Iranian Journal of Irrigation and Drainage
No.6, Vol. 18, Feb.-Mar. 2025, p. 927-936

1E

Oln! (iS2) 9 5yl & pis
AYV-ATF o AP ¥ akdl =yt A s Fo o

‘f‘&'h}ji_‘_;"'x" Jls

=Y - i fw)ﬁ. s ‘Y ] ta s L\‘;;\:.d)' 1

VEOY/ S/ 13l 5 b

LRV

ang L opomen bl ge oy p by g el conliol Candg gseS Lol )3 a8 ditwn ol mlie o5 ytekas (8 )laiel (sla]

Gan b Ghaghy ol (Jdo nen 0 25 (55 o 55 Sl B8y 51l (SiSdags 9 St il Casbse )3 ol 98 55,8
gL Copgo 4 eiulojl plplh b plul )3 alls g Suid 5 g bl 2 f Sy90s0 9 3)Shes p endaiial Cluy g slogn ST ()
VEANEY (elg o 53 08 it 2 35T slgm 3 5 il Yo b 95+ 6l 4 (shasiel sloalS > ol JolS slaS ol il
Oy S b osdagiial Gl g o bS5 (12) eadasins Clag (11) (o) conlio oS b Ol 95 a Jold (talesl (slojlos 5 plox
pic 5 (B2) Lalals oo 0oy 0 (Bl) b lilS ez diopd Ve ol (K slacss (g7oko dlge jl oadans) jlogw gdow 4w g (13)
F 03 ool 2 Ol Gpgere il (atls s cilisee zolaw 3,18 g o CutS” Llie S &S o> Lt @l g (B3) l g 31 eli
890yt «dldy (adls Slas Jlade oy sty Cawl HId sxe 1oy O Jlein] pdaw j3 a3 ISae g 1o pd V Jlois] o 3 @) aild  Sis
9u_x.§.o)~o — ra)f?_Lf /33 9;,‘_:.{@)4’ » P)§9L5 - /¥4 ;w.in).m » P;?J‘S Y/-¥ /oY HEWTRY U).) &l 9 Sis 09 uqlml » uj
9 30y YOIA 5 ¥E/N FAY SYIY s 4 danylos cp 5 JBlis 4 s (399 ©luo el candts BLIL jlag 5l 2,8 YYV/AY &y 3 ,Slas uizcen
3 Cogby g (gdre dlge badn U Wlg oo sl gm o] S cols balpd )3 a8 39y o) 51 (Sl IS zols acusly LioliEl ao s YE/Y aly 5 Sles

.h.{wmcul) CJ).) u’l d)gb).eeawl.)); uabl.m g.))slo.c u»ul)ﬁl Sk

& ply Jouazs o lxiol o (Jaaze 3 Slas il o« S90S\ :‘_5..\.315 le:’bb)‘g

Bakas et al., 2020; Ahmed et al., ) s_sb oI plis (3,5
aS o)y gy alisee wllllas .(2021; Khosravi et al., 2024
oo 1) o @lin pineuul § Ol 3gras i1 236 s
P aShlan dag by aslols )5 ooy )90 Sl g slailat
"j = )0 5 Asl ey BB by Camen il sl sladms
ool oo IV ccuwl 0 yidus (BLS 5 olde dlge W]y & 5L
2135 ol ple pogad s b wlie jI Glusl Fo3,18 g i
Cosgrove & Rijsberman, 2014; Vaghefi et al., ) c !

2019; Pourgholam-Amiji et al., 2022; Ahangari Hassas
Ay ecres (et al., 2022; Pourgholam-Amiji et al., 2025

N0 Jlo U cumes (6585 3l VA Sy 5 ke Cazes
Jlo b olie il 39y 00 ylazil g oals Lilial ]y e 4y Sles Lo
48 39y LAl (l381 255 cpl b calite 2298 ol 93 V40
5 (Alexandratos & Bruinsma, 2012) sl il58l lie gLl
g Glard cooslys jl 4y 0 odlital 3] slaJls > (3,
SS9l dlox I damocn s SMane 4 et (55,5W8 (31

doddo

b one 3 g iy dnals S 3590 @lie o etee 31 (S0

Lt oo 33l55 g0 o5 sl 13 008 lagtlle (385 51 S
O Gl pas 255 )18 (e (e 9 Cute Y3 5l ()b
(e a3 9 23l cp 8l WlE e (Of LA (30l
O > ol pas 8l Bl Gl a3 (> g o sladaie
b Codgiome 5 (Sigdgyiam 4 il L Wlg e O plke
039l § aulio 3l g o2 oolitsl julis gy (slacdled 5 5 Ol il

599S (6 yolid 0aSiils el | wige 09,8 L)) wli IS ik gol iy -
Olrl @55 (ol ol8tils b lio 9 (55lisS” GBS (b))
OISl (ol sl) (6505lS (55l 015kl (T uoige 09,8 Lol =Y
Il @ ol oKl gl oo 5 53kiS

alie 5 (553l A (bl 5 (6ylel (i 09,8 (658> (sl ¥
B S e

(Email: MpourgholamB@Uut.ac.ir : Jsiue saiw s —#)



