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ῇ ᴪ 

 

The 8th IAWA China Group Annual Meeting  

Meeting Agenda 

 

 

 

 
 

 

 

 

 

     

нлнм мм мо -мп  

Chengdu 

November 13-14th, 2021  



1 

 

 

   

 

ԍ LaRAV1-LaCDKB1;3 ᴡ └ ...................................... п 

Artificial wood cell wall as a valid tool to investigate wood formation and application .................. с 

Ṝ ̔ ╩ҍ Ṝ  ....................... у 

iWood̔ ԍ Ἕ  .............................................................. мл 

Waste preserved wood derived biochar catalyst for promoted peroxymonosulfate activation 

towards bisphenol A degradation with low metal ion release: the insight into the mechanisms .... мн 

╩ ҍ  .................................................................................................................... мо 

Ḡ ............................................................................................................. мс 

ԓҩ ῒ  ............................................................. му 

ꜚ ȁ ꜚ ᴡ   ............................................... нм 

ԍ ≢  ..................................................................... но 

Ҭ ⱬ  ............................................................................. нр 

Έ ╩ №  ............................................................................. ну 

TBAA/DMSO῍ ╕ᵣ └  ................ он 

 ................................................................................................. ор 

 .................................................................................................................... оф 

֤₮ ף ⱴ  ......................................................................... пм 

№ ᵝ ῒ  ..................................................................... пп 

Ҭ ҉  ..................................................................... пс 

DNA  ...................................................................................... пф 

ԍ № X-ray №  ............................................................. рм 

ֲ ẁ Ҭ №  ............................................................................. рп 

ñ òAPPðð ῏  .............................................................................. рф 

Ultrastructure of parenchyma cell wall in bamboo (Phyllostachys edulis) culms .......................... см 

≢ Ҭ └  ..................................................................................... сн 

ҍ  ................................................................................. ср 

......................................................................................................... су 

Ӡ ῧ ῧ №  ................................................. сф 



2 

 

 

↨  ................................................................................................. тн 

ῒҍ № ............................................. тр 

................................................................................................................. тт 

ҍ  ................................................................................................. ул 

ᵣ  ......................................................... уо 

└ ................................................................................................................. ус 

╩ №  ................................................................................................. уу 

ֲ Ҭ Cd  .................................................................. фн 

DNA  .............................................................. фп 

ᵝ  ................................................................................. фф 

Ҍ   ⱬⱳ ⱴ  ............................................... млм 

ԍBP ╩ ≢ ........................................................................ млп 

Ҙ  ....................................................................... млс 

Physical and mechanical properties of Catalpa bungei clones and estimation of the properties 

by near-infrared spectroscopy ....................................................................................................... млу 

ᴰ  ........................................................................... ммл 

-  ......................................... ммо 

№  ............................................... ммс 

13 ᴰ  .............................................................................. мму 

Comparison of vessel traits for plantation grown teak wood of different ages from the wet 

zone of Ghana. .............................................................................................................................. мнл 

From herbs to trees and back again: changes in the degree of woodiness among carrots ............ мнн 

Stem anatomy of the South African genera of Gnaphalieae (Asteraceae) with emphasis on the 

evolution of interxylary phloem .................................................................................................... мно 

Wood anatomy of the tribe Diosmeae, a large Cape lineage of Rutaceae .................................... мнр 

Adaptation of different tree species to increasing autumn temperatures ...................................... мнс 

Addressing controversies in safety - vessel diameter relationships .............................................. мнт 

Ontogeny of divided vascular cylinders in Serjania: the rise of a novel vascular architecture in 

Sapindaceae .................................................................................................................................. мну 

An introduction to quantitative wood anatomy using ROXAS..................................................... мнф 

Anatomical structure of three lesser-used wood species grown in Indonesia ............................... мол 



3 

 

 

Anatomical identification of charcoal and briquettes - developments in the international 

charcoal trade and the increasing use of substitutes from NTFPs ................................................. мом 

Anatomical wtructure of benuang (Octomeles sumatrana) wood and its fiber quality 

assessment for pulp and paper manufacturing .............................................................................. мон 

Wood species identification by using two-electrode capacitive-based spectroscopy Η ӈӥ Ȃ 

Spatial distribution of chemical components in the phellem of Cerasus jamasakura (Siebold 

ex Koidz.) H. Ohba ....................................................................................................................... моо 

Blue intensity as climate proxy: Application on black spruce in the eastern Canadian taiga ....... мор 

Hygroscopic swelling of moso bamboo cells ............................................................................... мос 

Performance of low molecular weight of phenol formaldehyde-impregnated woods on 

dimensional stability and durability against termites .................................................................... мот 

  



4 

 

 

ԍ LaRAV1-LaCDKB1;3 ᴡ

└ 

Ҍ 1,*  1  2  1  Ⱶ 1 

Ѓ1 ᴶ Ї ЇҲ ҟ ҟ Ї

֪ 100091Ж2 ᴶ Ї ЇҲ ҟ

ғḦ Ї ֪ 100091Ж* ᵲ (liwf@caf.ac.cn)Є 

 Е ᴧ ꜠ ғ ⅓ ῗɼ Ї

Ίᵩ ┼ Ғ ɼ ᴂ ԋ ꜠ ᴧ

Ї ⅎ ԋ ɻ ᴂӐ ῗ װ ɼ

Ї12ү 31ү Ѓ17ү Є ꜠ Ї ᴂӐ

ῗ Ж ꜠ ⅎ Ї12ү └ 10ү Ж

ⅎ Ї 7ү 16ү ғ10ү Ӑ 73ү

ԐᴌЇ ֢ ᾩ ԋῚҲ 2үЇ └ 2ү ЃLaMYB20

LaRAV1Є 2ү ЃLaCDKB1;3LaCYCB1;1Єɼ Ї ᴂ LaRAV1

LaCDKB1;3ᴧ ꜠ ҲΊ Ї ҅ ᴂ ғ

ᴧ ꜠ ɼ ֙ Ғ׃ ꜡ԓ Ίᵩ

┼ЇӤ ꜡ԓ Ṣ Ґ Їҿ ᶱ ɼ 

ῗ Е Ж Жᴧ Ж Ж ꜠Ж Ж  
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Concerted control of the LaRAV1-LaCDKB1;3 module by 

temperature during dormancy release and reactivation of 

larch 

Wan-Feng Li1,* , Yanhui Kang1, Yao Zhang2, Qiao-Lu Zang1, and Li-Wang Qi1 

(1 State Key Laboratory of Tree Genetics and Breeding, Key Laboratory of Tree Breeding and Cultivation, National 

Forestry and Grassland Administration, Research Institute of Forestry, Chinese Academy of Forestry, No. 1, 

Dongxiaofu, Xiangshan Road, Haidian District, Beijing 100091, Peopleôs Republic of China; 2 State Key Laboratory 

of Tree Genetics and Breeding, Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland 

Administration, Research Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, No. 

1, Dongxiaofu, Xiangshan Road, Haidian District, Beijing 100091, Peopleôs Republic of China; *Corresponding 

author (liwf@caf.ac.cn)) 

Abstract: Dormancy release and reactivation of temperate-zone trees involve the 

temperature-modulated expression of cell-cycle genes. However, information on the detailed 

regulatory mechanism is limited. Here, we compared the transcriptomes of the stems of active and 

dormant larch trees, emphasizing the expression patterns of cell-cycle genes and transcription factors 

and assessed their relationships and responses to temperatures. Twelve cell-cycle genes and 31 

transcription factors were strongly expressed in the active stage. Promoter analysis suggested that 

these 12 genes might be regulated by transcription factors from 10 families. Altogether, 73 cases of 

regulation between 16 transcription factors and 12 cell-cycle genes were predicted, while the 

regulatory interactions between LaMYB20 and LaCYCB1;1, and LaRAV1 and LaCDKB1;3 were 

confirmed by yeast one-hybrid and dual-luciferase assays. Last, we found that LaRAV1 and 

LaCDKB1;3 had almost the same expression patterns during dormancy release and reactivation 

induced naturally or artificially by temperature, indicating that the LaRAV1-LaCDKB1;3 module 

functions in the temperature-modulated dormancy release and reactivation of larch trees. These 

results provide new insights into the link between temperature and cell-cycle gene expression, 

helping to understand the temperature control of tree growth and development in the context of 

climate change. 

Keywords: cambium; cell-cycle gene; dormancy release; larch; reactivation; temperature; 

transcription factor 
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Artificial wood cell wall as a valid tool to investigate wood 

formation and application 

Qiang Li1,2,* , Youming Xu1,* , Hongbo Yu3, Yasumitsu Uraki4 

(1 College of Horticulture and Forestry Science, Huazhong Agricultural University, China; 2 College of Engineering, 

Huazhong Agricultural University,China; 3 College of Life Science and Technology, Huazhong University of 

Science and Technology, China; 4 Research Faculty of Agriculture, Hokkaido University, Kita-ku, Sapporo 060-8589, 

Japan) 

Abstracts: Wood as the most abundant Natural resource on earth has built the foundation of our 

daily lives. Especially in recent years, wood has been significantly advanced as a feedstock for clean 

energy, versatile multifunctional materials, and renewable and green products, all of which have 

promoted the development of future sustainability. Even though these applications have been much 

sought after, many underlying science regarding wood cell wall formation and chemical 

relationships between their component polymers is still less-well understood. These elusive 

fundamentals have not only hindered our understanding of tree growth and wood formation, but also 

hampered the implementation of wood-based advanced manufacturing; for instance, modern 

biorefinery for advanced biofuels and bioproducts.  

To address these challenges, we have developed an artificial wood cell wall model to 

understand the formation of polysaccharides matrix and the chemical relationship of 

lignin-polysacchride. A bacterial cellulose film with honeycomb patterns have been fabricated with 

controlled cell growth path, and the resultant bacterial cellulose film served as the scaffold of the 

wood cell wall. Afterwards, hemicellulose was deposited into cellulose matrix, which was followed 

by the in-vitro synthesis of lignin in this cellulose-hemicellulose matrix.  

