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ABSTRACT

Todays water table management (WTM) plays an important role in saving water and nutrients such as nitrate
and phosphorous and also in improving downstream water quality. However, the use of WTM in hot and dry
areas such as Khuzestan may be restricted due to high evapotranspiration and capillary flow. In this study, using
plastic lysimeters, the feasibility of using water table control methods (controlled drainage and subsurface
irrigation) accom’plished with leaching management was investigated in Dezful climate under Tomato cultivar
of Kingstone cultivar. For this purpose, three treatments including free drainage, controlled drainage and
subirrigation, each in three replications were considered in lysimeters with 90 cm in heghit and 40 c¢m in
diameter. In this study, the shallow groundwater with salinity of 2.3 dS/m was kept at a depth of 50 cm from
the soil surface in the controlled drainage and subirrigation treatments. The results showed that the percentage
of salts mass in drainage water of free drainage and controlled dariange treatments were 65 and 45%,
respectively. The percentage of NO3-N and phosphate mass loss in free drainage treatment were 20.9 and 8.1%,
respectively that were higher than those in controlled drainage treatment with values of 13.7% and 5.7%. Since,
the electrical conductivity in the root zone in subirrigation treatment did not reach to 3 dS/m, additional leaching
did not performed in this treatment. Therefore, the results of this study promise the effectiveness of WTM at
50 cm from the soil surface at laboratory scale and in warm and semi-arid areas.
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3. Free drainage

1. Underground irrigation
2. Controlled drainage



4@y .. ‘sala.wl c.la.m [LYRYRYY ).u'l}' GM.Y azfllao :Qog)ﬂ 9 B2

N

03323 6ol s glos ¥ g

iogy e o i 4 0)l500 53 (i okl slajlesd
ples ;o Solel bads ) o Gee Jdo 4 S Jad glanl o
Sl 5l e ol plel (e O gods g o3lail S 4 b jles
)| o AR’ )3)) d)l—*-'i LgLQ)LM ‘LQA.M..)‘) &4.4: d...:b.‘i‘ 9 olff
W08 sl (cils
ECe = 1.5ECi O\ akly)
8l talS (sl aibil (g 9w ECe (398 byl o
RECGOWW-) Lg)lﬁ] s,j &5 ECI g Jgae

1 kolyly, homiww 9 55kl T lado
oaipdlol eotile oty gy olol p (SijdazsS ol 5L
@Az b ey o lp olel O Jlade 085 ailoxe
Cawd 4 iales] Eor Sly yd PO Jolao g aulows (V) alai

Al

In=(FC — PWP) X MAD X Drz (¥ alaly)

Sr9% Jlos!
20 Sopd 4 Seaglie Sl 51 4 39 (S5 94268 o 4l oS
OalS aliwl (5,50 9d o0 Cgme pslisdas (LS 09,5
S fdee 1alS b ol gy g edenjows VIO Jgae
51 (Alizadeh, 2002) col (g,98 o>l ,o sljl 4 as s /4
eslin Ll pf 5o g Sl 3bj L O slaals) e (B)b
;> {(Esmaeelnia et al., 2005) oy oo 35 o VY U Y 4
Ailg oo alies so Lo jo Sl s o9 b (jogs az S
sl NS5 olS By an)

Al el Glosles )0 (e 2l s okl T )9
28 4,5 155 55 (1) el & 425 b e e YIT
Sy 59y aw s okol yg0 addllas oyl o (Alizadeh, 2010)
o Sl oads S8 a8 5 ol paSe) slayless yo s ko

A dwbre Euile feiy alaly 5l 5L 0,90 Of g el



sl ol s 4ol S5 ay yiad o, 5 ) eloloniy 55, pod
5 7o oy Slawd 5 Sl wgyed ool o)
Solel 5 ead S a8 Jlas jo Oloj o> (nuizes
957 25 2% 9 LY 51 S e LS )0 a5 0g e
Gk 5l g ead esls 18 (Sdly B)b S gl (1S
0905 o0 455 Oloj (5l paigas 8,1 4y (1505 alg) (gl
Oley Sre 53 Loy jow o sladigas o 5l (65l jslaiens
O et 5 02 5 Gglanz )bl 5l am Cel 0o 5l a8

05 5o 5 S0l

IFAR 15 0F ol DY 098 ooyl S g oF wliins  A3Y

PWP . cl,5 cud b o> FC 5Lis,ee o e N

e alss 2Slas MAD iy (Sopehy akaii Cash,

oLS ady; dxwgs Foe DIZ g [0 (oo )& e b (S5 848

a4y s Gl e e ile Yoo e gl ol
.(Dehghan et al., 2015)

