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Seasonal radial growth of Toona ciliata from tropical forests with

contrasting soil water status in Xishuangbanna, SW China

Arisa Kaewmano™? Pei-Li Fu' Ze-Xin Fan'?
(1 CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences;
2 Department of Life Sciences, University of Chinese Academy of Sciences; 3 Center for Plant Ecology, Core Botanical Gardens, Chinese
Academy of Sciences)

Abstract Tropical forest is a crucial component of the global carbon cycle. Understanding the seasonal radial growth
pattern of tropical tree species is important to predict the impact of climate change on tropical forest and global carbon
cycle. Xishuangbanan is located at the northern margin of Asian tropical region, and the forests therein are very
sensitive to climate change. We monitored the seasonal radial growth of Toona ciliata by using both dendrometer and
micro core sampling from a tropical karst forest (dry forest) and a tropical seasonal forest (wet forest) in
Xishuangbanna for continuously two years (2018-2019). We found that the cambial of T. ciliata started to be active
during December to next January, and the cell wall thickening ended during October to December. The radial growth
rate of T. ciliata in rainforest was significantly higher than that of karst forest. The radial growth rate of T. ciliata was
negatively correlated with VPD and positively correlated with precipitation.

Keywords: Toona ciliata, radial growth, cambial activity, tropical forest
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32 ARARE A 44 42 2016 49 F4 P AR T IADF. Rl F 8 A F ML R 7, AR TAT 54, 2016 8 AmK
A THES 16 ROALEKES, FREZEERR TR, 2B 38 X, kI Kk 2016 4 8-9 A 694K
TAr 5 FRHKF, REFRSELATS FXFH0RE (A2 9 A 19 B KT A8 E | 44 7 % & & 5 69 SR
Do

Ak, HAVRA 8 A F & FTFF AL G MEKR L ABARARE TR R FX— R IIHEE R FH T2
T 64%A9 MR KA T IADF L%, A KRFIASFLERT —ASA, AT 1T EQLESLE.

AFFRER, RERMOBGEREFFLGREARE ), AEZFESRELTFOMEITIE.



[R5 el B R A B SR ARPALE X 2 O e L 22 R AR b S R R T 2R R

MM M2, Patrick Fonti®, Sven-Olof Lundqvist*, Jergen Bo Larsen?, Jon Kehlet Hansen?, Lisbeth G.
Thygesen?
! Bamboo Research Institute, Nanjing Forestry University, Nanjing 210037, China

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

% Swiss Federal Institute for Forest, Snow and Landscape Research WSL, ZUrcherstrasse 111, CH-8903 Birmensdorf, Switzerland
*11C, Rosenlundsgatan 48B, SE-118 63 Stockholm, Sweden

Presenter email: huangww36@gmail.com

ANE T AT R IR R Ao R A HACE T RGER, BRAMNSE ST Fhe Bl KPHaft i A T4
PHARARR B A IS Z D

ATRAETRRMAAEEZN (LERESFTF) 90 s X, &MNEETHERAR T 6 5 k4tetHt
AFEGRRERT Bk, KNG T X T FHEARER RO R RMEIR (P EI0E R EAEERR) ARL
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Intra-ring xylem traits responses to drought in conifer common garden

hints for species selection

Weiwei Huang'?, Patrick Fonti®, Sven-Olof Lundqvist*, Jergen Bo Larsen?, Jon Kehlet Hansen?,
Lisbeth G. Thygesen®
! Bamboo Research Institute, Nanjing Forestry University, Nanjing 210037, China

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

Frederiksberg C, Denmark
% Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Z{rcherstrasse 111, CH-8903 Birmensdorf, Switzerland
“11C, Rosenlundsgatan 48B, SE-118 63 Stockholm, Sweden

Presenter email: huangww36@gmail.com

The long-term impacts of summer drought and high temperatures on xylem traits of conifers grown in Denmark are
scarcely investigated, even though these traits can play an important role in determining xylem functional performance
and wood properties under the ongoing climate change.

To investigate how different species are expected to react to climate change, especially summer drought, we
elucidated the xylem plasticity of six non-native conifer species from a Danish common garden covering the period
1967-2012. We considered xylem functional traits (i.e. tracheid wall thickness and lumen area) as well as wood
properties relevant for utilisation of the material (density, stiffness and microfibril angle) as affected by drought index
and temperature.

Results showed that xylem traits responded stronger to summer drought (July and August) than temperature,
especially for the part of the ring produced later in the season. The response was stronger for L. kaempferi, P. abies, P.
sitchensis and A. alba, which formed latewood tracheids with smaller lumen and thicker radial walls, and wood
characterised by higher density, higher stiffness and lower microfibril angle. In contrast, P. menziesii, and to some
extent A. grandis showed more drought resistant wood formation with non-significant climatic signal in their xylem
traits.

This study comparing the xylem responses of trees growing under the same conditions indicates different
anatomical and structural impact among species, whereby the xylem of P. menziesii is predicted to be least affected by
summer drought of the species considered. This species was already predicted to show only minor changes in growth

ring width under climate change.
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Bl AR R, RRMIRAERR A RELERQGL RS, KMIFAE&PHEGHMFEC ST RALF
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IWood: an intelligent system for wood specimens digitalization and wood

species identification

He Tuo™, Liu Shoujia™?, Jiao Lichao™?, Guo Juan*?, Jiang Xiaomei'?, Yin Yafang™?
1. Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing, 100091
2. Wood Collections of Chinese Academy of Forestry, Beijing, 100091

Abstract: There are approximately 180 wood herbarium collections with more than 1.5 million wood specimens
around the world, and a large number of wood specimens contain large-scale, verifiable information on the original
geographical distribution of wood species and their distribution environment changes over time. Digitization of wood
specimens will be an inevitable trend for xylaria to give full play to its role, which involves the acquisition, storage,
analysis and utilization of data from all aspects of the specimen. Among them, the image data of wood specimens
contain abundant anatomical features of wood, which is an important scientific basis for wood species identification. In
order to improve the efficiency of wood specimen digitalization and wood species identification, this study invented an
image acquisition device to collect anatomical images of wood, developed a software i.e. iWood, for image capture,
image dataset curation, deep learning models configuration and wood species identification, which will provide
technical support for digitalization of wood specimens and their anatomical slides and a new approach to identify wood
species accurately and quickly in various scenarios. The intelligent system for wood specimens digitalization and wood
species identification will lay the data foundation for wood informatics research.

Keywords: wood specimens, wood anatomical structure, digitalization, species identification, wood informatics
Acknowledgement: This work was financially supported by the projects of Chinese Academy of Forestry

(CAFYBB2017ZE003) and National Forestry and Grassland Administration (2020070306).
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W E: At d % 4 24 (Taxus wallichiana var. mairei) . % 4t 4 8 44 (Taxus cuspidata). & 3 I4r & 45 (Taxus
x Media). Bk £ 8 44 (Taxus baccata). %5 et 4r 2 44 (Taxus fuana). &3 334# 4r 2 44 (Taxus wallichiana)f= 4. 2 44
(Taxus wallichiana var. chinensis)7 # 4 2 45 & #4769 ITS & 7|47 PCR 473§ 4=l 5, 5fi8 i DNAMAN %44
wh ZEMAE, ot e T L s SRR iR, E R S PCR KR AW, %5 WIRA M D
Wh AL e M ELERE S, LN R HL T LA 0.00lng/ul, £ —F iR, RHOLEL T i*,
KRIA: mAoed: FHRAPCR; ITS; Mtk

Identification methods of Taxus wallichiana var. mairei
Yin Wenxiu® - 2 Zhang Mingzhe
( 1.ZhenglJing A&F University ; 2.Zhejiang Academy of Science and Technology for Inspection and Quarantine, Hangzhou 310016,
China )
Abstract: In this study , the ITS gene of 7 Taxus species(Taxus wallichiana var. mairei , Taxus cuspidata , Taxus <

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

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

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

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

Taxus chinensis var. mairei rapidly.

Key words :Taxus wallichiana var. mairei; Real-time PCR; ITS; species identification.
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F ke, AR, EMHM, BRAEF, 3T
(@ AR MRS 5 TAZ SR, #dK s 410004)
WE: UZ adEmERLR ZRMEFEA LS 5 FA AL S (Cylicodiscus gabunensis) =7 K AHag K
(Berlinia bracteosa) AAF 3t %, #] AR R Kbt Ae £ 40 AT AP IEN B et M ZAFAE, ROLHE ., 4F
FEBATAR M E AT EREN, BESfog KB KM AMEFIE LR S ARMZAL: DA XA
2 FAHESBAELSA, FEILRZFNLEIL 2-34), FILAFT MK, FHEILXELT], 5 54%0H
SIALREME ALK A5 AF 0w EEAL, LEHARMA, AHEKIEELE; LHFFhKOF4,
AP KM AHPEFIEL A A Z T AES OMHeRBERFRER, RREmER, UMEhioe, LKETH
B; BEROMERLREEZRLRE, TABFELRFEC T, £KENAE., BH s KRHE 37 R/mm, 1253F
HEF 247, 5PIHERTE 2~4 miE, & 6~27 (%% 15~20) @fe, SHXEREK S5, HEm@mL% P25 AR
B A A5p AR, @i AMKFE. BARKNERAILALZ S KHAXE, 3~6 £/mm, EIHEELREH, &
5~12 Avtmfe, 2 PIHA Y, & 10~22 min, HEAALRRTEIIRASF], 75 I BRkZ, SEmenE i
he HAESFHEF4K 1579.74um, ¥ 26.74um, KA 59.52, 4F4ERERcrbH 0.32, S5 il L%, 514
RFfAL; EARFHHLK 141827um, & 21.75um, KELH 65.91, LR EILY 0.68, & EZ, £
%L R B AT & 8 Ao R A AL RN ot A RS AR AR, A9 A AR B vt A 69 A0 TA) R SRRt A ek,
Rl B At e MR e, B REH. 68 A REZBIRE,
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Wood anatomy characteristics of Cylicodiscus gabunensis and Berlinia

bracteosa
Zhaoyang YU, Jinbo HU", Shanshan CHANG, Dongnian XU, Yuan LIU

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

Abstract: Cylicodiscus gabunensis (Mimosaceae) and Berlinia bracteosa (Caesalpiniaceae) from Gabon, Africa,
which have many aliform parenchyma were examined. The macroscopic characteristics, microstructure and fiber
morphology of two African hardwoods were observed and analyzed by means of stereoscopic zoom microscope and
biological microscope. The results showed that wood structures are very similar among the two species of wood. The
difference between heartwood and sapwood is obvious, they are almost diffuse-porous, with mainly solitary vessels
and radial diagonal multiples (usually 2—3 cells). Vessels are usually filled with gum. Intervessel pits were alternated,
the pit of ray-vessels was similar to the vessel. All species have rich axial parenchyma, most of which are aliform
parenchyma. Wood rays were non-laminated, and there fiber length were medium to long. There are also differences in
the structural characteristics of the two species wood: the heartwood of the Cylicodiscus gabunensis is golden brown
with slightly green, with dark pinstripes, the sapwood is light pink, and the growth ring was not obvious; The
heartwood of Berlinia bracteosa was light reddish brown to dark reddish brown. With dark purple or brown stripes,
and obvious growth rings. The total number of wood rays per millimeter ranged from 3 to 7 in Cylicodiscus gabunensis,
sometimes oblique, the width of multiseriate rays ranged from 2 to 4 cells with the mean height ranging from 6 to 27
(mostly 15 to 20) cells. The ray tissue had the same shape and multiple rows, most of which were round or oval of the
multiple rows, and the cells usually filled with gum. Wood rays of Berlinia bracteosa were obviously narrower than the
other, 3~6 roots per millimeter, most of which were uniseriate with the height ranged from 5 to 12 cells,
few of which were biseriate rays with the height ranged from 10 to 22 cells. Wood rays are uniseriate and multiseriate,
followed by Kribs’ types Heterogeneous III, and the ray cells usually contained rhombic crystals. The average fiber
length and width of Cylicodiscus gabunensis were 1579.74um and 26.74um, with the ratio of fiber length to width was
59.52, and fiber wall cavity ratio was 0.32. Single pits have slightly narrow edges, with no septate fibers. The average
fiber length and width of Berlinia bracteosa were 1418.27um and 21.75um, with the ratio of fiber length to width was
65.91, and fiber wall cavity ratio was 0.68. Berlinia bracteosa had thicker wall of fiber with obvious marginal pits. By
analyzing the anatomical characteristics of Cylicodiscus gabunensis and Berlinia bracteosa, which were two species
African hardwoods. It is expected to provide a theoretical basis for the processing and utilization of African hardwoods,
and at the same time provide a theoretical basis for the identification of imported trees, the selection of materials for
manufacturer, and the rational use of wood materials.

