S g jlwgbas 3 (QUercus persica) il yl baly &igS i
(cd3b 3.0599 oS aalvwo {63990 axlllao)

Tooljciwgy wal> (" ligizme (sl 7 gous lus! ! ablS 4 o
OlplaasS ol s oBils (K owaige al )| gl IS (ggomiils
Ol @S ol oRaily ¢ rnds ailin 5aSisls Lozl Y

Ol @5 s oS ¢ xabs olie B0Sils ol ¥
Q‘)ﬂ P sy Son S oKl nsx.u.!a éJL.A sasails )lg'ot.w‘ ¥

WA/ VIV 55 s donli AYAF/-YIYY il s g s

AU e 2 Sl b 5 o TS ol 50 Sb Cglie Sl o (S S GBI L S 12
) s (S Caslie 5 oS15 4 (Sl Olpe laiie ) L5 (laphas B3l (ool 53 ALS S5
sl glie 5 (Sl byl 858 iy oS15 5 S Cnslie il 55 o R cal s 3l Saey OalS
Sy 5 S iy ity e G 50 Gl el Dbl 5 On b 53 53 85 ol (S3lrbons Olgen 5 228
s g S esll o)l s slaady s AU s g eslinal (hle b 1 s a5 83305 s (055 3l s Slagdl s baady
3Bkl O iyl olSs L Ll 28 coaslie 5 (soslameor Lok sl ooy 5l (B3l [ sbas aly s (slad pod (pioman
ka8 Zuls .S sdalive Ao ys YV/AY 5 doys o/ 00 Y O S 65@@)&“w%jws)\m.m6;gm
gl dals 5 o5 s WY —FVNY 23S (g5, Rl o hos +/) —O/0 iy Cusslis ilosl (gl o 2le3T (slaais
O e 53 Of op ,2eS 5 e sl o=\ Goo > Sl ) gl S o 2l 2 JSWLKG +/AT = YOAT/AD 1S
Slmghe Oloe (o ity oS A3 sdaliie 5 aalomn b 53 53 (g luprbone Ol o s ol 3l ealiad b A3 o (6 20 5l
VAV 52 /vee ) o Ghss b 53 (ol Olse i 5 (eSSl a il Vo G315 Ul b s Lo e

ol sty IS LS WY 5 /e oo ¥ LS Ol b s 5 JISal LS

(IS (3 ety e S (IS aslie  fad U rg S O3

o=t BU Sre DN a55 0 lows o 253 Sl
oy oy Laduls ngl,.acl,...a DSl e s JQL:§

Al b i dlome oy sloodygl b g US>

YA-YY o

4o dle

5 Mk 53 &S WlelS (el o Sge ety s e
S oy 3l Laiin ) AUl ege 3b il s J a8
gl il 53 o (S Olala 550 5 S gladsY
s Sl la S35 [V Y] L5 0 S
Caslie (S Cmaglio Sl oS 5 bl y SLsmads

3 p ol Jlse Sl bl b Sl S bl s
w;ﬁmibbfg&ixé\;w)sbéudziu}
ot Ml s Sl e LS RS )l

s Laduly o 5 St oy S il Al sas

SYEYVYFATAY 20l ¢ gano Bliangi
Email: abdie@ut.ac.ir


mailto:abdie@ut.ac.ir
mailto:abdie@ut.ac.ir

WA g o) Byles Ve 8,93 ¢yl ombs wlio dlme coge (slmodgl b o JSin

B3

AU ot bk gl S 535k Gl s Wses o
ol Sl S b s et (LS RS Bl
Sl s Sl byl S L8 05,8 (S ey
Oz Sl (Ll a5 S Sk
i Ol b B s a3l s anllan
SO g b oS 3l 8 AL Ry Bl

