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̂Toona ciliatã ꜚꜚ  

Arisa Kaewmano
1,2

מ   1  1,3 

(1 Ҳ  

2Ҳ Ж 

3Ҳ Ҳ )  

 Е Ὴ ⅎЇ ꜠ Ὶ ꜡ԓ

Ṣ Ὴ ɼ ᵣԓ֘ Ї Ṣ

ҿ ɼ ⌐ ᴀ ԋ ⅎ ᴌ

Ҳ 2018- 2019 ꜠ ɼ ꜠ ҿ 12 ᴓ└ 1 ᴓЇ

ҿ 10 - 12 ɼ 2018 2019 ԓ ɼ

ғ ῗῗ Ї ғ ῗῗ ɼ ῗ ҅ ⅎ

Ҳɼ 

ῗ Е Ж Ж ꜠Ж   

Seasonal radial growth of Toona ciliata from tropical forests with 

contrasting soil water status in Xishuangbanna, SW China 

Arisa Kaewmano
1,2

  Pei-Li Fu
1 

 Ze-Xin Fan
1,3

 

(1 CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences;  

2 Department of Life Sciences, University of Chinese Academy of Sciences; 3 Center for Plant Ecology, Core Botanical Gardens, Chinese 

Academy of Sciences) 

Abstract Tropical forest is a crucial component of the global carbon cycle. Understanding the seasonal radial growth 

pattern of tropical tree species is important to predict the impact of climate change on tropical forest and global carbon 

cycle. Xishuangbanan is located at the northern margin of Asian tropical region, and the forests therein are very 

sensitive to climate change. We monitored the seasonal radial growth of Toona ciliata by using both dendrometer and 

micro core sampling from a tropical karst forest (dry forest) and a tropical seasonal forest (wet forest) in 

Xishuangbanna for continuously two years (2018-2019). We found that the cambial of T. ciliata started to be active 

during December to next January, and the cell wall thickening ended during October to December. The radial growth 

rate of T. ciliata in rainforest was significantly higher than that of karst forest. The radial growth rate of T. ciliata was 

negatively correlated with VPD and positively correlated with precipitation. 

Keywords̔ Toona ciliata, radial growth, cambial activity, tropical forest  
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ṜԊᴆ  

  1,2ЇM. Ross Alexander 
2Ї 1ЇAnnie Deslauriers 

3ЇPatrick Fonti 
4Ї 1ЇNeil 

Pederson 
2
 

Ѓ1 ῒ Ї Їῒ Ж 

2 Harvard Forest, Harvard University, Petersham, MA, USA; 

3 Département des Sciences Fondamentales, Université du Québec à Chicoutimi, Chicoutimi, QC, Canada; 

4 WSL Swiss Federal Research Institute, Landscape Dynamics, Birmensdorf, SwitzerlandЄ 

Ṣ ҐЇ Ṣ ԓ ᵆ Ṣ Ί

ӎɼ ԓ █ ꜠ Ї

ṢԐᴌ ɼ ЃmicrocoresЄЇ ᴂ ⅎ ԓ

ҡ 5 ԋ 6 Ѓ2011-2016Є Ї ῗ ԋ 2016

ṢԐᴌ ɼ ЇҒ ԓ 2011-2015 Ї 2016 3

₴ ԋ Ὺ ꜠Ѓintra-annual density fluctuationЇIADFЇ ᵀ Єɼҿԋ IADF

Ҳ Ї ᴂ ԋ 50 ԋ Ї

32 2016 Ҳ ԋ IADFɼ ЇҒ ԓ╦ 5 Ї2016 8 √

ԋ 16 ԐᴌЇ Ґ ɼᵜ 38 Ї ᶕ 2016 8-9

ԓ╦ 5 Ї Ḧ ╦ 5 Ѓ └ 9 19 ᵤԓ ꜠ ẅ

Єɼ 

Ї ᴂ ҿ 8 Ҳ Ԑᴌ ῚӐ װ ᶳ ҅ ∆ ṢԐᴌ

ԋ 64% ԋ IADF Ї ᶕ ╦ 5 ԋ҅ү Ї ֥ ԋ 17% ɼ 

Ї Ί ₐ ⱵЇװ ‡ ɼ 
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Ṣ ᵲ Їᵜ ָᴂ ᵫ Ҿ ָ

Ӑ ɼ 

ҿԋ Ғ Ṣ Ѓ Ὶ Є Ї ᴂ ԋҾ Ҳ 6

ɼ ᴂⅎ ԋ ꜗ Ѓ Єװ ғ

⌐ ῗ Ѓ ɻ Ң Єɼ 

Ї Ѓ7 8 Є ԓ Ї ⌡ ԓ

ɼῚҲ ЃLarix kaempferi (Lamb.) Carr.Єɻ Ԝ ЃPicea abies (L.) Karst.Єɻ Ԝ ЃPicea 

sitchensis (Bong.) Carr.Є ‡ ЃAbies alba Mill.Є Ṣ ꜘ Ї ᴂ ԋΊ Ὺ

Ї ҙ Ί ɻ ᵤ Ң ɼ ӐҐЇ

ЃPseudotsuga menziesii (Mirb.) FrancoЄɻῚ ‡ ЃAbies grandis Lindl.Є ₴

ⱵЇҙ Ҳ ṢḪ Ғ ɼ 

ԋ ᴌҐ Ғ Ṣ ɼ Ғ █

ҏ Ғ ɼ Ї Ї Ṣ Ґ

׃ ₴ ɼ 
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Intra -ring xylem traits responses to drought in conifer common garden 

hints for species selection 

Weiwei Huang
1,2

, Patrick Fonti
3
, Sven-Olof Lundqvist

4
, Jørgen Bo Larsen

2
, Jon Kehlet Hansen

2
, 

Lisbeth G. Thygesen
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1 Bamboo Research Institute, Nanjing Forestry University, Nanjing 210037, China 

