPS and rubber elongation factor/small rubber particle protein gene families were expanded
independently from the H. brasiliensis lineage. These results provide new insights into the biology of E.
ulmoides and the origin of polyisoprene biosynthesis.
The Russian dandelion Taraxacum kok-saghyz Rodin (TKS), a member of the Composite family and a potential
alternative source of natural rubber (NR) and inulin, is an ideal model system for studying rubber
biosynthesis. Here the draft genome of TKS, the first assembled NR-producing weed plant was presented.
The draft TKS genome assembly has a length of 1.29 Gb, containing 46 731 predicted protein-coding genes
and 68.56% repeats, in which the LTR-RT elements predominantly contribute to the genome enlargement.
The heterozygous regions/genes were further analyzed, suggesting its possible involvement in inbreeding
depression. Through comparative studies between rubber-producing and non-rubber-producing plants, the
enzymes of the mevalonate (MVA) pathway and rubber elongation might be critical for rubber biosynthesis,
and several key isoforms have been isolated and shown to be predominantly expressed in the latex, indicating
their crucial functions in rubber biosynthesis. Moreover, for two important families in rubber elongation, the
CPT/CPTL and REF/SRPP families, diverse evolutionary tracks have been revealed. These results provide
valuable resources and new insights into the mechanism of NR biosynthesis, and facilitate the development
of alternative NR-producing crops.
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Proceedings in Rubber biosynthesis and latex metabolism
At least 11 studies in rubber biosynthesis and latex metabolism were reported by Chinese scientists in 20172018.
The first representative study is the characterization of the 14-3-3 protein HbGF14a, which interacts with a
RING zinc finger protein to regulate expression of the rubber transferase gene in Hevea brasiliensis. In H.
brasiliensis, rubber transferase is responsible for cis-1,4-polymerization of isoprene units from isopentenyl
diphosphate and thus affects the yield of rubber. Little is known about the regulatory mechanisms of the
rubber transferase gene at a molecular level. In this study, the 5′UTR intron of the promoter of the rubber
transferase gene (HRT2) was shown to suppress the expression of HRT2. A H. brasiliensis RING zinc finger
protein (designated as HbRZFP1) was able to interact specifically with the HRT2 promoter to down-regulate
its transcription in vivo. A 14-3-3 protein (named as HbGF14a) was identified as interacting with HbRZFP1,
both in yeast and in planta. Transient co-expression of HbGF14a and HbRZFP1-encoding cDNAs resulted in
HbRZFP1-mediated HRT2 transcription inhibition being relieved. HbGF14a repressed the protein–DNA
binding of HbRZFP1 with the HRT2 promoter in yeast. A regulatory mechanism was proposed that the binding
of HbGF14a to HbRZFP1 interferes with the interaction of HbRZFP1 with the HRT2 promoter, thereby
repressing the protein–DNA binding between them. This study provides new insights into the role of
HbGF14a in mediating expression of the rubber transferase gene in Hevea brasiliensis.
The second representative study is to characterize jasmonate signaling pathway that regulate rubber
biosynthesis in laticifer cells. Rubber biosynthesis is a typical isoprenoid metabolic process in the laticifer
cells; however, little is known about the positive feedback regulation caused by the loss of latex that occurs
through tapping. In this study, Dr. Deng demonstrated the crucial role of jasmonate signalling in this feedback
regulation. The endogenous levels of jasmonate, the expression levels of rubber biosynthesis-related genes,
and the efficiency of in vitro rubber biosynthesis were found to be significantly higher in laticifer cells of
regularly tapped trees than those of virgin (i.e. untapped) trees. Application of methyl jasmonate had similar
effects to latex harvesting in up-regulating the rubber biosynthesis-related genes and enhancing rubber
biosynthesis. The specific jasmonate signalling module in laticifer cells was identified as COI1–JAZ3–MYC2.
Its activation was associated with enhanced rubber biosynthesis via up-regulation of the expression of a
farnesyl pyrophosphate synthase gene and a small rubber particle protein gene. The increase in the
corresponding proteins,especially that of farnesyl pyrophosphate synthase, probably contributes to the
increased efficiency of rubber biosynthesis. To our knowledge, this is the first study to reveal a jasmonate
signalling pathway in the regulation of rubber biosynthesis in laticifer cells. The identification of the specific
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jasmonate signalling module in the laticifer cells of the rubber tree may provide a basis for genetic
improvement of rubber yield potential.
Other studies also adopted comparative proteomic to obtain different latex fractions from rubber particles
contain crucial enzymes for natural rubber biosynthesis. The CDPK family genes, acyl-CoA-biding protein
family were demonstrated to be involved in ethylene induced NR production.

Genetic maps were constructed in Hevea brasiliensis.
Two high density genetic maps were constructed by Chinese scientists during 2017-2018. The first one is
constructed using IAN873 × Yunyan277-5 population. Totally 571,267 SNPs and 134,184 indels, were
identified and used for the construction of the a ultra-high density genetic linkage map. This map consisted
of 6940 markers, with average marker density and recombination rate 0.30 cM and 0.97 cM/Mb,
respectively. Then the whole genome QTL scanning for dry latex yield (DLY) trait were performed and
seventeen rep QTLs were obtained, among which qDFY-10 and qDFY-18-4 could explain up to 38.3% and
33.3% phenotypic variability, respectively. Numerous highly-promising QTL candidate genes were identified
and then verified significant associated with DLY trait, including some first found in rubber tree, such as
thioredoxin h, plastin-like protein, calmodulin binding protein, cytochrome-c oxidase and methylglutaconylCoA hydratase. This ultra-high density linkage map supplies a base for important traits QTL mapping and will
be useful in the improvement of the assembly of genome sequences in rubber tree. The verification of
candidate QTL genes showed great importance for understanding the possible function of mapped QTLs and
the comprehensive relations between phenotypes and genotypes. Accurate QTL mapping will be enhance
genetic studies that can be applied in rubber tree breeding programs.
The second genetic map was constructed using a 206 F1 progeny population of CATAS8–79 × MT/C/11 9/67.
Based on 268,592 SNPs obtained from SLAF-seq, a high-density genetic map with 4,543 SNPs was
constructed, covering 2,670.27 cM of the whole rubber tree genome. This map has an average marker
distance of 0.59 cM. Based on the high-density genetic map, dynamic quantitative trait loci (QTL) analysis of
latex yield and stem growth was carried out by conditional and unconditional QTL mapping. To our
knowledge, it is the first time to perform conditional QTL mapping of rubber tree for exploring QTLs
expressed selectively at different growth stages. In total, eleven QTLs for stem growth and 12 QTLs for latex
yield, distributing in 15 linkage groups (LGs), were detected, explaining 3.1%–18.4% of the phenotypic
variance. Two QTLs, qSG-8-2 for stem growth and qLD-8-3 for latex yield, were mapped within the same
marker interval of LG 8 with a genetic distance of 3.0 cM. Herein the high-density genetic map and trait-
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related QTLs in rubber tree were reported, which will facilitate the genetic research of rubber tree and
enhance rubber tree molecular breeding.

Proceedings in the regulation toward cold responses in rubber tree.
Five publications were reported to characterize the regulation mechanisms toward cold responses in rubber
tree. Three of them used comparative transcriptomic methodology to identify genes and pathways involved
in the regulation, while two was to characterized ICE transcriptional factors. A representative study is to
subject the cold-resistant clone CATAS93-114 and the cold-sensitive clone Reken501 to chilling stress, and
characterize their transcriptomes at 0, 2, 8 and 24 h after the start of chilling. 7870 genes were found to be
differentially expressed in the transcriptomes of the two clones. In CATAS93-114, a greater number of genes
were found to be up- or downregulated between 2 h and 8 h than in Reken501, which indicated a more rapid
and intensive response by CATAS93-114 than by Reken501. The differentially expressed genes were grouped
into seven major clusters, according to their Gene Ontology terms. The expression profiles for genes involved
in abscisic acid metabolism and signaling, in an abscisic acid-independent pathway, and in early signal
perception were found to have distinct expression patterns for the transcriptomes of the two clones.

Conclusion and perspectives:
1) The Chinese rubber scientists benefited from the achievements in Hevea genomics as the studies with
transcriptomic methodology are springing up, and the studies in gene characterization become much easier
than 10 years ago;
2) More efforts are expected on both rubber tissue culture and transgene work, and germplasm
characterization in a coming post-genomic era.
3) However, the Hevea genome quality need to be improved and a high quality Hevea genome is highly
anticipated in the rubber tree MBP community.
List of selected publications
[1] Cheng H, Chen X, Fang J, An Z, Hu Y, Huang H. Comparative transcriptome analysis reveals an early gene
expression profile that contributes to cold resistance in Hevea brasiliensis (the Para rubber tree). Tree Physiol
2018;38:1409–23. doi:10.1093/treephys/tpy014.
[2] Deng X, Guo D, Yang S, Shi M, Chao J, Li H, et al. Jasmonate signalling in the regulation of rubber
biosynthesis in laticifer cells of rubber tree, Hevea brasiliensis. J Exp Bot 2018;69:3559–71.
doi:10.1093/jxb/ery169.
[3] Guo D, Yang Z-P, Li H-L, Wang Y, Zhu J-H, Peng S-Q. The 14-3-3 protein HbGF14a interacts with a RING zinc
finger protein to regulate expression of the rubber transferase gene in Hevea brasiliensis. J Exp Bot
2018;69:1903–12. doi:10.1093/jxb/ery049.
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[4] Wuyun T, Wang L, Liu H, Wang X, Zhang L, Bennetzen JL, et al. The Hardy Rubber Tree Genome Provides
Insights into the Evolution of Polyisoprene Biosynthesis. Molecular Plant 2018;11:429–42.
doi:10.1016/j.molp.2017.11.014.
[5] Xia Z, Liu K, Zhang S, Yu W, Zou M, He L, et al. An ultra-high density map allowed for mapping QTL and
candidate genes controlling dry latex yield in rubber tree. Industrial Crops and Products 2018;120:351–6.
doi:10.1016/j.indcrop.2018.04.057.
[6] An Z, Zhao Y, Zhang X, Huang X, Hu Y, Cheng H, et al. A high-density genetic map and QTL mapping on
growth and latex yield-related traits in Hevea brasiliensis Müll.Arg. Industrial Crops and Products
2019;132:440–8. doi:10.1016/j.indcrop.2019.03.002.
[7] Liu H, Wei Y, Deng Z, Yang H, Dai L, Li D. Involvement of HbMC1-mediated cell death in tapping panel
dryness of rubber tree (Hevea brasiliensis). Tree Physiology 2019;39:391–403. doi:10.1093/treephys/tpy125.
JAPAN

Japan became an associate member of IRRDB at the end of 2017 and since have started communication with
IRRDB countries. Japan has also become a member of Molecular Biology and Physiology Specialist group.
Improvement of RRIM 600 genome sequence
Yuko Makita, Mika Kawashima, Minami Matsui, Mitsutaka Kadota, Osamu Nishimura, Shigehiro Kuraku,
Nyok Sean Lau, Ahmad Sofiman Othman, Roslinda Sajari, Keng See Chow
Hi-C sequencing was incorporated into assembling of RRIM 600 genome. Also in collaboration with Dr. Kuraku
at RIKEN Center for Biosystems Dynamics Research we improved RRIM 600 about 200 X about N50 of that of
1st assembling. Although still improvement is required more than 40% of whole genome was covered by using
top 18 scaffolds.
Genome Sequencing Hevea species
Everton Rabelo Cordeiro, Gilvan Ferreira da Silva, Yuko Makita, Mika Kawashima, Minami Matsui
In collaboration with Prof. Everton at EMBRAPA Manaus Brazil we strated genome sequencing of two Hevea
species, Hevea nitida and Hevea spruceana. H. nitida is natural resiatance for SALB. We obtained 18.4 x for
H. spruceana and 20.3 x for H. nitida. SNP in protein coding sequence is less than 5% in H. spruceana and
more than 67 % of SNPs were found in intergenic region. Similar tendency was observed in H. nitida. Gene
clusters of SRPPs and REFs were also found in H. nitida genome.
1st Hevea Hackathon
In April 2019 Dr. Yuko Makita and Minami Matsui proposed a Hachathon meeting to consolidate the
annotation and description of genome of three rubber clones. Since each genome group used different
numbering and annotation it was expected to discuss at early stage of genome research to prevent confusion.
First Hackathon meeting was held for two days on 4 and 5th Aug at Haikou. Dr. Roslinda and Prof. Zhou Jinnan
organized this meeting. Researchers worked together by separating into two group. One group headed by
Dr. Cheng Han worked for improvement of HeveaDB about its format and information. Another group headed
by Dr. Yuko Makita worked mainly for renumbering and annotation of rubber-related genes.

