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Abstract

Soil moisture distribution is affected by various factors such as
discharge and the type of irrigation systems. In this study, it is tried to
compare the horizontal and vertical distribution of moisture,
redistribution of moisture in the soil and the wetting area at the end of
irrigation in two surface and subsurface drip irrigation systems. For
this purpose, an experiment in the form of a glass physical model with
dimensions of 1 x 0.5%1.20 m, two installation depths (0 and 30 cm)
and three discharges (Qi1=2, Q.=4 and Q=8 liters/hour) for sandy soil
texture was performed during six hours of irrigation as factorial and
in a completely randomized design. Irrigation moisture redistribution
was investigated after 68 hr. The results showed that in the subsurface
drip system with doubling and quadrupling the discharge, the wetting
area increased to three and five times, but in the surface system it
changed to two and four times, respectively. Also, changes in moisture
redistribution in the subsurface drip system have been more than the
surface drip system, because in the surface drip system, water moves
more freely in the soil and most changes in the moisture front were
made before redistribution. Considering the moisture redistribution is
very important for the design of irrigation systems because it leads to
better management of moisture distribution and prevention of deep
losses.

1. Introduction

The transport of solutes in the soil is influenced by many factors such as the amount of water and
fertilizer used, the time and method of fertilizer use, the physical characteristics of the soil, climatic
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conditions and irrigation method (Ranjabr et al., 2015). Freeman et al. (2003) showed that the wetted
radius and depth, in the case where the source is on the soil surface (surface droplet) is always greater
than the case where the source is below the soil surface (subsurface droplet). Gongalves et al. (2019)
evaluated three surface, rain and subsurface drip irrigation systems. The results showed that in the
subsurface drip irrigation system, there is the highest amount of water and fertilizer savings compared
to other methods. The purpose of this research is to estimate the soil moisture distribution pattern in
two surface and subsurface drip irrigation systems and to select the best method.

2.  Materials and Methods

The experiment was carried out in a physical model consisting of transparent glass with dimensions of
1.20 x 0.5 x 1 m and sandy loam texture. The investigated treatments included two lateral installation
depths of 30 and 0 cm and drippers with a discharge of 2, 4 and 8 L/H. The mentioned model was
irrigated for six hours and all the tests were performed at a constant pressure and a constant temperature
of 200 C. During the irrigation time, the front of water advances at times 1, 5, 10, 15, 30, 60, 90, 120,
150, 180, 240, 300 and 360 minutes on the glass plate of the model was marked. After six hours of
irrigation and interruption of the flow, due to the redistribution of the advancing water front, the marking
continued until 68 hours after that. Sampling of the model was done in order to measure the volumetric
moisture content, and the samples were immediately transferred to the laboratory (Fig. 1).

Figure 1. Sampling points for different discharges in surface and subsurface drip irrigation
systems

3. Results

From the comparison of moisture distribution, it can be seen that in the subsurface system, due to the
presence of a dripper under the soil surface and the pressure caused by it, the moisture front has a slower
trend than the surface system. Meanwhile, in the surface drip irrigation system, water moves freely on
the soil due to the force of gravity. Also, in the subsurface system, because a percentage of moisture is
used to wet the dry area above the dropper, the progress of vertical distribution is less than in the surface
system. After six hours of irrigation and then cutting off the flow, moisture redistribution takes place.
The results of moisture redistribution in 68 hours after the end of irrigation showed that in the subsurface
drip system, the amount of water redistribution is higher in high discharge than in low discharge. The
reason for this is that in high flows, water does not get the necessary opportunity to penetrate during
irrigation, and part of this water is distributed after irrigation. Also, the progress of moisture
redistribution in the subsurface system is greater in the horizontal state than in the vertical state. In the
surface drip irrigation system, redistribution values for low discharge are higher than high discharge,
which is consistent with Karimi et al. (2013) results. The maximum wetted area in the subsurface drip
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system is doubled and quadrupled, respectively, by changing the discharge from two to four and eight
L/H. Also, this increase in surface drip system is 1.32 and 2.96, respectively. Therefore, the wetted area
in the surface drip system is more than the subsurface drip system (at the same flow rate).

4.  Discussion and Conclusion

In this research, which was carried out in the form of a physical model, the horizontal and vertical
distribution of moisture, redistribution of moisture and maximum wetted area for surface and subsurface
drip irrigation system in sandy loam soil were investigated. In both types of surface and subsurface drip
irrigation, the moisture distribution values increase with the increase of output flow from the dripper.
Of course, this increase is greater in the surface drop system due to the free movement of water in the
horizontal direction. The vertical distribution of water in surface drip irrigation treatments is more than
the corresponding subsurface treatments, because in subsurface treatments, some water is used to dry
the dry area above the drip. The amount of redistribution of water in surface drip irrigation system,
redistribution values for low flows are more than high flows. But in the subsurface drip system, it is
more in high discharge than in low discharge. The reason for this problem is that in high discharges,
water does not get the necessary opportunity to penetrate during irrigation, and part of this extra water
is distributed after irrigation. Also, the final wetted area in the surface drip system is much more than
the subsurface drip system, which will help in the optimal management of water consumption by
considering this issue in the design of surface and subsurface drip irrigation systems.

5. Six important references
1. Freeman, J. Cook., Peter, J. Thorburn., Peter, F and Keith, L. Bristow. 2003. Software tool to
display approximate wetting patterns from drippers. Journal of Irrigation Science, 22: 129-134.