By using this artificial cell wall model, we elucidated1) the hemicellulose role in regulating the 

deposition and formation of lignin structures, especially lignin distribution in polysaccharide matrix 

and lignin ɓ-O-4 interunitary linakges formation; 2) the contribution of cellulose, hemicellulose, and 

lignin to the cell wall mechanical strength. Our artificial wood cell wall model has further unveiled 

its potential in elucidating hemicellulose and lignin function in cell wall deconstruction and 

valorization. We have elucidated the validity of wood cell wall deformation models and found the 

best fit of the two-phase model. Moreover, by using the artificial cell wall model, we clarified the 

roles of both hemicellulose and lignin in enzymatic deconstruction of cell wall for bioethanol 

production. Hemicellulose itself cannot inhibit enzymatic hydrolysis, but hemicellulose can enhance 

lignin formation to increase its recalcitrance to cellulose hydrolysis. Highlighted by above results, 

artificial wood cell wall has been proved as a valid tool to elucidate both wood formation and 

deconstruction, especially the relationship between cell wall components and their inhibition of 
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enzymatic hydrolysis for biofuel production.  

Keywords: Artificial wood cell wall; cell wall formation; cell wall deconstruction  
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Ṝ ̔ ╩ҍ

Ṝ  

1  Sergio Rossi2,3  Shalik Ram Sigdel1  Binod Dawadi4  1,* 

(1 Ҳ Ї ֪ 100101; 2 University of Quebec 

in Chicoutimi, Département des Sciences Fondamentales, Laboratoire d'Écologie Végétale, 555, Boulevard de 

l'Université, Chicoutimi (QC) G7H2B1, Canada; 3 Key Laboratory of Vegetation Restoration and Management of 

Degraded Ecosystems, Guangdong Provincial Key Laboratory of Applied Botany, South China Botanical Garden, 

Chinese Academy of Sciences, Guangzhou 510650, China; 4 Central Department of Hydrology and Meteorology, 

Tribhuvan University, Kirtipur,  Kathmandu, Nepal; *Author for correspondence (e-mail: liangey@itpcas.ac.cn)) 

 Е ԓῊ ṢЇᵜ ╦ ᴂדҒ

ᵫ Ṣ ɼ █ғ

Ṣ Ї ꜠ ᵫ Ⱶ Ὴғ Ӑ ɼ

ԋ Ҳ ҩү  (Betula utilis D. Don)ⅎ Ὶғ

Ⱶ █ Ӑ ῗ ɼ 20144 20149 Їװ

ⅎ ɼ ԋ ⅓ ҏ Ї ԋ Ⱶ Ї ᵆԋ

Ṣ ɼ Їҩү ⅎ ԓ 6 9

ɼ ᴌ Ї ⅎ Ί ɼ

ғ Ⱶ ⅓ ῗɼ

₴ Ⱶ ɼ Ṣғ Ⱶ Ӑ ⅓ῗ Ї Ṣ

╦ Ḍ ⅎᴶ ЇӤꜘ◌ԋ ɼ

Ṣ ⅎ ֥ ɼ 

ῗ Е Ж Ж Ж █Ж ⅎ Ж Ⱶ  
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Warming menaces high-altitude Himalayan birch forests: 

evidence from cambial phenology and wood anatomy  

Xiaoxia Lia, Sergio Rossibc, Shalik Ram Sigdela, Binod Dawadid, Eryuan Lianga,*  

(a State Key Laboratory of Tibetan Plateau Earth System, Resources and Environment (TPESRE), Institute of 

Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China; b University of Quebec in 

Chicoutimi, Département des Sciences Fondamentales, Laboratoire d'Écologie Végétale, 555, Boulevard de 

l'Université, Chicoutimi (QC) G7H2B1, Canada; c Key Laboratory of Vegetation Restoration and Management of 

Degraded Ecosystems, Guangdong Provincial Key Laboratory of Applied Botany, South China Botanical Garden, 

Chinese Academy of Sciences, Guangzhou 510650, China; d Central Department of Hydrology and Meteorology, 

Tribhuvan University, Kirtipur, Kathmandu, Nepal; Author for correspondence (e-mail: liangey@itpcas.ac.cn)) 

Abstract:  The Himalayas are experiencing dramatic warming and drought events, which occur at a 

faster rate than the global average. How will the high-elevation ecosystems cope with such changing 

conditions? This study aims to combine cambial phenology with quantitative wood anatomy to 

understand how the growth dynamics affect the trade-off between safety and efficiency of water 

transport in the Himalayan forests. We investigated the timing of xylogenesis and its relationship 

with hydraulic wood anatomical traits in Himalaya birch (Betula utilis D. Don) at two altitudes in the 

central Himalayas. Xylogenesis was monitored weekly from April to September 2014 by collecting 

microcores. We measured vessel area on histological sections, calculated the hydraulic diameter, and 

assessed the effects of climate on xylem production rate. Xylogenesis occurred from June to 

September in both study sites. Moisture availability influenced positively xylem growth besides 

thermal conditions. The onset and duration of enlargement were correlated with the hydraulic 

diameter. Trees with earlier onsets and longer durations of vessel enlargement exhibited larger 

hydraulic diameters. The close relationship between cambial phenology and hydraulic diameter 

suggests that earlier growth resumption induced by climate changes may result in larger vessels, 

which are more efficient in water transport, but vulnerable to drought-induced cavitation. The 

ongoing warming and drying climate conditions may menace the survival of birch forest in the 

central Himalayas.  

Keywords: tree ring; xylem formation; cambium; xylem anatomy; xylogenesis; hydraulic traits 

  

mailto:liangey@itpcas.ac.cn
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iWood̔ ԍ Ἕ  

ᵫ 1,2  ∏ ᶉ 1,2  1,2  − 1,2  1,2  ֘ 1,2,* 

(1 Ҳ ҟ ҟ  ֪ 100091Ж2 Ҳ ҟ  ֪ 100091) 

 Е 

ʉ ʊ ԓ ⌡ Ї ᴌҐ ꜠

‼ ⌡ɼ 

ʉ ʊה 15 11 ⅓ ἥЇ

ἥ Rosewood-26Жⅎ⌡ AlexNet, VGG16, DenseNet-121ResNet-50 4

ү Ї⌐ ImageNetἥ ⅎ⌡ ҏ4үװ ӥЇ

Rosewood-26 ἥ ⅎ⌡ ɻ Їᴮ ⌡

Ї ⅎ Ж ҏЇ ԋ 15 11

꜠ ⌡ iWoodЇ⌐ ᴍɼ 

ʉ ʊ 4ү ҲЇResNet-50 ₴ ⌡

Ѓ98.3%Єɻ װ ᵤ Ї ԓ ‼ ⌡ЖResNet-50

9 3 ⌡ └100%Ї ꜗ ⌡ Ὶ ᵒ

Ж ԓResNet-50 ἥ iWoodЇ ñ ò ñ ò

⌡ ⅎ⌡ҿ 91.8%77.3%ɼʉ ʊ ԓ ἥ

iWoodԓ ῗ ɻ Ґ ꜠ ‼

⌡Їҿ ֥ ֥ҟ ɻ CITES Ⱶװ Ḧ

ᶱ ɼ 

ῗ ЕiWoodЖ Ж ἥ Ж Ж Ж Ж ꜠ ⌡ 
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iWood: Automated and accurate wood identification system 

for endangered and precious tree species using convolutional 

neural networks 

Abstract:  

[Objective] An image recognition method based on convolutional neural networks (CNNs) for 

endangered and precious tree species is developed in this study to reach the automatic and accurate 

identification of timber at the species level in multi-scene conditions. 

[Method] Images representing wood anatomical features were collected from transverse section 

of authentic wood specimens for 15 Dalbergia and 11 Pterocarpus species, and an image data set of 

Rosewood-26 was established. Four CNN models, i.e. AlexNet, VGG16, DenseNet-121 and 

ResNet-50 were constructed and pre-trained with ImageNet for transfer learning. And then the image 

data set Rosewood-26 was deployed to re-train and test these models, which were comparatively 

analyzed and evaluated to result in an optimal one for timber identification. A timber identification 

system was developed for identifying those samples collected from timber market for application 

test.  

[Result] Among the four CNN models, ResNet-50 showed the highest identification accuracy 

(98.3%) and lower model complexity, which is suitable to timber identification accurately and 

rapidly. The ResNet-50 model achieved 100% accuracy when identifying 9 Dalbergia and 3 

Pterocarpus species, and successfully discriminated P. santalinus from its anatomically similar 

species, P. tinctorius. The automated timber identification system based on ResNet-50 model 

exhibited an identification accuracy of 91.8% at the genus level and 77.3% at the species level.  

[Conclusion] The timber identification system, iWood, developed in this study using CNNs is 

applicable in broad fields, i.e. customs enforcement, timber trade and quality inspection, and can 

reach automatic and accurate identification of wood species. This study will provide scientific 

support for promoting regulation of forest product industry chain, enhancing CITES enforcement 

capabilities and protecting forest species diversity. 

Keywords: iWood, Wood anatomical features, Image data set, Endangered tree species, Dalbergia, 

Pterocarpus, Automated identification of wood 
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Waste preserved wood derived biochar catalyst for promoted 

peroxymonosulfate activation towards bisphenol A 

degradation with low metal ion release: the insight into the 

mechanisms  

Jiangtao Shi, Boren Dai, Xingyu Fang, Lijie Xu, Ying Wu, Haiqin Lu, Juqin Cui, 

Shuguang Han, Lu Gan 

(Nanjing forestry university) 

Abstract:  The rational disposal of waste preserved wood is of great significance since its embedded 

metals (Cu, As and Cr) pose potential threat to environment and human health. In this study, a 

biochar catalyst derived from waste preserved wood (PWB) was prepared for the degradation of 

bisphenol A (BPA) via peroxymonosulfate (PMS) activation. The PWB exhibited prominent 

catalytic degradation capability towards BPA compared with common wood derived biochar (CWB). 

Further tests and analysis elucidated that both radical species (ÅOH) and non-radical species (1O2) 

were generated by the PWB/PMS system, whereas only 1O2 was detected in CWB/PMS system. 

