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Extended abstract

Introduction

Following the climate change of recent decades and the intensification of soil erosion and pollution, in
many countries of the world, planting of a large area of Vetiver plant under the title of soil bioengineering
has been considered for the protection of the environment and natural resources. Since Vetiver is a 4C plant,
it has a high efficiency in energy conversion through photosynthesis. Its leaves and stems, when completely
decomposed, create a compost containing brown, dark black and white materials. Vetiver compost has a
high nutritional value for providing livestock fodder and a high biomass caloric value in the soil and
microorganisms present in it. Among the important uses of Vetiver are soil protection due to its spreading
and deep roots, use as fodder, plant purification properties, use of effective enzymes and hormones for soil
maintenance on steep slopes, presence of active ingredients that can be used in the health, pharmaceutical
and perfume industries, and its special feature in reducing CO2 (one plant can absorb 25% of excess carbon
dioxide). Vetiver can be used as the most suitable protective wall on steep slopes of highways and side
walls of dam reservoirs. By increasing the density of Vetiver roots in the soil, the degree of soil adhesion
increases and the angle of internal friction of the soil decreases. It can be stated that the increase in the
density of Vetiver roots is the reason for increasing the shear strength of the soil. Therefore, it is necessary
to understand the performance of this plant for different environmental conditions. For this purpose, this
research was conducted with the aim of better understanding the performance of this plant on the side slopes
of the Sangar Dam reservoir in Siahkal County (Gilan Province).

Materials and methods

In this study, soil and Vetiver plant root sampling was carried out from a depth of 0-50 cm on the slope of
the dam reservoir wall with different degrees of slopes of 30-40, 40-50, and 60-70 degrees in four replicates.
A total of 12 untouched soil samples and 12 soil samples with Vetiver plant roots were sampled using steel
rings and 12 Vetiver plant were sampled. Soil properties including soil texture using hydrometric method,
soil moisture using gravimetric method, acidity using saturated mud method, electrical conductivity using
extraction method and soil salinity with EC meter, organic matter, lime and potassium of soil were
measured using film photometer in the laboratory. To investigate the effect of moisture and Vetiver roots
on soil shear strength, laboratory direct shear measurement method was used. Vetiver root extracts were
extracted separately by maceration method using methanol/water solvents (80/20) and the extracts were
concentrated using a rotary device. Finally, the results of measuring soil properties, Vetiver root weight and
plant root extracts were analyzed using ANOVA test, analysis of variance and comparison of means and
SPSS software.
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Results and discussion

Vetiver planting on the side slopes of the Sangar-Gilan Dam reservoir has been done with the aim of
preventing soil erosion, stabilizing the slopes and riverside slopes. Vetiver plant roots vertically penetrate
deep into the soil. The development of root hairs of the VVetiver plant increases with the increase in the slope
of the soil. The weight of the tension wires increases in proportion to the increase in the slope of the soil.
Therefore, the characteristics of the weight of Vetiver plant roots and the weight of Vetiver plant root extract
are affected by the characteristics of soil in steep slopes. There is a significant correlation and relationship
between the soil properties and the weight of Vetiver root (Chrysopogon zizanioides) and the weight of
plant root extract in the steep slope of Sangar Dam. The results showed that the weight of the roots of this
plant increases with the increase of biological activities. On the side slopes of the Sangar-Gilan Dam
reservoir, the diameter and weight of the roots were measured from the first level with a slope of 30-40
degrees, the second level with a slope of 40-50 degrees and the third level with a slope of 60-70 degrees. It
has increased from the soil surface to a depth of 20 cm. The diameter of Vetiver plant roots increased in the
first level 1.5 mm, the second level 2 mm and the third level 2.1 mm. The development of these roots and
its deadly threads has increased the shear resistance of the soil in the first level by 20.74%, in the second
level by 22.28% and in the third level by 25.95%. The roots of the Vetiver plant have led to an increase in
the adhesion of soil particles and prevented the movement and sliding of the soil downstream of the side
slope of the Sangar-Gilan Dam reservoir.

Conclusions

The results of this research showed that, in addition to strengthening pastures, fodder production, and the
possibility of aromatic and industrial use, Vetiver planting has increased the shear resistance of the soil on
the slope. In fact, the establishment of this plant leads to an increase in adhesion and shear strength of the
soil. It seems that the Vetiver plant (Chrysopogon zizanioides) has the ability to consciously recognize and
adapt to the planted environment and changes the density and weight of its roots in accordance with the
change of slope for better establishment. Therefore, by increasing the root density (RAR), the internal
friction angle of the soil is reduced and it becomes intelligently compatible with the environment.
Considering the development of the root system of vetiver plant up to several meters in sloping slopes, it is
a good choice to increase soil adhesion, increase shear resistance, and by rooting deep into the soil, it leads
to preventing soil erosion and landslides. . It is suggested to plant vetiver plant on steep slopes due to its
high adaptability in different climates and conditions, the possibility of several meters of root growth, to
stabilize the soil and prevent sliding and erosion on steep slopes.

Keywords: Resistance, Root extract, Root weight, Shear stress, Slope

Cite this article: Haghighi, S., Jafarian, Z., Azadbakht, M., Sharifi, F., Tamartash, R., 2025. Evaluation of
the effect of environmental indicators on the yield and quality of Vetiver plant in soil and rangeland
protection, case study: lateral slope of Sangar Dam reservoir, Siahkal County, Gilan Province. Water. Eng.
Manag. 17(2), 188-202.