(ol 555 Slin 5 (oy9) Ses 355) S5 355 ol3m

0 5bie 5 SL- adsl oliards Sloogas (g ySojluil 4y az g b

oL LSl o (s &jgo 4 olS g S andss WL

odls ;S8 20 055 e g lade (V) Jgaz jo .ol osls 1,8

Ao g piad 05 VY b S50 4 (23395 Jol al> o il

o3l Joxo S (1 leonds 3 (K 5 Sloguas ) Jgo

PWP FC rv-:“’ J/-"-“‘-* uijﬁ SlosS olas . 8o

O e e e e B RN — S S et
Od o (d (d i

VEI¥ ) VYV Vor YA- CIVE vis VYO oy dd Yoo

VAN e AS VY OV CIFY YIAD PV soed

Salo3T 9590 5o slos 30 (B pan 095 Hlade -¥ Jgu

P90 9 Svad 5o, plobxy o, Jole,  ab ojpen aD) 0,99
7 f \ (09 i 3

&

\Y (p,5) wlawd

b Las ay ool haoed gl s 9005 <aS Al jo bayds ol e
1 oY & lalis s 23,5 (IS Gy Vo) s e §
3 oY don dalis cuiS o aan 90 B g ool Jaie
So (955 WLl (a5 olS (2l 5L ojlail 4 5 S law
Zo,l gl CondS Wa cuiS o (o loase b oo 5 s Ll
25595 (S5 g5, 51TV 55)) 503 VY Sl o talesl g,
5 S350 Doge Gkl 2l am bl paigal e 4 50
Al plil (6 )lo paiges Al e VY L Lo Jlasl 5l oy £game o
302 CO B ICONUWER UV S EL SL S W00 (P Y N - olo;
iy Gl slegd o a8 Sglis Gl b enys S o0 6 psleer
St 3k 51 Byo o) 5zl oF (s o S @
0335 eal Yo A & Jlagin O)god &S (prae
J>1he yo 0 cud Gloj o (Jg s plal (5,00 paiges g
Se05 L o505 (g s el 65kl Jb G g, am o 4]
bbb bl 5 LSS 59,0 5 F @ s Lol ye0 (oS5 @ a
6okl 50 Gez b eols 1k Wl ol 5l 5 S Olepsd
5® il s b0 rs s kol ol (225 L ol sle
155 b 3T slas Lol o s o(agims alowst) asl YU S

WTW oo $rmeg, @wBC oliws b 598
Jo B ol b clid 5 Sl sla gl
SrSowlHach SleS cilu DR-1900 Jus yiegids 2l
> o) adsl Jolpe jo oS ol 4 dxg Lo S
-alie b oped A5y Gaelal ST L bl (el
CESTY 59, 51 85 D jgo ey eier o 17 (S Sl
4 Sl b golal o3l gal> o005l )0 0l £5,8 axsF A
b ol )b 28,5 D y90 e g ubon s o VIO (S SdIzslan
Sad g Slawd (Dl is p > Gl uizres il (5 S ojladl
cbile (1Sl yo 5)lal yo 5lam Oloj e 0 o Jol> 5l 5
Ole oS aulme ilal 5o 0 S g Slid ol
@099 P74 (T el 3 (e S350
A dwle by oY

o Jlos! 5 5 iz cublS
slo o )3 liws) o lais 5 Lol b il £9,5 51 L3

don ;o ein Golal g ollcaSe) was S iSs;
VE o plsl e SO a0 S mhaw 5l gLl e



WY L gl o e g G (6 e Y asdllae i g8l g G1owo

Pya> 53 S ond S 1ol 8 1 okS (6l BeseS (Sue)n)
ol b ey 6okl lojless o Ol sz ddyo (e
bgiye ol Gran ;5 poxadyo jl (Li50 aT Sgeio)lil 4SS
xSl 5 oad U555 gil5e 50 lal Copse Jlosl 4
JrsS g cublag®i 4 bgsye 52 o151 6,500 (i 5 )kl i
e 45 0 Oy (295 Gle 28U 5 (ol e
5 s Skl sljles 0SB Cush; S 55l
shoslitul (Bl g 0g o3l (LaSa) Lo 4 s 0l S
5l (Srend olS g o el b olS awgs (Sidge Sgne
3,5 oeal nis 1 5l Lot 1) 395 Gy 5 s
L o J ;S a8y sl )l o .(Mahjoubi et al., 2012)
sgmo b 5l SB Cugh; spaS el el 4 a2
wgill b Jowsily o> 50 olS abiwgas Ol Ciz g (Siuge
855 55 50 iy 35505 Joleo plgioe 1) ol Bpae
2 ki SE s g )lal ol (paSe; Lalyd e ol B
sore d ol i glpolS 5 cenl S b b g abuS a
xlye S 50 Cush; 058 b an )lol 51 B 5 ol
9> 50 e Laulpd cnl o 1) @i pliee a5 b o
O oSS (88 Ll 5o a5 o tandls il
YL o S Cagh; aSul o oo 4 5.3l 3525 (lbasgomxe
B G 0 dh oo ol olS Sl Sl b wlaw
ol (S s9mo Gosb 5l Cugh) 05maS ol olomy] fmily
aS 5,5 bl glgise crlnbe adioe ez (ol glav
i b oS w5 Cis ol gl as s sl atuly oS
SharifiMood et al. 4 Mahjoubi et al. (2012) &liass

ol cislla (2010)

V. +m.\.;"; JJ.HSM)

osalive g ol 5l g 5505 oo (2ol b sl 590 o2 Yl &y
55 S e b bl of e daiSay (g5 il
55 a0 LSy b e pled (gl oo 3+ 0,157 o]
Do Sl 1)kl (s okl e o Lol o
as oy o b los ol yo <l ks u.mb e s 28 5
b ol bl whaw sl Gjb 5l g 05 Jaie b 21505 4
Sl o5 5,5 e )5 oL slaa, LS s Ol KLt

20,5 oo oolaiul b ygliss 5l Ol v rsleass et

b pan Oyl
Spe slajles ;o Brae ol ez e () S5 0
Olyae (F) UK jlogas a5 a g3 el o0l oolo (ylid gy
oialesl Ol b cdlS 5l Gy IV 55, 5l (Bras ST (rezs
b Gl a5 e oo plis @bl cwl alils oo Wi,
ool 0as J 7S S 5l ey ofil (L2505 e )0 (e
5 S s (Semiy ol Slegd g0 ol Bpas ylaie s
aas 7S g ol S lajles ;o (Grae o Sl
0)90 50 (i okl slend po (Brae o Jlade ail
3O A yas lade oy PO g jebay (ciulesl
Slixe 4 (ol g Canl 03¢y san S g ol31 S sla Lo
wibse Ghgy ol b9l Grae o qgzabie oy TO
Gl Gloles jo Ol Bras oszabio e on e
5585 slod Ay Comad 00D FUS (LIS e 9 (S0))
sleads ) oS Sboy gm oldl slasl 3L Hee ol (b ol
Sl sl ookl Gl g aidly anwgs 5 oy (p95 4 (K 84255

