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The use of natural processes such as phytoremediation is a suitable
solution to reduce water and soil pollution. In this study, two separate
experiments were conducted in the form of a 2019-2020 factorial
experimental design in a greenhouse to investigate the effects of sewage
leachate and industrial effluents on the growth characteristics of vetiver
plant species. The experimental factors included leachate and industrial
effluents at concentrations of Zero Percent, 25 Percent, 50 Percent, 75
Percent, and 100 Percent in three replicates with two water use stress in
five and 10 days. Characteristics evaluated included plant height, number
of branches, fresh and dry weight of shoots, and fresh and dry weight of
soil organs (roots). The results showed that irrigation with municipal
wastewater leachate had a significant effect on the number of branches
(P<0.01), fresh weight, and dry weight of roots at a five Percent level. The
results of applying industrial wastewater had a significant effect on height,
number of branches (P<0.01), dry weight of vetiver, and fresh and dry
weight of roots (P<0.05), but no significant effect on fresh weight of
vetiver (P>0.05). The highest additive effect of industrial effluent and
irrigation stress on plant morphological characteristics was obtained at the
interaction level, W2A1 treatment (25% industrial effluent and five days
irrigation stress). The results of this study showed that the use of waste
leachate and industrial wastewater mixed with irrigation water to irrigate
compatible vetiver species can be considered as a solution for the use of
unconventional water in production.

Cite this article: Abdollahi Mansurkhani, S., Asadilour, M., Farzadian, A., Egdernezhad, S., & Asareh, A. (2024).
Evaluation of Vetiver plant species Compatibility under waste leachate and industrial wastewater irrigation conditions.
Journal of Water and Irrigation Management, 14 (3), 567-582. DOI: https://doi.org/10.22059/jwim.2022.333386.940

Publisher: University of Tehran Press.

@ OIS © The Author(s).

BY NG DOI: https://doi.org/10.22059/jwim.2022.333386.940



https://doi.org/10.22059/jwim.2022.333386.940‎
https://orcid.org/0009-0009-6126-8688
https://orcid.org/0000-0002-1065-3895
https://orcid.org/0009-0009-5335-6143
https://orcid.org/0000-0002-6160-5009
https://orcid.org/0000-0002-6188-7632
https://creativecommons.org/licenses/by/4.0/

V¥ 5l g 0)lods (o0, 0599

- -
FYAT-4T) :Jf;//"‘rid U’/“;/ ’h:/I h:f;{)

Homepage: https://jwim.ut.ac.ir/

i

0 RSB g ATy gt b (5 )T Tl g 33 yauig AT A58 36w (owy 9

"oskas e | “a155,081 (Mot | T sty e |5 sl g | | B ppate e o

saadiabkakan65@yah00.com :aebbl, .yl lgal lgal aolg ¢ oMol 3151 slEtils «ol uties g pole 09,3 .)

mehdi.asadilour@gmail.com :asbbl, .|yl jleal ¢jlgal asly o oMl 5151 olEiily «ol wdins g pole 0,5 ( Jgtume odimsgs ¥
alis1@gmail.com :aebbl, . )yl bTjgd 0bljg,8 dnlg oMol 3151 slEiily ¢ cmbs @lio g (655l 09,5 ¥

a_eigder@ymail.com :4sbLl, .1l ¢jlgal ¢jlonl snly o oMl Sljl olKiisly ] wdige g pole 09,5 ¥
ali_assareh_2003@yah00.com :4sbLl, .l nl ¢jlgal ¢jlgnl saly o oMl sl olKiisly o] wdige g pole 09,5 O

S

Al wledb!

