[ Downloaded from ifej.sanru.ac.ir on 2025-11-20]

100 V) bl g sl /N ojles [pmd Sl ol el S usliiips:

" 59)-’ ‘\J&Q"

) SRS Ay ) ol ws"f 2 OnSd 9 Fokw oo il
(02! Jlows -Gl 1> SR 365 y90 anlllao)

s e g T gl ol 5 5l 40
(M.nasiri@sanru.ac.ir : Jgsue odiuw 5) 5 )lw rusb mlio 5 (55,58 pole olKuisly ( JSin awiinos g pole 0,5 HLoliwl =)
Sl b @i 5 (55)9LiS pole oS ¢ JSin qwdine g pole 095 okl Y
Sl (b @lie g (6))9liS sl IRl sk (sl 0359113 9 G @lio 09,5 b3kl Y
Ve /AlY u));,\_; éi)lj VEe o /FNY el @)U
VEY B VOO oo

il b il 5 (559LS gle oSty
Ol GadRe (cwludes:

bguuro 04252

@ adlas (bl (IS ool laglyed 5 b aioh SB mlud 5 Conti oz o8 dlas pryere I S QLS ady) 1848 9 dosds
A pll ady) jl 2l dlge g gk (68 Glie i 4 g b (3500 (adigS Ay (LS Cunglia oy gliie

conly B 5l ddsy gladises (it )y ddy) (didS Cuoglio o sl A pldl Ghile el UL JKis )5 aalllas oyl :Ub‘,fss) 9 b',o
b bl Lol (sl g sl ol Sl oolizal b (otS” Cuoglie (slejl 5 (6y9) oz dllr jin () 4 gilasily bsk 5 (ool wljl dSgs 550
dngliio yolaie & b (ol (pliard 4 jl ool b (25)> hlime slaaisS adyy (sl (2l 5l dlge 9 1S ol (R e pmen
5 Slbisine Oms Slp padld ogpeiite dia Lot I rizmen A odlitul 48,00y byl g ) (B0 SadiS slaady) (biS Caglie
15 03litl oz y5cis Slgo g ST ¢ uiS) ok yolie Lolul 1 b 65 il

5 (FV/Y MPa) Kwgs slaaisS (gl iuiS cuoglio oy yieS g (F+/V MPa) Loxil 5 (V+/YMPa) bsl 4565 (gly (oiiS Cuoglio oy yrien ABL
w55 0 &S Jlbyo .l ouds (65505101 ol Hliee 51 YL S Gl izl g Sawgs o ily (sladisS 5o ol )lis guls .0 <ol (Fo/Y MPa) sl,
5 5iaS g8 ol 1 ot (6 Sel S Camglio i Sikis el sty il i) yolio 45 Sosi g y3ly 655 13 315 |y s 2yt gl 3]
095 dus amdgo (L5 et koo gl Sl baisS ol 5l iy (2857 Cuoglie b e i Ll ol uolie oS a0 g boly 435S (5l
) plowd 429 9 (S Canglie sl alojl gl @ g b oS Canl 0ad JuSi5 bglm Lol g b5 pee ¢ Bl Bog Y (ol bkl oy
Bl ol Loy Cunsg

b laaisS aieg)S 5 pareds Jibd & drgi (rien 5 e slaalsS ady) oo 5 068 (i o adlls ol @l & g5 L 36 05 sl

[ DOR: 20.1001.1.24237140.1401.10.19.18.3 ]

[ DOI: 10.52547/if€}.10.19.155 |

Lles d.)b) SoS (ewdigolus dl!ba)9).g Cawlio 4\4; ul}w‘ LSI)’ LS)SM » ul&w}u 4 ..\)‘94‘_;0 JALC A uﬁ)f)ja) 3