Keywords: Mimosaceae; Caesalpiniaceae; axial parenchyma; fiber morphology; microstructure
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#1 Bk (Juglans mandshurica) A B B ARSI GEXT SRS oW Sz

KRR XIRES ST 2 FieE 2
C MO B KA Rl SRR R, KD 410004; 2 ZRAEMO R AR AR S R G T RS B HUE B N
SIS MG /RTEE 150040;)

W OE: FE(Vessels) T MEFAKSNEEZELR, AR HEFHERAMM O H5EN ABETHGETEER
o R, BB WAMAKE TR FERMENEIEAERZ DTS NARE . A RESMARFR PR RM BRI F
ik, WR T FRALH X T &5 et A A (Juglans mandshurica) & 4F AR89 B 2 R AFIE R R ¥ R £ . AR
GEREY PN FIRIUA, FHEE(RW) Ao 55 HZ (YN) A sS85 40 A ) B89 T IEAS 4, 252 WG
TreAHREG R HA T T4, FHFERMMVA)VN A AL LSS, AT 25a BILHFmE5 EAAL TP
%, FE ARG LL(PC) N B s & 8438 K & #7 LA a9 %, RAE REIT S, TVA KA AR & SF#k 38 o
FARTE BT IEA4 %, RW 5 VN 2F EX, 5PC ZR48X, 5 MVA HaX%45, TVA 224 VN 22 dm
A& MVA. #F 72 X 5 &) 3F H P4k VN F= PC A8 8%, 7T Ak 5% K 8% T 89 AR A Ko AMME @ 4 Kfe 58 412 £
B2 BEER, RARM—FAEKFRE. AV RW, VN A= TVA a1 —F A KT8 K %A1 55, « PC A=
MVA £l —FAKFHEH 0B KX, ALK EALANL. HALXGHIFARMK MVA 5L FEKFEE
BEEMK, RALAVMPC 5L FAEKFREILF AKX, FERIEMILERATELRLA L5209 LIENKEM,
XA AEARLRROGE AETERE T H D%,
KEIA: F B4, AR AN FIRIM,; kR
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Rl 50 U S A KB SR Y IV 1 REFA SR

A BEFK EAEE FE AR
(ZHREKRF RFERMRFR, %# 40e 230036)

# Z: AFEHE4E (Pterocarpus tinctorius) #=#% %48 (Dalbergia retusa) «s#+ 4 84, it FREF MR A AT
FRF B SRR, RRIEKRFARLT AN HEEZH A FARB A GIPFI AL, HE R GC-MS 3 L AhiR ikt
FRy o, 3 mE AR FEF L F M5 ARIPA R ATILER L. ZREY: FHERARMRETRY
HEA 2121%, FEEFHBERREKE: MURBAMREMRY S EH 2547%, REBLTLE; 4%
BAMRE RGPS HH 6 XA, T 2ApABEER BE BEX, BEASEHR, EFPmErshlx%,
A 73.78%, HRRME, #2098%; MM EAGKMRKEEMRY P HE 12 MWk, TE2ARBE, L, B
K, BEE. HMEAAR G HEMAHFRS, A PI A SIBIRS, K 60.18%; MH 49 REL R4 69 P H Ak
E—mRECEAEAALET — 2R LR, B ERABRAOGMEAREYN S THHAELIRAOIPE LR,
K AR, MWK, R GC-MS: WH G K
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RIAT & LT M BRI SR LL BB 5T

FH SH L B HE AR
(R#ARLKRS WFHREMASIR, 2# 42230036)

#HE: R4 BT E4 (Phyllostachys nidularia). @ 47 (Phyllostachys prominens). 18 £47 (Phyllostachys
kwangsiensis). *E 47 (Phyllostachys propinqua) W#F4r#+ A3t %, STAFAH 934 e AT b BT 70, &R %
Bl: WATAT M P, HERKER KRB EATH 1732.80um, H K& & P47 A4 1626.53um, 445 & l3.4un
A, HHEKTIR KRB EATA 13095, & DATRZH 12052, 45 F 49 B 3z a9 4 2K & . KR
LR AR FE S, HEKESE T A 1000~25000m Z 8], WA AT A8 4R R E A 2.43-3.08 ANum, 4 E R AY 5
mARAZEE AR H A 315.59um-578.06um . 392.87um-602.75um, iz 2k A 0.99-1.75, FE AL A
103.29um-123.66um.,
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Performance and radial variation of wood properties in poplar clones

Yamei Liu', Liang Zhou, Ying Guan®, Jianjun Hu?, Zicheng Zhao®, Hui Gao*, and Shengquan Liu*
(1. Key Lab of State Forest and Grassland Administration on “Wood Quality Improvement & High Efficient Utilization”, School of
Forestry & Landscape Architecture, Anhui Agricultural University, Hefei 230036;

2. Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091; 3. Jiaozuo Academy of Agriculture and Forestry Sciences,
Jiaozuo 454001)

Abstract: Wood properties are crucial for the application and development of new clones. In current paper, anatomical
and chemical properties were studied in eight new poplar clones (50, Zhonglin46, 108, 36, N179, Danhong, Sangju,
and Nanyang) in Henan province, China. This was done to analyze the effects of clones and ages on wood properties
and then to select appropriate clones and reasonable rotation age. The results revealed that effects of clones and ages
were significant for all wood properties. The poplar clones were ranked as follows in terms of their wood properties:
108, Danghong, and Nangyang > Zhonglin46, 50, and N179 > 36 and Sangju. The quantitative maturity age was
between 6-8 years. There was a significant rapid increase and the subsequent reduction or stabilization of ring width,
fiber length and diameter, double wall thickness, ray height and width, vessel length and diameter, vessel proportion,
fiber proportion, and holocellulose content from the pith to the outer layer. In contrast, the microfibril angle (MFA),
vessel frequency, and ray proportion, lignin content, and extractive content initially decreased and subsequently
increased or remained relatively constant. All wood properties exhibited turning points across time, with the exception

of the double wall thickness and lignin content.
Keywords: poplar, clone, anatomical properties, chemical components, radial variation, rotation age.
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B, (Lagerstroemia limii) AW S HEHT 5T

RAgh BET
(B FAR LK F A S 5 TA SR, % 210037)

. 482 %8 (Lagerstroemia limii) 2T /& ¥4 (LYTHRACEAE), ¥ EMAT, =F P EMEE., 7, ¥
AL, P EAFA AT, B ATARIE R BRI A LARE ., AR A @ RAAL KFRE NS
BRI AT R %

T, KM AERBET L UM BA FRIM AR, F k), RIRTRTL, 2HhR¥H 4, 27
s B AR AREE, TR RE&Mm, AIRTART L. ARKREAMEE,

BiERNRAXMANDE, &5, A OLYMPUS BS51 2 A ML B MM Nt T MR BHMAFIE4 T :
FEM @ LA AR EEILEFRHEN; FHEFTER 4045 AR RFEFGAAZTE 90um, FH
30—70um; A WARHAR, EF I, FIMFATRSARA FRAILLAN K, RFmipib 2R, BA5MRA
i, sEH ALK, MERARBEFKR, ¥ 234 @i, BHEMBK, AA&FEELE: AL
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Study on wood anatomical features of Lagerstroemia limii

Jinghan Zhang, Jiayan Luo
(college of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037)

Lagerstroemia limii is a tree from Lagerstroemia of the LYTHRACEAE family, being native to Fujian, Jiangsu,
Zhejiang and Hubei, is unique to China. At present, the anatomical structural about Lagerstroemia limii were not
reported. This article used the Lagerstroemia limii wood taken from the Nanjing Forestry University as the research
object.

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

Vessels were slightly smaller, invisible to the naked eye, uneven distribution, radial pattern. Axial parenchyma were not
abundant, and their arrangement were marginal bands. The wood rays were extremely thin and invisible to the naked
eye. No ripples and intercellular channels were seen.
Slice by using a slide-away microtome, and after staining, observe the microscopic conditions with an OLYMPUS
BS51 microscope, the anatomical features are as follows: The shape of vessels in the cross section was round or ovoid;
vessels exclusively solitary; the arrangement of vessels was radial pattern; 40-45 vessels per square millimeter,
maximum tangential diameter of vessel lumina was 90um, most 30-70pm; tyloses was not found in vessels. The
perforation plates were simple and parallel or slightly inclined. The arrangement of interyessel pits was alternate.
Fibers with thin to thick walls, and had separate wood fibers. The arrangement of axial parenchyma were marginal
bands, tangent and apotracheal bands with 2-3 cells wide. Rhomboidal crystals frequent in axial parenchyma. Rays
homogeneous and storied structural was not found, all exclusively uniseriate and all ray cells procumbent, their heigh
were 3-12 cells or more. The vessels-ray pits with distinct borders, similar to intervessels pits in size and shape
throughout the ray cell. Intercellular canals were not found.

Keywords: wood  Lagerstroemia limii ~ anatomical features
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B SLAR B RIAHM B & S HIX A 220

T4, BhEk, EEMm, 2, K, Bz
(B FHLXFMHAARFE TSR, 5 &K 210037)

W OE: RAEATIHRAMMAKE, FSAMETHAERRS LMWL LRER. FRARMBEIERRKZ B
IR G X, XITFER. RERPWME, REZRBCEAER -6 K, =T uAF) Rliddh 8 & 69 A I54E
R, B R mE EARM S F, KRB RMA RO R, B RERATFAEGENEZRIF LA,
KR EAEBHR, BaEimERRANT, ABFKEREAWAE: £ax84A (C) , lmmol/L E&ER
CEREZ % (T1) ,10mmol/L iE 78 CEsEE 7% (T2) , 100mmol/L a8 CEsEE AR (T3) o Finfs A B4
e fafh e st (SEM) 1446 X 44 Ak (EDS) 5 X & A€ T (XPS) R AHA K T RILATE RAAM 4
LR EMA L E AR, ARER: 2AxRBA (C) WHAREZSCAMRHS)AR, SHERBE, AMEIEAH
& SABBEOMARRESCAMRES AR, SHEFBE, AMKRIFEFPERAE, UM DI EAEHE
AP, TAREMT, AMPFEALZE ), FEHEE5FEALLTHK, FEWEF S HEELLEE M, E
FEBR CBS K% A 1mmol/L B, 4 e BE 238 0@ B S Kk, AT Ak R b 89 4F 4 34 AUBE J2 Lb - 4 RMH 84 4F 4
HWEER % 3.29um, HF OB EFHRNER S 0.67um; FEALILE T EREAR K, MR
S EPHMsUL B A A KM 19.14%, HE O3 BA KM FF FHm 2L B1K 15.08%. EHE CH %K
JE A 10mmol/L B, 4 4E-F3Hm b3 eta R K, A RARM GG 24P 3 M b S 5 A R ey 47 27
BB EF 17.20%, o2 At IBE K94 T3 A L0 E & 17.77%, E#8 B K Z A 100mmol/L &,
PR L 3@ B R K, #THRARM AT R L AL L F £ RMA-F M LA K 55° s a3t Ba R
B-FHMALAK 82 ZABKNKE, MAMMEHAZEANEY, WSV ERHETARAMGTE. F4. 4
s RET (T, AehEHRPGFAREFTE Y KSRA (T2, T3) T, A4 ERERH; A £
Y G St & mAn B AR LML, 42 EDS AT, WA EELEAmA Co O, Siv K. Ca; XPS 474 %
B, MG HT AR ARM PR E Si LK. BMEZAREABE AMBHTIFRE, FRLERT AN ARMEE AR
A A A AR 2 i
KEF: Fh, EZARAN, EHBRCOE, MIMmE, BRIk

The Microstructure and Microchemical Analysis of Modified Poplar
Standing Wood

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

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu)
Abstract: Fast-growing plantations have poor wood quality. Modification of wood is a necessary approach to increase its

added value.
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Traditional wood modification technology is a post-processing method with complex procedures and poor environmental
protection. As a new exploration, the modification of living trees can use the transpiration of the plant itself to deliver the
modifier to the wood to achieve the effect of wood modification. Therefore, this experiment took ten-year-old Italian
poplar living tree as the research object, and used the drip slow-release technology to deliver the modifier to the xylem.
The modifier concentration is set to four groups: blank control group (C), Immol/L tetraethyl orthosilicate ethanol
solution (T1), 10mmol/L tetraethyl orthosilicate ethanol solution (T2), 100mmol/L tetraethyl orthosilicate ethanol
solution (T3). The experiment used microscope and scanning electron microscope (SEM) combined with X-ray energy
spectroscopy (EDS) and X-ray photoelectron spectroscopy (XPS) to systematically study the structure and element
composition of wood tissue before and after treatment. Research results: The sapwood and the heartwood of the poplar
disc in the blank control group (C) are clearly distinguished, the heartwood is gray-brown, and the sapwood is
yellow-white; The sapwood and the heartwood of the poplar disc after the modification of standing wood are not clearly
distinguished, heartwood is grayish brown, most of the sapwood is yellowish white, and a small part of the sapwood is
grayish brown extension. In the modification of living tree, the diameter of wood vessel becomes smaller, the vessel
quantity and vessel tissue ratio decrease, and the fiber double wall thickness and fiber tissue ratio increase.When the
tetraethyl orthosilicate concentration is Immol/L, the fiber double wall thickness increases mostly. The fiber average
double wall thickness of the newly formed wood is 3.29 um more than the fiber average double wall thickness of last
year's wood, and 0.67 um more than the fiber average double wall thickness of the blank control group; The ratio of
vessel tissue decreased mostly. The average vessel tissue ratio of newly formed wood was 19.14% lower than that of last
year's wood and 15.08% lower than that of the blank control wood.When the tetraethyl orthosilicate concentration is
10mmol/L, the average fiber tissue ratio increases the most. The average fiber structure ratio of newly formed wood is
17.20% higher than that of last year's raw wood, and 17.77% higher than that of the blank control wood. When the
tetraethyl orthosilicate concentration is 200mmol/L, the microfibril angle increases mostly. The average microfibril angle
of newly formed wood is 5.5° larger than the average microfibril angle of last year’s wood, and 8.2° larger than that of the
blank control wood. After the modification of living tree, yellow inclusions appeared on the cross section of poplar wood,
and the inclusions mainly existed in the wood vessels, fibers, and rays; at low concentrations (T1), the inclusions were
lumpy and agglomerated in the vessels; At high concentrations (T2, T3), the inclusions are granular and attached to the
inner walls of fibers and ray cells and near the pits. After EDS analysis, the main element composition of the inclusions is
C, O, Si, K, Ca; XPS analysis results show that Si element is detected in the newly formed wood after modification. The
wood structure of Italian poplar becomes dense after living standing wood modification, and the research results can
provide a theoretical basis for wood modification and preparation of new types of wood.