2nd Natural rubber conference in Japan
On July 19th Drs. Seiji Takahashi, Kazushi Yazaki and Minami Matsui organized 2nd natural rubber conference
in Japan. 1st Natural Rubber conference was held in 2014. This conferene is amined to communicate not only
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bewtween academic but also with companies. About 80 participants were gathered in RIKEN Yokohama
compus not only researchers from academic but also from major tire companies.
List of publications
[1] Makita Y, Kawashima M, Lau NS, Othman AS, Matsui M. Construction of Pará rubber tree genome and
multi-transcriptome database accelerates rubber researches. BMC Genomics 2018 Jan 19;19 (Suppl 1):922.
doi: 10.1186/s12864-017-4333-y.
[2] Yokota S, Suzuki Y, Saitoh K, Kitajima S, Ohya N, Gotoh T. Cloning and Aggregation Characterization of
Rubber Elongation Factor and Small Rubber Particle Protein from Ficus carica. Mol Biotechnol. 2018
Feb;60(2):83-91. doi: 10.1007/s12033-017-0051-6.
[3] Oouchi M, Ukawa J, Ishii Y, Maeda H. Structural Analysis of the Terminal Groups in Commercial Hevea
Natural Rubber by 2D-NMR with DOSY Filters and Multiple-WET Methods Using Ultrahigh-Field NMR.
Biomacromolecules. 2019 Mar 11;20(3):1394-1400. doi: 10.1021/acs.biomac.8b01771. Epub 2019 Feb
26.PMID:30753057
[4] Yokota S, Gotoh T.Effects of rubber elongation factor and small rubber particle protein from rubberproducing plants on lipid metabolism in Saccharomyces cerevisiae. J Biosci Bioeng. 2019 May 20. pii: S13891723(18)31019-3. doi: 10.1016/j.jbiosc.2019.04.018. PMID: 31122725
FRANCE

Julie Leclercq, Julie Petit, Bénédicte Favreau, Pascal Montoro
Work in genomics and epigenomics is underway to understand the molecular mechanisms governing gene
regulation at both the transcriptional and post-transcriptional levels in response to abiotic stress.
Collaborative research program is underway with the Indonesian Rubber Research Institute on the
comprehensive analysis of Tapping Panel Dryness. As example, transcriptional and post-transcriptional
regulations of redox-related genes have been modelized [1].
Studies in functional genomics is also under way on the characterization of gene regulatory networks related
to oxidative stress management.
List of selected publications
[1] Zhang Y, Leclercq J, Wu S, Ortega-Abboud E, Pointet S, Tang C, Hu S, Montoro P: Genome-wide analysis in
Hevea brasiliensis laticifers revealed species-specific post-transcriptional regulations of several redox-related
genes. Scientific reports 2019, 9(1):5701.

THAILAND

Trait evolution in tropical rubber (Hevea brasiliensis) trees is related to dry season intensity
Kanin Rungwattana, Poonpipope Kasemsap, Thitaporn Phumichai, Nicha Kanpanon, Ratchanee Rattanawong
and Peter Hietz (RAOT/KU/Institute of Botany, University of Natural Resources and Life Sciences, Vienna,
Austria)
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Drought shapes the distribution and survival of trees even in tropical wet forests, and the wood and leaf trait
spectra are used to understand drought adaptations. However, trait variation may result from ontogenetic
adjustment or be related to tree size and not reflect evolutionary adaptations. Intraspecific variation in
adaptations to drought can be an important factor in a species’ distribution and response to climate change,
but excluding potentially confounding factors and proving adaptive evolution are challenging. Provenance
trials can identify hereditary variability. We analysed wood and leaf traits in rubber (Hevea brasiliensis) tree
clones from 15 locations in the Amazon basin that were planted in northern Thailand, controlled for tree size,
tested for genetic relatedness and the phylogenetic signal in traits and compared trait variations with the
climate at the location of origin. Correlations between traits and tree size were low. Intraspecific trait
variation was similar to relationships in published among-species comparisons, and correlations among wood
traits and correlations among leaf traits were stronger than between wood and leaf traits. Genotype
explained 30%–70% of the trait variation, and traits differed in how much of this variation was controlled by
location or the relatedness among clones. There was no correlation with mean temperature or total annual
rainfall. However, rainfall in the driest quarter (19–199 mm) was strongly related to leaf mass per area,
carbon isotopic composition and area-based nitrogen content (r 2 = 0.54– 0.70) and weaker to wood traits
(vessel density and vessel lumen fraction). Trees from locations with a stronger dry season also had higher
growth rates in Thailand. All traits correlating with climate showed a significant phylogenetic signal. We found
no evidence of increased drought tolerance, but the trait spectrum and higher growth in trees from drier
locations suggest that deciduous rubber trees have adapted via drought avoidance rather than tolerance.
Our study also underlines the importance of looking at a suite of traits rather than individual ones to
understand adaptive strategies.

Unraveling vascular development-related genes in laticifer-containing tissue of rubber tree by highthroughput transcriptome sequencing
Pakatorn Sae-Lim, Chaiwat Naktang, Thippawan Yoocha, Kanlaya Nirapathpongporn, Unchera Viboonjun,
Panida Kongsawadworakul, Sithichoke Tangphatsornruang and Jarunya Narangajavana
(MU/RAOT/BIOTEC)
Latex yield and growth are the key complex traits in commercial rubber production. The present study is the
first to report genome-wide association mapping of latex yield and girth, for 170 Amazonian accessions grown
in a suboptimal area characterized by limited rainfall and a lengthy dry season. Targeted sequence
enrichment to capture gene transcripts generated 14,155 high quality filtered single nucleotide
polymorphisms (SNPs) of which 94.3% resided in coding regions. The rapid decay of linkage disequilibrium
over physical and genetic distance found in the accessions was comparable to those previously reported for
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several outcrossing species. A mixed linear model detected three significant SNPs in three candidate genes
involved in plant adaptation to drought stress, individually explaining 12.7–15.7% of the phenotypic variance.
The SNPs identified in the study will help to extend understanding, and to support genetic improvement of
rubber trees grown in drought-affected regions.

Transformation of Small Rubber Particle Protein - RNA Interference (SRPP-RNAi) into Hevea brasiliensis
(Willd. ex A. Juss.) Muell. Arg.
Y. Sanlaya , N. D. Chatchamon, P. Witthaya, N. Charassri, and N. Korakoch (RAOT/PSU)

Small Rubber Particle Protein (SRPP) or Hev b3 is one of the major components of Hevea brasiliensis latex. It
is well known for its allergenic properties. Breeding rubber clones with small amounts of this protein will
benefit allergic patients. The aim of this research is to carry out RNA interference (RNAi) transformation to
inhibit SRPP expression, thus resulting in small amount of Hevb3 production. RNAi is a biological process in
which RNA molecules inhibit gene expression or translation, by neutralizing target mRNAmolecules. SRPP
expression in 12 clones of rubbers tree were investigated. Results showed that PB235 has the highest SRPP
expression. However, callus of RRIM 600 clone was used for further experiment because callus induction

from PB235 had failed. Transformation of 8-week old RRIM 600 callus using Agrobacterium tumefaciens
strain EHA 105 containing SRPP-RNAicloned into apCambia1304 ex-pression vector was carried out. Results
showed that only 2% of callus survived. Isolate total RNA from callus can survive and induce SRPP gene by
sqRT-PCR found SRPP expression of transgenic plant was less than control.
cDNA-AFLP Analysis Reveals Differential Gene Expression in Tapping Panel Dryness and Healthy of Hevea
brasiliensis Mull.Arg.
Yuttimit Sanlaya , Nathaworn D. Chatchamon (RAOT)
Tapping Panel Dryness (TPD) is a main reason for decreased natural rubber product in rubber tree, but the
molecular mechanisms of TPD is not clear. This study used cDNA-amplified restriction fragment length
polymorphism (cDNA-AFLP) from total RNA isolated from latex of healthy and TPD trees.Firstly, 30
combinations of EcoRI and PstI primers were tested. Fifteen combination primers with higher number of
polymorphic fragments were then selected for transcript-derived fragments (TDFs). We identified 113 TDFs
that are differentially expressed, out of which 23 TDFs were presence in TPD, 13 TDFs were absence in TPD,
39 TDFs were up-regulated in TPD and 38 TDFs were down-regulate in TPD. The differentially gene expressed
by cDNA-AFLP in TPD which represent different groups of genes involved metabolism, cell signal, cell division
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and cell ageing. RT-PCR was used to confirm that differentially amplified cDNA fragments were derived from
differentially expressed genes.

List of publications:
[1] Kanin R., Kasemsap P., Phumichai T., Kanpanon K., Rattanawong R. and Hietz P. 2018. Trait evolution
in tropical rubber (Hevea brasiliensis) trees is related to dry season intensity. Function Ecology. DOI:
10.1111/1365-2435.13203
[2] Pakatorn S., Naktang C., Yoocha T., Nirapathpongporn K., Viboonjun U., Kongsawadworakul P.,
Tangphatsornruang S. and Narangajavana J. 2019. Unraveling vascular development-related genes
in laticifer-containing tissue of rubber tree by high-throughput transcriptome sequencing. Current
Plant Biology. https://doi.org/10.1016/j.cpb.2019.100112

INDIA

ADVANCED CENTRE FOR MOLECULAR BIOLOGY & BIOTECHNOLOGY
Hevea transcriptomics
Bioinfomatic analysis of 15 transcriptomes derived from leaf, root, bark and latex of rubber plant is in
progress. Transcript sequences from various conditions and tissues were annotated against Ricinus communis
protein data set using homology search. BLAST results were screened based on alignment length >= 50 and
percentage identity >= 50 using in-house PERL script.
CD-Hit clustering, transcript quantification and Differential Gene Expression (DGE) analysis were carried out
for YA: Latex from high yielding germplasm accession, YB: Latex from low yielding germplasm accession and
YC: Latex from low yielding clone samples. Differentially regulated transcripts were screened using in-house
PERL scripts.
Computational classification of cis-Prenyltransferases (CPTs) members
Thomas K U and Anantharamanan R
Reclassification of cis-Prenyltransferases (CPTs) members was carried out using computational approaches.
A total of seven CPT gene family member and 1 CPT like sequence (CPT1, CPT2, CPT3, CPT4, CPT5, CPT6, CPT7
and CPTL) were reported in the whole genome assembly of RRIM 600 (Lau et al., 2016). Extensive
computational analysis on these sequences revealed highly conserved sequence pattern among CPT1, CPT2
and CPT3, whereas CPT4, CPT5, CPT6, CPT7 and CPTL were not showing conserved patterns with CPT1, CPT2
and CPT3. Further the CPT2 and CPT3 sequences were found identical based on Untranslated Region (UTR)
alignments. Thus, only two major CPTs (CPT1 and CPT2/CPT3) were detected in RRIM 600 contradictory to
what reported by Lau et al. (2016). To reconfirm the identity of CPTs in Hevea based on previous findings, a
total of 29 CPT sequences were retrieved from NCBI's GenBank and subjected to computational analysis.
Based on the results from BLAST analysis, multiple sequence alignments of protein, nucleotide and
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untranslated regions, open reading frame analysis, gene prediction analysis and sequence length variations,
we identified three main CPTs namely RubCPT1, RubCPT2 and RubCPT3 in Hevea brasiliensis
SNPs in rubber biosynthesis genes and their haplotypes
Thomas K U
Identification of novel polymorphic SNPs for segregation analysis in new interspecific progeny population.
A mapping population derived from an interspecific cross between H. brasiliensis clone RRII 105 (high yielder
with low disease resistance potential) and H. benthamiana F4542 (low yielder with high level of disease
resistance) was used for the construction of high density genetic linkage maps of H. brasiliensis and H.
benthamiana. PCR product sequencing of the entire genomic region of HMGR,GGDPS and REF from
H.benthamiana was done to identify novel polymorphic SNPs in this mapping population. Sequence analysis
revealed the presence of 21 SNPs.
Characterization of stress-tolerant clones of Hevea using molecular markers and understanding gene
regulation under abiotic stresses
NAC domain containing sequence analysis
Saha T and Thomas K U
NAC transcription factors are the largest families of plant transcriptional regulators involved in essential
biological processes in development, stress responses and nutrient distribution in plants. NAC proteins consist
of a conserved N-terminal region (NAC domain) with DNA-binding and oligomerization abilities, and a diverse
C-terminal region which functions as a transcription regulatory domain. Previously we reported successful
cloning of NAC cDNA from both susceptible (RRII 105) and tolerant (RRIM 600) rubber clones to abiotic
stresses. Three dimensional structure of Hevea NAC was predicted through homology modeling. Four nonsynonymous SNPs identified in the coding sequences of RRII 105 and RRIM 600 could not bring any change in
these DNA binding motifs.
Construction of plant transformation cassette
The T-DNA binary vector pCAMBIA1301 containing 35S:NACtf:polyA cassette was constructed with the NACtf
cDNA from both RRII 105 and RRIM 600 and mobilized into Agrobacterium tumefaciens strain LBA 4404 for
plant transformation. Positive colonies of Agrobacterium with NAC constructs from both RRII 105 and RRII
600 were identified through PCR amplification with NAC gene-specific primers. Two selected colonies were
grown and used in transformation of tobacco leaf disc
Methylation dynamics of Hevea brasiliensis genome
Thomas K U et al.
Identifying stress induced DNA methylation pattern in the promoter region of selected rubber biosynthesis
genes (HMGR, HMGS, FDPS and REF) in cold susceptible (RRII 105, RRIC 100) and tolerant (RRIM 600) clones
were continued.
A partial promoter region of REF gene was amplified from 24 DNA samples derived from the clone RRII 105,
RRIM 600 and RRIC 100 before imparting the stress, after two weeks of giving stress and one month post
stress maintained in growth chamber. Cloning of bisulfite PCR products of this gene from 16 plants was
completed and plasmid DNA was isolated from multiple colonies for sequencing. Simultaneously, cloning of
bisulfite converted HMGS gene promoter was completed from all the 24 plants. A total of 77 plasmid samples
having bisulfite treated partial promoter region of HMGR gene were sequenced. Nine plasmids having partial
promoter region of HMGS gene from the above three clones were also sequenced to identify methylation
patterns associated with cold stress in the above clones. Sequence Analysis is in progress.
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DNA methylation analysis of poly-embryony derived plants grafted on different rootstocks
Multiple uniform seedlings developed through polyembryony were compared at molecular level with their
bud grafted counterparts and root stock induced epigenetic variation in scions was identified at molecular
level. MSAP experiments to assess the impact of grafting on poly-embryony derived bud-grafted plants was
continued. Experiments were carried out in three sets of 10 year old own rooted plants and their two year
old grafted plants in the field. Pre-amplification was carried out using selective primers and successful
amplification was confirmed by running on gel. Six different primer combinations were selected for selective
amplification. Initially two samples each from MspI digest set and HpaII digestive set was used for the
reaction to check the efficiency of new primers. The experiment is in progress.
Construction of a high-density genetic linkage map in rubber
Bindu Roy C, Madhavan J. and Saha T.

