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Abstract
Background and Objectives

Over-harvesting of water resources along with climate change led to the aggravation of the water shortage
crisis. Therefore, proper management and planning for sustainable use of water resources are of great
importance. In this situation, one of the most effective solutions is to increase agricultural water productivity.
So, the main goal in improving agricultural water productivity is to save water consumption along with
increasing the yield of agricultural products. There is 128,000 hectares of tomato cultivated lands, standing
for 1.1% of the total cultivated area in Iran. Also, irrigation management is one of the most effective and
recommended ways to control water consumption in tomato farms. Nevertheless, it is necessary to study the
mentioned solution on large-scale such as a province with considering different climate, farm area, irrigation
system and irrigation management in the field. In this research, irrigation management has been proposed as
a solution to improve the water productivity. Initially, the current status of irrigation management in twelve
tomato farms was investigated. Then, the effect of the irrigation management, specifically the corrected
irrigation schedule, was evaluated owing to enhance the water productivity.

Methodology

Twelve tomato farms were firstly selected in the agricultural lands of Zanjan province. Most of the
experimental farms were equipped with drip tape irrigation systems. In the second phase, two farms were
selected and the proposed irrigation schedule were implemented in order to improve the water productivity.
Each farm was divided into two parts; one with real conditions (farmers' management) and another with
controlled conditions. In the controlled treatments, irrigation management was implemented through
optimization of irrigation time. In each farm, basic information such as area, physical and chemical
properties of soil and water quality were determined. Irrigation information (such as inflow discharge and
irrigation schedule) was measured and determined at least three times during the cropping season. Soil
moisture were measured before and after irrigation in order to calculate the water application efficiency. The
amount of harvested product and production costs were obtained at the end of the cropping season through
measurements and interviews with farmers. In this research, the indicators including the volume of
consumed water, the water use efficiency, and the physical and economic efficiency of water have been
determined to analyze the water productivity.
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Findings

The minimum and maximum of consumed water in tomato farms was measured as 6142 and 17580 m3 ha-
1, respectively (with an average of 10669 m3 ha-1). The average consumed water in farms with surface
irrigation systems equal to 16600 and in farms equipped with drip tape irrigation systems is about 9483 m3
ha-1. While the actual water requirement in the studied area is between 6120 and 6950 m3 ha-1. The amount
of application efficiency was calculated in the range of 34.8 to 90% (66% on average). The average of this
index in surface and drip tape irrigation systems were determined 39.9 and 71.4%, correspondingly. The
minimum and maximum values of tomato yield were measured 40- and 140-ton ha-1 (with average of 77.2-
ton ha-1). The results of the second phase of the research showed that the application of proper irrigation
management leads to a significant reduction in water consumption. Implementation of this strategy in farms
201 and 202 led to a 39% decrease and 8% increase, respectively of water consumption during the cropping
season. Irrigation schedule in some farms is relatively fixed and they have less flexibility compared to
changes in net water requirement. The water use efficiency CPD was calculated as an important criterion in
order to investigate physical productivity. The value of CPD was obtained in the range of 2.3 to 22.8 (on
average 8.7). As the consumed water increases to a certain amount (approximately 10000 m3 ha-1), the value
of the CPD shows an upward trend. However, with the increase from the mentioned value, the value of the
CPD drops. Implementation of modified irrigation management has led to a significant increase in CPD
index. On average, the value of the CPD in the controlled plots has increased by 29.5% compared to the real
conditions.

Conclusion

In some farms, the irrigation schedule was not in accordance with the net irrigation requirement and
excessive irrigation was done by farmers. It was especially evident in the first half of the crop growth period,
and with the reduction of groundwater level, the depth of irrigation water became closer to the actual
requirement. In fact, the limitation of water resources was recognized as the main factor controlling water
consumption in most farms. However, it is possible to considerably reduce the consumed water and improve
the productivity by applying proper irrigation management (specifically correcting the irrigation time). Using
the results of the present research through the preparation of understandable instructions for farmers can lead
to the prevention of excessive irrigation and the control of water consumption in farms.
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Sl g 0l VoY Jlo IVYE B YV (ladsin Foylas ¥F uls / S g Ol Ll 4 8
[ WATER @ S0IL ]

SN P94 55 & 3130 30 WT O pa0 (5390 3¢ ¥ (ST oy I

2GR 0 eelow! (6 R 5w ¢ (Sliw S B T ol ol Bl B (TS sar> (SUge omo M * gl 9l g
\i'\/\'/\“\&ﬁ)ﬁ@)b \i~\/~/\/\\/g;-al;").>@)l3

\i'\’/\'/'\:w%\)ufi\@)u \£~\/~‘\/YO:&\J,U@)U

Ol oSl (g5, 5LiS 0 aails (ol wdigs eske o5 8 sbskul -

Ol o8l (el mbio 5 (55,5UES s (U5 ol e 05 5 (683 (s gmils Y
Ol Olil s g 5 asl s Dbl () 508 (S5 a0l 0 bl )8 =Y

5 (o3) et plel el ol81s (55 5LaS eSS ol dige 5 ke 055 Ll ¢
e a5 ol (53,558 el (535S Ja3sal s s s S Ll -0
ojaghlou@znu.ac.ir : Sy Sl oy (L3 J g 3

LRYLEN

slaxs ki cpl gl ol oo slpadls G, 5 OT B as JES 5 (ol OB 55kl onsse

paa el olasielsly (souSeslasl 3ok 5o S I8 Slase dalllas b0 5 AT Glady Gl 5o @8l 4,50 VY
Slewily slagaala pallh 5 (allAl wslys w5 sladiuia (Jpmns 3 Slae (ol Juad Job 5o (S pme O
ok sloal aus dase 5o ad usle desie 58 SSB @ O Gpme ulalil 5 (S5 o0 ol 98
osiS bs g sad Jlael o psae b sael crwas ol 5 o el CATie 4o, 50 L9 sad sl olul e
5 USA 5o caKe e VTN gua o (Ssia S pulie 5o (Bae O aaa pSike .28 S 18 dwlie )4
5 AE/A S ie 5 o SELS AV sl i 5 4 palld ssun 5 GallAb s g 0T G pime oIS slagadls (Sl
oot waald a,s YA/0 GhlBEl 4 sate okl cusaae Jlael ol a)sTn caSe e 5e by LIba VAN
Bl (sl sloskd golnl Gllu 4 (Ssia S polie Sokn smad ey b oSs Gk ) el (S
olul e S uls Glas Slase slagioly i .ads saalie 5l5e ol 5l (A (Smas O Oliae 5o oSada

il oo Slssa s (Sisdta S p5le 5o ol Bsas (RIS 5 okl Glolis p g3 & cns (5 5YL cuaal )