ula,;u Jn]y— (R Cam § el y Sk’ s 4L:=L?'|9):.\13 d)\.\g.li : ‘5.\.3.15 dlhb,'s

e e 5 5 £ a5l e & adsy oS
loady) @iy Car g kb (Juad &S Camnj oo 23ko
Lo)Ble » bl e Glapis )b (S
Pl g sie dlge g Ol &y yed 53 5t (SB Gas
s ol (Sen (598 35L) SB > 29290 (alend
Fud ol Gla ials I 4 pliesj > ady) (F) wles
sad il b Yeane (wilS Cuoglio (V) cunl bl ]
Sl > gl s a4 ol g (V) wbe Slals Ay,
Hobw il J> 4 jlad o5 claady, (V0) cul Ay,
Fopglie iS5 kil gkl gl ady) & Cand Pk
Ol Lol i (Vo) 5500 aldlas 5y Lol () diiun
2 Omed b (oo (Rl ady) Hole lie ady, Lo
5 I) )...sl.» O s u...iJ O‘}ﬁ.p 5 odld ul‘*‘" dxllao O.ﬁ\
e O yolatody (BT ) Dl ) (LS Caeglie
(539 (SIS Sn lef] Aniis | oy S angi
Sy o 965 93 9 S (Sigw 455 dw SaeS glaady,
S Caglio oS 15 et adlas oyl 53 i b
Sl o ) Olpdi g odg ok pU cov baady,
5 i (V0) Gl oad rdidyy (iiS Cuoglio jd o xe
bk ols 5 obys 25 saisS 95 Lotslofl 5o () oyl
S sy 5 5 Pl Sl 5o sl
€d,5 )13 odlisal 3y50 Pk S5 lgime 5503l sl
s ) (1) 1515 5 o Lungs 5 conl gy 3

LV R

pilSe do aialy (5)lky )3 (BLS Lidey b ek

ois Jeos gkl & cwlbady; buwy (gilwgbae
sei oo ol b ddy) S Congliio SaS 4y S
&S S ddi ] ol yle ddyy (iiS Cwglie (YY)
b denS 5 Syl B b s 00plS pEim 4 ady,
WK gS Ay (whulS Canglie |y LS oot Wlgs o ) alaite
s > Slo oSyt 08l o b Juo 4l 5 S
IS oy plp 3 Ay Jg 039 polie (5LiS slagys
Cuoglio jd LS ,0 adyy i (V) o)b (g e Cuoglio
(S Caglio dbddy) @jo5 Cax g Mo & SB- Dy
oo Jole Sy Ay, i3S Caglie ol (VYY) 5l
saioh ) SB cusdi ol cuwln ladiss Gl
oS ady) e oS Jl s o S1(V) el Sl
Cunl Jgo wdige Camj Sllas 35k | SB oty
5 odlasiwl 6‘)‘3 sl 643; ul}:L;o Pl Wb L;;L»L.w
ol 3l ookl b .(V0) 55" bl 1y Hlubl saacels
Adyy S Cuoglio 5 (RAR) aiyy alaie pdow colue
SB s asle SB gyl ol puslSe oy e
Cunglie (5yS0jlul by (VF) (owpp |y adey sS4
2 badyy Jl gl SB badyy @iy g (A8
Cuoglio 03 yinS Olpuss (V) 390 Juloo 1) cad (gyl0b


http://dx.doi.org/10.52547/ifej.10.19.155
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.19.18.3
https://ifej.sanru.ac.ir/article-1-434-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-20]

[ DOR: 20.1001.1.24237140.1401.10.19.18.3 ]

[ DOI: 10.52547/if€}.10.19.155 |

iy Cyns g (sl Al (g oy

VoF (olp! Jlows =MSGhls Sz 2(63)90 adlllan) (3555 (ladisS ddyy (iuiS Cooglio o (1wiSd g oo l50 ):513

L oy (yle 5 o Sal (5 pole (slacSiw gl sl o
S (508 Wl Sl plply ol (Sal Siwawls
BLS idg bl (i (K U (g ympd)
jy—e (Fagus orientalis) yl, ;L5 )5 bies adlaie e
1,3 ((Alnus subcordata)s_.s (Carpinus betulus)
o (Parrotia persica) ool (Acer capaciticum)
Jolis o] Jis clacws 4 (Quercus castanifolia) bl
e =8y (Bl 9IS (sl ¢ yaem (el ¢ L]
Adloe 5y g (Jmjyee oo ok,
digS  windS Cuoglio (5 50151

o3 3 S sl Gl a3l g baly ¢ e o ool
b po bo YO B Ve jlad (ke b aliol 93 (o) 390
P i pdiges Nad Gl el 5l gy Yo B Ve alold
Gos 5l ey slasizes 13 gl (sloge SNyl sl b
A by 4 Sl gyte So alols > g pia gl Y
Sl gox o> 2 F) M Soglens e by 0 9 Ale
L dad Slel Bl edlatel b beads, oplpls
b oons ahad coloddy, S casglio 3 olis clillas
posl Cusl yirg g (F)8le (oo S (o tin S
dalllas (ol )3 0guds plowl ol AU L Hlas 5)5e (sl yilejl
b loady; alad jl s oy ¥ 5l e (it Coglie s
(VJSS)as plosl SANTAM STM-20 ol I eolicl
¥ ole jhb L) jlab e e O B Y 5l (ola 4y a9
S5 5 bl plosl sl g siai il Yo 5 (siako
s 4,3 L 3 LS5 V0 WS el S A 4 ,S
oo el ady) Codle Cumdy llejl o el
buogia Jlad (6 Sojlul (pizmen 5 (Suusid @Ml udly
F o badyy ad 6pSojlil g (qwyp s bawgs o
boady) iS5 ol ol (locss g9y gl (o) 2
&S w8l o 3l by (Sisrad by dobl ol diseus
SesS l MelS (ady) by Ysare) 4l Sl ey,
sl Aoy g gl S Cuoglie Colps g i
gaw Colus p ady) (SinS Gy pY 98 Sl
atyy b (0) 5 esd Jlos) g sty (F) dad)
(V) dat

