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ABSTRACT 

Falcataria falcata timbers are prone to defects such as heart checks, 

cracks, and end-splitting when felled, which negatively affect log quality and 

market price. These defects are caused by growth stresses—mechanical 

stresses that naturally occur due to cell maturation and the increasing load of 

the tree crown. While growth stresses cannot be directly measured, they can 

be assessed through strain measurements. In this study, Surface Released 

Strain (SRS) was used to assess stress patterns around the tree's circumference, 

and Residual Released Strain (RRS) was measured to determine residual stress 

from pith to bark.  

The study examined several factors: growth orientation (straight vs. 

leaning), age (young vs. mature trees), season (dry vs. wet), and geographic 

location (Regions 10 and 13). Trees with high strain and steep strain patterns 

were subjected to hot water treatment at 80°C for 48 hours as a thermal 

relaxation method. 

Results revealed that all SRS values were negative, indicating tensile 

stress near the bark. For RRS, compressive stress was observed near the pith 

and tensile stress near the bark, with age and channel position (pith to bark) 

significantly influencing RRS (P < 0.05). boards treated with hot water showed 

a more balanced strain gradient, with values ranging from 200% to -200% while 

untreated boards exhibited a steep strain gradient, ranging from approximately 

600% to -1,400%. These findings demonstrate that hot water treatment 

effectively reduces growth stress in F. falcata timbers. Therefore, it is 

recommended that logs be subjected to hot water treatment before further 

processing to minimize growth stress-related defects 
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1. INTRODUCTION

Growth stress plays a vital role in the structural 

integrity of trees, enabling them to support their 

considerable weight overtime against the force of gravity. 

However, the accumulation of growth stress during wood 

development increases the risk of defects during 

processing into lumber or veneer.  Tree growth stress refers 

to the mechanical stress permanently present in wood as a 

tree grows (Gril et al., 2017). Cassens & Serrano (2004) 

emphasized that longitudinal growth stresses are present 

in all standing timber and cut logs. When logs are 

harvested, processing defects become unpredictably 

severe, significantly diminishing the final yield (Gril et al., 

2017). 

A study by the USDA Forest Service found that, on average, 

12.6% of potential lumber yield is lost due to multiple 

defects (Cahill & Cegelka, 1989). In the Philippines, 

Falcataria falcata (L.) Greuter & R. Rankin plantations are a 

key source of income for tree farmers in Mindanao. This 

species is widely planted across Mindanao, as well as parts 

of the Visayas and Luzon, due to its demand for various 

wood products. The Caraga Region, designated as the 

country’s timber corridor by DENR DAO No. 99-13, provides 

ideal conditions for tree plantations, with abundant land 

and favourable environmental conditions. Tree farming has 

long been an integral part of life for many Caraganons. 

Despite the demand for Falcata, farmers often face 

fluctuating market prices due to log defects such as radial 

cracks at the log ends and crooking of lumber during 

harvesting. These defects reduce the logs' value and 

contribute to lower recovery rates during wood processing. 

One measure to minimize these defects is treating wood 

with hot water. Hot water treatment is based on the 

assumption that the thermal relaxation of wood reduces 

internal strain. Residual stress relaxation can be achieved 

when both heat and moisture penetrate the log (Nogi et al., 

2003). When heated, lignin and hemicellulose become 

thermoplastic (Hon & Ou, 1989). Moisture that penetrates 

the microfibrils in the cell wall acts as a lubricant, allowing 

some relative movement between the microfibrils (Silvester, 

2013). This forms the basis for assuming that inherent stress 

developed during wood growth can be reduced when the 

wood is heated while saturated with water. This study was 

conducted to determine the effects of hot water treatment 

in minimizing growth stress. 

2. APPROACHES AND RESULTS

The study was conducted in tree plantations 

located in Regions 10 (Northern Mindanao) and 13 

(CARAGA), where F. falcata is extensively planted. A 2x2x2x2 

factorial design, replicated three times with one tree per 

replication, was used. Factors such as growth orientation 

(straight and leaning), age (3 to 6 years and 7 to 10 years), 

season (wet and dry), and location (Regions 10 and 13) were 

considered in selecting the Falcata tree samples. Growth 

data, including diameter and height, were collected before 

strain measurements. 

To determine the effect of hot water treatment on growth 

stress patterns in Falcata boards, two boards were prepared 

per tree. The first board served as a control, while the 

second was treated with hot water at 80°C for 48 hours. Six 

trees were used for this study. Residual Released Strain 

(RRS) measurements were conducted on both boards, 

which were prepared by sawing logs into boards with a 

thickness of 5 cm (centered on the pith) and a length equal 

to 2.6 times the DBH, following Kojima, M. et al. (2009); 

Okuyama, T. et al. (1981); Yamamoto, H. et al. (1989); and 

Yoshida, M. et al. (2002). 