Specifically, the metal compounds, especially metallic Cu in the PWB activated PMS via radical 

pathway, and the C=O groups in the biochar generated the non-radical pathway, the coexistence of 

which resulted in higher BPA degradation efficiency in PWB/PMS system. It was also demonstrated 

that the heavy metal ion leaching (As and Cr) in PWB/PMS system was negligible. Furthermore, the 

As could effectively inhibit the leakage of oxidized Cu2+. This study provides a novel approach to 

prepare high efficient carbocatalysts for organic pollutant degradation in water, which also enables 

the waste preserved wood with an environmental nondestructive mode of dispatch. 

Keywords: Peroxymonosulfate; preserved wood; biochar catalyst; low metal leaching; 

radical/non-radical synergy 

  



13 

 

 

╩ ҍ  

∏   ╪*  
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Anatomical structure and properties of Chimonobambusa 

quadrangularis Makino 

Wenjuan Liu, Jian Lin*  

(College of Materials Science and Technology Beijing Forestry University, Haidian Beijing, 100083) 

Abstract:  Chimonobambusa quadrangularis Makino attracts low attention due to its small diameter 

and thin wall, and the relevant basic structure and application research are less frequent. In order to 

systematically grasp the anatomical structure and properties of bamboo, 1-5 years old bamboo grown 

in chumi town tongzi county Zunyi city were selected as research materials. The macro slice 

morphology and micro vascular bundle morphology as well as fiber morphology were observed by 

using type microscopes and biological microscopes. The density, dry shrinkage rate physical 

properties and chemical content of bamboo were determined based on national standard respectively. 

Furthermore, the variation of structure and properties with age and longitudinal position of bamboo 

were also discussed. The results are as follows: Chimonobambusa quadrangularis Makino was 

composed of cortex, basic parenchyma tissue, vascular bundle and myelin ring. The vascular bundle 

was scattered in the basic tissue, and it was composed of fibrous tissue, conducting tissue and a few 

parenchyma cells. In the cross section, vascular bundle showed a quincunx shape including three 

types of broken waist type and double broken waist type as well as tight waist type. There were great 

differences in the shape, size and density among different parts of the same cross section. For the 

part near bamboo green, the vascular bundle distribution is dense, the shape is small, the conduction 

tissue differentiation is not complete, almost no vessels and sieve tube. In the case of middle part, it 

has stable shape and uniform size, the conduction tissue is completely differentiated, which is the 

representative of the main types of vascular bundle. For the part near bamboo yellow, the 

arrangement of vascular bundle were disordered. The length of bamboo fiber belongs to the long 

fiber grade. The variation of fiber length, width and length-width ratio among different ages and 

longitudinal positions of bamboo was small, and showing non-change regulation. The density of 

bamboo increased with the increase of bamboo age, and the oven-dried and air-dried shrinkage rate 

decreased with the increase of bamboo age, but the latter volatility is relatively large. The content of 

cold water extract in 1-5 years old bamboo was 3.29%-4.89%, and the average content was 4.02%, 

the content of hot water extract was 4.61%-6.66%, and the average content was 5.46%, both showed 

a decrease-increase trend with the increase of bamboo age, the content of 1%NaOH extract was 

24.61%-26.72%, and the average content was 25.76%, it showed an increase-decrease trend with the 

increase of bamboo age, the content of phenol extract was 3.62%-5.40%, and the average content 

was 4.22%, it increased with the increase of bamboo age, the holocellulose content was 

69.15%-70.95%, and the average content was 70.33%, the Ŭ-cellulose content was 45.01%-47.84%, 



15 

 

 

and the average content was 46.57%, theacid-insoluble-lignin content was 25.71%-26.50%, and the 

average content was 26.02%, the three varied slightly with bamboo age increasing, the ash content 

was 0.91%-1.99%, and the average content was 1.40%, thereinto, one year had the maximum 

content and three year had the minimum content. 

Keywords: Bamboo; Vascular bundles; Bamboo fiber; Physical properties; Chemical content 
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Study on the aging resistance of color-preserving of bamboo 

Hu Xinyun1, ChenGuoxi1, Chenyan1, Qi Jinqiu1, Jiang Yongze1, Huang Xingyan1, Xie 

Jiulong1 

(College of Forestry, Sichuan Agricultural University)  

Abstract: In order to study the application range of color-preserving bamboo, three kinds of lacquer, 

wood wax oil and water paint were used to paint color-preserving bamboo. The effects of 

environment and paint on the aging resistance of color-preserving bamboo were studied by UV 

aging experiment, artificial accelerated aging experiment, different temperature experiment, different 

pH experiment and color system analysis. (1) In the UV aging test, the surface color of the four 

kinds of bamboo began to turn yellow slowly with increasing the experimental period, and the total 

color difference E* of the bamboo without coating changed the most (8.59), and the color change 

was the most significant. Wood wax oil had a better protective effect on bamboo, and the change of 

E* (5.55) was the smallest. After 20 cycles, the red-green value a* still retained 57.27% of the 

original color. (2) In the artificial accelerated aging experiment, the environment of high temperature 

(95 oC) and high humidity and high temperature (100 oC) and dry had a significant effects on the 

surface of bamboo. The change of E* of bamboo without coating was the largest (11.58), and the 

change of E* of bamboo painted with wood wax oil was the smallest (7.3). (3) In different 

temperature tests from -80 oC to 200 oC, the color of color-preserving bamboo became slightly green 

in low temperature environment. The color of color-preserving bamboo became slightly yellow in 

the environment of 40-120 oC. The color of color-preserving bamboo changed dramatically in the 

high temperature environment of 140-200 oC, especially in the extremely high temperature 

environment of 180 and 200 oC. The paint film on the surface of color-preserving bamboo became 

brown after baking. The heating treatment was compared with the vacuum drying oven and the air 

blowing drying oven. The surface color of green bamboo treated by the vacuum drying oven was 

better than that of the air blowing drying oven. The variation of total color difference E* of 

bamboo without coating was the smallest at different temperatures. (4) The acid-base environment 

had little effect on the color of bamboos. In the extremely acid and alkali environment, the surface 

paint film of lacquered bamboo cracked and peeled, which affected the surface color of lacquered 

bamboo. The E* change of lacquered bamboo and waterborne lacquered bamboo was significantly 

higher than that of wood wax oil bamboo and bamboo without coating, and the change of surface 

color of bamboo without coating was the least. 

Keywords: Moso Bamboo; Ageing resistance; color 
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Differences in xylem structure and embolism vulnerability of 

branches of five blueberry cultivars  

Liu Jiabao1, Zhang Ya2 

(1 College of Ecology and Environment, Anhui Normal University, Wuhu 241000, Anhui; 2 Anhui Provincial Key 

Laboratory of the Conservation and Exploitation of Biological Resources, College of Life Sciences, Anhui Normal 

University, Wuhu 241000, Anhui) 

Abstract:  Xylem hydraulic disruption caused by drought is one of the main causes of forest decline 

and death. In recent years, the impact of extreme drought events caused by climate change on the 

blueberry plantation has become increasingly prominent. Studying the drought response of blueberry 

is very important to reduce the production losses caused by drought, Previous studies on drought 

adaptability of blueberry focused mainly on the drought effect on the photosynthesis and 

transpiration of leaves, or the flowering time and fruit quality, while researches on the drought 

resistance from a perspective of hydraulic structure of branches were poorly reported. In order to 

compare the differences of the xylem structure and drought resistance of branches among different 

blueberry cultivars, 5 blueberry cultivars from two species growing at Huiwang Meiling Plantation 

in Wuhu were selected in this study, which were Vaccinium corymbosum (i.e., Southern 

Highbush, including O 'Neal and Misty) and Vaccinium ashei (i.e., Rabbit-eye, including Britewell, 

Tifblue and Climax). Experiments were carried out as follows: 1) The vessel structure of blueberry 

cultivars were observed and the vessel diameter, vessel density, vessel wall thickness, vessel group 

index, conduct wall reinforcement, pit area, pit density, pit size, and sapwood density were 

calculated; 2) The embolism vulnerability curves of blueberry branches were measured by the bench 

dehydration method to calculate the xylem water potential (P12,P50,P88) when the loss of xylem 

hydraulic conductivity was reached by 12%, 50% and 88%, and the safety margin of branches was 

calculated by combining the midday water potential of branches in natural state. The results were 

listed below: 1) The Southern Highbush showed lower vessel diameter, vessel group index and pit 

area, but higher vessel wall reinforcement and sapwood density than the Rabbit-eye. 2) The 

Rabbit-eye branches showed higher embolism vulnerability than the Southern Highbush. The order 

of the embolism resistance ability of the five blueberry cultivars was OôNeal > Misty > Tifblue > 

Britewell > Climax, where OôNeal showed the highest resistance (P50 = -1.70 MPa) and Climax the 

lowest (P50 = -1.36 MPa). The safety margins of five blueberry cultivars were all positive values, 

but the midday water potentials of branches were all lower than P12 values in five cultivars. 3) P50 

values in five cultivars showed a positive correlation with the vessel diameter and the pit area, but a 

negative correlation with vessel wall reinforcement and sapwood density. This study revealed the 

correlation between the xylem structure of branches and the embolism vulnerability in five blueberry 
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cultivars, which provided a new scope for clarifying the difference of drought resistance among 

blueberry cultivars. This study also gave a scientific basis for seed selection, introduction, breeding, 

landscape management and water irrigation of blueberry plantation. 