2 Department of Geosciences and Natural Resource Management, The University of Copenhagen, Rolighedsvej 23, DK-1958 

Frederiksberg C, Denmark 

3 Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Zürcherstrasse 111, CH-8903 Birmensdorf, Switzerland 

4 IIC, Rosenlundsgatan 48B, SE-118 63 Stockholm, Sweden 

Presenter email: huangww36@gmail.com 

 

The long-term impacts of summer drought and high temperatures on xylem traits of conifers grown in Denmark are 

scarcely investigated, even though these traits can play an important role in determining xylem functional performance 

and wood properties under the ongoing climate change.  

To investigate how different species are expected to react to climate change, especially summer drought, we 

elucidated the xylem plasticity of six non-native conifer species from a Danish common garden covering the period 

1967-2012. We considered xylem functional traits (i.e. tracheid wall thickness and lumen area) as well as wood 

properties relevant for utilisation of the material (density, stiffness and microfibril angle) as affected by drought index 

and temperature.  

Results showed that xylem traits responded stronger to summer drought (July and August) than temperature, 

especially for the part of the ring produced later in the season. The response was stronger for L. kaempferi, P. abies, P. 

sitchensis and A. alba, which formed latewood tracheids with smaller lumen and thicker radial walls, and wood 

characterised by higher density, higher stiffness and lower microfibril angle. In contrast, P. menziesii, and to some 

extent A. grandis showed more drought resistant wood formation with non-significant climatic signal in their xylem 

traits. 

This study comparing the xylem responses of trees growing under the same conditions indicates different 

anatomical and structural impact among species, whereby the xylem of P. menziesii is predicted to be least affected by 

summer drought of the species considered. This species was already predicted to show only minor changes in growth 

ring width under climate change. 
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ᶏ ҈℗ Ἕ №  

ᵫ [1] [2]  [1]   [ 2,*]  

Ѓ1 ҟ ғ Ж2* ҟ ғ Є 

Е ╦ Ӏ ┼ᵲ Ҏ⅓ ( ⅓ ɻ ⅓ ɻ ⅓ ) ᾩ ἥЇῴ

 IAWA █ ‼ █ ⌡Ї ╦ ⌡ Ӏ ᶳ ҵ Ҙ ָ ɼ

ҿ ԓ Ὴ ꜠ ≡⌡ █ Ї Ҏ⅓ ἥ ⅎ ҅ү ᵲɼ 4ү

Ҏ⅓ ἥⅎ ᴑꜙ ԋ ᵆɼ┼ᵲԋ ҡ ֘ 5 114 600ү 1800 Ҏ⅓

█ ἥ ⅎ ɼҿ ᵤ ⅎ Ї 60%Ї20%Ї20% ᶡ Ҏү

ɻ ɻ ↔ⅎɼ ҲЇ ɻ 5 ԋ꜠ Ї

7200 ɼ Ґ ԋ Ίש ῝ ( VGG16ɻResNet50ɻInceptonV3ɻ

DensNet121) ԓ imagenet ԋ Ї ԋҎ⅓ ⅎ ЇῚҲ

DensNet121ⅎ Ї ҏ └99.7% ‼ Ї Ґ VGG16 └97.8%ЇInceptionV3 └95.8%Ї

ᵤ ResNet50Ї ‼ 82.5%ɼ ҏ ԋ Їה ɻf1

ⅎɻ ɻ ₉ ԋ ᴍɼ ₴ Е ” Ҳ █ ἥⅎ

⌡ Ї ᶕ █ ἥ Ї ɼҿ

ɻ Ḧ ɻ Ґ ɼ 

ῗ : █ЖҎ⅓ Ж Ж Ж  

     