Sampling points (8 gauges per board) were set from pith to 

bark. The board surface was prepared evenly and cleaned 

by sanding. A strain gauge (electric-wire strain gauge, 10 

mm length, KFG-10-120-C1-11L3M3R, Kyowa Co., Tokyo, 

Japan) was glued to the sampling points across the board 

and connected to a strain meter. After measuring the initial 

strain in the tree sample, the residual stress was released 

using a handsaw, and the strain was recorded. The 

difference in RRS was calculated by subtracting the 

minimum RRS value from the maximum RRS value in each 

log sample. Differences in strain patterns between the 

treated and untreated boards were statistically analyzed 

using multifactor analysis of Statgraphics Centurion 16.1 

software (2010), the strain pattern difference between hot 

water treated boards and untreated was analyzed 

descriptively. 

Results revealed a negative strain near the pith and 

a positive strain near the bark.  This suggests that wood 

elements near the pith are under compressive stress while 

those near the bark are under tensile stress. A multifactor 

analysis showed that location, season and growth 

orientation did not significantly affect RRS (P<.05).  Age of 

trees significantly contributed to strain patterns, trees with 

a diameter of 30 cm and more showed a more favourable 

strain pattern. 

Figure 1 illustrates the difference between the mean RRS of 

hot water-treated and untreated boards. A steep strain 

gradient is observed in untreated boards, with values 

ranging from approximately 600% to -1,400%. In contrast, 

a more relaxed strain gradient is seen in hot water-treated 

boards, with values ranging from 200% to -200%. This 

indicates that hot water treatment is an effective method 

for balancing residual stress in wood. A lower strain 

gradient from pith to bark reduces the occurrence of 

growth stress-related defects. Multifactor ANOVA revealed 

that the interaction between treatment and channel 

position (distance from the pith) significantly affects RRS. 

The strain readings near the bark are significantly different 
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from those near the pith. However, in hot water-treated 

wood, this difference is less pronounced than in untreated 

wood. 

Hot water treatment is based on the assumption that the 

thermal relaxation of wood will reduce the internal 

straining. Residual stress relaxation can be achieved when 

both heat and moisture penetrate the log (Nogi et al., 

2003). The study demonstrated that hot water treatment at 

80°C for 48 hours effectively reduces release strain in logs, 

which is crucial for minimizing defects during wood 

processing. This method allows for better stabilization of 

the wood structure, leading to higher quality falcata wood 

products.  As cited in Gilbero (2019) There were several 

methods to reduce the growth stress in the logs: Stress 

relaxation also occurs at high temperatures induced by 

boiling (Skolmen, 1967), steaming (Sujan et al, 2015) and 

smoking (Barber & Meylan, 1964; Noack 1969; Tanaka et al. 

2014).  Hot water treatment is one of the efficient methods 

to reduce the residual release strain inside the logs. 

According to Nogi et al (2003) residual stress 

relaxation occurs only when both heat and moisture exist 

inside the logs further, they concluded that at 80°C for 33 

hrs resulted in residual relaxation of the bolt.  In this study, 

the board is heated at 80°C for 48 hours.  Locked-in strains 

are partially released by cutting specimens from the tree 

and more completely by boiling them in a green state to 

exceed the softening point of lignin (Gril & Thibaut, 

1994).  However, Nogi et al (2003) further explained that 

stress relaxation is associated not only with lignin softening 

but also with the degradation of the matrix substance 

comprising the cell walls.  This relaxation is referred to as 

hygrothermal recovery (HTR) where wood elements relieve 

internal stress when green wood is heated.  HTR is an 

irreversible dimensional change (Matsuo-Ueda et al, 2023). 

HTR occurs when the wood is subjected to a high 

temperature between 60 to 90°C where wood reaches a 

glass transition temperature (Pelozzi et al, 2014).  As 

explained by Moya and Tenorio (2021), Enhancement of 

residual stress occurs because there is a rearrangement of 

the molecular and microstructure of material that 

consequently results in the relaxation of internal stresses. 

Figure 1. Mean Residual release strain (%) in hot water-treated and untreated falcata flitches from pith to bark (the pith is 

located between channels 4 and 5, while the bark is near channels 1 and 8). 