Keywords: blueberry; xylem structure; embolism vulnerability; drought resistance; water transport 
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The cambium cell ultrastructural changes of Taxodium 

ascendens in its recovery activity, active period and dormant 

periods 

Tao Jieyun1,2, Xu Youming1,* , Li Qiang1, Sun Xiaomiao2, Jin Kai2 

(1 College of Horticulture and Forestry Science, Huazhong Agricultural University; 2 Shanghai Wood Industry 

Insititue ) 

Abstract: To study the ultrastructural changes of cambium meristematic active cells, can deeply 

understand the formation mechanism of wood and improve wood quality. In this paper, the wood 

formation process of Taxodium ascendens was studied in ultrastructural level by making ultrathin 

sections and using transmission electron microscope (TEM). From mid-March to early April, 

cambium activity recovered. Golgi apparatus and vacuoles were seen in the cells, and the cambium 

zone began to differentiate into phloem cells. In mid-April, the cambium is in the early stage of 

activity. Intracellular vacuoles fuse and cell inclusions gradually increase, forming secondary walls 

with cells beginning to deposit. The cambium was active from mid-April to the end of May, and cells 

in the cambium zone extended radially with small amplitude. Xylem cells differentiated from the 

cambium zone were observed in late April. Cambium was active from early June to the end of 

August, organelles in cambium zone cells were mature, nuclei were visible, and cambium meristem 

activity was at the peak of that year. In early September, the cambium was at the end of its active 

phase, and lysosomes appeared with the endoplasmic reticulum. In early November, cambium was in 

the early resting stage, and the cambium cell wall had been deposited. In mid-November, at the 

beginning of dormancy, part of cambium zone cell vacuole membrane ruptured, releasing a large 

number of hydrolases, resulting in nuclear deformation and disintegration. Xylem differentiation 

stopped completely, but a small number of young phloem cells were still visible. The dead cambium 

zone cells are overflowing with apoptotic bodies and abnormal staining of dispersed cytoplasm. 

Keywords: Taxodium ascendens; Cambium; Ultrastructure; eristem activity; The cell wall; Wood 

formation 
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Research on woodgraining recognition of pterocarpus 

macrocarpus based on convolutional neural network 

Abstract:  For the collection and classification of Pterocarpus macrocarpus wood pattern images, 

the Faster RCNN (Faster Region Based Convolutional Neural Networks) neural network is used as 

the recognition and detection algorithm, and the improvement of the feature extraction module and 

image enhancement are used to construct the Pterocarpus macrocarpus wood pattern data set. In the 

model design, the neural network architecture and convolution kernel are improved, and the random 

regularization function is introduced to weaken the over-fitting phenomenon and reduce the feature 

dimension. The training set is added to the neural network for model training, the obtained model is 

transferred and applied to the image test set for inversion, and finally the output result of the model 

is associated with the wood pattern of Pterocarpus macrocarpus to realize wood pattern recognition 

and detection. The results show that the accuracy of wood pattern recognition is 96%, which 

basically achieves the expected results. This research design has certain application value. Compared 

with traditional methods, the recognition rate is further improved, but there are some problems, such 

as the degree of completion. The lack of a lot of training has caused some errors. This is also a 

problem that needs to be addressed and overcome in the future. Through the research on the wood 

pattern recognition algorithm of Pterocarpus macrocarpus, strengthen the connection between the 

wood discipline and the computer discipline under the background of multidisciplinary integration, 

and explore new ideas and new methods for wood recognition and identification. 

Keywords: Pterocarpus macrocarpa; convolutional neural network; wood pattern; feature 

extraction; over-fitting 
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Study on microscopic physical and mechanical properties of 

compression wood tracheids of Taxodium hybrid 

óZhongshanshanô 

Yang Jiyu1, Bi Yujing1, Pan Biao1,*  

(1 Nanjing Forestry University Materials Science and Engineering )  

Abstract: As a fast-growing species, Taxodium hybrid óZhongshanshanô was susceptible to the 

environment and gravity, and thus formed compression wood which reduces the quality of timber. 

Therefore, a systematic study of the physical and mechanical properties of the compression wood of 

Taxodium hybrid óZhongshanshanô can help the rational utilization of the compression wood of 

Taxodium hybrid óZhongshanshanô. Tracheids are the most important cells that make up coniferous 

wood. A systematic study of the microphysical and mechanical properties of the tracheids of 

Taxodium hybrid óZhongshanshanô would help to make rational use of compression wood of 

Taxodium hybrid óZhongshanshanô. 

The bends of 14-year-old bent Taxodium hybrid óZhongshanshanô were taken as the object of 

study. Due to the limited width of the pressed wood in the radial direction, the size of the sample is 

adjusted to 5 mm×5 mm×20 mm (axial), and the rest are measured in accordance with the standard 

under three conditions: saturated, air-dried and absolutely dry The radial, chordal and axial 

dimensions of the shaft are measured by the drainage method and weighed The radial, chordal, and 

axial dimensions of the specimens were measured in three states: waterlogged, air-dried, and total 

dry, and the volume was measured and weighed by the drainage method; the air-dry density, full-dry 

density, basic density, air-dry shrinkage rate, and full-dry shrinkage rate of the specimens were 

calculated, and the experimental data were statistically analyzed; then the microfibril angle was 

measured and correlation and linear fit analyses were performed. The tracheid were separated by the 

Franklin separation method, and the tracheid were fixed on a self-made instrument to determine the 

tensile properties of a single tracheid. The tensile strength of single tracheid was calculated 

according to the formula ů=Pmax/S, which S is the cross-sectional area of the tracheid. The wood 

thin slices of 100 ɛm thickness were taken and the tensile properties of the thin slices were tested by 

using a universal mechanical testing machine.  

The results showed that the densities of the compression wood were significantly higher than 

those of the opposite wood: 0.662 g/cm3, 0.603 g/cm3 and 0.528 g/cm3 for the compression wood, 

and 0.430 g/cm3, 0.379 g/cm3 and 0.326 g/cm3 for the opposite wood, respectively. The axial air-dry 

and full-dry shrinkage of the compression wood were 1.801% and 5.973%, respectively, which were 

2.9 and 5.9 times higher than those of the opposite wood; while the lateral and volumetric shrinkage 



27 

 

 

of the compression wood were significantly smaller than those of the opposite wood. The correlation 

analysis showed that the longitudinal air-dry and full-dry shrinkage rates of compression wood were 

highly significant and positively correlated with the microfibril angle, and the linear fitting equations 

were Y=0.1759X-5.0717 and Y=0.5526X-16.4590, respectively. the tensile fracture load of single 

tracheid of compression wood was 12.91 mN, which was about 64% less than that of the opposite 

wood; the tensile strength was 64.59 MPa, which was about 40% less than that of the opposite wood. 

The tensile strength was 64.59 MPa, which was about 40% less than that of the opposite wood. The 

tensile fracture load of the 100 ɛm wood sheet was 16.89 N, about 37% less than that of the opposite 

wood, and the tensile strength of the wood sheet was 16.86 MPa, about 38% less than that of the 

opposite wood. The tensile fracture load and tensile strength of the single tracheid of the 

compression wood and the compression wood flakes were significantly reduced compared with 

those of the opposite wood. The tensile fracture load and tensile properties of the wood sheet were 

negatively correlated with the microfibril angle; the linear fitting equations were Y=-1.721X+85.205 

Y=-2.026X+97.297.  

Conclusions: (1) The density of the compression wood of Taxodium hybrid óZhongshanshanô is 

greater than that of the opposite wood of Taxodium hybrid óZhongshanshanô; (2) the tensile 

properties of Taxodium hybrid óZhongshanshanô compression wood were significantly lower than 

those of the opposite wood. (2) The tensile properties of the compression wood were significantly 

lower than those of the opposite wood, and the tensile fracture load  and tensile properties of the 

wood thin section in smooth grain were negatively correlated with the microfibril angle, and the 

tensile properties of the single tracheids were not correlated with the microfibril angle; (3) The 

transverse and volumetric dry shrinkage of Taxodium hybrid óZhongshanshanô opposite wood is 

greater than that of Taxodium hybrid óZhongshanshanô compression wood, the longitudinal air-dry 

and full-dry shrinkage rates were significantly increased by the change of the microfibril angle.  

Keywords: Taxodium hybrid óZhongshanshanô; compression wood; physical properties; stretch 

properties 

  



28 

 

 

Έ ╩ №  

  *   

Ѓ    ғ  ҹ  311300Є 

 Еʉ ʊᵯ ῏ ҅ ῝ Ї

ү Ҳ Ї █ ɻ ЃWMCЄɻ

ЃTGЄ Ї≡⌡ ɻ ‟ɼҿ

῏ ᵯ ⅎ ᶱ ɼ 

ʉ ғ ʊ ү ⅎ⌡ Ѓ ҿZ-1ɻZ-2ɻZ-3ɻZ-4)

Ѓ ҿB-1ɻB-2ЄɼЃ Є 

 

1ɻ ‟Їⅎ⌡ ⅓ ‡ ⅓ Ї ᵩ

█ ɼ 

2ɻ Ғ ∑ Ї ῇ Ҳᶕ ₴ Ї ῴ ῇ

ҲЇ 105Ñ3 Ґ ₴‡ Ї ẅɼ 

3ɻ ԓ Ғ ∑Ї ᶳ ῗ ‼ Ї ᵩ Ї ᵩ

ᵲҿב Ї Ї ɼ 

4ɻ ⅎ ᴀ ⅎ ЃTGAЄЇ ҿ └800Ї ҿ50ml/minЇ

ҿ20 /minЇ └ ɻ ⅎ ‟ Ḫ ɼ 

ʉ ғⅎ ʊ1ɻ Ї ҿ Ї

Ғ ∑Ї ҅ ‟Ж ⅓ █ Ї ῗ

≡⌡ ⌡ⅎ⌡ҿЕ 

Z-1ðð ЖZ-2ðð ῭ЖZ-3ððӑ ЖZ-4ðð ЖB-1ðð ЖB-2ðð  

2ɻ ЃWMCЄɻ Ї Ғ׃

ғ ῗ Їғ Ӥ ҅ ῗ ɼ 

Ѓ1Є ⅎ⌡ҿ204.41%ɻ184.34%ɻ771.62%ɻ215.52%ɻ906.03%ɻ105.05%Ї

҅ ‟ЖῚҲӑ Ї └ԋ ɼ 

Ѓ2Є ⅎ⌡ҿ66%ɻ56%ɻ26%ɻ82%ɻ22%ɻ85%Ї ẅ Ї

Ї └ ғ ҅ ЇҒ ҏ ɼ 

Ѓ3Є Ї ЇῚҲ

ᵤЇ ∑ Ї ԋ ҅ Ї֥ ԋ ⅎ



29 

 

 

ɼ 

ῗ Е █Ж Ж Ж  

  



30 

 

 

Analysis of anatomical structure and properties of wood 

excavated from han and six dynasties sites 

Ningning Yin, Wenzhu Li* , Xiaoqing Li 

(College of Chemical and Material Engineering, Zhejiang A&F University, Hangzhou Lin 'an 311300) 

Abstract: [objective] Yuyao garden new village ruins of the han dynasties is a site of the typical 

Chinese culture, this article on the site excavation site of the four revetment collected wooden piles 

and the rung of facilities, wood anatomical characteristics observed, maximum moisture content 

(WMC), basic density and thermogravimetric curve (TG) test, discriminant wood decay and 

degradation of the material of the sample, the sample.  It provides theoretical basis and reference 

data for inferring local forest distribution and wood selection in Yuyao during Han and Six 

Dynasties. 