W U1 ol o adlate gl (S 035

L sy 52l se
el 3 il sl L 5 S5 e 53 tasy ol
dae) S5 o3 8 el ol (ol 5 s lex
DSYOPIVEY 5 FrVADY Ll o gmd go 3 (613t 505
STATY L Lo e 512 V00A ¢lis )| LUTM s
asdlls Losjls 530 s da.d)'\_);‘ V¥4 gl ,f L YOOAD: Y
Al e ie (S Sl 5 s sla el gl 2
¢ 5C paliae sl g 4 ;5 CL @35\4,5.2;»6[545
5 Sl Al a3 WYY 5 JISUL LS VY (S

RGN WERTR VVAL UPR /AN g.,::):‘g.):;gsu. e

ooty JEXP
5w B 3 G eSS G (Glauals (S0 addae s
Al B G Sl s Sl (o ) e
bl Gl ol i ped 5 A8 0y S sl sba
b S el Dl 5 Oliny foad 3 53 23S sl
b e iy e Sl oY G e b
3 0SS e psBea A alee IS glie Al
Sl B o oS wals (g5, Ol Sy, 281,
ol At olinal 3 g 63305 Wl (Sl ) e 3| Coans
Q\)_;oL_zch,a):legfuﬁégjbédjl:ﬂjucg

“ 1 . N A T
}VS‘J—’ J))‘jd‘j[\o]wloMCJ)za g_,\:,w\ R

8. Damage survey

By e IV Fl ey (S5 sla S
Gla Sy o aowd Gk 003 3L 5 el Sy
Sty 23S Caglia dactyy w4y (e
e Sl sty Gas a5 sl
DV AT el sl O 58 Oy Saslie 5 i
5 oS als | by s (g3lpehns Ol e O Sta 53
Jelse b sl cpl & ASls o OALS Aiyy 5iS sl
o ) RARY IV ] s o (0L 3 age
(S cla_d Al g ainy by sdddlidl colus
S oMl gladis ps aly) oS15 Gl Olgea
—r Sl e Slallae gl 53 [NYAY] 55,
ol s e ol W RAR oLl Laaiy, 251,
335 g oslinl Laacals (g lunly Jdos s e ls
Slags po Laaly;s Glwphas Coady sdas Ol
Jee S a0 (3L (Sasl s RAR VY O] ol Cilises
FROUETRESCS - E SO JOTEE PR R e
S e 5 asol sla Sis v S (S1 5
b e LS S Gas IEIL JS ) son 5 ol
L adaly 3 RAR _zals « wlanils Ol O Kaass [V ]
slge 054 — Sl S5,k s S Gee 15
SL gilwpbe o D ol oS &g 5 ol
Gl i S g LS o394 ALS Gaa S
3 o oslizal cas g Silsl 1) Sl 5 Caslis Wl
aS Aol Ll 5 ladllas 5o {)lji,i,m)}i Oeoman [0]
SO Sl 5 Caslie Sy s ol Sl K OlaLS
AU aals ol Ghl s OF (S5 8ssie Cond e
Gtz glaauls 600l Jodow 6l V] Al e

iy 1S15 s AS Caglie ey L ALS RSy

1. Root distribution
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3. Number and diameter of roots
4. Rooting depth

5. Root architecture

6. Pullout resistant

7 . Root Area Ratio



]

v SB ilopus ) (Quercus persica) iyl bel &5 i

o g s
S Ghge SleSIYYY S 5 iS5 da
03,50V IS 3 Juad 53 4 b e adu )y e sl )
RGPS W+

o3V S iy Sl L SO e S L
Al e Rl Sl e ad S 6l
3 s YOV (Ol sy oad sl 50 eSSl
el s 55 VISP (Olts ) Ol Leab gl
SN S a5 sy Jead Gl p s i
PSR SRR V) PR /A P SIEWCEPR (A VA
B S8 gy s ks A, O Sty
Sl Sl &Y F s V] 5o am s (laderns
Ssro 5 kb adaly 0 ey ool s [V] Lles S
o A sl Cte Sl O sy SenS
2 A Gl L e S gl e Y (s A
sl W Olnes 3 s 51 558 5 ity Olls
IS s a5 s ady ) Jhab 23S o glie dhal