Golol cupmae ((Sida K Ol Gpume oK (ylad) skl (530,400 50 isuals slassl g



VoY Jlo /¥ opleds YY sl / S g O il 4 i

oo glBlgl g (opam cslila) lAS

=) Ol slas LS lacdo SISl 4 e g
a0l 35 il bl 5 ran 5 g ks 5 st
08 3l Wb widS ) pla (il 58) sl sl alasl
B P R S . N N | K-V S| A P "SR EEN P
oialS o gaa da g lae glaj Al 0 5 55
Sl (53,5588 O (5558 O3Sl 5 O G sume
Dladie o O (g0 (Y00 LK 5 calaslas)
ol pas waly s )l aSus it o 3 s imne
(Y OS5 (alse) anl o cis & (B seme
29 60088 0T (5558 5 S sms 59 ool Baa
il 38 L a5 OT i o (santiem o Lgs
G=ob 0=l OIS il (5555liS oY sumans o Slae
oaradl iy 5osLaS (h A O ag (RalS IS
=) Ol Sage e 3 5 Bolas b 4 T S0k
Ol SLS 5o (Y018 (shumn) wal a8 e hasss
© OloslaS salos e © pald g2 8wl Sl
sioloe el oV a8y ae OT Gl
S8 o sme Y pans 4 Gl O panads
oS e S sl @ s salall b (1)l
sl O o sppidin ire 4 dlics ol )il O
5 ik sl 5aeli span (Faeily 5 ealia) ol
= Blaos (Yoo lsan 5 o)) s JUn)
D Qi) fsmid 30 Gl 4o 4 S o 4S oS )5
osme ol 2elS i ol Bada) 58,0 Calaal
sy Dl (IS (suiS B yuas slagias b Sl
o bogs o sladlas LIS 0 Judo fad 44058 aal ga
Gost o oaald 5 sl 5o 8 Ly S g0
$503LES &Y pemne OT (S5 o000 5 solal
OolSean 5 (L)) ol 438 KO8 cwns 0 0o
SoSan 5 inel ¥A4 L Sas 5 o slgs Y+ 10
pod o= Clasa aalllae 50 (VA44) (BI5A (Y- Y-
23S e Olsie 5 B (53,5l OT (55585 il )
curs g ssla Jla oo giuslaS OT gose e S
e 9 0Saa slagian b awlie o 5 Gl o sllas

douds

Sels 2l 5 ol oldts sala Jla o

sat Slea blE 31 ok 5o T s pud Swas
ool s 45 go5b 4 (YA LK 5 (55l ol
23 Ol cren oo cnda wls IS 5 Lasld
5o e (Sun) ol Ol O T 5o € ablie
ot Yo Jlu B as, fpl € ol sud Sy
o3 (VoY Glolsan 5 Jsla) ol Gl 3-8 wmpu Y
YoYo Jliw U5 4S cal sid SiolsS 5800 dalllas
=TaS wad loas S50 L8 wsbhe £ agas (sadle
Jla 59l b (YA GLlKaa 5 (55k3) 00 wial s
saliiwul sl simutmbin 5 a—e Cusae ala
" Gosmd 5 ptee Db 50l 0T lie 31 Sl
23 Oloml el 3 malie] (it 4 Tyl aly
ool bl 5wl o SBAdas 5 SBA s
Sk (S 5 Pl maliols G115 (el
2t e a5 G S e aS il 53L5s S il
3 SSae st el ol 5 0T s sooslas
S sk 4 (YA alls) cocad 2l gulaiil i
ST Ol 59 65,slaS oY pane sl 5 Jol ge G )
84S ol solgd (p3eaiS gane 5 (n sl
alas oo ) (55,558 (slasu ;518 55 5o Sty
b)) (Shewly s508laS oY pans cadS 5 cuaS
03 (Yoo A ol 5 LEE -0V olus) asle o
50635 JJWPQT@\_‘M Olos! bl 55 i
ail e (i) LGl Ol aels pie G5 sl
codl sl Jouds Gaad 4o (Y2 V0 Gl 5 (s08aa)
2538 glacedin H3 e s ) o S ¥l
slacdis as o 00 3l Ghw yala Jla o 5 asles g
By o s (Soas g de giae slaciiia ) 5aS
ol asas of asas plie (B8l ISl s cpl
el slacislins (YN8 Slases 5 53LT5 558 (o03)
GoooLaES Gids o Aeliae HLad cely (a2 ol
Lol snd claal 8 (S 5 (oS Gl 581 ke



vy

cebpan (59 0% 3 okl S Sl

g b aasl Ll b o 5 sl Gelaidl o sa
Opomosmae O (S5 55 Gaale 00 4 Spu s ¥l
23 (YA lSan 5 HLSK) Wi oo Hlads 4 Lags e
Ol 58 Jmane Gl @S 55 placs sual slala
G S8 S EllS ol L ORI cad 4 50
S sobin sl JUial 5 saaln pie S Ol gie
OLlSes 5 (san pol)) wilpe (Gl slassl sla
o 3 5o sl Gulal s S (o5l 4 (Y0)
w5 eaS 5o (Sotaa K al g Glhae 5 wdS )
Ol Hu el 3 G emalis 0/TA 5 LKA 158 VYA
Gl s el oY semns 5 (S5 (Sodaa S plas)
£1Y span Jolas) HUSa OTYA usum cadS 4 lans
il oo (o) (S8 S w5 ph S ais s
a0 E/AE Jalas ) (S84 S 05 5158 VO uaa
2583 pl5me 51 (LS (gal 5 (K3 S JS )
sSla 5u las)y Gl Bua (ol 3 5 asedi e adla
OoLSan 5 saeal) ajls 513 (Lo5aS 4 45)) slodas
rSimbanl 51 Ko (VoYY lKan 5 ulie ¥R
e 5 o oY pans il 8 4 bog e IS
O o oY puane (ol oS il ol ((So84a S 050
29 0l 5 K 58 5 su s pulia sl 0T 8 pueS
e Skae wa i (IS & sate ol BT 5L (els
BS.ERYPY S | S EEVIBI S SV SR PREY JRREES
sl Boms Callae i pas pue 5 OF glie wsaS
IV IV S P R PO PP S % IO PVY |
835 auags | ((Ksia £ Jomane a8 soluly
alatl slalllae lB (Y- VY aim s 5 Lz als) el
Jol€ calis 5 ALST ane was o olats 43ily
O, YL o aie dings 5 389 okl 51 1o slas
OIoLSan 5 sl gl) acal 213 S 5150 58 O e
=S oS 4 oLS Gl cuslian 55lse (A oo (Y- YY
sak 555l (g 3 s (o sole] Jlael sl o]
Ol 38l 4 sate (T mlie saa woags 5 sgdle S