oo SB gl Sogl il ey calio sel, oYL ol dles 5 Lands (slodil b ) odlizl
5 9955 LS L5 4By imho WML g dlj wlpd b ey glaied aallls ol
2y Bolas oS b B o J)sSB @ WAL el Sl ) Bl il
VO e XD cyio) pobans > sinio I g by e ¢ ol Ltlogl (sl g1 5 o] wlsdS
Slao 15 Ll gy Voo @y ddaw 99 50 (ol GRS 9 b LSS s 0 S je (10 Vee
Pl Sid g 5 59 9 len laplil Sid g 5 y5e A ld dlawd wlS el Jols ol oLl
i gyl sime il opaed slaalls s b coylol o ol ialojl gl g (4dy)) (ouej
U ixio OB 2,8 ol sl s> gy paw y ady) SS9 5 s (P<e/4)) L
(P<e/0) ady) Sid g 5 (jg «2lop SiS (yjg (P</0)) 8Ld Slas 5 )] (o)l g
5 ixioo S Ll 31 5 (P>21+0) Cublls 2lm 5 3y » (s )bsine b Lol cuily
103 YO) WoAL Jlos oS omy g ) 589 obS (Siglsiyge sloiShy 2 )lel s
3 ool by olis Limgh cpl bt anl odel canda ()bl joy mu LS g (ke OB
Slgice so59 )85k 45 )bl caa ll Sl L bbre g OB 5 dbj alpus sblos

2l leda adgi )3 B)liel gl jleslatal cly o)l e

gy Alie 1o £o5

Ve [AANY 8l & 6
Ve NIV g S50 &, U
VN EIYA 10 s 9,6

AR VREVEA e T

:thj'g.)g,ls
Syleioli slac]
ol i
sk ol ook

599 olS

2 5559 (AL 655 () Bl wyp (VoY) e ojlac 5 Dol l5)u81¢ de (ybolj b ¢ cipn oyl sl ¢ pillyilo (S jpate allie t3WRw!
DAY=0FY (V) VF (oylof 5 of oo it gmino oS g dlbj il b (o)ll Lalys

DOI: https://doi.org/10.22059/jwim.2022.333386.940

OO

BY NC

Ol o&uisly @l Lis] duwe 1yl



https://creativecommons.org/licenses/by/4.0/

O ylKad 5 s yprio e i lyiis)  inio M g b i b ()b Tt 43 45055 ( ALT 455 ()l oy

dodo .
OSSP B JLSUiS izeh 9 into 9 5ysliS lacled (53S b ples (ler Cumex (1938l59) M)
=Y u9ﬂan CudS b g.;l é»l.uo 9 LU uw‘)s‘ u] d‘)., Lolds &S ol 0l Cog0 )A.‘>‘ éLmJL» P e u\j9)., uw.b:lf 9 ‘9!::
51 ookl aise) > e cla yimgs dA g dyly O wlio 4 o5l i HUid e )3 g dwp 93 6y oy 24l
L.:L...u )| oal&i) J.m «_B)l.aw:b u] c.:l...o )] oolézl .(Tsao, 2003) Cowl )]))95):. u.,])de L:u.o.b‘ )] Sk 9 L.j d)l:wol; @L.n
Gy e o]y laugldl o ol Ol eslisl 5 (65,5l ISy slacle) cried g eddadal O
Aoy vy e (Mushtag and Moghaddasi, 2011; Geerts and Raes, 2009) col Ol ol b og5bs,
Cawl 03,5 3ol 1y (63b5 Hlas (slacudgiome oS Cunl s i da)Soly cpl 4o g

‘_;\Mf).’ dLﬁbL:JLb} )l ol 9 dl..a’_é d)L,..J ) g)/l..o'lé uLw.» O k_é)l:.:.nl.; éft"’ )‘ oslaiwl 0}9)./:‘
2 Uhegh poi) (Mu et al., 2019) cusl (5ytuS 4 gy Muygd g Sygb 4 polie LS (ilol sy sjpslas
CaieS b Gble orizen 9 Ol p8 Ghlie sl ohagh o e 5 Cute sl 5 Bl O e ) oolitl aie
oo oy NS I any ookl L (Abdzad Gohari et al., 2018) 545 oo wlus! i j Liw cosliol O
M alss say O Sagll g0 6 S gls byl (silola, 5 56 Jaecin s wogllasl 3 51 (eobj 3905 b
3 sl cov gas Oygon |y s oM dadllj cunliol Co e 5 o xS SI318 dgag ¢ xio g (61
baoo 3 OGN cuwlio @85 0920 4y oliwd (glp W cgader (S Ms pulae w4 asgi b g dad 0
.(Raj and Maiti, 2020; Panja et al., 2020) cusl (550 Comn