© 2025, The Author(s). Published by Soil Conservation and Watershed Management Research Institute
(SCWMRI). This is an open-access article distributed under the terms of the Creative Commons Attribution

License (http://creativecommons.org/licenses/by/4.0) ®


10.22092/ijwmse.2024.365242.2053
http://creativecommons.org/licenses/by/4.0

et/

=
Watershed Engineering and Management seul S pde g (cwdige
Volume 17, Issue 2, 2025, Pages 188-202 YoV VAN Slomio NFF LY o lads VY ol

DOI: 10.22092/ijwmse.2024.365242.2053

SL cblas jo jguig obS oS 9 0,Sdos g Jaxo b sl 51 bl
).il.w S g}).‘&o @.’l’ wold 16090 axt o ‘é".J‘o 9
WS Ll JSaluw oy Liw poeid

ST Loy 5T p 999 T sl dame Tl hnr i i Jolu
Ol ealle c )l sk mlie 5 (55,5L8S pole oISl ai po pole (6255 (somatils
Olrl ol syl ok mlio 5 (55,5 pole oSl sbal T
Sl eyl 5555555 Lo 8 05,5 ¢(g3lug ls saSzils oyl ai5le (S pole olKiils woliwl ™
Ol Ol 85008 g 5 Gisgel eliind plojl s ozl 5 S cbli> auSimgs, bl T
Olrlohasle wsybo (orbs b 5 55,5l pole ol Letils ©

VEYSNA Gl &6 VEYINNY 2él o )b
b o oS
doddo
slr Oz lo)siS 5l )l 5o S (Sogll 5 alu sais b g 3l gloans codldl Ll i o 50
4295 990 S (pwdigr Seny Olore b Hodg oS 5l oy gl S ornl @l 5 S Lol e bla>
oS 2 5,15 3isid By 5551 i 5 (¥l (850 o] Cat 15 51 0S5ty 5 LT 51 el 285 ) 3
Seies g ol 4 (blo 025 (S5 (sloged Slge Jold (SwgeeS g oo 325 ol b &S Jlej (] sladdle
0055 SIS 23l g 1o dgle rnali gz VL (S B3] SIS oSy CamgeS i pgln 2925 4 S
SRl sy Sl cblax 55 moee oo )5 abez sl ol 1 )3 39250 SlapenilS)lg e 5 S 50 (VL
Slr S5e slapserss 5wyl 5l eolinad (oYLelS coopas wdsle Glsiear eolinul (gres 5 Ladl glaasy,
S R sibshe 5 (29)l0 (Slage @lio ;5 eslitul BB o e slse 39 1)1 ot slaaials ;5 S (6l
Ol |y yay olS (wS Cix 1) So,S 55 olile wo 0 YO Wilss oo Ol g S0) el COz Lals yo )] ol
Ol o S solazul o (y3le il lass g ol 550 loced slaasals jo cblas ojlgs o wlio (lgicay
WS ool rals S Lo SEasl agly ( iulidl S S e «SB 0 5505 olS sloaiy, (ST
ol 85 kae St I ol ST by lin Sl 3 L3 5558 oS slbay, o515 il 0,5 bl oo
3ol Gl o Shes e ol Baa b gl cnl ekt (pa Sl (65950 (aone Al Lulpd (6l olS
s alool (S sl ) JSlons b g (Ko ds 350 il (slaazals

by 9 dlge
ax ;0 Lo % o)l aisls S (5 0 il -0 Bes 5l 505 olS ady ) 9 SIS (g0 paiged (agh ol yo
S ke 0 (A y0 £o-Ve) pow mhaw d(ax 0 Fo-00) poo mhaw (a0 Yo-F+) Jol mhaw (il glacos
Sloolainl b ey olS ady ) ol yod 4y S5 diges VY 5 (00,558 Cewd) S aigei VY gamme 10 .C8pdy Oj50

sahel.haghighi66@gmail.com :olslse Jgme *


10.22092/ijwmse.2024.365242.2053

VECF LY oled VY al> o5l Ca ke g oige /1)

Cugb) (s yeg ien (hg) b S b alex sl SIS la Shg b (5l paiged 5 ok Wged VY g Juiul S
S EC b S (5,55 et iy b S50 i 2l S o, b 5o st 55 iy b S
oyt S i (5 Sed] oKilej] 45 stestielid olSius  sslitul b SB sy 5 ol (T osle aoys
b oolitul (AL loj] ks by (S ejlail Ghgy 5l S php Cuaglie (55, » 55Ty Ak 5 Zagh, il
5 (Ve IA) Sl sl sla S 51 solitsl L alSlaz jsbs cymml puile s, 4 5559 olsF aciy (gloo lae ol i
Ao 9 S la S s mSoslail 5l Jols mli coles jo .o plxl (5l olKiws 5l solaiwl b o jlac ladss
SPSS Jl38la 5 5 5eSileo dulie 5 uilyls 42526 ANOVA (505l 5l ooliisl b olS ay; (sloolas 5 5555 olS

285 18 el g a5 9

5 beod Cons (S iolo 8 3l 6,8 el Baa b (ILS- Siw o (35 il slaaials (o a9 olS clilS
S 3o 4 (53508 O j504s 5.9 ol (gladiy ) ouiiS slo b degos .ol oall plodil slaslsog, LS slaaials
039 Vg oy ainle S ol ax 0 e l8I L a0 olS aly ) oaiiS sla)l dxwgl A8 oS4
339 S 19 el plin S oo Tan aulidl aiels S ol az 0 il L auds ) 0l oduomn o2 y0 caiiS sla b
O 25 st ot slaasals ;3 S sla Ty pil o 5y oS i ojlae (359 5 3y LS (sloass,
Slocas anals ;o olS diy o lac 39 5 (Chrysopogon zizanioides) g.s oLS aiu, (439 ol 9 S sl S
ol b ool ol cpl glaaiy, 39 a5 slo Hlas mls ojls s92g (s)ls pme LS| 5 (Sen S aw
Veofe cod b Jol mhaw 5l i pas (LS S o 550 (il assls jo0 a8 o lag (]38l sy slacJls
Goe U SL mhaw sl laaty; (159 9 a8 az 0 7oV ol b pgw whaw g 4250 Fro00 ol b pgd o a0
)QBJMGLA.A 99 ﬁj.)c.'a.u s]mst V10 Js‘c_‘aw)d )5.»45 °L.‘5 LSLDM)JJQW| oo; ‘.A...v u.u_'\)sl ).».ALS»-‘LA.HY'
2 SE Ly Cwglie iol38l crge )] sariaS sla b 5 bai, ol drwgs L il e Lo VY pges zxlans
olS sladiy; jga> Cul ol 0o YO0 pow mhaw ;0 5 0o, YYIVA po0 mhaw ;0 o )0 Vo/VF Jgl alan
O el ails Cawd b Cow 4 S 033 5 &S > mile g oas S Ol)d S (iolidla e 6004

