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Study on the fiber growth and development characteristics of Bambusa multiplex
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Abstract; [ Objective ] Bambusa multiplex has sympodial tufted rhizomes and is widely distributed in subtropical bamboo
regions of China, with good adaptability and cold tolerance. Analyzing the morphological characteristics of its fiber growth
provides a basis for the rational utilization and in-depth study of bamboo fiber resources. [ Method ] Using shoots and
culms of B. multiplex as materials, fiber traits were detected by a fiber analyzer after fiber separation by the Franklin
method, and the relationship between internodal length and fiber traits was analyzed by One-way analysis of variance
(ANOVA) and Pearson’s correlation (PCR).[ Result] Fiber traits in the 2nd to 4th internodes of B. multiplex shoots

showed no significant differences, making them suitable test materials for fiber growth research. Under different growth
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lengths of the 2nd to 4th internodes in shoots, three traits—fiber length, ratio of fiber length to width and kink rate—
exhibited normal distributions. Bamboo shoots fiber length (y,) and ratio of fiber length to width (y,) were extremely
significantly positively correlated with shoot internode length (x,), respectively. Their regression equations with
internode length were: y, = 0.347 In x,+ 0.622, y,= 0.004 x;— 0.282 x}+8.773 6 x,+ 23.601.In culms, five traits—
internode length, fiber length, fiber width, ratio of fiber length to width, and kink angle—showed extremely significant
differences among the 1st to 13th internodes. The first four traits increased and then decreased with increasing internode
number, while the last trait showed a fluctuating upward trend. Internode length, fiber length, and ratio of fiber length to
width reached their maximum values at the 6th internode, measuring (46.35+6.44) cm, (2.55+0.05) mm, and
174.81£4.40, respectively. Fiber length and ratio of fiber length to width in the 2nd internode [ (2.31£0.07) mm and
(161.38+4.39) | were closest to the whole-culm averages [ (2.31£0.03) mm and (161.18+0.06) ].In culms, three
traits—fiber length, kink index, and kink rate—showed normal distributions. Bamboo culms fiber length (y;) was
extremely significantly positively correlated with culm internode length(x,) , described by the regression equation: y; =
0.857 x5°®. Traits such as whole-culm fiber length were not strongly correlated with culm age. For one—four-year-old B.
muldtiplex culms, the average whole-culm fiber length, fiber width, ratio of fiber length to width, mean curl degree, kink
index, kink rate, kink angle, and fine fiber index were (2.31+£0.03) mm, (14.34+0.05) pm, 161.18+0.06, (4.13+
0.11)%, (200.30+4.97) %, (275.78+6.53) %, (24.95+0.05)°, and (86.85+0.38) %, respectively. [ Conclusion]
The stable fiber traits in the 2nd to 4th internodes of B. multiplex shoots make them suitable for future research. The
correlation between fiber traits and internode length aids in exploring the mechanisms of fiber development in bamboo
shoots. Significant differences in fiber traits among culm internodes reflect the dynamic process of fiber development. The
significant positive correlation between fiber length and internode length, along with the weak correlation between whole-

culm fiber traits and culm age, indicate that bamboo fiber growth follows unique laws influenced by multiple factors.
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Table 1 Fiber characteristics of the 2nd to 4th internodes of Bambusa multiplex shoots
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number length to width degree fine fiber index

2 1.75+0.11 A 14.11£0.15b  123.86+7.35 A 8.70+0.38 a  443.16+111.98 a 509.59+175.05a 28.93+0.44a  81.14x1.06 a

3 1.79+0.13 A 14.34+0.21 ab  125.60+9.55 A 9.00£0.32 a  420.28+106.81 a 486.63+163.16 a 29.43+0.46a  82.27+1.33 a

4 1.65£0.18 A 15.01£0.35a  111.75£13.72 A 8.84:+0.54 a  419.12+111.33 a 484.61£180.78 a  30.20£0.77 a  78.93x1.74 a