                 1 ‰        2  
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iWood: ≢  

ᵫ 1,2Ї∏ ᶉ 1,2Ї 1,2Ї 1,2Ї 1,2Ї 1,2Ї ֘ 1,2 
Ѓ1 Ҳ ҟ ҟ  ֪ 100091Ж2 Ҳ ҟ  ֪ 100091Є 

ЕῊ 180ү Ї 150ҌᴓЇ ԋ

ⅎ Ὶⅎ ɻ Ḫ ɼ Ḫ ɻ

Ỵɻⅎ ⌐ Ї ᾥⅎ Ὶᵲ ɼשׂ Ḫ Ҳ ἥ ԋ Ὶҵ

Ї ⅎ ᶳ ɼҿԋ װ ⌡ Ї

ԋ ἥ Ї ԋ ἥ ɻ ἥ ɻ ⌡ ꜗ ᴌ

iWoodЇҿ Ὶ ⅓ ᶱԋ ᴌ ᴌ Їҿ Ғ Ґ ‼ ⌡

ᶱ ɼ ⌡ Їҿ Ḫ ɼ 

ῗ Е Ї Ї Ї ⌡Ї Ḫ  

Е Ҭ Ὲ ҙⱵҒ ľ Ŀ̂ CAFYBB2016MC001̃

ҙ ҙ ľ ҍ ≢ Ŀ̂ 2020070306̃

ꜛȂ 
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iWood: an intelligent system for wood specimens digitalization and wood 

species identification 

He Tuo
1,2

, Liu Shoujia
1,2

, Jiao Lichao
1,2

, Guo Juan
1,2

, Jiang Xiaomei
1,2

, Yin Yafang
1,2 

1. Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing, 100091 

2. Wood Collections of Chinese Academy of Forestry, Beijing, 100091 

Abstract: There are approximately 180 wood herbarium collections with more than 1.5 million wood specimens 

around the world, and a large number of wood specimens contain large-scale, verifiable information on the original 

geographical distribution of wood species and their distribution environment changes over time. Digitization of wood 

specimens will be an inevitable trend for xylaria to give full play to its role, which involves the acquisition, storage, 

analysis and utilization of data from all aspects of the specimen. Among them, the image data of wood specimens 

contain abundant anatomical features of wood, which is an important scientific basis for wood species identification. In 

order to improve the efficiency of wood specimen digitalization and wood species identification, this study invented an 

image acquisition device to collect anatomical images of wood, developed a software i.e. iWood, for image capture, 

image dataset curation, deep learning models configuration and wood species identification, which will provide 

technical support for digitalization of wood specimens and their anatomical slides and a new approach to identify wood 

species accurately and quickly in various scenarios. The intelligent system for wood specimens digitalization and wood 

species identification will lay the data foundation for wood informatics research. 

Keywords: wood specimens, wood anatomical structure, digitalization, species identification, wood informatics 

Acknowledgement: This work was financially supported by the projects of Chinese Academy of Forestry 

(CAFYBB2017ZE003) and National Forestry and Grassland Administration (2020070306). 
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 1Ї2Ї 2 

Ѓ1.   Ж2. Є 

 Е (Taxus wallichiana var. mairei) ɻҡ (Taxus cuspidata)ɻ ֘ (Taxus 

× Media)ɻ (Taxus baccata)ɻ (Taxus fuana)ɻ (Taxus wallichiana)

(Taxus wallichiana var. chinensis)7 ITS ∆ PCR Ї DNAMAN ᴌ

₴ ᵣ Ї ₴ ɼ ᾩ PCR Ї

Їҙ װ └0.001ng/ɛLЇ ҅ ɻ ɼ 

ῗ Е Ж ᾩ PCRЖITSЖ  

 

Identification methods of Taxus wallichiana var. mairei   

Yin Wenxiu
1 2

,Zhang Mingzhe
 

1.ZhengJing A&F University 2.Zhejiang Academy of Science and Technology for Inspection and Quarantine, Hangzhou 310016, 

China  

Abstract: In this study the ITS gene of 7 Taxus species(Taxus wallichiana var. mairei Taxus cuspidata Taxus × 

Media Taxus baccata Taxus fuana Taxus wallichiana and Taxus wallichiana var. chinensis) were amplified and 

sequenced. Polymorphic loci were screened by DNAMAN software and specific primers and probes were designed for 

Taxus wallichiana var. mairei. The Real-time PCR test showed that the primer and probe can specifically amplify Taxus 

chinensis var. mairei and Taxus wallichianaand the sensitivity can reach 0.001ng/L. It is a sensitive method to identify 

Taxus chinensis var. mairei rapidly. 

Key words :Taxus wallichiana var. mairei; Real-time PCR; ITS; species identification. 
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╩  

ԓ Ї *Ї Ї ҡ Ї∏ᾣ 

ЃҲ ҟ ғ Ї  410004Є 

Е֥װ ꜘ Ί ЃCylicodiscus gabunensisЄ

ЃBerlinia bracteosaЄҿ Ї⌐ ᵩ ҩ ɻ ɻ

ⅎ ɼ Ї ҩ ҏ ᵒӐ Е ⌡

Ж ⅎ ⅎ Ї ∆ Ѓ2~3үЄЇ Ὺ Ї ԝ∆Ї ғ

ᵒ Ж ҵ Їҙ ⅎ Ж ЖΊ Ҳ ẘ ɼ

ҩ Ӥ Е ЇΊ Ї Ї Ғ

Ж Ї Ї ɼ 3~7 /mmЇᵜ

∆Ї ∆ 2~4 Ї 6~27Ѓ ҿ 15~20Є Ї ∆Ї ∆ ⅎ ҿ

Ї Ὺ ҵ ɼ Ї3~6 /mmЇ ∆ Ї

5~12ү Ї2∆ Ї 10~22 Ї ∆ ∆Ї III ӐЇ Ὺ

ᵩɼ 1579.74ɛmЇ 26.74ɛmЇ ҿ 59.52Ї ҿ 0.32Ї Ί Їⅎ

Ж 1418.27ɛmЇ 21.75ɛmЇ ҿ 65.91Ї ҿ 0.68Ї ЇΊ

ɼ ⅎ ҩ █ Ї ҿ ꜘ ⌐ ᶱ Ї

ҿ ɻ ɻ ᶱ ᶳ ɼ 

ῗ Е Ж Ж Ж Ж  
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Wood anatomy characteristics of Cylicodiscus gabunensis and Berlinia 

bracteosa 

Zhaoyang YU, Jinbo HU
*
, Shanshan CHANG, Dongnian XU, Yuan LIU 

(College of Material Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, Hunan, 