Linkage map for Hevea brasiliensis and H. benthamiana was constructed using Genotyping by
Sequencing (GBS) methodology using dominant Single Nucleotide Polymorphism (SNP) markers and
co-dominant presence/absence variants (PAVs) markers. A few simple sequence repeat (SSR)
markers generated through gel electrophoresis following PCR amplification were also incorporated
into the saturated map. Linkage maps were constructed using the genotypic information derived
from an interspecific cross between H. brasiliensis and H. benthamiana. The maps for both these
parents were constructed separately which assembled into 18 linkage groups, which is in agreement
with the known number of haploid chromosomes in Hevea (n = 18). Total length of the map was
6666.2 and 8779.9 cM for H. brasiliensis and H. benthamiana respectively.

Identification of Quantitative Trait Loci (QTL) markers for disease resistance and yield related
traits in rubber
Bindu Roy and T. Saha
Genotypic information for a progeny population derived from an interspecific cross between H.
brasiliensis and H. benthamiana were generated through GBS methodology. Phenotypic data for
disease resistance to three major pathogens: Corynespora, Colletotrichum and Phytophthora as well
as yield, growth and other secondary traits for the progeny population were also obtained.
Phenotypic and genotypic information for parents and progeny population were merged together
to identify marker-trait relationship for identification of QTLs related to resistance against these
major fungal pathogens of rubber as well as for yield and growth related traits. QTL markers for
resistance to these three pathogens were identified from the linkage map of disease resistant parent
H. benthamiana. Three QTLs for Phytophthora disease resistance and three for Corynespora disease
resistance were identified from H. benthamiana. In case of Colletotrichum, three QTL markers were
identified each in H. brasiliensis and H. benthamiana. As far as girth is concerned, one QTL marker
was identified from H. brasiliensis, which is the high yielding parent. ATP is a biochemical indicator
for yield. Four QTL markers for ATP were identified from the high yielding parent H. brasiliensis. QTL
markers were identified for test tap yield from both H. brasiliensis and H. benthamiana. Validation
of QTL markers and fine mapping of the QTL regions is in progress.
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Analysis of abiotic stress-responsive transcripts of Hevea brasiliensis
M.B. Mohamed Sathik
Transcriptome sequencing was performed for the ethylene responsive genes from latex of ethylene
stimulated trees. The differential gene expression analysis revealed a total of 221 differentially
regulated transcripts, which after applying Gene Ontology (GO) screening indicated up-regulation
of about 61 transcripts and down regulation of about 18 transcripts. The up-regulated transcripts
are the transcripts belonging to ethylene-responsive transcription factor, zinc finger protein, CCAATbinding transcription factor, glutamine synthetase, glutamate receptor, LEA14-A protein,
auxin:hydrogen symporter, auxin responsive protein, MAP kinase kinase kinase, NAC domain
containing protein, Wound induced protein (WIN 1), etc. By and large, many ATP-binding cassette
transporters, 3 Farnesyl-diphosphate farnesyltransferase, 2 Chaperone protein dnaJ, 1 Glucan
endo-1,3-beta-glucosidase, basic isoform, 1 Geranyl geranyl pyrophosphate synthase, 1 Class I
chitinase, 1 Beta-amylase were found highly down regulated.
These results along with previous results on drought and cold responsive transcriptome
investigations would enrich the available transcriptome data on Hevea and would enable discovery
of genes/markers associated with abiotic stress tolerance and latex biosynthesis. Candidate genes
identified from these investigations need to be validated in a larger population of genotypes before
they can be employed as markers in breeding programs of Hevea.
In vitro studies
Development of gynogenic haploids through embryo sac culture
Sushamakumari S and Jayashree R
Isolation and culture of embryo sacs from mature female flowers of different clones, RRII 105,422
and 414 of Hevea brasiliensis was carried out with the objective of developing haploids/
homozygous diploids. Callus induction could be obtained in all the clones tried, though the
frequency of callus induction as well as the texture of the calli varied among the clones. The
proliferated calli have been subcultured for embryogenesis . Embryogenic calli could be induced
in two clones, RRII 105 and 414, followed by the development of embryos. A few of such embryos
are in the embryo germination phase
The embryogenic callus and embryos obtained from the embryo sac cells of the unfertilized ovules
was sub cultured for embryo induction, maturation and plant regeneration. Embryo sac derived
calli of clones RRII 105 and RRII 414, generated in the previous year, were proliferated after which
they were transferred to embryo induction media. Embryogenic callus induced in clone RRII 414
gave rise to several embryos. In RRII 105 embryogenesis was achieved at a low frequency. These
embryos were sub cultured to maturation medium. Some of the matured embryos of the clone RRII
414 are in the germination phase.
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Generation of tetraploids/polyploids from diploid callus
Sushamakumari S et al.
Fresh embryogenic callus emerging from the colchicine treated callus of clone RRII 105 were
proliferated and transferred to embryo induction medium. Embryogenesis from these cultures is
awaited. In an earlier experiment calli derived from zygotic explant were subjected to colchicine
treatment and were maintained by sub culturing to appropriate media combinations. Embryo
induction and maturation followed by embryo germination could be obtained. Many of the
germinating embryos have been transferred to the plant regeneration medium. Regenerated
plantlets are now in the acclimatisation phase.
In vitro screening for Corynespora tolerance using cassiicolin toxin
RRII 105, the most popular and widely cultivated clone, which at the same time susceptible to CLFD,
was selected for this experiment. Embryogenic calli were cultured over medium fortified with
different levels of cassiicolin toxin. After six weeks in culture, the toxin insensitive calli were
selected, proliferated in toxin free medium, and again exposed to cassiicolin toxin for two months.
Tolerant calli obtained after two cycles of such selection were transferred to toxin free media for
further development including embryo induction and maturation. Upon transferring the mature
embryos to germination and plant regeneration media, a few of the embryos regenerated into
plantlets. An initial survival rate of 20% was obtained when the regenerated plantlets were
subjected to hardening. Those surviving plants are in the next stage of acclimatisation in big poly
bags.
Somatic embryogenesis in Hevea brasiliensis
Somatic embryogenesis from leaf explants
Kala RG et al.
Callus was induced induced from leaf cultures from clone RRII 105 and 414.The callus was
proliferated by repeated culture every 50 days in proliferation medium with gradual change in
cyokinin /auxin ratio and stress induction. Embryogenic callus induced was tried for somatic
embryogenesis. Somatic embryo induction from the proliferated embryogenic callus was obtained
in earlier standardized medium. Embryos after initial one week culture in maturation medium
were given slow desiccation and on subsequent culture in maturation medium they germinated.
In vitro plant regeneration was obtained in theearlier standardized medium. Fully developed
plants are being acclimatized.
Somatic embryogenesis from immature anther (clone RRII 414)
Kumari Jayasree.P
Somatic embryogenesis and plant regeneration from Hevea clone RRII 414 was attempted.
Immature anthers were cultured in modified MS medium supplemented 2,4-D (2.0 mg/l) and kinetin
(0.5 mg/l) for callus induction. Induced calli got proliferated and were then subcultured to embryo
induction medium containing modified MS medium supplemented with 0.7 mg/l kinetin and 0.2
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mg/l NAA and 2.0 mg/l GA3. Somatic embryos on maturation were placed on germination medium
and maintained in the same medium upto full plant recovery.
To evaluate the effect of benzyl adenine (BA) on callus induction, immature anthers were cultured
on callus induction medium optimized for clone RRII 105 where kin was replaced with 4 different
concentrations of BA (0.5, 1.0, 2.0, 3.0 mg/l. Among the different combinations of BA tested, 2.0
mg/l BA along with 2.0 mg/l 2,4-D was found to be effective on callus growth and further
proliferation. When friable callus was placed on embryo induction medium, yellow callus turned to
brownish and globular embryos were observed on the surface of callus in about 3 to 4 months after
culturing. Eventhough 30% of embryo induction was obtained, only 10-15% was reached the
cotyledon stage and became enlarged in size. In the germination medium, matured embryos were
differentiated and eventually developed into full plants. In this study, the time span for the
development of plantlets could be reduced to 7-8 months compared to the earlier reported systems
from other explants. During hardening, germinated plantlets with well developed root and shoot
system were gradually acclimatized to room temperature and survived plantlets grew normally
when replanted in big polybags and further established in the field. This is the first report on clone
RRII 414 plantlets regenerated through somatic embryogenesis.
Sequence analysis of HbSERK gene expressed during somatic embryogenesis
Somatic Embryogenesis Receptor-Like Kinases (SERKs) is the only one gene that involved in the
transition of somatic cells to an embryogenic state, which is capable of differentiating into an
embryo at later stage of development. In the present study HbSERK (408 bp) was isolated by cDNA
cloning and subjected for sequencing and analysis. On sequence comparison with NCBI data bank,
HbSERK showed 78% similarity to that of AtSERK1 at nucleotide sequence and at amino acid level
HbSERK shows 99% similarity to AtSERK1. This similarity between HbSERK and AtSERK1 at amino
acid level indicates that these two genes are orthologs. Multiple sequence alignment of HbSERK
protein displayed the presence of partial sequences from intracellular protein kinase particularly
from V-X subdomains which is the characteristic of the catalytic core of Ser / Thr protein kinases. In
the kinase domain of HbSERK, the 29 amino acid residue activation loop (A-loop) is present in
subdomains VII and VIII which is 100% identity to AtSERK1. Similarly, as in AtSERK1, HbSERK A-loop
also contains 4 threonine residues and one tyrosine residue. Additionally, HbSERK also contain
Ser/Thr protein kinase in subdomain VI similar to AtSERK1 with 100% homology. The unrooted
phylogenetic tree constructed with partial amino acid sequences using same regions spanning to
the other reported SERK genes revealed the relationship between other SERK proteins and the
analysis clearly indicated that HbSERK was tightly clustered with AtSERK1 and MtSERK1.
Genetic transformation
Genetic transformation of Hevea brasiliensis with MnSOD gene construct with CaMV35S promoter
Jayashree R, Kala RG et al.
Transgenic plants regenerated earlier with HbMnSOD gene construct were multiplied by bud
grafting. Field planting of the same is still awaited for want of GEAC clearance.
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Agrobacterium mediated transformation with the hmgr1 gene
Jayashree R et al.
Transgenic plants integrated with the hmgr1 gene were developed. Southern analysis confirmed the
transgene integration in all the PCR positive plants and the plants exhibited three different
integration patterns. Through repeated transformation, MnSOD and hmgr1 genes were integrated
in Hevea callus which was monitored by PCR analysis. The transgenic cell lines were subcultured in
the embryo induction medium for the initiation of transgenic embryos.
Positive amplification for the hmgr1 transgene was observed in twenty out of 36 plants tested and
13 plants were hpt positive. The transgenic plants in the containment facility, showed a range of
latex yield values where some plants produced more latex than the control plant indicating possible
regulatory role of hmgr1 gene in the latex biosynthetic pathway.
Development of transgenic plants integrated with osmotin gene
Rekha K et al.
Molecular reconfirmation of gene integration and the identification of integration pattern was
carried out in already developed transgenic plants. All the plants tested were PCR positive. Southern
analysis using digoxigenin labeled osmotin gene probe confirmed the integration of the transgene.
Stress tolerance studies with transgenic rubber plants integrated with ‘osmotin’ gene showed better
membrane stability under PEG stress compared to control plant.
Agrobacterium mediated transformation with the ipt gene
Kala RG et al.
The plant regeneration system from leaf explants was utilized for Agrobacterium mediated genetic
transformation for incorporation of iso-pentenyltransferase (ipt) gene. Work was executed
transgenic tissue regeneration, embryo induction and transgenic plant regeneration. Avery good
transformation frequency of around 20% was obtained and several lines proliferated. Embroyo
induction was obtained from seven proliferated lines and several plants were regenerated in vitro.
Normal plants as well as plants with morphological variations were noted among the regenerating
plants such as rosette formation and no roots. Five plants are undergoing hardening.
Agrobacterium mediated transformation with the hsp31 gene
Kala RG et al.
Genetic transformation experiments were carried out with the Hsp31 gene construct which has the
capacity to detoxify the plant cells of methylglyoxal, and render them highly tolerant to both biotic
and abiotic stress. The plant regeneration system from leaf explants was utilized for Agrobacterium
mediated genetic transformation. Atransformation frequency of around 30 % was obtained with the
construct and several lines were proliferated. Somatic embryogenesis could be obtained from nine
proliferated lines. Transgenic plants were regenerated and are undergoing hardening.
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Validating the role of CAld5H in model plant tobacco by the development of transgenics using the
sense and antisense construct of CAld5H.
Pramod S and Saha T
Nicotiana tabacum was transformed by pCAMBIA1301-sense and antisense HbCAld5H1 constructs
using the leaf-disk method. From the surviving explants, several GUS positive transformants were
recovered. 10 independent transformants were regenerated with HbCAld5H sense construct while
25 independent transformants were regenerated with HbCAld5H antisense construct. Of these, 3
independent transformants (3-months-old) from each HbCAld5H sense and antisense constructs
(CAS-A and CAS-B) were selected along with untransformed controls and analysed by PCR and
Southern blotting.
Quantification of transgene expression and CAld5H enzyme assay were performed on 3-4 months
old, three independent lines each of CAld5H sense, antisense (CAS-A and CAS-B) along with
untransformed controls acclimatized in the green house. RT-PCR showed less transcript levels in
antisense lines compared to sense lines in the leaf tissue. This indicates the up and down-regulation
of CAld5H gene in transgenic lines.
Morphology and anatomy of of CAld5H sense and antisense transgenic tobacco lines
After transfer to green house, the transgenic plants showed distinct variations in morphology The
CAS-B lines showed dwarfism compared to control, sense and CAS-A lines. The sense plants showed
an increase in leaf size while it was reduced significantly in antisense plants compared to that of
control plants. The leaves were stunted, wrinkled and curled in CAS-B lines and paler photosynthetic
tissue was evident compared to control and sense plants. The sense plants showed robust leaf
growth and development compared to antisense lines.
The transverse sections from the leaf mid rib tissue of control and transgenic lines stained with
toluidine blue revealed the lignified vascular tissue consists of protoxylem and metaxylem elements.
Although sense plants showed more number of xylem elements in radial rows, their cell wall were
thinner and often deformed compared to that of control and antisense lines. Weisner reaction
revealed the relatively thicker, lignified secondary walls in the primary xylem elements of antisense
plants (both CAS-A and CAS-B lines), however, the sense line showed thin cell walls with less lignin.
Maule’s reaction of these tissue showed the presence of guaiacyl units in the thicker secondary cell
walls of proto and metaxylem elements of control and antisense lines. The thinner secondary walls
of primary xylem elements in the sense plants also showed presence of guaiacyl lignin. These results
suggest that the amount of guaiacyl lignin units are reduced by decreasing the secondary wall
proportion of primary xylem elements in the vascular tissue of leaf tissue during overexpression of
CAld5H gene. On the other hand, the increase in number of radial extent of xylem elements in the
sense plants suggest the xylogenesis and vascular tissue differentiation could be enhanced with
more number of cells with less secondary cell wall volume. The primary functions of leaf tissue
(photosynthesis and transport of primary metabolites) are performed be chlorenchymatous and
sieve cells while mechanical and conductive functions are of secondary importance. Therefore, the
enhanced meristamatic activity and vascular tissue differentiation could be better for growth and
development and leaf tissue in relation with their specific functional dynamics compared to stem
and root tissues. On the other hand, it is important to examine the effect of CAld5H overexpression
on secondary growth in stem tissue where mechanical ad conductive functions are of priority.
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CROP PHYSIOLOGY
Environment and Stress Physiology
K.V.Sumesh and K .K. Jayasooryan
A study was carried out to assess the photochemical efficiency of young plants of Hevea under high
temperature stress. Four Hevea clones viz., RRII 430, RRII 105, RRII 414 and Tjir 1 were subjected to
high temperature stress (45°C) in vitro and in vivo to determine the physiological responses.
Parameters like photosynthesis, PS II activities, membrane stability etc. were tested in these clones
after exposure to high temperature. Among the rubber clones RRII 430 was found to be relatively
better high temperature tolerant.
Many clones were evaluated for drought and cold stress responses under controlled conditions.
Parameters like rate of lipid peroxidation, chlorophyll index and xanthophyll cycle pigments were
analyzed. Level of cellular viability was better in RRII 430 and RRII 429 under stressed conditions.
Upon stress recovery from water deficit a fast development of new whirl was observed in clones
RRII 430, RRIM 600, RRII 429 and RRII 208 than other clones. Cold stress induced dormancy was
noticed in all the clones and re-growth was noticed at a slower rate and varies with clones during
recovery under tropical conditions. Re-growth after drought stress was comparatively faster than
cold stress exposed. SCATC 88/13 and RRII 208 were found to be better cold stress tolerant clones.
Xanthophyll cycle activity showed significant variation among the clones under drought stress.
Xanthophyll pigment pool size was higher in RRIM 600 and RRII 430. The ratio of zeaxanthin to total
carotene, total xanthophyll pigments and total chlorophyll was found high during the drought
condition. It was confirmed that RRIM 600 and RRII 430 have a higher ratio of xanthophyll cycle
pigment to total carotene and total chlorophyll under drought condition.
A multi-location trial with sixteen ortets and seven check clones were planted at three different
locations in 2012. Cumulative yield of three years test tapping (ten tappings /season) was
accounted. The highest yield was recorded consistently in clone RRII 430 followed by clone RRII 417
among the elite clones whereas ortets RRSA 98 (Agartala, NE Indian ortet) followed by RRSA 585
and DAP1 (Dapchari, Central Indian ortet) recorded higher yield and NGK 69 (Guwahati ortet) and
DAP 34 recorded the lowest yield.
Growth and Yield Physiology
S. Sreelatha and K. Annamalainathan
With an objective of keeping biodiversity, tree intercrops like mahogany (a timber species) and
pathimugam (a medicinal plant) were maintained as intercrops in rubber plantations. The growth
data indicated that tree intercrops did not affect the girth of rubber plants. Rubber trees were
continuously tapped for seven years under S/2 d3 system of tapping. However, the result indicated
that tree intercrops significantly influence the rubber yield. The rubber yield was declined in a plot
with three rows of mahogany inside rubber plantations during 6 th and 7th year of tapping. Among
the intercrops, the Pathimugom stand was very poor with many trees drying and exhibited poor
growth due to shading by the mature rubber trees, while Mahogany trees were found growing
better as intercrop in tree inter-crop trial.
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In a study to understand the effect of stimulation on latex regeneration mechanism in Hevea
brasiliensis differential response was observed in various rubber clones. Successive stimulations
with ethephon had significant effect on sucrose content of latex and metabolism in clones RRII 105
and PB 217 under S/2 d3 system of tapping. Metabolism of clone PB 260 was high with very low
sucrose and high rate of oxidative stress related enzyme activities but there was no significant
increase in yield after stimulation and more trees became TPD. Expression analysis of genes involved
in latex regeneration (sucrose transporters and glutamine synthetase) showed up regulation after
ethylene stimulation in clones RRII 105 and PB 217 compared to other clones.
Expression pattern of genes (ETR1, ETR2, EIN2, EIN3 and ERF) involved in ethylene signal
transduction was studied in different clones (RRII 105, PB 217, RRIM 600, Tjir1, RRII 33 and RRII 38)
before and after stimulation. The data indicated that multiple ethylene receptors were up regulated
after stimulation in high yielding clones compared to low yielders.
Ecosystem level studies
K. Annamalainathan and K.K.Jayasooryan
The emission potential of rubber plantation activities was collated. Various sources of CO2 emission
in rubber planting and farm management practices starting from nursery practices, land clearance,
field establishment to production of fresh latex was carried out. Total emissions due to various farm
activities were accounted to be around 27 MT CO2/ha in a life cycle analysis. Further accounting of
emission from primary latex processing unit is progressing. .Meantime the carbon sequestration
potential of mature rubber plantation was worked out. A 30 years old rubber plantation can store
around 220 MT carbon/ha in the biomass of trees.
Measurement of microclimatic parameters in weeded and unweeded rubber plantations were
carried out. Temperature inside the unweeded plantation was lower than the weeded plantation by
an average of 0.50C. Relative humidity (RH) inside the unweeded plantation was higher than weeded
plantation by an average of 2.5%. This indicates that rubber plantations with good understory
vegetation can maintain the microclimate in optimum range which may be conducive for rubber
yield.
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MALAYSIA

