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Concerted control of theLaRAV1-LaCDKB1;3 module by
temperature during dormancy release and reactivation of

larch

Wan-Feng Lt*, Yanhui Kang, Yao Zhang, QiacLu Zang, and Liwang Qt
(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, Haidi@ni st r i ct , Beijing 10003®diate KPydabpratamyds Republ
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, Dogxi aof u, Xi angshan Road, Hai di an Di st rCooepondinBei jing 10
author (liwf@caf.ac.cn)
Abstract: Dormancy release and reactivation of temperate trees involve the
temperaturanodulated expression of celjcle gaes. 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/clelgenes and transcription factors
and assessedhdir relationships and responses to temperatures. Twelveyctdl 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 fawitmgether, 73 cases of
regulation between 16 transcription factors and 12-oyelle genes were predicted, while the
regulatory interactions betwedraMYB20and LaCYCB1;1,and LaRAV1and LaCDKB1;3 were
confirmed by yeast orlkybrid and dualuciferase asays. Last, we found th&amRAV1 and
LaCDKB1;3 had almost the same expression patterns during dormancy release and reactivation
induced naturally or artificially by temperature, indicating that thR®AV1iLaCDKB1;3 module
functions in the temperaturaodulated dormancy release and reactivation of larch trees. These
results provide new insights into the link between temperature andyckdl gene expression,
helping to understand the temperature control of tree thrand development in the context of
climate change.
Keywords: cambium; celicycle gene; dormancy release; larch; reactivation; temperature;

transcription factor



Artificial wood cell wall as a valid tool to investigate wood

formation and application

Qiang Li*?*, Youming X4*, Hongbo Yd, Yasumitsu UrakKi
(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; 4sRarch Faculty of Agriculture, Hokkaido University, Kka, Sapporo 068589,
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 aelyasca 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 so@ regarding wood cell wall formation and chemical
relationships between their component polymers is still-edks understood. These elusive
fundamentals have not only hindered our understanding of tree growth and wood formation, but also
hampered the miplementation of wootbased 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 polysaccharidestritmaand 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. Aterwards, hemicellulose was deposited into cellulose matrix, which was followed
by the invitro synthesis of lignin in this cellulogeemicellulose matrix.

By using this artificial cell wall model, we elucidatedl) the hemicellulose role in regulating the
deposition and formation of lignin structures, especially lignin distribution in polysaccharide matrix
and | 40O¢g mteronitaby linakges formation; 2) the contribution of cellulose, hemicellulose, and
lignin to the cell wall mechanical strength. Cautificial 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 ofthe twophase 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 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 threlationship between cell wall components and their inhibition of

6



enzymatic hydrolysis for biofuel production.

Keywords: Artificial wood cell wall; cell wall formation; cell wall deconstruction
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Warming menaces highaltitude Himalayan birch forests:

evidence from cambial phenology and wood anatomy

Xiaoxia Li? Sergio Rossi Shalik Ram Sigd&|Binod Dawadi, Eryuan Liang*
(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 Fondaraks Laboratoire d'Ecologie Vé@éale, 555, Boulevard de
I'Université Chicoutimi (QC) G7H2B1, Canada; ¢ Key Laboratory of Vegetation Restoration and Management of
Degraded Ecosystems, Guangdong Provincial Key Laboratory of Applied Botany, South ChiniaaB@arden,
Chinese Academy of Sciences, Guangzhou 510650, China; d Central Department of Hydrology and Meteorology,
Tribhuvan University, KirtipurK at h man d u , Nepal ; A urhali: bangey@ipras.ac@)y r espondence
Abstract: The Himalayas are experiencing dramatic warming and drought events, which occur at a
faster rate than the global average. How will the tglgivation ecosystems cope with such changing
conditions? This study aims to combine cambial phenology with quamitatbod anatomy to
understand how the growth dynamics affect the tdtidetween safety and efficiency of water
transport in the Himalayan forests. We investigated the timing of xylogenesis and its relationship
with hydraulic wood anatomical traits inrHalaya 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 werelated 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 resumptioduced by climate changes may result in larger vessels,
which are more efficient in water transport, but vulnerable to drendioted cavitation. The
ongoing warming and drying climate conditions may menace the survival of birch forest in the
central Himéayas.

Keywords: tree ring; xylem formation; cambium; xylem anatomy; xylogenesis; hydraulic traits
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IWood: Automated and accurate woodidentification system
for endangered andprecioustree speciesusing convolutional

neural networks

Abstract:

[Objectivd An image recognition method based on convolutional neural networks (CNNSs) 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 tivgicene 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
Rosewo00el6 was established. Four CNN models, i.e. AlexNet, VGG16, Dendéletand
ResNet50 were constructed and grained with ImageNet for transfer learning. And then the image
data set Rosewoed?b was deployed to +eain and test these models, wihiwere 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.