China) 

Abstract: Cylicodiscus gabunensis (Mimosaceae) and Berlinia bracteosa (Caesalpiniaceae) from Gabon, Africa, 

which have many aliform parenchyma were examined. The macroscopic characteristics, microstructure and fiber 

morphology of two African hardwoods were observed and analyzed by means of stereoscopic zoom microscope and 

biological microscope. The results showed that wood structures are very similar among the two species of wood. The 

difference between heartwood and sapwood is obvious, they are almost diffuse-porous, with mainly solitary vessels 

and radial diagonal multiples (usually 2ï3 cells). Vessels are usually filled with gum. Intervessel pits were alternated, 

the pit of ray-vessels was similar to the vessel. All species have rich axial parenchyma, most of which are aliform 

parenchyma. Wood rays were non-laminated, and there fiber length were medium to long. There are also differences in 

the structural characteristics of the two species wood: the heartwood of the Cylicodiscus gabunensis is golden brown 

with slightly green, with dark pinstripes, the sapwood is light pink, and the growth ring was not obvious; The 

heartwood of Berlinia bracteosa was light reddish brown to dark reddish brown. With dark purple or brown stripes, 

and obvious growth rings. The total number of wood rays per millimeter ranged from 3 to 7 in Cylicodiscus gabunensis, 

sometimes oblique, the width of multiseriate rays ranged from 2 to 4 cells with the mean height ranging from 6 to 27 

(mostly 15 to 20) cells. The ray tissue had the same shape and multiple rows, most of which were round or oval of the 

multiple rows, and the cells usually filled with gum. Wood rays of Berlinia bracteosa were obviously narrower than the 

other, 3~6 roots per millimeter, most of which were uniseriate with the height ranged from 5 to 12 cells, 

few of which were biseriate rays with the height ranged from 10 to 22 cells. Wood rays are uniseriate and multiseriate, 

followed by Kribsô types Heterogeneous III, and the ray cells usually contained rhombic crystals. The average fiber 

length and width of Cylicodiscus gabunensis were 1579.74ɛm and 26.74ɛm, with the ratio of fiber length to width was 

59.52, and fiber wall cavity ratio was 0.32. Single pits have slightly narrow edges, with no septate fibers. The average 

fiber length and width of Berlinia bracteosa were 1418.27ɛm and 21.75ɛm, with the ratio of fiber length to width was 

65.91, and fiber wall cavity ratio was 0.68. Berlinia bracteosa had thicker wall of fiber with obvious marginal pits. By 

analyzing the anatomical characteristics of Cylicodiscus gabunensis and Berlinia bracteosa, which were two species 

African hardwoods. It is expected to provide a theoretical basis for the processing and utilization of African hardwoods, 

and at the same time provide a theoretical basis for the identification of imported trees, the selection of materials for 

manufacturer, and the rational use of wood materials. 

Keywords: Mimosaceae; Caesalpiniaceae; axial parenchyma; fiber morphology; microstructure 
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(Juglans mandshurica) ╩ Ṝ  