ol 0 oJJJT Y

(o979’ 95900

( raghes) b
OLunl g Gl Juad 93 3 dulyy yhad g (MiuilS (5903 ) SIS

S e Ver x Ve ol U laSss 5l ay, ST,
s els Sl el (g, A A eslial SV B i
Vbl s il Sl 0500 S plaasy; plad
5> (6 Seil S L LT B 5 5o 6 el
Verrer ode el shade o g gazs o b 331 s

DV el sy 4l o515 o s Vo XV eee)

Laosls Jdous
by S sl S O sasl 5 Lseals 035 Jla s 2 811
Cnglin glaosls 45 sls OLES @L".S A esliial G g el
S im ok slaesls 352y st 5 L8 o 2iS
L s 5 S o oS Sl ss 4 by 23S ol
Aoy Jsay cpl ol 50 Waesls 0 S Jbe 5 4 388 -
Jidos Sl dimesls 0353 Jlae 5 5 () Jhad) (658 o ls S
e U glie ol Al 0 el 5 il et Lt
(i ) coly S o 8 s ps b 23S Clie
3 Silrgphes Ose b b acglie (sl s esliz
A oslizal O35S 5 ga5T 51 baesls 0355 Jbe R



a5 )LQ) A E)Lo.u) e 3)9.! ‘U])"I L;&:.Jo C.’L.a :Ll.’>u 9> LSLQD.))J)B 9 Jib

B

(ISl ) s Cunglie

. g e oL'.—-JlJ
® -
o - L OL;-‘-)
-
Fe . .
- - -
. " 2 .
N . . .
— .:.. . }. . 3 o
— A < af . . e
ol ‘,:z“‘:;&_ s v
':n s Y
Y - '3 )
'rs-l-o‘)kl

MQ&,&M,(MP&) ;MMMS N w,&o,,.\aéYJS.w

P A8 e B e S Ruls s SVslee 0 pslis
oS i glie .l B3l B350 5> A ol
JLLE YY .Sl L Quercus rubra &5 4 by
Ol ad Sl LaS Vo] coul sds 5518
=SS Ol Lo slide Sl s e)ls Sl s
S Caglie oS sls LS W 0 a3 b Lo
5 (P< 0.01) 55l 5525 (ol e sl s J2b 52
PEIAN Qe Jmd Ay, 208 Caslie KL
55 ) JEULE YY/YY Ol b 5 JKLLK
Pl i Qe 53 (28 Zaaslie 3 b
olid S el ol sl s 0SU Js AT el
NG
O Al e (Ges SRIBILY IS 4 e g L
Jsl el =V Gas o aly )y mhaw il L e
Or oo U 5 (Slesala) G (n it 05000 0
i) e S Ay 5 eSSl

sl Ao ps YVAAY 5 o/v e v Y (5 S

b AL o pd e sdalie S 53 45 sbOles
Caslle il 5 Ll o S LDIS S glin cals
S aslin o SOlee oila Jad o S w0 by e
S 5 S YYYY (Olasl) sy Joab sl 5
Oy es 5 JKLLL FF/AA (Ol ) Ol Lo
S slis uaS Olee (< 0.01) 540 I3 sime 55 (bl
Bt 5 AT S VRN S Ol 5 s b )
s 3 35 JE LKL YOT/AD 5 ATV o
e Sl Aty IS el 5 b ey Bl
A 1 0F 5 sdm slaias s S Y] A5 318
Cooglde laaly ;) o 5S30 sl LA @Lﬁ.[\\/ AL s
o gy Shad 18l aS g sba Ll (g i LIS
s e O 2iS Caglis 2alS
Sl (0, B) Gl idslas Cls al s i il
YAN <@ <AV iy min S e s b S
axg LDVl oddslgly - /AA<PB<-v/Y