Syl aSey e s okl

_—

() o Gy
-

Y5 i N

s v§ AF

CblS 31 g 39
Gl 3T > po 003l (b 30 (w0 Sokel b g lilo 50 0u J 508 g o131 iS5 Lo )0 (rommi OT B pae —F S

wjj;gwaapolj Se; B pae gTQﬁquoLsa
3,005 3929 byl ops (6 10 ime gles LI VYYR L ool S

yid)m‘s.gj)lfs olF o Slos
olas (P <0.05) SSls Oyo)’] 5 oolawl b o B pan Gﬂ)lf



RSN TSI PR JRE R St SR
Db s 50 4wl e ol LiSa sl 0 g, olo;
okl slord 99 4 Cod S 2 pad 3l 650 B (4SR5
DUl y2 9 S 5 95,0 3929 s 9 00 ;S (L2885 9 (e )
e 095 g0 sl oS LuiS bame (Al (B 0 e S
e o etsu ST g 5 abolidl )lol Ol 5l gazgs B
S sn Sl pal o 095 25 LS o s sl ol a8
zoy> ropdhe g ool 7> olS a4l Arwgi Gos 0390w 5l ol
oy 09l 0,1y i olS 4 890 b vole) yiun polie
5 ol gl S8 slajles jo 1Sy algd oYL je O
Oliee Sblog (nlnly w8 (o0 55l 398 alinse 95 590
SGras Skl S Gl @ 55 )kl oy o 50 sudy Sloj
Javani et al.  g.a0 gl b odel Cawody bl 00,5 o p

S,ls cdllae Hornbuckle et al. (2005) 4 (2018)

21 98,5 hos (B pa0 o g Al o <y oo i - Joun
(610 59031) &1 B pan

5,Sles

1¥AQ 15 oF o ylods B 0598 ol ol S g of wlidxs  A4F

5 b VAP L sy bl (Bpae T Js (F USC5)
L 4 asg Lo cplplo o)l g)ls pme gl (o jlews
OVIVP) o J 1S Sy () VIY5S) ol5] iS5 ol 05 pumo
- Dl (e e 4y p S SlS YA (o305 5kl 5
ol )2 2l Brae (LS 5005 0929 jland ans 52 o 510
O9o31 5 eslital b g (F) Jouo & az g3l .ol it (nnjn
oanline g o cxe olay L 4w o (P < 0.01) SSls
booad JyuS oiSa) 4o Jeame o,8lec a5 (5)5b 4 .00 )8
9 Sl 5503 sled 90 51 fden @oyeyie ;0 S kS YV Gl
VOYC L ol5T oSy 5 VAT L e 5 6)kel [l o 5l o

)1 13 g sleos) ;S @ yeyie 13 S okS

Lolo) px>
0al 7S (4885 e 3 4T 09d ge canline (B) S5 )0
4 ol ol el sais 7,5 b iSa; 5l Gloy Jsl )lel 5l am
Slewd e e 0 ol sulol o gulol Ol opmd Lo
L) T e ) el a5 e g 039y o J S i)
O Gos pj o sl lol 0 005 o 0p3d S o

. . . gl Co e i
(roarte (e D _ 25 Lo i) 5l el ablol a5 (g Lol T 5l (s ko el il 5
VV/YEe N \YH? oyl oiSa ) o,
e e Golel Lo, 0gd oo canlice (B) S j0 a5 jgbjlen ol
% Y/ v VYye S 5 . . . ) 7 .
odd o & S 0al [0S (2288 lens 5o oy lade pge
‘Mﬂ,\a \/be V/\b G)L;‘ )é LQQMXQ) )‘ L_9>5)'> LS’O U‘)M ‘35"'0&5" f"‘oS &‘)TQSM‘S’Q)
Sins Sl 00y jles plo 5l i o)lsen ol LSk les
P<0.01 P<0.01 P <0.05 SIS yg05] o o _ . oA .
A o $SpazsS sl ol 88 e )5 7y Sley i
Slog (29 Gl (2 yiin a5 Cowl I j0 cpl el 0ogs ;i F
= ezt )odds ]S LiSa) (o) O3] S )'+o_\..'f4 L PRATY )'_)'(-olﬂ RATY
f.
Yo —
v
L .
8y
J. /
/—i: N M
2.
P A é :

YA A f v o

AN %) 7f Y- \Al A

el 31w 395

03323 oy o J yuS LSy bl 50 13T 55luT 603l (b 53 (29,5 (crexi D6 g Ole) e buwgio —& i

EC Lhuge (F) SO 4 4z Lol g So3lasl ey
45 09 LSS Y Lasgie) yio pr mkerjowd ¥ (e 5ok
ail 2alS (658 S5 (5 e il B0 Foc o das e Lt

<loj 6 )ed
Gl les 4w o 5l (6l paiges al> e V) b wged YY



90 (gl i o o g G (6 oY axdllae g8l g Gy

G5 898 A el odle aSl el g5 00 o
Glel sl 5o sbol ab e Srals 5 (Gusb)) (Sis
oS Jad Job yo 1n i 2l S mhaw 1 (ees )
lodas Dolds (008 5 (2S5 (2lge 0d)) oS (50l 224
(El-Ghannam et al., 2016) o canlie b,les oo o
Sloj (5,98 ow)yp 4 Slid=s o Mansouri et al. (2006)
G2l e ol sl 5 ol Gk glocy e
ol als 1y gy8h Sl Jeame o ,Slee

