Yol
SB g ol cblis glayiag s &yl
IFA0 ¢, 0 )lowd ogu 9 oy Al
http://jwsc.gau.ac.ir

X 53 5 (510 5128 (5 LT i 38 O 5 &3 399 (595N Lo gliody sty 5 das

" laks Jute 5" gan S HLaas"
ek oK (535S 0n 5 Lale Dla s’ Ol i Dl S oS0 (DT uiige 5 poke 05 S Slstal

QO 1y fusl ¢ AHANA il s gl
S
Sl ssladl 5 She iy S Olyear Sl (olel e 53 Ol 5 38 Olojen 308 e able
358 5 ol =35 2L pde el gl lad (LT s wip Sy e pde immes Sl old i (53,5l
031 sl aSly s o 2alS |y s 3 Shes g 6 035,00 5 o do 5 i G jeme dbogip 2355 o
Coeal 3l S Gl 53 el s e O CldS Sepl @ oar s b oosde i sl 0us
303128 s sheas (slo o (6l prs 055 o e (5l il el s1ed SO ool 55 1 g 5 G
Ll G508 Sl S
b SLL SaS Wlg e Slass sl bl eslial b S s Dl a8 055 oleand B, 9 5l
Lk ¢ 5 A S bl OF (siluand 5 shaa asllas onl 53 &S oo 5 sk (ol (slaptnm
St 53 Cile Dl 5o S s Dl mi e oskea SVslee &l Gaa Ly St il
sl boGslas o8 S die K s bapilesl Rasn ol s acd ol ol (slolad (g L]
Gos w5 O s =l & (Svs 5 oK da 20) L g5 4 Suy x5 TMX)/YYmx:/0m
QD Y8 slis by cele Vg bl 0l L Lol b oo s S 515 o5l 5,5 S0cm 5 ¥ecm o) ocm
Ol bl bl 4w bli bl 558 Glasles cmen 35 Jlesl cele 53 23 (Q3) 1 5(Q0) ¢
(CHNLO) o5l 555 51 Laass ol 53 olel 558 lasles Jlesl | shaeas 55 2 s oS e TVO 5 YO YO
A3 S eslanal (3l s s £7)
2> O s Goleand len by golal SIUT 5l eslinal b5 pleSU T ansd S a4 e Lol
WS adsl Sl 3l ol 4 W5 S Wl e 3s50 DL g A gl s a3 (glo a3 ol sl
(ol Ol L3 (53,18 Ol o i 5550 BlE olad adbols (St adsl Cush, (ool 358 3 ol i clale
Glpedd loand 5 ©So3lul alie o bl mlE ASL e Ok s 5 S Ss s Solis
M) Ol Op w5 ol Sdo ebside bdte ) 8 ol 0 Sl S s 3 w8 sbade
00k 25083 5 O gl 5 oy Jals & das o plonil St s Sl 25 65 e STy 5 SVl 5 e

bakhtiar.karimi@gmail.com 45 J yes *

Wy



1190 (£) )l dTF) Als S 5 f clis gla idg}s s puls

350 St s ileand 5 5 ,Seilll olie o oL b il e ol s Sdas lls (S s (wab e

oty g Sl OG0 b Coad ilies Blasl (gl ladie ol &S das o OLAS g5 cpl s eslanal

le.ﬁdb Ls\j"JL;"") ;SL}- LE‘J" (RMSE)UG;-@;} 4...';.:) g}:K}L:A u.a;-u J;Juﬁ jﬂn&j:ﬁwMJbJ‘}.’ WL‘
;fdjj 6L>- Ls\j" Jibuﬂ U"‘ﬁ‘)"iﬁji "JJTJ{ ./\.C\ 9 '/\\\/ ¢~/\~Y‘ Jl"u‘d ;M.':'JSA.: Q3 )Qz LQ] obu.“wu\ 5)}4

"\“:'L’Lfd /N )'/'0‘\ /*Vo J.ibu.a ;,.JJSA.:J.&;SB 6\ﬁ)'/'c\/\)'/'c\c\ EVARKS ﬁﬁuﬂ ;,.JJSA.:

Ly olad oYL s L badde oS sl OLis sl sluand 5 odds pSoil il olie o auslis Gb 1§ S Ao

