(55,9 @rluo 3 psle) SL 5 O & 2
FEV-FVE .o IYAY LT — s F oylods F'Y ulo>

Journal of Water and Soil

Vol. 32, No. 4, Sept.-Oct. 2018, p. 661-674 LAy

235 5955 2 o5 55,5 p @l 5 es ST L aaw ) 5 (e LT
553' L CW‘

TaI5 Sasate bog = ol RESTRL - ESY aoellas
\Y4%/:4/YY CJL:)) @)U

XV

aonlgd ot (gpel Ol 568 Gyme b )bl 95 (cloogud 5l odlitul )9S oldlyie (ol bulys 5 o)yl 5 Of wlie Codgioe 4 v g5 b

a3 e ot 8 Sl b SS S e GBI s ol oS 3 S5 sl g 3 g Caprie Jlo L 3
)3 oL (glys Jgmame 5y Shas 9 Ol B pan losily (o9, (@dlo) (LS yiboy 51 b b ool jze YxVXV/YO dlal 4 (S siownY 206 VY
Sl 255 8 50 1915 neins ol g (e (S)le] e 93 o5 S Jidg g 5 Sl sguitad (i iz 9 Sod g5
5 @Le) b slass 93 5 (Igly siwnsyes 5 oo syl (ol sloss 53 sbls y5S'he gyl b olizl ¥ AS/M LSS colim b i 51 syl
ottt ot y o i 5550 5 )55 o 53 5 ohad WIS (oSl b B 53 5 Sl gty e b el o
g lgls e olel 5 ST o yse Casboy (bl (aws gkl 00,5 12 WAR o 13 287 105 )3 @Bly ol s olSils (g5Li8
5 lo b o yd OF) b pan ol ials )5 (6y5 cme jlamn 1 e 6okl piaams 48 315 (Ui ol (8,5 &g 0 dSS pume Ul lade o1l
(cyd sl jlim 38 30 Lo )3 VY g (gladale 5 Sloe )3 duoyd B+ (glaly 3 Slos )3 do )3 ¥F) Jouaswo 3,Slas ilidl 5 (glo sy duoyd ¥
S s slmary (Sl g i )5 Sl aSad 5 Ol gebd] GRalS L (ioj o)l izmen 2l (b (6] s & Cd
50 b ) adlo 3o cpitred 2D Ui yd 3 Slas g (Bpae Ol LialS (b Gxe Hluw il s b s ) gdle 3959 .l 03905 (6 S5l
o Ol 5 a8 iblie )3 aoeyd ol o3l jEalS Ao Yo g ¥ Cig ]y S paw d Sa cdalé o o g 1ol ue) i s olol i
g e 5l ool § WS o Juols (a6l sms & G ) (650 3,Skae I3l om0 ()bl o S o o3latl (5)lul (sl

D9 gl b Lials g0, Slee iulihl ccly

Olyis soiiand o 5)lal Slopium (Sod @035 (LS by dol iwejpj skl 16l sWojlg

Wl 4 il clagisy b gjlig) gy 4 42y b g cul
A5 s e gl aan] gladle p JecSas Sde
oo Mallne duwsse (515 ool Sispsba
2L VYO Jlo Bogs (Jad pidg Lais (sl ol 598 (IWMI)
(V) 500 563 Jlastiwl LB O b 4 203 VY g2

s Gyl g ol plie Codgioe 4 g b ol bulyd
2 kel Baa (lpl gblie 381 5 oSb Lyl ys) cuis LB oS
sy il @ adg oVl g 55 sate judy (Gl (555l
mdse 6okl elbaloles 18l wlio cl 5] dinge ot 5 b puao
G pan tlS A ol 1 0gMe lgly (oxdaws o (5)lul Siilon
(V) sl salgd o ) 5y Jgame 3,Ses iul5sl g O
Byae 5y5050 S Glys b 28555 )5 (V) Ghen g (oulis
o]y Laogia 45 55,8 0Ll &S5 1l & (63,508 sk >

doddo

g S gble o] dgeS & cwl Sle gpaie o
dxlgo Codgasme b |y deie ()l jd S i yind «Siddoy
ol g 92 by plall Jds 4 olpl HeiS 3jle e
Sid slygiS g5 )3 (SN e g Sloj (ST 9
ol gytrgy o 2gaS JSio L 0)lg0m g 0392 oo Siddos
osldl CuBly S plnl > 2leS g JeSis pizmen (1Y)

byl wlis)ls 4_:5,‘»7 Gy 5 (6555 oy bl cui g 4 =Y 5V
Gaglb 5 oige 035 ( SBLT 5 L] (tiae 09)5 (iS5 5 )l

