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Mechanism of green outer layer in enhancing weathering resistance of bamboo

Che Haoying Wang Yujiao Kong Lingfeng Peng Yao
(Key Laboratory of Wood Material Science and Application of Ministry of Education, School of Materials
Science and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Round bamboo and bamboo-based composites have been widely used as outdoor
building structural materials. The fundamental difference in their weathering resistance lies in the presence
or absence of the green outer layer of bamboo. However, current research mainly focuses on the bamboo
with the green outer layer removed, leaving the real function and mechanisms of the green outer layer of
bamboo in natural degradation unclear. This study aims to explore the role and mechanism of the green outer
layer of bamboo in the processes of photodegradation, mildew and decay. [Method] Two types of bamboo
(with/without the green outer layer) were selected as test materials. In the laboratory, both types were
subjected to artificial accelerated UV photodegradation, mildew and fungal decay to simulate natural

weathering. Surface performance during the deterioration process was quantified through colorimeter, gloss
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meter, and contact angle measuring instrument. Microstructure and chemical changes were characterized
using SEM and FTIR. These data were then used to clarify the real role and mechanism of green outer layer
during degradation. [Result] After photodegradation, the samples with the green outer layer showed
reductions in total color difference (AE) and contact angle of 60.18% and 51%, respectively, relative to the
samples without green outer layer. After benzene-alcohol extraction, the surface acidity of samples without
green outer layer increased, while the samples with green outer layer declined slightly. The samples without
green outer layer exhibited severe surface cracking and cell-wall disintegration with delamination. In
contrast, the samples with green outer layer maintained structural integrity with only fine micro-cracks
observed on the surface. Chemical analyses confirmed a lower degree of surface photodegradation in the
latter, indicating certain UV resistance conferred by green outer layer. During mildew and decay trials, mass
losses for the latter were 4.89% and 16.3%, respectively, both significantly lower than 6.33% and
27.11% recorded for the former, demonstrating additional resistance to microbial deterioration.
[Conclusion] Consequently, the green outer layer protects bamboo against photodegradation, mildew, and
decay. Its waxy and siliceous films act as a physical barrier that attenuates UV radiation and moisture ingress
while blocking fungal spores and hyphae, thereby isolating internal cells from external degradative agents

and enhancing overall weathering resistance of bamboo.

47 %
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59

DRGSR G BB R 5 P (¥ 4R P AL 157

THT 71.67%-

Ay A4 2 THT P T 180 P 5 T 8 T 11 b, 2 R 47 28 45 )
I, 6B IR 35 0h 2= 5] R B A 1 AR 4L
SR AGHT, F T AT T B4 fil A 4 5y 82.28°
1 87.68°C K 3b), #E— L AEBA 14T R i 2 1
iKY BEE A R REK, Z335 7T e fi £
FRE R, St #4k 0~ 20 d FIFRIRR K, 1A3] 40.37%
b, H2 A A BUE SR8 PR A, JF TohE 4k 40 d J5 %
% 30.58, M F, W HE ML R R
TR f AR AN, B KA T BE L) 119%, 3R
TR RRE .

g5 b, e A 23 BT A 3R T S VB 1 AR AN
TR PR PRI O o 7 AT A A 8 3 T AR o 1 o 2
P, TR At FE v I 2 Ol — B IR, A REER
U b A ST A IR R T 1 R, TR EIIE T %2 e
HIBA 1
23 REBUMHHIRRSR