F max

Ty =

adyy 5l glhe 3f dlge File d2pp Bl ol 5
<l I &S oS5 gl adlas pl @IS @ 28 L g
O {0y (OF9y dee) W3 ) A8 b ady)
0355 (slbdddy ) d Cund (oo slrodgy > > slaaiy,
Sy Conglio b plan L ady Jb 5 g bae o
Sl
Canj g8 5 oolaiwl j3 oulS dgae ley—)’l e
s p3lSe g ladida) OLS 5 5l (il (2B ¢ pwtize
alyy (oAiS Cwglie plply ASbie gl il
aliste (s 3B (w)p g SB35 e jolate 4
le&l) Olalllas O?"{U W Lm@‘s)#.% d)lv\:‘.l:f. dgds 5O

laaialy (53lojlul p ol 8 g (5,0 il sladigS
SbdisS ddy) iuiS Cuglio awyp ol Ll suds plodl
odimy St dlge 4 dogi b ply g (Lol cogr (B
oy oyt bl 4B S )15 da g5 300 a8 ] ay
o b3y ddyy onad S dlge g (oS Caoglie oy
Cuj glojan 0 25 clll & glads oy
9 B sds e g Sl ) W) e
SB g Ol cbles 5 pdud s jolaie o |y (glags )
Canglio (68 o3l b adllae oyl > olpl 8,5 IS,
O oo lie Sl romen 5 ady) (iiS
Ol calize (sladieS (sladilyy (> ySciue dlge 5 yiuSE
Ao g yuSE (S o) aday odind JiSis Slge 53U

Wb (1 (S Canglio (2 e

W g, 9 39
axJlzo D90 ko

G s > e dly S5 S adlnn 3,90 aiais
s OY TV LAY N il Jsb e ol
o1 gly Jlos Y5 TXY T JIVE YA bl Loy
139390 slmodls Jgb .ol )i YEVY o colus g
US> iy objgel JSiz dlpo staghs VY ailaie
(sl 5 JLs Sl s 5 g9-to 31,5y 150 b
EL)l e 9 Jlod dilaie (oges Cur Al oo (30010
s A AV SIS IR S w5 1y e
Q e o puol pl S lads pobuolyy sl ko Uyd gebaus |
dilato gl e L w8l 01imd L 4l VAY ¥ i,
5 ylagd siisa i oluly dilate Suts Lasld Cul
by LS b oo yo paldl odimd L5 4 5L o TS/A


http://dx.doi.org/10.52547/ifej.10.19.155
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.19.18.3
https://ifej.sanru.ac.ir/article-1-434-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-20]

[ DOR: 20.1001.1.24237140.1401.10.19.18.3 ]

[ DOI: 10.52547/if€}.10.19.155 |

oy

Gy e g Gl dol> g ppal e

A

plias o&iwd 3l oolitnl b dusS Cooglio yuund g dlyy (g )b pdiges =V JS5

Vo il 5 e N o)l foms Jlo oll o JSix (oolips:

Figure 1. Root sampling and determination of tensile strength using the Santam device
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Figure 2. Comparison of root tensile strength of different tree species; a* letters indicate a significant difference in
the probability level of 5%
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Figure 3. Comparison of cellulose, lignin, extracts and root ash of tree species
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Table 1. The Variables that entered in the discriminant analysis
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Table 2. Summary of canonical discriminant functions
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Figure 4. Canonical discriminant function of groups based on variables cellulose, lignin and species ash

g (siuiS Canglio LidlS Caw S Gili8l oyl ady,
2 b 2gd e (hiS Canglie ol s Pobo il
SaS Wlyie L ady) oaimd Sl Slga oS cudly
9 2l YU (S Cuoglio b ols 4565 ololid (sliwly )
Cond (§yeS (S Cuglie &S Ky Jro slaisS Ll
S Bygegben Laulpd 3 Ay 3 LS ple 4
g5 Obil e > plplo il Joo pPige sl
U 4 g g dog dilie gladis 4 Lb calie
Mo B85 H b bdigS a 09)S g Lasds oo
ke (63b5 KeS (615 pronal ) i 4y KlgS oo Jole