Lol oals (LS K a

& 5 Ak
(o 5 6 ks oolaal Gl 5 adgle adgi (aSl e o sl (yed iy oS Bl AS by (LaS gy cnl sleassly
Sial3dl s S [ial3dl aomie oLE il adly 1o ol ools Sl 1) Slocand anels 15 S o8y Caoslite
cll ol Geden &) g0d (Chrysopogon zizanioides) ,s.g olS oy oo Hhaids 098 o S L& Cenglie
3 i el sl 1y 095 sladia) (59 9 0515 et oS b cnlitie g atBlo | ol il Laiome j0 Beai
Gllaiadisn 6,55k 5 azily zals S Ll SISlasl aysl; (RAR) ais o515 Siali3l b & yso cpaos b s
el Sl locd sloaials jo e iz U ey oLS (gliy ) piemw dxwgi 4 g3 L .osS o o bae b
Gl B 5l S el 4 e S Bae 4 Jlgdatn; g osg (cdp Cuaglie Al (S (St Al cox
5 Lpeldl 50 Y )5l 4 azgi b ot glaaials )3 05 oS S 09h oo Slpiia 5 o0 253 9 S
o loazels ,o il 5 55 sl 5 ST s (sl e (8 ke i 0 ISl glise Ll



yay /

)5,.-5 oLsto)mf‘_;‘angLﬁyLw )J‘ Ls'b))‘

Cowl S8 @ o30S o S el ol Cewdmly
OB g oedle jey ok Glie slais oS
S5 s Shss «sleys Pl shils (sbla>
Khatouni and {Maffei et al., 1988) scws Sxio
(Kolahi, 2021

s 5Nl 4 caslio alsy sl 5555 oL
Yoo Bl Sabgol5 leax o YO UL VA o
3585k ek Voo 5l i Sogllae g e e
ozl Glez o5 e 5l A ) 098U kS
93lgladl (931951 S LwlS” ez s5eds bl ]
sl SalSlole i gl cim (ol paim YlailsS
Sl Bl SO o comid yms (JbS oS35
US55 med QLS cogilian ) dhaly LB (5
Slasal ol by o Wl @Sl s doels
el 435l 3 0sliinl 590 (55,5L8S 1l 5 55 p5LaS
e bl s 50 obS ol clS 55 ol 4o
ol plxil (318 9 GLadS (S slaplivl alex
R

3 os JloolS slagls sl a5y olS S
ool gllae 5 STys o3 Sl ) adsl Jol5e
VA GV o s 8550 sl s eogicians
byrye ol woys #e 090 a8 col ,55LS U935
YO 390> 5 (pS9kS 2 Joille YY-VT) (05 &
el (055 52 Jo3t5e F0) (il &0 Lo yo 0
Mg Vb Sl b GegeS oy oS sl
3o OF 59555 4 (S S 45 550y S o0
S2alS YAIRFY/ 45 AV =1 Y0 5 cassy 53, VY -
ATl Sl jsbay CawgreS (nl il e
Aoy VY and e IV (e Qoo
PH 5 03 o 2o 0 /T couandS 0o )0 + /D0 ¢l
Sl Sag Sl Sl Grizmen g Sl Vol
.(Haghighi, 2020)

ok alo; o515 Sl oy E9090 b (SR9T 5
Shoestinal b S mle g S 58 ey
b aalel 5 by peitens Sy slagiales]
B (emr 0590 SB iliza glgl Conts o 0lS
el ata, o153 Gl 45 ol plis s cd S
Sydsr S (Ghp Caglie g (Saies Gl
@ dw LS s, (Ghadampur et al., 2012)

doddo
ozl S Cd, g odgdaaid Giolw 3
Cgie pol o3 (daeln; e Sl SIS
SE sl Gale B slaasly (n e 5l Nsdi oo
yole Jaul (S s 4Y cé) 00 4 ole o
oy cnl 05 o,Lal ol uddgs (g alS g alae
gy s S 155 spacldl Jolge (IS 08 4 3
oo Copde g oo 952 4 (Lol o pae g LS
Gl S cas Las s ol 5 o]
Nosrati etal., ) o s Cons jlass Codw 5 (55,98

5 S o S vt 5 (AL (b (e (2021
R S I N ORI
.(Khaleghi et al., 2019)

Olyear SB pwaigaen; s Ol G2l 5o
cals 4 G L wajloe b 55 Sl S
OlBl s deasals g jlocels Lol o olS b
PLS Glgy WS oo S5 S Cuglie 9 s)lk
Seisee 9 (SHle Bgile g0 Gyl 5l wls e
0958059) HLaS & az g b ogd baead (gl crge
Jo o 5 Camjlae oS (e b
.(Mohsenipour et al., 2019) ol zol5al