Y emne sat aled ciaid 0T a4l 5 gladi e

BRI RS SO SIS W IRRRI KR PE FPRE k|

A R Y PPy K VRV B P EE PR UENp U
Oldd 48 0 il e OF aSejie 5o el 4 J pmne
s ,) aal O Gpae lowily Gugs Croly saias
GBS (Y2 +4) OlolSan 5 (6581 (e r0 ollSan
EY Oloml 59 so0sLES Gias OF (o8 e s
T o9t w5970 o) lya bugie 5 as
e 9 Ol Dl o o 1) HdS Ho (g5oulaS
solat el O 3 50 elae s asla by Jou8 LG
pladl sl otelin Gubal s Cpl by s oad g
ST o580 el (Bl 58 550y 3-8 s sat
pSHSY Blas Ve e Sl B 58 50 g5o4las
3 505LES) 5ol e gms O e 55 Sl @
a4 olins YV prulie YVY il Sliay
388 Slase slasals (_;JJTC_A.; polinus suds Su iy
S 2kl 5 JolS malid & plins o 5 S
L s sleempale slasSal,; G1) Gupes 5 5250 g2
Sl G inn g 558 0 LB Hokie 4 il al cubils
e Ol o9l e S BiAL £ lais 5o (s555LES
2948 (g sk 4 eud aladl Jla 0 B Sl o lalls
of plis s G 5 50has Jalas 5adl sla Jla
23S ol 5 dals Lo Gt el b g s s 0
OIoLSan 5 5l ¥+ ¥ Sy 5 (i) ol sa Jlos
XY GoSan 5l slla Yo 4 g ¥ oA
5 1ools Ve GLLSan 5 58 AT (gubil) g5 oo
5 sBLa gl ¥V LLSan 5 siculs Y18 oLLSan
RRPYE. ) £ & I B . OV SPRPREPCUP) S SR B LUV
(538 4 = Ss—o J=alse O S (YT o)L Sn
ale b b (Sodda S ail oo 4550 5o O o as
(psSal 5l ags e blat o Lycopersicon esculentum
Sl 53 5 (C 5 A slagaeling) Lagaelins ¢ Sare ulse
auls dasla 0l ydl SeMw o cage LEE SlawS) BT
A (YVoVY OlKan 5 culie VN0 I5Kaa 5 Ba)

) Boas Ga St ol G 5o S sk



VoY Jlo /¥ opleds YY sl / S g O il 4 i

oo glBlgl g (opam cslila) vy

olal 4S wan ) 4a ol 4y wals alas! LG
i G808 aie 50 0 (e 4 (S S
ad b Ol Giyiae ol)LS 5 8 gie cndS Ll
9 Esdse ot saaldie S Jsmmae (EALS S
S b ol T LS wimals Gl (Y+1Y) ol lSan
il suiS g gane Jole (el S (Foge 59 Ol L9
93l Gal8) ol g9 1) S ) e Gl e
LS oldal by Gial 5811, IS Jsmne wil 55 ()5
G oate g onls Glaess S solel Ho ol Geas
3 g3 5 5Se 5l Jol€ gl ulys VY 5 VA s 3
Uiy S aduly HLES (YY) Llsan 5 calislas
o oM valln il slas 5 445 LPRD g ]
S50 V1 Gl 8l ca se JolS (5Ll b diwlie o
i3S o Ol Gpuas oS sas ;0 VUAT 5 o Slae
Dby 5 4y ol a8 sd oo UK K ida S
solwl slagivn 5o Ol G yias QLS (Y41A)
ol o S ey el JLOIS ¥l Sl
wslio 950 1) Juasl ks 5o slaan B8 (pslis,aa)
W i 55— o oldul i aals I8 Sl
s e ol O (s s e slagaila
ol (S 58— OBl (s s e O
o9t sLasielly 5 ol OT (S ss58 4
5 oalla ss oAl Al uyw Jols ol
S Jolit okl OF (galiaidl (558 580 slasiellly
ol B s e o palld e 5 pallAls
Jle sl o sad Jlacl s L] oS b sio wls
D slasd s el sladSad (6l (V--A8) 2l
bugio Jlade g ol sugn am 0 EY s YA 3 5
6l (AV-38) dla diw 8,50 5o o (S5 (5598 540
YIVO 5 V/oY i do sbanssd s aele slasis
3 Ploosb (A el ey e e 5 0 S5 IS
okl Ol 5 035580 Jaliie @131 (Y419 o)lSea
i€ 5 G5 5 ol Bas oTHLS 5oy Slac

D8 (5 a0 1) st sl Lo (S8 S

EalS | oY smas a5 Gloae Sos Bob 3l 5 sak
s 5 WEsald XY lenls 5 (31500) sas o
sl SLSal, Gl Chaa U ihids olalllas (Y- VY
Joons O B o900 5 2l 5 3 Slae (5155
eola 5 Al OIS da 5y b (S84 S
gol3e o9 Baae (g slaia 53 ol 48 S &) pm
Sl st alasl sud J IS glas S 0 smbe ]
Xeot o s Osmeld A4S 5L an 5 |5l 5o 5)
NV Ool<an g palls ¥V l<an 5 o j—anl
ooty 5 gompel YoV LS ul s
SIoLSan 5 dia 58 Yo VA and 5 Glaaa, X VA
Sole 5 o TV OS5 oSl Y-V
OolSan 5 o30S 5 (V- VY oLKaa 5 Sucea YY)
4 caadie cud 4S5 W48 S dad glaadllas o (Y01
— o loold okl 3 S b okl 5 s
> T G ins (o580 wa 0ol b ol
o 59 ssaa sl bl ol Hu (B as OT ualy
555 (Y2 +4) olSen 5 S5l o b Lol
coaaS s okl g9 5 Sl HBB s Hslie 4
ad saabine ol aladl W 5o (K558 4a S cnas
L a5 sobasl Hus ol 38 b solal ol pralS «
CSh gt e o) Byma ol LS Groly sl & el
b ORI 5 Js—mae (S Slin piaa
oo S aals GLds (Y4 04) loLSan 5 o el S
Jl€ solnl L wnlio 5o (PRDY) s 5 5l]
JJ%}TL—%J—L@A&‘JL—SGJ—AAJJO' Ol 58l s 50
OoLSan 5 ulisans o oo (St S ois
lo b3 okl (s, oo of Calide HaulEe 31 (Y-)+)
OB g8 o0 (nalyg 5 (S S o Slae 5 |,
orelS (i s gy o coogane € iblie Lo .aals
il ils 1 o Shae 5oy oL T S s Y -
Goll cunae oo 5 aSEL (Y1) ol lKen

09 iald (Siddan § Sad LS o S8 e S

! Partial rootzone drying



yyyY

cebpan (59 0% 3 okl S Sl

Ol (( So84a £ Jsane o502 L i
S Gatiaed 5 o g Curd s S5 wAli g
O o o pulaa) GELITL oo S o
Jl_a.c.l) L;JlﬁueTagJﬂA_a S g0 Cuacs g luil (§a8a3
Gose e sLagaalis 5 (GuslaS s Sl s
sobanlye Gk 3 (Ssdaa S gl 5o 0l Qe
olals olas) il o Hu Glase slagg,Se Ml
slageals 5 pleasl) u g s de e (2815 Sl

w288 518 dalllas )50 (5550542

OOIUR sl 4 Ol Sl el i
9 Hsooa Waoosla wansaal wausel wesilad)
wakS3 glasg, a4 S slal sgsd
sl 5o 55 Sloli el 5 S S sladlany,
sa5ad oy e |y (dae ool S i ol SLL
Wgdee Saa Jlu (3L oS 5 a8 Jemd Loy
9 ey o dibie Bl Lol sl 5 g5 gl
S ook ol e Gl s e slagails
o) sasdis slassS e slsa 5 T gl olelis|
bogio il o Sia 5 Jdine glaglisls 5 S
palsl g a8 gs sie die Y- BYY. Gl G¥lw S,k
LS 5o oy osbye e B use Sbly 5 S2a )
Oll sugans V K& wil oo juate L) (alia,
Glbine LI Lo cdule)yl gl slrea o glasy

