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Abstract of a thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree Master of Science 

INFLUENCE OF GENETICS, GROWTH AND ENVIRONMENT ON END-
GRAIN SPLITTING OF EUCALYPTUS PELLITA F. Muell. AND 

EFFECTIVENESS OF SPLIT REMEDIATION METHODS 

By 

MANUEL ESPEY 

December 2021 

Chairman : Prof. Paridah Md Tahir, PhD 
Institute : Tropical Forestry and Forest Products 

Eucalyptus pellita is currently the predominant tree species deployed for tree 
plantation establishment in Sabah and Sarawak, Malaysia. Its low disease 
susceptibility, good growth and form, and desirable wood properties make E. 
pellita particularly suitable for plantation development in the wet tropical regions 
of south-east Asia. In spite the many positive traits, practical field observations 
indicate that the species is susceptible to end-grain splitting. This study evaluates 
the occurrence and severity of end-grain splitting in plantation grown E. pellita in 
Sabah and Sarawak as affected by genetics, environment and growth attributes. 
The study further evaluates the effectiveness of three split remedial measures. 
Four existing progeny tree   breeding trials were used to carry out the split 
assessment. Logs from the second thinning were cut into 2.2 m long sections. 
The end splits were assessed three days later at large and small log end. Three 
split remedial measures were tested and compared against a control in a 
separate progeny trial in Sabah. Plastic s-hooks, wax and bitumen emulsions 
were applied to the cut surface and assessed two weeks later. In this study, E. 
pellita showed a high tendency towards end-grain splitting. About 96% of all logs 
showed some signs of splitting on its cross-sectional surface with an average of 
2.7 splits per cut surface. In average 9.06% of the log volume is compromised 
due to end-grain splitting. Three-Quarter Radial Splits were the most frequently 
observed split types with 64% occurrence rate, followed by Pith to Bark Splits 
with 27%. End-grain splitting in E. pellita is heritable (h2 = 0.24 at p 0.05). This 
implies that about 24% of the observed splitting is due to genetics. The trait end-
grain splitting therefore can be altered via genetic selections in breeding 
programs. End-grain splitting also is found to be significantly related to growth 
factors such as tree height, diameter at breast height (DBH) and tree volume. 
Increased growth is associated with an increase in split incidence and severity. 
The unfavorable relationship between growth and log end-grain splitting requires 
careful selections of high volume and low split genetic material for breeding 
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purpose. Environmental factors, especially soil texture with varying clay- sand- 
silt content, were found to have a significant effect on log end-grain splitting as 
well as on growth comparing different sites. Application of plastic s-hooks 
reduced significantly (49.62%) split occurrence and severity, while the wax and 
bitumen end sealers had no effect on reduction of growth strain related splits. 
The findings suggest that end-grain splitting is caused by heritable, complex 
genetic–environment–growth interactions. 
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Eucalyptus pellita kini merupakan spesies pokok yang utama untuk industri 
penanaman pokok di Sabah dan Sarawak, Malaysia. Ketahanan terhadap 
penyakit, pertumbuhan, bentuk pokok yang baik, dan ciri-ciri kayu yang diterima 
umum menjadikan E. pellita sangat sesuai sebagai pembangunan ladang di 
kawasan tropika yang lembab terutamanya di Asia Tenggara.  Walaupun 
terdapat banyak ciri-ciri menarik yang dilihat pada spesies pokok ini, namun 
beberapa pemerhatian di lapangan secara praktikal menunjukkan bahawa 
spesies ini mudah merekah. Kajian ini menilai masalah kayu merekah dan tahap 
keparahan masalah tersebut di ladang penanaman pokok E. pellita yang ditanam 
di Sabah dan Sarawak yang di mana dipengaruhi oleh sifat genetik pokok, 
persekitaran dan pertumbuhan. Kajian ini juga bertujuan untuk menilai 
keberkesanan tiga langkah-langkah pemuliharan masalah kayu merekah. 
Terdapat empat kawasan kajian terhadap baka pokok yang sedia ada bagi 
menjalankan kajian ini. Pokok yang ditebang semasa kerja penjarangan pokok 
yang ke dua dipotong kepada 2.2 m bahagian. Kayu merekah dinilai tiga hari 
kemudian pada setiap kedua bahagian hujung besar dan hujung kecil setiap 
kayu yang dipotong. Tiga langkah-langkah pemuliharan kayu merekah telah 
digunakan dan ia dibandingkan dengan jenis pemuliharan kawalan di dalam 
Kawasan kajian baka pokok di Sabah. Cangkuk plastic jenis S, wax dan bitumen 
telah digunakan pada permukaan kayu dan dinilai selepas dua minggu 
kemudian. Dalam kajian ini, E. pellita menunjukkan mempunyai risiko tinggi 
terhadap masalah kayu merekah. Kira-kira 96% daripada semua sampel kayu 
menunjukkan beberapa rekahan pada permukaan keratan rentas kayu dengan 
rata-rata 2.7 bahagian permukaan yang dipotong. Sederhana 9.06% daripada 
isipadu kayu adalah kurang bernilai oleh kerana rekahan kayu tersebut. Rekahan 
jejari tiga Suku adalah jenis kerosakan yang paling banyak diperhatikan dengan 
kadar 64%, diikuti oleh rekahan dari dalam hingga ke kulit dengan kadar 27%. 
Keparahan kayu merekah menunjukkan boleh mewarisi (h2 = 0.24 pada p
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0.05). Bermaksud 24% dari rekahan kayu adalah kerana genetik pokok tersebut. 
Oleh itu rekahan kayu terebut boleh berubah dari pemilihan genetik dalam 
program pembiakan. Kejadian kayu merekah juga didapati ada kaitannya secara 
signifikan dengan faktor pertumbuhan seperti ketinggian pokok dan ukur lilit 
pokok (DBH). Faktor persekitaran, terutamanya tekstur tanah seperti campuran 
tanah liat-pasir-lumpur yang berbeza-beza juga mempunyai kesan yang 
signifikan terhadap kejadian kayu merekah dan juga factor pertumbuhan di 
Kawasan kajian yang berbeza. Bagi spesies E. pellita penggunaan cangkuk 
plastik jenis S dapat mengurangkan (49.62%) daripada masalah dan juga tahap 
keparahan kayu merekah, sementara itu wax dan bitumen tidak mempengaruhi 
kadar pengurangan kayu merekah yang dimana ianya disebabkan oleh tekanan 
dari pertumbuhan. Hasil kajian ini menunjukkan bahawa kejadian kayu merekah 
disebabkan oleh interaksi antara genetik pokok dengan persekitaran dan juga 
pertumbuhan yang sangat kompleks. 
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CHAPTER 1 
     