WS o plrsar ey ol ey nl o
2 A5 sl GRS el S 00lgils I iz
(Asgari et al., 2024) s,ls o, 5 Sllg, Co o
shls g o0g 5l slailhone B8 L oS
sl Gres g 00T (698 Ll ploads,
Ol Bos B loady ) cadglolo wizr b o aS 5,9k
QLS g0 0 yhe iz U aw slale o 5 e S
(Ghadampur et al., 2012 <Sharifi et al., 2013)
by eiesbe g (nianiens 5l (S iy CiS
Ol slbaiy 1) 09s o wgmie S Cbilis gl
czge g 03,5 Joo rmb (o)) s S wile
Dl oo ylocads Lol )0 S b Ceaglie o5l
.(Khaleghi et al., 2019 Ghavam Arabian, 2007)

Sy oo 55 oS 9 o b S (o gy
shals 1) S céy,0m (0 <0.05) 5 )lobins jsbas
ol Gl i uize (Asgari, 2023) oo
o BB Cusb) (pals 1) Slls) Gl oS
O CwdVl I S plals g esls il



\f'f ¢Y O)Lo.»j'a ‘\V A.L’>

loats) 055 b SB e (255 (555 (6 S 05l
oabSiS slaady ) 5l ol ojlac ()59 5 59059 oL
W) ral.‘;o‘ oS

50 0 CllScws Hedy olE | slacsee
sl j0 G dw yiPe A Bl il aials
b (Gomoly) ateb aw ;o cryeyie AXYe L il
Sl 5 g, 2alS S 33 alS G
1 sl pslaady o €3S Sialap g Jow
)o)ﬂjogwsé)ﬂa&ﬁ&wsuua}u
oLfM)aeSl})‘d)lo).’daw séﬁﬁjkjl} cblas
et s s 3 (5 sl B b jio o 5l 55
gV 9 c‘\?)b fety. 44.?)\5 \”‘—f’) i
Wogsezme ,3) LSS Sz b gl 2 0 5 (a0
28,5 ploul (A, 4iged VY g S diges

LSl il Jels (F JS8) SB sla Sy
Py b ataeal (Ss Sugb, (s ey e b,
oole woy gl ojlac b (S Sl colan gl
slBtws 3l soliiwl b puwly 5 Sal asys (I
(Jafari Haghighi, 2002 lol, Ke2) yogide.ds
W) &rfo)‘ml oli.mLoj o

alo, bols S bp i g ,Sesll gl
Cogb, laul (Chrysopogon zizanioides) s.54 oLS
Biolesl 10 w3 5 o pdiges Jome o S
316, paiged e A (5 S oslul S Sl
L 55239 ol (sloadn, b ol o 50 5 4, (90 S
Yo el 4 Jowl slaals Gyl 5l ol
D Gas oz By sl pladl el
RPN H WA T P KPR REA TR

S L (Sdgyae Sl eolatsl L bl JB
w...a.a.m.n U"’)” Ko 3O U g IR r ob)jédda.mb
@ 0dyly sla b dadiges Gas conls a4 085 I3
SRR  WIEPV I o 2P (P PRV TP S PV g TN 1
039 yio il PxF Lo JB alado o ol a8 5 i
gz LBl jo basy, xhe colue
Wb asle Wil G5y 9 GBp A5 xSl
.(Ghadampur et al., 2012)

Biolo)l @ e yslenzr alS (sladiges
Aol Sis ale jo 9 361 gl jo g 0al Jdite
G503l Jluous oS 5l ool b loay, lad

o o Lils S Some Ol 5 5 aoe Layl s
,auu»fwulwwljwlﬁ
51 .Qones et al., 2004) &,la8 oo 5L olae
wol @l LS5 » Fie belse o inte
Flize il g Slanzme (S35 Jeloe 42 ol g0 cplalS
€5 ) 5 s gl dod )53 (raizean 0,5 oLl LSl
CetsS 5 CaeS p gblxe jsbay cllS Jo
Alipour et ) & ls 56 alS slao lac 5 bo il
.@l., 2011

5 o e (bl sleojlgs aSul 4y azgi b
9 o) P B (B 3 sloced slaandds ple
15 S cblis 5 i Wyl 8 S lrals
Jedods oy olS ol oz y9y0 >l
ooe Sloady ) dlesl 255 054 pazmie sla S
S (SanVly ol g ((SiS 5 5)sh @ Cuslie
B oo Dgae ey (] 50 ceslie Jlows lanF
Ladlrs Y olnl b 2o pladl 525k 5l lessas ol
WS (o0 $ xS sl (v Gl Bl ez g S
plp oy S caglie 1 o) glads ) pis &S
a3 ge a8l il g (053

Ol bLI)| sy Holaieds (Grmghy onl o
Saly; g el Dy G55 S sl S
0alSis gleaiy ) 5l Jol>ojlas (9 5 550 ok
=) ol v a jo olS slaais ;) 5l (5l paiges
oyles Sl (az,0 Fe—Ve gaz 0 ¥ x>0 V-

A el S s (5 4y B piie (60,0 il

g, g olge
Glivg, o Ko aw addlle 090 adlo
JS) S bl JSalew yliw ypd (Y g
adlate cpl o)l 18 ok e 5 Jaime o8l )5 ()
3 9 03y e VYAV AVl Sxb sl
4> O VAL a8 YF g am o V7 Ll s laie
b aids V¥ 5 az o FA 5 Jlad Loye dids YV
el 0als Z8lg 3,5 Job 4830 YF 5 4> 0 -
oS slaaiy, 5l syl paiged (hagh cnl o
aols 5l Dglaie slacod ax o b mdaw 4w ;o a9
e sbiiedy i G 3 4 Syde Sl
el mls s SB o Gla SRy ol bLS)



Va¥ / w39 LS CuksS g3 Shee p (anme lagazls Sl L)

S b Sy syl del bl woly yo 51 5o las (Sodaii Zadeh et al., 2012) o

ol din; 59 5 kB eallis (o AT (6 S ojlu] Sl gl Pl 5l eoliiwl b allas & g0 oy

o=bly 4528 Ggesl sl eolial bty o)las 5 5054 b leolas 5 28,5 ploxl gl jusle (b9, 4 (Vo /A+)