Characterization of transgenes and transgene products of genetically modified Hevea trees from
the confined field planting at SPKT Penawar, Johor.
(Siti Shuhada Shuib, E. Sunderasan)
The transgenic Hevea research in MRB is aimed at producing foreign fine chemicals of commercial
value in latex, which can be harvested continually and non-destructively throughout life span of the
tree. In the recent developments, transgenic Hevea trees at the confined field plantings at the
Experimental Station, at Penawar, Kota Tinggi, Johor, Malaysia, were examined for stability of
transgenes. The confined planting contains bud-grafted generations of original transformants that
harbour transgenes of commercial value, namely human protamine 1, human atrial natriuretic
factor, and a single chain variable fragment antibody specific to Streptococcus gordonii, a bacteria
that causes tooth decay. Polymerase chain reaction (PCR) analysis on genomic DNA of leaf tissue,
followed by confirmation of nucleotide sequences revealed the presence of transgenes in the
transgenic Hevea trees. The results revealed that the inserted transgenes were retained in the
genome of the bud-grafted generations after nearly eight years of transfer to the confined planting.
Efforts are underway to ascertain transgene expression by analyzing the corresponding transcripts
in the latex and leaf tissue of the trees.
Bioethanol Production from Rubberwood.
(Mohd Rahimi Zakaria@Mamat)
In Malaysia, rubber trees are planted not only for latex but also for wood production. Clear bole is
harvested for sawn timber and large branches are processed for medium density fibre boards.
However, there are plenty of unused tree parts or biomass such as leaves, twigs, small branches and
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roots that are left in the field to decay naturally. This could become a cause for root diseases
infections as the unused biomass are rich in nutrients for fungi growth. Therefore, by recuperating
unused biomass, the risk of root disease infection can be reduced. The potential of unused
rubberwood biomass as a source for bioethanol production was examined. Rubberwood biomass
primarily consisted of three components namely cellulose, hemi-cellulose and lignin. All
components interact and combine to form lignocellulosic matrix which gives strength to the
rubberwood. Out of three components, cellulose which constitutes about 50% of lignocellulosic
material can be used to produce bioethanol through microbial fermentation. However, cellulose
must be firstly converted into glucose before it can be used by microorganism. In this study, the
rubberwood biomass was first subjected to mild acid and alkali pretreatment, and continued with
fermentation of the resulting glucose with yeast. Analysis by HPLC showed that glucose
concentration decreased concomitant with increase in ethanol concentration, and completely
depleted at the peak of ethanol concentration. After glucose depletion, a slight decline in ethanol
concentration was observed, perhaps due to further oxidation. This laboratory scale study
established the possibility of converting a low-value unused rubberwood biomass into ethanol, a
high-value product.
Performance of panel BO-1 of RRIM 2025, RRIM600 and GL 1 Tissue Culture Trees
(Dr. Nor Mayati Che Husin)
RRIM pioneered tissue culture research with the aim of developing an alternative method to
propagate Hevea clones. In the 1990’s, this technology found a new purpose - as a platform for
genetic transformation to produce various foreign proteins of interest. Successful regeneration of
plants, however, is clone-specific and the survival of formed plants is largely dependent on
environmental attributes. During acclimatisation, there are many factors that remain to be
optimised, including the balance in microclimatic changes, optimum light sources and optimum
nutrient supply that is essential for hardening of the plants and successful transition from in vitro to
environment outside of the laboratory. Besides GL 1 - the clone of choice for tissue culture and
genetic transformation, RRIM 2025 has shown promising regeneration potential. As this clone is
favoured by growers, it could well be genetically transformed to further improve its agronomic
traits. Recent tissue culture efforts are focused on enhancing embryogenesis (to > 10%), while
reducing contamination (to < 50%), and prepping for a higher survivability of the regenerated plants.
For the record, average embryogenesis achieved for RRIM 2025 anther culture in 2013-2015 ranged
from 1.4-1.7%.
The initial RRIM 2025 tissue culture experiments have yielded a total 15 mother plants, from which
210 (V1) bud-grafted plants were obtained. These, include 40 GL 1 mother plants, 29 RRIM 600
mother plants, and 24 RRIM 2025 normal (non-tissue culture) bud-grafted plants, i.e. a total of 318
plants in field 118, at SPKT-Pelepah. Measurement of girth increment of the stands and fertiliser
application has been carried out at regular intervals. A total of 246 tappable trees in a single
replicate was tapped since March 2016 and evaluated as experimental units. In December 2018,
232 trees remained tapped while 17 trees were eliminated due to dryness or dead.
In this study, the performance of panel BO-1 of existing RRIM 2025 TC derived trees in comparison
to GL 1 TC trees, RRIM 600 TC trees and normal budding of RRIM 2025 (control) are evaluated.
Normal d3 ½ S tapping with 9 to 10 repetitions per month is employed to evaluate tree productivity
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in three different yielding periods; growth in terms of clear bole (wood) volume, total height and
girth increment are also investigated. Yield performance in term of tree productivity
(gram/tree/tapping) and land productivity (kg/ha/year) were evaluated for 12 months in year 2018
covered three different yielding periods i.e. LYP (Feb-May), MYP (Jun-Sep) and HYP (Jan and OctDec). Highest yield were observed significant during MYP and LYP (Table 8), which recorded highest
for RRIM600V1, followed by RRIM2025V1, RRIM2025NBc (control) and RRIM2025NB (Table 2).
However, tissue culture mother plant of RRIM2025 shows unexpected lowest yield performance.
When compared between clones, apparently tree productivity and land productivity of
RRIM2025MP was significantly lower than RRIM600V1, RRIM2025V1, RRIM2025NBc, RRIM2025NB
and mother plant of old clone RRIM600MP.
Studies on the Genetic Regulation of Clonal Variation in Rubber Molecular Weight Distribution
(Chow Keng See, Roslinda Sajari, Zarawi Ab. Ghani)
Visual inspection of MWD distribution plots generated from 24 clones was sufficient for determining
their MWD types. Based on the large proportion of clones (18) showing low intra-clonal plot
variation, it may be concluded that MWD is more likely regulated by genetics than by environmental
factors. GPC analysis of the same rubber samples that had been stored for one year revealed a
distinct reduction in polydispersity index values.
The relationship between tree age and MWD type was investigated in 4 clones (PB 260, RRIM 928,
RRIM 2002, IAN 873) where young polybag plants and mature trees were available. In order to
visualize changes in MWD due to age, representative full chromatograms from a young plant and
from a mature tree of the same clone were aligned using the GPC software. All four clones showed
a shift towards higher molecular weight rubber as young trees grew into mature trees.
Based on GPC analysis of fresh latex samples collected according to requirements of a biological
study, this project provided evidence for the genetic regulation of clonal MWD, validated previous
findings on MWD profile changes according to age and generated average rubber molecular weight
information of 18 clones.
Sequencing and Analysis of Full-length Latex Transcripts Using PacBio SMRT Technology
(Chow Keng See)
Data from 10 SMRT cells sequencing FL-cDNA libraries (< 1 kbp, 1-2 kbp, 2-3 kbp, 3-6 kbp size ranges)
were combined for analysis using the latest software version (PacBio SMRT Analysis Software ver.
5). The total number of quality-checked consensus sequences was 207,943 with an average length
of 1,823 bp. These consensus sequences were mapped to the Reyan 7-33-97 genome sequence to
deduce IsoSeq gene transcripts. A total of 41,105 transcripts were obtained, representing 15,472
gene identities. Generally, the SMRT Analysis Software ver. 5 produced significantly higher number
of consensus sequences and transcripts compared to ver. 3. Compared with the published RRIM 600