- Sk S St sbmyl el (Sae a blea 51 S
oS ool aty ) Lase 4 el Uil asii,s 5 b UL o
5 i gblie 25T o Ll S e 5l LS 4y gyl i
Ol Jloke aSST ed B o 7y yieS sl Suijl Sisdes
5 USin 0l 55 sloskad gl o osdleas el o8 Loy
o Ll casls anlss olS sl 1y il o Jad 5l obsj ,o
3,10 092y SLl sleazan o b S ol (Sei )l
b I8l S 6,00 0l Sl 4

| olﬂ RATY

@s/m) ol 5940

YA RV FEfY o)

b S oiSa;

s> a8 ey e VIO 5l lajless 5o (5558 5 Sl
S g 395 el i3 4 oLS (59 41 oo ]
Shanlie .oii plo] gs“)} Jad o el ggial Lo cpl &
Lis a8 5 ol oiSa; slolacs
035 O3l 2505 Lo 3l 2eS 0ad J S (L2505 e
o1 sy 40 Oloj (6,98 ol 0 Lles (F) S yo a5
S8 5 Jy 85 Sgmo fia y ekagspes TI0 b Sl
e 4425 b iy fe g eey j oo 15l 0l ]S
2 S by ez «Sos sagex o JWo 4 g (b, s
a5 3 Casho, 1t oot Jlasl g5, b ol 513585 ot

65 EC a5 ans oo bt

)o L%u‘

beoy9 sl 53 015l g Sy o0 S0l B0 s
S g 5| s b YU e 4 S g ] 25
(Esmaeelnia oS oo &S > S mhaw g YU Cos a5 2L
Gl s o oS S usb, 4 azg L et al., 2005)
Of > Sai clle gy o3 o 59 ) s o)lse (Sein
onB 7S (28 Jler 3 5ot J7US (2Se) les I jeS
S ile il Gral3l b camss jo el ol3T (8805 51 5
ol Jmiliy, 2lS 53 Sioi 3B o Cugh) 1 0 S

B ) ) ks)l'.t‘.T

IATATEEA L S 4 S K A YA

calls 51w 39

025 6okl g oud ]y I3 (LiSe b lod j0 Slb) (5 e bawgie —F JS

] 0092 f’)f v ‘/....A 4 OMJ}J GM.S.D))
P Sl (S Gl (295 5 63955 Sl G DS
5 el 0aile Bb S lame yo y5i0] Jlesl 2 Jsb

)°u 5!

Sai ke plas 28,55 S50 psdel G5z Seiny ok
S99 5 2loy (gysd Hlade 4 azgi b ayd )5 03 eadosls
s Co o b e 0 Sed 0,33 IS o ‘Lg)l.ui ol
@ a5 b .ol oogs olj] 28y sl pawnn ¥ 5l piin Sl

9 (599,9 u—‘ > Slade 5l eolazwl b (Sod 0)5.5.5

oareds jloni j2 S50 el 5 O (s o 0 5l (29,5
Pl y3dol b (e s solal PPV 5, 5l Sl bl 4y s
S Jloges aus 5 dwlxe 5 ley w5 2Dl Do s
Solal g950 by yo 1y ciulesT sla,less ;o #del Do (V)
s iy (2 i a5 8l ylid gl ams o olis jeh oI L
Sz s )5 PF Gl b oli] (22505 @ by e S Sl eniiadis



Ol S5 975 4 oad S o8Se) ailals 038 S e oS
20 sl 005 (65 gl S g 5 5l 9 US|y (2 Sl
gS.uﬂ,:;o)‘).mSo..\mw g.io.ip”).uwﬁﬁj).’ud‘

| 0093 (699,59

AR

Av A
aN
e
P
~ ¥F. 4
\
b

Yo o

1¥AQ 15 P o ylods B 0598 ol ol S g of wlidxs 948

O+ dga> uweipiylal Jlews jo (Bras of lade asuy
(5999 o Lo g 009 ;500 jla 99 ;0 00bd pas e duo yo
oo s VIV (oSl colon b )bl ol oS o S
Davoodi et al. (2018) M}D aQ slew! la 9 Sl 009 Yo p

Wy S M g5 s M Saso,58

olj AVYS

ol J S iSa;
eI e

=5 25 6okl

299 ST b 6 bl 958 loj 3 (Sun)z ) 6okl g oad ) S OI3T LSy 6l o jo Ml Dy -V S5

Sadegh Elmi etal. (2005) wlasx>s 5 and Gilliam. 1995)
o ols adbale Uy ,a a5 ol oles mbs lari et al. (2013)
NS YA TSI NSNS 23 Fil (A IKYRESPRWIG JUEL gL V-3
S o i Cagb, b (B el cpl o sl rals
sl ST 2S5 4 s e S aSe) les o
9y 5 S yiommnY Allis g0 anlllae S 0 Skaggs et al. (2005)
gl J7S L) Sloj e hals a5 wisls plowl aigy oLS
ais S ssabi lagT 5 8isges 5155 wni s 6l 5 i
ol (SSlleglin 5 Ol adss b wolo) a5
@ S (25 JB lade 4 olisl mhaw 505 sl jlers
9 by az,e %0 Ojleas b oo alS O3] LiSa;
et gl Jds @ Ol o288y wil i b iSe; |
51y el ol &5 005 el Soj 0 5 (6 Sl
sl Olidss gl ol Cans Olyid YU C> 4 lgs oo
sein) ol Sloy o ol chale plie a5 ol (i
Sadegh lari et al,. 2013 ;) <ol X5 Jlos g9 chas Ly 5
o= 5l s,lel 1,5 «Skaggs et al,. 2005 ; Elmi et al., 2005)
DLl 5 059 b 4y 5, & jg0h 2l b,z 5 <85 e plonl
033 FropmnY (Sle slaasY ;o Sl iy 5 eSSl
ay ly 5l 0550 355 plime S (el 4 azgi b i
SNRPURRNIC S E T SN AL T g
30 lals JLl 5l am 59, Ve 20055 Jol al> o tals ol 545