5 oSls xSle awylis «(One-Way ANOVA) 6los ,5 0 lac gladiges wins Lalis b, olKiws

Duncan's — Bivariate ) o,z 50 (Siwaod oy s d lp 5 6 IS ol 5 le ax e ke

5 Juloos VF/+ ass SPSSl38ls 5,0 (Correlate (Azadbakht et al., 2021) o sols] (o
IR

Sl iy &bl SYCisgs (gliwg = Kw dw Slasl adlaie )0 aslllas 8 )50 adlate HL3l 3> Coxdss (d) 5 (€) «(b) (@) -) JSC&
NS sl
Fig. 1. (a), (b), (c) and (d) Geographical location of the studied area in the Sangar dam construction area - Dost-Lat village located
in Siahkol city, Gilan Province

(a) (b) :
Fig. 2. (a) and (b) Measurement, soil properties-water and soil chemistry laboratory, Soil Conservation and Watershed Management
Research Institute



VECF LY oyles OV als

el Cape 5 owiige 1190

Sy pole (g3lug,ls 0aSiils (53945 Lo b e[St Lo ;1 (Chrysopogon zizanioides) s.55 olS aiu, (sloe,lac 4y (@) 5 (b) -V i

Fig. 3. (a) and (b) Preparation of vetiver root extracts (chrysopogon zizanioides) - Pharmacognosy Laboratory, Faculty of Pharmacy,
Mazandaran Medical Sciences

ol A Coled po a5 wll adls S (g
g sn e S Ly Cwglie

oS i slacalles (b i
039 st GRIBI L S red g b oo Sl
ol Egamme 10 .Cuwl 0al iy 3.5 olS o)l s
Lowalie gloced o glaluadse jgbay s
39> bly slade) pitamms 37055 09 RIF
SE b gl g e Ll b b )55k 5o
S8 o mlesas |

PSS b 5l ol claosls 5uSils dunlio
155 amse ol @ 5 () () ob) (@) slo i
5 S s a3 Gl g ye 5 Joine ol
Fe00) pos ghw @ (azyo Yo=¥4) sl zhaw
Olojpd (423 7 =V0) pous mhaws 4y o 9 (4230
Cugb Ol Rl bys e I el )] 2alS L
S Sal as o daws,o Y1) anacw!l e w@alais
Ao, oy +IA) S Cusb, ds s d(ds s YD)
YoIE) B o a5 (doys VONY) SB g5
b oo malS (oo

5l oseliawsds slosls 1Sl dmslie yien
a2 o las (F) 5 (C) (d) slo iz § IS b
5 by w5l )| ol ool 4z s AalBlL oS
SB T 5 woys e ciie Cuosh, il
Ao,y g (oo /) S ) do 0 (e 0 VA/Y)
Wb so pliEl (oo <IN S el

il L 4 sl e Lt (@) i ¥ S b
29859 oLS 4o (359 spom i 4 sl a5l oo

o &S ols las by T 51 el slaosls
Wl 5 6ys0 layeSB L ey olS Aty ()9
Sl,gSB L s (p<0.05) voyo miy mhw ;o S
9 CAJ‘QJG) EC;AAJ sg:\.l.:.w ‘UM M)O “&D—‘ ‘KS” &‘ﬁ;
P <001) vo,0 S ghw o S Sy s
S 5 ol () Jeaz) ol 052y jlo cime BB
21y 6yl g DS S pnly (liae a5 ol
B0 sad lad Sglate slacd b o 4

Ly b el oy ol wwyoe Slia
b GlgSa 1) 095 0, Slas g Jlisle (Jae
e Hlis e (iSly Ol s 4 Wil a5 WS e
e Sl pg3ar jady oS (Koo Ol
ol alide byl jo a8 0 SHo 1) 0g Gl
olS (az,0F =Y gaz 0 F—0- > ¥.-¥F.)
ol Eel ez sloads, (59 SRl L ey
5 iy, drwg 0gd oo ab SOl gl
Al o g Al SKasl agly yials 4 e S
Seced gleals o S L Cwglas ol
D9 s

L 5 595 obS 4l slacsbie 5o (g5
s () Jao) wilaisl (iolislicods ax o iolél
5 SB it by (45 sl 5l el
Ol ety ojlas (yj9 5 ey, (s b of bL3)|
50 ALE e 5 Gedun O jg0ds jguis oLS AT was o
ol el Gl L oS oo e jlocad slaaials
)‘)—Q—A—A.AJ‘ (4 ..LS‘SA )...m...» ‘) .59.‘> LSLQM) )9 ol.:f



Vag /

)5.‘.15 obfwjjo)il&.c);‘slamggbayu ).1‘ LSJL)))‘

¥ USS o oSl anlie 5l Jool> bl wulys jo
S8l g e il b as a1 Silo () Lo
b Suaglie (JKuly sk S VHIT) (b 85 e
O30l as 10 YO/ vgu S 0 iy ol ads,
2 5959 olS a5l T Wge s ol el aidly
Gl Gl o 555 o0,Slee Jlocud lalys

Sl Sl

olS aS slasgTay cauS o lag iol38l (g lolins gloay
3992 1) 395 ()5 5ke 5 (ol ata; 155 Gl L