  

INTRODUCTION 
 
 
1.1 Background of the study  
 
 
Eucalyptus pellita F. Muell., also known as red mahogany, occurs naturally in 
the tropical regions of north-eastern Queensland, Australia and the island of 
New Guinea. It can reach heights of up to 40 m and about 1 m diameter at breast 
height with a usually straight stem form. It grows in gentle to moderate sloping 
terrain mixed with other eucalypt species in tall open forest and at the fringes to 
tropical rainforest. It prefers sand to loam soil types with good drainage at 
altitudes from sea level to 800 m asl with moderate to high rainfall of 900 to 4000 
mm annually (Brooker and Kleinig, 2012). It is one of the few eucalyptus species 
that is adapted to the wet tropical climate and is thus less susceptible to fungal 
leaf pathogens (Harwood et al., 1997). This adaptation together with other 
positive traits make it suitable for plantation establishment in wet tropical regions 
outside of its natural range. 
 
 
The recent devastation caused by Ceratocystis vascular wilt disease (Tarigan 
et al., 2010 and Brawner et al., 2015), has resulted in almost all Acacia mangium 
Willd. plantations in the Malaysian states of Sabah and Sarawak being replaced 
by E. pellita. Since 2012, large scale E. pellita plantations and tree breeding 
orchards have been established in Sabah, as well as in Sarawak (Paridah et al., 
2017). Japarudin et al. (2020) have shown E. pellita to have highly productive 
growth in Sabah (mean annual increment, MAI, 27.6 m3 ha-1 y-1) compared to 
other potential species in a taxa trial. Studies revealed that among the three 
species, namely E. grandis W. Hill, E. urophylla S.T. Blake and E. pellita, E. 
pellita has superior characteristics in both growth rate and wood properties 
(Prasetyo et al., 2017). Hii et al. (2017) and Japarudin et al. (2021) studied the 
properties of E. pellita from Sarawak and Sabah and found that it possesses 
good properties for solid wood and veneer which are consistent with those 
reported by earlier studies (Atyeo and Bailleres, 2008). Unfortunately, the 
studies also confirmed the tendency of E. pellita towards end-grain split 
formation with significant reduction in higher grade solid wood recovery 
(Japarudin, 2021). The solid wood recovery of E. pellita can be reduced as much 
as 50% as the viable log length decreases with larger aggregates of end-grain 
splits (Japarudin, 2021). 
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1.1.1  Incidence of End-Grain Split in Eucalyptus Logs 
 