Seg 4 e J.j\j:& dzla.dﬁ)' Ls\ejla_; nglﬁj 6LAM f\JJa 55 SYsles RN S e S e

.JJ;LAW ol s s

Gl o (glo s (gLl (ol i (galul JUT sontelS™ sloosls

Sy b b glojhs bl L3 1 ol
e oS sl s 5 sl 18 Lol o) e il
Sl T S sy ol slas,ls s ol 1S
Gfmes 5 03y g (Gusks Sy S S Sk
Sl el il bl co pde oS Al o
ol el 0T L oclas 5 Ol i &S > Ges
s S edd e glac] b
DS 5 Kdigr (V1) AS o slawl (5 p LU0 o
i SaS s Salesl sis Sleslizal L (Yerf)
Lasls p S s ool 18 &35 Solwad 4 e
Shssaos e bl Sheslinad b (lagsy pl 5o &S
3 edsl Olas chle (S oadyl Cugb, L3
Sk olg Casbs 5 63,0 Of e Oz 3
ot b Gl 35 3 e Sl Sl sl
Lﬁywéésbomuﬂ“@)}i@u.,\izﬁ
Sy ol (Slwand 5 ol (5 ,Se Il glaesls oy
Sasar mis & (T0V) OLKes 5 J.OT) 305
CHl e s aY Y glas s ol xS s cusby
Ol s sk oS e s Al
Lsls 13 bl sy b il lag sl
Copde @l 0T L el o pde sl Kal, 5

OLaa 5 oo (V) W S &l bl 555 g

YA

Aoddo

Gl 385 L Ologen (glokd (gill prenn

SouslaS sl ol 5 S Sy, S Olssa
03 ey Supde pde romen ol el als
35 5 ol mis QLS pde el le i (gL
5ol b 5 G Gas desinds s
Wi e S 1y seames 3,Shes S &8 03,2
b ossdon oesns slacl 0us el col oLy
2 el 3 ke Ol il Sl 4 e g
ol 35 5 B el 5 K bl
038 Sunde ol @l Jedlgs S
S L (53558 ey (glo a3 (6olal
Al e ol sl () cal (g8
S Sose ) sl B s 5 (goladl
wly Shles Gad Grme Cowsol s ol gl
33 (Yert) OLKaa <N V) sl Jles
Slo s Gyl pre S35 2 S 25 slatasn
o 4 odidls pldl o oo} Sy (el 5
ookl Db Gl 5l 58 ae Llie s
<=J§j,L¢5\‘\/o S YYO o asS ang Hldie oS al s
Ol es 3at Sl OF gl 5 004 LS s
S5 wis (e 8) OiSas 5 J (A 23l o 5



Sl Jole g 00 5 LSy

@bl SIUT 1 eslizal bl sy €0 iass ol 5l
e e > D i e sk
Al e (613 po g cilises Lol 3 5 e (glo
5wl o 6ok ldlas rgalayl FAHEPP
ST S esliad b bl e 55 asb)
Sl doles 0sSU Ll ol a8 5 Oy (solal
Ll sdis &l by sl 4l s Ol xs &is
bl o3 IS dslee Ll fags ol Ciua
e Gle ks ool (e 03 DS w5
ST AT A A 0) b e @bl BT i, @
Sk ol eSS il Gl OV
S s usby mis g oS Sl opl blina
Al Ky o gla el 4 adl5Y Gl bl
DLl s aS pla el b e ol gl
50T 51 eslazal b zelb cpl o Jalsy b sl
e bl Sl SOk e sl Sy ool
PSSt T oanas SVl SO s ol 56T
Sloda e N S| aS AS o Ol andd cpl AL s
S Al sl sy ool (Kea ol s
Ol Lsdip oy ol i M alewse
dhar 33,8 S day O3k 05,8 DML L 1 WO

D A 5 D seh Sla it

f(NlelqulKSlvlthle()lNO) = 0
R=VXZ+Y?