[Materials and Methods] Wooden pile samples (numbered Z-1, Z-2, Z-3, Z-4) and horizontal plate 

samples (numbered B-1, B-2) were collected from the four revetment sites of the excavation 

site.(See figure for sampling label)   

 

1. According to the actual situation of the samples, direct section and frozen section were conducted 

respectively, and then the anatomical structure characteristics of wood were observed with 

stereomicroscope and biological microscope. 

2. Take irregular samples, put them into water to make them saturated with water and then weigh 

them. Then put the samples into the electric blast drying oven, bake until completely dry at 105Ñ3 , 

take them out and weigh them after cooling to room temperature, and calculate the maximum 

moisture content of the samples. 

3. Due to the irregular shape of the sample, it is impossible to test it according to relevant standards, 

so a solid densitometer is selected, liquid paraffin is used as the medium, and Archimedes' law is 

applied to test the density. 

4. Thermogravimetric analysis (TGA) was carried out by comprehensive thermal analyzer at room 

temperature to 800 , high purity nitrogen flow rate of 50mL /min, and heating rate of 20 /min. 

Thermogravimetric curves and thermal stability, thermal decomposition and carbon residue of 

samples were obtained.   
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[Results and Analysis] 1. There is sediment attached on the surface of the sample collected. The 

wooden pile sample is basically in the shape of wood segments, and the size and shape of the 

transverse plate sample are irregular, and there is some decay and degradation.  Through the 

observation of wood section and anatomical structure characteristics, the classification of wood 

samples determined by referring to relevant data is as follows:   

Z - 1 - chestnut;  Z-2 -- White Cypress;  Z - 3 - tallow;  Z-4 -- Masson pine;  B - 1 - huang qi. B 

- 2 - polishing the wood   

2. The test results of maximum moisture content (WMC), basic density and thermogravimetric curve 

showed that the degree of wood decay was not only related to the properties of the tree species, but 

also to the geographical environment and use.   

(1) The maximum water content of the samples were 204.41%, 184.34%, 771.62%, 215.52%, 906.03% 

and 105.05%, respectively, which were all decayed and degraded to a certain extent. The maximum 

water content of Tallow and yellow berry is higher, reaching 4.   

(2) The residual basic density of samples were 66%, 56%, 26%, 82%, 22% and 85%, respectively. 

The smaller the residual basic density value was, the greater the degree of degradation was. The 

results of residual basic density were consistent with the maximum water content, and there were 

degradation and decay in different degrees.   

(3) The amount of carbon residue in the samples after pyrolysis is higher, and the temperature range 

of rapid pyrolysis is wider than that of normal wood. The initial temperature is lower, while the 

pyrolysis stability temperature is higher, which indicates that the samples have a certain degree of 

degradation, resulting in poor thermal stability of molecular and chemical structures.   

Keywords: wood anatomy; wood degradation; maximum moisture content; residual basic density 
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Transparent and UV-absorbing nanocellulose films prepared 

by directly dissolving microwave liquefied bamboo in 

TBAA/DMSO co-solvent system 

Huijuan Shao, Jiulong Xie 

(College of Forestry, Sichuan Agricultural University, Chengdu, Sichuan) 

Abstract:  

1) Research objective: UV-blocking plastic film is non-renewable, difficult to degrade and 

recycle after using, causing serious environmental pollution. With the enhancement of peopleôs 

awareness of environmental protection. The preparation of bio-based UV-blocking films using 

renewable, green and widely sourced lignocellulosic biomass has attracted much attention and 

research. 

2) Research method: High power microwave was used to selectively liquefy the residues of 

bamboo processing, most of these residues are the inner bamboo portions that are rich in 

parenchyma cells and the outer portions that are rich in vascular bundles. Then, the above-mentioned 

liquefied bamboo parenchyma cells and liquefied bamboo vascular bundles were dissolved in TBAA 

(tetrabutylammonium acetate)/DMSO (dimethyl sulfoxide) (15/85, wt.%) co-solvent at room 

temperature without other treatment to obtain nanocellulose solution. Finally, transparent and 

UV-blocking nanocellulose films were prepared by solvent-casting. 

3) Research results: The results of FTIR showed that the peak at 1735 cm-1 assigned to C=O 

stretching vibration of carboxyl and acetyl groups in hemicellulose disappeared, indicating the 

removal of a large part of hemicellulose in liquefied bamboo cells. The lignin content of liquefied 

bamboo vascular bundles was higher than that of liquefied bamboo parenchyma cells, which were 

9.77% and 4.62%, respectively. TEM showed the diameter of liquefied bamboo cells was small, 4.62% 

and 9.77% for liquefied bamboo parenchyma cells and liquefied bamboo vascular bundles, 

respectively. The results of XRD showed that the crystallinity of liquefied bamboo vascular bundles 

and liquefied bamboo parenchyma cells were 72.68% and 64.06% respectively, which were higher 

than that of non-microwave liquefied vascular bundles (61.97%) and parenchyma cells (48.52%), 

and the regenerated nanocellulose crystallinity structure changed from cellulose I structure to 

cellulose II structure. UV-vis analysis showed that the transmittance of liquefied vascular bundles 

nanocellulose films and liquefied parenchyma cell nanocellulose films at 800 nm were 73.56% and 

78.52% respectively, and the UV-blocking performance of liquefied vascular bundles nanocellulose 

film was better than that of liquefied parenchyma cell nanocellulose film, and its UVA and UVB 

blocking efficiency were more than 82% and 99%, respectively. In addition, the UV-blocking 
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nanocellulose film also had good tensile strength (15-25 MPa) and thermal stability. 

4) Research conclusion: High power microwave selectively liquefaction can quickly obtain 

bamboo cells with lignin content of 4-10%. Nanocellulose with diameter less than 10 nm can be 

obtained through TBAA/DMSO co-solvent dissolution system, and lignin retained in the bamboo 

cells can be evenly dispersed in nanocellulose film. The prepared nanocellulose film had excellent 

UV-blocking performance. Meanwhile, it also maintained high transparency. In addition, the lignin 

retained in the bamboo cells will also affect its film-forming, UV absorption properties and 

mechanical properties. In conclusion, microwave selective liquefaction combined with 

TBAA/DMSO co-solvent system can be used as a simple method to prepare transparent and 

UV-blocking nanocellulose films. 

Keywords: Bamboo; UV-shielding properties; Nanocellulose film; Microwave liquefaction; 

Tetrabutylammonium acetate 
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Structural comparison of Sambucus Williamsii Hance and 

Sambucus nigra L. 

Zhang Jinghan, Luo Jiayan* 

(Zhang Jinghan, college of Materials Science and Engineering, Nanjing Forestry University; Luo Jiayan, college of 

Materials Science and Engineering, Nanjing Forestry University) 

Abstract: Sambucus Williamsii Hance and Sambucus nigra L. are species of Sambucus belonging to 

ADOXACEAE. Sambucus Williamsii is produced in Heilongjiang, Jilin, Liaoning, Hebei, Shanxi, 

Shaanxi, Gansu, Shandong, Jiangsu, Anhui, Zhejiang, Fujian, Henan, Hubei, Hunan, Guangdong, 

Guangxi, Sichuan, Guizhou, Yunnan and other provinces in China. Sambucus nigra L. is distributed 

in Europe and Shandong, Shanghai, Jiangsu and other places in China. This paper takes the 

Sambucus Williamsii grown in Nanjing Forestry University and the Sambucus nigra grown in the 

Czech Republic as the research object to compare their structural differences. 

Sambucus Williamsii :Growth ring boundaries distinct. Vessels porosity is ring-porous or 

semi-ring-porous. The shapes of vessels in the cross section are ovoid or angular. Vessel groupings 

include solitary, vessels in radial multiples of 2~6 and vessels clusters. The maximum tangential 

diameter of vessel lumina is 77ɛm, average 51ɛm and the average length is 400ɛm. The perforation 

plates are simple and parallel or extraordinary inclined. The arrangement of intervessel pits is 

alternate and the shape of pits is polygonal without vestured pits. The vessels-ray pits with distinct 

borders, similar to intervessels pits in size and shape throughout the ray cell. Fibers with thin to thick 

walls and the average length of fibers is 986ɛm. Helical thickenings in fiber elements can be found. 

Sambucus Williamsii have rare axial parenchyma. The arrangement of axial parenchyma are 

marginal bands with 2-3 cells wide. It has multiple rows of wood rays, the width of the rays is 2-6 

cells and the height of the rays is 6-26 cells, up to 28 cells. Part of the wood ray is entirely composed 

of procumbent cells, and part of it is with one row of upright cells. Storied structure and intercellular 

canals were not found. 

Sambucus nigra L.: Growth ring boundaries distinct and wood semi-ring-porous. Vessel 

groupings include solitary, vessels in radial multiples of 2~4 and vessels clusters. Vessels in 

diagonal and radial pattern. The maximum tangential diameter of vessel lumina is 50ɛm, average 

31ɛm and the average length is 427ɛm. The perforation plates are simple and parallel or 

extraordinary inclined. The arrangement of intervessel pits is alternate and the shape of pits is 

polygonal without vestured pits. The vessels-ray pits with distinct borders, similar to intervessels pits 

in size and shape throughout the ray cell. Fibers with thin to thick walls and the average length of 

fibers is 994ɛm. It has rare axial parenchyma. The arrangement of axial parenchyma are marginal 

bands and axial parenchyma cell bundle consists of 2-5 cells. Sambucus nigra has multiple rows of 



37 

 

 

wood rays, the width of the rays is 2-3 cells and the height of the rays is 5-20 cells, up to 37 cells. 