VPo¥ Wbl oo VA ol o 0yl oyl ) uSb) g gyl 4ot YA

05t e Ol 25 ol 1) sl A g 03,87 oslitul Cgllas
90395y Sl pain b pgd dtwd g B)leiel (sla] 1 odlazul
P ol ol g oMt wdylaial lio I ookl (g o)lg5 o3
o plie g 1l B Calo 5 (65l wopd slais plo
Copde w4 b ol cunl & obcwd (lp 1y d9ame
2lio 5l dame eoliiwl 4 yoxie (ot 465 2 D pod 4y )8
i) LSS slabyy Ly oddaiuad Clag ofyg 4 039l O
(luy 5 Bola; ke Bylazol (elac] 1 same odlizl 5 b3k
25 518 oy 290 Bl g 039 el Bl 39

s 3 e ylalS 5, Slae il gl g ) oslizl
SLpodgicanys il oddans JIEj Jlrgn «Conl ond Sloidey ()b
S oS Mool flaie 4 &S cunl (g)5liS Glyls 5 aLS
aS Conl (p)S 3l iy g dol> Cjgo 4 odlo ) D9 0 oLl
Mol i lagm 2l a5 355 > Jlo o)l ciie 4 Wiy 0
55 555 £55 oyl md oo Lialidl |y o o pilols ¢ s S
r =l 3 NG e g 03l Gli 1) (gysldS Y gpanme
S3o9aS b yiaS S cladln (Lol I (LS slas)lon
1 oolaiwl o el [\ (s9w il (550> dhnuf.\?ﬂ 509 )
393> G ST ol oyl o)yl 55 Lol il il 8l 4 gy 368 €95 o
Sk 3 598 Il dmss & lrgm ol ol B axsluh
Slge € b ol 5 igdlS b G231 STo 3 T (gl
gy S o SaS SLs pH s b jl S e
938l 5l a5,k oS w5l sy S S lge Ll 8l ely dliee
bl () by GlalS S @dle (139531 (ol sladgS
550 435 Mo 3 3o il sdas i 50 1S5 & oS
o dag L gl gyl SB il g 4 jo0 G g g 0395 )l0L
SYsb Bl Gloj g (295ee 4o Jlde 3 lrsm )0k
O S (Jolge maw il el Jlogn Grme SB ) o
» Lom S Glogad 2 450 )0 g SYel s
o slagn (9958) (nimen D9 o Sl des § Sl blie
(L5 ol Gl g S 4y oMol esle S, olsie
33,5 oo (2l polis (cuwyind Cubl g S5l by cud b
HL S5 g 0L 03s pdaw JbB & l>gu (Liang et al., 2006)
g ol gl polie ()lSS lp SB olly YU (o
Laird etal., ) aad o SialS 1y oS 5 olie jolic (ggudiuds
S Sh » ) slan 2 13U (8 s vk 5> (2010
=85 (=l @l 0,8 (g (238 polie o ey SK
bl g (Josle jlo ixe oI5l Casl Jlogn B pae ol olis
B S o > 20,5 Il 5 s ey 5 (oS ol
3 Jkan Grae yl Cod us g 59y phud (9 R (s
(Najafi-Ghiri, 2015) c. ;

e (LS g (55,98 SV g CieS bl o] gl
S e 4 o Jgame g5 lp 1 cunl oad S (gpalols
ol o lalid g ang pas bl Sl SB 5 O o
255 Sl 35l doss

Bblis pogas Loy 48 wll (Lol jl (S ol ple
Bylme sl O g (B8 wilanlge o b Siidaes g St
slabese clajls 5 (65)5liS i w0y I sl wglie
2 Lo 58 (ol Cundse 4 o sl (daolin - (b
5 S gblio adex 5l lpn g OF Ll Sl 48 e g0 8
ol VLo (S5l S 5 4135 Cgraino ot Kbt
qoeo Cypde bl oo oS (g o) (SH)b bawgte | ol
Panahi et al., 2020; Viswanathan et ) ol sy9po o @bo
Oy Al 58 5 (6 ed dsmg 9 Camen (RIEIL (al., 2022
a4 jl ogge ol gl 055 5 (olel (b8 o5 plaS
Sl Elsl el ol adly Sl o] i e 5 sl O
L (2 g (2B 65ygliS s e eimamsST g (Jaro oy
o Sim ol plis Codgioe U 0 Ol it 4 29
J(Ladi et al., 2021; Radhika et al., 2022) ¢l 63433l aliue
el jloslatl g i Sliios claadl 4 429 (9 pto 0
=0 g o3laal (g g oo g 0398 Sl «Bye 5l eSO
plas ol olysu g oMo 1 (S Ol slaco pio ()8
Iy 39a 0 Ol wlie g ol 351 Cantio g (65)9liS e slajisu
2,5 Copde dwpd d ol slie cuiel 4 obcuwss gly

