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Figure 1. Root sampling and determination of tensile strength using the Santam device

Jde )Jlj Glp A B 5 i oy S gy g onbo BL
P4 leie O Alolidl gl o Sl Jslo 5 (S
Pl pie Cas diw o B Bl job 4 1) e
W b.)l.) )1)5 m l.i &9]0)

T 211 om-02 acbiywl wlol p S (5,80l
Ui ¥o g35s 0,50 ol lawl s plossl TAPPI 5 il
oabe Ojg b ey S b (S gy el )
Syl b addy VO Gl @ 8 5l s dg b aisy,
Mo alads U Lo bydgy bl )0 10 (397 elSwd
o D985 3 byl 51 2uS1B b 039 48T ol b 0l jgu
Ol s hanlcdl, JUiml oS 4 39 S5 sladss:
Gl 1 g8 & 5 35 S e a2 Voe S
Do &3S g did g clad dbul el bydg U ad ool
ole OYD £ YO clod o celw ¥ Cdo &y 0)sS L
b oosss asllS ol J3h gy ab o I8 ol
ooles ojly 5l odlal b gl 0y e 09 S
dpuloee ¥ odlaly 1 oolitel b jiwSB e 35 asuie
W)
(&5),@550)‘9
Fulle = S —

90 49 009
ol = JSJ1 13 Jalome (1350w dlge cpaas

b el =S Jobore oyl lge (S0l
8,5 sbsl TAPPI 5jluluel 97-T204 cm - aol oyl
5 4%y G5 B S g sl p y3g )5 0 It
513 (F &) Copn ) gl = S Jgono i Lo T
Sy g b 59y ¢ Mg 9w G (e B0 L
MR By Bl oy p ol degeme g dSwge o5y 2
S Bl Ol B 80 30 3w Ol Gl g 85
Pl (gt Joo L ¥l Gl colu ja )0 a5l ot
Slgioe g o (ol M wels A clilS jl ax g
o239 5 S S oS g o 00 e Ko @
Y oyl b el o ol Sis 5 e U )5 e o

X 100 (¥) ko

) Cugh )y Mo ) s

Jd a8 ol as Jaoxe 4 a9 b 0> Cugb,
A5 0 b g conl cgline ol Glbl e b ogb, Jols
Cg g e Cusby dopd om & e ol (B85
5 L Cugb)y Moy duwbre o oo odalin glacylas
Srore G 5 Giluped Gz ol 3 yed
oo g jed Cugb, Lgﬂf'o)’l.).}l 2 Cdy &S sy !
Ll 5ol olews JJUT 3l dusbre 3 Ll o 4yl
5 sSed laggejl Jl ol ams cole 3 g lecuwd
daly Gib Cugb) Lo)d Ao Caa 3L oo Jieglie
p3Y (gajl dged sk ye g SuiS (9 il 4 gl
oobol g jed g adgl oole Cugby oy dwlbre Ll
lue » TAPPI T 412 0m — 94 5 bl 5o ¥ o,
18 g S (g
(V)
Ggad Cugby Aoy 7MC
diged wsbye 09 :Mh
dges SuiS (59 :MO
035y S lga Cygo ds adgl oole (0,8 Siid B3 1gS5
P ey M Sde &y Cugb) dopd (gpSejlul j S L oS
lod 55 gl 50 celo YF o 4 b 395 Sis 31 clgn
=5V 2dge w55 )18 0SSl axyd VY
2 Sid sladiges a3 L g wd 4 adel edlo (sly
Ve baouggawdm&)w@yl&m
MR L coles po el Custy b diges Sis MolS™ 54 caiidd
Loy dbgye Joo > baiges SS9 5 0jg P
WA dpln el g Lo Cugh)
adgl odle (oo lvowat &1 5255

Ltbdi Lg}L»n)lo] & CL‘*>1 d\f)?‘ odlo uil““"ﬁ‘“’ )JLT x>
55 JolS” Cluwl 1 oolizl b adgl osle yolaie s bl oo
dy90 A- 9 Yee¥eo 5o dlﬁ&l )1 L‘J.)‘J I Lo Bk W
O o Gl bl e cawlie Cugby (6450l cps
P g (2wl dlge g yS B gy Soslul gl Fe b F

Mp—M,
Mo

MC% = X 100



Lty s g (sl Lol (g puas e

A (el s~ JS 152190 adllas) (553 (oS ady (S Canlin 5 5 Pk Slze 55

&lol Judoes
Sl B0 cbdisS adyy S Cuoglic duglie jalaied )
L 1 Slee duamlio cps b odlatwl 8,y il ylg 5Ll
5l Ol A odla! OSJI) an)‘i 5! Leei EXa09,5 9
olie gyl bxe pud slp pasuid busie o oo
Sl 09,5 ot 3> o2 o 5 o (558 ol
O g g Bady) (oS Caglie (SOl el I Juol>
)w§l> cu.uiJ g)J9l.w )J.)lsu dl.wo): as u_,l.?b dged Juoyd
P8 g ad pbsl VY ass SPSS lidley 1 baay o0
buwg cuiy 4 ol g (Fed g Jloy dajlbl sl
N8 ar 290 099 0903l 9 B9 el B9 S 5elsS )