Key words: Populus euramevicana cv.I-214’; Modification of living standing trees; TEOS; Anatomical structure;

Microzone Chemistry
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B A F A AR R ARMBEIEDE B R (450, HEBAMNW: Newly formed wood, 34 51P:  Injection
point, E4EAAFPW: Previous grown wood.
a: FEAXMMEA (C) , b: Immol/LIERERRZEE AL FEL (T1) , c: 10mmol/LIEFERR Z B ek AL #EZE (T2) , d: 100mmol/L
IERERR Z et Ab B2 (T3)

B2 R AHE &M N ARMBE UGB A (10% 100>
a: FAXEA (C) , b: Immol/LIEfERR ZEE S A FEZ (T1) , c: 10mmol/LIERERE Z Bsoitd: AL BR4L (T2) , d: 100mmol/L
IERERR 2R AL B (T3, e-hi& K Na-di Bk ek
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I3 AR HER A N ARMBE DI 58 A (1000
a: TAXMMEA (C , b: Immol/LIEFERR ZEE DAL FH4H (T1) , c: 10mmol/LIERERE Z Bkt kb #R4H (T2) , d: 100mmol/L
IEREMR L BR et AbHA (T3)

K4 AR T AME VIR SEME F,
a: FEMMAH (C) , b: Immol/LIERERE ZEe okt ab B 2H (T1) , c: 10mmol/LIFFERR Z Bt ab B4 (T2) , d: 100mmol/L
IEEERR 2B e Ab A (T3)

f Spectrum 1

Full Scale 369 cts Cursor: 0.000 kel
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150040)
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(Bt KFMAAF 5 TAESFZ, 2% dF 210037)
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Study on wood anatomical features of Cercis gigantea
Minghao Wang, Qiao Lin, Jinghan Zhang, Jiayan Luo*

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing,210037, China)
Abstract: Cercis gigantea is a tree from the Cercis of the Leguminosae family, being native to Anhui, Guangdong,
Guangxi, Guizhou, Henan, Hubei, Hunan, Shaanxi, Sichuan, Yunnan, Zhejiang etc. And grow in open or dense
forests, mountain slopes, along valleys near roads, on rocks at the elevation of 600-1900m. It is a kind of better native
tree species with ornamental and medicinal value. At present, there is no report on the anatomical feature of Cercis
gigantea. In this paper, Cercis gigantea wood was taken as the research object, and the materials were taken from the
campus of Nanjing Forestry University. Macrostructure was observed by OLUMPUS SZ2-ILST stereomicroscope.
After slicing by slicing microtome, observation was performed with OLYMPUS BX51 microscope. And the kind of
intervessel pits was confirmed by SEM. The structure characteristics are as follows:
Macroscopically, the wood has luster, with no special smell and teste. The growth ring was obvious, from ring-porous
to semi-ring-porous material. The early wood pore was usually large, visible to naked eye, often arranged in single row
and with thylose. In late wood, the pores were very small, slightly visible under a magnifying glass, and often
embedded in the axial parenchyma in the form of wave and band, and the number of it is large. The axial parenchyma
was well developed and can be seen by naked eyes, and the type of it was axial parenchyma confluent and banded
parenchyma. The wood ray width was middle. The ray speckle is obvious in tangential section.
Microscopically, the shape of vessels in cross section was round or ovoid, the arrangement of vessels was tangential
band. Vessels groupings was exclusively solitary, in radial multiples of 2-4 or more and clusters. Helical thickenings
were obvious in vessels. The perforation plates were sample. The intervessel pits was alternate, the shape of it was
polygonal, and the pits was not vestured pits. The cell wall of fibers was thin to thick. The arrangement of axial
parenchyma was confluent, bands more than three cell wide, marginal bands and diffuse, and there were 7 or more
rhombic crystals in the parenchyma cells. The wood rays were not storied. The exclusively uniseriate rays were rare,
width 10-16u m, high 5-9 cells (68-160u m) or more cells. The multi-row rays’ width were 2-7 cells (22-73u m), most
were 5 cells, the height of multi-row rays were 9-37 cells(138-567u m) or more cells, most were 15-30 cells(254-455
Mg m). The wood rays was type III. The vessel-ray pits with distinct borders; similar to intervessel pits in size and
shape throughout the ray cells. The intercellular was not founded.

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

wood in Zhongshanshan

Xiran Li, Yujin Bi, Biao Pan

(College of Materials Science and Engineering, Nanjing Forestry university,Nangjing 210037)
Abstract: [objective] As a hybrid species of Taxodium Rich, Zhongshansha is characterized by fast-growing in the
early wood and has certain adaptability to water flooding, drought, salinity and strong wind environment. The defect of
fast-growing wood is easy to form compression wood. In this experiment, the distribution of compression wood and
morphological characteristics of tracheid in Zhongshanshan were studied to provide a theoretical basis for the response
mechanism of Zhangshanshan to the external environment and provide a theoretical basis for subsequent processing
and utilization.
[Materials and Methods] The sample is a 14-year-old inclined growth of Zhongshanshan. Different regions were
observed by optical microscope, fluorescence microscope and environmental scanning electron microscope. The data
of roundness and double wall thickness were measured by Image J software. Franklin segregation method was used to
isolate the wood to be pressed and the corresponding tracheid, 50 tracheid were selected for each sample to measure
the length, and calculate the average value. Raman imaging spectrometer was used to explore the micro region
distribution of lignin in compressed wood and opposite wood with a scanning range of 600-2000cm™ and an integral
imaging range of 1525-1700cm™.
[Results and Analysis] 1. Distribution of compression wood tracheid in Zhongshanshan: in macroscopic view, the
distribution of compressed wood in Zhongshanshan is very irregular. The distribution of wood - pressing bands in a
single growth ring is also irregular. Microscopically, only one round of wood is compressed in one growth wheel (Fig.
1a), and occasionally two rounds of wood are compressed in one growth ring (Fig. 1b). The compressed wood
tracheids are usually formed in the early wood area at the middle or middle back of the growth ring. The late wood and
the early wood tracheid near the late wood don’t have the characteristics of compressed wood tracheid (Fig. 1c).
2. Comparison of the morphology of the compressed tracheid and the corresponding tracheid: _the typical characteristics
of the compressed wood tracheid are as follows, the cell wall thickened and S2L layer appeared, the tracheid were
nearly round in cross section, the cracks and intercellular spaces appeared, and the length of the tracheid became
shorter. These characteristics may not be present in all compressible tracheid simultaneously. (1) The severely
compression wood has a highly lignified S2L layer of cell wall, while the S2L layer of the lightly compression
wood is confined to the corner of the cell. But the opposite wood’s tracheid does not have the S2L layer (Fig. a2, c2,
d2). (2) The severely compressed wood’s cells were round or oval, with roundness value up to 0.778, and there were
many intercellular spaces; the slightly compressed wood cells were still angular, roundness value was 0.597, and the
cell gap was small. The opposite tracheid are square or polygonal without intercellular spaces. (3) The average double
wall thickness of the severely pressed woodshed was (10.8840.18) um, the average double wall thickness of the lightly

compressed wood was (7.15240.19) um, and the opposite area had the thinnest double wall thickness, only (5.9440.23)
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um. (4) On the cell wall in severe pressure tissues, thread gaps and thread cracks embedded in the inner wall were
observed, and the included angle with the cell axis was 33.1~55.0°(Fig. 3e, f, Fig. 4a). Occasionally striated threads
can be seen in the slightly compressed wood (Fig. 4b), and no thread gaps and thread cracks embedded in the inner
wall can be seen in the tracheid of the opposite wood (Fig. 3g, h, Fig. 4c). (5) The average length of the tracheid in the
compression wood was (2434.72432.54) um, which was smaller than that of the tracheid in the compression zone
(2770.09435.75) um at the beginning of the compression wood and (3280.12444.48) um in the opposite wood.

3. Lignin deposition and morphological changes of tracheid during the compaction process of Zhangshanshan: the
distribution of lignin in compression wood is different from that in opposite wood. The high lignification of the outer
layer of the secondary wall in the compressed tracheid is usually called the S2L layer. Based on the analysis of
fluorescence images and Raman imaging (Fig.2, Fig.3d,), the opposite wood and the early wood in the compression
wood of Zhongshanshan are polygonal. Lignin is mainly deposited in the cell corner, and the lignin concentration in the
composite intercellular layer is higher than that in the secondary wall. The lignin deposition of slightly compressed
tracheid occurred mainly in the lateral secondary wall of the corner of the cell. There is a highly lignified S2L layer
between The S1 and S2 layers. The tracheid edges are obvious, with a small amount of intercellular spaces. The
thickness of the double walls is about 1.2 times that of the normal early wood, and the lignin concentration at the
corner is lower than that of the S2L layer (Fig. 3c).The cross section of the severely pressed wood is more close to
round, with more intercellular spaces and significantly thickened cell walls. Finally, the cell wall thickness reaches 1.8
times of the normal early wood (Fig.3a, b). It can be inferred that during the formation of the compressed xylem cells,
the response of lignin deposition to external stress is faster than that of cell morphology.

[Conclusion] The compression wood of Zhongshanshan is distributed in the early wood area in the middle and later
period in middle of the growth ring in a zonal pattern. There are no obvious characteristics of compression wood in the
early and late wood of the growth ring. In the early stage of the formation of the compressed xylem cells, a large
amount of lignin was deposited on the outside of the secondary wall, and S2L layer was first formed at the edges of the
tracheid, and then the S2L layer gradually extended around the secondary wall, eventually forming a complete S2L
layer of the cell wall. The changes of cell morphology, such as roundness of cross section, thickening of cell wall,
intercellular space and crevice appeared later than the formation of S2L layer. The morphology of tracheid is the most
significant feature to distinguish the wood that should be pressed from the corresponding wood. However, for the
slightly compression wood tracheid and opposite wood with similar cell morphology, the spontaneous fluorescence of
the S2L layer at the corner of cells is the only obvious feature to distinguish the two.

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

high-temperature saturated steam and mechanical treatment
HUANG Yagian®, YUAN Zhurun', SHI Jiangtao®, XU Bin', WANG Xinzhou" "

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

Abstract: High-temperature saturated steam was firstly applied to pre-treat fresh moso bamboo (Phyllostachys
pubescens Mazel ex H. de Lehaie) culms with high moisture content, and then bamboo fibers were extracted from the
thermal treated bamboo culms by rolling in this paper. And then the microstructure, chemical composition, mechanical
behavior, and hygroscopicproperties of the extracted fibers were analyzed by using optical microscopy,
nanoindentation (NI) and so forth. Results indicate that the vascular bundles and parenchymatouscells in bamboo
culms has been effectively seperated due to the degradation of hemicellulose after the steam and mechanical treatment.
The degradation of hemicelluloses, increaed relative lignin content and cellulose crystallinity (C,1) upon thermal
treatment make a major contribution to the reduced hygroscopicity and increase of reduced elastic modulus (E,) and
hardness (H) of fiber cell walls. The maximum tensile strength and modulus of bamboo fibers are 765MPa and
24.8GPa, respectively, which is not obviously affected by steam treatment. However, there are some differences in the
properties of bamboo fibers extracted from different parts in bamboo culms. The dimensions of fibers from outerlayer
are larger than that of inner layer. Thus, multilayer extraction and classifiedutilization of bamboo fibers should be
considered in its potential application. The bending properties of BFB reinforced laminated veneer lumber (LVL) was
further analyzed to verify the potential application of BFB in engineered composites.