AR, T TN MR L5 A SE e, AH AR A
[ HEZ S % 5, SR N TSR B E A B 5 )
Jii o Y6 30 d J5, TR HRURL R T A8 45 R RS ELAS B
T, 20 B AN [ B JZ TR B T 20 S %, LA ]
IR K o [FIBS, B8 a2 AT (] R R, X

a l4r

COEH
12- e
1(8):
i
=l
2 © %
i
1t
Ll dldl 2

A fE)/d

s — Ll fECAL 40 d )5, VTR AR EE R
GERFEATUAR (] 4a) o IX AL T2 B2 R B3R 70 A1
72 S PUR 22 R 45 K 3L R S B2 Ao i 18 )2 A 24
S BE 7R JR AP R BRSO, TR BRR DA
PEALZE, ML TEF 4R AT YE R o B FEAE
PRI, BRI BE JZ (R AR R L B 22 5B, e
JRIGEAY JE VT IR BE B A TR O R T
TRV 485 g PR AR 68 222 0L R REL RS B2 38 K, AT 48
T OCERIIEUN, SBOCEE . RN, REmsii
FRIBBEIR 3 2 388 00 B A0 28N, 3 B8R T R /K A P 4%
58, ATV PR 3G 0 o 3% 5 b3 Ol P A2 Ak A1 £
BAEE R —HL

MIE 4b FrRl LUE Y, Je g A0ET, BT R
JEBIAEAE, W E T R TGP, R W] R 2R R
M. JeEAL 20 d I, 7T R RIS GPAT
XAREE T AERAMCIIIR S T, B 5UR K2R T
A, JFAE A B AR H T K A IV R AR R 2 A
M ESCAE 1 A I o 2= (K A R 5. SR T, B O
ZARE TA] (1 E K (30 dD, 22 J2 08 5T 7E AN W7 445 ik i st
SRR AR, R IZHT R AR SR,
MR X AT HON T3, (H L 7 — 2R A
I /NREL. J6EAL 40 d IS, 1T G PRI AR

b 100

COx#
NS # 7
80
< 60f
€
=]
S
40
20f

0 10 20 30 40
A a)/d

K3 SRR AT RGP BE Ca) AN A A 424k (b)

Fig. 3 Changes in glossiness (a) and contact angle (b) of bamboo during photodegradation

— 50 um
LT
4 e B EEFM (O FATE T (o) AR VI T MG

Fig. 4 Microstructure of radial cross-section of bamboo without green outer layer (a) and with green outer layer (b) during photodegradation

W



158 b mw # kK % R

47 %

H, EBUZ I TR, AR R RS, BRI T
UKL (L 4b), BT RE R F A (1) Si0, ks . SR 1T,
RS dn b, H R BT H R RARAEAE, R FE tH R
BIPTAF A AR, EREAT) RE L 31— 8 AR R T, X2
WE MR R B BN R E B
P FE AR Y A R A
24 REUMTHHNZEN

A 40 dJE, ZFNMAE 1605 cm™ OK i
EHH C=0).1512cm'(KFEFH C=CM
1462 em™ ORJi &= H 28 C—HD AEPIRAEA T 2 75 3
G AL (R W WS e i FE R 55, [RTINE, A7 T 1423 em 'OR
Jizk C—H). 1331 em 'R T #2 O—H) A1 833 cm™
(B BIAIE C—HD AL Y W Wit 1 3 — 2 B AIC, 1
£ 1736 cm™ A B AEFLHE B L C=0 {47 = 3 i
R, X segh R, I R, KRR 1k
FERWT R R AR A RN, FEAE T AR SR AR
AN, A7F 1159 em ™' (C—O—C). 1049 cm ™' (C—0)
F1 897 em™ (C—H) ALV 22 I A Ueg 5 55 AR 16 AN B
2 (P 5a), RV A R £ 2t 2R 2 41 4 252 48 4h
DGR A A LN AL SN X Y = NS
) P AR ANAS 3 BT A PN 0 A 8 35 RN B £ 25 A v 26
HEERAR, & A0 R R TH
AR, [FI B TR 2 KA R, (TR
THT PR 1 448 5, X B ERIE T 2.1 I B I AR AL S
2.2 T MR Al A R B