Db sjyslaS e 4 ludl &l 5l Rl s 4 (b
4 2l S by ol 50l dng d2se Of wlie b adg L
CulS b g a5l )3 yide 95 Ol 1nj )b Sl i g5
d9d e (gldnwg i (lp s Of wlio Lol L] o cowd 4
ool 1 (935 Hhww AST o @lie Cudgizme > 4 .l
OreS b b ABl e cilisee glajisn )3 S50 (slac] I s
Al ed (g0 e (YL & b piSe ool 5l plaS e ey Lid
Willer & Lernoud, 2019; Worch, 2021; Ghazi et al., )
Uity g LS Caiio (3890 (g sl S il (glp 14 (2021
o5 anb glaalis ol 4 dcaed ol Cujlae 9 oy
5 Onhime gloal g @l 5 b )ld (5,4 L & cunl oY
ydlas 25 4 39290 @lie jl oo oo pie Jloel (rinen
Emadodin et al., 2019; Pourgholam-Amiji et ) 5" ealéz!
oS Omad 5 6l o Cudgie 4 argi b oyl (al., 2022
Y game Mg g ole Coiel 3] la o JlocSits 5 )b
& Cuwl gusro who (pl sl 0dds (i las dls e d)lg (65,5l
Sl ST )b g Ehyjly 4 pol SV guae ) eslizal (gl 1L
575 4 (e 9 ) S5z aalio 51l Yl g2 Lol sl g,



Y @3 O sy90,2 99,500 » 55kl OF Cudes g 5lagm i1

95, Slos sy ordasial Oluy g )lgn Wl )y caa

3 S Y 50l g bl 3 ilel «yd 3,Slas gl

AaB N 54 Y oldlus by e b pd ab Glibl clel

J el Lg (b didd ¥F g ax p YA oldlis Job 9 Jled
Cowl 6l dﬁl)l uu.JLO)] Pbu‘ 6d94xe

——— e
PO GhRg3 halejl plodl dilia -Y JSUS

ComoelBl L5 51 5 0351 35 (slg g O (gl aslllas 5,90 atlai
$leads el wleMb uuL.:‘ 2 D9 P gumxe u:m; 9 Sus
Lowgio qud (wlidlon oKl (YAAY-Y YY) 150 dlo Yo Ll
Yo lod bawgio cyio o YIV/F dgas ol a5Vl (S35)L
4y adbls gl glas 5 Sl (. Ske oS Sl a3 VY/-Y
Canddy pialel bl o ol o098l g <l 5 €85 )15 (bl
23,5 ooliiwl (g yregydd hgy 5l SIS codl e gl el
S lp ond odlel S plows 5 (S0 sla Sig ) Jgi>
S o olis |y

o (ol LolS (slacSoly sl 2 o) g0 4 otlo]]
sloygiSte el o5 s o )3 31T (lsm o 5 SIS 00
9 Jw u]) d)Lj d]).s alisee uT C;LA )] oalaiwl J.AL» ua.ul.a)i
ol dsduiunl Clu 3l odlaiol cald bayl s laie & cunlio cuS L
35 5 (s ] e 53 Sy g b (g 5 ool 5
SLa cadly jd (Hlogm 5l edlaiwl pae g oz 20> B N+ Hlagw
slalils )3 g SIS g o d Has )90 inlejl 39y bawgie
A pbgl e b Yo ylad o Fe plas)l 4y (gldi gl

e (99380 3l Slis o)) Ken g (Slouid dngsd aslllae gl
Y ol )3 g worwdiw Ay Vv )d oid ds St WL
- mo il l cel ¢ialesl oygd slo i b wuoyd S5 g +/0
Divband ) a5 SLs Jesls Jols cod)ls 5 S5 asl colia
= loan U o) Len o s (Hafshejani et al., 2017
aslllas 3ys0 1y 9alS bawgs olie yole Glo g SB Glusgas
PH Lol 8l cmgo jlage ol (LS G (pl ols sl 1,38
NECEPORPYE ST NEXP PR I A JONNERAE
Nigussie ) 54 o (o5 sbojl 5 (Sol Jols Cudyls ¢ yo yiwd
) S pH (o)l o) Ken 5 giue aslllas ol (et al., 2012
Olie (dmoy 00) SLs So sl colin cublB isl58l (s s
F0) yid (doyd Vo) JS 590 (2o VIY) S JT slge
Wb uLw )l_>9u )){)l_g )_:‘ - l) (A_Ao).) \\A) rb.a_wlu 9 (Juo).)
Sal 5l g S pH Liulisl as ond )85 yole lie Lol
ooy i (5 03938 9 jand Qo Cabll Gl ) Jlge
2 00Dy G (Gl 35250 Hlogm JiwSE 3 &) Jlooy bawss
(Masto et al., 2013)
oo do g gy sblie o5& oS (Zea mays L.) <>
ablio » ol e YU (6,5l @08 s 4 ol (6 pano S
3,l5 (Mehrabian et al., 2018) el 64 4o 35 yauwsd o
YO+ dgas zlyscinl g yado eply (il 355 50 &yd B puas daxio
L)—’l PUEPW —>90 alisee c:Lu.o )0 Lh:u] D).g)lf 9 C’Jsl.m 03)91)5
o3l ool g2 093 4Bl Clex 4l (ninke Olsis 4 Jgasee
9 LS V0N 8 1 A sy an glash opd )y )l
sl Jlo b awlis > aJgi angr b8 ad) aS 029y oy V/IYR/AN -
2138 dlge Wlgi ad x> Jaae (il Caedl g 00l lis |y aslS
OEi g an g L sl 05 Slea 903 3 (> S e Gl
Oy o i 5 s 5 W5 45 3 o 25 e 5 Yl (i
2988 3 g e ablid ol (N Cutel 3 Sl g wre Jole
4 bogas &S ouds 3)lg slld @y oy addie Vo AL AVl G0
o oo cnl plol (ol s sy o youbo g pl> B paa
= odbais Ol g )lagn 1 lejen odlitel b L5 5