T /NG FREFOR BT T 2257 TR I, PP LU B IR IR B s RS TR 3R Bl A A T 2250 1A 6, P EL B S I e 1
AEFHFERZREFH (P<0.05), TA, Lowercase letters indicate that the data meet the Chi-square test, and the two-way comparison is based
on the Bonferroni method. Uppercase letters indicate that the data do not meet the Chi-square test, and the two-way comparison is based on the Tamma-

ny method. Different letters in the same column indicate significant differences ( P<0.05). The same below.
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Fig. 1 Differences and trend plots of internodal length and fiber traits of 1st to 13th internodes B. multiplex culms
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Table 2 Fiber characteristics of B. multiplex culms at different ages
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width degree
1 38.19+1.54 B 2.37+0.05 A 13.94+0.13 b 169.79+3.06 A 5.46£0.20 A  200.92+5.89 a 274.26+10.51 B 25.28+0.13 a  89.18+0.41 a
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J{f mean 35.78+0.86  2.31+0.03 14.34£0.05  161.18+0.06  4.13+0.11 200.30+4.97  275.78+6.53 24.95+0.05 86.85+0.38

3 97 #

R BN FEEN Y A i, HHOC
FRATF S R, AR AR 6, D
S U BE TN JEE S B B, B 208 U4 E 4
P S INRERI LT AEANN . SRTIT, SR~ A AT LT YE R
F RS 2P AERFAE (] 56 R RS AE W] Bk T

KF TR R A E AT B 20t
GRLER M ZXFFAT ( Pseudosasa amabilis ) fx 1 77 [A]
KT 9 35 BEEAT (B, pervariabilis ) fp K
K HELESS 15~20 15" BEAAT (B. chungii) i1 55
KATIHR BEAESS 9~ 12 451 BAT (P edulis) 53 18
I R I R B R AR AT
( B. wenchouensis) F53 54T (B. chungii) % 6 Fp4T T
LT AR B 5719 (G B 2 IEAR G, SRR Y 45 2R
B—H

AW R IAE 1~ 4 FEEEOLT , Z2IPTFE )
SPYER R PR T L HZS B A R S R
SERTPT IS IR R AN B R s T SRR T
ANEATIS ASFEAT AR AL BAT LR 4EVEAR, A AT
M ETHEA I B2 ATATRR AL B2, S AT 4 T 3%
FFR A A B S BT I 5 0 B AT B
ETYEIC S, LT R P BP0 1 T 1 5 ik 2 22
S RS 1 IO 46 DY 2R i ), A 1 Tk — 2B F
FEHIE. Chen 25" fF 5% & BHYY ] 4 J8 AT il 4 o
P A G R AL ) A5 1) —FAUE 5 B/
R 82 i R AR = B i LS R Y e o
D A K AR it RNA % 2 00 it A4 1 25 37
555 Xiao 2515 L BIE KB EFTIR 16 Mo 5 K 4%

XRAELT 4 K TR FBWAE R . L, AT AR Y
AT Al PR 22 52 v] B JE 2 AL TN R VAR
T MHEFEZENZRHWN, A TEZRA
WA o

S STk ( reference)

[ 1] TURSUNOV O, DOBROWOLSKI J. A brief review of application
of laser biotechnology as an efficient mechanism for the increase of
biomass for bio-energy production via clean thermo-technologies
[J]. American Journal of Renewable and Sustainable Energy,
2025, 21(1) .66-71.

[ 2 ] KHAN R, JOLLY R, FATIMA T,et al.Extraction processes for
deriving cellulose: a comprehensive review on green approaches
[ J].Polymers for Advanced Technologies, 2022(7) ;33.DOI;10.
1002/ pat.5678.

[ 3] w sk, tomt, fb st P 35 MRS B i fb 2 15 AN g B S A [T ]
ZBFARBFSE ,2007,25(4) :28-33. GAO H,XU B,SHAO Z P.
Chemical compositions and structure of cell wall in Pteroceltis ta-
tarinowii Bark [ J ].Non-Wood Forest Research, 2007, 25(4):
28-33.D01:10.3969/].1ssn.1003-8981.2007.04.007.