Part of the wood ray is entirely composed of procumbent cells, and part of it is with two rows of 

upright cells. Storied structure and intercellular canals were not found. 

By comparison, Sambucus Williamsii and Sambucus nigra are slightly different in structure. 

Sambucus Williamsii has the majority of vessels in radial multiples, while Sambucus nigra has 

mostly vessels clusters; the tangential diameter of the Sambucus Williamsii vessels (average 51ɛm) 

is not much different from that of Sambucus nigra (average 50ɛm). In terms of fiber and vessel 

length, Sambucus nigra (average 994ɛm; average 427ɛm) is slightly longer than Sambucus 

Williamsii (average 986ɛm; average 400ɛm). Sambucus Williamsii has helical thickenings in fiber 

elements, which is not found in Sambucus nigra. It was found that the wood rays of Sambucus 

Williamsii are slightly wider than that of Sambucus nigra, and the wood rays of Sambucus nigra are 

more slender. 

Keywords: Sambucus Williamsii; Sambucus nigra; wood features 

 

1 Ҏ⅓  

Figure1 Tri-section of Sambucus williamsii 

 

2 Ѓa:  b: - c: Є 

Figure2 Pits of Sambucus williamsiiЃa: Intervessel pits b: Vessel-ray pits c: Ray horizontal wall pitsЄ 
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3 ꜘ  

Figure3 Helical thinckenings in fiber of Sambucus williamsii 

 

4 Ҏ⅓  

Figure4 Tri-section of Sambucus nigra 

 

5 Ѓd:  e: -  f: Є 

Figure5 Pits of Sambucus nigraЃd: Intervessel pits e: Vessel-ray pits f: Ray horizontal wall pitsЄ 
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Study on wood properties of Idesia polycarpa 

Chenyan1, HuXinyun1, ChenGuoxi1, QiJinqiu1, XieJiulong1, JiangYongze1, LuoJianxun2 

(1 The college of forestry, Sichuan agricultural university; 2 Sichuan Academy of Forestry)  

Abstract: In order to comprehensively understand the wood properties of the wood of Idesia 

polycarpa, the anatomical properties, physical and mechanical properties and extracts of the 

35-year-old Idesia polycarpa wood in Sichuan Province were systematically studied. The collection 

methods of the experimental materials and the main physical and mechanical properties 

determination methods are carried out in accordance with the relevant national standards; the 

permanent section method and the isolation method are used for the determination and analysis of 

the anatomical properties of Idesia polycarpa; The components of the ethyl acetate and absolute 

ethanol extract were analyzed. The results showed that the average annual ring width of Idesia 

polycarpa was 3.94mm with maximum width of 13.0mm, which reached the national fast-growing 

timber growth standard, which meet with requirements for the high-quality fast-growing timber 

species. The average fiber length, width, wall thickness, lumen diameter were 1398.77ɛm, 32.56ɛm, 

5.83ɛm, 14.21ɛm, respectively; while those mean values for catheter were 633.55ɛm, 90.28ɛm, 7.26 

ɛm,75.15ɛm, respectively. The average air-dry density of Idesia polycarpa wood is 0.44g/cm3 with 

the variation range of 0.35͘0.51g/cm3. The compressive strength along the grain and the bending 

strength is 35.07MPa and 65.09MPa, respectively. From the center to the bark, the mechanical 

strength of Idesia polycarpa gradually increases. From air-dry to absolutely dry, the radial, 

tangential, axial, and volume shrinkage rates are 1.61%, 3.52%, 0.44%, 4.15%, respectively; while 

from wet to absolutely dry, the radial, tangential, axial, and volume shrinkage rates were 3.29%, 

6.91%, and 0.89%, respectively. The low shrinkage rate indicated that the better dimensional 

stability of the Idesia polycarpa wood. Idesia polycarpa is resistant to decay, and the content of 

ethanol extracts of Idesia polycarpa heartwood, transition layer and sapwood are 0.25%, 0.75% and 

1.15% respectively. 2,2'-methylenebis-(4-methyl-6-tert-butylphenol) and 2,4-di-tert-butyphenol were 

the main compoents in the ethanol extract, which is widely used as phenolic antioxidant rubber 

antioxidant, respectively. Based on the above conclusions, the light and soft Idesia polycarpa 

wood,with good dimensional stability, decay resistance were ideal resources for recyclable wood 

products, pulp production as well as furniture.  

Keywords: Idesia polycarpa; anatomical properties; Physical properties; Mechanical properties; 

Extracts 
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Tree species identification, restoration and reinforcement of 

coffins of Song Dynasty unearthed in Nanjing 

Lv Siqi1, Zhai Shengcheng1,* , Pan Biao1, Wang Jun2 

(1 College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037; 2 Nanjing Institute 

of Archaeology, Nanjing Forestry University, Nanjing 210004) 

Abstract: Wood identification, especially in archaeological wood, is of great significance to get to 

know the growth, distribution and utilization of different species, which were from different 

historical periods, and it is vital to reflect local history, social economy, climate conditions and the 

wisdom of ancient people in selecting materials and materials. In this paper, the samples were 

identified by three-section microstructure characteristics after sampling more than ten coffins from 

the Song Dynasty tombs unearthed in Nanjing and observing three-section sections. The 

fluorescence microscope was used to observe the auto-fluorescence phenomenon of lignin in ancient 

wood cell walls, which was quantitative researched through the degradation of wood and provided a 

theoretical basis for the restoration and protection of wood cultural relics. The swelling restoration 

and reinforcement of unearthed ancient woods has always been a hotspot, this paper used different 

concentrations of choline chloride (CHClNO) solution and NaOH (18wt%) to impregnate ancient 

wood cross-section slices (40ɛm) and 5mm x 5mm x 5mm (T*R*L) wood blocks, then observe the 

tracheid swelling degree and tracheid morphology change of the transverse section before and after 

immersion, and measure the average tracheid area change before and after immersion, then 

calculated the swelling degree, after then the suberic acid composite solution was used to strengthen 

the restored wood block, and measure the weight gain rate and reinforcement shrinkage rate of the 

wood block before and after treatment. Fourier Transform Infrared Spectrometer (FTIR) was used to 

analyze the chemical composition change of the cell walls of the shrunken wood, restored wood and 

reinforced wood blocks. The results of study showed that: (1) The coffins unearthed from the tombs 

are hard pine (Pinus subgenus Diploxylon). Compared with normal wood, the autofluorescence 

effect of lignin declined and indicated the degradation of lignin, which is the main chemical 

component of the cell wall of coffin wood. (2) The color of the treatment solution was basically 

unchanged after the choline chloride dipping, while the NaOH dipping solution was brown, 

indicating that the sample lignin precipitated after the NaOH dipping treatment. At 50°C, the slice 

immersed in 5% choline chloride solution had the best swelling effect, and the average tracheid area 

increased by 32.8%. (3) Using 2%~25% suberic acid composite solution to reinforce the wood block. 

The results showed that the best effect on ancient wood reinforcement was at the concentration of 

20%, the weight gain of the ancient wood sample reached the peak value (108.64%), and the 

specimen reinforcement shrinkage is the smallest (0.34%). (4) The main peaks in the infrared 
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spectrum showed that the main chemical components had changed in the long-term buried 

environment, and the degradation of cellulose and hemicellulose was serious. After treatment with 

different solutions, the chemical composition of the wood sample has undergone different changes. 

Keywords: Archaeological wood; tree species identification; swelling and recovery; reinforcement 
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Study on the formation position and morphological 

characteristics of special tracheid in Tetracentron sinense 

Anjie Ren, Xiran Li, Ting Li, Lu Yong, Biao Pan* 

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

Abstract: Tetracentron sinense, a single deciduous tree, is a rare and ancient relict plant of Tertiary. 

In earlier studies, it was described as secondary xylem lacking vessel. Some scholars have found that 

there is a special tracheid with the gene of vessel in the Tetracentron sinense. It is a feature of the 

evolution process of hardwood and softwood. The study of the morphology and distribution of 

special tracheid is helpful to explain the mechanism of vascular tissue transport and the evolution of 

special cells of Tetracentron sinense. In order to understand the morphology and distribution of 

special tracheid and explore the changes in its evolution process, the 34-year-old Tetracentron was 

anatomically analyzed with optical and electron microscopes through slicing and dissociation 

techniques. 

The results showed that: 1. on the cross section, the special tracheid neatly and continuously 

arranged along the radial direction and run through the growth ring boundaries, mostly one column 

and occasionally two columns. On the longitudinal section, special tracheids are isolated or 

longitudinally terminated, mostly single columns, and occasionally two columns (Figure 1). 2. There 

are three types of special tracheids: fusiform without end wall, rhombic with one or two sidewalls 

(Figure 2), with an average length of 286.44Ñ41.47ɛm and an average width of 55.22Ñ9.14ɛm. 3. 

There were a large number of bordered pits on the wall in tangential section, which were arranged in 

opposite, alternate and scalariform pitting. The single pits on the radial wall were rounded or ellipse. 

There were 2-10 pits, arranged in 1-4 rows in per region. There were no pits between special 

tracheid and tracheid (Figure 3). The distribution of special tracheids has certain regularity. 

Compared with normal tracheids, the special tracheids are much shorter in length, and the tangential 

width are slightly larger. The type and arrangement of the pits are similar to those of the pits on the 

wall of general hardwood species. The shape of the special tracheid is different from the normal 

vessel in the hardwood, and it is in an intermediate state of the evolution from tracheid to vessel, 

marking a certain level of evolution of this type of cell. 