W g, 9 g0



QWY » aslw! 290 SKB dw 9 h;s:)@ ulyow -3 ‘JB»

W) IWE 3
= T N .
Bt 28 B s EC _ R cdl G
, : s oS .. PH LT Y ) 4 .
e s O g sk
sl 1 0,5 e KW ds/m (OS> o yd KW
Yoo WY RN Ve YAY o] NV /o Y)Y ¥ po) WY ¥
03! 390 O awio dw ot bownd Oluoguad Y Jodo
e el pawly e OlyS e olys oH EC gy
P p S e ds/m '
AN OYENA A A va/¥ YA/ VAY  -/AA (ols) Joame
WEIY O YAFN  YY Yol¥ VeEIY L0 A7 SRR ZALNR 7410 sl Gl
WEY O YVE/E AN YA Ay VWD YNE VS odddhial Cluy g ols LIS

2 @3S o g L 3y50 S VY dluss aesme p> 45" Wil

oS ab agd ghhuisle SR glacsy ilshe dlge ) adlas
ol oad ST a3 ol olszs

Aol Canddy caSoyio o/ FYYA sgan S o poe oplplo
LW (oo Ol gdaas duw gyl o dus Jols Lo jlos olias
— s dw L&’)l)&s sy 9 FRWEWEY uL.u.s 9 XV ul.w 9 u]

olejl 13 (63,0, o gm Slasuie Y Joua

slado Olaswiv
S 3 S e VANE L 2e
£55 5t qae oo o SASTM 3,5kl sl 51 o colns
P R pS sk ¥ 290> gh Olite 222
loyd ¥-Y Cagby e
A=AD pH
Loy O-F FuS B oy
FaS' 5 (99,50 VA gl
b

ohile K> slcgy 1 (s sk dlge

* Active Standard ASTM D5768 — Developed by Subcommittee: D01.34 — Book of Standards VVolume 06.03

oyt Ao (gl 5 bl 1Al (g 5 Aplone SU2S agle
{(Kijne et al., 2003) 1 sdlawl )3 olS (559
Y

WP =+ ()

(kg) .))_ilo& Y 6(kg/m3) d)Lj UT 5190 WP 601 2 45
)‘ ol l_s o A.A_wb).s ua>l.u.s ! (m3) d)L.:T ui > | 9
.(Unkovich et al., 2010) s auobxe (V) akayl,
H = — x 100 (v)
L= — X
i Y,
4_3Yb ‘Y 9 deoyd > 3 C;‘_ﬁlbﬁ ua>L~u Hi ‘j 2 s

ol SFglgn 3 )Sdas g aild 3 )Slos i 5

5 & oS ciliseo (slod Sl olusl 1 (talo] 0y93 (b 5
0y by et ld il 5,Slos lade ilisee sl oy (ol
W (et 5 dlme a3l SLES 5 9 el 2 Gl g
(i yeo SAS 94 15 8le 5 5 eslizal b (g ylel lsloxa
b plosl Microsoft Excel jlidle 5 o wg 0 b jlyges pus)
5 <85 plxil oad (6,50l Clao (gl il @325 (yrizpen
Gl 9 )lage Jlite lpSl) adllas 3)90 Slao (1Ske g
0 o )3 (S pShe (slawolio ygojl 5l odlitul b (slbdsbuas
85 )58 Al 5)50 op3 )
i los slym 5 @y 68 cikisn (slmd Shae oLl oo
S0 9§ Adgle (6y90 2 o(43) (S5 5y90 00 Mo i