Keywords: fibres; mechanical properties; physical properties; chemical analysis; heat treatment

Bamboo culm Saturated steam treatment Mechanically rub-twisting Isolated fiber bundles

C
et

NS
oy

== -

Thermal degradation Mechanical isolation Parenchyma cell
s

e

Fiber cell

Fiber bundles  parenchyma cell

B 1 ATH T2 & KA R T

Fig. 1 Schematic diagram showing the extraction of fibers from bamboo culms and characterization of bamboo fibers
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Study on the performance of densified wood under different

pretreatment degree and hot pressing conditions

Wood densification is a technology that can effectively improve the mechanical properties of wood in a short time.
The wood is mechanically compressed and deformed after pretreatment to reduce the volume of the cell cavity, thereby
increasing the density of the wood. However, no matter which method of compressing wood, in order to obtain a better
compression effect, it is necessary to soften the wood before compressing the wood, and the process of softening is
pretreatment. In order to make full use of natural wood resources, this study uses NaOH/NaSO3 solution to delignify
the wood, control the time of delignification, and adjust the hot pressing process. After mechanical hot pressing and
fixing, the wood has high strength, high density and density. Densified wood with good dimensional stability can be
better used in construction and decoration fields.

In this experiment, the microscopic morphology of the wood was observed by scanning electron microscope, and
the lignin content of the wood was measured by the American NREL method. The image shows that the wood has been
delignified for 10 hours, and the lignin content is 16%. At this time, the compaction is found through observation The
pipe holes on the cross-section of the wood are almost completely dense, and the arrangement is neat and regular; the
density of the wood after the heat pressing treatment reaches 1.202 g/cm?®, at this time the physical and mechanical
properties have been significantly improved, the bending strength and elastic modulus The amount is about 101% and
75% higher than that of natural wood. Through experimental comparison, the dimensional stability of wood has been
greatly improved compared with untreated wood. However, after the pretreatment time is greater than 10h, the
properties of the wood show a slight decline. But this does not affect the performance of wood compared with natural
wood has better improvement and application.

Keywords: densification, lignin, NaOH/Na,SO3 pretreatment, dimensional stability
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Effects of Flooding Stress on the Growth of Secondary Tissues of

Taxodium hybrid ‘Zhongshanshan’
Yang Jiyu, Zheng Xinxin, Pan Biao*

(Nanjing Forestry University Materials Science and Engineering)

Abstract: Three-year-old Taxodium hybrid 'Zhongshanshan' tree seedlings with normal habitats, 3 cm flooding and 30
cm flooding were used as test materials, numbered in groups A, B, and C. From July to October, samples were taken at
the beginning of each month for observation. Each group took 3 plants with similar growth conditions. The sampling
site is 3 cm away from the base. The sample is dyed and embedded in paraffin, and observed by optical microscope and
fluorescence microscope. The number of cambium belt cell layers, the accumulation and growth of xylem cells and the
number and distribution of callose were calculated. The results showed that: (1) cambium belt cell layer number: There
are significant differences between the three groups of samples. The number of cambium belt cell layers in group A
from July to October are: 6.4, 4.1, 3.0, 3.0, and group B is 7.3, 7.6 , 4.5, and 3.9 floors, group C is 5.3, 3.4, 2.3, and 2.4
floors in sequence. The number of cambium belt cell layers showed an overall downward trend from July to October.
The relationship between the number of cambium belt cell layers in the three groups was: Group B>Group A>Group C;
(2) Growth of xylem cells from the beginning of the year to the time of sampling: There were significant differences
between the three groups. The growth of xylem cells from the beginning of the year to the time of sampling in group A
was 8.6, 10, 12.3, 14.1 in sequence. Group B has 13.5, 40.5, 69.3, 73.7 in sequence. Group C was 4.4, 6.2, 10.8, and
11.0 in sequence. Among them, group B has the largest growth and is significantly different from other groups. Group
A is slightly higher than group C but has no significant difference; (3) The number and distribution of callose: the
overall sample data shows an increasing trend over time, and the number of callose in group A has increased from
seven From month to October, the numbers are 1.9, 1.8, 2.0, and 2.7. Group B has 1.0, 1.8, 2.2, 2.6 in turn. Group C
has 1.1, 1.5, 2.1, 2.1 in turn. Among them, the number of callose in group C was less than that in group A and increased
slowly, and the number of callose in group B was more than that in group A and increased rapidly. From the
perspective of callose distribution and quantity changes, callose slowly moved out and increased over time, and there
was no significant difference between different groups in the same time period from July to September, and the number
of calloses in group C decreased significantly in October. The humber of cambium belt cells in the radial direction is
considered to be the criterion for judging the activity of cambium cells. From the perspective of the number and growth
of cells in the cambium zone, flooding stress with a water depth of about 3 cm can promote the growth of Taxodium
hybrid ‘Zhongshanshan', and a water depth of about 30 cm can inhibit the growth of Taxodium hybrid 'Zhongshanshan'.
The disappearance of callose means that the cambium enters dormancy. From the change in the amount of callose in
group C, the flooding stress of about 30 cm will cause the cambium to enter dormancy in advance.

Keywords: Taxodium hybrid ‘Zhongshanshan'’; flooding stress; secondary tissues; callose;
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Influences of High Temperature Heat Treatment on colors and Chemical

Composition in Taxodium hybrid ‘Zhongshanshan’
Yang Zhao', Biao Pan'

(*College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu)
Abstract: In order to make better use of Taxodium hybrid ‘'Zhongshanshan', Taxodium hybrid ‘Zhongshanshan' wood
was taken as study object. And Taxodium hybrid 'Zhongshanshan' wood was treated for 2h at three temperature
levels(200°C. 220°C. 240°C).By adopting a process different high temperature heat treatment temperature (200°C .
220°C. 240°C) for 2 h, this paper analyzed the colors and Chemical Composition in Taxodium hybrid ‘Zhongshanshan’
wood after being treated

The main conclusions of this paper are concluded as follows:

The untreated Taxodium hybrid ‘Zhongshanshan’ wood is light yellow. At the same time, with the increase of
treatment temperature, the wood color of Taxodium hybrid ‘Zhongshanshan’ wood gradually deepens, changing from
light yellow to dark brown.

Examination with polarized light demonstrated that secondary cell wall of Taxodium hybrid 'Zhongshanshan'
cellulose, which occurs in undegraded walls as crystalline units highly ordered in parallel aligned fibrils, lost its typical
birefringence, indicating their disintegration.

Examination with fluorescent light demonstrated that lignin concentration in different morphological areas of
untreated wood follows the decreasing order: CCML>CML>S2. With temperature increasing the fluorescence intensity

of CCML and S2 of fluorescence intensity difference is more and more small, it should be because glass transition

39



temperature of 200 °C to lignin, lignin from glassy state into a viscous flow, viscous flow of lignin by composite
intercellular layer and cell corner by grain orifice flow to other areas of the cell wall, causing composite intercellular
layer, cell corner place, the lignin concentration of secondary wall consistent.

Keywords: high temperature heat treatment, color, cellulose distribution, lignin distribution
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Relationship between wood shrinkage and anatomical structure of

Dabema
Litong Liu Zhaoyang Yu Dongnian Xu Jinbo Hu Shanshan Chang

(School of Materials Science and Engineering, Central South University of Forestry and Technology)
Abstract:Dabema belongs to the genus Of mimosae, only one species of which is found in Ghana, Liberia, Nigeria,
Congo and other African regions.Due to its high hardness, corrosion resistance, good processing performance, so often

used in heavy construction components, port building materials, flooring, sports equipment, turning products and other
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aspects.However, Dabema bean wood drying shrinkage is very large, slow drying, easy to crack, serious
deformation.These properties lead to the preservation of Dabema bean wood, wood drying and other aspects of great
drawbacks.In this paper, the anatomical structure characteristics of African wood Dabema

bean wood were studied.By observing its macro and micro characteristics, e 'DE, studying its density and dry shrinkage
characteristics, and carrying out correlation analysis and other mathematical statistical methods for each index, the
relationship between the microscopic anatomical structure and dry shrinkage performance of Dabema bean wood is
expected to be found out, so as to provide a theoretical basis for the import processing and drying utilization of African
wood.The results are as follows:

(1) Dabema bean wood heart and sapwood are clearly distinguished, heartwood is golden brown, sapwood is gray
white, growth wheel is not obvious, wood luster is strong, fresh wood has unpleasant smell, texture is staggered,
structure is fine and uniform, medium weight.

(2) Dabema bean wood is porous, with fewer pipe holes, slightly larger, slightly consistent size, and slightly uniform
distribution; The tube bore contains sediment or gum.The intervessel pittings were alternate, and the perforated plates
are single, with attachment.The axial parenchyma is circumferential, pterygoid, few pterygoid and wheel
boundary.Wood rays narrow to slightly wider, non-overlapping;A single row of rays were seen occasionally, mostly 5 ~
9 cells;Multiple rows of rays were 2 ~ 5 cells wide (most 3~ 5 cells) and 10 ~ 35 cells high (most 15 ~ 24 cells). The
ray tissues were homomorphic.Gamma rays are similar to interductal striations.Wood fiber walls are thin to thick,
single grain bore slightly narrow margin, separating wood fiber is common.

(3) according to the national standard of Dabema bean wood density index measurement, the results showed that
according to the wood material classification standard level 5, Dabema bean wood belongs to III level (0.551 ~ 0.75
g/cm3), air dry density, basic density and dry density were 0.734 g/cm3, 0.604 g/cm3 and 0.700 g/cm3.

(4) The dry shrinkage of Dabema bean was measured according to national standards.The drying shrinkage of chordal,
radial and volume gas was 4.742 %, 1.728 % and 6.692 % respectively.The drying shrinkage rate of chordal, radial and
volume was 9.630 %, 4.183 % and 13.678 %, respectively. The difference of drying shrinkage value of Dabema bean
wood was 2.323, which was too large.

(5) Correlation coefficient analysis by SPSS software showed that there was a weak positive correlation between the
coefficient of difference dry shrinkage and the ratio of fiber cavity diameter, and a weak negative correlation between
the coefficient of difference dry shrinkage and the ratio of fiber wall cavity, indicating that there was a relationship
between the drying shrinkage of Dabema bean wood and its anatomical structure

Key words:Dabema;Anatomical structure;Drying shrinkage;
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Pore characterization of three kinds of lignin-based materials based on
nitrogen adsorption and mercury porosimetry

Tianshu Yang Jinbo Hu® Qiangian Wang Shanshan Chang
(School of Materials Science and Engineering, Central South University of Forestry and Technology)
Abstract: lignin-based material is a kind of natural renewable resource, which has the characteristics of recycling, no
pollution to the environment and low economic cost, but it also has some disadvantages such as perishable, flammable,
low strength and so on. Pore structure is the main factor affecting the properties of materials, which can meet the
requirements of application through the treatment of pores of materials, and improve the comprehensive utilization of
wood-based materials. Therefore, it is of great significance to study the pore structure. The pore structure of
lignin-based materials will be different in different states. In this study, three kinds of wood-based materials including
coniferous Chinese fir, hardwood poplar and agricultural and forestry waste Camellia oleifera shell were studied, and
the samples were pretreated by supercritical drying method and conventional drying method. The pore structure
parameters such as specific surface area, pore volume and pore size distribution in wood-based materials were studied
by nitrogen adsorption method, and the pore shape was judged by nitrogen adsorption isotherm. The parameters such
as porosity and pore size distribution of macropores in wood matrix were quantitatively measured by mercury
porosimetry, and the pore structure characteristics of the materials were analyzed. The results show that: (1) the
original pore structure of the material can be maintained under supercritical drying. The BET surface areas of
Cunninghamia lanceolata, poplar and Camellia oleifera shell are 5.53m? g™, 4.18m* g™ and 85.65m” g, respectively,
and the pore volumes are 0.015cm® g™, 0.018cm®g™, 0.159cm’g™, indicating that the pore structure of Camellia
oleifera shell is abundant. The pore volume distribution density of Cunninghamia lanceolata in 10.8nm is the highest,
the pore size distribution is mainly mesoporous, followed by macropores. Poplar pore diameter has the highest pore
volume distribution density in 3.4nm, mainly mesoporous and macroporous. The pore volume distribution density of
Camellia oleifera shell in 7.2nm is the highest, mainly mesoporous and micropore, providing a larger specific surface
area. The nitrogen adsorption isotherms of Cunninghamia lanceolata, poplar and Camellia oleifera shell all belong to 11
and IV (b) mixed type, Cunninghamia lanceolata and poplar hysteresis loop H3, oil camellia shell H2 (b) and H3 mixed
type, indicating that Cunninghamia lanceolata and poplar are slit-like pores with parallel walls, and oil camellia shells
have ink bottles with relatively wide necks. According to the mercury injection method, the porosity of poplar (77.5%)
is larger than that of Cunninghamia lanceolata (43.8%) and Camellia oleifera shell (67.5%), indicating that the inner
pore volume of poplar is larger. The pores of Chinese fir, poplar and Camellia oleifera shell are mainly concentrated in
60nm, 226nm and 660nm, respectively. (2) after conventional drying, the pore structure changed. The BET surface
areas of Cunninghamia lanceolata, poplar and Camellia oleifera shells are 1.13m?* g*, 0.32m* g and 0.97m? g™,
respectively, and the pore volumes are 2.5x10°cm®g , 5.6x10™*cm>g™ and 1.5x10°cm®g™, respectively. Compared with
supercritical drying, the specific surface area and pore volume are reduced, which may be due to the combination of the
mesoscopic pore walls of this part due to the huge capillary tension during the drying process. Caused by the formation

of a large number of hydrogen-bonded networks. The pore size distribution density of Cunninghamia lanceolata at
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11nm is the highest, followed by micropores. Poplar is mainly composed of macropores and mesopores. The pore
volume distribution density of Camellia oleifera shell in 22nm is the highest, mainly mesoporous and macroporous.
The porosity (poplar 65.2%, Camellia oleifera shell 49.5%) was significantly lower than that in supercritical state, the
internal pores shrank, and the porosity of Cunninghamia lanceolata was 46.2% stable. After drying treatment, the
proportion of macropores in pore size distribution decreased, while micropores and mesopores increased. The
comprehensive and quantitative pore characterization and analysis of Cunninghamia lanceolata, poplar and Camellia
oleifera shell can be realized by nitrogen adsorption and mercury injection method, which is helpful to accurately
understand the pore structure of biomass in different states. it is of great significance to the processing and utilization of
biomass materials and improving the comprehensive utilization rate. At the same time, it is helpful to broaden the
application of wood-based materials in wood ceramics, biological relic ceramic composites, supercapacitors and other

fields to provide theoretical basis and basis.
Key words: porosity structure; nitrogen adsorption; mercury porosimetry
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Study on the relationship between wood anatomical characteristics and

basic density of EkKi

Ming Yao, Zhaoyang Yu, Dongnian Xu, Jinbo Hu, Shanshan chang, Yuan Liu

(School of Materials Science and Engineering, Central South University of Forestry and Technology)
Abstract: The physical properties of wood vary with cell size, species, and proportion, as well as cell wall thickness.