2. Gongalves, | Z., Barbosa, E A. A., Santos, L .N. S., Nazario, A. A., Feitosa, D.R.C., Tuta, N.F.,
Matsura, E.E. 2019. Nutritional balance and production of sugarcane irrigated with treated
wastewater through subsurface drip. Journal of Irrigation Science, 37:207-217.

3. Hussein, M., Ghobari, Al., Ahmed, Z., Dewidar .2018. Integrating deficit irrigation into surface
and subsurface drip irrigation as a strategy to save water in arid region,. Journal of Agricultural
Water Management, 209: 55-61.

4. Karimi, B., Mirzaei, F., Sohrabi, T. 2013. Evaluation of Moisture Front Redistribution in
Surface and Subsurface Drip Irrigation Systems. Water and Soil Science Journal, 23(3):183-
192.

5. Ranjbar, A., Rahimi Khoob, A., Varavipour, M., Ebrahimian-Taleshi, H. 2017. Distribution of
nitrate and ammonium under furrow and ridge and nitrogen uptake by maize in Different Rates
of Urea Fertilizer. Iranian Journal of Soil and Water Research, 48(4): 891-904.

6. Zhenjie, Qiu., Jiusheng, Li And Weixia, Zhao. 2017. Effects of lateral depth and irrigation level
on nitrate and Escherichia coli leaching in the North China Plain for subsurface drip irrigation
applying sewage effluent. Journal of Irrigation Science, 35(6): 469-482.

Conflict of Interest
Authors declared no conflict of interest.

Acknowledgments
This research was carried out under the contract 10297/97 with the Research Vice-Chancellor of Arak
University, which is appreciated.

Sogand Arab, Javad Mozaffari, Mohammad Javad Nahvinia.. Laboratory Study of Moisture Distribution in
Surface and Subsurface Drip Irrigation Systems



Ol 2! ST 5 6okl (owispen (Lidghy (oole 4y
Vo juls . 4 g o 05lons .o o Jloo

vy

9 b (5loyhad (g LT (Gl e 5 Cusby 29398 (B Lo3T ()

G:da.w ).a)

"L 9205 g oo o' g pilho Slgz O pe WSS gun
AR/ ¥/ Yt oyl g,
VFoul VNP b1y oo
Ry Al
oS
il o Go% (rl ) wilie )kl Slapien £53 5 (@0 abox I ke Jelse 3l cod S 0 cush) ag
s 39 50 (55l UL 50 0ad S Colue 5 S )0 Cusb dae m555 s, (g35es g (A8 x5 AT el
VIV e 106 ) e b i (S508 Joo oS o gl pslane cypiy 93,5 anlie b 5 5 vk (5lo o (5 ]
T B o g yeS B oo (Cele p ) Qa=A 9 Qo=F Q1=) 00 4u 5 (el Yo g 0) cedd Goe 90 e
FA 5l 6okl Cushy sazme auei 0,8 all b S il gl ool cele i P 5 ol Dl 4l
L OMM Colws (e OM )"‘J" )LP 9 )"‘J" 9o l.| ‘5?:.‘4.0):) 6‘0).‘49 W‘M L als UL'"" C.:L..) L) )y el
Sl pizmed Cal 48l oS 2l ez 9 90 4 i 5 4 (Plaw )0 (Jg 8L (W plp ah g aw 4 oSS
O g0t ol i sloyhad i (0 155wl 00gy eaw I pion xban g (glolad i j0 Cogb ) Susme a9
59 Sl ool ploil sazs 368 51 ion ol o by Age 10 Dl s g WS 0 &S > S o s sablyl
e Sape el oSz cul cenl Pl s )lal Glaptes (Hb sl sk 65T same Slpd 5
55,5 o 51 31 b e Sl Sl 55 5 s i

$O90 2395 « Al &9 397 «Cugb )y duzme 23598 coud S Co e 1guulS (srojlg

Email: sogandab740@gmail.com ol 1«51l STl olKatsls cony s danmeo 5 (55,5l 00Sails o] cwiigen 5 pole 05,5 (gomils |
Email: Javad_370@yaho0.com ;! 1 « ST, « STl olfzils cions; Lanmag (55,5LiS” 00SCiils wosl (owaigee § pole 09,5 jLotils (Alio Jygmms)
Email: javad.nahvinia@gmail.com /1«1, (ST} oliils cms; Lo g (55,9LiS 0aSCislo ol wdige g pole 09,5 bobwl T



5 b @lohd (g)lol piarw g0 duslio b ()bl
Olely Gliee Gy 45 Wy a3l 4 (s
byiye LS G5 5 (Bras ol oz pmeS (Jyam
il ny sl o)hd pis bawgi &5 Conl CiST G @
58 (V) o) Ken 5 Gongalves el oo s Lol
ol s s 50 Jsamo y5000 Ol Jii
5o Silel cov |y (s 5 G (b (sloka
i)l S ond ahal DAL 5 e O e
oy 6 )lol s ;0 45 09 ] Sl gl asols,)l,8
4 S 355 5 0l 19740 (e it (i
e Olgie 4 peg (nl g Coslazdls o s, ple
St Jyame Sysose GRIB lp wele k]
2 sk @395 0955 oy ell e ol aS Ll
by g e gl oykd 6kl Gl e ;o S
Celed 5o 5 (Fhb sl sl ange QL o Wil o
aloal 5l Gae all Jae b piaams ol Gloasly iol58l
90 50 S o Cusb) mis @8N e g
GRS g b g b gloskad gLl