...\.&Jgouiaf‘.olbw‘.]a.ad‘)yeddm

= L, sS6 3l alaS o sl oS ol ol mls sl
ea3 G3asi 5 ol Bas 1K 5 Jans 9 Shae
ool T O ol g saliinl gy 5 as 5800 580
L eolel ands o aa s b 03558 S pas oo saae
Ol (V1Y) OlSan 5 (slie i iils (55902
ol T L dinlie o ol slaskd (s5lal o€ wiu s
o pas slagaa b (il 38l 5o (ol hew 580 sl
S osb sl (Ko K el o O G yas
6908 O (sam 50 Yo 1alS G e sl k3 (55
ST s 5 4,3 53 0T a8 plesily Gialdl
Lol sud aem 50 V1 5 Vs loae 4 i 5 4 o]

J_ol&.c uao_o.a.g‘)d G‘MQL:JUQA‘A‘AS‘ S9— 9
Lagdiyy 9 9l

Ol Hu 881y B (pl o dalllas 55 50 £ 5

90588 cotdled Ho plas)y Qlal il e olas)
ol o108 gily ol 558 ) ol cda b
@il (s 5 Gibie Gl (oldlis cualse
o Jlad 4835 Vo g aa,u YV B aids Yo g aayu Yo
Vo sdaus o B aidane s aa,utV olilhaa Job
calie ol mau S Ll s B (S ddiss
2 el Faren 5 pse el YVVIE saa Hu Gl
ol (e soalls JS& S5 51adl o 585 ) salie )
Jls 4 adl o (o) sISla 5 (Slua S dilaie oo
cleh Glhal pldlhaa gela Lyl 5 cuadse
ST oS gl Jol s 530 a3 e ol slailag s,
Sl oo L a0l e 4 a2
S oiis O oS 5 Sdd Jla 4l 5o s ol

Olial (53,55LES 5o oS ST Lo 5 ags sladlany,



VoY Jlo /¥ opleds YY sl / S g O il 4 i

o gBlagly (5 yhe> (glagl \AA

ob;
S
\ale —‘*T“
‘..-’ (o2
olale
S
&
B
D
"":,ﬁ!
=]
"; 5
1:1,000,000
0510 20 30 40
e Kilometers

it (s a®s
7;, a ‘5‘ 'I')
) w3 ik e
A
Ol
Eyen
A
o 2 ]ii T
Wiy s
\a 0000 Sy
=]
=
s

oauh Gty K5 842 58 £ 3o il i Sl go ) S

Sl Gms osoe v 2 sad Plal k]
S (oA 5 arll e g0 4 de e s ad oA
i 5 (OosldS cunae) (a3l kalpd 5o de e
@olnl s Jlael) iolodT Llsd 5o 55
Wl cawbe)] obdd ju o8 8 L5 (e
20818 (51 ped B 5 loal ubl L dug ol
Ods Soo SB g sule Hliie 4 ad 8 S S
cilas Guinan g 5o0ldS gl sad Jlael [lKal,
O9sad g Gasb 51 Bsus okl cupae AL ol sl
gl cladie oS aladl @bl slelu ol
o0l sud ALY 5 Y ladsas o L;aj.niLo:)T
Ll ool @elise € bssse sladde 55 Y Joua
G ok syl ags 5B @:.fuj golre o3 sad

NCVH FRTRES

“w e

,..m”uj £ Oluadudio

G Ol sad &l Ll Al el

S 55 s (Ol Gl (5558 wlga Glesla
Ol e (el O LS Hlha 0 sgua (S5 584a S
eala dalllas alad) Hliie 4058 o o 1) bl
L (S84 S de3e VY olasd 3adal ol Jlew o Il
$3o3LS Sl Lo LKA YA sl g
Sohn € cwl K30 adY s oI ol Gl
slookd solul Glol @ eae aalllas )50 p5l0e
b golel Gis b oo g9 slaal) Wu g 5,l s
(ol loskd okl Glolus & sgae 4530 Vo
ol Olad)) Ol £ el () o gule ol
9 P ms b plasy gl ) (ol 5 allales
Sl ass Jl 5o slad gy wlie Ll

i sade 53 (@los)l Hskie @ de e su alaad (a3,

383 J gl s yo - (S5 84 65 £ 5150 LAST9 ) Jgu

solel Gt (LS) 59500 29 (ha) e lue Cualse Gsgs Olesgd ae,le S
ol (slo k3 Y/o /oY (Y- oYYy, £-YA0VE) oLl s allale Ve
&5 glo ks YV/A A\7a% (Yyy--9, e.6v87Y) Y awllale VY
ol (sle ks \WA% \/o (YoYVAY, £-VoAY:) RIS Olasy VoY
s glosks q -/aY (voyayn, £.voiva) RIS olas) Vog



YyYo dwd)isfd)b]@fol

ol (slo ks ve Y/¢¢ (Yogn-¢, Yaa-vya) 8558 ! Voo
ol (slo ks Y- Y/\Y (YoevAR, YAaAYLY) 8558 ! AEA
ol (slo ks VY %3 (YYYVAA, £-YoVA ) (s 5 ! V-V

b Y¢/a +[¥o (YYVYAQ, £-YYAY:) (g ! VoA
6ol (glo k3 aM - /A (FY¥YVE, £ VIAAY) oS aolls V-4
6ol (glo k3 ¢/t -IY¢ (FYFYe, £.VYoYY) 65S (suaia aolls g

sl 4/0 -/\Y (FyenYe, £-AYYEN) e g aolls AN
ol (glo k3 ° -/to (FAAYTY, £-A4TY ) KT aolls MY

B8 a gu dla o — (S5 a5 £l 50 SLa SS9 - Y Jgaa

solel G (LS soss5 20 (ha) walews Caad 5o Gw g Obgd e e S
ol (slo ks VAN Y/Y (YV-Ve., £2100YY) O 6354 ol Y
6ol (glo ks o/o /T (Y¥YY-1Y, £-Y£444) Lo y 2! y-¥

Bl p gu s o — ulisle 31 £ 5150 59 oudd | ol (5 kil dols y Srladiaio ¥ Jgaa

ol Gae ol ol o ol Jual s Gsos s a5l e ol . s
(mm) (hr) ol (day) (Ls?) (day) R SOV
VY ° ¢o \ Y-/A Y--1o \

VIA ¥ Yo \ VYV Te-y- Y Ll
o/Y Y Y. \ ARYAY ARREAAE Y IR
- - — . — . 3
ARR
/o Y \E \ Y-/A AR \
V/A Y ¥y \ \RYA% §e-Ve Y Ll
V/A Y Y- \ % Veyee v by
Y/a /o Y \ VY ARREANE ¢
AR Y/o ¢ v o/o Vo-¢o \
AR Y/o ¢ ¢ o/o go-1- Y Lol yu
AR Y/o AR Y ofe =Yoo Y i)
AR Y/o \ ¢ ofe ARCRA ¢
Y-Y
AR Y/o ¢ v o/o Vo-¢o \
\a/Y Y \- Y o/o §0-Vo Y Ll
\a/y Y \ Y oo Ve-\-o v el
VY/A Y v 3 o/o Veo-yY- ¢

u&b&(g‘d)@(s)\gbﬁki:\l;})ﬁ;a‘u ‘:’Td LSJjGJHLSLA AL

<(5JL:J ".”T J‘).:s‘)‘s OLOJ...\‘J <L;1:‘).4.AA ".”T aa GLA



VoY Jlo /¥ opleds YY sl / S g O il 4 i

oo glBlgl g (opam cslila) vve

ol O slS plesil,y Ea 358 sl o

Ore) (9 em?®) S ol o gmde asa py (/)
ao 53 0 (2155 cadnh el Hu (S5 sk s o
@i 3ae Dr all oo b ol ) Ghay (S5 sy
(Mm) s5Lel OF Gac Dapp 5 (MM) (S5 84a K i

el

(CPD) T (583338 (5590 s pad Ll

3 SOb Gk ge 3 polxe Sl ase O

T S 58t 0mald 13 sl e 20l 55l

Wl 58050 0T Gaels w8 5o (S5l 31 Jleel b
B3 Spe a3 ¥ sl )