Quantitative analysis can be used to determine the range of change and the relationship between them. In this study, the
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relationship between cell structure, fiber morphology, tissue ratio and basic density was taken as the general objective,
and the effects of various structural factors on basic density were comprehensively and systematically studied.

In the experiment, the anatomical characteristics and basic density of wood were tested and analyzed. The macro
and micro structural characteristics of wood include heartwood, sapwood, growth ring, wood fiber, pore, axial
parenchyma, wood ray, etc.; the fiber morphological characteristics such as fiber length, fiber width, fiber cavity
diameter were measured by nitric acid separation method; the tissue ratio of wood was measured by ImageJ Pro
software. Based on the national standard, the basic density of wood was determined. Excel, origin and SPSS software
were used to analyze and calculate the coefficient of variation, standard deviation and correlation coefficient of the
experimental data. The relationship between anatomical structure and basic density was found by drawing and path
coefficient analysis.

The main conclusions are as follows: (1) there are obvious differences between heartwood and sapwood, the
heartwood is reddish brown to dark brown, the sapwood is pink, and the growth ring is slightly obvious; the vessel is
distributed in a dispersed pattern, with an average of 6 / mm? for single tube hole and diameter row multiple tube hole;
the vessel element is single perforation, and the pit type is interlaced; the axial parenchyma is banded with dark gum;
the wood ray is 3~6 roots / mm, There were 2~3 cells in width and 11~20 cells in height. The ray cells were rich in
gum and no intercellular channels were found. (2) The wood fiber wall is very thick with an average of 12.89 u M. The
average length of wood fiber is 1682.31 p m, which is classified as long fiber according to IAWA. The ratio of fiber
lumen diameter and the ratio of wood fiber to parenchyma increased rapidly from the pith to the outside, and then
tended to be flat; the ratio of fiber length to width and double wall thickness increased at first and then decreased in
radial direction; the changes of vessel ratio and wood ray ratio from heartwood to sapwood were not obvious. (3) The
basic density of the wood is 0.836g/cm3, which belongs to the category of higher density. Combined with the
observation of the microscopic characteristics of wood and the results of fiber morphology test, the wood fiber is the
main structure of wood, the fiber ratio of the wood is 59.14%, it has rich fibrous tissue, and the fiber cavity is small and
Fiber wall thickness, the wall thickness is 5.3, and the vessel and ray cells have It is rich in gum and inclusions, and the
wood material is dense, which makes the basic density of wood larger. (4) The correlation analysis showed that the
fiber morphology was significantly correlated with the basic density; the path coefficient was used to analyze the
relationship between the factors and the basic density in the micro anatomical structure of the wood. It was found that
the main anatomical factor affecting the basic density of the wood was the tissue ratio, in which the wood fiber ratio
had the greatest influence, and in the fiber morphology measurement data, the fiber of the wood was the most
important Dimension width, fiber double wall thickness and wall cavity ratio have great influence on wood basic
density. In the above data, the basic density was significantly positively correlated with vessel ratio, wood ray ratio,
fiber width and fiber wall thickness, and negatively correlated with wood fiber ratio and parenchyma cell ratio. It is
suggested that the basic density is closely related to the anatomical parameters.

Key words: EKKki; anatomical structure; basic density; correlation
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Analysis of Wood Pattern Classification and Formation Mechanism of

Pterocarpus macrocarpus Kurz
Liang Zhang, Wenzhu Li*, Wenzheng Jiang, Xiaoqing Li

(Department of Engineering, Zhejiang A&F University, Linan, Hangzhou, 311300)
Abstract: Based on the collection and classification of the wood pattern of Pterocarpus macrocarpa kurz, the
formation mechanism of the wood pattern was analyzed from the macroscopic and microscopic structure
characteristics. Herein, the fractal dimension (FD) was used to quantify the roughness of the wood texture, and a wood
pattern imaging model of Pterocarpus macrocarpa kurz with Gauss-Markov random field characteristic parameter
estimation was established, which contributes to provide theoretical references for wood identification, pattern
classification and application.

Key words: Pterocarpus macrocarpa kurz; wood patterns; fractal dimension; Gauss-Markov
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Tracheid changes during wood formation of Taxodium 'Zhongshansha'
under saline-alkali stress
Chongyang Xia, Junyi Peng, Rui He, Boren Dai, Xing Liu, Jiangtao Shi*
(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu)

Abstract: In order to reveal the effect of soli saline-alkali on wood formation tissue of Taxodium ‘Zhongshansha,
two-year-old Taxodium ‘Zhongshansha302' clonal saplings with good and consistent growth were used as the research
object, and the different concentrations of mixed salt solution stress experiments were carried out on the soil(The
proportion of mixed salt solution simulates the inorganic ion content of the coastal tidal flat, the concentration of Na*
was 63,189 and 378mmol L, respectively, and the concentration of CI" was 78.25,234.75 and 469.5mmol L™,
respectively, the concentration of SO,* was 3,9 and 18mmol L., respectively, the concentration of HCO5 was 0.5,1.5
and 3mmol L7, respectively), the mixed salt solution was poured every two days between June 14 and July 28, the
number, lumen diameter, double wall thickness and diameter of tracheids in newly formed wood tissues were observed
and measured by wood anatomy technique. The results showed that: (1) compared with untreated wood, the number of
tracheids in the new-formed xylem after treatment were 6~13, 7~11,2~4, respectively, and the average number of cells
increased at first and then decreased with the increase of salt concentration. (2) Compared with the newly formed
xylem of untreated wood under the Na concentration of 63mmol L™ and 189mmol L, there is no significant
difference in tracheid lumen diameter, but the tracheid double wall thickness increases, and the difference reached the
significance level (P<0.05), there is no significant difference in tracheid diameter compared with the newly formed
xylem of untreated wood; compared with the newly formed xylem of untreated wood under the Na* concentration of
378mmol L, the tracheid diameter decreased, and the difference reached a significant level (P<0.05), there was no
significant difference in the double wall thickness of the tracheid, the tracheid diameter decreased, and the difference
reached a significant level (P<0.05). (3) Compared with the newly formed xylem of untreated wood: the double wall
thickness of the first and sixth tracheid of the newly formed xylem increased when the Na® concentration was
63mmol L., and the difference reached a significant level (P<0.05), there is no significant difference in the double wall
thickness of other tracheids; when the Na* concentration is 189mmol L., the double wall thickness of the 1st to 6th
tracheids increases, and the double wall thickness of the 9th tracheids decreases, the difference reached a significant
level (P<0.05), there is no significant difference in the double wall thickness of tracheids in other layers; when the Na*
concentration is 378mmol L, the double wall thickness of each tracheid has no significant difference. The results
showed that soil saline-alkali stress had an obvious effect on wood formation, in the lower salt concentration range, the
number of tracheid in the newly formed wood increase, and the double wall thickness of the tracheid increase; the
number of tracheid forming wood decreases, and the tracheid lumen and tracheid diameters increase.

Keywords: Taxodium 'Zhongshansha', Wood formation, soil saline-alkali stress
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Comparative culm anatomical characteristics of square bamboo from
different regions
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% Guizhou Forestry School, 380 Qianjin South Road, Guiyang 550201, P.R. China
* International Centre for Bamboo and Rattan, Anhui Taiping Experimental Station, Huangshan 245700, P.R. China
% Anhui Academy of Agricultural Sciences, 40 Nongke South Road, Hefei 230001, P.R. China
®Key Lab of State Forest and Grassland Administration on "Wood Quality Improvement & High Efficient Utilization", 130 Changjiang
West Road, Hefei 230036, P.R. China

*Corresponding authors: Liusg@ahau.edu.cn

Abstract The anatomical structure of the culm is characterized by vascular bundles consisting of xylem, phloem, and
sclerenchyma fiber sheaths, as well as parenchymatous ground tissue in which the vascular bundles are embedded. The
composition of the culm is considered to be the main factor shaping the anatomical features, for which great variation
has been observed in the radial direction. However, in contrast to other circular natural lignocellulosic materials,
Chimonobambusa Quadrangularis (Fenzi) Makino exhibits square stems, thus we tested the hypothesis that anatomical
variation exists in the circumferential direction in cross-section of culm from this species. In this study, we analyzed
and compared vascular bundle features of internodes and their associated circumferential and radial variation in
cross-sections of Chimonobambusa hejiangensis from Guizhou and Huangshan. Microscopic observations were
conducted to identify the anatomical features of vascular bundles. Structural parameters of vascular bundles were
measured and calculated to assessment and compare different anatomical regions in the circumferential and radial
directions. Results indicated that the morphological characteristics of vascular bundles presented as undifferentiated,
semi-differentiated, and open in the radial direction. There were significant differences in anatomical elements in both
the circumferential (p < 0.01) and radial regions (p < 0.01) based on variance analysis, thus variance certainly exists
both in circumferential and radial regions, while vascular bundles of chimonobambusa hejiangensis from Guizhou
appear to be larger than Huangshan. Additionally, we explored the circumferential and radial variation patterns of
anatomical elements and showed that sharp variation happened in adjacent corners and side regions in circumferential
regions and in outer, central, and interior region in radial section. We also confirmed that anatomical structure
characteristics of Guizhou and Huangshan are quite different in the circumferential and radial directions, suggesting
that the shape of square stems is related to variations of anatomical features of cross-sections.

Keywords: Chimonobambusa Quadrangularis (Fenzi) Makino; anatomical characteristics; vascular bundles; Guizhou;

Huangshan
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The Relativity of Microstructures and Mechanical Properties of Juvenile
Woods of Chinese Fir Clones

Wang Rui* 2, Jia Ru* 2, Wang Yurong® 2", Sun Haiyan*?,
Zhao Rongjun®, Ren Haiging®

(Research Institute of Wood Industry,  Chinese Academy of Forestry, Beijing 100091, China; 2. Research Institute of Forestry New

Technology, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: To understand the mechanical properties variation on juvenile wood among Chinese fir clones,
a serial of standard wood samples were prepared by two new-certificated clones in a ten-years-old
growth performance demonstration plantation, for microstructure characteristics analysis on juvenile
woods.The microstructure and mechanical properties of juvenile woods of Chinese fir clones were
analyzed by microscopic image analysis system, X-ray diffraction technique, Fourier transform-infrared
microscopic imaging and the national standards of mechanical properties testing. And data of
microstructures observed from ‘Yang 020’ and ‘Yang 061, involving the anatomical structure,
microfibril angle, crystallinity and chemical composition lignin, as well as main mechanical properties
such as bending strength (MOR), bending modulus of elasticity (MOE), compressive strength parallel to
grain and hardness, are to be processed by one-way variance analysis.The tracheid morphology of
earlywood was similar between ‘Yang 020’ and ‘Yang 061°, however, a significant differenct on
latewood mechanical properties. In compareson with colne ‘Yang 061°, clone ‘Yang 020’ presented with
wider latewood zone, thicker tracheid wall, smaller tracheid lumen, and larger wall-lumen ratio by 25%.
At the aspect of cell walls, the average microfibril angle for ‘Yang 020’and ‘Yang 061° was 12.06°,
and 14.97< respectively, it means that smaller microfibril angle would have more fine mechanical
properties for ‘Yang 020°;The average crystallinity for ‘Yang 061° was 35.88%, about 11% lower than
39.73% for ‘Yang 020°; The average lignin content, presented by four groups of characteristic peak
ratios on ‘Yang 020’ were 8% higher than on ‘Yang 061’. The average MOR, MOE, compressive
strength parallel to wood grain and wood hardness of ‘Yang 020’ vs ‘Yang 061° was 51.36MPa vs
42.56MPa, 10.18GPa vs 8.98GPa, 30.27MPa vs 27.20MPa and 1497N vs 1391N respectively. Each
mechanical property indicators, MOR, MOE, compressive strength parallel to wood grain, and wood
hardness of “Yang 020°, was higher than ‘Yang 061’ by 21%, 13%, 11% and 8% respectively. Which
was indicated that clone ‘Yang 020’ with better mechanical properties, in a wider latewood zones,
thicker tracheid wall, larger wall-lumen ratio, smaller microfiber angle and higher lignin content, while
“Yang 061’ with lower mechanical properties, in a narrower latewood zones, thinner tracheid wall,
smaller wall-lumen ratio, larger microfiber angle and lower lignin content.For juvenile woods properties
of ‘Yang 061’ and ‘Yang 020°, there were significant differences between the two clones on
microstructures, such as anatomical structure parameters, microfibril angle and lignin content, except
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the crystallinity. Clone‘Yang 020’had higher tested value on juvenile woods mechanical properties over
clone‘Yang 061°, with higher bending, compression resistance and hardness. The juvenile wood
mechanical properties of Chinese fir clones was positive correlation of anatomical structure parameters,
such as tracheid wall thickness and wall-lumen ratio and chemical composition lignin content, while
negative correlation shown between microfibril angle of cell walls cellulose and mechanical property.
The tested factors above impacted on juvenile woods mechanical properties of Chinese fir clones
synergically, and we suggeste that the anatomical structure parameters and microfibril angle among of
them are the most important impact factors on the juvenile woods mechanical properties of Chinese fir
clones.