IRCXYPPIEE St IRV gATR
o)lac 39 lrosly 1 Slee annlie ool o yg58
L oS aeo o lis 5 (-F JS0) jeuds ol ais,
5 by maw gl gals (Socos il
YV dgam di o)lac )9 cdilaio Cogb, iol3dl

abee Gili8l oo

2555 oLS o jlas ()9 5 ada) 5s WS s (oD AT (S la Sy w0 (2o (el )ly a2 Y Jgu
Table 1. Result of one-way ANOVA of the average percentage of soil factors, shear stress, root weight and vetiver plant extract

weight
Source of Variation F
The third level (slope 60-70 degrees) Sum of squares df Mean square F-statistic Sig.
Second level (slope 40-50 degrees)
First level (slope 30-40 degrees)
1.471 2 .736 272.481 .000
pH 1.586 2 .868 386.291 .000
1.607 2 975 402.193 .000
7.179 2 3.590 75.116 .000
oC 5.634 2 2.961 60.684 .000
3.972 2 1.745 4.9123 .000
38.610 2 19.305 93.733 .000
TVN 41.098 2 20.403 95.657 .000
42.958 2 22.901 96.980 .000
113.387 2 56.693 411.252 .000
CLAY 112.487 2 56.126 410.935 .000
110.487 2 55.392 410.491 .000
p 2 56.693 411252 000
SILT 111.488 2 56.693 410.935 .000
' 2 55.736 410.784 .000
.000 2 .000
K .000 2 .000
.000 2 .000
96.534 2 48.267 37.707 .000
MOISTURE 98.025 2 49.395 38.891 .000
98.955 2 49.998 39.175 .000
515 2 .258 63.679 .000
EC .782 2 .198 62.876 .000
.843 2 77 61.921 .000
457.020 2 228.510 394.527 888
SAND 673.522 2 485.0211 425.510 .OOO
864.749 2 560.002 617.258 '
e 2 235500 6.734 029
Root weight 202'439 2 200.428 6.338 .018
' 2 189.954 4.126 .003
3.706
. 2 1.853 27.904 .001
Extract weight igié 2 1.725 26.743 000
' 2 0.991 24.419 .000
0.001
SHEAR STERESS (T) 0,001 2 001 21 002
0.000 2 .001 21 .000
' 2 .000 0 .000
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Fig. 4. (a), (b), (c), (d), (e), (F), (9), (h), (i), (j) and (k) respectively the results From the comparison of average alkalinity,

percentage of lime, percentage of organic carbon, percentage of clay, percentage of silt, percentage of sand, percentage of soil
moisture, vetiver root weight, soil electrical conductivity, vetiver root extract weight and soil shear stress in three levels using

the test Duncan's
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Table 2. The results of soil shear stress and vetiver plant weight

Source of Variation First level Second level The third level
(slope 30-40 degrees) (slope 40-50 degrees) (slope 60-70 degrees)
1.13 1.46 1.55
Root weight (gr) 2.20 2.24 2.37
2.36 2.04 2.67
0.6 0.7 11
SHEAR STERESS (Kpa) 14 1.6 24
2 2.3 2.8
P et Az OlsS Gl G eiares Aoy )9 oS S STy e (Kon Jolod
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Table 3. Result of Bivariate -Pearson correlation between soil factors, shear stress and root weight and vetiver plant extract weight
Saurce of pH oc TVN  Clay sit K Moisture EC  Sand T
variation
Cpea’f‘:.” -768° 802  -843"  .842” 842" @ -.903" 757" 8427 784"
Root weight orrefation
r
@) Sig. (2-tailed) .016 .009 .004 .004 .004 . .001 .018 .004 .012
N 9 9 9 9 9 9 9 9 9 9
Pearson o x o o - . . o wx
. -.932 .906 -.926 .952 952 2 -.904 -.901 -.950 934
Extract weight ~ Correfation
(gr) Sig. (2-tailed) .000 .001 .000 .000 .000 . .001 .001 .000 .000
N 9 9 9 9 9 9 9 9 9 9
ROOT x Slope P
c earls‘t’.“ -898” 9157  -939™  .950” 950 = -973" -873"  -950" 913"
The mutual orrefation
effect of slope i .
degree on root  Sig- (2-tailed) 001 .001 .000 .000 000 . .000 .000 .000 .001
weight N 9 9 9 9 9 9 9 9 9 9

**_Correlation is significant at the 0.01 level (2-tailed). a. Cannot be computed because at least one of the variables is constant. *. Correlation is
significant at the 0.05 level (2-tailed).

soadl L agh ol 5l Job mls anlis
Ghavam Arabian, )  ogh o iy Sldlae

2 by mhe gl S egas o (2007
Achillea millefolium «¢5° a5 5 o5 sla S5s



)5.‘.15 ogwjjé)ﬂ&&f&méb&}u ).1‘ LS)L)))‘

Iy 095 (glady, phmmw g 00,5 S0 l) ol a0
S o Cugll Sl I b )85l s

or oS gl Ll e olS cnl 6,5k
OlaS 5 g o) Codld a5l Glags 4 S
Laai) ()35 5 00 et Sl b mline o (ploas
@r Ve —Fecod ol ;5 j5us obS olae (335
owlBl clga Az, £V 5 oazy0 Fe—0-
Sla Sy &5 aad e liS rizes @l b
s Ay ol 4z i b adhie SO s S
SE 00 e S Gla Sy et by S o
] e G

9 P L (RAR) .59 olS (slads, o515
S99 wbeo Gl (JSulgkSVPIT) (2 25
@ SL (Far SlBl cel jas olS slaads,
S A SKlasl agly als o Vel
o3l ;o S ouiS Cglae yioli8l g s 0 YYIVA L
03 ze S gl ol 99 e JISalEa VVA b Y
PoVe apaz o Ve¥e jlaed az o L &
LS 5 il Gl By s s v
515 g gy Sl (25 Gl bl e
A2 oo il 1) 095 slaas,