Ol ol (g @lia 5 (559U (32 55)5laS
(Email: Aliaghat@ut.ac.ir t9une 0Xiunn )
DOI: 10.22067/jsw.v32i4.69323



IAY LT — o oF oylos FY o> S gl s pis PPY

ol YUy leadly Jods an lgly s (ordao (6l poases
Sygods ol Ol Lials asg b 318 g ol wiles alS cbls
b 50 (gow jleabassS Ll , K00 5 pdaw jl s
il 4z by 99 ol S (aeS L Ll 480,88 oy 00
3 b 29 oe e (e Jpaze yieS Ol B pas
(V) 4 g g lrmsnl il 5 (F) hlSon 5 Glaete adlllas 3illae
o e PO .
G gy cuu_lf 9 ols c( @Lp) GQLS ‘51;[.04 35ke d.)lya u)a)_Ql
; . Z - . =z

sgde Klgic CungraS g ()3 5 (LS 0add 3 Sy g 02
S s g 0,0 pol, 3 1y Ol Gpme o 2y (sy90 0 ISl
O a5 Ll LYo 4 gl ol had 0 pn S 4
L_é)_a.aﬁ 5 L?’PABM «SiiS day 9 Siis d.\ol.u:: 9 Lol gy 0
3 sl Y5 ol G tene 1S g ialud S8 g O
SOyl an gy Jas 4 ol e gl 5l eolasl LY ple
)8 o)lil 5y slacale S g SB ledlo

5 ol o3y al3dl (sl Sl S, Lngile 3l eolic
<L u5k) JI Sygo 93 40 S jsbas lagdle .ol Ol (590 00
Lngdle J olizul 55 3925 (e 5 (olsms) T 8 5 (o215
oiblS 3oy 5l S cughy baas 5 SB iolsyd S e
oialS d iy g je slacale Wiy 5l glo « SB maw I s
)‘ odlal )._:‘ 4 uly@ L)"‘ » 09M£ (»:\ 9 Y) .39..»@ uT d)m
(\\) .))f D)L.u‘ ‘_;]au?uspwu) Jﬂw.o LY) &59 U)ﬁ)"‘"

5 @lo jl ool 13U i) o auins () o)) SKed g oy
o=l Lob ol obs ol pldl cod S (g9 p (LS Ll
AF BN S5l S a5l o olise ol 313 Glgice i)
Sl 1y lie ool Caal g GeolisS 0,90 S (sl doyd
Db als

o > Gk Lo by 4 (aess (5ol ias 039,4]
Jb > e pw & Ol 98 13 85 lysiS (ogada e
sladg il oslatul sy cpl oy s jl (S bl o 5 g 1]
oS a4y adlaie ,3 a5 sl (tuporex) Aile  ouiaml (Sl
A Al adbie o] ad Ggbye Carge 393 gl b g adly
by LSS (65 ) g oo Cupte Jlos! calple
Sl pao clolidl ales 51 S g by oy 3D baas jolaiow