Db e hsy (e

L gy 9 dlgo

sasiils ofiolesl Lo VYAV Jlo o ol
Seied Joe So o ST olasls gl milie 9 55 p5LaS
Cil g e VYoo /0x) olal b Blas ass ) JSes
Sk olasie s (VJS2) w5 (b (b pd S
Uinleyl el ssalive BB Y Jga 0 eoliiwl 0,40
0 (ol elS aly 2,k B o 5 LSl o jsen
Boe 95 Jolds gy 2 9550 b jlond ay0 5 12l IS5 A
OSzoykad g 5 e sl (H2) + 5 (H) ¥ I s
Sy cels p 2 Q) A Q2) F QDY oL

ol 2! ST 3 6rlel (owiign (Shdgls (oole s pid
Vo) a4 g o 0ykods o o Jloo

doddio

6ol sla,gsl b cov S e Pl il

255 Bras o5 g loj e ran 055 5 ol Hlade aiile
5 ol bl (S ganaY 5 (s sl S
Sy 2 OTA0 en 5 o) cel g kel g,
& o s Biby 1y olS of 5l wils a5 (gL
Btadas 095 oS yis JB o 5 shoe 3555 el
WS (oo ol s ddhaie o) (Jusb) Ll D (p S
Hlas (Y- 1) o, 4 Freeman (Hu et al., 2009)
G9y &rie &S Sl (0 00l > Ges g glad 4S5 Bisls
o 5l i o lyam bl (b (glo, k) ST la
28l (s 35 1o ,) S s o gt 45
aS Sl pgo Cdl> o (YL @ g, S cde 4 0l g
30 508,5 &S, Vb Caows 4y O 5l a0 068 0 Esls
Ol 5 OTON 0alSs 0ul e (2,8 5 Jos 3l 4ol
Yo Gos o by 5 xb loykd g kel (1299)
azed ol g ol 18 talejl 0550 ) (6 52 e 70
Sk @i o xaw sloyhd o)Ll o a5 w,
Oz )kl 5 Sl (55, ol e Jdo 4 S0 b
GLbl o b, iy S I 0wl 052 @
s O30y (i s slolad g )lal o oS lad
Voo Gee 50 Cusby @i Geimes el S
aidlate ;5 (g (S8 s 5 SoA e el
Cote .aib o s bl £ Bos 4y Cod ady, Jled
slobd gylel o 1) oo L6 (VoY) o Ken g
5o &S a8l e g ol JILE w050 dawy
5y S Mok 8 Gialiil b oS slosSs
g b sl iy S (Sadoed g ol Vb«
il aalss Ll S mhe ) s ke 4
Oy CdS (g9, Geiss b (YY) oK 9 Zhenjie
o 45 Woy (g (xbas 25 (sloskd (6l s

1) St (o Soi Wilgs o yiien JI3U Goe 5 55k]
Jeloss 5l e (VAVA) 5o o HUSSEIN .S sloxy]

YA



va

Oln! & 9 Gkl (wiipe (gl (oole 4 2l
limly - 455 Jo oplacd o0 jam JUu

JI

Ol e
ol

<l g
2 o gLl cagh,
R s S ST 3 S cél sl (b
3 3 (Lf’js M)é)
(g/cm?) (@/cm?)
INYid \e AI¥ s \/f \iid oY/

Ol Lol pod Joo 5 (22 led (1) S

2 090 SB (S b Oleogas (1) Jgu

5 0ol (g N Cdle Joo glaind axio (59, (Fuden
s & b @ 5) @3B 5 (o2 (Job) lide Sle 5o
i Sl o WY ) w00 )57 b)) e e o gy
e daze @iy Jo a4 by gl g el el
aolsl 6 lE e 55 T 5 ey el PA L 0T (65,5
55 Sl dasgs Slais g0 S islesT alnil 5 L il
oo I ain rimmen g edd Wi (ke
Olyr Sbml JIL as oalisy G 5 e b slaied

2 6 xS sl b 90 9 Giulesl (e 0 (w5

TR SRR okl celu O Dde 4 H950e Jow

Gk 3l g ey dhewy 4 e Syl Ol &S 050
Y 5 saslaa e 5 & ol ) sl slaaly
JBSl e 50 00,5 o Jow arae o)lg (o e VF
2 0ly jlad hals jsliied sl dsgere S O
90 <ol Hlad o e ool adS g w0 ol i
obey b ol il ol 5 sl az o Ve ol sles g 5L
TN B laple o ol so b a5k
40) daBo ¥Pe g Ver (YFe A NDe AYe A £
O ale; (Sl g e Hloy SN adsl slacels



s e e

Susb) lie sxSojlail jslate 4 Jue 5l (510 paiged
Gorbes Mz SIS Dle (3l elul e
b (Soreskad LI s ek L& 5l 5 Cash,
w38 Jie ppgate Sg)lb JEs 5 bl axdy
bagiy Jaie olfislejl ap alolddly baaiges o (V) S2)
el 5 4505 glaiedy s (6 puS0jlasl 39 90 (g
Rl 5l eolyls s sl (halesl slaosls (Ll
a995) 5l Slas 1Sl awslie lp g AIY ass SAS