Baog (553 65 G a6y lbly w8 ol
3930 G055 o 3l ol pmn g b el Il e 5y
Nt (613 gmo BB (glls i b iiS” Coglie Llas ]
3 Glts oS Sl o9 nslio s (¥ JS2)
g Koy sloaiss 5 iy Sl (ol 5 Lol g5 &S
TS ML (o ) (IS Cueglie (S () 2,
93 buwlgas iy, iuiS cuglio Ja5 5l 5o g 35 cla
Fols o 1y agse 665 Gib cnlpls Wl (o (A5 095
Cuoglie 2> )8 cglate 09,5 dw ;0 (LiuiS Cuwglie
dle 3 &S Canl (5890 (slaygSB 5l (S adyy (oS
P9 S sbay o an, jl Job wclas St
Ol adyy boosd bes la Jloyed )lul coles
Cuoglie 3 dallas i )5 atsdS slaJlo o )b s
oon se Ol Jolbs dslae (Swnn 5 ady) iS
OSbe yolar (ol g5 Ay (LS Cungliie ()5 1,8
oSl sshas Beogs 4ty sy 5 (V) JKubiSe YY1 YD
Cawdy ol 4 axe5 b (V) Ad (6503l JSWbKe V2
g g ool S Canglio ko anlllas oyl 4> ol
e 5Vl b s e JSWUBs BY 5 5 cip
P el cwl (Sen 1500 Cldlas 4 Cond (1:ke (A5
Sl Gialejl 3)50 sla B (20 e # 6 F) 385 s
- oo 03wl LilS Cuoglino yislojl (glp SYL (sla b ]
Cuoglie b Cowe g i (g Cde 4 Cal (Koo A
2 58 ke (R G g 0Ad Cu peS 2iS
2ol 465 gl JSbe ¥ (5o ol ()8 Slalllas
455 lp JSwLKe Y& (Ficus microcarpa L.fil.)
YV {Fraxinus excels Thunb.) -5 L i8S b;
Y+ < (Acer platanoides L.) 13l ¢85 (ol JSwblKe
(Alnus incana (L.) Moench) Kug ly JSKwbKe
YA 5 (Quercus robur L.) Lol 4ly JKubKe YY
(Betula pendula Roth) we 455 lp JSwlSe
LA) L5 (555051l

D 9 ) » as S ol F Sleas VoY £

loolatwl b alystiwl dlge duopd (wlas (595l lawg
Do duwbrs ¥ abal,

(st ’»us)@\;z;»\ Slge s
>yl slge = :
(Jw‘é O ool )!))-‘5?. adsl ojs

100 (¥) dlayl,
]
“A9)S) Suis del gy bl sk (6pSojll
P SV Jole il &S ©jgo (pl L8 Ojgo (590
b B (S gy el ) (el dlge I )le
Sl JSI il e Ve bgle 5 iy 6y (e YO
4 doyd PO S0 Al i) Lo B0 5 Mo pd 45 (Jsil)
Sl oy pie g Sl p e B ol 298 039381 ()]
dSpo 2l by g Jatie dpse b g 8515 (B
Olgize Mo iader Colw Gl g b By ol 9o
baoxe (b ASR 5l  g 28 W) (Blo gy Ol
0938 b g 39 oxla)S p Il b a4 Blo (g5 dlge
IS %30k 93 398 Cldes o)l S5 el 9 JoU]
Aye @ Blo g9y p oila Bl dlge pgw IS5 5 45
A Sids oS Blwas 2 VY £ Y Ols b el 4o sk
ool 9315 L g 9 g9 3 A Sl ey
13,5 4l 8 alayl, b iolaa ok Lo
(8 305) 0 o

(5w> 039 ool x)ﬂ% gl g

X 100  (8) 4,

T222 om-02 4ol ol b g 6K) (50l
S5 Joleos lul pslaie py 28,5 & yg0 TAPPI 5 sl
(S iy pelel ) (2lypl dlge Sl ole 39 25
sl il V0 5wy il Bk JSD
9 D9 (Geie puin b 03938l ol 4 do > VY S sdlgw
Ve Vol b bl gl o celn ¥ s 4 sl
Olds 4 il Olgioe Gde oyl b .cd)S 18008 sl
Sl bgloee el 5l s A5 035 o 4 (6] A Al b
S J & ghgr e T 2 (oo 05+ b olyan 35 5
S5 e i e )5 Jite gy (Jee Ve b
Sl Clale g Moy (oo yid (oo OVD & L 5 clgizee
I om 8l il a3 ¥ 4 Gl )3 5290 S )9ilgu
ol Gl oy ol ceai g b gy 3 il
odd i8] (045 (jgf Jub Jl) (Blo LU Lawgs (il
ClL (gl pad 13) Clay wuspl LS Glo b
Olys 4 Blo g9 2 onleddl ol 395 (930 ke
g s oS il ax > VoY EY Gyl b gl jo S
003 ool 59315 L yglams )3 il dady dix 5l
285 plool & dlayly 1 edlatol b (&) jlade duslxs (A
(55 308) 35t

(&» 039 ool ﬁ))-‘% gl 0js

x 100

ol = (%) sl



A

s O g (wl dals (g pmal o yre
VN Gl 3 e P oot Lo ol S i i

LS Caoglic (MPa)

b

ab b

Ky ol

51

bsls

(1oy O Jloin] o 13 (5500 sixe glds o dimd L By > BF) 540 calises (sladisS dulyy (S Cuoglio duwlio =Y JSUs
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

V) olials 5 loe /N ol fomd o ol (sla i ol

Sl Lasuis @y ooyl aoMs - Jgi>

plade  poSwl gl (ol asy Wilks Lambda o )Ll P (Stad oy byly s Mop> g e Lasis @l
ee- AY/A- A oY NETY A/ YAUEY \
RAYd ARY Y 2N N4 A -I¥Y Y

yauouls mle )0 W pusie o 3 lailiwl 598 Culps L pile =Y ol
Table 3. Standardized canonical discriminant function coefficients
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Table 4. Predicted group membership of discriminant analysis
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Figure 4. Canonical discriminant function of groups based on variables cellulose, lignin and species ash
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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 lronwood, 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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