3. CONCLUSION

In conclusion, the findings of the study highlight the 

importance of managing growth stress in Falcata trees to 

improve the quality of lumber and reduce waste and 

defects during processing. It was emphasized that wood 

elements near the pith are under compressive stress while 

those near the bark are under tensile stress. a more relaxed 

strain gradient is seen in hot water-treated boards, with 

values ranging from 200% to -200%.  The study suggests 

that treating logs with hot water at 80°C for 48 hours can 

significantly help in reducing internal stresses, leading to 

better-quality falcata wood products.  
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By adopting these pre-log treatments and creating clear 

guidelines for local Falcata farmers, we can not only 

improve the quality of the wood but also reduce waste and 

increase profits for those in the lumber industry. These 

steps are vital for ensuring that Falcata remains a 

sustainable and lucrative resource for communities in the 

Philippines, ultimately supporting the livelihoods of many 

tree farmers and contributing to the local economy. 

4. IMPLICATIONS AND RECOMMENDATIONS

Based on the results of the study, it is 

recommended that Falcata logs undergo hot water 

treatment at 80°C for 48 hours before wood processing. 

This is especially important for Falcata products like veneer 

and plywood, where growth-related defects can 

significantly affect quality and, consequently, market value. 

Additionally, it is recommended to harvest Falcata timber 

once it reaches a diameter at breast height (DBH) of at least 

30 cm, as this ensures a more balanced strain pattern. 

Author Contributions: The authors Mark Jun A. Rojo, 

Dennis M. Gilbero, Jason A. Parlucha, and Jupiter V. Casas 

contributed to the conceptualization, data collection, 

processing, and interpretation of results for this study. Mark 

Jun A. Rojo, as the primary author, took the lead in 

preparing this policy brief. Joseph C. Paquit, Trisha Marie T. 

Lopez, Vanessa Jay M. Casas, and Khenneth John D. Tanong 

provided valuable contributions, specifically in data 

collection, processing, analysis, and drafting of this policy 

brief. All authors have read and agreed to the published 

version of the manuscript.”  

Funding: This research was funded by Department of 

Science and Technology (DOST) - Philippine Council for 

Agriculture, Aquatic and Natural Resources Research and 

Development (PCAARRD) and facilitated by Central 

Mindanao University, Research Office with research no. EF-

0105. 

Data Availability Statement: The data supporting this 

study will be made available upon request by contacting 

the corresponding author. 

Acknowledgments: This project was supported by the 

Department of Science and Technology-Philippine Council 

for Agriculture, Aquatic and Natural Resources Research 

and Development (DOST-PCAARRD). The authors wish to 

acknowledge the support of the Central Mindanao 

University Research Office for facilitating this project under 

research no. EF-0105. Furthermore, the authors recognize 

the contributions of the collaborating agencies: DENR-

ERDB-Forest and Wetland Research, Development and 

Extension Center (FWRDEC), and Agusan del Sur State 

College of Agriculture and Technology (ASSCAT)." 

Conflicts of Interest: "The authors declare no conflicts of 

interest."  

5. REFERENCES

Barber, N.F.; Meylan, B.A. The anisotropic shrinkage of the 

wood. A theoretical model Holzforschung. 1964. 

18:146–156 

Cahill, J.M.: Cegelka, V.S. Effects of log defects on lumber 

recovery. Res. Note PNW-RN-479. Portland, OR: US 

Department of Agriculture, Forest Service, Pacific 

Northwest Research Station 1989. 12 p, 479. 

Cassens, D.L.;  SERRANO, J. R. Growth stress in hardwood 

timber. In: Yaussy, Daniel A.; Hix, David M.; Long, 

Robert P.; Goebel, P. Charles, eds. Proceedings. 

14th Central Hardwood Forest Conference; 2004 

March 16 19; Wooster, OH. Gen. Tech. Rep. NE-316. 

Newtown Square, PA: US Department of 

Agriculture, Forest Service, Northeastern Research 

Station. 2004. 106-115. 

Department of Environment and Natural Resources. 

Department Administrative Order 99-13.  Declaring 

certain portions of the public forest lands in Caraga 

Region as the Caraga Forest Plantation Corridor 

(CFPC). 1999. 

Gilbero 2019.  Growth Stress and Wood Property 

Assessment of Different Provenances of Big-Leaf 

Mahogany (Swietenia macrophylla King) Landrace 

in the Philippines.  Doctoral Dissertation. 

Laboratory of Wood Physics Department of Forest 

and Environment Resources Sciences The Graduate 

School of Bioagricultural Sciences Nagoya 

University Chikusa-ku, Nagoya 464-8601, Japan. 