O dslae 3 a5 ol o St Ol 15 jslie 5 S
_}(Nl elqulKSlVl thl QOINO) )\5-'\*{ J::*:“‘ 02
Can ol ls gl s e (L, T,M) ol e 4

b el A pale M—M =T )

yvra

08, s mis Gleand 4 (V007
raokle Sl el Uopadsel 5ol (Ol
D Gl S s ol @L:j s (G s
il gl =y sl s o bl e
ookl Jde 68 sl 0L w2 S elnil soll 58
oslatal 3550 slas S (giluans s YL s See
s Soleand wwey 5o &S A a (V) sl
F T ol sdey el 4 (o3l Dlalllas b
S WOT 500 A AY A A4 A 0 ¢
03 Sl s A 53 edd bl la s
o mos S bl 4 b le ks b
2 Sl gla s g e S s a8 0 Oy
el @ S s Ol mps Soledde )
ookl i Sldllas 5 is 55 & Cl sl
o Jde ol 8l st eslizad (3leand gl
Sl bl a0 5L Ll ddb e 5,08, 5 G Lo
5 sess LOT ,Seilhl 8 505 o3k 35,3
b Gl 8 e bk S AL e K
s opd ad S s b sl sl (ooll e
Wy AL 0l ane g8 a0 Ol 20 5 ok
Sl Cogby Ok oo S psa
358 chle 5 3,8 O e ((Spsda Colia
bl <=Lm.7 05 Sld s Casby slie <olol

")

™

s 54 N,0,F,q,Ks,V,t,R,00, Ny (s 5
s pled Sboadl by S el Ol
== ol Ol e 4 o b
o e S Sy colia (o5 )8 ol
Cosb bl O s oz chle O ki



1190 (£) )l dTF) Als S 5 f clis gla idg}s s puls

f(m, 7y, ) =0 \
é)\ﬁﬁbﬁé;»&\{clﬁ.a L;)lﬁﬁmw S Sl Oygoipds Togla byl ad S
a duosdk OVsle Culg g g ssd e eslanad e (7 el 53) M oslies & $5% aze n 3 S
([ _ 3
|a; = -3
mo=q% KPFOV o= (B TTH% (LT DM L) B o= { 3 (£)
| bi=3
k ¢ =0
([ 1
@2 =—5
my=q% K2 F2 R = (13 T™H% (L T~DbPM L73)% 1 = { p 1 (®)
| Y27~ 2
k C2 = 0
az = 0
T3 = q% K5b3 F N =3T 1% (LT VDM L3 ML = {b3 =0 V)
C3 = -1
a, =0
My =q% K2 Fe 9 = (I3 T D)% L T HM L3 = {b4 =0 V)
c, =0
( 1
[45 =5
ms=q% K’ FSst = (I3 T 1% (LT )bs(M L3)sT = { 3 ()
| bs=3
k Cs = 0
ag=0
Mg = q% K¢ F¢ Ny = (I3 T™1)% (L T~Y)Ps(M L3)% M L3 = {bﬁ =0 a)
e =—1
a7 = 0
m,=qY K F7 6, = (BT HYALTH"WM LY = {b7 =0 ()
C4, = 0

G m LSLQU‘):’. bl,bz,b3 b7 3aq,0,,03 ...407

V€



Sl Jale g g0 5 ez

q
1
K.\2
q
_N
7T3—F
7T4,:9
3
KZ
7T5:_it
q2
NO
7T6—F
7T7:90

i g Dosea S¥slae bl ol s e

::JS.AA\)} \_J.:J1

K.\2
V*=<;S> 14
1
R*=<%)2R
N
N*= —
F
0" =46
3
KZ
tr=—= .t
qE

1€)

(V)

avy)

(Y)

(\¢)

(\o)

SRy

v)

Shoemls s e s o U sl

LSJ"’)\J-; CJ)MA{ 9 .,\;JMAN,G,V,t,R,eo,NO

o3y Ol laae Of 355 51 oyl il L

(A)

(14)

(¥Y+)

(¥V)

(¥Y)



1190 (£) )l dTF) Als S 5 f clis gla idg}s s puls

Ny = — (Yv)
F
90* = 90 (Yi)
S 35 o &l Gl T s 3l S5 O s N P N P U P VR ¥ PSP e JUR
ClB O slael pl aS el 4 a5 LA
9*)N*¢V*C\}7WJUJ\; bv.:_\.\..z;jufp
el N6, [Ny N N(?'SGO
NY=1m, .15 .1 £ 0 N =—r— | —m= ——— (Yo)
3 7 6 F F F1_5
o z
[EaSaic K \2
v = m?.m, — V= (;5) RSV ¥
T e 03 5 st Lails, OF 03,5 eslu 5 dalsy o3l 51 ey
N = F(V) -
N* F1.5
=——0z Yv)
6o No
b e ol 3 O pon bals) 26 e b e
1.5 F1.5
N=——+ FWV) = ——= .my. V'™ (YA)
90 NOO.S 90 NOO.S 1
A dal g 5 e Vsl LU ol ool K8 4 A 05 Ll O S
P 7 N2 P
* __ *MNy i ke N NOO.S 90 _ KS # 0.5 i
N =m,.V = m, —) R™V LS
F15 q
15 In
F1 Ks\a'2
N=m, .W (75) RO-S12 Y2 (¥a)