[Resulf Among the four CNN radels, ResNe50 showed the highest identification accuracy
(98.3%) and lower model complexity, which is suitable to timber identification accurately and
rapidly. The ResNeb0 model achieved 100% accuracy when identifying 9 Dalbergia and 3
Pterocarpus spes, and successfully discriminated P. santalifrosn its anatomically similar
species, P. tinctorius. The automated timber identification system based on -Besidetlel
exhibited an identification accuracy of 91.8% at the genus level and 77.3% at the species level.

[Conclusion The timber identificatin 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
suppat 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,

PterocarpusAutomated 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

JiangtadShi, Boren Dai, Xingyu Fang, Lijie Xu, Ying Wu, Haiqgin Lu, Juqgin 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 poiahthreat 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 degradtion capability towards BPA compared with common wood derived biochar (CWB).
Further tests and analysis el uciraddmdl spdciesi(f)a t both
were generated by the PWB/PMS system, whereas :@3lywas detected in CWB/PMSystem.
Specifically, the metal compounds, especially metallic Cu in the PWB activated PMS via radical
pathway, and the C=0 groups in the biochar generated theadimal pathway, the coexistence of
which resulted in higher BPA degradation efficiencPWB/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?CuThis 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; presred wood; biochar catalyst; low metal leaching;

radical/norradical synergy
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Anatomical structure and properties of Chimonobambusa

guadrangularis Makino

Wenjuan Liu, Jian Lih
(College of Materials Science and Technology Beijing Forestry University, Haidian Beijing, 100083)
Abstract: Chimonobambusa quadrangularis Makiatiracts 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 bambgeats 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 egeimate 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 arefallews: Chimonobambusa quadrangularis Makimas
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
parerthyma 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 differerst plathe 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 stablegpe 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 fitlregsbtd the long
fiber grade. The variation of fiber length, width and lengttith ratio among different ages and
longitudinal positions of bamboo was small, and showing-ai@nge regulation. The density of
bamboo increased with the increase of bamb&g ad the ovedried and akdried shrinkage rate
decreased with the increase of bamboo age, but the latter volatility is relatively large. The content of
cold water extract in-b years old bamboo was 3.29%89%, and the average content was 4.02%,
the ontent of hot water extract was 4.6B866%, and the average content was 5.46%, both showed
a decreaséncrease trend with the increase of bamboo age, the content of 1%NaOH extract was
24.619%26.72%, and the average content was 25.76%, it showed an @édezasase trend with the
increase of bamboo age, the content of phenol extract was -5.80%, 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 .33 t-dellilos® content was 45.0147.84%,
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and the average content was 46.57%, theiasiolublelignin content was 25.7196.50%, 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 theaging resistance otolor-preserving ofbamboo

Hu Xinyunt, ChenGuoxi, Chenyath Qi Jingid, Jiang Yongzt Huang Xingyah Xie

Jiulond
(College of Forestry, Sichuan Agricultural University)
Abstract: I n order to study t-pepesappVinogtbamboangehpopéec!
wood wax oi l and water prrienserwdmeg Wwsaenbobo pPpher
environment and paint o-pr ¢ hrer vaign gegb ertnadsdi icsetda elicye LoV
aging experiment, artificial accelerated aging ex
pH experi ment and color system analysis. (1) I n
kinds of bamboo bwigyanwittoh tiumar ¢ga&dilmogy tshe@® exper i me
col or diE*f eorfe ntchee bamboo without coating changed
was the most significant. Wood wax oil had a bet:
E* (5.55) was the smalglrestn. vAfltuer a20 sdy dll esr,ettah
original color. (2) In the artificial acceleratec
(9®) and high humidity °Cgardd hdrgyh haednparatgnefi(dan
surface of bambB®. ofhbambaogwi ohout <coating was
change*ofof bamboo painted with wood wax oil W a ¢
temperat ur80Ct ¢ 9IC 0forh@m c eplrcers eafviocmogl cbramboo became
in |l ow temperature enwirresremerntn.,g blhanbool dre cafmec sl
the enviredadmRfntThed cdbBpobesof vicrogd obambooi ochahged di
hi gh temperature-266&Q,i ressmmeaitaldfy 140 t he extreme

environment Wt T&@ Pmadn2O06G i | mproms @rhwei nsgu rf aambeo oo fb
brown after baking. The heatacnugunt rderaytinnegn to vweans acnoc
bl owing drying oven. The surface color of green

better than that of the air bl owi ng dE*Yimfg oven
bamboo without ceatiang dwdsd ethbat smeddperanwirreen mgnt
had Iittle effect on the color of bamboos. | n th
paint film of | acqguered bamboo cracked and peel e
bamboo.E*Tlhcehange of | acquered bamboo and waterbor
hi gher than that of wood wax oil bamboo and bamb
color of bamboo without coating was the | east.