WHEMMIEEWRE, AT 720 em ™ (K& T H
FE—CH P b (W Wi e FRAES, 6 BT 75 5 53 2= A
KB bR E R AN R IR N 2 BRI, 1737 em™
(C=0)F 1716 cm '(C=0)P*W& A ] T B& 7] fE 2
P T 0 5 2 F 1 e S 0 T R 1 B A TR B, 1025 ~
1 125 em™" 4bUOISIO, FRAS S FRAH1 48 1R 50 06 7E 40 i
TR I — 8 BRI, R E R L R R
AMRER T N R AR . AR AT Z A 1 605 cm™
(RJFEEHZ C=C). 1512 cm 'CKRFEEHH C=C)

a

i
30d
o
Wmd

11462 em ORI 2 B 22 C—HDP 4b iy {E A2 1k,
FAEE 5b). 28 ERTK, H M TE R
T v 32 BRI g 2 T e o AN 5 JE R REAR, T 2R
VI 2 M Be e BH 1158 ARG 28 B AT, Iz it 9 AL
SR CHNoR BT 20O B OG R A, M FRAIAT A4 32 1 4
FRE RE ANGIOW T S0 IR
25 REBUMHHREERBEIETL

FH FTIRCE 52 Hra] H1, Y& 4k J5 71 #4 K 1 1)
S S R A T KA A, AR BT A [ AR O B A
), XA R R T RIS . I 6 AT, R
AL BT HRA B SR PRV 2SS ER 1, R R EF AT R T
W T T o B G AT (R 3G I, L E AT
MR TR P 3B e o, FEAED 24k 10 d 5B B35,
M 5.07 T FEZE 4.36, RIFATTMGCIEME 4 T H 21
FRYEF= W) . fE 6 E AL 10 ~ 30 d 2L FEH, HlE2 Y
pH EAIBNT- 27, R DG R P T . 1
JeZA 40 d )5, IR pH AR L —E [Bl T, 3K A]
RE 55 302 S B AR P2 M B IR R AR BT Sk T A,
BT IR ) pH (HAEYEZ A 10 d JE W 5.24 3
N4 5.97, 2 J5 NI 2 A0 TR] P SE K ) B
PR S ek 55 J5 SRR R 3 0, (R AR 2K T AL AT Y
R pH A, BRI N2 . BEFLRY, HER
Firh R O BT AR R M A A T T E AR K E B, HH
SRy DAHEN, AL T RE M, B E MR E A
G EEEY, WEFAERZH TR A& —
TEMIPRITVE R, BEREIERTT A I B AR
2.6 IS MERE

B 5 27 A% I [R) RO 186 I, 25 55 70 ¢4 3R T ) B il R
o7 i R, a5 9E 8 AR AKHEE. M
T 2 T PR B T 452 G T R 3 7R I TR £ 59 n I
AN, AR5 2 BT I R 7). H
1) 7] 2Bt 7, H RO FE e fa , A7 i 2 1 G
AR . X U R A E T MR,
RIS TE BN A 4G T E R AT AL

b s NCRS
2 Py 2% 7
;n\_TvS g l‘
BT & 404
Tl by =

30d

N "y
A

-—1125
-—1052

Bt

1800 1600 1400 1200 1000 800 600 400
WE/em™!

1800 1600 1400 1200 1000 800 600 400
W E/em™

5 B R EHF M (O FIH A () 1 FTIR B3
Fig. 5 FTIR spectra of bamboo without green outer layer (a) and with green outer layer (b) during photodegradation



%9 3 TR A A TS SR IR TR 5 ) P AL 159
6r ; §§ 27 I e
e \ NN AT 12 B T8 A 0 8 4 5 A SO A W 25 T AT
- AR M0 T4 BT 2, B2 AT T MO I
R B BT b CESNL N G UESS NS S 2 R Sl
250 0 N R R Y 8T ) 8a), 16 WA AT 7T A s R I i
=0 N R SRR B R K AL S 12 R, M
RN IR FRARR AN 27.11%, BB A 61 10 2
AN RN SR T Wi T TR BN 16.39%,
ol L L L L L L L LL L RHMCTF LTI, LRI sb), it
W SGAIE ) T AT PR B0 s