(kA )



Sl Jole g 00 5 LSy

Jlis wlg e CRM 5 EF sl o Sl EF
I o sk S ME b polie sl axils i
Ol RMSE 5L s & J= 55 o Jus 3 SIS
53 e o 5l 5eS L e Sl i sl S das e
Cos CD oylel ol i Slaalie U aslie
Ol das Seilll 5 pw i polie o |y SST,
ool b1y e i polis EF oyl liis .das
Ol Kby BF i Jlais .S o auslis lacg ,Sojlnl
S8l p wkd g Seilul olie o Sle S
5 CRM oslel 3ls el oo 2o 3l e
Al Lo, Soilul olie 4 Jhe Ll Sl
o2 bedd (6,805l 5 e olie pled Ol
CRM=0, L .l las,lsl -pl (g3de ltis s ol

A aal g EF=0, CD=1, RMSE=0, ME=0O

ME = MAX |P, -0,

n
i=1

1- ME

2- RMSE
3-CD

4- EF

5- CRM

om Sl Bl Bl sV mls B8 K s L
A O (M amp) SVsles ol s O Slael
S gy aw Gl Slale ()l A5 S aalou
Nsad g S e LD S ol Bl S
A esls 5l Jed BB 35 Ly Ol el oy
Jebs 3 edae Slael SLosl 6l dny ale e 53 s
ol s e 5SS el palie s St 5 Lalles
oeos ol s eslial )40 slaeslel s esliad
sl pss alyy Sl et Sl Jul
S dmen Sl Sl e 5 Jle GLS s
el 15 Dyt Lao bl pl Sl e
sole O wddpw e slie P laol 43 &S
0 5 b, Sa gladsed slde 0wl ,Sosll
Bl il e b, Soill buge olie S
e Sl el 4 CD 3 RMSE ME i

¥

)

¥Y)

¥v)

¥'e)



1190 (£) )l dTF) Als S 5 f clis gla idg}s s puls

Kile B Bl s oS ek S5
ol s DS 5l bl ol edd atls
S8 Sl 5 LSS g 1y S Yl
PR ash 3 S el EXICEINY
okl Ol bl p g S Sl 558 lasles
bl Sl S sken iaes S el
Shestinal bl e 53 e UL~
bl 5 bl e S O3 5
L dde dl cudlas e ol Gl S s S
SRRSOV (I NP P
S aalaiss 5l S el oK s g la bl
S gladiged ¥ IS8 s sld el bl
sk B s S Jie olSislesT 4 5 ey sTmar
AL badaims 4l 555 6,83l St & 25
QIMCK;A)JJJijbJ &5:%\5 EPPWIY
Soslper el dowst DS 5 Cush (sl sl
Sl Sl ka8 (VS Gils)
islesl a3 cele YE Sdosy ad gl T
A L e gt S U an S S
03 ol 3 CLM\ olas jastio b
A3 S e bsbe SlS bages opl b 50
5l 55 gl S 5l e b oeslae fpl e
Sl eslel 5 4 S 15 oass glals b
s 31 eslamal L Sl s e A3 S

A ST EN Y e I b L e S

V€€

W sdg; 9 dlge
Jhe s baotbesl cnl 1l TS
53 5 YMX)/YYmxe/om sl L8 WS
b e 5 63usliS eaSils (558 e oKl
o Olid daime b e pll 4 Ol o ils
el OISl 5 (1 JS8) 0k S8 s 2y
ol 03 2 edd al s Oleses Shlesl aw Oleses
(S 5 o chawsie) b g5 a5 addllas
AL Jue b () Jsdr) s S eslinl
S by Cad a8 288 sl (sl S
2l Bl s Sepl e b il S g g
b i 5 il S S
L s 3 5855 G V) 0w Sl o
b b Gre /A els Se) boge 3 S 3L
sYrem doem Ges aw 55 O ks (Y SKS)
oo s o3 o S 513 oLl 3,5 tocm
oS Cale (BL) Lass opl o3 edlatal )4
s ) Q)N 5 Q) E (Qi) Y/ (Sl
Gl s el T lajle e s bl Gley oot
DLV USE s Olpeed i Same Sl S
Bl ol 355 Glajlas imen ol o o3l
D?&Wo s Y0 Yo ol cble bl 4w
ookl 38 slals Jlesl slaen 3y 2 3
1oy 81 (CHNGO) ol 355 5 Liess ol
Sl ol oysl 558 Ol s s 8 eslinal ()
P 33010 Casses O5LS w0 08 ul &S