Tp

CPD(Ir+P)=—"

[v]

[EBXLE ua;‘..ﬁ.u CPD(IH‘P) & ‘dc::s‘) o9
Jsans sail g o Slae Hlaie Tp (Kg M?) OT (Soad
(5)‘.::.3.“ d.aa; JJJ@ B «< GA}I'-IJ[.} ‘aga P ((Kg ha_l)
(M) el sad ol Sl ay9e o u:mi: By
._\ail..su_o (m3 ha_l) (5‘5):‘Jls &;T po TW(II’+P) K)
2 edle ol musnie g Jalad ki
Yl (s o] e 4 e slageals CPD Ledls
Sh 55 (ARWS) @¥le o s 4s,e 5 (ARIS)

By @b salianl) wd wulas ) kuly,

(YA
_ WA
ARIS=—- [¢]
ARWS= Ir+Pe [0]
ETc

LSJ‘f‘T s_::T oYl p IWA ‘&3.5 Lf‘JJ o8
(m¥hat) g kel palld 5L Y¥la aaa IRy (MPhat)
M) Sse GoL paa Pe mPhat) solal OF aaa Ir

adils oo (MPhat) sLS (3525555 paa ETe 5 (ha

3 BPD) of sulaidl (5,90 44 slagaalis
(NBPD

S S polse 5o O gulall 5 (Koo 559840

S roe o pas

Job 5o hoas ol aan syl Hslie 4
Cniaad 5 e e 4 (53905 (00 Ol soln] Juad
s 5 S5l g 4 Ha Jilas okt 4l
e s (59900 o e okl cus s e
Gob 3 OF g 5 JU) (B cie g8 4 (S
ol oa (aSha il go sl (sped (2lagh )
WSC o 58 5 Sd gl 53 ) primss om0 (0 G50
A g 5Se 5l

:)‘(.SJL;*:‘T LAS.JS)JSJ&JMAEJT‘AM.
s o8 gl ssel st ol slapas psens
e Gaad | dlaaly 2ok 3l okl

V=3.63Y",Q; X t; [M]

B s k_;).l.é.b ;_JTJS‘;’&V;&JA ‘dg:\“)‘)..\
o3 4 g3s00 ol @9 Qi (M) olsl Jad Yok
cus 59 ol ol ti o (L) all o okl Lo

il e (hr)

(Ea) o 9 gu,ls lesdly

Cu g dw 53 SBlaa (BEa) 0,8 el Hlade
SA cugh ouss 58 5 ad sl olel Juad o
Cadsl an ol e b 55 Se 5kl okl 5 g
o5l il o Sla gl (o gadie a5 2105
2% 35 L) S Bas b Gl s slag S
ol Gae Jlie S oy eoSelul cug A
2 desie 4o sdgos o) paas s 31 50 okl
olewsly culgs Lo ) sud danlas 4oy cialius
i e )y sl Gaob 3 okl O 85

Pb(B(Fc)—6(i))*Drz
E, = %G00 Pn [¥]
app



yyv

cebpan (59 0% 3 okl S Sl

b 53 omams Ol aaa ol sma S Gl € Jgas
WoAs LSTNEY 5l SSsa S gl 51 HL5Ka
el s pSilie ol o suiie UK o e e
e daulas el 516 V- b gaa LSS 8 o
Jolaa 3 Gy s 4w 0 Siup Of Cas SiSlua
saiay L g ot g (sl 48 il o OT B ime
sat Jlael olal usnie o sfada lac s
il e (St S Alias p5l5e 59 (el b s
—aa S coa€ LKAy )l ol G Sk
b 5 6ol sloskd golel lagiamn 5o (S8
BRI RO Y RO 3. PR L PR TV N - P
29 Sisia S Jyans palld o Sl € el Js
o AV il S5 4 polb ol Olas) cdio
el 5 solii ol L LA Lo oaSe i WY+
ol 5 Sl s slaslSinl (535058 anlil
33l s Gk 5o BLs 4y Bl £ oATue LS
Jola ol ol 5 ool saddi o5 55 Cropwat
St S gl (A 59 o ol eas
i 5 goln] Glolis 5033 4S 5k 4 35ls s
st Of Cisume aliadle LB (RalS 4 Haie (g @
st Ginly gole Lo ol w8 Glewily (Sl cal
9 amen A b sl Dl (0t a5 T Jolae
e g Se sl aa u YE/A L ol la8s (4 534S
ol i 3 Sgae gl s Gleasl, (Sike
Lot 5o 5 ao 0 VV/E sgaa 5o (55lss sl sks
e O Sk 3598 deaya YA/4 G;la...u(sJLHT
lapiou 4o gl Sgad Slaal 5 Las .Sl 0 3
ST sl s 58 (S8 K 5l5e 5o solol as
ol 505 ESOLS slacinia (ualS rinas 5 oS
€ Josa Bolhae il 35 LS Sloassly Gl 53
oials gl L9 (Sisida S Jmns o Slae Sk
spSlae ASIaa 5 JBlaa 5 LA s 55 VV/Y sad
SLSa 4 ) am G5 VE 5 S S 4 50 sl B
bl GBs L golie 5o o Shae (pSikie it 55

S U sae] s 4 GallAl B g cud

s 53 (BPD) sudi suy LS 4 O ana sl

Goslae U dkaly Baob 5 caaSeie 5 Jby Gl
Sy g0

Y

TR
Twe

BPD=

S sad e sl e gsene TR A sl Lo

Twe o (Milion Rial hal) ,t<a ;8 ) & Jsonse

W @l (M hat) sad suy JK & OF paa

Dl 4 dola palld s paald ol J one

w53 (NBPD) suti sus IS & Ol ana ualy

o damalas Vol usb 3 ecaSa e 5 JUs (alis
AP

NBPD= TN—B V]

We

s Ol Jeola Galla ssw NB WV ddasl, 59

s Twe s (Milion Rial hat) [BSa ;8 58 J gans
- Jsans w55 gl (MP hat) sus a0 LS @ O
sladuia Jud 5l Jpoene g gladuia aab
35S o i Gl g Oae) dlwesls]) cunls
s 9S g) ol gladaia (hy Slas
sladiuia (g 655 sldsls auia deol (s 558
s (B 5 Jea 5 YT Caile (s SH) el
ookl Gble )& 5 aas 5 o) sulal
S3 sy b el de e 58 (gl e o) e
28 S £ (i cald uala (Rag5 Ho ol
sboails clalas S VErr 5 VYA sladlu