[ 4] BREETS, RWAE, 8847 , 55 T RAAR IR 7O it (%22 5% 45
Brld ] iAol Bk K22 4z, 2015,35(2) :38-43.CHEN T
Q,ZHU Y Y,ZHAO Y et al. Analysis on genetic variation of wood
properties of Pinus massoniana half-sib progeny [ J ]. Journal of
Central South University of Forestry & Technology, 2015, 35
(2):38-43.D0I.10.14067/j.cnki.1673-923x.2015.02.008.

[ 5] Wi, ERA, A UL U p ] b £ 4E T2 3 R Al 2 10 (4
WRFE (0] 1 45,2009 (1) :3.CHEN X, WANG Z J, WANG
J.Analysis on several kinds of fast-growing plants’ fibre configura-
tion and chemical components [ J]. Papermaking Equipment &
Materials,2009 (1) : 3. DOI: 10.3969/j. issn. 1672 — 3066. 2009.
01.002.

[ 61 D5, sk SO AR AT MR LR A R Lk [ ] Afolk A
FiH % ,1997(5) :10-12 .MA N X,ZHANG W Y.Summary of
intensive cultivation model of pulp bamboo forest[ J].Journal of
Forestry Engineering, 1997 (5) ; 10~ 12. DOI: 10. 13360/j. issn.



28 Mol R e AR (A R B R

%49 &

1000-8101.1997.05.003.

[ 71 B9, 5K 3CHAT B T G ACATEL T ] Ml B 25T, 1995,
8(3):5..MA N X,ZHANG W Y.The perspective on bamboo pa-
per-making [ J ]. Forest Research, 1995, 8 (3):5.DOI; CNKI;
SUN:LYKX.0.1995-03-015.

[ 8 ] QUENTIN V, ANTONELLA E, JEAN-MARC S, et al.Interfacial

characterization by pull-out test of bamboo fibers embedded in

poly (lactic acid ) [ J]. Fibers, 2018, 6 (1). 7. DOI. 10.

3390/1ib6010007.

RIGHT, T, TN, S5 AR AT LT AR 2SR AE S AL 2 103

MRS [ T 4R 4R, 2010(5) 3. GOU G Q,DING Y L,

FANG H G, et al. Research on fiber configuration and chemical

—
o
[—

components of B. pervariabilis X D. daii [ J ]. Paper and Paper
Making,2010(5) :3.

[10] PRENEE , sRBI3HE, K, 5. P01 6 FAAEAT I - 48 25 0F 5
[JT. P AR B R 2 4 (A AR BR A i) , 2015(5) - 8.
CHEN L J,ZHANG C Y,LAL Y P,et al.Fiber morphology of six
sympodial bamboos in Sichuan[ J].Journal of Northwest A & F
University ( Natural Science Edition ), 2015 (5): 8. DOI; 10.
13207/j.cnki.jnwafu.2015.05.031.

[11] CUI K, HE C Y, ZHANG J G, et al. Temporal and spatial
profiling of internode elongation-associated protein expression in
rapidly growing culms of bamboo [ J].Journal of Proteome Re-
search, 2012, 11(4) :2492-2507.DO1,10.1021/pr2011878.