Py e LS 5l eolatwl a8 bl o Lly pl )5 cuslio slayie, 51 (S (Phytoremediation) oYL oLS
Sileie gilae NS adias (slo i) sl JUS )3 o (VL Oygods Gaxe 5 I glooat Y Gl 5 S8
g 03l Lol Bl 1) 09yShe culled oS sin olag il gb 5 4 B lalS claads, (Akbarzadeh et al., 2015)
ox 5o s 53 ondpll (cla ing 3 (Ts20,2003; Oftieno etal, 2018) 15 5o, oo oo rodu VT 3 il (sl 1) diso;
w9 YU )8 Gy g Oland g Olid (nSoiw OlE Gla 0 GO pgw aLS lgicds jady a5 Cuwl llas
(Xu and Mou, 2016) b awsls lga 9 S ol oYU 3 loss;)) Lids Llgs o

s lada) a9 0pgbatenis (o Ciglite Lulpd 4 pglie (dle (glgS (wod) ey olS
03y lAls lals asls « (Vetiveria zizanioides) ysss 2LS 4365 .(Darajeh et al., 2019) cusl (g98 5 o510
Vetiveria 455 Andropogoneae oslgls ;5 (Graminaceae) yloss odlgils Vetiveri s «Me 0,05 diuun o
g &S o Ad)y o5yl zslaw > (Sharma et al., 2007; Pentyala & Eapen, 2020) »)l> 3l zizanioides
5 ol 0000+ ] gl ges cutS (daw slac (5, (Siggen) cutS ol by, &) o lpe >
be grizps g SB g Ol cblis wiige ;3 odlitul (gly (olie 4035 5 1bb e yoBlo Yo (S35 4
Tsujino et al., 2010; Tanner & Headlby, 2011; Abedi ) cul calises oYl sau YL & lgicdy o
.(Koupai et al., 2021

s S (o 3k 018 03omme 9 (o) e b olS UL () 5l 659 0l 384 paio (sla Sy 4 25 L

oS .(Truong, 2008) >)l> wa (5,555 gaiie sd 8 oww bylyd > Cuwglis 5 (pSiww Glls Cls 4 0gMe
S g (b5 (Siglen 035 Wlg ge a5 Cunl gully glaady) ghl> 5 oy (LS 155 b g pladl LS 55
wlie & S yo3g SUiglsST 9 Sigledige Lol o SRy Jdda )l jrwgd 3 VL sy uizen


http://www.wwjournal.ir/?_action=article&au=27392&_au=Abbas++Akbarzadeh&lang=en

VFe ¥ (05w 0 )lods o0, Lo a)jai‘;)éq/—; u/—w)awo oy«

Cowl odd 03 Lasuds cavlie Cluy aduai clp o] 5l edlatul . g laund ¢ Slpis Gls g i aljls oYL
Glaal cliwly 0 Bres ady, il 4 asg8 L olS ! .(Percy and Truong, 2003; Shabbir et al., 2017)

S Cusl ()80l 5 (g LS slol gl S ol Blaiel plie So3 9 ML Mol (gl s 2,8
o yimgs (Ng et al., 2020) wil caby, JB slagie b Jos wdlo (b Guw Jooly S lgicas Wlgs o
Oev B ¥Or gl ;3 Sl lise a5 ablie )3 44055 olS ol Ui les calisee bl& )3 daxie (laoinlin
FeS PHL oS ) Slgi e g 48 (o0 Cungliio (S Jlio )3 45) 5l g g 35 (0 A3y (o Sl yio o
abl 393 s & liser 5,8 ilo ax 0 +00 U =YD o oled 05l 10 e g Sled Ay VY 5 s g dw
3 bagles g clpis blas 0 93,5 o5 (251 ol 4 g 039 polio (gigm (351 blie )3 (cimw cdls ;> olS amd o
.(Dudai, 2006; Shahid et al., 2018) !l polds