5- Mulch
6- Compost

4 b g lsbess gLl sladlels 3 (g)lul Ol 0,8
dwlio Ly cpiomen Cowl Lo )2 OV/F g 5/ i sy
rSle &8 29 g0 alan Mo 35 Jltbeod (g)lul Gilisee (sla by,
9 Y 391 LU (o)l slagsdg p3 okl ol 2p)l8 et
a2 b ol ol sl 10 VY (lojlad (bl (sla i, o
o e ()Ll 53 Gloddly (o5 o8 5 Ol it il
18l g piSely Slgiiee ) & (bl drgi b mdse )l
29y, 4 (£l)j SV gae 5 (LS Sl 6)lw 039950 sl
5 2Lj o colid] patans sl 5 oo Lalys o &
o Ol Cygody £y SY gae 500 g LS 4 eadeols
s s sl el s e 51 e )l g
T 5 s gley a8 5Ll i L load
sloyled (6)l wius usleo alox jlabl o oolio (pS0l>
Tl Gy 5L S 4 gicn (55 sloalyl) s
wlyts y a8 ol s an (e slac] S (Sagll
bl g SB gy 2b ()l s & (598 hias rals
g4y il oLS jiae Cmdg ol iy g (SIS gy
9 = 9995 alie Copde (Y gaze (4S5 (oS Gl
hlad Sl i (il )35 Sl Gy slacils s
5 A ) 3,8 o)Ll i VL g pdybllanil 5 Sllges 13U
(Y

$95 3= a sloyda (o)Ll s 38 @l (yrizman
slagbyy nlw & Cons |y Jpase Jll el £ ¥ I i
Oy <l 4Bl oo 4y (el (glojhad (g lol dlex o)l
(5) ol 0390 508 (63,0)8 O 50 4SS

Sl (V) s g sdame Al ¥ claiss | ol ol
otalS a1y Lt (s g (e (lel i duglio
P i slel Ghey b ol Bpae ooy ¥ Y Jolo
ol i 3l 030l (pizren sl (o (glol b dumlio
Ol Bymo 3 pg2adyong Al Gl oMo (b
D9 oo g (US> 3o (&S 5 (o5 il sl

e Coradl (O )Slinghy qulls () g MBS SIS 4 a2 L
Sl ()39 o5 S 4 lgl5 (e o)l ohigar (rdse o)l
Ll pasie gomdginr ol (5285 Sy g a8 pos
g oy g (2L (Ll cou > aaplos] wlillas 59504
Db a 4Bl OV guame coiS ol 5l S5 S B
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4- Water Use Efficiency (WUE)
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Figure 1- Geolocation of the study area
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Table 1- Qualitative characteristics of irrigation water used
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Water sample ECw pH Dissolved anions and cations (meq/lit) NO3-N SAR
(dS/m) Total Total (mg/lit)  (mmol/lit)
Na CatMg %% S04 Cl ° HCO3
cation anion
Fresh (y .0 0.74 7.43 2.36 8 1036 0.8 4 8.8 4 1.58 1.18
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Figure 3- Soil moisture characteristic curve of lysimeters
ialojl 3 )90 sl (Byxe —F Jgur
Table 2-Introducing the tested treatments
B jless ol sadiles] g ylog
Name of Applied treatments
treatments PP
™ ol sladlgh b a9 53 (BLS SLlEr L ord oty sl yiomY
Mulch-covered lysimeters and Subsurface irrigation systems with permeable tubes
SM e il piass 9 &) (LS (GblE L otd sxudyy (slo yiopnY
Mulch-covered lysimeters and surface irrigation systems
TO I3 slodls) L oo )bl i 9 €50 o rapnY
Bare lysimeters and Subsurface irrigation systems with permeable tubes
SO u’da‘“’d)lf:fiw5wdd‘@):‘°~:‘%\/