Al oolaiwl doye S mhaw (o STl glasels wi

Ol O 5 6yl (owiiin (Lidghy ool 4 i
1Fe) b g oz o lodds o0 juw Jw

b 33y (51 8 ykad (o bl aslal b (gl okl (5 5Ll sl

R TR

%

2T (Sgby 69 ri e I Seiloud (o Lodi(Y) S
w513 3 P Sl lojl 51 (glaiges

el (slo a8 i

L;da.wf) Gloykad 4 ‘ida.w Sloylad (a3 iz ‘slb‘ﬁa 9 dbln)i 39 ‘5);439.03 bl (V) s

Sloyhs piuaw jo Cugb) 2598 dmlio
e p ) g (b

"ol s (HD)' (a8l w5 g8 bl 42528 lis
Cobo i 5 gt e s 90 3 slaglej 53 (VD)
sobilen .l ool &SLIY gV Jgaz 50 5 w5 kol
5 okl s €95 Sl Rs o0 LT 5 Y gz oS
iz glagle; )3 Cugh, @3B 5 (Bl @95 sln (20
DS o2y iz e 0,5 I Jre wo s SO e o
25 Suashoy 058 5 (B 2395 sl 55l s x (2 5]
Joaz) ol I pxe s ys SO s jo Gl sla)b;
¥ s

2 Vertical Distribution

Soleal (Kb Joo o (b 5l B ol o

S Cashy Spslanz 5 (e 5 (b slo b

g b loykd (gilol St wilize glapl;
28,518 anlie 3550 (v 5

1 Horizontal Distribution



AR

Ol 2! ST 5 6okl (owispen (Lidghy (oole 4y
Vo juls . 4 g o 05lons .o o Jloo

ilizo glaplo) yo Cughy (Sl 2595 il ylg 4 5o g s (V) Jgus

HD360 HD300 HD240 HD180 HD120 HD60 solilazye i b
ARIE; ARIE; fe/-f YoIf# VAIYY Y2IAA \ P
AANY VOY/YY \YY/-f YYAIYY IARIAR O-/fA Y =L
V00 YY/IYO YeIvY f-N¥ YAITY FANY Y SSS
AR WYY VoIV YoV VAIAY VVIFA Y i X 3
Yo/fY YZIYY YONEF YENA YVI - YAIYY Y oinlesl glas
VYO £I10) YYIVA \YIYY VYA VV/E- - Ol s g

I Gxe pf g o> ) o3 Bl keSS e jd 3 xe i Sy i g % IS
hliga glagles ) Cugh) go9as &9 (uiliyls 45 @l (V) Jou

VD360 VD300 VD240 VD180 VD120 VD60 olilazye e alio
YAl YEIY - Vol- ¥ VY. AIf- V- \ st
ARV VIYAY AYIAY YV FYIVA \PIYA Y =
AAVARN ARAYA \EdIN YAIYE YAINE YYNY Y LSS
YAIY- VAIY - AV ARV INETA VIVA Y s X 23
YONY VPINY VOIYO AR VWY . \YIYY Y il slas
AATATN AoF A/OA ARYARS VV/OA Velo. - Ol yads gy

D Gxe pf g o ) o3 Bl keSS e jd 5 xe S Sy i 5 % IS

L/H o0 @ cans oS canl 009 15+ oo 4 ,lo] oyl
s pals s aws oo lis jialS goga> U F
GBI L S e Cusb) s5rt Ce e oS Sl )
sl ansls g yw mli8l Wls e A LIH & oo
U oo plcms 50 Goyiam Sy SRl Cnlnls
Seop () e 4 g odd S5 (gog0>
Gloykd (lnl St G dwlie ;o 098
2 Bl mie a5 99,5 oo csaliv (xhaw ;s (xlaw
e n; Slopiess 5l i (b slaptacs
ObolS 550 Of (xhaws slapius j0 oz il o
2 orzen 35 e i bl Spse 4y JE
Oy b SB o (b (sl (gl s
s 53 5 Zewl 0L (lo o 4 bgpe O B8l 0508
4 by e ol 8 0598 (p b (o slayhad 6L
Ozt ool A LIH) (o0 0 it b slap S o ko
&P i &5 ab edalin (bhw nj Glales o
el ALTH o b slalSro ko 4y gy o sl 3

(F US8) (B8l 0558 (oSl auslio & bgyyo s

Olis iz gla oo o Cush, (O JSKB) 5950 5
3 sy s9ge 5 (Bl @i m BB AT wad o
S )5 (e gt o Gl oo
Anlio b cwl o goe doye S maw jo )bl bl
90 o hlide lags ;o goges 9 (B @5 Oliee
3 Sasb, (88l a9 CaS Glgi o0 (0 9 T JSD) el
4 ) @ Cod (e g 3 Y LH o0
oles sl Ol ol s ol 4zls il 70+ e
olie cnl (O JS8) dusy o0 ST - 4 55kl Lk
) 4 Cond (s s ;3 FLIH 0 50
acile Lial3l 18V Jlade 4 Liolesl L 4o 9 ZAR Iy
99 )0 (Ssb) e yidan Sl Kl oo o cpl el
9 &> O plp 9o Jdo 4 oS wil e skol e
iz ool odal 3525 i 50 (a8 315
IR Qe 4 oS maie8 e ! ALIH o0 50
Okl o 5 Rl el ) 4 Cod (s s