El6 SRR AT - R pH 221
Fig. 6 Changes of benzyl-alcohol extractives pH of bamboo during
photodegradation

FEEAT MR RN ZEMEEL 8
Ja i B f %2 6.33%, X FESHE R IHAER
5 TR A B P (R DR RIORE N T A e b BRSO
RO, KR I, FEAR R BE FRIS (8] T, 2 757 )5
BIURRIRZART EZFNHM, HEEFR0 A, X
R, %8 G, WHEMMREKE R
4.89%, KT EF MR RSB KR E 76), BT
TR T8 BT 10 B A — e A

T D

o =

21 4 8 i

2.8 TEERFRPILH

RARNTHI SN2 A 50 B AT S AT AL AIAT 35 3
AL (s 9. Horb, THBUFEREZE RN
NE, REJRREBSNE 2, KL
2 i R i 240 R A e o 4 D A< FL B 4Lk, HESIER
P, R, R R (AR W W R A
W, T B B AR B R S AT A e e SR
B2 MEIEAE L AR, JE L R B AN S W F TR,
i AEPT AR (10— 2 RIR R PR

VYT AEZ BRI, g AR E IR G IR IR
BEXIN, KB RTORIE 2, T — R . [

7 EARNAR AR R I ()RR E R F AL (D)

Fig. 7 Images of bamboo surface (a) and mass loss rate (b) during mildew

L ——
—e—i
2 4 6 8
b 30T
25t
& 20 .
= 15}
i)
= 10 +
5 —— L
——
0 2 4 6 8 10 12

8 JEAT 12 JAEATA B R Ca) FIAS [ B 9 R R BB R R AZ AL (b)

Fig. 8 Images of bamboo after 12 weeks of decay (a) and changes in mass loss rate after different decay times (b)



160 b mw # kK % R

47 %

REFIG < S

B9 rE RN G KRR RIBL]

Fig. 9 Microstructure and protective mechanism of green outer layer of bamboo

B, 05002 1 R SR FE L, S5 BUE eI, MY
eSS R o R AN R, B REBE BH 1K 2038 3B HE P 44
Ko MAL, BT & Si0,(GX 2 Tk H
(2R AR Bk RD, BRI RS T e it —LiE A
DAL b, E T 08 o 2 1 7K M AR I )2 58 4/ I i 11 XL
HAEF, 17 2 R A BUE AT N ) B
PP AT S, —J T, 715 B A S
W BRLE R, 619 R 0 B 22 AN AR T R B AT
M S, R, BT R E R R, BEAS T
T A A 5 B A K BT 7R 1B R R K 4y A A, AT
WX 7 AR (B B AR s 5 — g T, R
VI 225 24N T 28 T R P B ARG, N T 9 2% 3 78 1)
B, LA b2 R R SR (R 7 A — 5 B B A i
JEHECE 9.

34 #®

AT R0 257 A T R AT AL, JE G X b 3
TENCE AL B AR A AR P (R T M RE SO 45 4
AL 22 By AR A () 22 7, [ W AT R X T 1 R
FAERMLE] TR TFELERAG LT 3 A

(DA RE A, 37 774 1 2 1 0 €0 AN e
A BT RHF M, HAE a2 40d J5 1)
AE N 1725, EEEF TR T 60.18%; & fid £ NI
M 87.68° P& % 78.1°, Jk/N) 1%, L L 1THBE
fIK T 51.82%. [A]INF, 00 285 46 2 T A4 2 1 oy 1 —
WAESE T F M B BEERE EE RN, BT =
BA— M2 EH

MG, HEM RS, H A
BALT EF M, 8 T R 2 HEH = RIS
Bio [FIBS, 7 75 770 15 55 738 R0 G5 A i i w4
KRN 4.89% Al 16.39%, Ml T Z=HTH K
6.33% 1 27.11%, ¥ H LR 3% T B, SR B M
B AEY BB .