SV, lal g, Ol cdale aS al ools y5e i p )5 ) A5

chle olews (V) U ole) o ol cdalé

g baes oo olas de"uﬂ sleyles jol, Sloy 4o ol s
20lie S @y ol a8 Lo jo ol g cldale (A) IS8 4
S a5 Glej bl sn 5Vl oS58 (2505 Jlans 3 arlig
ct &) Sl Ll ol (ISl 05 o 50 o
335 o0 OperalSe o libos gl sly Jols at 5 9
S S oo DD gl s sl YL S uﬂ olge as’ e
Sl adale pals oo )8 o ol Jlsl relS coge
oby Sldod 50 el yids pll S1 53 (295 Claj
Javani et al., 2018; Dalzell et al., 2007 ) cewl ool 3,155
; Elmietal., 2005; Lalonde et al., 1996; Mejia et al., 2000;
Clale e alS el as 6 %s LYo 5l (Ngetal., 2002)
Glal g oad S8 a5 glajles jo (g Dl
S o ol VL b ley @ Ol oo el 00l (e
03,5 o oS aly; bwg i Gl el a5 o5 oLl
Smith and Kellman. 2011; Bohlen and Villapando. 2011;)
Iy olis chale als aaxe 5| > .(Javani etal., 2018
Gty baome 5 2P Sl oS N20 Galidl ISl o
(Dalzell et al., 2007) wilos,S carogs SU oz ganl b ol
S gl 8o b 5IN20 I jlassl &5 (G900 5o
do, ¥ L ool odei N20 (e o o 1o il oo Sl
S Ol o a5 ol lis bl g o 0,90 gl 150
(Kliewer s )las 098 oo yaunail 3)lg a5 N20 oy 0 (55l



WY gl o e pi G (6 oY asdllae i g8l g G1owo

2 el bl ooy imly lesl Sl Ul sl
Al Jles g0 e y0 wlis cble e gaa )b
ol ails LialS Wy 0,Lgd w5 el 00y 395 ke
P ol pll gLl oiae al>yo 5l oy o5 55 pg (80055 )0

el 0338 5 185 W9y (e 45T 0D 0318 ()90 0,5

_ +OMJ)....5L$_.&Q)

“« 4t - & v < > .o
1

(3 32 05 (ohon) 1o Bl

ol)'—l RATY

o 3 0y 355 i SIS ay g g atBlS S2al
£90 (P05 Glime aSul 4 axgi L canl alils talS g,
() 0930 59)) b plnil plezr Al o slam o 5 F ()59 53
ol cbile gylal en 4 bgrye Sloy (510 paiges jo

dgazme oy Cus,d o a sl (ol g cunl ailas g0l il

= o) pj )b

YA Y Y¥ Yv o)

80

[}

bl 31 ey 39

Ay eygd Job 5o calide (gl ylod y0 o) 3o il pis il &l puuis —A S5

5l GRlBl es iy bl g 0ad S (L4505 4 S
Syb sleo 3 als cdyjae g Slal o8l el el s
gl Gl 4 e 05008 SlasgS w> ol i 915 S
s yiad S8y 0m Sl 5 oad Laud 5l S gl
(Smith and Kellman, 2011; oweos o ildl |, oiSa;
& &Sl g ogdle ol ]S LiS; Javani et al., 2018)
cel wms oo Ll Bl 1) sy ol 0,033 § palS 1) 1Sk,
Rozemeijer et ol y05 >g,5 oloj 4o ,awd e Lials
@l., 2016)
Sl M Oliee 1S 50 Olawd 9 (359 5 M
FSOV 5 V) Sl o a5 <85 13 (pw) 2 Sy9e 3
sabosls toles 20555 (6 ,kol 3,b 5l (639,9 Dlawsd g il s
Sl 0,5 V) ay 0y90 S 50 (i ol o 45 el
03,5 0,331, Jlade Hled g odlosls S 4y Slawd 6,514 4
3 eS8 oad ools Dl o8 VY load JiuS oiSe) 0 g
Slod 4o Jg oadio 5 Q] 2,5 VA cous ooy wlawsd 5,519
‘n)f Y45 A S a ous oalo u|).....: f’)f V) )‘ é‘)]g&)
G.&b) Sles C"L"' d,..]o Ll o0 0 yud ra)f VYoolaws
AL oland 5 Olis IS s ©ix Glie cad S
@ sy kel Hle g ol ails of5T aSe; 4 Cus

cale () U8 @ asg biolo) 5o oliws cdalé

2525 5l S i ol 5o Sley (s oland
5 S el J S oaSe; Oloy wlawd clale § sud S
YV oud g pSojll lind clale 2Slas ol o1 _2Sa;
- SRS g5 (5l s das 52 50 IS ey S,
VWWA/F 5 OUYY AT s a oliT iS5 sad S
b asly jhals Oloy olawd clale j550 49 51 50 0,5 e
g VIV YT (b pas 095 e eS 45 aS iS5l e 09
Ny loged Ioazme (83355 pgd Al ye 5l am 5 05 e VA
Sy land <) jum liee 5 Sloj (29 Ol (o ki
Cdy a8 o >gn oo e Liuli8l L aS glaigSa o ls
W SB o jans JEul Wy, sdse 03558 o olind
ot b o Oloj o] Jlal slap 56l o 5 Lol 51 (S
iz Al ge B pariedll 5 ol ST jpam &0 4o
Dunne et al., 2007a; Dunne ) 35,5 caw i g ods S &l,d
et al., 2007b; Oil and Destouni. 2009; Zhuan-xi et al.,
e Sl (e ¢ 2,5 o o e 21381 L (2009)
ol ciSe; jlews ;o S 5l eads 5 Gl g Slga, b