Y @) O rg0me 99 ,5d0es » 5yl OF Cuies g 59w 51

g 3 4l 3y Sos 1o lagn il gslaw 3, (ixen
3 55 a3l (ionan {F Jpi2) 55 o inn 2o ) i
Loy b Jlain! o 53 55 ash 0,8l jlbgw 5 ol cuas

o xe

Cudld g ol g dild 5 Slos
5 o) coiS ool ,3l aS ol olds uilo,lg o jo0 gl

G0 Cudild p ad b g &ild 3, Ses il ylg 4355 —€ Joua

Ol po (ibo i -
5] A4 ) "
Cuild g ot W &y 5 ,Shas S Sl
Y VY/\SS v ok
R AT \AnnrAran Y o
oA Fear/ey” y ol cuas
oo™ N ¥ Ol S x o gn
[oeeey i Y las-
VAR VAA - Oy o>

e 3l lgie ol ol sl Laulyd g pgl Sygo ) 4 > e
LS’?lh" .))SJ.Q..C- 9 odliiwl u_c])) L_J\J9.a.>u J.Jy dl).s d)l.v.nl.s uT
Gglay 59 g pae LG (Abbasi et al., 2022) 5, e iy 1,

d9290 Sloosn ¥ )l (1l )5 Jlese Sgo G 4 e g o0
(Gong etal., 2023) sb> cous by

400.0 1
350.0 1
300.0

%250.0

22000 -

2150.0
100.0

50.0 A

0.0 -

e @ baye £,5 YA L ol ails 5 Shes jlde oy iy

aS 395 (BLIL) ols ol 5 5 ;5 jlagn oz dop> Ve 3yl
P dng b ass g il Ll aop Ve sals jles 4 Cowd
&l 3 Sas Hlide duolis b aSo! Ll sl ssalie JB (V) JSs
3y Shas B2I1 jLag 45 s sanlie B213 4 B2I1 Jlog 93 5
ol cpl s osmlie byl oy ylo ime coglis Lol azily 1) gy

B1l1

B1l2  BI1I3

B2I1

B2I2
inlejl sl los

B213 B3l1 B3I2 B3I3

Cyd Al 3 Shas w1 Of CodeS gyl gn Jliie I 51 =Y JSW

= Lasles ool (51 dnlie plSin o (¥ Jodn) Sl > e
I¥UL e gn il golaw I Bl s sy a4 bl sl
OI)’_:A O3 it eI¥AL d)lﬁ] gj el glacaas 511 s P

s 1,

Cailyy adls wyd &b 0 Sles gl pundd 5 Juloo 5l o
A i uibly 438 gl (17 JKB) €855 )3 () 3)90 3
S blite Bl cpiomed g lagm odlw Bl ol cusS odlw il oS

MIJ){ UDLN)_JJ_.@).B ) JL@.~>| @G“ﬁui’-“)l%ﬁ'ﬁﬁ A.)T



VFe¥ bl ot VA Al o o lod (gl ol (oiSR) 9 oyl 4y piis QY'Y

0355 j dlylod plu b dunlio jd by aild 5 Slee il b
ol s cllyy (asls OS] cely () &S 00,8 WJgi 1y (g i

Jles cnl )3 &l 4 (gjtiwgid dlge yide e 4 OlFe |) e
.(Mehrabian et al., 2018) cuuls

oz oy Ve Jlacl) BLIL Jloss 51 4 390 +/0F | plyy bl
6yl d G Hloss ol MBS al cowd @ (ol Ol g 4l g0
L ol (B3I i) by |y el sl e oy piaS 45
Han g Clay ool lajlas ol b 393 95 53 45 34 +/V0

B113 B211

B1l1 B1l12

B212 B213 B3I1 B3I12 B3I3

L;@.L"}" sl

Q)waﬁ wh&yu'%,}aw&% Ol =Y JSS

P55 5 03 oebsl o O ygerte oy S o L5 (F)
5 el Cwd 4 caSayio p p)SolS V¥ e 4 BLIL jlog
B3I2 jloi )3 55 5 0yjg bl 2 Ol agere eSS J
3 a8 amd o i ol el Cowd @ (cSayio  p,SolS V/OR)
dl)_s P p—d yd C;s_:9]o) bas LY )l>9.u .)ﬁ)lf ‘ui .)9‘.65 h}‘).w
35 G 2 kg B 2y Sles JialS g 03,8 SS olS

Syl Jols

G5 &ls g S o5 (g bl 32 T (5590 ¢

POy 508l cas Ol 6y90 0 byl w0 @l
o S ool 51 a8 b s gl sl o &) (8) Jas
A dele g3 ol Jlize (iiSenyy opizmed g Jlagn 32,5 5 )]
24 gk )l 5 g pelel g ST 5900 S35 S0
L D bxe dopd K e ) dw