´ 1, 2 ↔ ᾣ 1 Ҹ 2 2,* 

̂1Ҭ ҙ ҍ ,  410004; 
2қ ҙ

,  150040;̃  

  Е (Vessels) ᴶ ⅎ , Ὶ ɻ ғ Ṣ

ɼ , Ӏ Ṣ ╦ Ғ ɼ █

Ї ԋҡ (Juglans mandshurica) ⅎ Ὶ ɼ

: ҿ Ї (RW) (VN) ꜘ Ґ װ25a ,שׂ

Ґ שׂ ԓ ; (MVA)∑ ҏ ╦ ,שׂ 25a ₉ ҏ ԓ

; (PC)∑ ҏ TVA ; ,שׂ ꜘ

Ґ ɼRWғשׂ VN ῗ, ғ PC ῗ, ғ MVA ῗ ɼTVA Ӏ VN ” Ғ

MVAɼ VN PC , ғ Ṣ ῗɼ Ӏ

┼, Ὶ ╦҅ ɼ RWɻVN TVA ╦҅ , PC

MVA ╦҅ , ҿ ɼ MVA ғ

ῗЇҡ PCғ ῗɼ ᴶ Ί Ṣש Ї

ҿ ҡ Ṣ ᶱԋ ɼ 

ῗ Е ;  █; ;  ; Ṣ  
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ҍ ₭  

    * 

Ѓ  ҟ  ғ Ї  230036Є 

 Еװ ЃPterocarpus tinctoriusЄ ₳ ЃDalbergia retusaЄ ҿ Ї

└ Ї ԋῚ ┼ Ї GC-MS Ὶ

ⅎⅎ Ї ҩ ⅎװ ɼ Е

ҿ 21.21%Ї Ж ₳ ҿ 25.47%Ї ԓ Ж

Ҳⅎ ₴ 6 ЇӀ ⅎҿ ɻ ɻ ɻ ЇῚҲ ᶡ Ї

ҿ 73.78%ЇῚ Їҿ 20.98%Ж ₳ Ҳⅎ ₴ 12 ЇӀ ɻ ɻ

ɻ ɻ װ ⅎЇῚҲ ᶡ Їҿ 60.18%Жҩ

҅ ₴ԋ҅ Їҙ ԓ ɼ 

ῗ Е Ж ₳ Ж ЖGC-MSЖ  
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↨ ₃ ╩  

    * 

Ѓ  ҟ  ғ Ї  230036Є 

Еװ− Ҳ ЃPhyllostachys nidulariaЄɻ ЃPhyllostachys prominensЄɻẐ ЃPhyllostachys 

kwangsiensisЄɻ ЃPhyllostachys propinquaЄ ҿ Ї █ Ї

Е ҲЇ Ẑ ҿ 1732.89µmЇῚ ҿ 1626.53µmЇ 13.4µm

Ї Ẑ ҿ 130.95Ї Ӑҿ 120.52ɼ Ғ ᵣ ɻ ɻ

Ї Ҳ 1000љ2500µmӐ ɼ ҿ 2.43-3.08ү/um,

ⅎ⌡ҿ 315.59um-578.06umɻ392.87um-602.75umЇ ҿ 0.99-1.75Ї ҿ

103.29um-123.66umɼ  

ῗ Е− Ж █ Ж Ж  
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Performance and radial variation of wood properties in poplar clones 

Yamei Liu
1
, Liang Zhou

1
, Ying Guan

1
, Jianjun Hu

2
, Zicheng Zhao

3
, Hui Gao

1
*, and Shengquan Liu

1
*
 
 

(1. Key Lab of State Forest and Grassland Administration on ñWood Quality Improvement & High Efficient Utilizationò, School of 

Forestry & Landscape Architecture, Anhui Agricultural University, Hefei 230036; 

2. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091; 3. Jiaozuo Academy of Agriculture and Forestry Sciences, 

Jiaozuo 454001) 

Abstract:  Wood properties are crucial for the application and development of new clones. In current paper, anatomical 

and chemical properties were studied in eight new poplar clones (50, Zhonglin46, 108, 36, N179, Danhong, Sangju, 

and Nanyang) in Henan province, China. This was done to analyze the effects of clones and ages on wood properties 

and then to select appropriate clones and reasonable rotation age. The results revealed that effects of clones and ages 

were significant for all wood properties. The poplar clones were ranked as follows in terms of their wood properties: 

108, Danghong, and Nangyang > Zhonglin46, 50, and N179 > 36 and Sangju. The quantitative maturity age was 

between 6-8 years. There was a significant rapid increase and the subsequent reduction or stabilization of ring width, 

fiber length and diameter, double wall thickness, ray height and width, vessel length and diameter, vessel proportion, 

fiber proportion, and holocellulose content from the pith to the outer layer. In contrast, the microfibril angle (MFA), 

vessel frequency, and ray proportion, lignin content, and extractive content initially decreased and subsequently 

increased or remained relatively constant. All wood properties exhibited turning points across time, with the exception 

of the double wall thickness and lignin content.  

Keywords: poplar, clone, anatomical properties, chemical components, radial variation, rotation age. 

             

 

 

                                                        
 ꜛ̔ ҈ԓ ⅞ ̂2017YFD0600201̃  

Fig. 2. Average wood ring width in the eight poplar clones versus cambial age. 

The quantitative maturity age is equal to the intersection point of the current 

annual increment and mean annual increment curves. RW = ring width. 

Fig. 1. Dendrogram using average linkage 

(between groups) 
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Study on wood anatomical features of Lagerstroemia limii 

Jinghan Zhang, Jiayan Luo 

(college of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037) 

Lagerstroemia limii is a tree from Lagerstroemia of the LYTHRACEAE family, being native to Fujian, Jiangsu, 

Zhejiang and Hubei, is unique to China. At present, the anatomical structural about Lagerstroemia limii were not 

reported. This article used the Lagerstroemia limii wood taken from the Nanjing Forestry University as the research 

object.  

Macroscopic characteristics: Growth ring boundaries indistinct. Wood diffuse to ring-porous or semi-ring-porous. 

Vessels were slightly smaller, invisible to the naked eye, uneven distribution, radial pattern. Axial parenchyma were not 

abundant, and their arrangement were marginal bands. The wood rays were extremely thin and invisible to the naked 

eye. No ripples and intercellular channels were seen. 