2.:.156:}.‘2& odalie ‘J"‘”ﬁ}.’. u{.‘)‘ ‘-}Jl;. u\ﬂ@



yo v S il 5> (Quercus persica) il bsl &5 s

% RAR Sl

\
L) S Bas

’,
.
’
7
‘e
( v

Alideo (sLEIN > SB @ ady ) g Cod (ko Y S
kPBJ"‘L.C.L...
Y Yis \a \le +1d
1.
Sh
2
§
£
a+
s .
Jad 93 5 ddyy ygin il )3 SB (g 5lwgtns (ke F IS
S5 Gae Rl LS oS5 Bl 55 s s (s 508 S5 G e i ety mha S
[\]C,.w‘a.l.m 4L}_L..:>ul:\a)§6j)fd\4.&“.bﬁ))})‘})‘}Jﬁ:};ﬁﬁy
L S s Sl et S
&5\ el SIS oAl D) sen @w)clﬁﬂv-rw

iy e Sl S 55 s ol 53 S [VANY]

J@)&a%;&ﬁ@;&»duubé@@?\{ ]
oAl el Gy (LAl S pon Gas L el o

't \ =
S LSJLMd_mA)l LSJJJ\J;[C\] 99 J.,\A)l 6J:§ejg_:b

¢ O S st ) ol |y Gas il L aduy o515
Ailen b el Sl by LB S Ly 5pms s Ol St 5l ol 1) Goas SRl 581 L aly ;oS5

J\}—ﬁ L].:Alj ca.\_‘[_)s..v: Uﬂl J:j) 3 [\Y co] Ju’\o.)‘)s J:’)‘;

1. Wu model



a5 )LQ) A E)Lo.w AR 3)93 ‘U])"I L;&:.Jo é’L.O :Ll.’>u 9> Lg'.hb.))si)ﬁ 9 Jio

K

o oo 3 Ol sl fead (Solumbs Ol 55050
S35 Dlalllae 53 Jy ool 5 S5 &) g demlie
a8 Sl e Ol Jd o3 Laads (23S S li
iSOl 514558 Lok aS Luilyl leds 318 fas,
s S8 dlsy Ol 5 O Juad @ﬂbj o
Sl S ol s e B s OF 30550
LS Ol 1 S5l B el el (S
OLALS L3 Lgl Comd 5 (58 53 1l Oljee (5 53 5500
8 Sl oAl ) s s 2 Al (S
Sl 5L Laailbis g, indls 3 oS sl asiie
Sl ol S5 dadn SU Sl iy A iy
5SS 3 S @ b e laesls a4 (535 Al
LU el sl ba fad b s gl ol i 5 SO
Ol et 5 S50 s b BT 5 T 1 eslinad
g Lopd patde b b (b s S s 1B
s Ol 5 Ol s &S 0 Ol Jead s Jb-c@l:j
o S e g st S A A
3 ol B Al O3 Ll e edidy (pl &S S o0 L
) s Al ails ege T od L Sl
Lol oS A, G S a5 5o GBI e
3l s 5 ot ML 655 ol G 5

38 e el s Sl

References

OaLS Gas I 5 lebes Saly ) e S
3 o J=2d 93 Sl Silemhens Ole e Al
3 oS el e Sl N Gee an by e Ol
V) o e Ol b s il Ole o
s S S sy Jead oo s IS YTV
0S5 O g0l s (F ISC5) ol SISl kS Y/AV
3 i Oliaws 4 b g0 (g 3legrhns (0L oS 5l 0L
(p<0.01) ol Ol
Ol oae ol L 553 o oalie o5 sb0len
158 6l U3 Sl oo Ao 28l (5lupehe
Vo3 Ol op i) el odal Csay el
PO &l Ol oy S 5 ¥F/A Gae Jl e sl
a5 53 LIWV] el (Ll hS 1V /20 (6 e ks
S g ady) mhow Cond a8 4 4l Jlals