Keywords: Chinese fir clones; juvenile woods; anatomical structure; microfibril angle; crystallinity; lignin;

mechanical properties

Acknowledgement: Funded by National Key Research and Development Project of China (2017YFD0600201)
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The anatomical structure and application of Pyrolysis and

charcoalization of bamboo
Weisheng Chai, Wenbiao Zhang, Haiying Zhou, Keyu Zhao

(Department of Engineering, Zhejiang A&F University, Linan, Hangzhou 311300)

Abstract: Pyrolysed bamboo with different temperature, studied the effects of temperature on the microstructure,
pores and charcoalation by-products of bamboo charcoal by the Surface Area Analyzer (BET) and Scan Electroscope
(SEM). Bamboo charcoal and polyethylene (PE) and poly lactic acid (PLA) are mixed into charcoal plastic composite
materials by melting.The effect of bamboo charcoal on the properties of charcoal-plastic composite materials is
analyzed by the Universal mechanical testing machine, vertical combustion tester, thermal weight analyzer (TG),
resistance gauge and X-ray diffraction (XRD).For PLA, the addition of bamboo charcoal and aluminum hypophosphate
(AHP) can increase bending strength to 74.4MPa, the limit oxygen index to 29.3 vol; For PE, the removal rate of
formaldehyde in water from prepared composite materials can reach 63.6%. For wood door processing residues and
polypropylene composites, the addition of bamboo charcoal can reduce heat weight loss by up to 50%, provides a
theoretical basis for the utilization of bamboo charcoal in the field of composite materials.

Keywords: Bamboo; Bamboo charcoal; Microstructure; Charcoal plastic composites
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Growth rate rather than growing season length determines wood biomass

in dry environments

Ping Ren"?, Eryuan Liang"*"
!Key Laboratory of Alpine Ecology, Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing 100101, China
2CAS Centre for Excellence in Tibetan Plateau Earth Sciences, Beijing 100101, China
3College of Life Sciences, Anhui Normal University, Wuhu 241000, China

“To whom correspondence should be addressed. Email: liangey@itpcas.ac.cn
Abstract: A number of studies have suggested that growing season length determines carbon sequestration of forest
ecosystems. Given the possibility that drought-induced growth decline will be caused by a prolonged growing season
under a warming climate, we investigated the effect of growth rate and duration of xylem production on annual wood
biomass in drought-prone environments. We analyzed the intra-annual dynamics of wood formation in Qilian junipers
(Juniperus przewalskii) from the semi-arid north-eastern Tibetan Plateau, China (2009-2014) and in ponderosa pine
(Pinus ponderosa) from the hyperarid Mojave Desert in Nevada, USA (2015-2016). Most variability in the number of
xylem cells (Ng) was related to growth rate (r,,) rather than duration of cell production (D). At the Tibetan sites,
69.9 % and 54.7% of variability in N, was attributable to r, for the lower and upper treeline, respectively. Within the
Mojave Desert site, 53.9 % of the variability in N was related to ry,. The growth rate in the Tibetan Plateau forest is
affected by minimum temperature and precipitation. Thus, ry, is a primary control on wood biomass in conifer species
of semi-arid forests. Under warmer and drier conditions, a longer growing season will not benefit xylem formation of
conifers, and in turn warming-induced drought could limit carbon sequestration by reducing the rate of cell production.

Keywords: conifer, wood production, carbon sequestration, growing season length, growth rate, drought stress
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Effects of Heavy Metal Cd on the Anatomical Characteristics of

poplar trunk under Upright growth and Leaning growth
Gong Rong, Shengquan Liu*

(School of Forestry and Landscape A rchitecture, Anhui Agricultural University, Hefei 230036)

Abstract: Taking 69 poplars(Populus deltoids cv. 1-69/55) of 30 annual plantation as the research object, the artificially
inclined trunk experiment was carried out in the growing season. The 15 seedlings were artificially inclined to 45< The
upright and inclined seedlings were divided into 5 groups (3 in each group) on average, and 0,5,20,50,100 mg/kg of
heavy metal Cd were added respectively. Note Co, Cy, C,, Cs, C4. Samples were taken after 8 months of seedling
growth. The trunk was divided into top, middle and base according to its longitudinal height. The Microfiber Angle,
Crystallinity, Fiber length, vessel length and double wall thickness were measured and analyzed in the Tension wood
area and Opposite wood area. The results show that:1) With the increase of the concentration of heavy metal Cd in the
soil, the microfiber Angle of poplar under different growth modes varied, and the microfiber Angle of tension wood
area under inclined growth was smaller than that of opposite wood area. Analysis of variance showed that different Cd
concentrations and different regions had significant effects on microfilament Angle. 2) With the increase of Cd
concentration in soil, the change of poplar crystallinity was different under different growth modes, and the
crystallinity of tension wood area was greater than that of opposite wood area under inclined growth. In the
longitudinal distribution of trunk, the crystallinity always showed a trend of base > middle > top. Analysis of variance
showed that different Cd concentration and different region had significant effect on crystallinity. 3) With the increase
of Cd concentration in soil, the fiber length of poplar was different under different growth modes. The fiber length in
the tension wood area was smaller than that in the opposite wood area under the treatment of Cy and high concentration
(Cy), while the fiber length in the tension wood area was larger than that in the opposite wood area under other
concentrations (Cy, C,, Cs). In the longitudinal distribution of trunk, the fiber length always showed the trend of base >
middle > top. Variance analysis showed that different Cd concentrations had significant effect on fiber length, but
different regions had no significant effect on fiber length. 4) With the increase of the concentration of heavy metal Cd
in soil, the length of the vessel under upright growth was greater than that under leaning growth, and the length of the
vessel under tension wood area was greater than that in the opposite wood area.

In the longitudinal distribution of the trunk, the length of the vessel showed a trend of base > middle >top under
leaning growth. Analysis of variance showed that different Cd concentrations and different regions had significant
effects on crystallinity. 5) With the increase of the concentration of heavy metal Cd in the soil, the double wall
thickness under vertical growth and inclined growth presented different trends. Under low concentration treatment (C,
C.), vertical growth was less than inclined growth, while under high concentration treatment (C,, Cs, C,), it was the
opposite. Analysis of variance showed that different Cd concentrations had significant effects on double wall thickness,
while different growth patterns and heights had no significant effects on double wall thickness.

Keywords: 69 Poplar, Upright growth, Leaning growth, Tension wood, Heavy mental Cd
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Vessel Elements Morphological Characteristics of 10 Species of Scattered

Bamboo in Southern Anhui Province

He W, CuiHR, Wang Y H’

(college of forestry and landscape architecture, Anhui Agricultural University, Hefei 230036, China)

Abstract: In order to make better use of scattered bamboo, the morphological characteristics of vessel elements of ten
bamboo species, i.e. Pseudosasa subsolida, Oligostachyum lubricum, Acidosasa chienouensis, Qiongzhuea tumidinoda,
Brachystachyum densiflorum, Bashnia fargesii, Phyllostachys bambusoides, Indosasa shibateoides, Pleioblastus chino
var. hisauchii and Sinobambusa parvofolia were studied with the microscopic image analysis system. The results
showed that the average length, diameter and frequency of vessel elements of 10 kinds of bamboos were as follows:
The number of P. subsolida was 1101.060um, 62.712um and 1.8 pieces/mm? the number of O. lubricum was
795.960um, 72.572um and 1.6pieces/mm? the number of A. chienouensis was 919.060um, 81.702um and 1.35
pieces/mm?, the number of Q. tumidinoda was 810.278um, 50.151um and 3.47 piecessmm? the number of B.
densiflorum was 841.427um, 61.529um and 1.92pieces/mm?, the number of B. fargesii was 1127.187um, 70.308um
and 1.75pieces/mm2, the number of P. bambusoides was 725.877um, 68.434um and 3.12pieces/mm2, the number of 1.
shibateoides was 924.299um, 66.046um and 1.92pieces/mm2, the number of P. chino var. hisauchii was 881.096um,
109.755um and 1.62pieces/mm? and the number of S. parvofolia was 810.879um, 71.568um and 1.55pieces/mm?
respectively. P. subsolida, Q. tumidinoda and B. fargesii have strong drought resistance.

Key words: Scattered bamboo, Vessel elements, Length, Diameter, Frequency

R e TR PO BB PRI T O FE O S e ] B T A R R 5T
EZ RN A, R4, FENFAEYT ARG TR, E-mail: 2737509830@qg.com
WIEE . M, Mt #d%. E-mail: wangyh@ahau.edu.cn

65


mailto:wangyh@ahau.edu.cn

EAER, REAM IR FRERARK, SRR CEIKAELRELR IR E AT, Bk S
AT AR BRCA 2 T R N TR AR A R SR R R AT R B AR B, R ATR
R Z N . BUETTME T RARMT R SRR, ERKT i, R 40~120 RAEA]ER ST m
T T A AR RE TR E, AR MY K L4 70 J& 1200 £, Tk E A 39
J& 500 £xFh, VTAKIEALEA 641.16 75 hm?, 3 7 &Rk =52 — Bl PN R B e, e, Witk
RIS s e RARE, B2 R T RA M. AT R, R E SO s
Hhr, BAWRZI SR, AT 7 i St e, BRIE, A4 i) i il Bk 22 B9 NN AT . 42
ZMEEE B E RGN R TR

BRI, SRR e B0 1L M X T SO 25 FTAT (Pseudosasa subsolida), PUZEAT (Oligostachyum lubricum), H#3#2
77 (Acidosasa chienouensis), 4T (Qiongzhuea tumidinoda), %Ef#4T (Brachystachyum densiflorum), ELiliARYT
(Bashnia fargesii), #:7T (Phyllostachys bambusoides), #%:77 (Indosasa shibateoides), K MH-EAT (BRI EAT)
(Pleioblastus chino var. hisauchii) Az/NH 47 (Sinobambusa parvofolia) Ft 10 Fg LT NAF T G, 8% H
SESTHKE. AR BESEREREAT 08, T arh 7T MR AR . I AT A B AR A, 2
GREARM R TP JEH Ty A=
1 FPRHS Iy
1.1 SERR R

10 FPECATA R B 2B s X, T ool ARKE T e o E A R
1.2 L9755
1.2.1 BALAL

S OB T AT IR FE AL R ST, SRR TN VKRR 5 XK ARy 1:1 R S E W, 78 60°C Rk
4 /NEF
L.2.2 Iy

RIRE Y Fr - LG 0 — 2K E—50% . 75%. 95%- 100911 £ B A B M 7K — — 2K 3% B — ok
WS T —30-40°C T4 3-4 N/NFL 25
1.2.3 BT

HEVL v Ja T A% BORE -3 K S Ry, NP B 22 e MR A AR S 0 1 & .

1.2.4 Pk

N

B AR RS, A TR, B SRS T 30 1 H5.
2 85 R 590
21 SES TR

10 FIECET M SR 0 PR EEEE LR 1. @ AT s, B AR S8 KB A A
96.547-2952.800um, L5 TR BN S e /MEAE 10 FPTARRE 22 Rl o s FIRS, Bk S 4E
S FHPFEIK B 10 R AT iR R, A 1127.187um, HUURIT SZOAFFAT A 1101.060um,  AEATHI S45 4>
FPBIKEE R 10 AR /N, K 725.877um.