4 e ol 53 g WIS (oo 398 ST 3 o Yoz U g3 Bes U g 039 o g canidie sl (L8l slaady
(Panbekar et al., 2018) deuis o JuSiis (slooyed ply )0 wlS Joou g SB 3 des il a3V
oo g da > il QUG e 5 (abesds] dlge g S SIS (Bl 03 S el g (g v ]
(.)9“:@ ‘nl:>u| ul.bl.o L k.J?]G)A .‘4»])4» Cou a‘.:f 05..’] J..Jy )9]4@4., &S LS“\“"I)S ).)) g:)]).) le?m 9 g_B).;.a.a).’ LsJL\.C ).,.oL.c
Gl 3 oSyl ko do e Lol cel @l jaeS g oolw (350 (sld She (Percy and Truong, 2003) )b
P Oz § SB (85518 (s b stmo NS (bl g 2ol (sl o 516 0Ad yrae Sdard g e )T (glo oS
(Truong & Hart, 2001; Weragoda et al., 2012; Vandemoortel et al., 2010) 54 o3kl ydleo (2LS sl

o328 oo o 5 GBrdiogin ool slagtS o U (ololl alea 1 silad o (slo 38 52l Jbo
S zobs (Mohebbi najmabadi et al., 2019) Ly o 0 82 63 dimino Sldgs cow dlgo J4uS )0 sl (g)5ld

irbosd S35 sl ey Soppons b o (BT g (S A €08 08y o 0 oL aibje )3 Gl
03> H18 Ly pdyge MBS dal Jusly ey oLS SeS'y (Truong & Hart, 2001) cuwl i eslaiwl S

alds S ods S iegh S0 e (Kafil et al., 2019; Boonsong and Chansiri, 2008) ol .
Wlools 418 w3359 1y o581 g 5959 bawgs (o YLolS SaSas Al alyd & 039l SB- > ML I S
.(Ghaemi & Majdeddin, 2016)

5 SR smie Slhe lpmen 5 Gaio ool nad (Sul g gl g95dlis) 43) 4 g L ool
Ol gle & o Sogl ol doii izen 5 SB 4 S g I slooa V1 5509 528 bl ke )3 (55ylsS
Jor 3 O bl ool )yl aladeely Bl 1l ol b (e IS5 S5 4 ej) g (e
(Singh et al., 2012) cusl 5y (Jazocuns (glassld

3 Sl bulps g3 gl wdy 0y oSS Kl w0dgl] (oS § Cluy (3 VL s &S SlalS Gl
pols imgh 0 &S alS (Hesham and Rashed, 2002) cosl oYL olS )3 oo jluwn 4SS bl dzily 2429
el )95y (AL g5 Canl 485 )13 () 390

Jo6 bl B)latels (glal S’ cow ()l bl 1 )58y (LS B ()8l )y imgl ol Sl Ban


http://journals.miau.ac.ir/?_action=article&au=27350&_au=Forough++Majdeddin

OV lylKad 5 B ypcrio o lllse pllytis)  Sinico M g 5 i b 5y bt Lt i 43 y95 AT 455 () jlow oty 0

N0 o) Jlo gy 0 A ilol O b byl Gilises slacums 4 sixio oMS 5 dllj alpd slajlos b o)l
) s 618 6yl g M 3 o0litl 5 IS iy dasome 1> OB (gjlule ) (6, Ssls

Lsigy g o190 .Y
Pl A¥AQ Lo 5> oyl 5159, adlaie )3 wbljgpd anly oDl ol5] oSl Slisiss 6dS 3 Lingh oyl
Gy SyeghS Ver 3 Jaime glomec] b GliumsS gladlais )3 GBSl ol Cange i )iy
2 4l cpl il ond gl 4l 0F 5 x> O (ol Job g 4l AY 5 423 YA oLl oye b jld
o8] Sl ol 3> SiS g S lon el 1 5 SHL b Ay Jhine Uans (slomgs] Uaylie;
VIAD paed ool @l bawgio ccund Jlo )3 oo Foo B Ve o 4l ool (S olie 6jlied Seiyginn
wlale (SH,b lise bowgio .l 3,5 Slo 4oy FIVE 5 YUY cipa o] lod lhe Jhis 5 aSTus 5 as )y
el ola 5 15 siobee sheo b o S5l g oloy3l 45 st lee VAFIY b 5] yiShios &S sl o lso FA/ED dilaio
il o o> VY/O J8las g AF/D jiSTis anl pl s Cugby lawsie