GOV 2 PR E FHALHIR T 3803 1
W EFIRERZ, ReEAE N — E B R, J R4

JGHINSS MK > BB %, RIS  REARAE 3 1 76 1 A
W22 AR N, AT B 1 AT R 6 =2 A PE AT ik
GX7//EA AU

L5 LR, AT R T ORRRAT R R 1 R A
BRI T o AL, FEAT A4 B A7 0 T rf, — D7 Al
LUk FVECR AT IR, JCHAER T 77 SRR BEIT, m]
LA A 22 DR 7 TR ERASE Y 5 AT P A R AS AR X A 85
M R o 5 — U T, £ R B SALE A, WAL
FNTH o, FHRBCHL A M R B )2 R IR R
P70, ST RA BRI -

& £ x W

(1] S, @ T, 2258, WIL R IET (DES) ik 1 b 5] 3 20 1

(PVA) & 15 4k F2 18 55 389 0 47 4 [J/OL]. b 3 ARl oK 2 52 4l
2025. [2025—08-24]. http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.
1000-1522.20250146.
He Z W, Gao Y, Peng Y. Deep eutectic solvent (DES)
pretreatment combined with polyvinyl alcohol (PVA)
impregnation treatment enhances strength and toughness of
bamboo[J/OL]. Journal of Beijing Forestry University, 2025.
[2025—08-24]. http://j.bjfu.edu.cn/cn/article/doi/10.12171/5.1000-
1522.20250146.

(2] S&ECH, R, Tt 55, “DIATARI” (8 S0 m 1y 4 7 o AR

FEIIRIBLRIBE 7S AR P T 52 S BAT A9l (3], A7 Dk,
2025, 62(2): 85-92.
Lian W Q, Xue Z X, Huang A S, et al. Study on the mechanisms
of the “Bamboo as a Substitute for Plastic” initiative affecting the
new quality productivity of bamboo enterprises: taking 52
bamboo enterprises above designed scale in Nanping city as an
Example[J]. China Forest Products Industry, 2025, 62(2): 85-92.

(3] ZEdkEs, MVLh, BRAL, 5. AT AR RRYE S A7 o 25 a1
PERERSEM [J]. AL MOl R 225441, 2025, 47(4): 168-176.

Li Z Z, Shi J J, Chen H, et al. Influence of asymmetric bending
behavior of bamboo on performance of curved components[J].
Journal of Beijing Forestry University, 2025, 47(4): 168—176.

(4] Ehi7. SOAESHE T IR B h AT RSB 5L (0],

#HE30, 2024(12): 35-37.
Wang L X. Research on the application of bamboo in modern
architectural design under the green ecological concept[J].
Architecture and Culture, 2024(12): 35-37.

[5] LouZC,ZengZY, Yan N, et al. Modification and application of


http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/cn/article/doi/10.12171/j.1000-1522.20250146
https://doi.org/10.12171/j.1000-1522.20240360
https://doi.org/10.12171/j.1000-1522.20240360

59

DRGSR G BB R 5 P (¥ 4R P AL 161

(6]

(71

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

bamboo-based materials: a review (part II): application of bamboo-
based materials[J]. Forests, 2023, 14(11): 1-25.

Wang Y J, Zhang R H, Kong L F, et al. Bamboo durability:
understanding the combined effect of weathering and mildew
infection[J]. Industrial Crops and Products, 2024, 222: 119612.
R, LR, BRI, 5. 1M P A B B BRI
JEE [J]. AR AT, 2024, 37(3): 67-73.

Che H'Y, Kong L F, Li C X, et al. The main forms of outdoor
deterioration of bamboo and research prospects[J]. World Forestry
Research, 2024, 37(3): 67-73.

Lux A, Luxova M, Hattori T, et al. Silicification in sorghum
(Sorghum bicolor) cultivars with different drought tolerance[J].
Physiologia Plantarum, 2002, 115(1): 87-92.