Keywords: Tetracentron sinense; Wood anatomy; Tracheid morphology 
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Effects of flooding environment on morphological 

characteristics of pit on tracheid wall of Taxodium hybrid 

Zhao Xinran1, Zheng Xinxin1, Pan Biao1,* 

Abstract: Taxodium hybrid ' Zhongshanshan ' is an excellent clonal variety bred by hybridization of 

the genus Taxodium and adapted to a wide range of habitats, which is related to its structure. In the 

process of tree growth, pit plays a physiological role in dredging and water and nutrients between 

adjacent cells. The morphology, number and arrangement type of pit have a great influence on the 

permeability of water and liquid. In order to study the effect of waterlogging on the pit number, size 

and ultrastructure of Taxodium hybrid, the differences of pit number and size under optical 

microscope and the changes of pit membrane morphology under scanning electron microscope were 

compared among Taxodium hybrid cores at the base (about 0.3 m above the ground), chest height 

(1.3 m above the ground) and no waterlogging chest height after 4 years of waterlogging. 

RESULTS: 

1. Number of pits: after flooding, the number of pit pairs with edge on the unit length of 

tracheid cells in the base of Taxodium hybrid was 137 / mm, and the average number of pits with 

edge on the unit length of tracheid cell wall in the chest height of Taxodium hybrid was 136 / mm, 

which were close to each other and had no significant difference. In normal habitat, the average 

number of pits per unit length of earlywood tracheid cell wall was 105 / mm, which was significantly 

different from that of flooded chest height (p < 0.01). 

2. Pit size: After flooding, the mean values of the pith membrane diameter of the basal and 

thoracic cell walls were 14.44ɛm and 12.21ɛm, and 14.95ɛm and 10.37ɛm, respectively. After 

flooding, the diameter of marginal pit membrane on the cell wall of basal earlywood was smaller 

than that at chest height, but there was no significant difference. The diameter of marginal pore 

membrane on the cell wall of latewood was larger than that at chest height, and there was a 

significant difference between the two (p < 0.01). In the normal habitat, the mean diameter of the pit 

membrane of the early and late woods at the chest height of Taxodium hybrid was 13.73ɛm and 

7.69ɛm, respectively, which was smaller than that of the cell wall of the early and late woods at the 

chest height of Taxodium hybrid in the flooded environment, and there was a significant difference 

(p < 0.01). 

3. Ultrastructure of the pit: There is no significant difference in the morphology of the pit 

membrane between the waterlogged environment and the normal habitat. According to the 

observation results, the pit membrane morphology can be divided into three categories: (1) Complete 

closure: there is no visible micro pores in the pit plug margin. (2) There are uniform micropores: the 

microfibrils on the torus edge emit from the groove plug to form water droplets or long circular 
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micropores. (3) Opening: the torus appears offset phenomenon, large area holes appear in the pit 

membrane. 

CONCLUSION:  

Under the flooding environment, the number of ciliated pit pairs per unit length of tracheid at 

the breast height of T. chinensis increased, and the diameter of ciliated pit membrane increased 

significantly. These changes are more conducive to water diversion and improve the lateral water 

conveyance efficiency of trees. 

Keywords: Taxodium hybrid; flooded environment; Wood Anatomy; pit morphology 
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DNA  

1,3  2,3  2,3,* 

(1 ҟ ғ ЇԜ   650224Ж2 ҟ ғ ЇԜ   

650224Ж3 ҟ Ԝ ╛ ┼ ) 

 ЕҿԋװDNA Ḧ ЇװCTAB╛ CTAB-SDS

DNAЇ 5ү ₴15 Їⅎ⌡ PCR Ї PCR֥

∆ ⅎ ɼ Е2 ה Ҳ ᴮ DNAЇ CTAB

╛ DNA ᵜ ᵤЇCTAB-SDS DNA ᵜ Ї

ᵜ2 DNA PCR ɼ15 Ҳ 13 ꜗ ЇῚҲ

10 ꜗ Ї10 ∆Ҳ 6 װ ΊBLAST └ ɼ ԓtrnLɻ

psbA-trnHɻmatKɻrbcL∆ D. obtusifoliaɻD. hupeana ɻD. 

cochinchinensisD. sissoo ְ ῗ ҿ Ѓ 1Єɼ 

 

1 ԓtrnLɻpsbA-trnHɻmatKɻrbcL∆  

Fig.1 The phylogenetic tree obtained by maximum likelihood method based on the 

trnL,psbA-trnH,matK,rbcL sequence 

ῗ Е ЖDNA ЖDNA Ж   
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DNA extraction and DNA bardcoding identificationg of 

Dalbergia obtusifolia 

Gan Chang-tao1, Cao Xiu-long2, Qiu Jian3 

(1 of Art and Design, Southwest Forestry University, Kunming  650224, Yunnan, P.R. China; 2 College of Materials 

Science and Engineering, Southwest Forestry University, Kunming  650224, Yunnan, P.R. China;Yunnan Provincial 

Key Laboratory of Wood Adhesives and Glued; 3 Products,Southwest Forestry University, Kunming  650224, 

Yunnan, P.R. China)  

Abstract: In order to identify rare and protected Dalbergia obtusifolia with DNA barcoding, wood 

DNA was extracted by CTAB kit method and CTAB-SDS method,fifteen pairs of primers were 

designed based on five barcodes, and PCR products were sequenced and analyzed.Results showed 

that good quality DNA from fresh wood could be extracted by the both 2 methods, the DNA 

extracted by CTAB has high purity but low concentration,  the DNA extracted by CTAB-SDS has 

high concentration but  small amount of protein residue. The DNA extracted by the 2 methods both 

could meet the needs of PCR amplification. Thirteen of  fifteen primers were amplified, but only 

ten were sequenced successfully.Only six of ten sequences confirmed the species identity.According 

to the phylogenetic tree obtained by Maximum Likelihood method based on the trnL, psbA-trnH, 

matK, rbcL sequence, a sister relationship between the clade of D. obtusifoliaïD. hupeana and D. 

cochinchinensisïD. sissoo showed that the latter three species are most comparable to D. obtusifolia 

in the genus. (Fig.1).  

Keywords: D. obtusifolia; DNA extraction; DNA barcoding; wood identification 
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ԍ № X-ray №  

∏     * 

Ѓ ֪ ҟ ғ Ї  ֪ 210037Є 

 Е Ғ׃ ᴶ ,Ӥ ɼ ᶕ

ɻ Ҏ ɻװ ҏ ɼ ֙ ғ Ⱶ

⅓ ῗɼ Ὺ ғῚ Ӑ ῗ ҿװ ꜘ ɻ Ḧ ɻ ɻ

ᶱ ɼ Їא Ӏ ᶳ ⅓ ғ ⅎ

Ї Ґ ɼᵜ Ї⅓ ԑ Ї └

ҏ Ḫ Ї ҙ ᵲҲ ɻ ᵤЇ ԓ װ

ɼ Ӥ ┼ԋה ԓ ғ ῗ ɼX

ЃX-ray CTЄ װ X Ї ᵩẦ360ÁЇ ҅

ᵩЇ ᵩ ⅎ Ғ Ї ү ἥЇ

Ӑ ⌐ ₴ ᵩ ᵩ ἥɼX-ray CT Ғ ԓԑ Ї Ί

Ї Ὺ Ї Ί X Ғ  ЇҙҒ ᴌ

ɼ Ӏ X-ray Ґ ᵫ ⅎ Ї

ɼ Ї ҏ Ґ Ї ԋ ԓ X

ɛ-CTЃ Є Ҏ ɼ 0.3ɛm ⅎ ҏ

ԋ Ҏ ɼ Ҏ Ҏү ЕҎ ɻ ἥ

ɼ1Є X ɛ-CT ԋ Ҏ Ѓ

2.4 ЄЇ ”ԋᴶ ԑ ┼ Ҳ ЇӤ ԋ ԓ

Ғ ɼ Ӏ Еꜘ ҿ50KV~60KVЇᵩ ⅎ 0.3ɛmЇ

360ÁЇ ᾩ2-3 Ї 3.5-6 ɼ ү 1000ԑ ɼ2Є ԑ ҏ

ẅ ɻ ɻⅎ ⅎ ɻ6 ⅎ ɻSoble

ⅎ └ᴮ ԑ ɼ Ї Ҏ Ҳ װ ⅎ ᵩ

Ӑ ῗ Ї Ї Ї ɻΊ ⅎ

Ὶ ῗ Ї ᵩ Ї Ї Ї ῗ ɼ ה └ ᵩЇה └

꜠ Їה ⅎ└ ᵩ ɼ 

ῗ Е Ж Ж Ж ЖX-ray CTЖҎ  
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Analysis method of wood cell structure based on high 

resolution X-ray tomography 

Liu Xing, Xia Chong-yang, SHI Jiang-tao* 

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

Jiangsu) 

Abstract: The growth of trees is affected not only by genetic factors, but also by environmental 

factors. This makes wood contain multicellular species, complex three-dimensional structure and 

multi-scale structural characteristics. These complex structures are closely related to the physical and 

mechanical properties of wood.Studying the relationship between wood internal structure and wood 

properties can provide theoretical support for the fields of wood processing, wood protection, wood 

identification, wood structure architecture and so on.Nowadays, the study of wood cells mainly 

depends on the technology of microsection and chemical analysis. However, most of the 

two-dimensional images obtained by slicing technology can not directly obtain the information of 

wood cells in the length direction, and the operation is time-consuming and the measurement 

accuracy is low, which is more difficult to achieve for processed or fragile samples. This also limits 

the deeper understanding of the relationship between cell structure and wood properties.X-ray 

tomography (X-ray CT) is a non-destructive X-ray perspective technology. The measured object 

rotates 360 degrees, and the ray penetrates the measured object through a single axial plane. Collects 

the penetration image of each angle according to the different absorption and transmittance of the ray 

of each part of the measured object, and then reconstructs the solid image of the measured object by 

computer operation. X-ray CT is not limited to two-dimensional scale. It not only has the 

characteristics of scanning electron microscope, that is, it not only characterizes the internal structure 

of wood, but also has the characteristics of different attenuation rates of X-rays to different 

substances without damaging the specimen.The main purpose of this experiment is to explore how to 

analyze the cell structure of non powdered wood under X-ray tomography, extract the desired data 

and quantify it. Wood tissue was directly selected and chemically treated from top to bottom, which 

was established based on synchrotron radiation X-ray ɛ-Data acquisition method of 

three-dimensional structure of wood tissue based on CT (tomography) technology. At 0.3 for the first 

time ɛ The 3D visualization model of wood tissue was reconstructed on m high resolution. The 

construction of lignin 3D visualization model has three steps: 3D data acquisition, image quantitative 

processing and visualization. 1) Using X-ray ɛ-CT technology directly collects the 

three-dimensional structure data of lignocellulose (the principle is shown in Figure 2.4), solves the 

structural deformation or damage caused by traditional two-dimensional observation and sample 

preparation, and also makes up for the deficiency of model-based prediction.The main parameters of 

the data acquisition method are: the acceleration voltage is 50kV~60kV, and the voxel resolution is 
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0.3 ɛm. The scanning area is 360Á, and the exposure time is 2-3 seconds, which takes 3.5-6 hours. 