Bare lysimeters and surface irrigation systems




PO oy ol sgore 90,5 has 3 @l g 55 o b (b 1§ 9 (oxbaws 55kl 51

Sy 0T ol

O |y adllaedjgo (sloylo 53 (Bpas Of S jolio ¥ IS
e O (e 9 VU iy €l 4 ) YASD 4 YFFA SYEY
Sl L aciglio > oo (65ll pis Ol i By ins
ol b g e yoa S 4 (g widg dieo o (v )b
o | p5e e pEalS g SB > Cugh) yide ()l
o SMjlos 5 0y Juad (o )3 )5 (Bpme Ol i S8
05525 (6ol i 3 bl ialS o) VY 3905 SO &
Olise 2o y3 WY Dga (358 10 05,SD hYo & gl yin 5 ol s
g 425 il ) (Spas Ol wily i (TM) (Guesn; )b
3 52l e (oo (g)ll 3 &S €S e s ol 4y
5 eos (b 05 )8 oS ealisuls g oSSl (g cagho,
Ao spa> (b o)l Jlas o nlple 2580 )8 SB
P Gas 315l slaady on (5, 5l 05e o3l igige
B8 AY g5 Bas 5 BAd Cual SB paw I g ye il
5 (SO) (e gylul las 151 cpioran il o b ye |
D55 5l g0 Do yoa 9 (TO) e )l
4 Camad )3 Byan O (lise TO Hlass )5 45 34 o0 sdnliie
S0 ol Yol a8 el sl jialS as s Feodgas SO Sl
=1 5L o3l e domisyd sl (unjnj okl 53 oS s
pac g des Ol pae pad g 39 0 atwlS ST Cugb I olS
ol Casloy J> 4 e oll i )3 (9] Sl Jlesl
L op—iomed bl o 1ol 5 slama gl ol, bl 5 e 3lgsS
i HeS L8 50 4 & 43l aS W05 sl Wodly Julodgds o0
sl Hd e o pd S

Jyans o Slas
3ySdas cplplis g 0pslaiogs oad 4dlS ©)> &Ll s &
(B (ygamy I yjg) lash 5, Shes slacdls > Jgae
5 (S Ly P 0y spdhsany dlow 15 () sladsle 5, Shos
)5 L8 oLl 5y5e (€55 asllie )5e) 4l e 3y Shes
e sleg 3 @3 Aillia (59 5 (sladgle (slails 5 Slas bawgio

dadllas 450 slajless

i 93 53 (B pan Ol Hlaie dunlio 1 ol G oyl Cilanl
dlie @le ygi> pas g gllo olyad & (o 5 (i )b
oy o g ey Sl s 93 50 Sl g S cbale
5 SMgle ((gleUls 3 Shos dunlio 5 glla s pic g gl olyon
Bloolyod & (o 5 e (S)lel wiamw 93 1> )5 Wl lie
0d585 Bl 4 ) sl calple A8l o @l jpax pas 4
Vo b dn (1S5 A 3 pluiS ) slas jlea 3 )b
L g 38 pl

Las S 3l
gwgb) glaale (SLS 5l ey (3,55 Lolyen
Glasl 15 S o (6 S0)sl oz &gy |y g, 45 TDR'
250 1 s S e ) (6 yzo sl DoV 5 YO-D+ =YD
SL plodl ol &gty Syl Colin Ao dbgsyo el
S5 3T aciaie S5 b o) 51355 gl 0,5
Yoo slate dn eSie 350 0 L8 cladsd jd a8)S &g
Mre o Ly asY o sl o8 b 000 1S 5 pSolS
2 Mo nl 5l (oo A dplone p)S AT il 3987 ke @pe i
b ool oS 4 cils lan o) £ R0d Leewd 5 cudlS mBge
Gl Hles 4 S cgby 3908 bl ossodly Gl wors
uadie Byans Ol (e b b e il cog pa pd xbaw
Trie 5 00 gste S on gl e sl Sles o L,
4 s celo VY crie po 5l (Brme O g5 g 05 o3l ol
Al asie wa e ol G pas Gygo s b b e 4Ll
5 sl 0)5tatagd oasgMcl Hiy S cosliwlyyge )d (o2
3ySbos aglis 1y aoei)> (KSC VY 0 5)) 59 (sladole
sl Jlia g gladele (glashy 5y Slos dw dLajlod > Jpame
9 VA ) S )3 o5 Jlea 35 cnl 3 le Oliee ab (S0l
VIE ol sty (gly e gl &S A5 43,8 i 5 (1
SoSIlculia b joh Gl qon (g)lol gl sl Cavddy p,55LS
(5L 4 (S S palin o5, Jaos 5 3> 53) FdS/m
Sl izren A8 325 00 CBlS jl atin 93 CBIS L g (5)98
e = @l 5 bl s 155516 93 (32 )13 ine s (s
B 13 53 5 g g0t Slejl (uil)ly 455 (B pae
SAS 335 b ¥ g s5len iskas IS slacSl o