[12] KHANTAYANUWONG S, YIMLAMAI P, CHITBANYONG K,

et al.Fiber morphology, chemical composition, and properties of

kraft pulping handsheet made from four Thailand bamboo species
[J]. Journal of Natural Fibers, 2022, 20. DOI. 10. 1080/
15440478.2022.2150924.
[13] BB JBUNY B HZE, S5 2T AL A W2 Rk S 258
[T ] Aol Bl , 2011, 47(8) :61-66. YUAN J L,GU X P,
YUE J J, et al. Flowering biology and crossing of Bambusa
multiplex[ J].Scientia Silvae Sinicae,2011, 47(8) :61-66.DOI;
10.11707/j.1001-7488.20110810.
[14] JAAE (AR 1035 B SRR AP X B AT ARANAR Az 7 i JE] e 1T
FELI] LA K 272441, 2008, 30(2) . 7. ZHOU B Z,FU M
Y.Fine root production and turnover of Phyllostachys pubescens
stands in Miaoshanwu Nature Reserve[ J].Acta Agriculturae Uni-
versitatis Jiangxiensis, 2008, 30 (2): 7. DOI: 10. 3969/]. issn.
1000-2286.2008.02.012.
JAT5 A BT S RFFE [ T ] R Aol 224 4 ( A AR
20 ,1981(1) :16. ZHOU F C.Studies on the structure of culm
form of Phyllostachys pubescens[ J].Journal of Nanjing Forestry U-
niversity ( Natural Sciences Edition) ,1981( 1) :16.DOI:10.3969/
j.Jssn.1000-2006.1981.01.002.

[15

[

[ 16 ] DONALDSON L A. Within-and between-tree variation in
microfibril angle in Pinus radiata [ J].New Zealand Journal of
Forestry Science, 1992, 22(1) :77-86.

[17] CHENG L, HUI C. Internode morphometrics and allometry of
tonkin cane Pseudosasa amabilis [ ] ]. Ecology and Evolution,
2017.DOI:10.1002/ ece3.3483.

(18] WRH . HE AL S B S [ ]. i F ATk iR, 2019, 17
(4):11-15. HUANG D Y.Study on the culm form structure of
Bambusa pervariabilis[ J]. World Bamboo Rattan,2019, 17(4)
11-15.DO0I;10.13640/].cnki.wbr.2019.04.003.

[19] BR5, R, Fuagl, S B AT g 5 A oyt [ J] i
BBE IR, 2020, 18(3) :5. HUANG D Y,HUANG D Z, WEI
L Y,et al. Culm form structure and biomass of Bambusa chungit
[ J].World Bamboo Rattan,2020, 18(3) :5. DOI: 10.12168/sjz-
tx.2020.03.005.

[20] CHEN M, GUO L, RAMAKRISHNAN M, et al.Rapid growth of
moso bamboo ( Phyllostachys edulis) : cellular roadmaps , transcrip-
tome dynamics, and environmental factors[ J].Plant Cell ,2022,34
(10) :3577-3610.DOI; 10.1093/plcell/koac193.

[21] BR K RETTT WA 6 RN IE S B HH A iR 1Y
WHFE LI ] WA 2224, 1990, 7(1):63-68. MA L F,
ZHU L Q. Fiber forms and tissue percentage of six species of sym-
podial bamboos in Zhejiang Province[ J]. Journal of Zhejiang A &
F University, 1990, 7(1) :63-68.

[22] BRK, DT BT F IO SE L) ] Aol B2, 1997,
33(4):9.MA L F,MA N X.Study on variation in bamboo wood
properties of Phyllostachys heterocycle var. pubescens[ J].Scientia
Silvae Sinicae, 1997, 33(4) :9.DOI;CNKI.SUN:LYKE.0.1997-
04-007.

(23] A=K, 00, 48 1 #E, S R AT B FIRRAL X BATEF 4EIE 5
SEER BRI [ ) ] WA R 222418, 2023,40(2) :446-452.
NIU S J,WANG N, CUI B X, et al.Effects of different ages and
positions on fiber morphology and crystallinity of Phyllostachys
edulis[ J].Journal of Zhejiang A & F University,2023, 40(2) :
446-452.

[24] BE/NER, BRIGE, HEF, 5 AREF LT F OB
B[] AL ,2022( 1) :34.SHANGGUAN X X,CAO J F,
YANG Q L, et al.Research progress on the molecular mechanism
of cotton fiber development [ J]. Cotton Science, 2022 (1) : 34.
DOI:10.11963/¢s20210076.

[25] XIAO G H, ZHAO P, ZHANG Y. A pivotal role of hormones in
regulating cotton fiber development [ J ]. Frontiers in Plant

Science, 2019, 10:87.DOI;10.3389/fpls.2019.00087.

("WHERH TEH)