“gi Q‘)&M ww 9 >J3§Lfd )\J.; oslaul LRy



Slabw Jole g 00 5 )l

) ro o
Clay Loamn Sand
0.5 m By-pass assembly
o o st
» off-on valve g |
It Sub-main
[ Main|tube
T ! s 0.0 m —— Filter Gauge
' P A o T e
Pump Reservoir
Wl leT el (sl by o VLl 5 AL fe¥ ) IS
Figure 1. Laboratory lysimeter and related fittings for expriments.
Sampling
&b e el
Emitter + 5
ok ol L 42.5¢m
10em — -
20em =] L]
—a

40cm - = A

SScm L

Tocm - ]

5T plomil 31 ey 0dd aseta DU 53 S 5l g g ) bl 5 alaions 2 55 Dl (Sl Bl 31l —Y IS

Figure 2. View of the nitrate measurement points in each box and a view of the soil sampling at specified points
after the test.
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Table 1. The physical properties of used soils.
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(sample)  (%sand) (%silt) (%clay) (Texture) (Bulk Density) < A G
(Density) F.C Saturate%
L2 -5l [
G 46 18 36 e 12 2.65 21.6 375
(Heavy) (Sandy-clay)
Lo e 2L L iy =
S 55 22 23 G S 1.35 2.65 18.7 345
(Medium) (Sandy-Clay-Loamy)
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== g6 13 11 o 1.45 2.59 14.1 30.1
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Figure 4. Comparison of the measured and simulated two-dimensional distribution of nitrate in the clay soil
for the depth of 15c¢m (First Row), 30 cm (Second Row), 45 cm (Third Row).
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Figure 5. Comparison of the measured and simulated two-dimensional distribution of nitrate in the loamy soil
for the depth of 15¢m (First Row), 30 cm (Second Row), 45 cm (Third Row).

Yoo



Sl Jale g g0 5 ez
il 10 308 — Q) (30 — (i

Sand- Q| - Emitter Depth (15 em)

il D o (D2 2D
Sand- Q,- Emitter Depth (15 em)

il \ B g Qs 33—
Sand - Q, - Emitter Depth (15 cm)

5
Nitrate (i)

Wit (mgricni )

il P gus— Q) (30 — b
Sand - Q

- Fmitter Depth (30 cm)

il T gt (D (i — i gl Vo 305 — Q3 (o — e
Sand - Q, - Emitter Depth (30 ¢em) Sand - Q. - Emitter Depth (30 cm)

3

Nigrate {mersm )

Nuule (e )
e
¥ 3

1,

Nigrage Angrron )

rpailes O pos— Q) 39— i
Sand - Q,

“mitter Depth (45 ¢m)

eaiiln O 08— Q2 (30 — (o il O gk — Oy (o — (i
sand - Q, - Emitter Depth (45 ¢m) Sand - Q, - Emitter Depth (45 em)

\
Nigrate (e )

1

ke (ngrcm )

Niraie (merce

b LI j

Slesl (gl g esliial 5,40 sla g3 (gl S5 S 5 Ol 25 gy G)_,S' ok gilwand o 6,_50}‘-35‘ ol anslie 1 JS.’&

e sl (f""' 3,) 80 (f-” ) Vo (Jgl s y) Vo
Figure 6. Comparison of the measured and simulated two-dimensional distribution of nitrate in the sandy soil
for the depth of 15¢m (First Row), 30 cm (Second Row), 45 cm (Third Row).
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Table 2. Comparing the statistical parameters of the simulation and measured data for nitrate in clay.