£S5 FEIV Jade Lol iSe; e j0 Sad py a5 Sl
S 0,5 FANY Jlade b oads ]S oiSe) [l 4y S
N1 25y gy Sland o Sl oy 2800 L 55 00
Pz 0,5 Cod eal S iSe) 4 Cawd YL polis
Py 9 VOV g VIV L o iay (NOs-N) (Slys 59 5
olals Sloy 0 0,5 VI 5 VOF L s s (POs) olawsd
ISR 50 (29 Dloj pz (wizeen g ol i | (gt
S pd YVIA Jlade b oo J o8 oSy 5l YO/A L o]
S 005 7S 2805 jlowd £gome ;0 Slaalive b o5
olali «Sad )b cwl anils g i el aleG.zS.m)' &G
odb ;S LASa) g (i Sokel gy y0 hed g Dl
é...ﬂ.?ucuLuL’dSw‘ 003.1;..05-)‘)15..&) U’GB))‘ w‘).cda

,ls callas Darzi-Naftchali and Ritzema et al. (2018)

——ns S iSa;
Vo -

—
-
-

1

YA ! \ai v )

(yd 50 0,5 (o) wlawsd clale
[ >

YA 55 oF o yloid DY 0,90 ol ) S g o wlindixi 194

Slawd 5 Ols pled conl onis g5 o] 51 ley as! s
035 gdal & 5ld ez g 008 033 bg iz 1) (535
A G Slad c8) Hoe cal a8 S O oy adss
Sy pd g w00 loodglS 4 i 15 009y LeS Sl
o5k 4 gy &S b 0 35l el y &8 > nl b 09 o
Olee 55k 300 (6t Sl g o)l Slul &5 > 36
> doyd el 00y yiin lawd 4 cond Ol S Al
9 Ol a5 W T aculbre ol 9> okl
oS (LiSe) (2o Dl g weys VoI lT (i
Slawsd g s 0 AN oyl LiSe) 29,5 Sland 5 as )0 VIV
L (F) g ol 0351 0oy OV o JiiS L4585 g5
I JE W LI O SRRV ol TS

U"‘)‘ ‘;L’> a.vL..v AR o0 QLA.MJ ‘) s_jo) p”sd)y» Wlawsd

oyl puSa; = e ps bl

[AIA AR ¥ Y. \Al A

cbls 31 o 39

aidy 030 Job 53 cilizie gl yloss 50 Sl 50 Wliud Clalé Ol pudi -4 JSb

B 505, Ol

(p55) &1y (539

sz ol M alige, s

olﬂ A3

ouds JRIS A5e;

(=R AS)L:-.J

Gkl piaew

Sl Al 50 033 Job 30 (S5 6kl g o] S 13T (LiKa) sl yloud 53 359y D — 1 S



q/qq .. ‘sala.wl c.la.m [LYRYRYY ).JB' GM.Y azfllao :Qog)ﬂ 9 B2

Yo o IGOB)SQLM

Yo A

(p55) wliwd 39

o olid Bl 6,5

ol)‘—l PR

NUIRE St N
eI P

2 25 6ok

ol Al g0 033l Job 53 (o)) ol 3 oS I3l (2258 Gl jlan )3 Slaud (B 1) JSCi

Y YT T [TRCENCH [CIREATI P INE JOL JRVRRNCIW P WCTSRRVI 3 i PR

RYS3]

a3 S 52503

il s2e; sl

NS VS
p< /-0 Vio¥
P< /) FANY
P<-/0 YV/A

VoY (,5) Slawd )59
YV (0,5 S5 059
£/ (p5) S 039
YOIA (i) Oloj e

5 Sl Shle 08 el (ooing o Sl e 1) 055
g odb S ey slaghy, 0 s (g ey Slad
Ol BYS (edes jlas il yrals Gaday ( suw ) )kl
(55 & S B losd 0l 53 (795 Slo; ol @ Ol s
585 5 (e Sl Syl SIS ey oged o Lil S
hlS 5 e s 8 Slos olil (o8S05 4 Cod 00l ] S
g Ol Sl 5l ol 50 09290 slaoan¥T g Cloj o959 9 oy
Sopd pall Lol Guizmen g 4ldls Cunnjlare 4 Dland
S il & Ol Suled 53l oad 55 (2 s o
"I S8 s 5 s Skl Sl Ol 4 s
=9 2loy CotS o a5 o)l sy Jgiie j0 ead
“Capde g Sazme ooliiul (gly (55 yael  cond J S LiSe)
Bb 2 |y opl sl pdo Sl wilaie cpl 58 55 Olej 5l sas
Gy g Caloalplol 093 ol balyls o Gudizmd 285 i o
bl o 705 Gl s,y szl wlasein 5585 (s
U 0SS Ohge 6 iammy Olidod wb Sis g 0,5 3bls o
d‘bL"‘o ° L“u*’ﬁ) g)"‘ 6‘)}‘ L)ISA‘ Sy90 y° CJGS )9“0 ] U‘5""

ol s S g 6,5

il gl Copae SIST wyp poliie 4 pol> Aagh
Sl T (2505 5 (e )kl 5 008 S (S2805)
-az S CiS ool (555 polie Clile 5 (555 coloj pn
el jo ol a eV 4 50 1S5 an bl aw 0 ([ K)8
Gl sl o ST Gras agzadie Gl oyt
585 oS 4 Cuns 08B LS (8SR) (9 (F2032)
sleads ) a5 Sy c olidl slasl 31U jpe sbools (b ol
Sl 5l osliiul (Sl g a8l axwgs 5 oy (o9 e (S5 PaxsS
Pgas )3 g 0w S ol i oS Sl Bes 05 (e
Al i ol Slojlort po 0ud pladl gz adyo (e
ol Bran 0 92480 3l Lo aF dged o )Lil 4SS ol 4
S slr g oads J5uS g )l50 50 )lal e Jlasl 4 Loy
5 CBlagSS 4 baye 5 o1 5l 6 s g kel
s 45 091 Sloj (255 (e 12l 5 (il o S
5 i) Gilel slayles o S Cush g o)lSS
Sgno jloslitul (Sl g 831 (L2585 Jlass 4 Coad 0l J 1S
B35 3 55 5l (Send olS g 00l pal B ol S Lanwgs (SiSge



REFERENCES

Akram, M. Azari, A. Nahvi, A. Bakhtiari, Z. and Safaei,
H.D. (2013). Subsurface drainage in Khuzestan,
Iran: environmentally revisited criteria. Irrigation
and Drainage, 62(3), 306-314.