—REAA: SESTRKEME, RS PES TR, SRR, 10 R

66



T TR B B B L ARAT > I SO ZRAT AT SRS M BR AT > A i AT > KRG AT > /N FEAT> 34T > DU 2= A7 >
Trs BRI, ARS8 70 TR, 10 AT REAGRERE R B MKy ELORAT GBSO AATAT #3847
FYBRAT KHEAT . AT NIRRT SRAT . DU AT
®1 SESTKE
Table 1 The length of vessel elements

TrFh B/MA SO AL
I 920 FF AT (P. subsolida) 128.627 1909.70 1101.06
PUZEA7 (0. lubricum) 472.302 2298.22 795.96
WBRYT(A. chienouensis) 361.649 1559.43 919.06
AT (Q. tumidinoda) 87.756 1432.488  810.278
S FEAT(B. densiflorum) 65.230 1859.89 841.427
L A7 (B. fargesii) 96.547 2952.800  1127.187
FE (a (Pbambusoides  375.907 1189.985  725.877
47 (1. shibateoides) 400.986 1674.49 924.299
K M ¥ 47 (P. chino var. 335951 2291.23  881.096
/NHJEAT(S. parvofolia) 343.365 2169.55 810.879

22 RE A THEAR
VIt & TEANE 2. AL R, KT S8 0 TP ER Dy 109.755um, Jy 10 FHcErT
MR, HUGRERYT N 81.702um, fR/MER IR  50.151um. FRAEXT AT, AT 17 BT T E T
I SE, PIATH S5 T F I BLARLE 85um 245, 10 MEUEATHM S  T BRI B A,
SEERENLUEENE R —, S8 FHABRK, HHMEREEE: MR, HREEBL. 10 FiE
A SE T BRI, KIS ERAT> DU ZRAT> /AN AT B LD AR>S EEAT > 3B AT > 12 520 517> i A
Pr>srr, Bk, W CARES T EANRAEHEN, 10 FhPT T REAREEE B K O s EPT AT, s

ORATAT BT BT ELORAT AN AT DUSRAT . B AT A AT
*2 FENTHEHRZ
Table 2 The average diameter of vessel elements

b

ul

77 (bamboo species) —4H(NO.1) —#H(NO.2) =4(NO.3) “F¥fH
JESEOFAFT (P subsolida) 55.261 62.437 70.438 62.712
PY=E4T (O. ubricum) 71.119 64.573 82.025 72.572
MERYT (A. chienouensis) 86.542 70.32 88.244 81.702
Y47 (Q. tumidinoda) 53.544 50.799 46.109 50.151
FEFEYT (B. densiflorum) 59.574 55.558 69.456 61.529
ELLARYT (B. fargesii) 68.183 73.436 69.306 70.308

FEFT (P.bambusoides f.bambusoides) ~ 70.889 36.755 97.658 68.434

77 (1. shibateoides) 67.51 55.805 74.824 66.046
K41 (P. chino var. Hisauchii) 101.996 125.251 102.017  109.755

/NIRRT (S, parvofolia) 76.619 60.99 77.095 71.568
2.3 SFE TS
T I SIS RS A o K SE EEAR I 1 AT 10 AR ERAR AT A RO SO B AT AT I B BL R K, O 17.905.

i
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Seasonal dynamic changes of cell polysaccharide granules in cambium
active phase of Taxodium ascendens

JieyunTao YoumingXu* Cong Liu Han LinKunxi Wang

College of Forestry and Horticulture, Huazhong Agricultural University, Wuhan China
Obijectives: Pond cypress (Taxodium ascendens Brongn) is an important timber specie introduced and cultivated in the
water grid region of Yangtze River in China. To study the changes of polysaccharide storage in the active phase of
cambium is helpful to understand the mechanism of its wood formation and improvement, and to improve its wood
economic value.
Methods: Five Pond cypress trees were selected as samples. Samples were taken every 7 days from March to October,
and every other month from November to March of the following year. The branches with good healthy growth of 1-3
years were selected and their middle parts was cut into 0.5~1.0cm segments, and paraffin sections were made with a
thickness of 10um, stained with PAS reaction, and photographed by OLYMPAS universal microscope.
Results: The contents in parenchyma of Pond cypress could be dyed purple red granules by PAS reaction, mainly
polysaccharide granules (not starch granules). The vascular cambium of Pond cypress was active at the beginning of
April. At this time, a large number of purple polysaccharide granules can be seen in various parenchyma, but they were
not observed in vascular cambium. After that, the storage of polysaccharides in parenchyma tissue gradually decreased
and disappeared at the end of July, which reflected the facts that a large number of daughter cells produced by
cambium meristem division need to consume a lot of nutrients. At the beginning of August, a small amount of
polysaccharides appeared in parenchyma tissues, at this time, the activity of cambium cells decreased, and the nutrients
used for activity decreased. From August to the last ten days of September, the storage of polysaccharides in various
parenchyma kept increasing, and the granules were larger; then, the storage of polysaccharides decreased, and the
particles became smaller obviously. From September to the end of November, almost no polysaccharide was observed,
which indicated that the newly produced daughter cell wall thickening and maturation consumed a lot of nutrients.
From late January to early April of the following year, various parenchyma were filled with polysaccharides, which
were needed for cambium activities in the coming year.
Conclusion: The cambium division activities of Pond cypress form phloem at first and then xylem. The changes of
storage materials in various parenchyma cells of wood are closely related to the division of cambium cells and the
growth and maturation of daughter cells. The appearance of new mature phloem is beneficial to hydrolyze part of the
stored polysaccharide granules to meet the needs of the cambium division activities and tree growth.
Key words: Pond cypress, Cambium, Parenchyma, Polysaccharides, Seasonal variation
Acknowledgements: This paper is financially supported by National Natural Science Foundation of China (Grants No
31971584 and 31570551).
*E-mail of corresponding author: xuyouming@mail.hzau.edu.cn
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Construction of fungal and cracking resisting systems for raw bamboo as

building material
Sun Fangli®’, Jiang Jun', Zhang Wenhao', Wang Jie*, Wang Hui, Zhang Yan'

(1. School of Engineering, Zhejiang A & F University, Hangzhou, Zhejiang, China, 20000050@zafu.edu.cn)
Abstract: Raw bamboo possesses unique cultural connotation, regional characteristics, structural and performance
advantages, accordingly, it can not only "substitute wood", but also "win wood". Raw bamboo enables distinctive
structure to be built, which arouses much attention in rural revitalization and urban construction. However, the low
resistances of raw bamboo against mold and decay fungi, as well as the risk of splitting and cracking seriously restricted
its application in the field of architecture.

Considering the application and existing problems of raw bamboo in building, the report analyzes the
characteristics, reasons and solutions for mold, decay and cracking of raw bamboo as building materials. Subsequently,
chemical modification of raw bamboo by in situ growth of poly-HEMA and NIPAM (PHN) copolymer was studied.
The formation of PHN was confirmed by using Fourier transform infrared spectroscopy and thermogravimetric
analysis, which shows the characteristics peaks of both HEMA and PHN, and increased pyrolysis and glass transition
temperatures, respectively. After impregnation of PHN pre-polymerization formulation to bamboo, it was observed that
PHN filled most of the pits in the bamboo cell wall and formed a tight network. Moreover, the dimensional stability of
PHN treated bamboo was significantly improved with an anti-swelling efficiency of 49.4% and 41.7%, respectively,
after wetting—drying cycles and soaking—drying cycles. A mold infection rate of 13.5% was observed in PHN-treated
bamboo as compared to a 100% infected control group after a 30-day mold resistance test. Furthermore, the resistances
of boron loaded PHN treated bamboo against decay fungi was conducted according to the ASTM D1413. Results
indicated that the mass loss dropped by 52.6% and 37.9%, respectively, comparing with boron treated bamboo. Besides,
the leaching resistance of boron from drug loaded copolymer increased by 16.8% as compared with boron treated one.
Obviously, construction of drug loaded crosslinked copolymer in bamboo has the advantage of enhanced dimensional

stability, restrained preservative leaching and improved decay resistance.
Keywords: bamboo; drug loaded polymer; dimensional stability; mold resistance, decay resistance

The authors thank the National Natural Science Foundation of China for funding the project (32071853) and Key
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High-toughness, environmental-friendly solid epoxy resins: preparation,

mechanical performance, curing behavior, and thermal properties

Jiayao Yang Xingwei He Xiaohuan Liu Shenyuan Fu*
(School of Engineering, Zhejiang A & F University, Hangzhou 311300)

Abstract: Epoxy resin is one of the most important thermosetting resins. Due to its excellent mechanical strength,
thermal stability and chemical resistance, it is widely used in adhesives, coatings and other special composite materials.
Solid epoxies are easier to store and transport than liquid epoxies and do not require consideration of viscosity
dynamics. After being mixed with curing agent, it can be obtained with long storage time, easy operation, free of
organic solvents and volatile substances, sufficient miscibility and fluidity, flexible curing process, and good prospects
for development. Therefore, it is very important to develop a solid epoxy resin system with high toughness. Herein, we
have developed a high-performance environmental-friendly solid epoxy resin modified with epoxidized
hydroxyl-terminated polybutadiene (EHTPB) via one-step melt blending. The characterization, mechanical
performance, curing behavior, and thermal properties of EHTPB-modified epoxy resin were investigated.
EHTPB-modified epoxy resin exhibited excellent toughness with a 100% increase in elongation at break of tensile than
that of neat epoxy resin. The transfer stress and dissipated energy in the rubber phase were predominant mechanisms of
toughening. The toughening effect of EHTPB on solid epoxy resin was better than that of some of the previously
reported liquid epoxy resins. Meanwhile, at 10 wt% of EHTPB loading, the EHTPB-modified epoxy resin displayed
high strength and 22% and 101% improvement of flexural strength and impact strength, respectively. Moreover, at 10
wt% of EHTPB loading, the activation energy of EHTPB-modified epoxy resin for curing reaction decreased from
73.89 to 65.12 kJ mol-1, which is beneficial for the curing reaction. Furthermore, EHTPB-modified epoxy resin had a
good thermal stability and the initial degradation temperature increased from 2490C to 3130C at 10 wt% of EHTPB
loading. This work provides a simple-preparation and highly efficient and large-scale approach for the production of
high-toughness environment-friendly solid epoxy resins.

Keywords: Environment-friendly solid epoxy resin; Epoxidized hydroxyl-terminated polybutadiene (EHTPB);

Toughness; Curing behavior; Thermal properties
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Combustion Conversion of Wood to N, O co-doped 2D Carbon

Nanosheets for Zinc-ion Hybrid Supercapacitors

LOU Gao-bo FU Shen-yuan* CHEN Hao*
(School of Engineering, Zhejiang A&F University, Hangzhou 311300, China)

Abstract: The aqueous Zn-ion hybrid supercapacitor (ZHS) has attracted great interest because of its high capacity,
excellent safety, and low cost. Carbon-based materials with low environmental impact, good conductivity, and
excellent electrochemical stability have been regarded as competent cathode materials for ZHSs. Recently,
biomass-derived carbons are attracting tremendous research interest owing to the renewable, low-cost, and
environment-friendly merits of biomass resources. Up to now, various kinds of biomass have been used to produce
porous activated carbons for supercapacitor electrodes, including starch, rice straw, cornstalk, chitosan, peach gum,
peanut shells, cotton, and so on. However, due to the complex structures and compositions of biomass resources, there
are still many challenges in developing efficient and simple activation methods to prepare porous carbons with high
electrochemical performances. For example, typical KOH and H3PO, activations have been widely used to prepare
biomass-derived carbon materials. Nevertheless, the high corrosivity of KOH and H3PO,4 can cause serious equipment
damage and environmental hazards, which limit their application. Typical non-corrosive activators (e.g. ZnCl, and
K,CO3) have a small impact on the environment, but they are unable to provide satisfactory activation. Therefore, it
will be of critical significance to develop an efficient and simple synthetic method to convert biomass into
high-performance carbon materials for ZHS electrodes.

Here, an N, O co-doped two-dimensional (2D) carbon nanosheet material is successfully fabricated via a one-step
combustion conversion of wood for the excellent usage as the cathode material in zinc-ion hybrid supercapacitors. In
this CS process, the Zn(NOs3), 6H,0 and urea served as oxidizer and fuel, respectively. The redox reaction between
them released a large amount of high-temperature gases, which caused the carbonized walls of poplar wood hollow
tubes to burst and degrade into numerous 2D carbon nanosheets. Unlike other typical metal nitrates used for the CS,
Zn(NO3), 6H,0 was utilized not only as an oxidizer of CS in this work, but also as a zinc source to produce some zinc
species (including liquid metal Zn at the high temperature), which can penetrate and diffuse into the carbon matrix. The
removal of these zinc species produced an ample porous structure for the resultant carbon nanosheets. Furthermore, the
NH; gas released from the urea decomposition and the oxygen-containing species in the original poplar wood served as
nitrogen and oxygen dopants, respectively, to complete the N, O co-doping of the resulting carbon material. Due to the
superior electrochemical properties endowed by 2D sheet structure, high specific surface area (1248 m? g), and N, O
co-doping feature, the ZHS based on this N, O co-doped 2D carbon nanosheet material exhibited a superior specific
capacity of 111.0 mAh g ' at 0.1 A g, high rate capability of 57.6% capacity retention at a 30-fold higher current, and
impressive energy density of 109.5 Wh kg™ at 225 W kg™*. Most gratifyingly, it displayed ultralong cycling life with
92.7% capacity reservation after 50,000 charge-discharge cycles.