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

branches of five blueberry cultivars

Liu Jiabad, Zhang Y&
(1 College of Ecology annvironment, Anhui Normal University, Wuhu 241000, AnH2iiAnhui 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. Studyirdydbght 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 flowagirtime 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 w&fea c C i ni um G.e,rSputhddn0 S U m
Highbush, including O 'Neal and Misty) aNda ¢ ¢ i n i (LemRabbigye, éndluding 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 reinforcemé& 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 dignvessel group index and pit
area, but higher vessel wall reinforcement and sapwood density than the-dyabki®f) The
Rabbiteye branches showed higher embolism vulnerability than the Southern Highbush. The order

of the embolism resistance ability &f & f i ve bl ueberry cultivars was

(

Britewell > Climax, where O6Nela7D MPahaodGlirdaxtheh e hi g h e

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 reinforcemend #apwood density. This study revealed the

correlation between the xylem structure of branches and the embolism vulnerability in five blueberry

19



cultivars, which provided a new scope for clarifying the difference of drought resistance among
blueberry cultvars. 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
ascendendn its recovery activity, active period and dormant

periods

Tao Jieyuh? Xu Youming*, Li Qiang', Sun Xiaomiad Jin Kaf
(1 College of Horticulture and Forestry Sciencejaghong Agricultural University2 Shanghai Wood Industry
Insititue )
Abstract: To study the wultrastructur al changes of cam
understand the formation mechanism of womdd and i
formati on axrodd eusrs amfceTsdeirds ed i n wultrastructural

sections and wusing transmissioiMaetkect mon ami gr 0Asp

cambium activity recovered. Gol gi apparatus and
zone begdnfferentiate -Aptol phtboemcaebism I8 mhdt
activity. I ntracellular vacuoles fuse and cell i

with cells beginning to dep-Apiitl. tDhe heammidumfwaia
in the cambium zone extended radially with small/l
cambium zone were observed in | ate April. Cambi
August, organel leelsl si nwecraembmautnu rzeo,n en ucc | e i were Vi s
activity was at the peak of that year. I n early
phase, and | ysosomes appeared with the endopl as mi
the early resting stage, and the-Noammbem, caltl t W
beginning of dor mancy, part of cambium zone <cell
number of hydrol ases, resul tragiom. nXyellemr didfeff @n
stopped completely, but a small number of young
zone cells are overflowing with apoptotic bodies
Keywords: Taxodi um ;as@aemomendl trastructur e; eristem ac

f ormati on
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Research onwoodgraining recognition ofpterocarpus

macrocarpusbased onconvolutional neural network

Abstract: For the collection and classification Bferocarpus macrocarpusood pattern images,

the Faster RCNN (Faster Region Based Convolutional Neural Networks) neural network is used as
therecognition and detection algorithm, and the improvement of the feature extraction module and
image enhancement are used to construdPtecarpus macrocarpusood pattern data set. In the

model design, the neural network architecture and convolutiorekare improved, and the random
regularization function is introduced to weaken the diting phenomenon and reduce the feature
dimension. The training set is added to the neural network for model training, the obtained model is
transferred and apptieto the image test set for inversion, and finally the output result of the model

is associated with the wood patternRtérocarpus macrocarpus realize wood pattern recognition

and detection. The results show that the accuracy of wood pattern remogsitd6%, 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. Thelaof 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 dfterocarpus macrocarpystrengthen 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 macrocarpaconvolutional neural network; wood patterneafure

extraction; oveffitting
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Study on microscopic physical ar
compression wood tracheids of

0Zhongshanshano

Yang Jiyd, Bi Yujing!, Pan Biad*

(1 Nanjing Forestry University Materials Science and Engineering )
Abstract: As a fastgrowing speciesTaxodiumh y br i d 6 Z h avasgsssheptible to ahe 6
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
Taxodiumhy br i d 6 Z h o n g phha natohah utilization afnthe lktampression wood of
Taxodiumhybri d 6Zhongshanshané. Tracheids are the mo
wood. A systematic study of the microphysical and mechanical properties of the tracheids of
Taxodiumhybi d 6Zhongshanshané would help to make r at
Taxodiumhybri d 6Zhongshanshano.