 
Many studies have associated growth stress with increase in severity of end-
grain split in logs. Beltrame et al., (2015) investigated the relationships between 
level of longitudinal residual strain (DRL) and the longitudinal growth stresses 
(TCL) and their effects on the amount of logs end-grain splitting (IRT) of 
Eucalyptus spp. They discovered that there were significant and positive 
correlations between DRL/TCL variables with IRT. Thus, it is possible to predict 
the trend of IRT by performing an evaluation of DRL in the field. Owing to that, 
this variable becomes a reliable tool for the selection of clones less prone to 
splitting (Beltrame et al., 2015). High magnitude of longitudinal growth stresses 
has a significant implication on recovery and processing of high quality timber. 
Although the longitudinal growth stresses are inherent to all trees, their 
magnitude varies from species to species, and also within species. These 
stresses cause ring shake and brittle heart in standing trees, end-grain splitting 
in logs within a short time span of felling a tree, severe splitting in timber 
immediately after sawing, and twisting and cracking in timber during drying 
(Malan, 2009 and Yang, 2005). Hence growth stresses have become a major 
wood quality criterion in the selection of superior genetic material and also 
assessing the economic values of logs. Addressing log end-grain splitting and 
distortion of timber due to growth stress is necessary if Eucalypts are to succeed 
in solid wood or in veneer markets (Sharma et al., 2017).  
 
 
1.1.2  Remedial Measures to Prevent or Mitigate End-Grain Splitting 
 
 
Knowledge on suitable remedial measures to reduce E. pellita wood degradation 
due to end-grain splitting is very limited. It seems that no research has been 
carried out yet in Malaysia and published research data pertaining such topic 
does not exist. Remediation measures are designed to prevent, reduce or 
mitigate splitting of plantation logs or finished solid wood end products. 
Generally, two methods can be identified: 1.) Products that physically hold or 
bind the wood together (Max Amrhein GmbH, S-hooks, company website) and 
2.) Products which are applied to reduce moisture loss and therefore reduce 
split formation (Hernandez and Wengert, 1997; Rice, 1995). The first group of 
products usually comprises of metal s-hooks, rings or gang nails which are 
driven into the wood by hammer. It is a common practice in Malaysia, as well as 
in other countries (Guyana Forestry Commission, 2012), to apply metal s-hooks 
to the large and small end of the log. Usually this is carried out during log making 
or stockpiling of logs along the road side, awaiting transportation. Metal s-hooks 
are readily available in Malaysia and it is a relatively cheap method compared 
to end coating. Logging contractors and workers are familiar with the use of s-
hooks and it is seen as a method that works. This is despite the fact that there 
is no clear evidence or prove for its effectiveness. It appears that there are no 
studies and publications regarding use and effectiveness of s-hooks. A limitation 
of metal s-hooks is that they need to be removed before log processing. Usually, 
the log portion containing the s-hook is cut off and becomes a waste product, 
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which increases the operational cost. Plastic s-hooks are relatively soft and can 
be cut by saws or other machinery, due to this they don’t need to be removed. 
On the other hand, side plastic s-hooks are not as strong and solid as metal s-
hooks and do not withstand larger wood stresses. Plastic s-hooks are smaller 
compared to metal s-hooks and appear to be more suitable for smaller sized 
plantation logs.  
 