SEe (i a5 C8 5 Al (g oo Sules o
3589 oS slaaty; Sl 5 pled SLS 5
Grrie b olyed a0 FeVe ol b pgn lan
G azg bl sl canlin bais ) o515 9 e
Slaaals ;5 ol Sl Jles 55 55089 oS (Ul
Glocad &l ;0 ol ol i o Slpiinn ¢locad
5 2l O3l (Sl el Glawd (ol L4
5 Sl slaojen o Gbewd Lol nle
(el 5l 6 nSslr 5 S Lk e )bl
g CeiS S Canig B g G053

S0 ya8 g S

G gk cpl plml jo aS (golBl
30 0ailS Juped Lol IS 5 o 5l el caslasils
pole olStils 5 (g losul 5 S cbila aSings
O3 13 LS e 5 Jle coles 5 plhaisle (i
Dyl (S19)a8 5 s olRaybes]

45 ,» Mohammadnejad Ganji, (2014) axlae
Dehghani ) zias3 <Rosmarinus officinalis L
Mahdavi et ) v, i, 4555 , Bidgoli, (2012
Tanacetum polycephalum «,5 , al, (2014
45, Aghaabbasi and Bibak, (2015)  jashs
Mahdavi and ) axlas 4 Heracleum anisactis
Stachys lavandulifolia 455 ,, Rahmani, (2015
O P50 g loloe bLI I 0g2g Whe g 009 Liwljon
SOl (a5 5 o Sla Shs 5 o o 3l elis)|
Olyme gyl (ial8l b aS glaigSay el o)l
e I3 ol sl 5 il

laash L Ghagh  pl @S eies
55 oLS asy, 5 oL, Akramian etal., (2017)
il 0 S by Caglie § (St Gl
Roshan Nasab et al., ) _ieg} g,aaS ail>g,
2 S5 A b Caeglie L5l o)L ys (2021
Hoque et) _ieg3 5« lis ailsog, sloo, S (5 Ik
2 sy LS leass, b el al, (2022
5 S (Saiz 9 5 S )97ede (B Cenglie
Syls callae

ol slaaials jo a4 aas oo lis ol s
5 Py bl (S gl S w55
slaads) joa> 3 S Dy o om )bl
0 Seaglie ialidl @dly 50 0,00 092 9. oS
bty Oy eaeld ol (g Jliie Jl azs S

RSl oy e g S la Sy gy olS

2 SEced GRIBILas ols plas hagy

Olee (S = Ko s e (Sl slaaials
ojlas 539 5 aday 03y «SB oy ik (T 05
Fr &S Jo e bee GRlEl ey olS Aty
(O oy (6 e il wile S sl S
bl nlpls ik oo rals Sal 5 cogh, o5
obS ojlac ()39 5 4da)y 039 )l 3 e
)5 0925 ST oy 5 o o I 005 e b 555
&lwss (Chrysopogon  zizanioides) a9 oL



VEF LY oleds OV al> JES CNURVENRCPORE B3

solawl 8590 2ubco

Aghaabbasi, K., Bibak, H., 2015. The effect of elevation on essence of medicinal plant, Descurainia sophia
(L.) in natural growth places of Kerman's Province. J. Biol. Today's World 4(4), 90-94.

Akramian, M., Dastorano, M.T., Farzam, M., Abdi., E., 2017. Investigating the causes of erosion in
increasing the adhesion and shear strength of the soil on the side Kashf River. J. Watershed Engin.
Manage. 11(2), 328-335.

Alipour, N., Mahdavi, Kh., Mahmoudi, J., Qalichnia, H., 2011. Investigating the effect of environmental
conditions on the quantity and quality of Stachys laxa essential oil. Plant Res. J. (Iran. Biol. J.) 28(3).

Arianfar, M., Akbari Nodehi, D., Hemti, Kh., Rostampour, M., 2016. The effect of height and direction on
the yield of essential oil and some phytochemical properties of medicinal species Artemisia aucheri
Boiss and Artemisia sieberi Besser in South Khorasan pastures. Sci. Res. J. Marta. 12(3), 281-294.

Asgari, E., Talebi, A., Kiani-Harhegani, M., Amanian, N., 2023. Comparison of the effect of vetiver
vegetation cover and surface rock fragment on runoff and soil loss in a convex-parallel hillslope under.
Laboratory Conditions. Eco. Hydrol. 10(3), 335-353.

Asgari, E., Talebi, A., Kiani-Harhegani, M., Amanian, N., 2024. The effect of vetiver plant on runoff
reduction and soil loss in parallel-convex and concave hillslopes in laboratory conditions. Iran-
Watershed Manage. Sci. Engin. 17(63).

Azadbakht, M., Davoodi, A., Hosseinimehr, J., Emami, M., Azadbakht, M., 2021. Phytochemical profiles,
physicochemical analysis, and biological activity of three Colchicum Species. Jundishapur J. Nat.
Pharm. Prod. 16(2), e98868.

Azarnivand, H., Ghavam Arabani, M., Sefidkon, F., Tavili, A., 2010. The effect of ecological
characteristics on quality and quantity of the essential oils of Achillea millefolium L. subsp.
Millefolium Iran. J. Medicin. Aromatic Plants 25(4), 556-571.

Azarnivand, H., Qavam, M., Whitener, F., Tavali, A., 2018. Investigating the effect of ecological
characteristics (soil and altitude) on the quantity and quality of Achillea Mellifolium flower and leaf
essential oil. Mellifolium L. Sub Sp. Res. Medicin. Aroma. Plants Iran 1(4), 556-571.

Dehghani Bidgoli, R., 2012. Comparison of the effect of some ecological and grazing parameters on the
quantity and quality of essential oils of Artemisia sieberi and Artemisia aucheri species in steppe and
semi steppe rangelands of Isfahan province. Ph.D. Thesis of Range Management, Gorgan University
of Agricultural Sciences and Natural Resources.

Ghadampur, A., Sharifi, F., Bahrami, H., 2012. Investigating the effects of Vetiver root density in soil
erosion control using in situ and laboratory direct cutting experiments. Thesis. Ministry of Science
and Technology Tarbiat Modares University-Faculty of agriculture and Natural. Resources.