LIH slo oo cas Y LIH oo b slo S5 0,ka8 (o
5 Bl @iy amlio 5l sl i ALMH G F
P ) i 3 45T 8L )0 GleT e Caghy (050
U Lad s S w5 50 (Bae )kl e Jods 4
Pl & Lol (§HS g, (Sush) ez ol
@ v plee 5O Geizes Zwslaiils (b
>l (05 et Bro Zush, 5l e ,e 4l s
G350 E@UF oyt 03,5 50 O5eskad YL S
Olsise O 32 edle el yioS (orbans e 4 o
2 ey bl lapias S5 C8F axcs
W SFIES Jds 4 S (2ep b plae
Cugh ) CSgS (s el a5 Cuslosg flin (59 i
a9 SIS iy Sl g 4y dng 4ol o

Bgdoe S Judgn 5

e
SR i i
‘:)h 35 osDI
—i: 30 mDI
Y 25
3 d
~ 20 c .
E 15 .
10
5 ’_‘
0
2 4 8
(LHl) «°
e lbw duw 31 gy
S
2 01 gsp A 2
::’TID 50 mDI
B C
I 40
%’ 30 f ot d
T 2
(&)
=~ 10
0
2 4 8
(L.H'l) «°

ol 2! ST 3 6rlel (owiign (Shdgls (oole s pid
Vo) a4 g o 0ykods o o Jloo

@loykd oyll Glopiums G anglie )0 eizes
WS e e La (0) IS8 @l b 5 g el
e loylad Gkl sbajles ;5 O (950 &9
@z b adloe (o pj bl Glales 5l ie
s 53 S50 O S8 > (g3g0e @iy (F) S5
A LH ¥ LH sl oo 0) b sloylad Lg)l.z.ﬂ
ol 4l g el i (o p Glajless 4 S
ol 5l s laie ez slajles o aS wlb o Jdo
80,8 oo 8ze kB (Vb Sis b 05 Stz Gy
s ) 45 28,5 a5 o 1) (IS e (pl Gl s
s & Sl 0l (50508 £S5 > ager (b )
s 53 38300 GLiS S bl jeS (ol
2ol S5 ager so5es @5 (b sloskl L]
Oizad 2l oo i F LIH oo b sla) K o,kad
Sl C8 > agez go50e @iy b 5 slejles )

ceclw g0 51
a2 2% | asol a
X 45 b
:_'2) 40 mD| c
g’]g 35 —
D30
% 25 fod e
—~ 20
£ 15
~ 10
5
0
2 4 8
L.H1 K
( &
% el )l 5l om
Y 70
K aspI a
4, 0 api b
~ 50 c
% 40 d
= 30 foe
e
S 2
10
0
2 4

(LHl) <0

Yy



Yy

Ol ©1 9 6yl (owiin (Sd g (sole syl
Vo juls . 4 g o 05lons .o o Jloo

(CmM) cusb, 881 &2 j95

(cm) cugb, gogoe 2399

(cm) cogb, gogoe 2598

\UIT) P &2 &Y

80
70
60
50
40
30
20
10

el gl 3

osDI
mDI

b
c
d
4

(LHl) <0

f e
2

P ) g A (55l e 50 0 Cugby (8l & 598 () S

el gy 3
70 q
asDI b
€0 mDI
50 c
40
- d
30
20
10
0
2 4 n 8
(LH?) oo
osDI
=Dl el SO 51 m
20 b a
— c
15 d
f e
10
5
0
2 4 8
(LHl) «°
osDI
aDI el duw 3 g
35 a
b
30 — o
25
d
20 f €
15
10
5
0
2 4 8
(LHl) <0

(cm) cogby gogoe 2598

(CM) cugby gog0e 23595

30
25
20
15
10

40
35
30
25
20
15
10

osDI
elw g0 !
a DI —elw 90 )l
a
b c
| |1‘I | l
2 4 8
(L.H'l) «°
osDI . .
el sl 3
mDI
b

vl

(LHl) ‘53.3



2

g

. osDI el Pt) }| o
el 40 mDI a
By b
li 35 ]
30

) d )
o 25 e
-% 20
e 15
e
< 10

5

0

2 4 8
(LHl) 0

ol 2! ST 3 6rlel (owiign (Shdgls (oole s pid
Vo) a4 g o 0ykods o o Jloo

A 45 =Dl ' a
v 40 C b
3; 35
9 30 d
_i‘ 25 f e
3 20
T 15
£ 10

5

0

2 4 8
(LHl) <0

b 9 a6kl pacw 50 53 Cusby G3g0s e H(O) S

oals 311 (F) Jgaz ;0 "(VRD) s050¢ 4 ' (HRD) _aél
e E95 51 a0 GLiS (F) Jgazr o5 pglailen .ol
2° sk o5ee 5 B dame s sl o0 5 )l
GRS eized W3S g wo)s Sy gl )3
w8 g Bl saze @il ln okl e x (20 ]

(F Jg92) o o gne wo )3 S gl )3 )3 Cogh,

Golel Bpiusw ;3 Cagby Sume e

Gl el il 5l g b 2 § 9 (b (5o ylad
a8 a8l o U1 Casb) dazme g5 bz &S e
s (el ) ikl GLL 5l e 0l 99 50 s
Okl 5 om el PA) Cush) aex sopin ol
Saze 98 (mil)ly 4328 @S WS ) ()l