The bends of 14earold bentTaxodiumhy bri d 6Zhongshanshand were t
study. Due to the limited width of the pressed wood inr#tual direction, the size of the sample is
adjusted to 5 mm>x6 mm>=20 mm (axial), and the rest are measured in accordance with the standard
under three conditions: saturated,-giied and absolutely dry The radial, chordal and axial
dimensions of the shaftre measured by the drainage method and weighed The radial, chordal, and
axial dimensions of the specimens were measured in three states: waterlogdeeld,aand total
dry, and the volume was measured and weighed by the drainage methoddthelaisity, full-dry
density, basic density, ailry shrinkage rate, and fediry 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 geas were performed. The tracheid were separated by the
Franklin separation method, and the tracheid were fixed on-enadk instrument to determine the
tensile properties of a single tracheid. The tensile strength of single tracheid was calculated
accoding to the formulall ®,,,/S, which S is the crossectional area of the tracheid. The wood
thin slices of 100 em thickness were taken and t|
using a universal mechanical testing machine.

The results Isowed that the densities of the compression wood were significantly higher than
those of the opposite wood: 0.662 gfcid.603 g/criand 0.528 g/cihfor the compression wood,
and 0.430 g/cf 0.379 g/crhand 0.326 g/cifor the opposite wood, respectivelfhe axial airdry
and fulkdry 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
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of the compression wood were signifidgrgmaller than those of the opposite wood. The correlation
analysis showed that the longitudinaldiy and fultdry shrinkage rates of compression wood were
highly significant and positively correlated with the microfibril angle, and the linear fetjgtions

were Y=0.1759X5.0717 and Y=0.5526:46.4590, 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 a@f8atless 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 | oad of the 100 em wood sheet we
wood, and the tsile 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 comipiared
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 weré. ¥21X+85.205
Y=-2.026X+97.297.

Conclusions: (1) The density the compression wood dfaxodiumhy br i d é Zhongshansh
greater than that of the opposite wood TExodiumhy br i d &éZhongshanshano; (
properties ofTaxodiumh y br i d 6 Z héo ncgosnmparnesshsainon wood were signi
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 thinsection 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 shrinkageTafixodiumh y br i d oO%Zthaomégyshmamosi t e woC
greater than that ofaxodiumh y br i d o6 Zhongshanshandé comgmrnyession w
and fulkdry shrinkage rates were significantly increased by the change of the microfibril angle.

Keywa Takediumhy br i d 6 Zahnotn;,g sh@amprmessi on wood; physi ci

properties
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Analysis of anatomical structure and properties of wood

excavated from han andsix dynasties sites

Ningning Yin, Wenzhu 14, Xiaoqing Li
(College of Chemical and Material Engineering, Zhejiang A&F University, Hangzhou L81E300)
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 anatomicaladdcteristics 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 inferringlocal forest distribution and wood selection in Yuyao during Han and Six
Dynasties.
[Materials and Methods] Wooden pile samples (numberdd Z2, Z-3, Z-4) and horizontal plate
samples (humbered-B, B-2) were collected from the four revetmesites of he excavation

site(See figure for sampling label)

Pl

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
stereomiroscope 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 bl as
take them out and weigthem 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 paraff 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 nifr@@ded mihow r
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 basicaliy 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
sampes determined by referring to relevant data is as follows:

Z - 1-chestnut; 2 -- White Cypress; Z3-tallow; Z-4--Masson pine; B1-huang qiB

- 2 - polishing the wood

2. The test results of maximum moisture content (WMC), basic gieargit 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%, 77216252%, 906.03%

and 105.05%, respectively, which were all decayeddagiaded to a certain extefihe 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 maximater 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 temperasutewer, 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 moistorgent; residual basic density
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Transparent and UV-absorbing nanocellulosefilms prepared
by directly dissolvingmicrowave liquefied bamboo in

TBAA/DMSO co-solventsystem

Huijuan Shao, Jiulong Xie
(College of Forestry, Sichuan Agricultural Wersity, Chengdu, Sichu@n
Abstract:

1) Research objective: UWdlocking plastic film is nofrenewable, difficult to degrade and
recycle after usi ng, causing serious environment
awareness of environmental protection. The preparation ebdsed UVblocking 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 thesssidues are the inner bamboo portions that are rich in
parenchyma cells and the outer portions that are rich in vascular bundles. Then, theaftoeed
liquefied bamboo parenchyma cells and liquefied bamboo vascular bundles were dissolved in TBAA
(tetrabutylammonium acetate)/DMSO (dimethyl sulfoxide) (15/85, wt.%)saleent at room
temperature without other treatment to obtain nanocellulose solution. Finally, transparent and
UV-blocking nanocellulose films were prepared by sohoasting.