September 2019. 

Gril, J.; Jullien, D.; Bardet, S.; Yamamoto, H. Tree growth 

stress and related problems. Journal of Wood 

Science. 2017. 63, 411-432. 

Gril, J.; Thibaut, B. Tree mechanics and wood mechanics: 

relating hygrothermal recovery of green wood to 

the maturation process. EDP Sciences. 1994. Vol. 51, 

No. 3, pp. 329-336). 

Hon, D.N.S.; Ou, N.H. Thermoplasticization of wood. I. 

Benzylation of wood. Journal of Polymer Science 

Part A: Polymer Chemistry. 1989.  27(7), 2457-2482. 

Kojima, M.; Yamamoto, H.; Marsoem, S.N.; Okuyama, T.; 

Yoshida, M.; Nakai, T.; Yamashita, S.; Saegusa, K.; 

Matsune, K.; Nakamura, K.; Inoue, Y.; Arizono, T. 

Effects of the lateral growth rate on wood quality 

of Gmelina arborea from 3.5-, 7- and 12-year-old 



9 

Rojo, Gilbero, Parlucha & et al. CMUJS | Vol. 28 No. 2 | JULY – DECEMBER 2024 

plantations. Annals of Forest Science. 2009. 66 

(no.507) 

Matsuo-Ueda, M.; Yoshida, M.; Yamamoto, H. Analysis of 

hygrothermal recovery of tension wood induced by 

boiling at 50–80° C. 2023. 77(4), 270-282. 

Moya, R.; Tenorio, C. Reduction of growth stresses in logs 

of Hieronyma alchorneoides from fast-growth 

plantations using steaming and heating: effects on 

the quality of lumber. Forest Science 2021. 78(3), 74. 

Noack Von D. About the hot-water treatment of European 

beech wood in the temperature range from 100 to 

180_C. Holzforschung und Holzverwertung. 1969. 

21:118–124 

Nogi, M., Yamamoto, H., & Okuyama, T. Relaxation 

mechanism of residual stress inside logs by heat 

treatment: choosing the heating time and 

temperature. Journal of wood science. 2003. 49, 

0022-0028. 

Okuyama, T.; Sasaki, Y.; kikata, Y.; kawai N. 1981. The 

seasonal change in growth stress in the tree trunk. 

Mokuzai Gakkaishi 27, 350–355. 

Pelozzi, M. M. A., Severo, E. T. D., Rodrigues, P. L. M., & 

Calonego, F. W. Temperature charts of Hevea 

brasiliensis during log steaming and its effect on 

the board cracks. European Journal of Wood and 

Wood Products. 2014. 72(1), 123-128. 

Silvester, F. D. Timber: Its mechanical properties and 

factors affecting its structural use. Elsevier. (2013). 

Skolmen, R.G. Heating logs: to relieve growth stresses. For 

Prod J. 1967. 17:41–42 

Statgraphics Centurion XVI: User’s Manual Manugistics 

Inc., Rockville, MD. USA. 2010 

Sujan, K.C.; Yamamoto, H.; Matsuo, M.; Yoshida, M.; Naito, 

K.; Shirai, T.; Continuum contraction of tension 

wood fiber induced by repetitive hygrothermal 

treatment. Wood Sci Technol. 2015. 49:1157–1169 

Tanaka, M.; Yamamoto, H.; Kojima, M.; Yoshida, M.; Matsuo 

M, Abubakar ML, Hongo I, Arizono T The 

interrelation between microfibril angle (MFA) and 

hygrothermal recovery (HTR) in compression wood 

and normal wood of Sugi and Agathis. 

Holzforschung. 2014. 68:823–830 

Yamamoto, H,; Okuyama, T.; Yoshida, M.; Sugiyama, K. 

Generalion process of growth stresses in ecll walls. 

Growth stress in compression wood. Mokuzai 

Gakkaishi. 1991. 37(2):94-100. 

Yoshida, M.; Okuda, T.; Okuyama, T. Tension wood and 

growth stress induced by artificial inclination in 

Liriodendron tulipifera Linn. and Prunus spachiana 

Kitamura f. ascendens Kitamura. Ann. For. Sci. 2000. 

57 . 739–746 

Disclaimer/Publisher’s Note: The statements, opinions 

and data contained in all publications are solely those of 

the individual author(s) and contributor(s) and not of 

CMUJS and/or the editor(s). CMUJS and/or the editor(s) 

disclaim responsibility for any injury to people or property 

resulting from any ideas, methods, instructions or products 

referred to in the content. 