129

and BPM 24 genome sequences, utilization of the Reyan 7-33-97 genome showed the largest
number of transcripts and gene identities because it is the best assembly among the three.
Mapping to the Reyan 7-33-97 genome produced the largest number of IsoSeq transcripts (41,105)
and gene identities (15,473) compared to the same analysis with the USM-RIKEN and Thai genome
assemblies. Gene model comparisons with the Reyan 7-33-97 genome showed that 30.3% of
transcripts had complete matches and 48.9% were potentially new gene isoforms. The usefulness
of IsoSeq sequencing for the validation of rubber genome annotation and the discovery of
previously unknown gene transcripts was shown by initial analysis of several candidate rubber genes
of interest.
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IRRDB Technology and End Uses Special Group
International Rubber Research and Development Board
Summary
The 2018-2019 IRRDB Technology and End Uses Special Group annual report gathered and summarized the
information of the progress of downstream activities. There are two countries, Cote d’Ivorie (Centre National
De Researche Agronomique, CNRA) and Thailand (Rubber Authority of Thailand, RAOT) supported their
country report. The progress of the activities of both countries are different in the detail and result.
1. Report of current status of Rubber Technology Activities, work and research in Cote d’Ivoire
Mrs. Okoma D. Muriel.J, CNRA
The general objective of the technology operation, at the level of the CNRA, is to contribute, like the research
program, to increasing rubber productivity and improving the quality of natural rubber. Specifically, it is a
question of controlling the variability of the physico-chemical properties of natural rubber and ensuring a
good transfer of research results. Throughout 2018, the activities of the technology operation mainly
concerned the study of technology transfer of the different valorizations of rubber seed and the study of the
technological properties of rubber clones grown in areas considered marginal to rubber cultivation in Côte
d'Ivoire.
During 2018, bibliographic studies and study tours made it possible to inventory technologies for the
enhancement of rubber seed in the world. It appears that from the seed it is possible to extract cake and oil.
These two by-products provide various uses, in particular for poultry, pig and fish feed, biodiesel, soap and
resin production. In addition, the comparative study of the technological properties of rubber produced in
traditional and marginal areas reveals that there are no differences in the level of impurities and volatile
materials. The nitrogen and ash contents in the rubber from the marginal areas are higher than those in the
traditional area. On the other hand, the plasticity and mooney viscosity of rubber produced in the traditional
zone are higher than the data for the marginal zone. In general, rubber from the marginal area has the same
technological properties as the traditional part.
In order to diversify the rubber farmer's sources of income by enhancing the value of seeds, the following
actions will be undertaken at the level of the Rubber Sector in Côte d'Ivoire:
Installation of pilot oil extraction units and rubber seed cakes in rural areas.
Manufacture of liquid and bar soap from rubber oil.
Biodiesel production from rubber oil.
Valuation of rubber meal in animal feed (poultry, pork) and in fish farming, precisely in the
feeding of black carp.
Training and supervision of planters on technologies for the extraction and valorization of
rubber seed oil and meal.
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Information and awareness-raising trip for farmers and stakeholders in the Rubber Sector in
China, in order to learn about their successful model for large-scale marketing of rubber seed
oil and its derivatives.

2. Report of current status of Rubber Technology Activities in Thailand
Mrs. Nopparat Vichitcholchai
The main objectives of the Rubber Technology activities in Thailand included 1) Create innovation from
rubber production both latex and dry rubber. 2) Rubber and rubber products testing laboratory. 3) transfer
of rubber technology and transformation to smallholder group and private section.
For the first objective, create innovation from rubber production both latex and dry rubber. Several rubber
research projects and rubber products have been carried out by researchers of Rubber Technology Research
and Development Division, Rubber Authority of Thailand. The sample of rubber products included rubber
paving block, rubber simulation for medical students and rubber products for agriculture.

Not only rubber product finding, but also Rubber and Rubber Testing Laboratory have been developed follow
the ISO/IEC17025 to serve all stakeholders for testing the quality and properties of rubber and rubber
products. There are 5 testing laboratories have been operated by Rubber and Rubber Products Testing
Laboratory Center, Central Region. These laboratories included latex and concentrated latex testing,
physical properties testing, chemical properties testing and dry rubber testing laboratory.

In 2019, Workshop on Transfer of Technology on Rubber Technology in Thailand topic
“The Technology on Creaming Process and Applications of Creamed Latex” was operated on 19th -21st
August 2019 at Rama Gardens Hotel, Bangkok. This Workshop is one of IRRDB activities for the year 2019
which involved with technology of creaming process and application of creamed latex. This technology has
been interested by the smallholder in order to apply for increasing the value-added of their raw material.
Thus the objectives of this workshop are:
1) to provide the platform for researchers to discusses and share experience on increasing the
valuable of field latex.
2) to impel increasing domestic consumption using creaming process and application of latex
product.
3) to transfer of creaming technology to smallholder according to the simple technique of creaming
process.
4) to promote networking among researcher/experts and participants in order to exchange
knowledge from each respectively member countries.
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Refer to the workshop provided the forum for promoting the domestic consumption. The workshop consists
of 3 sessions as presentation session, practice session and field visit. Ten papers presented on the first day,
follow with the panel discussion between the representative of IRRDB member countries, on the topic
“Transfer of technology to smallholder, Technology on rubber product, Quality, and demand promotion
policy”. All participants also participated the practice session at the Rubber Technology Research and
Development on second day. Furthermore, third day, all participants be able to visit the producing rubber
smoke sheet by smallholder group Rayong Provincial Cooperative Limited in the morning and visited the Ban
Nern Sawang Community Enterprise Group, Rayong province which produce the rubber products from
natural rubber. While the products that earns the extra income, sufficient for continued living expense,
without asking or waiting for the government support. Finally, the participants have been appreciated in
order to receive the information and experience from this workshop.
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IRRDB AFRICA REPORT FOR 2018
By Esekhade Timothy Unuigboje PhD. IRRDB Coordinator for Africa
Director Research/Head Production Department, Rubber Research Institute of Nigeria, Iyanomo,
Benin City, Nigeria
Brief Introduction
The year 2018 was very eventful in the sustainable development of the rubber industry in Africa,
particularly the West and Central African sub region countries of Cote d, Ivoire, Liberia, Nigeria,
Cameroon, Gabon and Ghana. Activities were focused on the International Rubber Conference (IRC)
2018, the IRRDB meeting 2018, the IRRDB Specialist Group Training 2018, jointly held in Abidjan,
Cote d’ Ivoire. In addition, rubber clonal exchange arrangements and the development of rubber
smallholdings were on the agenda.
Highlights of Activities
The International Rubber Conference, IRRDB meeting and IRRDB Specialist Group Training in
Abidjan Cote d’ Ivoire in 2018.
Cote d’Ivoire successfully hosted the IRC, IRRDB annual board meeting and the IRRDB Specialist
group training in 2018. Participants were drawn from rubber producing countries of Asia, Africa,
South America, Latin America, Britain and France. A total of 63 technical papers were presented by
experts in the rubber industry over a period of 2 days.
Young research scientists from IRRDB member institutions were trained under the socio economist
specialist group before the commencement of the IRRDB conference and annual meeting.

Group Photograph of delegates during the opening ceremony of the Conference
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The Secretary General of the IRRDB Datuk Dr. Abdul Aziz S.A. Kadir making his presentation

IRRDB Multilateral Clone exchange (MCE)
There were activities under the IRRDB MCE arrangement for IRRDB member countries to
exchange clones of excellent qualities aimed at boosting world rubber production. Cote d’ Ivoire
carried out exchanges for 6 and 18 exported and imported clones respectively (Table 1 and 2). The
country has also sent import permits to China, Indonesia, Malaysia, Nigeria, Sri Lanka and Vietnam.
(CNRA Report 2018) Import permits were received from India and Myanmar in the case of Nigeria.

Table 1: Implementation of the MCE in Cote d’ Ivoire clone import
S/N Country
Date
Clones
O
1
Philippines
July, 2016
1 clone USM1 (6)
2
Thailand
July, 2016
5 Clones: RRIT 226 (13),
RRIT251(19), RRIT 408(9),
RRIT3604 (11), RRIT 3904 (8)
3
India
July, 2016
5 Clones: RRII 414 (27),
RRII417(9),
RRII422
(12),
RRII429(29), RRII430(13)
4
CIRAD (Ghana)
September,2016
5 Clones: FDR4575 (12),
FDR5665 (5),CDC 312 (19)
PBM1(15), FDR5788 (15)
5
Myanmar
September,2018
2 Clones:ARCPC 6 (22), ARCPC 2
(4)
Total imported clones
18
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Table 2: Implementation of the MCE in Cote d’ Ivoire clone import
S/N
Country
Date
Clones
O
1
Philippines
March, 2016
5
Clones
:
IRCA41,
IRCA230,IRCA 317,IRCA 331,
IRCA825
2
Thailand
September, 2017
5 Clones: IRCA41, IRCA230,IRCA
317,IRCA 331, IRCA825
3
India
September, 2017
5
Clones:
IRCA41,AIRCA
317,IRCA 331, IRCA 733,
IRCA825
4
Sri-Lanka
July,2018
5 Clones: IRCA41, IRCA230,IRCA
317,IRCA 331, IRCA825
Total exported clones
6

Picture 1: The Quarantine budwood garden with 13 different exchanged clones at Marc Delorme
Coconut Research Institute Abidjan a 2016 initiative of IRRDB
IRRDB Improving Smallholders’ livelihood international workshop in Nigeria
The IRRDB at the meeting of the board of Directors in 2018 approved the hosting of an
international workshop in Nigerian entitled “Improving rubber smallholders’ livelihood through
integrated rubber-based agroforestry systems, plantation management, rubber sheet and latex
concentrate processing” The workshop is scheduled to be held from the 2 to 6 of September 2019.
Participants from China, Papua New Guinea, Liberia, Ghana, Cote d’ Ivoire and Nigeria have
registered for the workshop.
New African IRRDB member countries
The possibilities of Ghana becoming a member of the IRRDB is still work in progress. I have
reached out to Mrs Dyllis Sowah of Ghana’s Ministry of Food and Agriculture as a follow up to the
efforts of the Secretary General, Datuk Dr. Aziz on the need for Ghana to become a financial member
of the IRRDB. There are positive developments that the country will join the IRRDB family sooner
rather than later.
The Effects of low cost of rubber cup lump prices on smallholders
The effects of low cup lump price have had adverse effects on smallholders in the following
areas:
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Economics of scale
Rubber smallholdings average about 4 hectares. The average age of rubber smallholders is 55
years. Family Farm labour has dwindled, as there is a lack of interest in rubber farming by the
farmers’ families. Scarcity of labour has led to increase in labour wages, which in turn impacts
on the farmers income.
Income
Smallholders farmers’ income have seen a drastic reduction, particularly in the most marketed
rubber produce in Nigeria which is cup lump or rubber coagula.
Reduction in sales of rubber cup lump is about 120 percent; from an average high of 0.75 to 0.78
USD (270-280 Naira) in 2012 to as low as 0.39 to 0.42 USD (140 - 150 Naira) presently.
Table 3: RRIN DATA ON RUBBER CUP LUMP PRICE 2012 TO 2018*
YEARS
2012
2013 2014
2015
2016 2017
2018
MONTHS
270
280 210
180
160 150
150
JANUARY
270
270 210
180
160 150
150
FEBRUARY
270
270 210
180
160 150
150
MARCH
270
240 210
170
160 150
150
APRIL
270
240 210
160
150 150
140
MAY
270
240 210
160
150 150
140
JUNE
270
240 210
160
150 150
140
145.714285
JULY
270
240 210
160
150 150
7
AUGUST
270
240 210
160
150 150
SEPTEMBER
270
240 210
160
150 150
OCTOBER
280
240 210
160
160 150
NOVEMBER
280
240 210
160
160 150
DECEMBER
280
240 210
160
160 150
Total
3540
3220 2730
2150
2020 1950
247.692307
165.384615 155.384615
Mean
272.3076923
7 210
4
4 150 145.7143
* Values are in Naira (1 USD = 305 Naira)

Employment
Farming is generally still the largest employer of the mostly unskilled labour in Nigeria. A mean
of 20 mn days per hectare is utilized in labour related activities such as budding and tapping in
rubber farms. The labour is mostly hired, since there is a reduction in family labour as youths
are now engaged in more profitable ventures.
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Social
Coping strategies of smallholders involves the formation of rubber clusters or associations to
collectively market, rubber produce to middle men and rubber factories. The adoption of
rubber-based agroforestry systems, involving peripheral planting of fruit plants and inter
cropping rubber with arable crops (cassava, maize, yam, plantain, pulses, vegetables,
pineapple, melon) and mixed farming (honey bees production, snailery and rabbitry by
smallholders is witnessing more women and youth participation in rubber farming. There is
however, a reduction in the participation of women in rubber tapping and budding, as a result
of the not too encouraging price of rubber produce.
Area of focus for sustainable rubber production in Africa
There was appreciable growth in rubber production in Africa in the year ending 2018. Cote d’
Ivoire is the clear leading country in rubber production in Africa with rubber production growing at
double digit rate; producing 67 per cent of the total rubber coming from Africa (IRSG report 2018).