(simio M g Ay wlpi) Bylaial lacl b (sylol bulyd 53 5959 (LS 465 (6)55lo (0 jolatod,
Ul s g ab awilyy S1B obljgpus doly oDl oIl olKisls acye oS I (g yta Sl Yo b Hao Gos
290 Giae Sluy 5 aled wald Of o Shy (V) Jgiz 5 SB laShy (V) Jptr 2 Jlo) olitle] &,
a3 o s 1y oalatwl
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E % Percent ppm dS/m
g Loamy
5 clay 28 26 46 125 0.9 58 47 0.09 206 10 79 0.4
Table 2. Chemical Parameters of irrigation water and soil
Zn Pb Ca Mg Na Cl TH TDS EC
pH
mg/L ps/cm
Water 0.017 0.009 58 40 15 22 311 375 8 576
Waste Leachate 3.28 0.43 500 180 6388 11892 2000 31934 9.55 35763
Industrial wastewater 6.05 21 320 3.37 2109 567 890 17408 6.11 27200
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Table 3. Mean squares of errors measured traits in five levels of waste leachate and two levels of water stress

Aerial parts  Aerial parts Root Wet  Root dry

Sg#;gzzgf Df?(gagiésn? f 't'r%?t Nbl:,';r?:; ecs>f Wet weight Dry weight weight weight

(Kg/ha) (Kg / ha) (Kg/ha) (Kg/ha)

Repetition 2 21ns 58.3 "¢ 6337.9"° 974.1 " 4278.1™  1800.9"°

Waste leachate 4 22.49™ 174.39™ 2936 568.28 "¢ 7223.1" 5179.5"

Water stress 1 0.72"s 68.4 "* 0.54"s 5.96"° 8500.8 "™ 140.2"°

Waste leachate & Water stress 4 12.07" 116.7” 3749.7" 890.72" 4623.7 1904.6"

Error 8 28.37 38.92 2060.9 379.6 8292.2 1541.81
Total 29

n.s: non-significant; * significant at the five percent level; ** significant at the one percent level

100.0

80.0

Height (cm)

0.0
R1A1 R1A2 R2A1 R2A2 R3A1 R3A2 R4A1 R4A2 RSA1 RSA2

Figure 4. Interaction of waste leachate and water stress treatments on vetiver plant height
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Figure 5. Interaction of waste leachate and water stress treatments on the number of branches in Vetiver plant
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Table 4. Mean squares errors of measured traits in five levels of industrial wastewater and two levels of water stress

Degrees Number  Aerial parts  Aerial parts Root Wet  Root dry

Sources of changes of H(z'r?];]t of Wet weight  Dry weight weight weight
freedom branches (Kg / ha) (Kg / ha) (Kg / ha) (Kg/ ha)

Repetition 2 0.007"™  24469.7™° 1.2 48" 282.6"° 50.9"*
Industrial wastewater 4 0.03™  11913.2" 59.8"s 16.6” 193.9 413"
Water stress 1 0.1™  374534" 78.4"¢ 18.8"* 779.8" 19.6”
Industrial wastewater x Water stress 4 0.006" 2109.7" 53.9" 6.02 119.7 21.7"
Error 8 0.0003 147383 43.7 6.3 95.03 24.4
Total 29

n.s: non-significant; * significant at the five percent level; ** significant at the one percent level.
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Figure 10. Interaction of industrial wastewater and water stress treatments on vetiver height
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Figure 13. Interaction of industrial wastewater and water stress treatments on air dry weight
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