Slice by using a slide-away microtome, and after staining, observe the microscopic conditions with an OLYMPUS 

BS51 microscope, the anatomical features are as follows: The shape of vessels in the cross section was round or ovoid; 

vessels exclusively solitary; the arrangement of vessels was radial pattern; 40-45 vessels per square millimeter, 

maximum tangential diameter of vessel lumina was 90ɛm, most 30-70ɛm; tyloses was not found in vessels. The 

perforation plates were simple and parallel or slightly inclined. The arrangement of interyessel pits was alternate. 

Fibers with thin to thick walls, and had separate wood fibers. The arrangement of axial parenchyma were marginal 

bands, tangent and apotracheal bands with 2-3 cells wide. Rhomboidal crystals frequent in axial parenchyma. Rays 

homogeneous and storied structural was not found, all exclusively uniseriate and all ray cells procumbent, their heigh 

were 3-12 cells or more. The vessels-ray pits with distinct borders, similar to intervessels pits in size and shape 

throughout the ray cell. Intercellular canals were not found. 

Keywords:  wood   Lagerstroemia limii   anatomical features  
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The Microstructure and Microchemical Analysis of Modified Poplar 

Standing Wood 

HE Rui PENG Jun-yi XIA  Chong-yang LIU X in DAI Bo-ren SHI Jiang-tao 

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu) 

Abstract:  Fast-growing plantations have poor wood quality. Modification of wood is a necessary approach to increase its 

added value.   
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Traditional wood modification technology is a post-processing method with complex procedures and poor environmental 

protection. As a new exploration, the modification of living trees can use the transpiration of the plant itself to deliver the 

modifier to the wood to achieve the effect of wood modification. Therefore, this experiment took ten-year-old Italian 

poplar living tree as the research object, and used the drip slow-release technology to deliver the modifier to the xylem. 

The modifier concentration is set to four groups: blank control group (C), 1mmol/L tetraethyl orthosilicate ethanol 

solution (T1), 10mmol/L tetraethyl orthosilicate ethanol solution (T2), 100mmol/L tetraethyl orthosilicate ethanol 

solution (T3). The experiment used microscope and scanning electron microscope (SEM) combined with X-ray energy 

spectroscopy (EDS) and X-ray photoelectron spectroscopy (XPS) to systematically study the structure and element 

composition of wood tissue before and after treatment. Research results: The sapwood and the heartwood of the poplar 

disc in the blank control group (C) are clearly distinguished, the heartwood is gray-brown, and the sapwood is 

yellow-white; The sapwood and the heartwood of the poplar disc after the modification of standing wood are not clearly 

distinguished, heartwood is grayish brown, most of the sapwood is yellowish white, and a small part of the sapwood is 

grayish brown extension. In the modification of living tree, the diameter of wood vessel becomes smaller, the vessel 

quantity and vessel tissue ratio decrease, and the fiber double wall thickness and fiber tissue ratio increase.When the 

tetraethyl orthosilicate concentration is 1mmol/L, the fiber double wall thickness increases mostly. The fiber average 

double wall thickness of the newly formed wood is 3.29 ɛm more than the fiber average double wall thickness of last 

year's wood, and 0.67 ɛm more than the fiber average double wall thickness of the blank control group; The ratio of 

vessel tissue decreased mostly. The average vessel tissue ratio of newly formed wood was 19.14% lower than that of last 

year's wood and 15.08% lower than that of the blank control wood.When the tetraethyl orthosilicate concentration is 

10mmol/L, the average fiber tissue ratio increases the most. The average fiber structure ratio of newly formed wood is 

17.20% higher than that of last year's raw wood, and 17.77% higher than that of the blank control wood. When the 

tetraethyl orthosilicate concentration is 100mmol/L, the microfibril angle increases mostly. The average microfibril angle 

of newly formed wood is 5.5Á larger than the average microfibril angle of last yearôs wood, and 8.2Á larger than that of the 

blank control wood. After the modification of living tree, yellow inclusions appeared on the cross section of poplar wood, 

and the inclusions mainly existed in the wood vessels, fibers, and rays; at low concentrations (T1), the inclusions were 

lumpy and agglomerated in the vessels; At high concentrations (T2, T3), the inclusions are granular and attached to the 

inner walls of fibers and ray cells and near the pits. After EDS analysis, the main element composition of the inclusions is 

C, O, Si, K, Ca; XPS analysis results show that Si element is detected in the newly formed wood after modification. The 

wood structure of Italian poplar becomes dense after living standing wood modification, and the research results can 

provide a theoretical basis for wood modification and preparation of new types of wood. 

Key words: Populus euramevicana cv.óI-214ô̕Modification of living standing trees̕TEOS̕ Anatomical structure̕

Microzone Chemistry 
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Study on wood anatomical features of Cercis gigantea 

Minghao Wang, Qiao Lin, Jinghan Zhang, Jiayan Luo* 

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing,210037, China) 

Abstract̔Cercis gigantea is a tree from the Cercis of the Leguminosae family, being native to Anhui, Guangdong, 

Guangxi, Guizhou, Henan, Hubei, Hunan, Shaanxi, Sichuan, Yunnan, Zhejiang    etc. And grow in open or dense 

forests, mountain slopes, along valleys near roads, on rocks at the elevation of 600-1900m. It is a kind of better native 

tree species with ornamental and medicinal value. At present, there is no report on the anatomical feature of Cercis 

gigantea. In this paper, Cercis gigantea wood was taken as the research object, and the materials were taken from the 

campus of Nanjing Forestry University. Macrostructure was observed by OLUMPUS SZ2-ILST stereomicroscope. 