M‘Q;J‘ﬁédw‘(s)\sb‘)@%

a9 alis
So9°,4 sl

‘J\,—MJ_}S.‘A.C‘JJ?J&GLA&‘J(&W%)T‘A%A

Jdé—f‘&*dﬁ‘u;f)démuzf‘ﬁuJy\*(s‘)}



VoY Jlo /¥ opleds YY sl / S g O il 4 i

oo glBlgl g (opam cslila) VYA

slapinn 5o 0l G ias g sugaas 4S wa S
09 eaSaie Ve LS00 (g5l 55 (sls a8 (55l
OllSan 5 (lie S 8550 (l 5ol o LS
93 omas Ol aaa (&L s A aalllas 5o (Y- YY)
VWY 1 ool 53 S sidea S S 55 3hlis

53 gad GBS LS Hy 2K yia

Glolw 4 oo g5l L3 9 EAAC Sl aba s
LIS 53 S AYAY Jalas (55l 0 (slo b8 (55wl
OB 59 o0 oSlae Hlads (Vo)) ula ad Jala
L oolor i @ (abs ) g (adaes (slashd (oLl
S 5 gad (s Sa5lasl HLaKa o 3 00/YV 5 EY/YA

oo b il e (a5 (il i b vl
bade wl s Gl b Fme OF pas G (Sises

oud Gluly £ 550 59 palls s g g AL 8 g dadi 38  Slas (S pas o -F Jgua

ol 5 g oalBb s g Ladi 5o s Slac olesl, s o <
(million Rials ha't) (million Rials ha') (million Rials hal)  (ton ha) (%) 85,8 (m® ha'l) e,
-y e 1.V . Yo/t AY-0o ARA

av \g ovY a\s 1 VY \-¥
-\Yo o VAo o 0o \Y-¢o ARAS
AR vi. ey vi A Y VVAY ARE4
VAY VA ATA Ve - NVEY AR
AR AR - VY- AV/Y Vavy AR
Va1 ALy Ve ¢/ - vaa A\RA%

€4 ova oy oV/a ¢o ACRSRY ARZAY

EA A VoY A+ 1. VYoAA ARA
RARRZ .- \&33 Y o¢ \YEoA \AE
EAR g AT ¢ YE/A \VeA- AN
-0t T et 1 1y VeACA WY

oS Lol 5o Y0¥ de 50 Bl Hoasls asag a0
Jlael L ol 0 50aS Juals @ de 30 ol calo LIS of
wS ol aleba slaas b 5 ol Bas okl 0
Yo age Jo¥o 5 sl (LT oS e pae ias
Cogiae dsa g pae gl deode o Of S o
ol 5, sl 4 (g5 4 u s e LB
28y (o 5l G S Sl Hu e | sl eads sol]
dey e oyl oS el M 5o ol 0 s e salyy oS
5o oSl G il 5 u e o plite WalS g0
Sl a5 b adlt sy pusies 5o ol aaa
239 5 o 4o s as ol (9 sl el se i
S sasm od 55 5liS sl cmnl 5 Sas s5lw]
ol ys ol 130 (Bl 5l 535 (S ol pml il

WJ;JSQ&L&J‘M}%&#;‘GJL&T

52380 58 e gl 4 0T Gae Gl L

Ho5s w0 WelS wal 5 Gl e e Ve e YL
oS8 4o palla s s Hlale (S0 9 e 5aS L)l
Ol 0eSilse 5 LS 5 Sl Gumalie VY- 5 —ETY
o9 e daslae HUSA Gy Jbs Gualee VN 50 peals
pos la e o e duulas (sH 5008 il 0 Jus
ol suns S U1 cauledT 4o 50 59 sl ok
ook s solal e el Jlael pue Sl
L cnilitals 5 (Jyeal e 5 o olsl Spais
S 5 Gt olel T Gae ¥+ de e 5o (a3l 5o
S ot Gme ol ana o 1 4 5 205 olS a3l
Ol o8 Sl s a5 L sl oo o550 (2315 5L
S a,mad B i b 5l G okl O Gae e e

ol 59 YL ac 358 oLl 13 bl o S Ly



yva

cebpan (59 0% 3 okl S Sl

OLESa 5o G5 TWY VA w5 o canbes ] laks
bl wm o MY ssaa J) e e Ha s S as sl s
Ol 58l aa Hu VA/Y sgaa a0 de 0 5o 5 Jsane
8l bl i o s inledT olakd s
sael s 4 Galld 8 HlaBe ud saalie de e
59 inbe T olalsd 5 aes3e (a3l Lol i ()
s e o9 9 \YEO 5 V0T i 3 i) 4e e
o9 dalas 5K Hu L, G salia YOYO 5 VYO
09 28553 59 (YY) (s 5 (oS Bl o)
S 5 allAl s g laaali Hulie agdie cadio
VoTVO s oS ) (Sisia S Jsmas palla
obal el sa Ly HLSA 5o JLs, VEYY
SL b (i s 4 gl St 5o sad Jlacl
380 Jlad sl 4l sl e 50 a8l
Sl @osma o ol OF Gee g snse ol
el 5550 oLS oadly (of 5Ll b 5 dilae
99 O sl (slajlasal ¥ i o8 S 155
o o 5o (i S50 450 VY o 1) B8 peall
G glalo s 3allae s o oLts |, 33
o9 8L alld 5L 5 oskel Bae Ga AR e
b s 5o Baae BN Gl 5 00 sfadiny g5l3e A
Somoieliny il e oLS w0550 (ol as 4
o g e el LB polhe (A s soly]
oA 58S soadgilaast 31 o Sl ol puas

il g

Caagbai S ekl panledT sladalss Ho okl
o uas g ((Sida S e 50 g0 s ge bl
Cesde 53 g s Jl e i 5o ol Guas 5o
29 olel el sl 0o 8 pe a5 bau g a9
9Tﬁa<_la;)l.nkj_;l§t;@l£4_3_,_9;,ﬂ’~\ e e
29 homae Of s S S (g55b © 0D e
a5 (So0lES o 5a0) 2ol 4alad 4 pdle ) aaks
ol l Gl slal b 5S0 oslae 4 /1Y
OBALS wm 50 YA sgua (B yas O ana wad
(= oS e aalS o lie 4 F-Y des3e 5o il
solel oleba G380 Gasb 31 gokel OF Gae Gl
s 45 g5k do il Jlael adi ) (Glie 890 5o
aald ekl dule)] aalad 5o (Byeae Ol aaa
Q__JJJG.%)_.AA%JTHAC_EUJJ.AJ_; VA sgaa
Oleadly Hlade .mdl Ginl)8) as o A Gloae 4 de e
O o ga e by Il 5o de e g9 o ol uslS
Aol glmat bl i 5o s us 040 A S 5
Vs SYUDSWIL V- B DRI . R IS0, (PN I gy I
Dladie wud s 3 (oLl by slhal 3 Gy o
D3N denhe inlesl daksd Lo T ups,E Gleasl,
P SN 28 JPPSICURERIICI F-W LY IRVORIE  JRYNVS
S 51t sl 518 ool oS b o Sl @
s saaliiie alaade s Huas O K lesly
Sl VY 50N dele g0 o Jsemnse o Slae Hle

&= 5 OVIY 5 VY0 i 5 4 de e (a8l Ll s

cdile )T g o281 g dasl ki yu yu (I 3 g § GAIAL 8 ges Ladis JA 3 yStas (S pas ol -0 Jgua

oald 85 o=l Al 8 5 [FYEVRV o Slac oleasl, Shrae O )
(million Rialsha)  (million Rials ha') ~ (million Rialsha?)  (tonha?) (%).,,&  (m3hatl) Leore
VoY YYo- VY- \Yo A VN 28y sl yu%
\Y¢o YaAe Ve - WE/A q- VAVE sinbeT Ll y o
Yo YYAA Y oV/Y 40 t40- 28y bl ‘.
VoYo VY Y TA/Y 40 oY1o snle)T Lol s




VeV Jlo /¥ o)leds ¥V als / SB g Ol sl 4 i

oo glBlgl g (opam cslila) Y.