IRSG report (2018)
The massive development of the rubber industry in Cote d’ Ivoire is as a result of a policy shift
towards full exploitation of the rubber value chain of nursery development, plantation
establishment, plantation exploitation, and all aspects of rubber marketing and processing.
The traditional rubber production of a higher percentage of supplies coming from rubber
smallholders has been sustained in Cote d’ Ivoire. However, this cannot be said of the other rubber
producing countries in Africa. The trend in Nigeria, Liberia, Cameroon, Ghana and Gabon is that
there is a higher ratio of rubber production from rubber estates over smallholdings. Smallholders
are traditionally the engine room for rubber production in rubber growing countries of the world,
but not so in Africa, except Cote d’ Ivoire. In Nigeria 37. 6 percent comes from rubber
smallholdings, while rubber estates account for the huge shares of 63.4 percent.
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To change the negative trend, policy focus on revamping smallholding rubber sector must be
pursued by African countries. There must be a
policy shift towards:
 Production and distribution of high yielding planting materials to farmers. The smallholders
are willing to purchase quality materials but it is important that they are subsidized as this is
carried out for agricultural commodities the world over.
 Rehabilitation of abandoned plantations particularly in Nigeria
 Aggressive replanting and new planting, with emphasis on planting rubber in marginal lands.
 Subsidize the costs of land preparation and imputes such as fertilizers, herbicides stimulants
etc.
 Establishment of new rubber planting with the incorporation of rubber-based agroforestry
systems and mixed farming to attract youth and women groups to rubber business. The
systems will lead to crop diversification, land use intensification, diversification of income
streams and household food and nutrition needs. The systems also take care of issues related
to the environment such as the mitigation of soil degradation and biodiversity restoration.
 Capacity building for rubber smallholders with emphasis on good agricultural best practice for
rubber, field hygiene, field latex as well as to encourage the formation of rubber producers’
associations.
 Full exploitation of the rubber value chain of nursery development, plantation establishment,
plantation exploitation, all aspects of rubber marketing, processing, tyre and non-tyre
manufacture.
 Establishment of a private sector-led National Trading and Marketing Corporation for
downstream rubber marketing.
 Ensuring the sustainability of rubber production through the three P s (PPP) People, Plantation
and Profit.
Conclusion
Africa holds the frontier to the world rubber development in terms of untouched and yet to
be exploited arable land mass. I intend to further enhance the synergy among rubber producing
countries in Africa by sharing experiences and comparing notes on how to impact positively on the
rubber industry. The IRRDB conference will provide a great opportunity to meet officials from
member African countries for further discussions and exchange of ideas.
We must run together if we want to get very far
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Report on the IRRDB Expert Team's visit to Palembang, South Sumatra,
Indonesia, to investigate leaf disease epidemic in rubber plantations
The background
During the visit of IRRDB Secretary General Dr. Abdul Aziz to Palembang during February 2018, a new leaf
spot disease that caused leaf fall was observed in some rubber plantations in that region. As the defoliation
in the affected plantations was nearly 30 per cent of the canopy, he had requested the scientists of
Indonesian Rubber Research Institute (IRRI) to keep a close watch and make preliminary studies on the causal
organism of the disease that was responsible for development of leaf spots.
By March 2018, the disease developed into an epidemic, covering large areas of rubber plantations in that
region with heavy defoliation. One of the most affected plantations was the Research Farm of IRRI at
Sembawa, Palembang. Many small holdings and some large plantations in South Sumatra were affected.
There were reports on the disease from North Sumatra and North Java indicating spread of the disease. As
this disease is new to rubber plantations in Indonesia, the Director IRRI requested the help of IRRDB for expert
investigation. In response, the Secretary General deputed an experienced team of experts to investigate and
suggest control measures.
The team consisted of IRRDB Fellows who are experts in rubber disease epidemic management namely Dr.
Kuruvilla Jacob, Dr. Ramli Bin Othman and Mr Tajuddin Ismail with long experience in Plant Pathology,
Breeding for disease management and Agronomy respectively. The Malaysian Rubber Board deputed Dr.
Adam Malik and Ms. Azimah Izhar from Plant Pathology Unit of RRIM to join the team. Mr Aizat Hazman,
Administrative Officer, IRRDB, assisted the team. A team of drone survey experts of M/s Brain Tree led by Mr
Arif Makhdzir also joined for canopy evaluation.

The investigation
The expert team arrived in Sembawa by noon on10th April and visited the plantation of IRRI Research Centre
accompanied by Dr. Heru Suryaningtyas, Head, Sembawa Research Centre ,Dr. Thomas Wijaya, Deputy
Director, IRRI and scientists of Plant Pathology, Agronomy and Plant Breeding units of the Centre. Heavy
defoliation of almost all the clones planted in the farm was observed. The area planted with clones PB 260,
PB 340 and RRIC 100 had about 90 per cent leaf fall. The trees, in general, appeared weak and unhealthy.
Diseased leaf samples and root samples from severely affected trees were collected for further observation
in the laboratory. The drone was used to evaluate the canopy density by collecting aerial images.
Dr. Yudi Karyudi , Director, IRRI joined the team on 11th April to visit more affected areas. While heavy loss of
canopy was observed in clones PB 260, GT 1, PB 340, RRIC 100, RRIM 600 and many other clones, BPM 24
was observed to retain about 50 per cent of the leaves. The team also visited a few small holdings in
Sembawa. The disease was very severe in some holdings. Some of the young, well maintained trees were
observed to retain about 50 per cent of leaves.
The Plant Breeders in the team assessed the susceptibility of different clones maintained in the bud wood
nursery. Some of these clones had only few small disease lesions although, complete resistance was not
observed. Hypersensitive reaction of the host clone is suspected in cases which showed small lesions.
The Plant Pathologists examined the samples collected from the field. It revealed the presence of numerous
pycnidia on the disease lesions. Ostioles of the pycnidia were clearly observed under the low power stereomicroscope. These openings were surrounded by masses of conidia that have been extruded from the
pycnidia. Free hand sections of the disease lesions when observed under high power light microscope
showed presence of flask-shaped pycnidia containing phialids bearing conidia interspersed with paraphyses.
The conidia were hyaline, mostly aseptate and oval shaped. Light brown conidia with single septa were seen
on some of the older lesions.
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The purified culture maintained in the laboratory had light greyish cottony mycelium with dark spots at the
loci of pycnidia. These pycnidia also had similar structure as was observed on the leaf lesions. From these
observations, it was clear that the causal organism of the leaf disease epidemic is Fusicoccum sp.
(Neofusicoccum sp.).The root bits collected were examined using iodine staining technique. It showed
sufficient starch reserves to support initiation of re-foliation. Hence there is no threat of die back of trees at
present.
On the third day of the visit (12th April), the team had detailed discussions with the scientists of all research
disciplines, at the Sembawa research station. It was explained that manuring in most of the rubber
plantations in South Sumatra was skipped for the last three years due to the poor returns received by farmers
from sale of rubber. This may have weakened the rubber trees and predisposed them to the disease
epidemic.
In the Research Centre Farm fogging with hexaconazole (Contaf) was tried for control. But it did not help in
reducing the disease. Scientists from Malaysian Rubber Board shared their experience in Fusicoccum disease
control. Spraying benomyl (Benlate) 0.02% two to three rounds reduced disease intensity in earlier
experiments conducted in Malaysia. Based on the observations made, the experts confirmed that the
epidemic is caused by Fusicoccum and suggested control strategies.

The recommendations
After detailed discussions, the following Action Plan was suggested by the IRRDB Expert Team:
1. As already 90% leaf has already fallen due to disease, early re-foliation is expected. Though there is enough
root reserves to initiate re-foliation, further development of canopy and healthy growth of the trees can be
achieved only by fertilizer application. Hence it was suggested that the first split dose of recommended
fertilizers should be applied in April/May itself. The intermittent rains received now are favourable for such
manuring.
2. Fungicide spraying on the trees to control the disease may not be practical as large areas are affected and
adequate spraying equipments are not available. Fogging has failed to protect the trees probably due to drift
of the fine particles away from the targeted leaves. It was therefore suggested to take up fungicide spraying
on to the fallen leaves on the ground using mist blowers to reduce the inoculum. This is more effective when
there are light rains. When moisture is available, the conidia germinate and become more prone to fungicidal
action. Spraying (two rounds) with an economic and effective fungicide was recommended. Thiophanate
methyl (Topsin M) is reported as an effective fungicide against Fusicoccum . It was also suggested that
cheaper fungicides (like mancozeb and copper oxychloride) can be tried for their effectiveness in the lab/
small scale plots and used widely if found effective.
3. Research on Fusicoccum should be intensified by
-- screening of all available clones to detect sources of disease resistance
-- screening of fungicides to find most effective and economic ones
-- nutrient trials to find the most effective fertilizer schedule to reduce disease incidence
-- cross inoculation studies to detect collateral and alternate hosts of the pathogen
4. A Task Force consisting of Plant Pathologists and at least one Agronomist and one Plant Breeder should
be set up under the leadership of a Senior Scientist to monitor the disease and to take up control measures
as soon as the epidemic is detected. Advisory help should be given to all rubber plantations. Efforts should
be taken to prompt and assist small holders for control of the epidemic disease.
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IRRDB Hevea Academy Fellowship Training Report
IRRDB Hevea Academy
Abidjan, Côte d’Ivoire
15-24 October 2018

International Rubber Research and Development Board, Malaysia Association des Producteurs et
Manufacturiers du Caoutchouc Naturel (APROMAC), Côte d’Ivoire Centre National de Recherche
Agronomique (CNRA), Côte d’Ivoire Fonds Interprofessionnel pour la Recherche et le Conseil
Agricoles (FIRCA), Cote d’Ivoire
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Preface

The second Hevea Academy, was formally inaugurated on 15th October 2018
at the new premises of FIRCA, by Mr. Eugene Kremien, Chairman, APROMAC
and Dato Dr. Aziz, Secretary General, IRRDB in the presence of Dr. Attobra
Akpangni, Secretary General, APROMAC, Dr. N’Diaye Oumar, Deputy
Director Executive, Fonds Interprofessionnel pour la Recherche et le Conseil
Agricoles (FIRCA), Dr Adiko Amoncho, Director, INRA, Cote D’Ivoire among
several other important dignitaries from IRDDB, APROMAC, FIRCA and CNRA.
The main objective of the training programme of IRRDB Hevea
Academy was to enable the scientists in the IRRDB member institutes to
familiarize themselves with the development of NR industry in the member
countries and to establish an effective network among them. The focus of
the IRRDB Hevea Academy (2018) training in Côte d’Ivoire was on Good
Agricultural Practices (GAP), extension or transfer of technology (ToT),
processing and research and project management. The above fellowship was
selectively awarded to Scientists from Institutes of IRRDB member countries.
There were 20 participants from 16 countries. The Fellowship enabled the
Scientists to participate in the training programme hosted by APROMAC,
CNRA and FIRCA under auspices of IRRDB during 15-21 October 2018 and the
International Rubber Conference (IRC 2018) from 22-24 October 2018.

IRRDB: International Rubber Research and Development Board, Malaysia;
APROMAC: Association des Producteurs et Manufacturiers du Caoutchouc Naturel, Côte d’Ivoire;
CNRA: Centre National de Recherche Agronomique, Côte d’Ivoire;
FIRCA: Fonds Interprofessionnel pour la Recherche et le Conseil Agricoles, Côte d’Ivoire
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Inception of IRRDB ACADEMY, Côte d’Ivoire
The IRRDB Academy was inaugurated on 15 October 2018 in the presence of dignitaries viz., Datuk Dr.
Abdul Aziz, Secretary General, IRRDB, Mr. Eugene Kremien, President, APROMAC, Mr. Attobra Akpangni,
Secretary General, APROMAC, Mr. N’Diaye Oumar, Deputy Director Executive, FIRCA and Dr ADIKO
Amoncho, Director of Research Department, CNRA. There were 20 trainees from 16 countries including
Thailand, Vietnam, China, Indonesia, Cambodia, Myanmar, India, Malaysia, Philippines, Sri Lanka, Brazil,
Guatemala, Cote d’Ivoire, Nigeria, Cameroon and Papua New Guinea. Datuk Dr. Aziz remarked that the
Academy in Cote d’Ivoire was significant since there was involvement of Liaison Officers and IRRDB
Fellows with different areas of specialization.