Dafas o8

S S e
Ol 5 S Caglin Ol i aalllae ol s
oS Cl S30LLE WS ) fad s s 6)LNCLM
J2b sbdisa o) » a5 sl Sllas 050
S sls s @l_u' NG 4_JJ§ <>l_?e.1\ Las ,o Ol
Silmphs Olime fpomen 5 Laaly ) L2028 Caglie
058U cml Lisy b 5l i Ol b 55 St

[1]. Bischetti, G.B., Chiaradia, E.A., Simonato, T., Speziali, B., Vitali, B., Vullo, P., and Zocco, A. (2005). Root
strength and root area ratio of forest species in Lombardy (Northern Italy). Plant and Soil, 278: 11-22.

[2]. Waldron, L.J. (1977). The shear resistance of root-permeated homogeneous and stratified soil. Soil Science

Society of America Journal, 41(5): 843-849.

[3]. Waldron, L.J., and Dakessian, S. (1981). Soil reinforcement by roots: calculation of increased soil shear
resistance from root properties. Soil Science, 132: 427-435.

[4]. Greenway, D.R. (1987). Vegetation and slope stability. In Slope Stability: geotechnical engineering and
geomorphology. Editors. Anderson, M.G., and Richards, K.S. John Wiley and Sons Inc, Hoboken, New

Jersey. p 187-230.

[5]. Schmidt, K.M., Roering, J.J., Stock, J.D., Dietrich, W.E., Montgomery, D.R., and Schaub, T. (2001). The
variability of root cohesion as an influence on shallow landslide susceptibility in the Oregon Coast Range.

Canadian Geotechnical Journal, 38(5): 995-1024.



Y v S gilopdas 5> (Quercus persica) il bsl &5 s

[6]. Chiatante, D., Schippa, S., Di lorio, A., and Sarnataro, M. (2003). The influence of steep slope on root
system development. Journal of Plant Growth Regulation, 21: 247-260.

[7]. Dupuy, L., Faurcaud, T., and Stokes, A. (2005). A numerical investigation into the influence of soil type and
root architecture on tree anchorage. Plant and Soil, 278: 119-134.

[8]. Di lorio, A., Lasserre, B., Petrozzi, L., Scippa, G.S., and Chiatante, D. (2008). Adaptive longitudinal growth
of first-order roots of woody species (Spartium juncerum) to slope and different soil condition-upward
growth of surface roots. Environmental and Experimental Botany, 63: 207-215.

[9]. Wu, T.H., McKinnell, W.P., and Swanston, D.N. (1979). Strength of tree roots and landslides on Prince of
Wales Island. Alaska. Canadian Geotechnical Journal, 16(1): 19-33.

[10]. Stokes, A. (2002). Biomechanics of tree root anchorage. In: Waisel, Y., Eshel, A., and Kafkafi, U. Editors.
Plant roots: The hidden half. New York, Marcel Dekker, Inc. pp 175-186.

[11]. Vergani, C., Chiaradia, E.A., and Bischetti, G.B. (2012). Variability in the tensile resistance of roots in
Alpine forest tree species. Ecological Engineering, 46: 43-56.

[12]. Watson, A.J., and Marden, M. (2004). Live root-wood tensile strengths of some common New Zealand
indigenous and plantation tree species. New Zealand Journal of Forestry Science, 34(3): 344-353.

[13]. Norris, j. (2005). Root reinforcement by hawthorn and oak roots on a highway cut-slope in Southern
England. In Eco-and Ground Bio-Engineering: The Use of Vegetation to Improve Slope Stability, Springer
Netherlands, pp. 61-71.

[14]. Abernethy, B., and Rutherfurd, 1.D. (2001). The distribution and strength of riparian tree roots in relation to
riverbank reinforcement. Hydrological Process, 15: 63-79.