3) Research mllts: The results of FTIR showed that the peak at 173% essigned to C=0
stretching vibration of carboxyl and acetyl groups in hemicellulose disappeared, indicating the
removal of a large part of hemicellulose in liqguefied bamboo cells. The ligniertooitt 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 ceali 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 nommicrowave liquefied vascular bundles (61.97%) and parenchyma cells (48.52%),
and the regenerated nanocellulose crystallinity structure changed from cellulose | structure to
cellulose 1l structure. UWis analysis showed that the transmittance of liquefied vastwindles
nanocellulose films and liquefied parenchyma cell nanocellulose films at 800 nm were 73.56% and
78.52% respectively, and the tlocking performance of liquefied vascular bundles nanocellulose
film was better than that of liquefied parenchymd wanocellulose film, and its UVA and UVB

blocking efficiency were more than 82% and 99%, respectively. In addition, thbldgking
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nanocellulose film also had good tensile strengthi2851Pa) and thermal stability.

4) Research conclusion: High powaericrowave selectively liquefaction can quickly obtain
bamboo cells with lignin content of4%. Nanocellulose with diameter less than 10 nm can be
obtained through TBAA/DMSO eceolvent dissolution system, and lignin retained in the bamboo
cells can be evdy 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 filonming, UV absorptin 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; U\shielding prperties; Nanocellulose film; Microwave liquefaction;

Tetrabutylammonium acetate
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Structural comparison of Sambucus WilliamsiHance and

Sambucus nigrd..

ZhangJinghan, luo Jiayarf

(Zhang Jinghancollege of Materials Science and Engineering, Nanjing Forestry University; Luo Jiayan, college of
Materials Science and Engineering, Nanjing Forestry University)
Abstract: Sambucus Williamsklance andsambucus nigra. are species dbambucu$elonging to
ADOXACEAE. Sambucus Williamsis produced in Heilongjiang, Jilin, Liaoning, Hebei, Shanxi,
Shaanxi, Gansu, Shandong, Jiangsu, Anhui, Zhejiang, Fujian, Henan, Hubei, Hunan, Guangdong,
Guangxi, Sichuan, Guizhou, Yunnan and other provincefinaCSambucus nigr&. is distributed
in Europe and Shandong, Shanghai, Jiangsu and other places in China. This paper takes the
Sambucus Williamsigrown in Nanjing Forestry University and tisambucus nigrgrown in the
Czech Republic as the researcheabfo compare their structural differences.

Sambucus WilliamsiiGrowth ring boundaries distinct. Vessels porosity is -pogous or
semiring-porous. The shapes of vessels in the cross section are ovoid or angular. Vessel groupings
include solitary, vesds in radial multiples of 2~6 and vessels clusters. The maximum tangential
di ameter of vessel lumina is 77em, average 5lem
plates are simple and parallel or extraordinary inclined. The arrangement oksstrpits is
alternate and the shape of pits is polygonal without vestured pits. The vragsgits with distinct
borders, similar to intervessels pits in size and shape throughout the ray cell. Fibers with thin to thick
walls and the average lengthfoff ber s i s 986em. Helical thickenings
Sambucus Williamsihave rare axial parenchyma. The arrangement of axial parenchyma are
marginal bands with-3 cells wide. It has multiple rows of wood rays, the width of the raysbis 2
cells and the height of the rays 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..: Growth ring boundaries distinct and wood semg-porous. Vessel
groupings include solitary, vessels in radial multiples of 2~4 and vessels clusters. Vessels in
di agonal and radial pattern. The maximum tangent
31lem and t he average |l ength i s 427¢m. The per f
extraordinary inclined. The arrangement of intervessel pits is alternate and the shape of pits is
polygonal without vestured pits. The vessalg pits with distinct balers, 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 994¢m. It has rare axi al parenchyma. T

bands and axial parengha cell bundle consists of2 cells.Sambucus nigr&éas multiple rows of
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wood rays, the width of the rays is32cells and the height of the rays i2® cells, up to 37 cells.
Part of the wood ray is entirely composed of procumbent cells, and paiis afith two rows of
upright cells. Storied structure and intercellular canals were not found.

By comparisonSambucus Williamsi@and Sambucus nigrare slightly different in structure.

Sambucus Williamsihas the majority of vessels in radial multipledhiler Sambucus nigrdas

mostly vessels clusters; the tangential diameter oS#mebucus Williamsir e s sel s (average
is not much different from that ddambucus nigrd aver age 50¢&gm) . I n ter ms

length, Sambucus nigral aver ageav®Sdasgme;, 427¢cm) i s ambucug htl vy

Williamsii( aver age 986 ¢ m;Sambucesr\\dligresiiad Belcal thickenings in fiber
elements, which is not found iBambucus nigralt was found that the wood rays 8ambucus
Williamsii are slidntly wider than that of Sambucus nigra, and the wood ragaofbucus nigrare
more slender.