DAY 1: MONDAY 15 OCTOBER 2018
SESSION 1 - AFRICAN RUBBER INDUSTRY IN PESPECTIVE
The training programme started with the presentation on the NR scenario in African continent by Dr.
Eugene Ehabe, Liaison Officer for Africa followed by case studies from Cote d’Ivoire, Cameroon and
Nigeria.
African rubber industry in perspective
Côte d’Ivoire’s produced 50% of Africa’s NR with large proportion of NR production system (77%)
constituted by smallholdings. Côte d’Ivoire could dramatically expand its production to about 600,000
tons in 2017, from about 160,000 tons in 1998 through good agricultural practices and technology
supported through the successful collaborative endeavors of FIRCA, CNRA and APROMAC. Now, the
country is aiming to achieve NR productivity to the tune of 1,000,000 tons by the year 2020. The NR yield
in smallholdings is relatively high (about 1,600 kg/ha) as compared to many other natural rubber
producing countries in Africa and South East Asia.
In Nigeria, the total rubber area of 243,479 ha was drastically reduced to 102,257 ha in 2011. NR
area is shared more by estate sector (65 %) compared to small holders (35 %). In 2016 Nigeria produced
only about 55,000 ton of NR indicating the reduction in production ranking fourth after Cote d’Ivoire,
Liberia and Cameroon. In Cameroon, NR production was all-time high in 2006 which was drastically
reduced in 2011. However, there was remarkable increase in NR production from 2012 mainly due to
adoption of improved production technologies. Nevertheless, for full emergence of Cameroon’s rubber
smallholder sector, formulated policy recommendations need to be properly instituted and followed-up.
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ToT challenges in the African context
Overall, following are the major areas for consideration for ToT in African context:
In general, the number of smallholders was more while the holdings were often very small often
characterized by weak organizational setups. The ratio of extension workers to rubber producers
was very low. Almost all NR producing countries reported similar problems related to extension
of rubber cultivation to non-traditional areas. These included the absence of experienced farmers
and less suitable agro-climatic conditions, etc. The prices for raw rubber were very low and
drastically fluctuated, thereby hindering farmer’s initiatives towards making further investments
in their rubber plantations.
Inauguration OF IRRDB ACADEMY Cote d’Ivoire
DAY 1: MONDAY 15 OCTOBER 2018
SESSION 2 – COUNTRY REPORTS
NR scenario in other countries
The natural rubber industry scenario in respective countries was shared among the participants at the
fellowship during the session for presenting the country reports. In these sessions, which held in two days
viz. 15 and 16 October 2018, reports were presented by 20 trainees from 16 countries. The country reports
focused on included the current conditions of the rubber plantation profile, rubber market conditions,
challenge faced by rubber farmers and problem and possible solutions to overcome them.
For Thailand, Mr. Pisit Pimrat, Rubber Authority of Thailand (RAOT), highlighted responsibilities
of the new organizational structure of RAOT and presented the success stories on GMP system on RSS and
cup lump production and rubberized roads which needs 3.3 tons of natural rubber for 1 km length of
highway roads.
The country report of China was presented by Mr. Feng Ming, Rubber Research Institute, Chinese
Academy of Tropical Agriculture Sciences (CATAS). In nurseries, mini-budding technique is followed which
reduced labor requirement which can also be operated indoors. Self-rooted tissue culture plants are being
produced which grow 10-20% faster and with 10-30% more yield than conventionally budded plants. In
latex harvesting, low frequency tapping systems viz. d/3, d/4, d/5 and d/6 are being implemented which
reduced 33% to 60% tapping frequency resulting in higher labor productivity ranging from 50% to 150%
with lesser bark consumption (25% to 52% reduction). Another outstanding innovation is the motorized
tapping knife. In Transfer of Technology (ToT) activities, technology demonstration sites are set-up which
is responsible for transferring the research results to the end users.
Mrs. Norma Arisanti, Indonesian Rubber Research Institute presented the country report for Indonesia.
This country is the second largest producer of NR with a total area of 3.9 million ha NR plantations of
which 85% are held by smallholdings, 7% by estates and 8% by private companies. Since 2015 due to the
decline of rubber prices in the NR market, Indonesia along with other ITRC member countries has
committed to increase the domestic consumption with a view to balance the NR supply and demand.
Indonesian Rubber Research Institute has taken up initiatives to increase domestic NR consumption by
producing different products such as bridge bearings, rubberized asphalt and rubber composites based
canal blocking structures.
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Rubberized asphalt for roads
Bridge bearing
Canal blocking
Transfer of technology in various downstream activities in Indonesia

i-Klon

RITes
Sofil
Transfer of technology in Malaysia

RRIm

Mr. Duong Quang Dung of Rubber Research Institute of Vietnam (RRIV) gave a vivid account on
the NR scenario in Vietnam. Vietnam, with 971,600 ha. NR has a productivity of 1,666 kg/ha/year (2017).
In order to tackle the newer environs under new situations, RRIV also served recommendations on correct
planting season, appropriate size of planting pits, encouraged contour planting in sloppy lands, application
of organic fertilizer and good planting materials.

Contour marking in a sloppy land
in Vietnam

Mini-budding
in China

Mechanized tapping knife
developed in China
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ToT of CUT (Myanmar)

Intercropping (Nigeria)

Futsal rubber floor (Thailand)

Good Agricultural Practices & Transfer of Technology in IRRDB member countries
Mr. Lim Khan Tiva, Cambodian Rubber Research Institute presented country report for Cambodia.
Currently, the NR sector in Cambodia is facing challenges such as insufficient legal regulations, fluctuating
rubber prices, inadequate knowledge of rubber farmers on technologies, widespread use of nonrecommended low-yielding clones, improper tapping systems, lack of skilled labors and downstream
sector. To address these issues, CRRI is involved in activities to improve the rubber sector management
and human resources training, conducting surveys to identify areas of NR development, transfer of
technology to smallholders and rubber industry and also research on rubber production with other Rubber
Research Institutes.

IRRDB Academy Cote d’Ivoire trainees with Secretary General, IRRDB, Liaison Officers from Sri
Lanka, India and Vietnam and IRRDB Fellow Experts
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The country report of Myanmar was presented by Mr. Zar Ni Zaw, Myanmar Rubber Planters’ and
Producers’ Association (MRPPA). Major weaknesses of NR industry include low productivity and low
quality of rubber. Planting low-yielding and untested cultivars, improper latex harvest technology and
uncontrolled processing practices are the main issues affecting NR industry. MRPPA undertook activities
related to ToT including organizing workshops and seminars, educating farmers to use proven cultivars,
giving training on low frequency tapping systems and on-farm activities including cup lump production
and practicing tapping systems with rain-guards.
Dr. Narayanan, Rubber Research Institute of India (RRII), presented the country report for India.
Currently, RRII is focused on breeding clones for yield as well tolerance to major fungal diseases. Under
ToT, RRII has developed online web based solutions (RubSIS; http://rubsis.rubberboard.org.in)) for
fertilizer
recommendation
(and
disease
management
(Online
Rubber
Clinic;
http://clinic.rubberboard.org.in). Root trainer planting technique has been successfully transferred to the
end users with more plantings are made using root trainer plants.
The country report for Malaysia, was presented by Mr. Aizat Shamin Bin Noran, Malaysian Rubber
Board (MRB). MRB has developed innovations i-Klon, RITes (Rubber Information and Traceability
Systems), soil filling machine and RRImeter for latex property determination (Figure 3) as successful
strategies under ToT. The country also produced NR products such as pneumatics tyre, rubber bearings
and lumbers. Currently, NR plantations are confronted with major rubber diseases including leaf diseases
(Colletotrichum, Corynespora, Oidium, Neofusicoccum, Phytophthora and Pestalotia), white root disease
(Rigidoporus microporus) and pink disease (Corticium salmonicolor). Dr. Ernie C. Camacho, Department of
Agriculture presented the country report for Philippines. The main reasons for low yield in small holdings
were planting of inferior planting material, adoption of improper cultural practices, and imperfect latex
harvest systems. Adoption of rubber-based farming systems and intercropping with high economic
advantageous crops are being implemented.
The country report for Sri Lanka was presented by Mrs. Sashika Ashvini Nakandala, Rubber
Research Institute of Sri Lanka. There is an issue of declining natural rubber area which resulted in reduced
production, which is not sufficient for local consumption. Therefore, rubber plantations have to be
expanded to non-traditional areas, where the rainfall is generally low with long dry spells. The awareness
of rubber farmers on recommendation on rubber was low, which affected adoption of recommended
agronomic practices. Dr. Juliano Quarteroli Silva presented the country report for Brazil. Brazil has about
14 million ha suitable for rubber cultivation. The new clone, IAC 502 increased the production by 68%,
compared to the most productive clone, RRIM 600 in SP State, Brazil. The country report of Guatemala
was presented by Mr. Tulio Gremial de Huleros. Low frequency tapping systems have been successfully
implemented and now 52% of the tapping area is under d5 system. The details of country reports of
Cameroon,
Nigeria and Cote d’Ivoire are given in the section under African countries.
]

Transfer of tapping technology (Brazil)

Tapper training (Guatemala)
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Intercropping (Philippines)

Intercropping (Cote d’Ivoire)

DAY 2: TUESDAY 16 OCTOBER 2018
SESSION 3 – BREEDING AND PLANTATION MANAGEMENT
SESSION 4 – LATEX HARVESTING TECHNOLOGIES AND FERTILIZATION
Breaking the yield barrier by Hevea Breeding
Dr. Kavitha K. Mydin, who is the Liaison Officer for Plant Breeding from RRII, India, presented the
importance of breeding in NR cultivation. The success story of Hevea breeding from the early years to
date was described and the stagnation in yield improvement in later years was explained as the yield
barrier which was to be tackled by employing modern methods like molecular marker assisted selection
(MAS) and biotechnological tools like transgenic technology for targeted breeding. The recent IRRDB
initiative of exchange of domesticated germplasm through the Multilateral Clone Exchange among IRRDB
member countries has led to 49 modern clones being exchanged freely. The parentage of the 49 clones
offered for exchange by 12 countries was exhibited along with the pedigree of some batches of clones.
The present status of multilateral clones exchange and the potential benefits were also discussed. Details
of proposed Compendium on the MCE clones and identifying features of clones was also explained. The
talk ended with summing up of possible methods to break the yield barrier, which prevents achieving the
theoretical maximum yield of 9.5 tonnes/ha/year.
Nursery practices and field preparation for growing vigorous trees with high yield
Good Agricultural Practices (GAPs) like the use of good quality polybag plants with a good root system and
proper methods of planting and field maintenance were discussed in detail with specific examples from
different NR countries. The importance of good planning and proper selection of planting material to avoid
losses was stressed upon since any mistake made at the initial stage will adversely affect plantation
performance and profitability in later years. Standards for raising good quality stock seedlings as well as
for raising young and green buddings were described.
Cover crops or intercropping – The choice for smallholders
Planting of leguminous covers and their advantages were described by Mr. Tajuddin Ismail. The specific
advantages of Mucuna bracteata as cover crop was emphasized. The need for inter-cropping for alternate
sources of income for growers was also stressed. Inter-cropping in young
rubber plantations for first 1-3 years proved profitable for small holders particularly during the wide
fluctuation of rubber price. Different options for intercropping were also presented.
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Latex harvesting technologies and fertilization
Mr. Tajuddin Ismail presented the important matters to be considered in pre-tapping operations and latex
harvesting technologies. Latex harvesting or tapping is the most important operation in rubber plantation
management. Pre-requisites to high productivity of rubber plantation are vigorous and high quality
planting materials from authentic sources, good weed management, timely and judicious fertilizer
application. Incorrect latex harvesting practices among small holders include high tapping frequency, high
bark consumption, low DRC, and high incidence of tapping panel dryness (TPD). Low frequency tapping
systems (d/3, d/4 and d/5) with judicious stimulation was recommended. Many countries such as
Malaysia, India, Indonesia , Cote d’ Ivory, Guatemala, and Brazil adapted d/4 tapping systems. Vietnam
and Guatemala are practicing d/5 system with high frequency stimulation. In Guatemala, correct
stimulation is followed through Latex Diagnostic Analysis (LD). The need for encouragement of tappers
though tapping competition was also stressed.

DAY 3: THURSDAY 18 OCTOBER 2018
FIELD VISIT TO SMALL HOLDINGS, PLANTATIONS AND PROCESSING FACTORY
The IRRDB Fellowship awardees had a valuable opportunity to visit TRCI training site at Tiassalé and
interact with enterprising small growers.
TROPICAL RUBBER COTE D’IVOIRE, Tiassalé
TRCI is an enterprise committed to planting, procuring processing and sale of NR. With an annual output
of 40,000 MT per year, it is the third largest NR processing company in Cote D’Ivoire. TRCI, in collaboration
with FIRCA and APROMAC, has very successfully implemented training to in tapping.

Grower interaction
Investigating white root-rot
Tappers training
(Grower empowerment activities Tiassalé, Cote d’Ivoire)
The trainees had an important opportunity to meet and interact with successful small growers of the
region. The general concern was problems in selling of the produce since there were very few organized
market for procurement of NR products like cup lumps, sheet or latex. There was a visit to a plantation
affected by white root rot. Trainees got acquainted with the symptomatology and control measures of
the disease. Later, the trainees visited the tapping school of TRCI at
Tiassalé. Training to tappers was organized as a collaborative effort with APROMAC and FIRCA. The visit
gave good experience to the trainees to know about the local environment, tradition, cuisine and culture
of Cote d’Ivoire.
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DAY 4: THURSDAY 18 OCTOBER 2018
SESSION 5 – MANAGEMENT OF RUBBER DISEASES
Serious leaf diseases of Hevea
Dr. Kuruvila Jacob, IRRDB Fellow, highlighted the major fungal diseases of Hevea which are capable of
causing considerable reduction in yield sometimes up to 30%. He categorized the diseases in to leaf, stem
and root diseases. Of the above diseases, South American Leaf Blight (SALB) is a looming threat to rest of
the rubber growing regions. Hence, strict quarantine measures are to be implemented to prevent
inadvertent spread of this important disease. Since chemical control is not economical, planting resistant
clones and planting in escape areas are recommended.
Due to climate change, many new fungal diseases, which were minor until now, have emerged as
major diseases causing epidemic outbreaks. In this context, Datuk Dr. Aziz, Secretary General of IRRDB,
emphasized on the importance of utilizing the CMS clones developed by Brazil in disease resistance
breeding programme. In few IRRDB countries, action has already been initiated in incorporating SALB
resistant clones like Fx 516 as well as Rondonian accession of the 1981 IRRDB Germplasm Collection in
disease resistant breeding programme. Another important disease which causes damage of trees is the
root rot. There were several forms of root rots viz. brown or purple root rot based on causal organism and
symptomatology and each disease was specific to a particular region. It was understood that white root
rot disease is prevalent in Cote d’Ivoire and they also adopting disease control measures through training
of extension workers and growers.
Recent outbreak of Neofusicoccum leaf disease in Indonesia
Severe epidemic outbreak of leaf disease by Neofusicoccum has recently been reported during 2018 from
Sembawa, Indonesia. The disease causes severe leaf infection leading to premature defoliation capable
of causing rubber yield. Various aspects of the disease including the identification of the pathogen from
other closely related pathogen were presented. It was also understood that IRRDB has already taken
proactive measures for creation of awareness among the member countries in the form of workshops and
field visits by Pathologists and other field experts.