[15]. Morgan, R.P., and Rickson, R.J. (2003) Slope Stabilization and Erosion Control: A Bioengineering
Approach: Taylor and Francis, UK.

[16]. Tosi, M. (2007). Root tensile strength relationships and their slope stability implications of three shrub
species in the Northern Apennines (Italy). Geomorphology, 87: 268-283.

[17]. Abdi, E., Majnounian, B., Rahimi, H., Zobeiri, M., and Habibi Bibalani, G.H. (2010). Investigation of
Biotechnical Properties of Parottia persica in Order to Use in Bioengineering (Case Study: Patom district of
Kheyrud Forest). Journal of Natural Environment, Iranian Journal of Natural Resources, 63(1): 53-62.

[18]. Majnounian, B., Abdi, E., Foshat, M., and Soofi Mariv, H. (2014).
Determining Biomechanical Properties of Poplar (Populus nigra) for Soil Bioengineering Purposes.

Journal of Forest and Wood Products, 67(1): 13-19.

[19]. Karrenberg, S., Blaser, S., Kollmann, J., Speck, T., and Edwards, P.J. (2003). Root anchorage of saplings
and cuttings of woody pioneer species in a riparian environment. Functional Ecology, 17: 170-177.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAAahUKEwj_6LXS46rIAhWEPRQKHczSCkA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00988472&usg=AFQjCNH4vzyeDDSQHUwVMK1FqUxhPP-Jnw&bvm=bv.104317490,d.bGg
https://jfwp.ut.ac.ir/?_action=article&au=162391&_au=Baris++Majnounian
https://jfwp.ut.ac.ir/?_action=article&au=146495&_au=Ehsan++Abdi
https://jfwp.ut.ac.ir/?_action=article&au=146495&_au=Ehsan++Abdi
https://jfwp.ut.ac.ir/?_action=article&au=162393&_au=Hamid++Soofi+Mariv

Forest and Wood Products, Volume 70, No. 1, Spring 2017 38

The effect of Persian oak species (Quercus persica) in soil reinforcement
(Case Study: Tabarok, Bazaft basin)

M. Kazemi; M.Sc. Student, Department of Forestry, Faculty of Natural Resources, University of Tehran,
Karaj, I.R. Iran

E. Abdi*; Assoc. Prof., Department of Forestry, Faculty of Natural Resources, University of Tehran, Karaj,
I.LR. Iran

B. Majnounian; Prof., Department of Forestry, Faculty of Natural Resources, University of Tehran, Karaj,
I.LR. Iran

H. Yousefzadeh; Assist. Prof., Department of Forestry, Faculty of Natural Resources, Tarbiat Modares
University, Noor, I.R. Iran

(Received: 13 May 2015, Accepted: 06 October 2015)

ABSTRACT

Vegetation enhances the soil resistance against instability and erosion through increasing the soil
cohesion. The main effect of vegetation in stability improvement is soil reinforcement by roots. The
amount of reinforcement depends on distribution and strength of roots. The aim of this study was to
assess the quantity of these two parameters of Persian oak roots and also comparing the tensile
strength and reinforcement effect of roots in winter and summer seasons. Damage survey method was
used to assess the distribution of roots. The diameters of all roots in trenches were measured by a
digital caliper. Some root specimens were randomly selected from five tree samples and their tensile
strengths were measured using a standard Instron. The range of root diameter and corresponding force
and tensile strength were 0.1-5.5 mm, 1.3-411.3 N and 0.93-1217.39 MPa, respectively. Maximum
and minimum root densities were in 0-10 and 50 cm soil horizons. The maximum reinforcement effect
was belong to winter and 0-10 cm horizon. Minimum and maximum reinforcement effects for winter
season were 0.0001 and 3.37 and 0.0004 and 2.87 MPa for summer.

Keywords: Season effect, Tensile strength, Tensile force, Root area ratio.
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