189 = (mmday") il palla Sl 189 =+ (mmday') glel et sl 18 =+ (mmday!) elel el 5l

154 ——  (mmday!) hrees ol e 15 4 ——  (mmday!) Amee ol Gee 15 ——  (mmday?) e ol e
3.12 4 312 4 .12 4
kL 3 3
3 30 30
N 1 T
= = 6 Z 64
= -] E
E E 3 £ 34

- . ~ - . LY
1 o = ."‘.ﬁ T ..va‘ o L .“.r.n“S T .‘.--
1y % o A 1y 3 R M
I S B # L RN S #
S S : 3?"; ? P e 3 * )5"3.)> 7

189 = (mmday') gl pala sl 18 =4 (mmday') el ets Gl 189 = (mmday') gl pala sl

15 ——  (mmday’) s o Gac 15 4 ——  mmday’) s ol Gee 15 ——  (mmday’) s o Gac
312 4 312 4 312 4
3 3 3
w 9 w 9 w 9
< I - = T
e £on 5o £
-] E -]
E 3 E ;] E 3

, _ Vot s - 0 - VoS 0 - R

3_,_,!}9;*,_:3} TS S S o ,y)\") # o y”?a}h’-"’} S S R )?'}’; ¥ o

:J’-’J,}?:*g); 3 2wt )y)\:’ # oo

18 4 =+ (mmday') ete] ati ol 18 - =+ (mmday?) sl .v*"]‘ o 18 =+ (mmday!) sl =l
15 4 ——  (mmday!) Bees o 3ee 15 (mm day) a2l 15 —e—  (mmday!) Shmaeol e
3 3 A
312 4 512 312
EQ ER 3
3 39 3
P -=% = =
64 P o 5 6 g
g . 'E g .
5 7 ~ - - -
E 3 . N E 34 ) Pl N
e ~ = - ~ ’
0 e VoV as L 0 - \eA s o _ 0 _ Vel s -
= T T T T T 8 v - : T r . . e —
N . . 3 : . . 4 5 . . . P
y’”? )Mn Y S » # ¥ -x”’? )»,,_n‘ IO N 2 yu;i‘)?,_n‘ IS AN A v
23 * 237 g I g
18 =+ (mmday') glel et sl 18 4 =+ (mmday?’) gl ,.nJ.]- i 18 =4+ (mmday!) sl el Sl
15 4 ——  (mmday’) beas o Gee s (mm day ) Aas ol Jue s —+—  (mmday!) s ol e

(mm day ) s el of Gas
E-]

(mm day ") s sl o7 3as
"

p—-—*=

(mm day™!) s, bal o Bae
-

P

R 34 -, ~ 3 s ~
/ e s v M as - v’ Ny s .o
0 T T T T T T —— 0 T T T v r T y ] 0 T T T T T = ——
3 3 5 L 3 5 b 3 3 P 5 5 A
T—”,?f*&” pF P )y,i"; # y,’-"}—,-’»l’-"n w7 pf ),,'gf' # o ;{”’j’—)}kﬁ” IS S NS )?',a’ ¥ oo

A - eaddh by £ 138 5 3 (S pee o Bas g s lul palld L duwlia - Jsd

oo 483 S LSS copaa e ol sad sols Gl
R e e ARANCARAN S B
inbodT bl 5o golul OF Gae gm0 A Gl 33l
Curs g 0358 e i dle ol sud a8l 4 s
Mol S Ll 5 5o dalllas 5 50 4 30 50 S5 50
29 YN Ao adsle L8 Shaaa 4 cud S glite
aS bl 5u Y Y de e 5 dnsnm olel Ll
d;),o_,qauimag@tugbim R R B P )
Golel OF Gae (s BB YN de e 5o (Galas U
B ay o500 (ol et 5 sLS a3l 5l
OalS L 5y o500 s a5 adily o dladle

Al Bl 4 aa 5 b okl o0 LAl oo

Jlael olnl O Gac (RalS g )l5e S50t o Lasly
WA S Liu 4S gk o g o saaline sud
o olo (a8 9 S e WY e e 4 g e
Sosma ke @obasl 555 o8 sSe e YUY (e
clio oy e aalE gl Ay ool 48 S
—omulie 45110 uS Lo he dlan ) asieun 55kl
(Y~ I Py B K PPy MY [P B
=1 bt s ol e cnlio & bgse slasls s
Cob ass Ui o dadlas o) s gl Lo palla



AAR

e Span G900 3 S)lel Copde

ol Giyme olHLS (odls juulie s Kb

oo e Gl Ko daa S de ;50 \Y gl (CPD)
CPD oi Lt e 080 so Giulad 1y 3adind J sl ala yo
O g YY/A BY/Y 80 gane o dadllas o) 90 p5000 (51
eulas oo yle 5 a SELS AV L Sl (S5ke b
ssdiee dala Sleh padli Gl J sl LB Hlde u
Cninad 5 Of CBime o L 5 nalie i pae S
W0 el A aas bl o pmao

5 solel of Gee Gl Al 5k o sly a0yl
ol b el de e Cpl s ol 4GSk LualS
L oF oot clite 5 okl OF Gae (ral€ 4 jaie
s S Jgane ol oS (135 Jleel (g 23l 5o
3 solal b Pl b wa S (2 ¥+ Y e 30 0

.AJ&MSQ&I&B&T‘ASL;&S

ol O pas (S5 338 (5590 5

] =+ (mmday?) sl eta ol 18 1 =+ (mmday!) golel o=ls 3

15 —*—  (mmday!) res ol sae 15 | ——  (mmday!) hres ol Gee
3 5 g ol yuki — Yo uS _3! 5L .y,
312 S Bl 512 sefialo 3T doal i Yo\ us
3 ER
5 9 3 9
T <
N 5 6
E g
E 3] & _E, 3

» ”
-
0 +—o—r=t : ; ; — 0 \ . . .
P e . 2 g P Posd ; “? 3 N

_J,‘.\JB o »7 LT3 4 )’,_;V' L b’};s R FYS N )5’)&» 2 )

T = (mmday?) el oels s 187 =+ (mmday’!) ool =lla 5

15 1 = (mmday?) a3 15 1 —e—  (mmday?!) Eree ol e
3 ) . EY T
512 2lg gyl VeV s 7 | setialo 31 doul pui —Y+ Y uS
_3; 3
5 9 3 9
E; =
.§ 6 _t-j 6 -
g £
E 3 E 3 ]

0 — 0 i

‘ .
Poer @ # P
Mo

?