Symptoms of Neofusicoccum leaf disease
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DAY 4: THURSDAY 18 OCTOBER 2018
SESSION 6 – PROCESSING AND VALUE ADDITION
Processing and value addition
Natural rubber producing countries need to conduct research and development on value-added rubber
products which would increase the value of rubber export and also ensure sustainable income to rubber
small holders as stressed by Datuk Dr. Aziz, Secretary General, IRRDB. The declining rubber price has led
the smallholders, who sustain latex production, to suffer and find alternative small scale manufactures
from rubber to sustain in the rubber industry. Hence, different countries have already taken proactive
steps to develop new products using NR.
As an example of diversifying the use of NR, in Indonesia, canal blockers have been developed for
water management in peat lands leading to successful sustainable plantation management. Similarly,
Thailand has developed Natural Rubber Modified Asphalt Technology which used natural rubber as an
engineering material in road construction by mixing it to asphalt is one of the ways that could improve a
property of the asphalt. Likewise many natural rubber based industries should increase their downstream
product manufacture. Datuk Dr. Aziz mentioned that Dr. Yang has already developed a method to remove
allergens from natural latex causing protein allergies and technology has been standardized to produce
surgical gloves from centrifuged latex. He also mentioned about the importance of seismic bearings that
can use NR. The use of seismic isolation bearings to decouple buildings and lifeline structures from strong
ground motion has received an increased amount of attention in recent years. At end of the session Dato
Dr. Aziz emphasized on how we can strengthen the rubber smallholder product manufacturing sector and
the important role of digital economy in NR industries.
It was also agreed that policies are to be developed for synergizing research, development,
transfer of technology and digital marketing in order to strengthen domestic NR industry in each country.

DAY 5: THURSDAY 18 OCTOBER 2018
SESSION 7 – CASE STUDIES AND GOOD RESEARCH COMMUNICATION
Success stories of Rubber Producer Societies in India and LITS in Guatemala
The creation of rubber-producer societies (RPS) was introduced as a possible solution to address the
problem of extension delivery. RPS are village level farmers’ cooperatives, managed by the farmers
themselves. The extension officers pass on the new technologies to the leaders of the RPS which in turn
transmit to the farmers. The farmers join together to set up their group processing facilities. Thus they
are able to produce high quality ribbed rubber sheets (RSS) and trade directly to the end users and even
export rubber to other countries. Hence, the farmers get much better price for their rubber, which is
almost 95% of the farm-gate or terminal price. In Guatemala, with marked shifting of d5 tapping system
from 3% in 2013 to 52% in 2017, there has been remarkable increase in productivity due to adoption of
LFT.
Good research communication
Dr. Kuruvila presented various aspects of good research communication. Importance of good practices
like planning, structuring, conceptualizing and communication to relevant journal etc., were discussed. A
detailed description on various sections of a research paper like Title, Abstract, Introduction, Materials
and Method, Results and Discussion and Conclusion, was provided to the trainees. Dr. Kuruvila also
stressed the need for a systematic approach to address the critical comments of reviews in order to
improve the quality of research communications.
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DAY 6: THURSDAY 20 OCTOBER 2018
Tour to historical city of Yamoussoukro
The trainees had opportunity to visit the city of Yamoussoukro. The visit gave a good opportunity to
appreciate various historical aspects of the city. Trainees also visited a nearby village where cultural events
were organized by the local ethnic group. The trainees enjoyed indigenous culture including local cuisine
and ethnic dancing performance.

Visit to the historical city of Yamoussoukro. Clock wise from above: Basilica; greeting the Chief of Village; trainees
merging with local ethnicity; sharing lighter moments with the local village community; Outside view of the UNESCO
Hall of Peace
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22 -24 OCTOBER 2018
International Rubber Conference, 2018
The trainees attended International Rubber Conference (2018) organized by IRRDB, APROMAC, CNRA,
FIRCA. There were 418 participants from 27 countries. There were seven parallel sessions which included
agronomy and good practices, plant protection, latex harvesting and physiology, technology, economy
and environment, biotechnology and breeding.
Day 1: 22 October 2018
On 22.10.2018, the opening ceremony started with the welcome address by Mr. Eugene M. Kremien,
Chairman of the Organizing Committee & Chairman of APROMAC. Later, introductory remarks were made
by Datuk Dr Abdul Aziz S.A. Kadir, Secretary General of the IRRDB. Subsequently, opening address was
given by Mr. Mamadou Sangafowa Coulibaly, Minister of Agriculture and Rural Development and
Chairman of the Conference and followed by presentation of B.C. Sekhar Award for Research Excellence.
In the plenary keynote session chaired by Datuk Dr Abdul Aziz S.A. Kadir, Secretary General of the
IRRDB, there were talks by Mr. Salvatore Pinizzotto, Secretary General of the IRSG, Mitsutoshi SAEKI, The
Japan Automobile Tyre Manufacturers Association, Inc., Mr. Tan Tee Yong Director Rubber Commodities
Derivatives – Singapore Exchange, and Mr. Dar WONG Principal Consultant APSRI in Singapore. Later, B.C.
Sekhar Award for Research Excellence, constituted by IRRDB, was awarded to Dr. Pisamai Chantuma of
Thailand.

Inaugural session (Hon’ble Mr. Mamadou Sangafowa Coulibaly, Minister of Agriculture and Rural Development, Cote d’Ivoire
and Chairman of the Conference and Dato Dr. Abdul Aziz, Secretary General, IRRDB)
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Plenary keynote session during IRC 2018
During Session on Agronomy & Good Practices which was chaired by Dr. Eric Gohet, CIRAD France, there
were presentations on innovative root trainer technique, precision grafting technology for rapid
propagation of quality planting materials of rubber and evaluation of micro-propagated rubber. Later in
afternoon, there was a second session on Agronomy & Good Practices, chaired by Mr. Mak Sopheaveasna,
RRI Cambodia. There were papers on various aspects on agronomy and soil practices with case studies as
well as on Good agricultural practices (GAP) standards for rubber plantation and harvesting fresh latex
from the field. In the parallel sessions on Plant Protection chaired by Dr. Eugene EHABE, IRAD Cameroon,
and Dr Phan Thanh Dung, RRI of Vietnam, there were presentations by various authors on disease
management strategies in rubber plantation in different rubber growing regions.

BC Sekhar Award to Dr. Pisamai Chantuma of Thailand
Day 2: 23 October 2018
There were six parallels sessions on Latex Harvesting & Physiology, Technology, Socio Economy and
Environment, Biotechnology and Breeding. Few trainees also presented their research papers during
various sessions of the Conference. In the session on latex harvesting, papers focused on relationship
between low intensity tapping system (LITS) and latex
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productivity and also on the effect of hormonal stimulation and early upward tapping on rubber
production. The LITS technology helped in minimizing the cost of production ad improved profit to
growers. The session on technology chaired by Prof. Zhou Jiannan, CATAS, China gave opportunity to
authors to present their findings on microstructures of raw rubber products, production of biogas from
effluent and application of rubber wood cellulose nanocrystals as steric stabilizer for synthesis of
magnetite nanoparticles with wide application in NR industry.

Deliberations on NR industry during technical session at IRC 2018
During the session on socio-economy and environment, papers highlighted sustainable development of
rubber industry in various countries through empowerment of rubber growers. Participatory approaches
were followed to empower rubber growers in few countries. During the Biotechnology Session, chaired
by Prof. Sangare Abdourahamane, CNRA, Cote d’Ivore, papers were presented on research on molecular
biology interventions in natural rubber research. Novel technique for discerning clonal identity and
genetic control of rubber molecular weight, were presented and discussed. In the session on breeding
there were important contributions in the form of information on a novel database hub for rubber tree
genome research and revelation of molecular mechanisms underlying genetics of rubber productivity. The
importance of multilateral clone exchange in strengthening the global Hevea gene pool for application in
genetic improvement for yield and resilience to climate and diseases was stressed.
In the closing session on panel discussion on “Achieving sustainable development and
preservation of the environment with the NR industry: sharing our experiences” panel members from
Cote d’Ivoire, Cameroon, Bangladesh, Thailand, Sri Lanka and Brazil, discussed about important strategies
for sustaining natural rubber in various countries. In his concluding remark, Datuk Dr. Abdul Aziz S.A. Kadir,
Secretary General of IRRDB reiterated on efforts required towards development of mega projects and
innovative research on value addition of natural rubber for sustaining the growers and the NR industry.
He also stressed on the need to create global awareness on the importance of the natural rubber in carbon
trading and clean
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environment in order to sustain global NR industry. Closing address was given by Mr. Eugene M. Kremien
Chairman of APROMAC and the technical sessions were concluded.

Sharing experiences during panel discussion on achieving sustainable development and preservation
of the environment with the NR industry

24 OCTOBER 2018
Field trip to quarantine center for multilateral clone exchange
Two post-conference field trips were arranged for various groups of participants. One trip was organized
to the quarantine site of clones introduced as part of the IRRDB multilateral clone exchange program at
Marc Delorme. Trainees, mostly from IRRDB research institutes, made observations on the clones
imported from various countries. During the visit to the quarantine bud wood garden site of various
clones, the trainees had opportunity to observe the characteristic features of different clones which help
in their identification. There was also discussion on the effective utilization of the exchanged clones in
breeding programme of different countries for sustainable NR industry. The visit to rubber estate of the
Compagnie des Caoutchoucs du Pakidié de Dabou (CCP Dabou) gave opportunity to trainees to get
acquainted with rubber processing in the factory. This visit also gave opportunity to interact with growers
of small holdings.

IRRDB Academy trainees at quarantine bud-wood garden of clones under
multilateral clone exchange program at Marc Delorme, Cote d’Ivoire
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Descriptors for clone identification under multilateral clone exchange Cote d’Ivore clone IRCA
825 can be clearly identified with very characteristic boat-shaped leaf, clear petiolule
separation, shape of leaf base and leaf tip and nectary arrangement.

With the above field visits under IRC (2018), the IRRDB Academy training programme was formally and
successfully completed by participants.
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Graduation day of IRRDB Academy (24 October 2018)
The IRRDB Hevea Academy, which concluded on 24 October 2018 with the field visits, was successful in
fulfilling its main objectives of giving a wide exposure to the global NR industry and its major issues to the
trainees. Through presentations, discussions and interactions among the trainees as well as with the
subject experts, Liaison Officers and the experts at IRC (2018), the trainees acquired valuable knowledge
on global natural rubber scenario.
The Academy gave an important opportunity to strengthen the networking among the Scientists
of various institutes under IRRDB. On the concluding day, the trainees were awarded Academy Certificate
in the memorable graduation ceremony organized by IRRDB with the presence of authorities of
APROMAC, FIRCA and CNRA. The trainees received certificates from Datuk Dr. Aziz, Dr. Jianan, Datuk Dr.
Zairossani and other important dignitaries.

IRRDB Academy trainees after graduation day
Concluding remarks
During the annual meeting of authorities of IRRDB on 25.10.2018, a presentation was made by Narayanan
Chaendaekattu of Rubber Research Institute of India on the objectives and benefits of the IRRDB
Academy, Cote d’Ivoire. Subsequently, Datuk Dr. Abdul Aziz, Secretary General, IRRDB informed the
gathering that the IRRDB Academy has been constituted to nurture scientific talents among budding
scientists and enlighten them on recent advances in natural
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rubber cultivation and also to encourage knowledge-sharing and productive-networking. Thus, Dato
Dr. Aziz observed that, following the good experience of first Academy held during 2017 in the oldest
Rubber Research Institute (1909) Sri Lanka, the IRRDB Academy held in Cote d’Ivoire was successful as
scientists from 16 countries could be immensely benefitted from the valuable information on NR
cultivation and related issues in different countries, and from the expertise of Liaison Officers as well
as from the interactions with local growers during field visits.
The Academy could successfully strengthen networking among Scientists of IRRDB Institutes
and other NR growing countries and also gave valuable opportunity to establish new contacts with the
subject experts from various research institutions and NR industries around the world.
Suggestions for future IRRDB Academy:
More number of field visits to experimental / demonstration plots and hand-on trainings in
modern methods could be beneficial.
Trainees can be encouraged to develop viable collaborative projects which can be followed up
after the training.
Summary
The Academy trainees recognized the following important points after undergoing training as well
as from deliberations during presentations and discussions in IRC (2018):
Sustainable NR production in future will depend on development of Good Agricultural Practices
(GAPs) and effective transfer of technologies (ToT), particularly to small growers, for increasing
productivity per unit area and for reduction in cost of production.
Global NR expansion can be successfully realized if we can use innovative technology for
development of climate / disease resilient rubber clones particularly for expansion into nontraditional regions.
Sustainability of NR industry will be determined by innovative research for value addition
leading to diversification of profitable end produce.
Global NR challenges can be more effectively addressed through collaborative research by
effective networking among IRRDB Institutes.
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