 
Although s-hooks seem to reduce the severity and occurrence of splitting in 
round logs, they do not alter the residual growth stresses and the wood is still 
very likely to split during downstream processing (Yang and Waugh, 2001). The 
second product group comprises of different emulsion pastes such as paraffin, 
silicon, petroleum jelly, wax, bitumen or oils which are sprayed or applied by a 
brush to the wood surface (Hernandez and Wengert, 1997; Rice, 1995). There 
are many different products available on the market which all promise to be 
effective. Applying end coatings to round logs after felling and log making is not 
a common practice in Malaysia and rarely can be observed in logging 
operations. Use of end sealers appears to be common during downstream 
processing and is described as a standard practice in sawmills to prevent 
splitting (Linares-Hernandez and Wengert, 1997). Coatings reduce and delay 
the moisture loss from log ends or the wood surface and allow an even drying 
and shrinkage of the wood core and its periphery, thus resulting in reduced 
drying stresses and low splitting (Yang and Normand, 2012). Most commercial 
log and lumber sealers are described as being effective in split reduction with 
little statistically significant variation (Rice, 1995). Suitable operational timing of 
end sealer application is crucial and should be carried out within seven days 
after felling (Yang and Normand, 2012).  
 
 
In this study plastic s-hooks, a wax emulsion end sealer and a bitumen end 
sealer are used and compared against a control of no remedial application. 
 
 
1.2 Research Questions 
 
 
This study intends to provide answers to the following research questions:  
 
1. Is end-grain splitting in E. pellita related to genetics? 
 
2. Is end-grain splitting in E. pellita related to environmental factors? 
 
3. Is end-grain splitting in E. pellita related to growth factors? 
 
4. Are there suitable remediation measures to prevent or mitigate end-

grain splitting in E. pellita plantation logs? 
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1.3  Statement of Problems and Justifications 

 
The occurrence of end-grain splitting in planted E. pellita logs in Malaysia is 
poorly understood. Reports published on this topic are very few which may be 
due to the lack of research being carried out concerning such topic. The 
research questions raised in this thesis are crucial in determining the true value 
of E. pellita as the future source of wood material. However, very little 
information pertaining to these questions have been reported so far. For 
instance, the published research mainly discussed about recovery loss due to 
splits and do not cover a wider range of aspects involved in log end-grain 
splitting, particularly the genetic influence on the extent of the end-grain splitting. 
In order to ensure long term productivity, high grade log recovery and optimum 
utilization of E. pellita wood products, comprehensive information and 
knowledge on the end-grain splitting incidents are vital so that higher economic 
returns of E. pellita plantations in Malaysia can be secured. 
 
 
1.4 Objectives 
 
 
It is the objective of this study to provide detailed answers to the raised research 
questions. The specific objectives of the study are: 
i. To evaluate the occurrence and severity of end-grain splitting in E. 

pellita as affected by heredity and family. 
 
ii. To evaluate the occurrence and severity of end-grain splitting in E. 

pellita as affected by growth factors. 
 
iii. To evaluate the occurrence and severity of end-grain splitting in E. 

pellita as affected by environment/ site factors. 
 
iv. To evaluate the effectiveness of three split remedial methods in 

reduction of end-grain splitting of E. pellita logs. 
 
 
Knowledge gained from this study shall contribute to improve the management 
of E. pellita tree plantations and the maximization of value creation. It is intended 
to identify if statistically significant differences in log end-grain splitting do exist 
on an individual family level. In relation to this, it is targeted to determine if 
splitting as a wood property trait in E. pellita is heritable. This is important in 
order to determine in how far the occurrence and severity of log end-grain 
splitting can be altered via genetic selections as a breeding strategy. 
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It is further envisaged to clarify if different soil/ environment conditions contribute 
to end-grain splitting in E. pellita plantation logs. In combination to different site 
conditions, it is planned to identify if variation in growth rate has an effect on log 
end-grain splitting. Knowledge concerning this can be incorporated in annual 
harvesting planning and application of suitable split remediation measures. This 
study intends to provide information on suitable remedial measures which can 
be applied after tree felling and log making in order to reduce split occurrence 
and severity. 
 
 
1.5  Organisation of Thesis 
 
 
This thesis contains the following chapters: 
 
1. Introduction 
 
2. Literature Review 
 
3. Materials and Methods 
 
4. Results 
 
5. Discussion 
 
6. Summary, Conclusions and Recommendations for Future Research 
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