Cagb ) o3l g (A8l duzmo 21597 il slg 4 i G :(F) Jgum

VRD HRD
Yver-¥ o fe-nNf
YYO/IYA  YFUD-
\YIYE VENY
AMAR \ATAYd
AR7AR YoNs
aUvy AT

@ol3laz,o

\

}
}
.
}

“‘«" S
t5~“>
A

o X (29
u...:Lo)] LgUa;'

Sl s gy

I Gxe pf g o ) o3 Bl keSS e jd 3 xe i Sy i g % IS

&5 oeals o (Y USS) wboe a3 1Y jlaie
Gkl lej e aS ol ol FLH 05 50 sozee 8
b cobine (0ol pln 99) GBzo)kd 5l (295 (29 9
b ol pY ot Sl atudly O 5 00g K08
@ & S S0me gig8 ol 40 5 Bl andls (gL
& 6l oley ae ol bl .ol atsls zals Y L/H
G 0 Sl (o pin llgi g 00gs S A L/H
Sozme 22395 50 |y 0gueS (ol g el ailai |y g,LoT )le;

595 Ol ol 03903 ol FLIH oo @ e

2 Vertical Redistribution

Bl dazme 258 xSl anmlie 4y bgype @S

5 o el P 3 Cagho (V JS2) 090 5 (F JS5)
s 53 4S8l ylid el sl les 5o (5ol ples]
Bl Sazme @jei e (pteS g (n i (b )
saalie Y L/IH g A LIH oo jles )0 oS4 Cugb,
Ao, SO e o alisee sl lad o BB g 090 )T
soolde B ¢ a0 (FUSD) 091 lo Jxe
JEY e 4 Y LIH o0y (&8 cdl> )0 sooxe a9
G ALMH oo ol g7V oleas F LIH o5 0

1 Horizontal Redistribution



1Yo

Ol 2! ST 5 6okl (owispen (Lidghy (oole 4y
Vo juls . 4 g o 05lons .o o Jloo

&8 polie (wyp 3,50 SB Gl g (rlaw (slolad
Slr (V JS2) (s3gee 9 (F JS8) (8] S 50 39ome
5 oS b 3k slaes i oS slas
Gories Mz S9zme @s8 2hy)l o OTAY) S
as wsols ul...u.; @L‘d«; 6|o).|4§ d)l-.f-.'T LSLQW ) ui
L SL g5 dus sl g (b (sloykad (g )lol pianns 5o
Sz 59095 #3598 polie ¢S § S clawgie il
Diamantopoulos 5 Elmaloglou .oub . ob;
laylad 6 )lol pians jo 1) Cugh ) Suzme 2595 (V2 + )
Slr g it oy 929 (285 IS5 o b (rda
Lalys )0 5 (line 5 atog) )lnl Bl (2, 50
as ols lias Ll gl .asols 18 obj,l s 00 alKislos]
Soyar ol Sl falS el e s odidy 392
JJ.M ‘sub L: QS!LDO&O)JAB )o U]J"‘“L’ 9 W) Ga.o.c ..)9.9.:

oW ‘1,5 < la u_vl.bulg}o).hj )‘ O

920 a
80
70
60
50 f
40

30
20
10

(Cm) celw £A 31w A8l Suze 29595

(olel Obl a4 cons Cel PA LG 55 (s35es daee
150 JXF Wy i s ALH ¥ LIH Y LIH s o
50 a5 0gd oo oanline (plply (Y SE) alb oo 2EVY
59 3 2l ouzme mie8 liee s oxbw gy (sloskad s
sl oo 5l i YU sl oo ;0 «sogee ¢ (B8] >
Vb slaos ;o suzme @iy Gl s ol ol
3545 el ol s 15 s 3 Gy (0 4 o
Iy 3985 sl p3Y ooy (6 kol oy yo ol wl; sla oo
Golel olej 5o (Blal ol pl 5l cidu g aiS sed oy
2l i o8 o 5 a5 Jo o w0sd o0 mies
WS S o a8 ] Jade 5 00,5 iy bebi (g el ol
@S 0l Gizmed el a8 S5 00 i )lel 5l o
Blo 55 @ogee Sz 3 0 ol same miy Gy
Go9es 5 Bl mje @S 4 az i b IS ok wil oo
&% Sorim Ol S5 (lgiee (v 2 pitass 3
Sl (B Sl 3 o mha 5 e 53 (S S
Sl s jo a5 was o i bl ol (soges

@ SDI

mD|

4 8

(L.H"l) «°

b 9 w65kl (sptiaw ;3 Cusby (A8l Sue & 398 H(F) S5



2

g

(=2
o

wn
o

B
o

N
o

=
o

ol 2! ST 3 6rlel (owiign (Shdgls (oole s pid
Vo) a4 g o 0ykods o o Jloo

@SDI
mD]

el A G ey G090 Suxo 29395
(cm)
w
°

o

4 8
(L.H'l) «°

b 313 9 (i (6 5LT Lt 50 Cugby (g3908 Sazmo &a3e8 (V) IS

odS S M Sl Sl uibjly 4528 @l
Ssbilen ol oads &Ll (8) Jgoz o S0,k Lawgs
(Sl s €95 2 Sl o o (LS (B) Jgor o5
S v )9 0dd > A Colue JSTas Cas gl
E5 % 29 Sl S e n (eizes 35 I3 2o
gl )3 0ol et Sl 251> sl )l e