About 1000 two-dimensional drawings of a single sample. 2) On the two-dimensional interface, the 

optimized two-dimensional image is obtained by combining gray level thresholding, histogram and 

morphological transformation, watershed algorithm analysis, 6 connectivity analysis, Soble operator 

edge detection algorithm analysis, etc.The experimental results show that the connection relationship 

between wood partial or overall structure and cells can be displayed in three-dimensional space, such 

as tracheids, ducts, the connection mode of wood rays, the spatial distribution and morphology of 

marginal pits, and the relevant data, such as volume, proportion, porosity, surface area and so on, can 

be obtained. Realize the research of wood from plane to three-dimensional, from static to dynamic, 

and from part to whole. 

Keywords: wood; cells; structure; quantification; X-ray CT; 3D 
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דּ 1  2  2,* 

Ѓ ֪ ҟ ғ Ї ֪ 210037Є 

 Еʉ ʊҲ ЃTaxodium hybridóZhongshanshanôЄΊ ᴮ Їᵜ₴

ẇ ɻ ẘ  ֥ Ⱶ Ҫ ┼ ԋᴮ ָ ꜘ

⌐ ɼ ꜘᵲ Ⱶ Ҳ ⅎ Їҿ Ⱶ
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ʉ ғ ʊ ָ ꜘ Ⱶ 4 3 Ҏ Ҳ ⅎ⌡ғ 0Áɻ15Áɻ

30Áɻ60ÁЇ 120Ѓ҅ү Є Ὶ ɼ ẇ ҩᶽ Ҳ ┼

Еᶕ ᾩ ɻ ᾩ █

Жᶕ ῒᾫ Ї ү 30 ɻ

Ї Ὶ ẅЖᶕ ᾩ ᴶ ɻ ∆ ‟ Жᶕ

Image Jᴌ 10 ⅎ ᴶ
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ʉ ғⅎ ʊ1.ָ ẇ █ ЕЃ1Є Е

ԓ0ÁЇ15Á Ї Ї ғ Ж30Á

Ї Ї Ї Ж60Á ғ 30Á

ᵜ ᵤԓ30ÁЇ ғ ɼ ⅓ ғ ҿ Ї

Ї ɼЃ2ЄҒ ẇ Е ғ ҿ

30Á<60Á<15Á<0ÁЇ ẅЕ30Á>60Á>15Á>0Áɼ ҿ30Á>60Á>15Á>0ÁЇ
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2.ָ ẇ ᴶ █ ЕЃ1ЄҲ ֢ ∆Ї

ғ ∆ ҿЕñPFЃ Є-SeЃ Є-PPЃ Є-Se-PFòЇ

₴ ԋñPF-Se-PP-Se-PP-Se-PP-Se-PFò ∆ Ѓ 2ЄЇ ꜘԋ҅

҅ ɼЃ2Є ᴶ ẇ 15Áɻ30Áɻ

60Áғ0Á ẅᶳ ҿ0.958Ї0.810Ї0.898ЕЖ ҿЕ1.008Ї1.256Ї1.027ɼ 

3.ָ ẇ ⅎ ЕҲ ү 3~6үɼ

ⅎ 0Áɻ15Áɻ30Áɻ60Áⅎ⌡ҿЕ18.1Ї22.5Ї32.3Ї33.8Жᴶ

ҿ12.2Ї12.7Ї13.8Ї13.5ɼ ⅎ 0Áɻ15Áɻ30Áɻ60Áⅎ⌡

ҿЕ16.7Ї19Ї11.3Ї8.5Жᴶ ҿ6.8Ї7.3Ї9.9Ї9.75ɼ 

ʉ ʊЃ1ЄҲ ῝ Ίᵩ ҿ ɻ ᵒ

₴ ɻ ɼẇ 30ÁҲ ɼ 
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ⅎ ғ0Á Ғ Їẇ 30Áⅎ Ї60Áғ30Á Ғ ɼ 
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Effect of artificial tilting treatment on secondary tissue 

division in Taxodium hybrid 'Zhongshanshan' 

Yong Lu1, Li Xiran2, Pan Biao2,*  

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

Abstract:  [objective] Taxodium hybrid 'Zhongshanshan' has the excellent trait of early fast-growing, 

but the stress wood produced when tilting, bending, and crown deviation occur seriously restricts the 

cultivation of high-quality plantation forests and the rational processing and utilization of wood. In 

this experiment, we investigated the effect of applied force on the secondary tissue differentiation of 

Zhongshanshan to provide theoretical support for studying the mechanism of stress wood formation. 

[Materials and Methods] Three three-year-old Mesquite trees in each of the four groups were treated 

with an angle of 0°, 15°, 30°, and 60°to the vertical direction by manual application of external force 

and sampled after 120 days (one growing season). The secondary tissues of Zhongshanshan on both 

sides of the inclination were sampled for observation: the anatomical characteristics of xylem cells in 

the compression wood and the opposite wood were observed using light microscopy, fluorescence 

microscopy, and environmental scanning electron microscopy; the tracheid in the compression wood 

and the opposite wood were dissociated using the Franklin dissociation method, and 30 tracheids 

were selected from each specimen to determine the length and width, and the average value was 

calculated;  The cell type and arrangement of the conduction phloem fibers were observed by light 

microscopy, and the width and cell number of the newly differentiated xylem and conduction 

phloem fibers were measured using Image J software. 

[Results and Analysis]1. The effect of artificial tilting treatment on xylem anatomical characteristics: 

(1) the cross-sectional morphology of xylem cells in the compression wood: compared with 0°, the 

cell morphology was slightly rounded at 15°, the cell wall was not significantly thickened, and the 

cell gap and thread fissure were visible; at 30°, the cell cross-section was significantly rounded, the 

cell wall was significantly thickened, the cell gap increased, and the thread fissure was significant; at 

60°, the cell cross-section was close to 30° but to a lesser extent At 60°, the cell cross-section was 

similar to that of 30° but slightly lower than that of 30°, and the cell gap and thread fissure were 

significant. At 60°, the cross-section of the tracheid was close to but slightly lower than 30°, and the 

cell gap and thread gap were significant. (2) The cell morphology of xylem at different angles of 

inclination: the comparison of cell length and width in the pressure zone was 30°<60°<15°<0°, and 

the values of double wall thickness and roundness: 30°>60°>15°>0°. The comparison of cell length 

in the corresponding area was 30°>60°>15°>0°, radial diameter: 30°<60°<15°<0°. 

2. Effects of artificial tilting treatment on the anatomical characteristics of the conducting bast: (1) 

The cells of the bast of Zhongshanshan were arranged in interlaced chordal bands, and the 

arrangement of cells in the normal zone and the opposite wood was mostly: "PF (bast fiber)-Se 
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(sieve cell)-PP (bast thin-walled cell)-Se-PF", while the pressed wood generally showed The 

arrangement of "PF-Se-PP-Se-PP-Se-PP-Se-PF" (Figure 2), with one more row of sieve cells and 

one more row of bast thin-walled cells than in the normal zone. (2) The ratio of silique fiber tissue in 

the conductive phloem fibers of the compression wood was 0.958, 0.810, and 0.898 at tilt angles of 

15°, 30°, and 60°, respectively, compared with 0°; the opposite woods were 1.008, 1.256, and 1.027. 

3. Effect of artificial tilting treatment on the amount of secondary tissue division: the average 

number of radial cells in the Zhongshanshan stress wood forming layer was 3-6. The average 

number of xylem phloem cells in the compression wood was 18.1, 22.5, 32.3, and 33.8 at 0°, 15°, 

30°, and 60°, respectively, and 12.2, 12.7, 13.8, and 13.5 in the Conducting phloem. The average 

number of xylem phloem cells in the opposite wood was 16.7, 19, 11.3, and 8.5 at 0°, 15°, 30°, and 

60°, respectively. Conduction phloem fibers were 6.8, 7.3, 9.9, and 9.75. 

[Conclusion] (1) The typical characteristics of the tracheid in the compression zone of 

Zhongshanshan xylem is the thickening of the tubular cell wall, the appearance of cell gaps, and 

thread fissures in the nearly circular cross-section of the tracheid, and the shortening of the length of 

the tracheid. The most obvious characteristics of the stress wood of Zhongshanshan were found 

when the tilt angle was 30°. 

(2) Artificial tilting promoted the meristematic ability of secondary xylem in both the compression 

wood and the opposite wood of Zhongshanshan. The number of phloem at a tilt angle of 15° was not 

significantly different from that at 0°, and the number of phloems increased significantly at a tilt 

angle of 30°, which was not significantly different from that at 30° at 60°. 

(3) The artificial tilting resulted in more Conducting phloem in the compression wood than in the 

opposite wood, with the highest number of Conducting phloem cells at 30°. In addition, the radial 

arrangement of the conduction phloem fibers of Zhongshanshan changed due to artificial tilting, and 

the arrangement of "PF-Se-PP-Se-PP-Se-PP-Se-PP-PF" was common in the conduction phloem 

fibers of stressed wood. The tissue ratio of phloem fibers decreased, i.e., the proportion of sieve cells 

and thin-walled cells for transporting and storing nutrients increased. The proportion of sieve cells 

and thin-walled cells, which transport and store nutrients, increased. 

Keywords: Zhongshanshan; Compression wood; Tracheid morphology; Secondary tissue division 
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