Maffei M. Chemotaxonomic significance of leaf wax alkanes in
the Gramineae[J]. Biochemical Systematics and Ecology, 1996,
24(1): 53—64.

He L, Chen L, Shao H J, et al. Microstructure and
physicochemical properties of the anisotropic Moso bamboo
(Phyllostachys pubescens) surface[J]. European Journal of Wood
and Wood Products, 2021, 80(2): 1-12.

Zhu'Y, Guan M, Jia Q, et al. Degradation mechanism of cuticular
wax composition and surface properties of bamboo culm during
storage[J]. Industrial Crops and Products, 2024, 214: 118558.
ASTM International. Standard practice for operating fluorescent
light apparatus for UV exposure of nonmetallic materials: ASTM
G154-23[S]. West Conshohocken: ASTM International, 2023.
Schmidt O, Wei D S, Liese W, et al. Fungal degradation of
bamboo samples[J]. Holzforschung, 2011, 65(6): 883—888.
Sinclair J B, Dhingra O D. Basic plant pathology methods[M].
2nd ed. Oxfordshire: CRC Press, 2017.

I 5o M B A g R A R, [ K hm AL B B . B
X AR B R N AR T 5 iR A KR 36 7 i GBI/T 18261—
2013[S]. dbat: H E bRk H AL, 2013.

AQSIQ, SAC. Test method for anti-mildew agents in controlling
wood mould and stain fungi: GB/T 18261-2013[S].
Standards Press of China, 2013.

Jrlie, sk, feth 0, & BREMAZAR BRI XTI AL EE 7).
JEETARL R 2 4R, 2024, 46(11): 124-132.

Fang X, Zhang J P, Xiong Y X, et al. Sub-regional treatability of a

Beijing:

naturally aging Chinese fir beam[J]. Journal of Beijing Forestry
University, 2024, 46(11): 124-132.

FEEWF, ©58, TR, W EVIHTE TR AR RO S5 162 1
S i [0 bRl R 22254k, 2021, 43(3): 138-144.

Wang Y J, Peng Y, Cao J Z. Analysis of microstructure and
chemical components of southern pine during initial brown-rot
decay[J]. Journal of Beijing Forestry University, 2021, 43(3):
138-144.

I 2o B A IR A R SR, T A A A B 2 O . AR T
AMEREER — B3 RIRM IR 1k SE 96 = 8 57 GBIT 13942.1—
2009[S]. Ab5t: AR #E H A, 2009.

AQSIQ, SAC. Durability of wood (part 1): method for laboratory
test of natural decay resistance: GB/T 13942.1-2009[S]. Beijing:
Standards Press of China, 2009.

4G AR LD ARHEA BOR 2R 5 2 IEARIEURHE HLIA ST b i 4 &

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]

B AE : GB/T 2677.6—1994[S]. b 5 : o [ b o H W 4,
1994.

AQSIQ, SAC. Fibrous raw material-determination of solvent
extractives: GB/T 2677.6—1994[S]. Beijing: Standards Press of
China, 1994.

AR, MREAN, @K, 55 TR RHI 5 A6 2 AV RE T U
J& [J]. WA RHEL, 2011, 31(6): 70-73.

Li N, Chen Y H, Bao Y J, et al. Review on research of bamboo
and wood anti-UV aging[J]. Journal of Zhejiang Forestry Science
and Technology, 2011, 31(6): 70—73.

W, AR, A, S5 TR 0T 3R TR 4 0 BE BB X 43
i [1]. P74k 5 Tlk, 2010, 30(5): 19-24.

Yang S M, Ren H Q, Fei B H, et al. Lignin distribution in cell
wall of bamboo culms (Phyllostachys pubescens and Pseudosasa
amabilis)[J]. Chemistry and Industry of Forest Products, 2010,
30(5): 19-24.