After slicing by slicing microtome, observation was performed with OLYMPUS BX51 microscope. And the kind of 

intervessel pits was confirmed by SEM. The structure characteristics are as follows: 

Macroscopically, the wood has luster, with no special smell and teste. The growth ring was obvious, from ring-porous 

to semi-ring-porous material. The early wood pore was usually large, visible to naked eye, often arranged in single row 

and with thylose. In late wood, the pores were very small, slightly visible under a magnifying glass, and often 

embedded in the axial parenchyma in the form of wave and band, and the number of it is large. The axial parenchyma 

was well developed and can be seen by naked eyes, and the type of it was axial parenchyma confluent and banded 

parenchyma. The wood ray width was middle. The ray speckle is obvious in tangential section. 

Microscopically, the shape of vessels in cross section was round or ovoid, the arrangement of vessels was tangential 

band. Vessels groupings was exclusively solitary, in radial multiples of 2-4 or more and clusters. Helical thickenings 

were obvious in vessels. The perforation plates were sample. The intervessel pits was alternate, the shape of it was 

polygonal, and the pits was not vestured pits. The cell wall of fibers was thin to thick. The arrangement of axial 

parenchyma was confluent, bands more than three cell wide, marginal bands and diffuse, and there were 7 or more 

rhombic crystals in the parenchyma cells. The wood rays were not storied. The exclusively uniseriate rays were rare, 

width 10-16ɛm, high 5-9 cells (68-160ɛm) or more cells. The multi-row raysô width were 2-7 cells (22-73ɛm), most 

were 5 cells, the height of multi-row rays were 9-37 cells(138-567ɛm) or more cells, most were 15-30 cells(254-455

ɛm). The wood rays was type ŉ. The vessel-ray pits with distinct borders; similar to intervessel pits in size and 

shape throughout the ray cells. The intercellular was not founded. 

Keywords: Cercis gigantea, Macrostructure, Microstructure 
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The Formation Position and Morphological Changes of Compression 

wood in Zhongshanshan 

Xiran Li, Yujin Bi, Biao Pan 

(College of Materials Science and Engineering, Nanjing Forestry university,Nangjing 210037) 

Abstract:  [objective] As a hybrid species of Taxodium Rich, Zhongshansha is characterized by fast-growing in the 

early wood and has certain adaptability to water flooding, drought, salinity and strong wind environment. The defect of 

fast-growing wood is easy to form compression wood. In this experiment, the distribution of compression wood and 

morphological characteristics of tracheid in Zhongshanshan were studied to provide a theoretical basis for the response 

mechanism of Zhangshanshan to the external environment and provide a theoretical basis for subsequent processing 

and utilization. 

[Materials and Methods] The sample is a 14-year-old inclined growth of Zhongshanshan. Different regions were 

observed by optical microscope, fluorescence microscope and environmental scanning electron microscope. The data 

of roundness and double wall thickness were measured by Image J software. Franklin segregation method was used to 

isolate the wood to be pressed and the corresponding tracheid, 50 tracheid were selected for each sample to measure 

the length, and calculate the average value. Raman imaging spectrometer was used to explore the micro region 

distribution of lignin in compressed wood and opposite wood with a scanning range of 600-2000cm
-1

 and an integral 

imaging range of 1525-1700cm
-1

.    

[Results and Analysis] 1. Distribution of compression wood tracheid in Zhongshanshan: in macroscopic view, the 

distribution of compressed wood in Zhongshanshan is very irregular. The distribution of wood - pressing bands in a 

single growth ring is also irregular. Microscopically, only one round of wood is compressed in one growth wheel (Fig. 

1a), and occasionally two rounds of wood are compressed in one growth ring (Fig. 1b). The compressed wood 

tracheids are usually formed in the early wood area at the middle or middle back of the growth ring. The late wood and 

the early wood tracheid near the late wood donôt have the characteristics of compressed wood tracheid (Fig. 1c). 

2. Comparison of the morphology of the compressed tracheid and the corresponding tracheid: the typical characteristics 

of the compressed wood tracheid are as follows, the cell wall thickened and S2L layer appeared, the tracheid were 

nearly round in cross section, the cracks and intercellular spaces appeared, and the length of the tracheid became 

shorter. These characteristics may not be present in all compressible tracheid simultaneously. (1) The severely 

compression wood has a highly lignified S2L layer of cell wall, while the S2L layer of the lightly compression 

wood is confined to the corner of the cell. But the opposite woodôs tracheid does not have the S2L layer (Fig. a2, c2, 

d2). (2) The severely compressed woodôs cells were round or oval, with roundness value up to 0.778, and there were 

many intercellular spaces; the slightly compressed wood cells were still angular, roundness value was 0.597, and the 

cell gap was small. The opposite tracheid are square or polygonal without intercellular spaces. (3) The average double 

wall thickness of the severely pressed woodshed was (10.88±0.18) um, the average double wall thickness of the lightly 