5 plos]

1- Time Domain Reflectometry



WAV LT — o F ojlos FY wlo> (S g ol s FFPFP

i 3 @le 329 0k G133 (SO) @le (9 (s o)l
o d YY1y lasily 5y Slae 55 (TM) lgly 5 o) 05 5Ll
ool sless 4 Caas 103 VY 1) Wyl ()59 5 2o )3 BV (sledgle
L gl s A el a5 151 (TO) e (it e
Sl ((Kinge dgmo g s (il (SE Cugh) yidn ()l
O Ao g 4S8 My xezd ST 3 (65508 Sad oS 2945 0
@39 45 390 ol glo 3929 (imen 39 3)l5 0L 4y (6 yieS
L3 22y Sy yidr 5 st oS SUl g g dadile )3 O
asbylia 595 (sladsle 5y Slas ;0 @)d dily 5 aBlw i )S)D.J

Lo dghiio 34.4:[5

3 8000
S 2 6000
5 &

18 4000
Yz
TS 2000
= E

3

= 0

<

Lol o] £ 50 s s s TO 3 TM SO SM
S TO g TM SO SM jlos iy & glaily 5,Slos —
TO 3 TM SO SM jasi i ay (gladgle 5, Slos -
AV+ TO s TM SO SM jlas yi as aiblin 59 =
£S5 AY. 5 0. VO
s 3 @lo joi> 4538 Glo (g oo by)lages 3 B L
YA ‘_g‘é\_)‘.) .))_ilo& 4S ol p&l) ‘_;’LQKJAJ (SM) ‘_?Llaw d)L‘j

P

S0
TO
™
b og

Treatments

9(TO) 1515 b gl b (o525 Skl (SM) @lo b (edaww (55l (SO) (a5l 1cilitee (gl )low ;3 (8 e T (w0 —€ K

(TM) o g 155 5o alg) b (woj 5 5,
Figure 4- The amount of consumed water in different treatments: Surface irrigation (SO), Surface irrigation with mulch
(SM), Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes and mulch (TM)
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Figure 6- The weight of thousand seeds in different treatments: Surface irrigation (SO), Surface irrigation with mulch (SM),
Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes and mulch (TM)

e (G losi 3 Jpazms (513, Mos 5 (Bpae O (i 2 Fge 5L )eS il )y 4320 T Jgoa
Table 3-Variance analysis of factors affecting the amount of consumed water and crop yields in different treatments

Olaypo (il
i pale il ol Mean of squares
Source of variation Degrees of freedom  _Spae ol aild 35Sl ddgle 3,Slos &l 152 5 Shas
Used water grain yield Forage yield 1000 seeds yield
] s 55 1 15640833 2.69™ 294.03" 6440
(Irrigation system factor)
SE gl by 558 1 3193008  1.85" 14847 3536"
(Mulch factor)
e 9 94369 0.2 94369
(Error)
5 11 - - -
(Total)

ixe 2™ g Y o )3 I g T D o 3 I ae *T
* Significant at 5% level, ** significant at 1% level and ™ not significant
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Figure 7- Water productivity of grain and forage yield of corn in different treatments: Surface irrigation (SO), Surface

irrigation with mulch (SM), Subsurface irrigation by permeable tubes (TO) and Subsurface irrigation by permeable tubes
and mulch (TM)
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Figure 8- Variations of nitrate concentration at different depths of soil under Subsurface irrigation by permeable tubes (TO)
and Subsurface irrigation by permeable tubes and mulch (TM) treatments
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Figure 9- Variation of nitrate concentration at different depths of soil under Surface irrigation (SO) and Surface irrigation
with mulch (SM) tratments
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Figure 10- Variation of salt concentration at different depths of soil under Subsurface irrigation by permeable tubes (TO)
and Subsurface irrigation by permeable tubes and mulch (TM) treatments
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Figure 11- Variation of salt concentration at different depths of soil under Surface irrigation (SO) and Surface irrigation with
mulch (SM) treatments
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Table 4- Variance analysis of factors affecting the distribution of nitrate and salt concentration in different treatments
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Introduction: With due attention to the limitation of water resources in Iran and specific geographical
conditions of the country, using modern methods of irrigation with low water usage is inevitable. By applying
suitable management in water system, soil and plant, while increasing product, we can establish a sustainable
agriculture. Today, subsurface irrigation systems are used in various methods around the world, especially in the
countries encountering water shortage. One of the newest methods is applying sponge plastic pipes such as
tuporex which is installed in the area of plant root. Then, water with the pressure of 0/6-2 atmosphere flows
inside it and by exuding, it dampens the area.