Lian C, An X, Li H, et al. Use of atomic force microscopy to
view ultrastructure of the fiber cell wall in Phyllostachys edulis
culms[J]. Cellulose, 2023, 30(4): 1999—2006.

Yu H X, Pan X, Xu M P, et al. Surface chemical changes analysis
of UV-light irradiated Moso bamboo (Phyllostachys pubescens
Mazel)[J]. Royal Society Open Science, 2018, 5(6): 180110.

Kim Y S, Lee K H, Kim J S. Weathering characteristics of
bamboo (Phyllostachys puberscence) exposed to outdoors for one
year[J]. Journal of Wood Science, 2016, 62(4): 332—338.

Rowell R M. Handbook of wood chemistry and wood
composites[M]. Florida: CRC Press, 2012.

Jelle B P, Riither P, Hovde P J. Investigations of accelerated
climate aged wood substrates by Fourier transform infrared
material characterization[J]. Advances in Materials Science and
Engineering, 2012(1): 1-6.

Yu H, He S, Zhang W, et al. Discoloration and degradation of
bamboo under ultraviolet radiation[J]. International Journal of
Polymer Science, 2021(1): 1-10.

Dubey P, Sharma P, Kumar V. FTIR and GC-MS spectral datasets
of wax from Pinus roxburghii Sarg. needles biomass[J]. Data in
Brief, 2017, 15: 615-622.

Xu G, Wang L, Liu J, et al. FTIR and XPS analysis of the changes
in bamboo chemical structure decayed by white-rot and brown-rot
fungi[J]. Applied Surface Science, 2013, 280: 799—805.

LR, WS, B, ST B e A 0 AR KR
BEFE [9]. MO REEREIL, 2009, 22(6): 819-823.

Ma X X, Jiang M L, Liit W H, et al. Study on the biological
characteristics of stain fungi and mould fungi on bamboo wood[J].
Forest Research, 2009, 22(6): 819—823.

T8, BRUR, B A%, 5. 2 P N AAT A K AT T 3 R A 5 1R A0
Ft [9]. PR ARAL R 224, 2017, 37(1): 170-175.

He R, Qiu J, Luo B, et al. The research on anatomical
characteristics of stem epidermis of 2 sympodial bamboos during
the growing season[J]. Journal of Southwest Forestry University,
2017,37(1): 170—-175.

(WSS % 45
THERE TIN)


https://doi.org/10.1016/j.indcrop.2024.119612
https://doi.org/10.1034/j.1399-3054.2002.1150110.x
https://doi.org/10.1016/0305-1978(95)00102-6
https://doi.org/10.1016/j.indcrop.2024.118558
https://doi.org/10.1515/HF.2011.084
https://doi.org/10.1007/s10570-022-04994-9
https://doi.org/10.1098/rsos.180110
https://doi.org/10.1007/s10086-016-1562-7
https://doi.org/10.1016/j.dib.2017.09.074
https://doi.org/10.1016/j.dib.2017.09.074
https://doi.org/10.1016/j.apsusc.2013.05.065

	1 材料与方法
	1.1 试验材料
	1.2 户外劣化环境的模拟
	1.2.1 户外光老化模拟
	1.2.2 户外霉变模拟
	1.2.3 户外腐朽模拟

	1.3 光老化试件的测试与表征
	1.3.1 表面颜色测定
	1.3.2 表面光泽度测定
	1.3.3 表面接触角测定
	1.3.4 微观形貌表征
	1.3.5 化学结构表征
	1.3.6 竹材光降解产物的pH值测定


	2 结果与讨论
	2.1 光老化竹材的表面颜色变化
	2.2 光老化竹材的表面光泽度和润湿性
	2.3 光老化竹材的微观形貌
	2.4 光老化竹材的化学结构
	2.5 光老化竹材的表面酸碱性变化
	2.6 竹材防霉性能
	2.7 竹材耐腐性能
	2.8 竹青层的保护机制

	3 结　　论
	参考文献