compressed wood was (7.15±0.19) um, and the opposite area had the thinnest double wall thickness, only (5.94±0.23) 

javascript:showjdsw('showjd_0','j_0')
javascript:showjdsw('jd_t','j_')
https://dict.cnki.net/dict_result.aspx?scw=%e6%97%a9%e6%9d%90&tjType=sentence&style=&t=early+wood
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um. (4) On the cell wall in severe pressure tissues, thread gaps and thread cracks embedded in the inner wall were 

observed, and the included angle with the cell axis was 33.1~55.0° (Fig. 3e, f, Fig. 4a). Occasionally striated threads 

can be seen in the slightly compressed wood (Fig. 4b), and no thread gaps and thread cracks embedded in the inner 

wall can be seen in the tracheid of the opposite wood (Fig. 3g, h, Fig. 4c). (5) The average length of the tracheid in the 

compression wood was (2434.72±32.54) um, which was smaller than that of the tracheid in the compression zone 

(2770.09±35.75) um at the beginning of the compression wood and (3280.12±44.48) um in the opposite wood. 

3. Lignin deposition and morphological changes of tracheid during the compaction process of Zhangshanshan: the 

distribution of lignin in compression wood is different from that in opposite wood. The high lignification of the outer 

layer of the secondary wall in the compressed tracheid is usually called the S2L layer. Based on the analysis of 

fluorescence images and Raman imaging (Fig.2, Fig.3d2), the opposite wood and the early wood in the compression 

wood of Zhongshanshan are polygonal. Lignin is mainly deposited in the cell corner, and the lignin concentration in the 

composite intercellular layer is higher than that in the secondary wall. The lignin deposition of slightly compressed 

tracheid occurred mainly in the lateral secondary wall of the corner of the cell. There is a highly lignified S2L layer 

between The S1 and S2 layers. The tracheid edges are obvious, with a small amount of intercellular spaces. The 

thickness of the double walls is about 1.2 times that of the normal early wood, and the lignin concentration at the 

corner is lower than that of the S2L layer (Fig. 3c).The cross section of the severely pressed wood is more close to 

round, with more intercellular spaces and significantly thickened cell walls. Finally, the cell wall thickness reaches 1.8 

times of the normal early wood (Fig.3a, b). It can be inferred that during the formation of the compressed xylem cells, 

the response of lignin deposition to external stress is faster than that of cell morphology. 

[Conclusion] The compression wood of Zhongshanshan is distributed in the early wood area in the middle and later 

period in middle of the growth ring in a zonal pattern. There are no obvious characteristics of compression wood in the 

early and late wood of the growth ring. In the early stage of the formation of the compressed xylem cells, a large 

amount of lignin was deposited on the outside of the secondary wall, and S2L layer was first formed at the edges of the 

tracheid, and then the S2L layer gradually extended around the secondary wall, eventually forming a complete S2L 

layer of the cell wall. The changes of cell morphology, such as roundness of cross section, thickening of cell wall, 

intercellular space and crevice appeared later than the formation of S2L layer. The morphology of tracheid is the most 

significant feature to distinguish the wood that should be pressed from the corresponding wood. However, for the 

slightly compression wood tracheid and opposite wood with similar cell morphology, the spontaneous fluorescence of 

the S2L layer at the corner of cells is the only obvious feature to distinguish the two. 

Key words: Zhongshanshan; Compression wood; Tracheid morphology; Secondary wall 
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Physical and mechanical properties of bamboo fibers extracted by 

high-temperature saturated steam and mechanical treatment 
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(1. College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037) 

Abstract: High-temperature saturated steam was firstly applied to pre-treat fresh moso bamboo (Phyllostachys 

pubescens Mazel ex H. de Lehaie) culms with high moisture content, and then bamboo fibers were extracted from the 

thermal treated bamboo culms by rolling in this paper. And then the microstructure, chemical composition, mechanical 

behavior, and hygroscopicproperties of the extracted fibers were analyzed by using optical microscopy, 

nanoindentation (NI) and so forth. Results indicate that the vascular bundles and parenchymatouscells in bamboo 

culms has been effectively seperated due to the degradation of hemicellulose after the steam and mechanical treatment. 

The degradation of hemicelluloses, increaed relative lignin content and cellulose crystallinity (CrI) upon thermal 

treatment make a major contribution to the reduced hygroscopicity and increase of reduced elastic modulus (Er) and 

hardness (H) of fiber cell walls. The maximum tensile strength and modulus of bamboo fibers are 765MPa and 

24.8GPa, respectively, which is not obviously affected by steam treatment. However, there are some differences in the 

properties of bamboo fibers extracted from different parts in bamboo culms. The dimensions of fibers from outerlayer 

are larger than that of inner layer. Thus, multilayer extraction and classifiedutilization of bamboo fibers should be 

considered in its potential application. The bending properties of BFB reinforced laminated veneer lumber (LVL) was 

further analyzed to verify the potential application of BFB in engineered composites. 

Keywords: fibres; mechanical properties; physical properties; chemical analysis; heat treatment 
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Fig. 1 Schematic diagram showing the extraction of fibers from bamboo culms and characterization of bamboo fibers 
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