S8 w55 slojlos Jlite S (5:0ke duoliie @ls (yrioron

@5 &l 5 SWiS o (39 ol 2 O (559080 oyl w325 -0 Jgsa

Olaypo (ko ) .
j i i ; " i 8 Bl
Al (339 Wl R Ol 5y9000e SWS (459 bl O 59002 P gy bl 2l Spee e 8315
YN ofeeeyns YN y Sl
o[-0 o™ AV i e
ooy N N Y ol cuas
RV R oo™ ¥ wa)l%%
fevey [evees YN o W s
/a0 Y/ ey - Oyl gy




vy

@30 T 539000 3 05 hoe 1 6Hll OF i g Lz g 51

B s iy bl p T pgome Blab gj5 bl p Ol yg 00

B 5 09 ool p ol o9 0%

2.5 1

DE

~05 4

111 B1I2 B1I3 B2I1 B2I3 B3I2
inlejl sl los

W13 5 S 3 (33 ool g2 O 8900t 3t S gl i 1,31 —€ S5

B3I3

PH Liulidl Jds an S1a a Hlogn (038l oS aidlyo ks
SlacsySee g Lag )l Cls Ol ()l eyl liél (SK
(s polis sl g ()5S (S98lS Jols Cud )b il 8l cnde
Steinbeiss) 25 o SB oS doty 5 (g ool <) csly
(etal., 2009

S 035 ool 3 ol o900 ke dalie gl (ol
Ljloss (olod &8 0l (L5 Jlagr zobaus 9 Of oS slojlog 5
Cagone e Slis aibl o 50055 b ()l ixe M3 (Ll
Ve o lS e 5l as sen caSo ey p)SolS [V L il &b
chls 48 5 ael cowdas (BLIL) ols Ol g jlogn oz doyd
(F USG90 Jgin) 392 20l Jlod 4y Comd (g0pd YVT 2ol 3
wdbdsinnl Oluy Hlog )0 a8 Wl Ll )] Kidng s Lwly e )
Gl don ) g 4Bl Jl3 8l LacS 5 3290 J39)lS (e
2940 BB o Ce s (piomen 5 03)9) 0yl AT il
55 31 Ly (e 90 S 3,Ske il ol
Lawls 50 5 als yo 3 g 4l ialil stisss udo o5y, b
9 e Loyl 59 inljsl cel g oas Jbie Laails 4 slge
wleanl U Giagis 5l iy ol els J(Asgari et al., 2008)
5 oolil 48 05,8 5155 byl o)l calbas o)) Sen g (008
Ao dg2g s 4 Jgame Ol b duslie 3 (05 oddahal Cluy
AiS e g ) )3 3, 8ee (dlipl (6550 pebar i (238
S olge g b 59,50 cdale o9 YU (Karimi et al., 2019)

Sy90 ke 45 53 9 4l g Gl el (Cluy 53 5290

Oy St 0 ySles cuns o 90 xhe mibyly 4300 guls

5 ol S 4 uad o ol gl .ol oad &1 (B) Jgis 5
pSes s 1 Ol yg0 00 9y PG Sl olagm 30
e dopd S ) 90y &S gysb 4 D) @)y Sis
1 ialojl sS85 iSanyy 5 bl Sl piomen sl 03
Seis 5y Slas o o Ol 5000 95 e S s
JSC5) otalegl Cilises claylos 55 3Silio dunlie g azdly &y
i J)ﬂoﬁ o> 3 u] 590y L}JW dS.Lm.)L;a uqu (\‘
Ol S 9 BLIL jlas 3 (ceSajio j p)5 5L +/F) )3
aydng bolbl 5wl B3I2 jlos ) (caSoyio p p)SolS /YY)
Job 5> (mtalejl jlos it Bl el ¢ B sl i b
);"f]_\_> Qb)ﬂ Cwd do L;l)g .3)5 L;),fcbw O‘?su" aalllao O..{l
5 sz el eolawl wyd S 0y Sl wlwl p o $)90 %
Lolyd 55 5 4l e il Glinl bl of Gl lacuis
Las ol lagn 3,05 55 39390 il jl b O b 39068
Ol Al 4 dagi L) edlatil ol (o yied )3 5 39250 Cugh
olase ead pbsl QIS 1 53 5 S8 wlie > Giale]
90k Cnpber (e Sl g andly AT 5l S gl )3 o35
4 g ael G A S LIS ) @) Sid 3,8ee s p o
Ol s g de 50 laulpd )3 &5 G Gl i oS 5k
2500 0,8 Iy crwd @) S 3 Sles s p Ol (690,00



VPo¥ bl oo VA ol o oyl oyl ) uSb) g gyl 49 ot AYF

Cosgrove, W. J. and Rijsberman, F. R. 2014. World
water vision: making water everybody's business.
Routledge.

Divband Hafshejani, L., Naseri, A. A., Hooshmand, A.,
Abbasi, F. and Soltani Mohammadi, A. 2017. Effect
of Sugarcane Bagasse Biochar Application on
Chemical Properties a Sandy Loam Soil. Irrigation
Sciences and Engineering. 40(1): 63-72.

Emadodin, I., Reinsch, T. and Taube, F. 2019. Drought
and desertification in Iran. Hydrology. 6(3): 1-12.

Ghazi, B., Jeihouni, E. and Kalantari, Z. 2021.
Predicting groundwater level fluctuations under
climate change scenarios for Tasuj plain, Iran.
Avrabian Journal of Geosciences. 14(2): 1-12.