Keywords: Sambucus WilliamsiSambucus nigrawood features
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Study onwood properties of Idesia polycarpa

Chenyan, HuXinyun', ChenGuoxi, QiJingiut, XieJiulond!, JiangYongz& LuoJianxuf

(1 The college of forestry, Sichuan agricultural univergtgichuan Academy of Forestry)

Abstract: In order tocomprehensively understand the wood properties of the woddesia
polycarpa, the anatomical properties, physical and mechanical properties and extracts of the
35yearold Idesia polycarpavood in Sichuan Province were systematically studied. The dohect
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 theimiztien and analysis of

the anatomical properties tdesia polycarpa The components of the ethyl acetate and absolute
ethanol extract were analyzed. The results showed that the average annual ring Wdettiaof
polycarpawas 3.94mm with maximum width of 13.0mm, which reached the nationayriasing

timber growth standard, which meet with requirements for the-dngtiity fastgrowing timber

species. The average fiber length, width, wall thickness, lumen diameter w8re I8 ¢ m, 32.56¢m,

5.83em, 14.21em, respectively; while those mean

em, 75. 15¢m, r e s p e cdryidensity ofldesiapdiyearpawoedrisa0ghg/crawiithr

the variation range of 0.350.51g/cni. The canpressive 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 polycarpagradually increases. From iry to absolutely dry, the radial,
tangential, axialand 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 tlee dietensional
stability of theldesia polycarpawood. Idesia polycarpais resistant to decay, and the content of
ethanol extracts dfiesia polycarpaheartwood, transition layer and sapwood are 0.25%, 0.75% and
1.15% respectively. 2;2hethylenebig4-methyl-6-tert-butylphenol) and 2 i-tertbutyphenol 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 Siqil, Zhai Shengcheng, PanBiao!, WangJur?
(1 College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 220N3Rjing Institute
of Archaeology, Nanjing Forestry University, Nanjing 210004)
Abstract: Wood identification, especially iarchaeological 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 threesection microstructure characteristics after sampling more than ten coffins from
the Song Dynasty tombs unearthed in Nanjing and observingeglction sections. The
fluorescence microscope was used to observe theflaatescence phenomenon of lignin in ancient
wood cell walls, which was quantitative researched through the degradation of wood and provided a
theoretical basis for the restoratiand 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 (CHCINO) solution and NaOH (18wt%) to impregnate tancien
woodcrossection slices (40egm) and 5mm x 5mm x 5mm
tracheid swelling degree and tracheid morphology change of the transverse section before and after
immersion, and measure the average tracheid area change bedora&fter 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 &gnent. 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 uneartheddrtomkis
are hard ping(Pinus subgem SDiploxylon) 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 theatment 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 50C, the slice
immersed in 5% choline chloridelstion 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 ¢mmcentra
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 changbe ilongterm 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 spies identification; swelling and recovery; reinforcement
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Study on theformation position and morphological

characteristics of specialtracheid in Tetracentron sinense

Anjie Ren, Xiran Li, Ting Li, Lu Yong, Biao Pdn
(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037)
Abstract: Tetracentron sinensa 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 iff¢i@acentron sinensdt 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 ofTetracentron sinems In order to understand the morphology and distribution of
special tracheid and explore the changes in its evolution process-yearddd Tetracentronwas
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, i@pé@cheids 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 averageengt h of 286. 44N41.47em and an aver
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 wadedbar ellipse.

There were 210 pits, arranged in-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 traishare 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
vesel 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.

K e y w o Tettaxzentron sinens&Vood anatomy; Tracheid morphology
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Effects of flooding environmer

chracteristics of Taixo doyabmtirdac he

Zh aXi nk @& Xg nk iami "o
Abstract: Ta x o chiylbm i d ' Zhongsadamnseskeaeal | ent cl onal vari e

the Jgaearodindmadapted to a wide range of habitats,

process of tree growth, pit pl ays a physinol ogi ca
adjacent cells. The morphology, number and arran
permeability of water and | iquid. I n order to st

and ul tradéaxodhtyuonrel dof tehse odfi fpier emaw mber and si z:¢
mi croscope and the changes of pit membrane mor ph
compar ediaamachiygomi d cores at the base (about 0.3

(1.3 m abovenbhwageolbondpi agdchest height after 4
RESULTS:

1. Number of pits: after flooding, the number
trachei d celTasx oidnywtmhied bvass bIF7 |/ mm, and the ave
edge on the wunit |l ength of Taxxdigbmi dewhswaBb6 1[I n
which were close to each other and had no signi
number of pits per unit I ength of earlywood tract
di fferent fedmchedat dédi dJhtoodp < 0.01) .