Anon. (2010). Disposal Problems of Drainage Water in
Southern Iran. Drainage & Environment Working
Group of IRNCID. Proceeding of the 6th Drainage
& Environment Workshop. Jan. 6. Tehran.Iran. 1-
22.

Alizadeh, A. (2002). Soil, Water, Plant relationship.
Astan Gods Razavi Pub., Mashad. Iran. (In Farsi)

Alizadeh, A. (2010). Design of surface irrigation
systems. Imam Reza Universitiy.4/5.171 (In Farsi)

Bohlen, P.J. and Villapando, O.R. (2011). Controlling
runoff from subtropical pastures has differential
effects on nitrogen and phosphorus loads.
Environmental Quality. 40: 989-998.

Creze, C. M., Madramootoo, C. A. (2019). Water table
management and fertilizer application impacts on
CO2, N2O and CH4 fluxes in a corn agro-
ecosystem. Scientific Reports 9 (in press)

Davoodi, K. Darzi NaftChahi, A. and Aghajani
Mazandarani, gh. (2018) .Effect of free and
controlled drainage on water balance and soil and
drainage water salinity under rainfed canola in
paddy fields. The period 3. Number 3. 367-382.

Darzi-Naftchali, A. and Ritzema, H. (2018). Integrating
Irrigation and Drainage Management to Sustain
Agriculture in Northern Iran. Sustainability, 10: 1-
17.

Darzi, A. and A. Shahnazari. (2014). Influence of
subsurface drainage on the productivity of poorly
drained paddy fields. European Journal of
Agronomy, (56): 1-8.

Dalzell, B. J., Filley, T. R. and Harbor, J. M. (2007). The
role of hydrology in annual organic carbon loads
and terrestrial organic matter export from a mid-
western agricultural watershed. Geochemical and
Cosmochimical. 71: 1448-1462.

Dunne, E.J., McKee, K.A., Clark, M.W., Grunwald, S.
and Reddy, K.R. (2007a). Phosphorus in
agricultural ditch soil and potential implications
for water quality. Soil and Water Conservation.
62: 244-252.

Dunne, E. J., Smith, J., Perkins, D. B., Clark, M. W.,
Jawitz, J. W. and Reddy, K. R. (2007b).
Phosphorus storages in historically isolated
wetland ecosystems and surrounding pasture
uplands. Ecological Engineering. 31:16-28.

El-Ghannam, M . AboWaly, M. Gaheen.A. Karajeh,
F.F. and Gendy A. (2016). Controlled drainage
effects on nitrate leaching, salinity buildup and
sugar beet production (Egypt). Merit Research
Journal of Agricultural Science and Soil Sciences,
4(2), 023-032.

EImi, A. Gordon, R.. Madramootoo, C. and Madani, A.
(2005) .Watertable management for reducing
nitrate accumulation in a soil profile under corn
production. CANADIAN
BiosystemsENGengineering J., 47: 123-128.

Gowing, J. Rose, D. and Ghamarnia, H. (2009) .The

1¥AQ 15 P o ylods B 0598 ol ol S g Of Wlidixs  Yeoo

effect of salinity on water productivity of wheat
under  deficit irrigation above  shallow
groundwater. Agricultural Water Management,
96, 517-524.

Fisher, M.J., Fausey, N.R., Subler, S.E., Brown, L.C.
and Bierman, P.M. (1999). Water table
management, nitrogen dynamics and yields of
corn and soybean. Soil Science Society American.
63: 1786-1795.

Hassanoghli, A. Esmaeili Aminlooi, A. and Sakhaei
Rad, H. (2015). Assessment in of Quality and
Quantity Drain in Subsurface Drainage drains
without envelope in comparison with Mineral
envelope in Shadegan Plain. Investigation of
subsurface drainage water quality and quantity of
bare tiles in comparison with mineral envelope in
Shadegan plain. Water Research in Agriculture,
22(2), 263-275. (In Farsi)

Hornbuckle, J., Christen, E., Ayars, J. and Faulkner, R.
(2005). Controlled water table management as a
strategy for reducing salt loads from subsurface
drainage under perennial agriculture in semi-arid
Australia. Irrigation and Drainage Systems, 19(2),
145-159.

Helmers, M., Christianson, R., Brenneman, G., Lockett,
D. and Pederson, C. (2012). Water table, drainage,
and yield response to drainage water management
in southeast lowa. Journal of Soil Water
Conservation, 67, 495-501.

Ismailnia, S. Liaghat, A. Heidari, N. and Akram, M.
(2005) .Lysimetry Study of Water Table
ManagementMethods in  Tomato Irrigation.
Journal of Agricuitural Engineering Research, 6
(23): 113-124.

Jia Z. and Evans R.O. (2006). Effect of controlled
drainage and vegetative buffers on drainage water
quality from wastewater irrigation fields.Journal
of Irrig and Drain Eng .ASCE. 132(2):159-170.

Javani, H.R., Liaghat, A., Hassanoghli, A. Nazari, B.
(2018). Quantitative and qualitative changes of
drain water by installation of controlled drainage
in Moghan plain lands. Water and Irrigation
Management (Scientific Journal of Agriculture).
Vol. 8(1): 85-100. (In Farsi)

Javani jooni, H. Liaghat, A. Hassanoghli, A. Nazari, B.
(2018). The effect of controlled drainage on the
discharge drainage water level water productivity
in the moghan plain. Iran water Research.49. 1.
207-219.