Gong, X., Zou, L., Wang, L., Zhang, B. and Jiang, J.
2023. Biochar improves compost humification,
maturity and mitigates nitrogen loss during the
vermicomposting of cattle manure-maize straw.
Journal of Environmental Management. 325:
116432.

Karimi, B., Abdi, C., and Fathi Tileko, Z. 2019. Effects
of Irrigation with Treated Urban Wastewater on
Yield and Some Growth Characteristics of Tomato
and Corn in Greenhouse Condition. Water and Soil
Science. 28(4): 19-29.

Khosravi, R., Bafkar, A. and Azari, A. 2024. Evaluation
of sustainable agriculture indicators in the west of
Iran based on Water, Food and Energy Nexus.
Iranian Water Researches Journal. 18(1): 37-47.

Kijne, J. W., Tuong, T. P., Bennett, J., Bouman, B., and
Oweis, T. 2003. Ensuring food security via
improvement in crop water productivity. Challenge
Program on water and Food Background Paper. 1:
20-26.

Ladi, T., Mahmoudpour, A. and Sharifi, A. 2021.
Assessing impacts of the water poverty index
components on the human development index in
Iran. Habitat International. 113: 102375.

Laird, D., Fleming, P., Wang, B., Horton, R. and
Karlen, D. 2010. Biochar impact on nutrient
leaching from a  Midwestern  agricultural
soil. Geoderma. 158(3-4): 436-442.

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J.,
Grossman, J., O'neill, B., ... and Neves, E. G. 2006.
Black carbon increases cation exchange capacity in
soils. Soil Science Society of America Journal.
70(5): 1719-1730.

Masto, R. E., Kumar, S., Rout, T. K., Sarkar, P.,
George, J. and Ram, L. C. 2013. Biochar from water
hyacinth (Eichornia crassipes) and its impact on soil
biological activity. Catena. 111: 64-71.

Mehrabian, S., Naseri, A., Houshmand, A. and Meskar
Bashee, M. 2018. The Effect of Dripper Depth and
Zeolite Amount on Corn Yield and Yield Criteria.

Cawl 005 ul

8 15 4o

)1 Nt ‘d)l? du’u‘)w 9 u] @L.n )}:&5 SO & d>of L
= om Calazie j3Cugd g) olyen 4 sidaial Gl

s bl slodiyje (1ol 5k asg )3 ey B LiE Sl
2 a5 b lbon g sl Gluy jleolitul asl ausly 23348

G158 1y oL yoyiand LB T Wlg5 on S S lumgua
4 e ol ol pan a4y SB g ol plie ) 6yl a5 sad

Wdy g oddashal Olay g g0 Sl (Gimgh cpl )3 joate (o

oddasiual Ol g ol O calisee (slacuas b (g bl a8 sl L

P oan g gpadli (ol Gl eel olagy jodax 5
St 9 S (ol yole i o b dond 3 lsn Jles!

gé)_am d)so)_eds.))_i.lo& ub}& JB).}LTAT d)l.\.QSJ u&)]o
Sloslawl Lo 1y )3 oyl oo g3l Liol3l 1) o)d o
ol dgae golie S eolasdl ¢ 5,350 odlitul )3 Lis olad, S,

&l

Abbasi, P., Babazadeh, H., Yargholi, B. and Bakhoda,
H. 2023. Development of forage maize yield—water
functions by applying simultaneous different levels
of irrigation and treated municipal wastewater.
Irrigation and Drainage. 72(1): 119-137.

Ahangari Hassas, M. and Taghizadegan Kalantari, N.
2022. The energy-water-food nexus: Concept,
challenges and prospects. Journal of Energy
Management and Technology. 6(1): 9-14.

Ahmed, S. S., Bali, R., Khan, H., Mohamed, H. I. and
Sharma, S. K. 2021. Improved water resource
management framework for water sustainability and
security. Environmental Research. 111527.

Alexandratos, N. and Bruinsma, J. 2012. World
agriculture towards 2030/2050: the 2012 revision.

Asgari, K., Solimani, A. and Najafi P. 2008. Effects of
treated urban wastewater on grain yield index and its
components in sunflower plant under different
irrigation treatments. Iranian Water Research
Journal. 2(2): 45-52.

Bakas, T., Papadimitriou, I., Xeroheimonas, 1., Mariolis,
D., Megas, P. and Argyri, P. 2020. Water crisis-
beyond the destruction. Open Schools Journal for
Open Science, 3(3).



D w3 o 5y90,2 99,500 » 55l OF Cuies g 59w 51

B. B. 2022. loT-Based Water Quality and Quantity
Monitoring System for Domestic Usage. In
Immersive Technology in Smart Cities (pp. 205-
227). Springer, Cham.

Steinbeiss, S., Gleixner, G., and Antonietti, M. 2009.
Effect of biochar amendment on soil carbon balance
and soil microbial activity. Soil Biology and
Biochemistry. 41(6): 1301-1310.