R’ CRM CD RMSE ME = (M) s G
(flow rate) (depth)
76.2 0.447 1.29 0.117 0.182 Q
723 -0.155 0.726 0.073 0.142 Q 15
73.3 0.292 0.387 0.12 0.215 Q
68.5 0.303 2.49 0.153 0.259 Q
78.2 0.327 0.74 0.078 0.154 Q 30
70.5 0.187 0.887 0.12 0.245 Q
64.2 0.372 1.47 0.105 0.183 Q
69.5 -0.036 1.89 0.082 0.176 Q 45
59.4 0.258 0.241 0.141 0.277 Q
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Table 3. Comparing the statistical parameters of the simulation and measured data for nitrate in loamy soil.

R’ CRM CD RMSE ME = (M) s G
(flow rate) (depth)
76.6 0.205 0.989 0.046 0.081 Q
65.6 0.265 0.137 0.09 0.151 Q 15
81.5 0.52 0.067 0.222 0.26 Q
64.4 0.55 0.119 0.129 0.204 Q
75.8 -0.076 0.34 0.088 0.143 Q 30
72.9 0.216 0.187 0.08 0.139 Qs
85.4 0.515 0.117 0.117 0.15 Q
65.7 -0.041 0.577 0.073 0.144 Q 45
71.6 0.212 0.155 0.105 0.198 Qs
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Table 4. Comparing the statistical parameters of the simulation and measured data for nitrate in sandy soil.

R’ CRM CD RMSE ME = (M) s G
(flow rate) (depth)

68.5 -0.092 0.128 0.042 0.059 Q

71.8 0.274 0.294 0.079 0.138 Q 15
67.6 0.125 0.126 0.106 0.229 Q

76.6 0.274 0.132 0.052 0.069 Q

77 -0.136 0.536 0.069 0.106 Q 30
62.9 -0.088 0.547 0.057 0.114 Q

93 0.47 0.164 0.094 0.126 Q

76.7 0.231 0.253 0.085 0.174 Q 45
64.7 0.367 0.038 0.152 0.232 Q
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Abstract

Background and Objectives: Drip irrigation with fertigation provides an effective and
economical way to supply water and nutrients to crops. However, less-than-optimum
management of micro irrigation systems may cause inefficient water and nutrient use, thereby
diminishing expected yield benefits and contributing to ground water pollution if water and
nitrogen applications are excessive. The quality of ground and surface waters is specifically
vulnerable in dry regions where agricultural production occurs mostly by irrigation. Robust
guidelines for managing micro irrigation systems are needed so that the principles of sustainable
agriculture are satisfied.

Materials and Methods: Simulation of nitrate distribution in soil by means of found early
parameters can effectively help to design the subsurface drip irrigation system. In this study, in
order to develope equations to estimate the nitrate distribution, the experiments was done on
three different soil textures and in different directions. In this study, experiments were carried
out in a transparent plexy-glass tank (0.5m.1.22m.3m) using three different soil textures
(fine, heavy and medium). The drippers were installed at 3 different soil depths (15cm, 30ch and
45cm). The emitter outflows were considered 2.4, 4 and 6 lit/hr with irrigation duration of 6hr.
The fertigation treatments include treatments with nitrate concentrations of 125, 250 and
375 mg per liter. The fertigation treatments include treatments with nitrate concentrations of
125, 250 and 375 mg per liter. In order to fulfil the fertigation treatments was used urea
(CH4N,0) (46% nitrogen).

Results: By using the- theorem of Buckingham and Dimension Analysis (DA), equations were
developed to estimate the pattern of nitrate distribution (horizontal and vertical) in three soil
textures. These equations are as function of initial nitrate, nitrate concentrations in fertigation,
initial moisture, radial distance of points, applied water volume, hydraulic conductivity and
emitter outflows. The results of the measured and simulated values for suggested models of nitrate
distribution showed that despite the complexity of this ion, specifically the nitrate distribution in
different conditions (due to the interactions and reactions of nitrates in the soil due to the
phenomenon of the nitrification and denitrification), have a good performance. The average of
Root Mean Square Error (RMSE) values in clay soil and for emitter outflows 2.4, 4 and 6 lit/hr
were 0.103, 0.117 and 0.109, respectively. These values for loamy soil were 0.119, 0.099 and
0.098, respectively and for sandy soil were 0.075, 0.059 and 0.11, respectively.

Conclusion: The results of the comparisons between simulated and observed values showed
that these equations are very capable in predicting the pattern of nitrate distribution in different
directions. Considering these equations in designing surface drip irrigation systems could
improve system performance.
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