2Pit si ze: After flooding, the mean values of

thoracic cellemwahldsmM®e®ddn 14 @5, 0.3e/spectively.

flooding, the diamenher onftmargiehal wpi mé mibras a l
than that at <chest height, but there was no sig
membr ane on the <cell wal | of |l atewood was | arge
signi ffiecraentcedibfet ween the two (p < 0.01). I n the

membr ane of the early andThaodiywmods emtsanmldde 78 h e
7.6mM¢ respectively, which was smhyl andthahet wabdse
chest HWaixglhybmfi d in the flooded environment, and
(p < 0.01).

3. Ultrastructure of the pit: There is no sig

me mbr ane bet wéeoemggeaede emaitrronment and the nor mal

observation results, the pit membrane morphol ogy
closure: there is no visible micro poress: ithhe he |
microfibrils on the torus edge emit from the grc«
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mi cropores. (3) Opening: the torus appears offse
me mbr ane.

CONCLUSI ON:

Under the f I ootdhiengn uemmbveirr oonfmemitl,i ated pit pairs
the breast hei ght of T. chinensis increased, an
significantly. These changes are more cenduci ve

conveyance efficiency of trees.

Keywords: Tax o chiybmi d; fl ooded environment; Wood Anaton
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cochinchbnesnis$ $00 ¢ ro1g

Dalbergia hupeana MN251245.1

10q | Palbergia obtusifolia

Dalbergia cochinchinensis MN251247 .1
Dalbergia sissoo MN251242.1
BE Dalbergia bariensis MN251248.1

Dalbergia oliveri MN251243.1

Dalbergia yunnanensis MN202184.1
100 Dalbergia odorifera MN202181.1
87

Dalbergia tonkinensis MN202179.1

Pterocarpus macrocarpus MN823699.1
1 gtrinpsbBA pHagKbclA i
Fig.1 The phylogenetic tree obtained
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E ° XXDNA § )XDNA X

by maxi m
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DNAxtracti omaaddoidé&Nmigi fi cati ong
Dal bergia obtusifolia

GarchahgoaXi-uofhn g @idan
(1 of Art and Design, Sout hwest Forestry University, Kunnm
Science and Engineering, Sout hwest Forestry University, K
Key Laborat oresiovfe sWozonde3r AGlhucetds, Sout hwe st Forestry Univer:
Yunnan, P. R. China)
Abstilanctorder t o i denhlailfbye rrga raew babrhdu BpNrAmtbeacatceodd i n g,
DNA was extracted by CHEMAPB kietteheond t haifirt sa naf CplrAiBmer
designed based on five barcodes, and PCR product
t hat good quality DNA from fresh wood could be
extracted by CTAB hasr at gthhnep uDNA ye xbturt-& & Boeavd cboyn cCeTrA
high concentration but smal | amount of protein
could meet the needs of PCR amplification. Thi rt
ten were sequenced succecserful il me®nt e sspeoifed einde
to the phylogenetic tree obtainedt bgplsMa&xniHhum Li k
matmKbslequence, a sister rebDatiobnidDsipholp@Bweaen t he
cochindhbhi nesgtsewed that the | atter tbreebstspeicfieki a
in the genus. (Fig. 1).
Keywabdsobt;DbBAfeki;BHAtbamewoddngdenti fication
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Analysis method of wood cell s
resol utayont oXmogr aphy

Li Xing&@hX¥Xmpgng, StHdo Ji ang

(Coll ege of Mat erials Science and Engineering,

Jiangsu)

Abst rTahcet :.gr owt h of trees is affected not only by
factor s. This makes wood cont-di memsionakl|l sukrarct s
mu tstcial e structural characterebyicel alfbdsteocompl p
mechani cal properties of wood. Studying the relat.i
properties can provide theoretical support for t|
identificatuoe, awolbidt esdtrwrcd and so on. Nowadays,

depends on t he technol ogy of mi crosection and
t wbi mensi onal i mages obtained by slicing technol
woodel Il s in the |l ength dir-eecnswminganand hteheo prae &
accuracy is low, which is more difficult to achi
the deeper understanding of et haendr eMoaotdi-o@rschp er th e
tomogr arpahyy GTX) -diest au-mdbynvpeXspective technology.