I (5 5 4
sladoy sladls guSojlil 5 adllas JS jsbay
2 led SB sipetn pole a4 SLLs S8 Wl e
5 0)l5 339 by yadls opl dyge 0 mely SleMbl oy
A5 asby o 4 e Oldlhs (> ouSly ©jgod
a5 b Shleiy A1) 5 Slegdse ol & by (ol
Glaal sy 0 s L Mg o Gldlas mls «
ol 2 &S el 4 g bl aih e aeie
Lepass Ay, okimd Suis dlge cawl kel Cands aulllas


http://dx.doi.org/10.52547/ifej.10.19.155
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.19.18.3
https://ifej.sanru.ac.ir/article-1-434-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-20]

[ DOR: 20.1001.1.24237140.1401.10.19.18.3 ]

[ DOI: 10.52547/if€}.10.19.155 |

b O g Gl 2ol o5 sl e
VY (olp! Jlows =MSGhls Sz 2(63)90 adlllan) (3555 (ladisS ddyy (iuiS Cooglio o (1wiSd g oo l50 ):513

D9 dorgi ond 3l Jolge & 0a] (gl imgfy 3 3gbe wlodls |y 05,8 Ky S5 &S pladisS &) pats olSS L
2l dlge plo g Jole (S Glie 8Ly Gl o0

P18 g S Al ady, by b 1 ke cusl Ses gl

Solbo b glio 9 (65)9liS pole olRutily I alpwginy (IS Ll yd AgS ()39 )5 g (e oS sk
g S ¥V S L ey ook pldl gl 458k e Jelge [l g k) Jre g SB gy
D9 (o (195 Slortiy plplt ) gyt clllae 4 5l Gl 4,

&l

1. Abdi, E., B. Majnounian, M. Genet and H. Rahimi. 2010. Quantifying the effects of root
reinforcement of Persian Ironwood (Parrotia persica) on slope stability; a case study: Hillslope of
Hyrcanian forests, northern Iran. Ecological Engineering, 36: 1409-1416.

2. Baets, S.D., J. Poesen, B. Reubens, K. Wemans, J. De Baerdemaeker and B. Muys. 2008. Root tensile

strength and root distribution of typical Mediterranean plant species and their contribution to soil

shear strength. Plant and soil, 305(1-2): 207-226.

Bischetti, G.B., E.A. Chiaradia, T. Simonato, B. Speziali, B. Vitali, P. Vullo and A. Zocco. 2005.

Root strength and root area of forest species in Lombardy (Northern Italy). Plant Soil, 278: 11-22.

Commandeur, P.R. and M.R. Pyles. 1991. Modulus of elasticity and tensile strength of Douglas-fir

roots. Canadian journal of forest research, 21(1): 48-52.

Delmer, D.P. and Y. Amor. 1995. Cellulose biosynthesis. The Plant Cell, 7(7): 987-992.

Genet, M., N. Kokutse, A. Stokes, T. Fourcaud, X. Cai, J. Ji and S. Mickovski. 2008. Root

reinforcement in plantations of Cryptomeria japonica D. Don: effect of tree age and stand structure on

slope stability. Forest Ecology and Management, 256: 1517-1526.

7. Genet, M., A. Stokes, F. Salin, S.B. Mickovski, T. Fourcaud, J.F. Dumail and R. VVan Beek. 2005. The
influence of cellulose content on tensile strength in tree roots. Plant and soil, 278(1-2): 1-9.

8. Hathaway, R.L. and D. Penny.1975. Root strength in some Populous and Salix clones. New Zeal
Journal Bot, 13: 333-343.

9. Kerstens, S., W.F. Decraemer and J.P. Verbelen. 2001. Cell walls at the plant surface behave
mechanically like fiber reinforced composite materials. Plant Physiology, 127: 381-385.

10. Leavitt, SW. and S.R. Danzer. 1993. Method for batch processing small wood samples to
holocellulose for stable-carbon isotope analysis. Annals of Chemistry, 65: 87-89.
11. Makarova, O.V., P. Cofie and A.J. Koolen. 1998. Axial stress—strain relationships of fine roots of
Beech and Larch in loading to failure and in cyclic loading. Soil & Tillage Research, 45: 175-187.
12.Naghdi, R., S. Maleki, E. Abdi, R. Mousavi and M. Nikooy. 2013. Assessing the effect of Alnus roots
on hillslope stability in order to use in soil bioengineering. Journal of forest science, 59 (11): 417-423.