R TN W

30 s Colue  Slae awslic

(e p) 9 aw  (gloyhad ‘_g)LﬁT S
Skl sk e Copde ;0 Koo el
Gl H80,k08 lawgs 0ol > gz Coluwe SSlos
s 5 e SO0 sl a5 Ll
SR gl 5l 5 L 0 b1 sl
23,5 o dlre 4> Colus (g0g0e g B3 B9y

Gl (b 10 ouds s Coluws ST il lg 4 2 gl :(8) Jgur

Ve AAYYE DY
avasvy/. -
AYAFIVY/) "
YoV a8y "
AP
UVE

*

0 et Colue jiSTas  goljlas o S mlie

| o

Y o

Y B

Y (o X (20
Y oinlesT glas
- OS2

95kz @ 90 5l (o0 i b (xhap; (gloylad s
bl l3dl e sk g 99 e ele o i) cua
@ b slohd i )3 Gl Gl eiaren ol
o ¥ L/H Oy 0> Coluw Slas caf
Sgd> 4O G?da...u)_») o S L;?da.w Lg‘o;'cﬁ (irsiins
Ol s ALIH oo 1o g VAL F LIH oo 0 YV

b ye basgio polie (ke annlio 4y by o mls

30 lize glasled j0 ool s Coluwe SSlas 4
A IS @ azg bl oud ool las (A) S
Coluw gSlas polie o S aS 59l o0 cdnli
4 S b (slojlad (Lol e 50 00D
ool Sl 51 (x5 a5 5l cnl polie
3 0dd s Sl ST 4S5 jsbay ol o sixe



Yy

Ol 2! ST 5 6okl (owispen (Lidghy (oole 4y
Vo juls . 4 g o 05lons .o o Jloo

Sy, 9 305 sap OSzeykad JFs 4 Sy JId
s ol bl adls o 0 1) piaew 99 o Coluw
oo 53 a5 0l las 58 (WWAA) seu)S 9 (oS
@ ol g aiogn Gl b (e 5 (el (gloykad
S 28l 0 6)lal Sl 3 sl ST > S
& Ja}g}a O&%o)laé u-*-’b A pn> ol Oty

SOb oo (Gl o ot 1) ol 20

7000 @SDI

S 15 b, doms i go 45 el ALES il A+,
L; G’;da_m LS‘°}I“§ POV °“\*i.’u“'.t-"> Y WA “S.f...a
L5~"> )o) kida"'”)") L_S‘c).laﬁ W )| LS‘JL‘) dy-»?‘
P S gy o Baokl sezg Jdo 4 by
o P9 0gde S 0ly ISze kb 5l O kel gl
Sl a5 (555l S (o yudS (29,5 g, (ke )
J3ls O e pbol,S sl s a0 S g0 of

a

3 000 mDI

} 5000 b

3 4000

l 3000 d

;, 2000 ¢
E 1000 f

0

4 8

(L.H'l) <

o 3y 9 b (Glo yhd i 3O ol s ol S Tos g Lot (M) JSCo

@ G L e s e Sloskd 5Ll
Ol Cashy (88 & 565 polie (8o kad 5l g,
S b aS ol lis il cnl s (JS ) ebas .ol oo
(b )5 o) kel o5 3, 5 (20 i
b 4 lSzo,kd Bl snd jws colie olie
W )b o..).wu....} WLM "\'SLS" )M ‘_g)‘ou’_uu
&lo ka8 (o 5ol sl L ‘Sz.la.w &lo,lad
4 oary boadboe i (LS (o0 )0) (v
&lo,lad s 9O 4B &y QT Sdze &sjei polie FLes)
A )0 e ablboe dla>de BB xlaw g (el
ol RIS ol 5 T laptons o 53 o1 555
gl Bran 0 g9z abyo ol T L cslie 5 5 k]

@ 5 1y solamdl Glpsgi 043 ags 4 45 39d o (&5,

S 35 Az

dogi 5 S 3blie ;0 Ol mlie 35S 4 4z g |y

5 b Gloykd glel e Coenl 5 Sus
4 Gapde glaylal) al)) (bl ol jo ()
g ol pals 5 lel plesil, il sl
slo)Sal) cul 5l (S y o0 5 42 (55578 (60l (Shos
&S5 539 5 (Bl g8 polie (58,5 a0 50 (L o
ol (> Cluwe ST 5 (5Ll Gloj 5l dmr O suore
S Jae So B o a8 agh cpl e sl
plosl (Bolai SlS aly 25 B yo 5 )5l & jg0s
Solas ASla g 30ome @95 «s3g0e 9 (Bl @ jgi D
Sloskd gylel i sl b, Sl ead e
B oy p O)90 (B (0 S0 (v g (b
slajloss ;3 (Baiow (nl 5l Jolo @ls ulul 88



ol 2! ST 3 6rlel (owiign (Shdgls (oole s pid
Vo) a4 g o 0ykods o o Jloo

6)‘;""“"" &9 polie as ols las gado pl mls oyl Jlis
_inghy Cglae LAY/Y YAV Sls )18 (b imgs ol o35 abi>do LB ((sog0e 5 (B gz 90 50 ol Saze
19,08 5Sie Ciglas 5l 4S Cansl o alool STl otk Slapians (b o el ol G35 Sl e

93,5 oo oty Sapde & b pj g (b loykd 6Ll
Dged dalgt Ll S8 O G pas

&b

b ) 1o kB (6l s o Shoe (Kol g (B by AVAT ez 150 (LS o plo ) s AL
FYV-F) Vamio A o )lods Yol ool 2505 5 okl a8