Keywords: Zinc-ion hybrid supercapacitor; combustion synthesis; wood-derived carbon; nanosheets.
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Hydrothermal preparation of carbon-doped carbon nitride for

photocatalytic degradation of methyl blue
Ping Zhang , Tailong Cai , Xinpeng Duan , Zhe Wang* , Chunde Jin*

(School of Engineering, Zhejiang A & F University, Lin’an, 311300, PR China)
Abstract: Now the world's water pollution is relatively serious, affecting people's health, and the world's fresh water is

still in short supply, so the treatment of sewage is an important measure related to people's future health. Currently,
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there are many methods to solve this problem, such as adsorption, biodegradation, photocatalysis, etc . Among them,
photocatalysis technology has attracted wide attention due to its high efficiency, low cost and pollution-free advantages.
In addition, photocatalysis can degrade pollutants in sewage into carbon dioxide and water. Compared with adsorbent
materials that can only adsorb pollutants degradable has a greater advantage . The world produces about 5 billion tons
of biomass waste residue every year, most of which are incinerated, producing many harmful substances and causing
damage to the environment. If the crop residues can be effectively used, it will be an important measure to protect the
environment and save resources. Xylan is the most abundant polysaccharide in nature except cellulose. It has a wide
range of sources, such as straw, corn stalks, corn ears and other crop residues. If the xylan extracted from crop residues
can be effectively used, the protection and utilization of biological resources will be further improved . In this study,
xylan was used as the carbon source, and a carbon-doped graphite-like carbon nitride composite material was prepared
by hydrothermal method. This material has the advantages of strong light absorption, weak recombination of electrons
and holes, and no pollution to the environment. First, we use melamine as the raw material, then heat it up to 550<C at
a heating rate of 5C/min in a muffle furnace, reacting for 4 hours to obtain light yellow graphite-like carbon nitride.
0.01g, 0.02g, 0.04g, 0.08g of xylan extracted from wood fiber material, 1g g-C3N4 and 50ml of water, mix together,
stir at a constant temperature of 80°C for 2 hours, and then put them in an autoclave heated to 180°Cand maintained
for 4 hours, then dried at 90°Cfor 12 hours and then taken out. The samples were named C1/g-C3N4, C2/g-C3N4,
C3/g-C3N4, C4/g-C3N4 in order of xylan content. g-C3N4, C3/g-C3N4 were characterizied by XRD, SEM, TEM,
FTIRetc ,which is found that g-C3N4, C3/g- C3N4 was successfully synthesized, and the ultraviolet-visible diffuse
reflectance spectrum showed that C/g-C3N4 has a strong light-absorbing ability, and C3/g-C3N4 has the strongest
light-absorbing ability. The photoluminescence spectrum shows that the peak of C3/g-C3N4 is much lower than that of
g-C3N4, indicating that the recombination rate of holes and electrons of C3/g-C3N4 is much lower than that of pure
g-C3N4, and more Electrons and holes are used to degrade pollutants into carbon dioxide and water, which further
proves that the photocatalytic performance of C3/g-C3N4 has been improved a lot compared to pure g-C3N4. The
research in this paper shows that this photocatalyst has strong adsorption and photocatalytic degradation capacity for
methylene blue, and the adsorption degradation rate of MB by C3/g-C3N4 is 99.97%, which is much higher than pure
g-C3N4. This phenomenon is due to the increased specific surface area of carbon-doped graphite-like carbon nitride,
which has a strong adsorption effect on the solution and increases the absorption of visible light. In addition, the
delocalized bonds are formed after carbon doping, which reduces the recombination of photoelectrons and holes.
Therefore, C3/g-C3N4 has a good application in dye adsorption and degradation.

Keywords: xylan , g-C3N4 , carbon doping , adsorption , photodegradation
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Superhydrophobic and antibacterial wood enabled by

polydopamine-assisted decoration of copper nanoparticles

Xinpeng Duan, Shumin Liu, Erzhuo Huang, Xiaoyuan Shen, Zhe Wang*, Song Li*, Chunde Jin*
(School of Engineering, Zhejiang A & F University, Lin’an, 311300, PR China)

Abstract: As a natural renewable resource, wood has played an important role in social economic construction and
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human basic living environment. As the main components of wood, cellulose and hemicellulose possess a large number
of hydrophilic groups, which leads to the moisture and water absorption of wood. After absorbing water, wood exhibits
some defects such as dimensional deformation, deterioration of bacterial erosion and even degradation, which seriously
affects use range and service life of wood. In order to overcome the defects generated by water absorption of wood, the
preparation of superhydrophobic coatings composed of roughness of micro-nano structure and low surface free energy
is proposed to improve the hydrophaobicity of wood.

In this paper, a Cu coating owned superhydrophobic and antibacterial capabilities on wood veneer was fabricated
by a facile and valid method. Dopamine hydrochloride (DA) solution (0.01 M) was prepared through dissolving DA in
Tris solution (pH 8.5). Then the cleaned wood samples were put into the freshly obtained DA solution and stirred (400
rpm) at 25 “C for 24 h. The polydopamine (PDA) coated wood (wood@PDA) was obtained after being rinsed and dried
at a temperature of 60 “C. Then the wood@PDA was immersed in a solution composed of CuSO4-5H20 (0.05 M),
EDTA-2Na (0.05 M), H3BO3 (0.1 M) and borane dimethyiamine complex (DMBA) (0.1 M). The solution (pH 7.0)
was adjusted by NaOH solution (1 M). The reaction process lasted 2 h at 30 ‘C. The wood@PDA with Cu coating
(wood@PDA-Cu) was fabricated after being rinsed using ethanol and water, then the wood@PDA-Cu was dried in an
oven. Finally, 0.5 % (V/V) trimethoxy(1H, 1H, 2H, 2H-heptadecafluorodecyl)silane (FAS-17) solution was obtained by
dissolving 0.5 mL of FAS-17 in 100 mL of ethanol. The wood@PDA-Cu was placed into the solution to be stirred at
25 C for 5 h and dried. The modified wood@PDA-Cu by FAS-17 was marked as wood@PDA-Cu-F. The surface
structures of wood samples were observed by scanning electron microscopy (SEM). Energy dispersive X-ray
spectrometry (EDS) was utilized to characterize the surface composition and element distribution of wood surfaces.
Fourier transform infrared spectroscopy (FT-IR) was used to evaluate the chemical groups of wood surfaces. The
crystalline phase of wood surfaces was manifested via X-ray diffraction (XRD). The chemical elements of wood
surfaces were observed using X-ray photoelectron spectroscopy (XPS). A contact angle system was utilized to measure
surface wettabilities of wood samples with the average values from five measuring results at ambient temperature
(25 °C). The antibacterial test was executed by the bacteria-inhibiting ring method, Escherichia coli (ATCC 25922,
Gram-negative bacterium) and Staphylococcus aureus (ATCC 25923, Gram-positive bacterium) were used to evaluate
the antimicrobial activities of wood samples.The wood veneer with superhydrophobic and antibacterial properties was
prepared by self-polymerization of dopamine, chemical deposition of Cu nanoparticles, and hydrophobic modification
using fluorosilane. The water contact angle and sliding angle of obtained Cu coating reached 155.7<and 4<%
respectively. Meanwhile, the as-prepared coating showed resistance to acid or base solutions with different pH values,
different temperatures aging and mechanical damages, and also displayed a good self-cleaning ability. In addition, the
superhydrophobic coating successfully revealed excellent antibacterial abilities. The consequences of antibacterial tests
displayed that the diameter of bacteriostatic ring against E. coli and S. aureus reached 7.6mm and 5.6 mm, respectively.
This work supplied a novel way to endow the superhydrophobic and antibacterial properties on wood veneer, and
promote its multifunction application.

Keywords: Wood veneer, Cu nanoparticles, Polydopamine, Superhydrophobic, Antibacterial activity
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Sound absorption performance of bionic wood structure perforated

fiberboard
JIA Shifang, LIU Jingyi, LIN Xianxian, SUN Weisheng, GUO Xi

(School of Engineering,Zhejiang A&F University,Hangzhou 311300,China)

Abstract: Noise pollution has become a widespread topic as same as water pollution, air pollution and waste pollution.
So the prevention and control of noise by using sound absorption material has attracted lots of researchers, this material
can absorb sound waves within different frequency band and then decrease the damage of noise. Wood perforated panel
is a kind of resonant sound absorbing structural material, but the existing wood perforated panel just has absorption
effect on the low frequency which can not satisfy the demand of some special acoustic environment. So the research of
wooden perforated board with a multi-band sound-absorbing function has a high value. In this study, perforated sound
absorption panel was prepared with the inspiration of wood multilevel pore structure and using the medium density
fiberboard as the matrix. The sound absorption broadband and acoustic intensity performance of the wood perforated
panel were greatly improved. The complex hole structure of perforated fiberboard was carried out by using layered
processing technology and the sound absorption properties of the perforated fiberboard were tested by the impedance
tube transfer function method. The effects of main hole diameter, perforation rate and inclined angle on the sound
absorption properties of perforated fiberboard were investigated by the orthogonal test method, and the better
preparation process was obtained. Then the influence of side hole depth on the sound absorption properties of
perforated fiberboard was studied by using the control variable method. The results showed that: the order for affecting
the peak sound absorption coefficient of the perforated fiberboard were inclined angle > diameter of the main hole >
perforation rate; the preferred processing parameters of perforated fiberboard were 3 mm hole diameter, 3.14%
perforation rate and 30<inclined angle; the sound absorption properties of perforated fiberboard at the low and medium
high frequencies were both improved after the addition of side hole; the depth of the side hole had a great influence on
the sound absorption property of perforated fiberboard at high frequency resonance frequency; three resonance
absorption peaks were observed over the whole frequency band (64~6 300 Hz) when the side hole was deeper than
1mm. The bionic perforated fiberboard showed the best sound absorption coefficient (0.67) at 3 632 Hz when the side
hole depth was 4 mm. This study could provide a novel perforated sound absorbing panel by using layered processing
method which was important for realizing the industrial production of wood perforated panel.

Keywords: sound absorption, perforated fiberboard, bionic, wood structure, side hole
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Thermally induced flexible wood based on phase change materials

for thermal energy storage and management

Xianxian Lin ® Shifangdia ® Jingyi Liu ?, Xiaoke Li ®, Xi Guo* ? Weisheng Sun* *
#College of engineering, Zhejiang agricultural and Forestry University, Hangzhou 311300, China
Huzhou hending products testing center, Huzhou 313000, China

Abstract: The applications of composite phase change materials were limited due to their poor energy utilization
efficiency, low thermal conductivity and strong rigidity. In this work, thermally induced flexible wood based on phase
change material was fabricated by impregnating delignified wood (DW) with graphene and a novel kind of
hyperbranched polyurethane. The wood composite showed excellent softness and flexibility during the heating process
of hyperbranched polyurethane. It also displayed suitable phase change temperature (28.1 °C and 36.3 °C) and
acceptable latent heat (64.29 J/g and 70.26 J/g). Thermal conductivity of the composite reached to 0.417 (W*m™K™)
after adding graphene, which enhanced approximately 414 % than pure wood. The light-harvest efficiency of the
composite was also improved after the addition of graphene. Therefore, the thermally induced flexible wood based on
phase change material has great potential for building energy conservation and wearable energy storage devices due to
its excellent flexibility, high thermal energy storage capacity and outstanding temperature regulating performance.

Keyword: wood; phase change material; thermal energy storage; thermally induced flexibility
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Synthesis of Pt-loaded NiFe-LDH Nanosheets on Wood Surface for

Gaseous Formaldehyde Degradation

Tailong Cai' Zhe Wang'” Qingfeng Sun®”
(School of Engineering, Zhejiang A & F University)

Abstract: With the comprehensive development of beautiful, comfortable and intelligent indoor facilities, various
new materials are flooding into the interior, making indoor environmental pollution increasingly serious. Gaseous
formaldehyde can continually release formaldehyde to pollute the indoor air in a long time, thus causing various
troubles such as eye and nasal irritation, headaches, chronic bronchitis, and even cancers. Traditional methods of
removing gaseous formaldehyde are often associated with high energy consumption and secondary pollution. In this
study, a new wood veneer based composite decorated with Pt-loaded NiFe-LDH nanosheets is successfully developed
by hydrothermal reaction and impregnation-chemical reduction. NiFe-LDH nanosheets as an adsorbent can capture
formaldehyde molecules through abundant hydroxyl groups. Pt nanoparticles as catalytic centers are evenly distributed
on the surface of NiFe-LDH to excite the O atoms fixed to NiFe-LDH and absorbed oxygen, which will further attack
the absorbed formaldehyde molecules to generate CO, and H,O. And the wood veneer not only increases the active
area of the catalyst by endowing it with good dispersion, but also provides convenient channels for reactants and
products. In a simulated dark environment at room temperature, this synthetic wood veneer based composite exhibits
admirable catalytic activity, which can effectively degrade almost all gaseous formaldehyde with the initial
concentration of 0.2 mg m-3 in 30 min and maintain a high catalytic activity of > 97% after ten cycles. This paper
presents a feasible strategy of synthesizing an energy-efficient and ecofriendly wood veneer based composite for
efficient gaseous formaldehyde degradation at room temperature, which may play an important role in indoor air
purification as a promising decorative material.

Keywords: wood, NiFe-LDH, formaldehyde, catalytic oxidation, room temperature
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