13. Niklas, K.J. 1992. Plant biomechanics: an engineering approach to plant form and function. University
of Chicago press.

14. Nilaweera, N.S. and P. Nutalaya. 1999. Role of tree roots in lope stabilization. Bulletin on
Engineering Geology and the Environment, 57: 337-342.

15. Operstein, V. and S. Frydman. 2000. The influence of vegetation on soil strength. Proceedings of the
Institution of Civil Engineers-Ground Improvement, 4(2): 81-89.

16. Pollen, N. 2007. Temporal and spatial variability in root reinforcement of stream banks: accounting
for soil shear strength and moisture. Catena, 69(3): 197-205.

17. Sjostrom, E. 1993. Wood Chemistry Fundamentals and Applications. Second Edition Academic Press
Inc, San Diego, 293 pp.

18. Stokes, A. 2002. Biomechanics of tree root anchorage. In: Waisel, Y., Eshel, A., Kafkafi, U. (Eds.),
Plant Roots: The Hidden Half. Marcel Dekker, Inc., New York, 175-186 pp.

19. Turmanina, V. 1965. On the strength of tree roots. Bull. Moscow Soc. Naturalists, Biol. Sec., 70: 36-
45,

20. Zhang, Ch., L. Chen and J. Jiang. 2014. Why fine tree roots are stronger than thicker roots: The role of
cellulose and lignin in relation to slope stability. Geomorphology, 206: 196-202.

21.Zhang, Ch., X. Zhoua, J. Jiang, Y. Wei. and J. Ma. 2018. Root moisture content influence on root
tensile tests of herbaceous plants. Catena, 172: 140-147.

22.Zhu, J., Y. Wang, Y. Wang, Zh. Mao and E.J. Langendoen. 2020. How does root biodegradation after
plant felling change root reinforcement to soil? Plant and Soil, 446: 79-94.

o0 M~ w


http://dx.doi.org/10.52547/ifej.10.19.155
https://dor.isc.ac/dor/20.1001.1.24237140.1401.10.19.18.3
https://ifej.sanru.ac.ir/article-1-434-en.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-20]

[ DOR: 20.1001.1.24237140.1401.10.19.18.3 ]

[ DOI: 10.52547/if€}.10.19.155 |

Ecology of Iranian Forests, Vol. 10. No. 19, Spring and SUMMEr 2022 ..........iuiniinieii e 163

The Effect of Cellulose and Lignin Content on Tensile Strength of Tree Species

Mehran Nasiri', Hamed Asadi? and Hassan Sharifi®

1- Assistant Professor, Department of Forest Sciences and Engineering, Faculty of Natural Resources, Sari
Agricultural Sciences and Natural Resources, (Corresponding Author: m.nasiri@sanru.ac.ir)
2- Assistant Professor, Department of Forest Sciences and Engineering, Faculty of Natural Resources, Sari
Agricultural Sciences and Natural Resources
3- Assistant Professor, Department of Wood and Paper Science and Engineering, Faculty of Natural Resources, Sari
Agricultural Sciences and Natural Resources
Received: 7 July, 2021 Accepted: 28 November, 2021

Extended Abstract

Introduction and Objective: The root of trees is one of the most important living materials for
stabilizing and reinforcing the cut and fill slopes of forest road. This study was conducted to
investigate the tensile strength of tree species according to changes in lignin, cellulose and root
extracts content.

Material and Methods: Darabkola forest in the southeast of Sari-lran was selected for this
study. To determine the tensile strength of tree roots, root samples from tress including the
beech, hornbeam, alder, Zelkova carpinifolia, Persian Ironwood and oak were collected by soil
profile trenching method and then the test of tensile strength was performed. The amount of
lignin, cellulose and ash for the roots of different tree species was also measured in the
laboratory. One-way anova was used to compare the means of roots tensile strength and also
multivariate analysis was used to classification of species based on cellulose, lignin, ash and
other extracts content.

Results: The results showed that in beech, alder and Persian Ironwood, the measured rates of
lignin were higher than cellulose levels. While in the Zelkova carpinifolia, the amount of
cellulose was higher than others parameters, in beech and alder species (with higher lignin rate)
the means of tensile strength was recorded less than other species, and for oak and hornbeam
with higher cellulose levels, tensile strength was recorded higher than other species. The results
of multivariate analysis based on tensile strength and numerical values of root decomposition
showed three groups with high adaptability percentage (alder-beech, hornbeam-Zelkova
carpinifolia and Persian Ironwood-oak).

Conclusion: According to the results, investigating the amount of lignin and cellulose in roots
of different species as well as discriminant analysis with consideration of different factors can
be a scientific method to select best species for soil bioengineering projects.
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