Ghavam Arabian, M., 2007. Investigating the effect of some ecological attributes on essential oil of achilea
milefolium. M.Sc. Thesis of Rangeland Management, Tehran University (in Persian).

Haghighi, S., 2019. Vetiver plant, the green line against erosion and a step in the economy (Massimo Mafi).
Mahtab Gharb, Kermanshah, 259.

Haider, F., Kumar, N., Banerigee, S., Naqvi, A., Baggi, G., 2009. Effect of altitude on the essential oil
constituens of Artemisia roxbourghiana Besser Var. Purpurascens (Jacq) Hook. J. Essen. Oil Res.
21(4), 303-304.

Hengchaovanich, D., 1998. Vetiver grass slope stabilization and erosion control. Tech. Bull. 1998/2 Pacific
Rim Vetiver Network (PRVN), Office of The Royal Projects Development Project Board (RDPB),
Bangkok, Thailand.

Hoque, I.L., Shariful Islam, M., Hoque, E., 2022. Effect of Vetiver root on triaxial shear Strengh of a
cohesionless soil. Geomechan. Geoengin. 17(3).

Jafari Haghighi, M., 2002. Soil analysis methods, samplying and important physical and chemical analyzes
with emphasis on theoritecal and practical principles. Publishers of Neday Zoha. 240.

Jamshidi, A., Aminzadeh, M., Azarnivand, H., Abedi, M., 2005. The effect of altitude on the quantity and
quality of essential oil of mountain thyme plant. Quart. J. Medicin. Plants. 8, 53-86.

Jones, D.L., Hodge, A., Kuzyakov, Y., 2004. Plant and mycorrhizal regulation of rhizodeposition. New
Phytol. 163, 459-480.

Khaleghi, S., Nusrati, K., Abbaspour, R., 2019. Estimation of soil erosion and sediment transport in the
upstream of Badavar watershed of Lorestan using SWAT model. Quantita. Geomorphol. Res. 9(3),
186-202.

Khatouni, N., Kolahi, M., 2021. Investigating the role and function of pastures in the field of water. J. Water
Sustain. Develop. 8(2), 91-104.

Omidbeigi, R., 2009. Approaches to the production and processing of medicinal plants, the fifth edition.
Published by Mashhad, 400 pages.

Maffei, M., 2001. Evidence for a C4 NADP-ME photosynthetic pathway in Vetiveria zizanioides Stapf.
Plant Biosys. (in Press).



v.v / g5y oS LS 50 Slas p Jame Glaasls S L)

Maffei, M., Codignola, A., Fieschi, M., 1988. Photosynthetic enzyme activities in lemongrass cultivated in
temperate climates. Biochemi. System. Ecol. 16, 263-264.

Mahdavi, M., Jouri, M.H., Mahmoudi, J., Rezazadeh, F., Mahzooni-Kachapi, S.S., 2014. Investigating the
altitude effect on the quantity and quality of the essential oil in Tanacetum polycephalum Sch.-Bip
polycephalum in the Baladeh region of Nour, Iran. Chine. J. Nat. Medicin. 11(5), 553-559.

Mahdavi, M.B., Rahmani, V., 2015. The effects of ecologic and habitational factors on the essence quality
of Stachys lavandulifolia Vahl. in north Khorassan Province. Int. J. Farm. Allied Sci. 4(5), 448-456.

Mohammadnejad Ganji, S.M., Moradi, H., Ghanbari, A., Akbarzadeh, M., 2014. Investigating the elevation
effect on the essential oil qualitative and quantitative of Rosmarinus officinalis L. in two regions of
Mazandaran Province. Eco-phytochem. J. Medici. Plants 2(1), 42-36 (in Persian).

Mohsenipour Soumesarai Monastery, H., Najafinejad, A., Hossein Alizadeh, M., Frouze, M., Parsakho, A.,
2019. The role of vegetation in the stability of landslides (case study: Tuskestan-Chaharbagh road,
Golestan Province). J. Water Soil Conserv. Res. 27(5), 185-200.

Nosrati, K., Rostami, M., Azarpai Kiwi, M., 2021. Estimating the risk of erosion along Taleghan River
using the BEHI model. Sci. Res. J. Nat. Environ. Hazards 9(26).

Polaki Khoshkrou, R., Bagheri, N.A., Babaeian Jelodar, N.A., 2023. Effect of altitude on some secondary
metabolites of the medicinal plant (Sambucus ebulus L.) in three different habitats of Mazandaran
Province. Plant Proce. Funct. 21(65).

Roshan Nasab, F., Mirzaei, M.R., Khazaei, M., 2021. Quarterly journal of Environmental Erosion
Research. htpps://Magazine. Hormozgan.ac. ir.

Samsam Shariat, A.H., 2007. Extraction and extraction of effective substances of medicinal plants. Mani.
Publica. 258.

Sharifi, F., Ghadampour, A., Bahrami., R., 2013. Investigating the effects of vetiver root density in soil
erosion control using in situ and laboratory direct cutting experiments. Thesis. Ministry of Science
and Technology, Tarbiat Modares University, Faculty of Agriculture and Natural Resources.

Sodaii Zadeh, H., Shamsaie, M., Tajamoliyan, M., Mirmohammady Maibody, A.M., Hakim Zadeh, M.A.,
2016. The effects of water stress on some morphological and physiological characteristics of satureja
hortensis. Plant Process Func. 5(15). 1-12.

Truong, P.N.V., Baker, D.E., 1998. Vetiver grass system for environmental protection. Tech. Bull. 1998/1,
Pacific Rim Vetiver Network (PRVN) Office of the Royal Projects Development Board (RDPB),
Bangkok, Thailand.