54305 0 50 pesieel 5 OIS @ie oy p AT 2l lesdlpl 5 0 e olyg w8 o9 o> o )
o)Lo.ff; sf’A.\.l} ‘u‘)-l‘ S 9 u_:] k-)LG.».O.?U 5 4.1.7.9 .0)5‘ o55 alise ).u)l.a.a o)_))lS Ja.:‘).w ) u)o Ja.w}a 0)5).».».0 u_:\.\> 9 s\w
A+ F-AQ) amin f

g s slo lad ‘_g)L:.g—‘ o 9 Sl Sl A lae YA I A RV RV 9T O,8 S oy o Bl
DAO-OYD axan ¥ O)Lo..:} sY?d.l} ‘((5))5@5 é:l.ua 9 lnslc-)&jl} 9 A_:T 6\.:).....: 4\.uw.> )5)L3 ULO)O O)ﬁ.o.c 9 .\.w) »

) g (e (glo &k i 53 (g lo (Fab s Colue Sb3 VAN i S g o (oS
119 eloamio B ojlads V8 alo (S 5 T cbliz glaimgs 4, ol 5 atwsn b,z b

sloskd il lapiars ;5 O Gorta ger 29z @358 i) ITAY O (ol 5 Bl w0 (oS

NAYNAY loamio ¥ ol TY al> «SB g Of (als 4,85 xaw 55 g oxans

Cote, C.M,, Bristow, K. L., Charlesworth, P.B., Cook, F.J and Thorburn, P. J. 2003. Analysis of
soil wetting and solute transport in subsurface trickle irrigation. Journal of Irrigation Science, 22:143-
156.

Elmaloglou S, Diamantopoulos E. 2009. Effects of hysteresis on redistribution of soil moisture and
deep percolation at continuous and pulse drip irrigation. Journal of Agricultural Water Management
96: 533-538.

Freeman, J. Cook., Peter, J. Thorburn., Peter, F and Keith, L. Bristow. 2003. Software tool to
display approximate wetting patterns from drippers. Journal of Irrigation Science, 22: 129-134.

Gongalves, | Z., Barbosa, E A. A., Santos, L .N. S., Nazario, A. A., Feitosa, D.R.C., Tuta, N.F.,
Matsura, E.E. 2019. Nutritional balance and production of sugarcane irrigated with treated wastewater
through subsurface drip. Journal of Irrigation Science, 37:207-217.

Hanson, B and May, D .2004. Effect of subsurface drip irrigation on processing tomato yield, water
table depth, soil salinity, and profitability. Journal of Agricultural Water Management, 68(2004): 1-17.

Hu, T., Kang, Sh., Li, F and Zhang, J .2009. Effects of partial root-zone irrigation on the nitrogen
absorption and utilization of maize. Journal of Agricultural Water Management, 96(2): 208-214.

Hussein, M., Ghobari, Al., Ahmed, Z., Dewidar .2018. Integrating deficit irrigation into surface and
subsurface drip irrigation as a strategy to save water in arid regions. Journal of Agricultural Water

Management, 209: 55-61.

Moldenfor, D. 2009. Creative direction, editing, and typesetting by Communications development
Developmentincorporated, Washington D.C: 23-38.

Oron, G D., Campos, C., Gillerman, L and Salgot, M .1999. Wastewater treatment, renovation and
reuse for agricultural irrigation in small communities. Journal of Agricultural Water Management,
38(3): 223-234.

YA



Ol 2! ST 5 6okl (owispen (Lidghy (oole 4y
Vo juls . 4 g o 05lons .o o Jloo

ra

Zhenjie, Q., Jiusheng, L. And Weixia, Z. 2017. Effects of lateral depth and irrigation level on nitrate
and Escherichia coli leaching in the North China Plain for subsurface drip irrigation applying sewage
effluent. Journal of Irrigation Science, 35(6): 469-482.



ol 2! ST 3 6rlel (owiign (Shdgls (oole s pid
Vo) a4 g o 0ykods o o Jloo

Laboratory Study of Moisture Distribution in Surface and Subsurface
Drip Irrigation Systems

Sogand Arab?, Javad Mozaffari?, Mohammad Javad Nahvinia®
Abstract

Soil moisture distribution is affected by various factors such as discharge and the type of irrigation
systems. In this study, it is tried to compare the horizontal and vertical distribution of moisture,
redistribution of moisture in the soil and the wetting area at the end of irrigation in two surface and
subsurface drip irrigation systems. For this purpose, an experiment in the form of a glass physical model
with dimensions of 1 x 0.5x1.20 m, two installation depths (0 and 30 cm) and three discharges (Q1=2,
Q2=4 and Q3=8 liters/hour) for sandy soil texture was performed during six hours of irrigation as
factorial and in a completely randomized design. Irrigation moisture redistribution was investigated after
68 hr. The results showed that in the subsurface drip system with doubling and quadrupling the
discharge, the wetting area increased to three and five times, but in the surface system it changed to two
and four times, respectively. Also, changes in moisture redistribution in the subsurface drip system have
been more than the surface drip system, because in the surface drip system, water moves more freely in
the soil and most changes in the moisture front were made before redistribution. Considering the
moisture redistribution is very important for the design of irrigation systems because it leads to better
management of moisture distribution and prevention of deep losses.

Keywords: Wet area, Moisture redistribution, Horizontal distribution, Vertical distribution
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