rotates 360 degrees, and the ray penetrates the
the penetratighei magerdingath #ahe different absor
of each part of the measured object, and then req
computer orpey aCifTon.s Xotdi memisi edalt os daloet. hel t no
characteristics of scanning electron microscope,
of wood, but al so has the <characrteeywd stocgi DFf e rde
substances without dainmmagpiunrgp otshee osfp etchiinse ne.xTpheer imae n
analyze the cell struct umray otf o mogr appohwd, e reexdt rwaocotd t
and quantify it. Wood tissue was directly select e
was bdstsahed Baysnedrr oothr on-r ay@alRataada i carc gwXi si ti on me t
t hrddenensi onal structure of wood tissue based on

timd8he 3D visualization model of wolbdtitors.su€hava
construction of lignin 3D visualization model h as
processing and) viUsuradge-€ At itoenchnol ogy directly

t hrddemensi onal structur ei Maitml eofi sl i ggmowrelilmul Biseu 1
structur al def ormati on or-didmenagieo ncaalu selds ebryv att ri achi
preparation, and al so makasedppfedi thieondeThei maicn
the dat @ aned hibsi tairoe el er at i GO KkwWol aangle tihe YOK¥Y+ r e
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03 me The scannAi,nganadr etahei se-33pBooBrds$ | mehihehuRsakes

About 1-@i0fmen swioonal drawings ofdiamemaibl ensaemphee, :
opti mi ledhenwoonal i mage is obtained by combining
mor phol ogi cal transformation, watershed algorithtr

edge detection ahgoexpém meat gbkisesetts Tshow that

bet ween wood partial or overal ldismenugitaunrael anpace,l
as tracheids, duct s, the connection moglye owff wood
mar gi nal pits, and the relevant data, such as vol
be obtained. Realize the wdegnearsitonafl wdodmf semtp

and from part to whol e.

Keywowdsd; steluksure; -qagm@rification; X
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Effect of artificial tilting treatment on secondary tissue
division in Taxodiumhybrid 'Zhongshanshan'

YongLu?, Li Xiran?, PanBiao®*
(College of Materials Science and Engineering, Nanjing Forestry univé¥sityjing 210037)
Abstract: [objective] Taxodiumhybrid ‘Zhongshanshahas the excellent trait of early fagowing,
but the stress wood produced when tilting, bending, and crown deviation occur seriously restricts the
cultivation of highquality 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 thrgearold Mesquite tees in each of the four groups were treated
with an angle of 07 157 305 and 60fo 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 thenclination 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; theittactiee 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 arrangsiof 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 artificialititj treatment on xylem anatomical characteristics:
(1) the crosssectional morphology of xylem cells in the compression wood: compared with 07 the
cell morphology was slightly rounded at 157 the cell wall was not significantly thickened, and the
cell gapand thread fissure were visible; at 305 the cell ckssstion was significantly rounded, the
cell wall was significantly thickened, the cell gap increased, and the thread fissure was significant; at
60° the cell crosssection was close to 30°but tolasser extent At 60¢ the cell crosection was
similar to that of 30°but slightly lower than that of 307 and the cell gap and thread fissure were
significant. At 60; the crosssection of the tracheid was close to but slightly lower than 305 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>6(%15The comparison of cell length
in the corresponding area was 30>60>15205 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 Zhongshaashwere arranged in interlaced chordal bands, and the
arrangement of cells in the normal zone and the opposite wood was mostly: "PF (baSefiber)
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(sieve celhPP (bast thirwalled cell}SePF", while the pressed wood generally showed The
arrangement of PFSePRSePRSePRSePF" (Figure 2), with one more row of sieve cells and
one more row of bast thiwalled 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.,888cat tilt angles of

15¢ 307 and 607 respectively, compared with 02 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 Zhgshanshan stress wood forming layer weg Jhe average
number of xylem phloem cells in the compression wood was 18.1, 22.5, 32.3, and 33.8 at 07 157
30¢ and 607 respectively, and 12.2, 12.7, 13.8, and 13.5 in the Conducting phloem. The average
numbe of xylem phloem cells in the opposite wood was 16.7, 19, 11.3, and 8.5 at 07 157 307 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 crgsstion of the tracheid, and the shortening of the length of
the tracheid. The most obvious characteristics ofstihess 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 afdieasfriot
significantly different from that at 07 and the number of phloems increased significantly at a tilt
angle of 305 which was not significantly different from that at 30°at 60°

(3) The artificial tilting resulted in more Conducting phloem ia tompression 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 "P&ePP-SePRSePRSePRPF" 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 thinwalled cells for transporting and storing nutrients increased. The proportsevef cells

and thinwalled cells, which transport and store nutrients, increased.

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