Kliewer, B. A. and Gilliam, J. W. (1995). Water table
management effects on denitrification and nitrous
oxide evolution. Soil Science Society of America.
59:1694-1701.

Lalonde, V., Madramootoo, C.A., Trenholm, L. and
Broughton, R.S. (1996). Effects of controlled
drainage on nitrate concentrations in subsurface
drain discharge. Agricultural Water Management.
29: 187-199.

Liu, J. G., Luo, W. Pei, Y.S. and Xu, F.R. (2009). Salt
and Water Balance Analysis after Adopting
Controlled Drainage in Yinnan Irrigation District,


https://www.nature.com/articles/s41598-019-39046-z#auth-2

Yoo . sala.w.al C.b.m Co oo il (6 oY axilao :cng).él 9 B2

Ningxia, China. Irrig Drain 58, 357-365.

Mahjoubi, A. Hooshmand, A. Naseri, A. A. and Jafari
S. (2014). Effect of controlled drainage on
reducing drainage coefficient and drainage
volume in sugarcane fields of Imam Khomeini
Agro-industry. Journal of Water and Soil,
27(6),1133-1144.

Mahjoubi, A. Hooshmand, A. Naseri, A. and Jafari, S.
(2013). Effect ofcontrolleddischarge on reduction
of discharge capacity and outlet drainage volume
in sugarcane farms and Imam Khomeini Industry.
Iran journal of water and soil.1122-1144.

Mahjoubi, A. Naseri, A. Hooshmand, A. and
Borromeandnasab, S. (2012). Lnvestigating the
effects of controlled discharge on irrigation
management and sugarcane Yyild (case study of
imam Khomeini cultivation and industry). Journal
of Agricuitural Engineering Research. page
24/40.1144-1133.

Mansouri, H., Mostafazadehfard, B., Mousavi. F., Agha

khani, A. and Feyzi, M. (2006). The Impact of
different management of saline water on wheat
crop performance. the 2™ international conference
on new findings of science.

Madramootoo, C. A., Johnston, W. R. , Ayars, J. E.,
Evans, R.O. and N.R. Fausey. (2007). Agricultural
drain-age management, quality and disposal
issues in North America. Irrigation and Drainage
56: S35-5S45.

Mejia, M. N., Madramootoo, C. A. and Broughton, R.
S. (2000). Influence of water table management on
corn and soybean vyields. Agricultural Water
Management. 46(1): 73-89.

Molavi, H .Parsi njad, M.. Liaghat, A. (2011). Control
of salinity and nitrate losses in drains under water
level management.jornal of water and irrigation
management.1/1.15-28

Ng, H. Y., Tan, C. S, Drury, C. F. and Gaynor, J.
(2002). Controlled drainage and subirrigation
influences tile nitrate loss and corn yields in sandy
loam soil in southwestern Ontario. Agriculture
Ecosystems Environment. 90: 81-88.

Nozari, H. and Azadi, S. (2017). Experimental
evaluation of artificial neural network for
predicting drainage water and groundwater
salinity at various drain depths and spacing.
Neural Computing and Applications.
10.1007/s00521-017-3155-9.

Ramezanimoghadam, J. Naseri, A. Hooshmand, A. and

Mescarbashi, M. (2014). Lysimeter study to
Evaluate the effects of water stress and Nitrogen
fertilizer on Maize in the shallowGround water. 33
3. Page 1-11.

Rozemeijer, J.C. Visser, A.Borren W. Winegram, M .
Van der Velde, Y. Klein, J. and Broers, H. P.
(2016). High-frequency monitoring of water
fluxes and nutrient loads to assess the effects of
controlled drainage on water storage and nutrient
transport. Hydrology Earth System Scienc, 2,
347-358.

Sadegh lari, A. Maazed, H. Naseri, A. Mahjoubi, A . and
Liaghat, L. (2013) .Stream level flucyuations of
drainage and nitrogen dynamics in cultivated
sugarcane hands with controlled drainage
system.water and soil. 27. 6.page 1077 -1089.

Skaggs, R.W. Mohamed, A.Y. and Evans, R.O. (2005).
Agricultural drainage management: Effects on
water conservation, N loss and crop yields. 2nd
Agricultural Drainage and Water Quality Field
Day, University of Minnesota — Southwest
Research & Outreach Center, Lumberton
Minnesota.

Skaggs, R. W. (2007). Controlled drainage to reduce
nitrogen losses from drained lands. Annual
Meeting, New Orleans, United States.

Shao, G. C., Deng, S., Liu, N., Yu, S., Wang, M. H. and
She, D. L. (2014). Effects of controlled irrigation
and drainage on growth, grain yield and water use
in paddy rice. Europ. J. Agronomy, 53: 1-9.

Sharifi mood , N., Mirzaii , F., Parsi njad, M., (2010).
Effect of controlled drainage and irrigation water
salinity on sorghum yield reduction and water
useefficiency. Iranian journal of Research.4/6.59-
66.

Shouse, P.J. Goldberg, S. Skaggs, T.H. Soppe, R.W.O.
Avyars, J.E.(2010). Changes in spatial andtemporal
variability of SAR affected by shallow
groundwater management of an irrigated
field,California. Agr Water Manage 97, 673-680.

Smith, E. L. and Kellman, L. M. (2011). Nitrate loading
and isotopic signatures in subsurface agricultural
drainage systems. Environmental Quality. 40:
1257-1265.

Zhuan-xi, L., Bo, Z., Jia-Liang, T. and Tao, W. (2009).
Phosphorus retention capacity of agricultural
headwater ditch sediments under alkaline
condition in purple soils area, China. Ecological
Engineering. 35: 57-64.