Materials and Method: For this purpose, in this study number of 12 concrete lysimeters with the dimension
of 2x2x1/25 m was used to investigate the effect of vegetation (mulch) on the efficiency of water consumption
and product function for corn, salt accumulation as well as the amount of nitrate wash on soil profile under two
permeable subsurface irrigation and surface irrigation. For irrigation, a body of water with salinity of 4 ds/m was
used. The plan includes two main treatments (permeable subsurface and surface irrigation) and two sub-
treatments (mulch and without mulch) withfactorial experiment in a randomized complete block design with
three replications at the College of Agriculture Research Campus, Tehran Universityof technology Located in
Karaj, Iran in 2010. Surface irrigation was performed based on the moisturein the soil and permeable subsurface
irrigation was performed per dayas much water as was consumed.. Lysimeters soil is prepared from farm soil
and through examination, its appearance special weight was registered to be 1.4 gr per cm’ equals to 1400 kg per
m’. The amount of nitrogen fertilizer (Urea) was applied on the lysimeters according to the region convention,
was 300 kg per hectare (120 gram per each lysimeter). A half of this amount was used at the time of cultivation

and another half was used for the plant 60 days after cultivation; because the amount of water given in this type
of system is higher.On the other hand due to the lack of vegetation, the significant amount of evaporated water
and water productivity have decreased.

Results and Discussion: Results disclosed that the subsurface irrigation system has important effect in
decreasing consumed water (58% with mulch and 40% without mulch) and increasing crop yield (46% in seed
corn yield, 50% in forge yield and 12% in weight of one thousands seed corn) in comparison with the surface
irrigation system. As well as the subsurface irrigation has prevented lower soil layer from contamination and
being salty by decrease salt and nitrate leaching. Besidespresence of mulch in lysimeterhas shown important role
in decreasing water consumption and seed corn yield. The important thing is that the highest yield in two type of
performance, was recorded in subsurface irrigation treatment with mulch (TM) and this subject is so important
when we remind that (TM) treatment had the least amount of water uses. Itmeans that with the least amount of
water consumed the highest amount of product was obtained among the treatments.On the other hand, surface
and non-mulching (SO) irrigation is expected to have the lowest yield per unit water consumption.

Conclusions: Also in both subsurface irrigation with preamble tube and surface irrigation system, existence
of mulch caused to decrease salt concentration to 40% and 30% in soil surface respectively which makes it
suitable for the areas facing water shortage. It can be concluded that, existence of mulches in the both subsurface
irrigation with permeable tube and surface irrigation system causing water saving 13 and 23 percent, respectively
and the rate of saving water in surface irrigation system with presence of mulch has also increased. Thus, it is
recommended that some of the plant residuals, like mulch remain on the ground after harvest. The subsurface
irrigation with permeable tube system has been prevented from washing nitrate to the depths of the soil. As a
result, the environmental pollution caused by nitrate losses in this system is minimal and this system saves
fertilizer. Also the concentration of salt solution in the soil profile in subsurface irrigation system was
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significantly lower than the salt concentration in surface irrigation. As a result in areas that use the saline water
for irrigation, the subsurface irrigation with preamble tube confirm better function than surface irrigation system
and use mulch can increase yield and reduce leaching.

Keywords: Irrigation Systems, Mulch, Nitrate Leaching, Preamble Subsurface Irrigation, Salt Accumulation