Unkovich, M., Baldock, J., and Forbes, M. 2010.
Variability in harvest index of grain crops and
potential significance for carbon accounting:
examples from Australian agriculture. Advances in
agronomy. 105: 173-219.

Vaghefi, S. A., Keykhai, M., Jahanbakhshi, F.,
Sheikholeslami, J., Ahmadi, A., Yang, H. and
Abbaspour, K. C. 2019. The future of extreme
climate in Iran. Scientific reports. 9(1): 1-11.

Viswanathan, S. P., Chellian, S. K., Varghese, S. and
Semeon, J. 2022. Sustainable Water for Smart
Villages—A Case Study. In Smart Villages (pp. 285-
299). Springer, Cham.

Willer, H. and Lernoud, J. 2019. The world of organic
agriculture. Statistics and emerging trends 2019 (pp.
1-336). Research Institute of Organic Agriculture
FiBL and IFOAM Organics International.

Worch, E. 2021. Adsorption technology in water
treatment. de Gruyter.

Water and Irrigation Management. 8(2): 321-335.

Moshir Panahi. D., Kalantari, Z., Ghajarnia, N.,
Seifollahi-Aghmiuni, S. and Destouni, G. 2020.
Variability and change in the hydro-climate and
water resources of Iran over a recent 30-year period.
Scientific reports. 10(1): 1-9.

Najafi-Ghiri, M. 2015. Effect of Different Biochars
Application on Some Soil Properties and Nutrients
Awvailability in a Calcareous Soil. Iranian Journal of
Soil Research. 29(3): 352-358.

Nigussie, A., Kissi, E., Misganaw, M. and Ambaw, G.
2012. Effect of biochar application on soil properties
and nutrient uptake of lettuces (Lactuca sativa)
grown in chromium polluted soils. American-
Eurasian Journal of Agriculture and Environmental
Science. 12(3): 369-376.

Pourgholam-Amiji, M., Ahmadaali, K. and Liaghat, A.
2025. A novel early stage drip irrigation system cost
estimation model based on management and
environmental  variables.  Scientific  Reports.
15(4089): 1-29.

Pourgholam-Amiji, M., Khoshravesh, M., Divband
Hafshejani, L. and Ghadami Firouzabadi, A. 2022.
The effect of irrigation with treated magnetic
effluent on water productivity of maize. Iranian
Journal of Irrigation & Drainage. 16(1): 243-253.

Radhika, V., Srinivasan, K., Ramya, R. and Sharmila,



RUTIIEX TS PIPS v PrgeX
AYV_ATS o AP ¥ didl =yt MA s Fo o

Iranian Journal of Irrigation and Drainage
No.6, Vol. 18, Feb.-Mar. 2025, p. 927-936 f

The effect of Biochar and Irrigation Water Quality on Maize Yield and Water
Productivity

M. Zanjanil*, M. Mashal?, M. Pourgholam-Amiji®*
Recived: Sep.11, 2024 Accepted: Dec. 14, 2024

Abstract

Unconventional waters are the most reliable water resources available in situations of scarcity, adverse
climatic conditions, and crises. Also, given Iran's geographical location is arid and semi-arid, any evaporative
water losses must be prevented. For this reason, this study was conducted to investigate the effect of biochar and
treated effluent on yield and water productivity based on maize's fresh, dry, and grain weight. Therefore, a
factorial experiment based on randomized complete blocks was conducted in cylindrical pots with a height of 60
cm and a diameter of 30 cm and in the open air in Qom City in the 2022-2023 crop year. Experimental
treatments were as follows: Three types of water with suitable quality (well) (11), treated effluent (12) and water
and treated effluent mixing with the same ratio (I13) and three levels of biochar (made from cellulose materials
from forest woods) including 10% of the volume of pots (B1), 5% volume percentage of pots was (B2) and no
use of biochar (B3). The source of water supply was from a well around the desired land of suitable quality,
which after storing in the pool with a drip irrigation system, the pots were watered. Also, the desired effluent was
prepared from the Qom City wastewater treatment plant. The results showed that the interaction effect of water
quality and the application of different levels of biochar on the harvest index, and water productivity based on
wet, dry, and maize grain weight was significant at the 1% probability level, and grain yield was significant at
the 5% probability level. The highest amounts of the harvest index and maize water productivity based on fresh,
dry and grain weight traits were respectively 0.53, 2.04 kg/m?, 0.49 kg/m?, and 0.91 kg/m?3, as well as the grain
yield of 371.81 gr from B1I1 treatment. These traits increased by 43.2, 28.3, 44.1 and 35.8%, and grain yield by
36.1%, respectively, compared to the minimal treatments. The results showed that irrigation with different
qualities of well water and treated effluent in the presence of biochar increased all the investigated indicators
regarding maize and this increase was significant in all sections. The summarized results indicated that under
constant water quality conditions, biochar can ensure increased yield, harvest index, and water productivity of
maize by maintaining nutrients and moisture in the soil.
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