;};’35 y:*,,_n\

X - putnle g oaBlg oy pa gy T B g 5T palld G lls ¥ Sk

Soael s ol adl oo S e s 0 SIS
- o Ot Slalllne ol L Gl jan yala 4allias
sl o ol Gaims LIS Gl (Y411) ula sl
lagionn 53 (S8 S ol 5o w0 Ve (s
S VUN S5 1) Saed) g abe slesks soks]
niaad 9 pad GEIXS Ol aSe Sis o a SSLS VA
Olo—se 9 GhA 53— 53 (Y- VY) GloLSan 5 (ulie
I LeaS (Soia K wl s bl 5o O 55500
aasie 5 a S VTR o b sie 54/ B £/VY
6ol sloshd okl &€ wimals Gla 5 wagad GB1S

e K LS dme O paa Gl I

oaa i jlade ((aSe i Hla A sgaa) paddis
L (o oula (il 38) as g, Lo O Byums ol,I8
YL 5aalis 5o ol 4 0T G as il
i 55 Jpemns gauets 2l a8l caae o oo
O3V Ole 0 Slae Sl il b Sou (g 5eu )
VA Gl 4o o G yma ol LS Jla e LKA o
5553 s S sy e Ol S sie s 0SS
Ol gy @3 e 30 98 59 ol Gsae (IS (Ske
5 oxSasie 5 o SeIS VA ek golo alius

Ao L 5l 5,150 sloskd olel 4 Seae gol3e 5o



VY Jlo /¥ o)los YY als / SB g O iy & s

s glBlagl g (g yde cslilagl vy

oa el suns S LIV 57 gladKa o ¥l U
IRIS 530le (5,15 (sls 3 ol sy L gl s
OF 3 Gl 5 ol oS saan Lss V/ve 5l 53
Gtso Lo golime Lo alge solel Gl auias olis
oS suias 5L V/E+ 31 SRS jolie 35 alae ool
el ol Gl saian L G 51 50k 5 ol
A slaad A plosad Ho sl 48l suulds asaa sl
oS bl s e300 Yookl Gl Luld 5o 450
Jle s bl 4 Ko Lus® 5 4e 30 Y g sola]
39 6ol Supis Olaal ¥ JS8 Gllas il o
sobl i O bl 5 4 saie e olaks
99 @l el Yo e oo Jlos 4 S okl @
S JoS ane Julo 4 was oo lis sud G eals
ol St Hu dasly Bl golasme s 5 3as o,

D8 o S s sok] i

- (=] [
n = n
L L

CPD (Kg m?)
=

101 102 103 104 105 106 107 108 109 110 111 112

as e s

smle )yl g a8 g Jasl yuii yo CPD yodldi yiulis -0 Jsubi

EARIS OARWS

-
- wn
I |

w
]
L

(M M=) 5 Ll g 0o st i o

= - L
o o= N oW
\ P L .

101 102 103 104 105 106 107 108 109 110 111 112

UJ:,AAS

sl ki Ja ARWS §ARIS slagadli jalds -V JSib

el g 239

S8 da S eiS o Ol G yuas oo pas slagaila
Yo LhalS Cia go sle bl ol €S g5k 4wl
o9 ol alS plesly Giulsdl 5 saslS O (gas o
9V Ole 4B 4 bl O usese s Leoie
CPD joal i yoldeo K& .ol sud aus 0 V1
aos dda yo 5o duleyl des3e 50 (sl sud dalas
olds piledl 5 dehe alls bl b a3 1 dalllas
s saie sad Plesl (bl s ysae Jlach aas o
olakd ju ol Byme ollS aa s Jols (il
Gyan oS Gedls Sl ol swu S dule)]
o Jols (Rl ols o Baae Yo 4o )50 o O
SR RN PYNERTR ) PSS VASNIPRUA N SVSN
e st TS wlakd s Sie adli liie wdl
ERARESHEVEIE S SUR SR W RN SRR P P G-
e e ol el €01 i) dmy V¢

i e 5 B¥ L ol O i 4s e sla
20 1

—
h
L

CPD (Kg m’)
=

N

gl 3 201 (e Sl i 201 (2B ghud p 202 (pdube byl 202
ET RV

ol (yialy £ 4036 o CPD adlds alle -¥ Jsud

BARIS OARWS

]_-
0 - - - T

ARk s 201 pabagily pa 201 Bk 8202 Alagihy) l 202
4L 30 a8

€)1 WWARWS 5 ARIS slagaald pulls -7 Jsu



Yyy

e Gpan 59 0y 3 Skl Cupde ]

NBPD oalii ol jusdd )y ye cad (uaald G o
IR N P PUDNN P TV
O oo MalS alal ) S v o pLS £
sy oalld ss (adld 5 bae Of pas nalis
Ve ‘}lk;%_ﬂ%fli_é‘,_m.nuhol__.ﬁ@l__u.a_,b
S s Ol Gl >l > 55818 5L o S s
tacalaa NBPD Laild & Logsye solis oolss Lalla
29 OB 53 a s SLE Lo pdleyT de e g9 (sl s
o sLasEaly gyl ool sualie LG VY A
S A VoY YN gl O B ms (550 42
ol (gams 50 YO 5 TY ugaa il 33l 4o o
S35 mtes dad Lt euy s sl sa— NBPD
o palla s el eddie sk 4 5 gulal
o S gl ok @l Glis s T aaa (51D
25338 5135530 (ppealie (833 gus 3 808 Glaly (S8
el Ol s S a3 1) e (b (M (S
Jolad e 5 olad)y il o (K58 e € iS5
B8 OILs b8 Jsmaane Gl LB 5 4s e G
o5k ol (A oo Jsanse (pl (n S e
il 5 (a3l s 4 5 g le (A 5o s oIS
S S ) Jsmne oy sladi e o s YL aa S
Lok o ge S0 (s5em ) (s e o ol
3 4 smaie Wil g0 50 seane JolS il S

oS LT 8, 50 A

300 -

101 102 103 104 105 106 107

ae e uS

108 109 110 111

dnle )l 9 231 Jasl yudi Ju BPD oalds jaulle -4 s

ol G s (sulall (5 90 44

aaly il am pallal s s (ea i julis

o9 sad Giuly 40530 VY (5l (BPD) B yme ol ana
DlaBe S0t 5 CpoSaS Lol sws S GILIA Ka
SYVA LS 5slos oS58 4 (Sio84a S pl5e (515 BPD
ot oSSl il oo aSa i s by L18 YVY0
2 JLo D5 /A s 5 as 50 g0 s S8 paall
saal s 40 BPD 5 &ilis 0t 4 calas LS e
@losrbd s bl 5 b olal (s, b gulae sl
= s OI-a VA 5 VAR sl S s (55l
Globas 4 gl o g ol s 4 S i
a9 Y1 Gl il o saie (55190 sl s k]
ot (B yime Ol paa saly 58 gl pallAl s
sael cicus 4 BPD oals ,uulie 4 JSa o el
bl a3 (3udal 50 S bss e 4530 90 sl
ol sad suls plas sasle)l Ll i g de e a3l
s oS wlakl 5o g kol lio o pas Jleel b
SE8/) 555 BPD Gadli Llde Y-¥ 5 Y-\ gl5e
S ool puolie Vo UK il Giul3El damo V-
15 (NBPD) (e ©f ana aaly s sl alls
3 (RoSpS aas e i sad Gluly 40550 VY (gl
9-Ye/0 i3 s NBPD [mali jlade oy 5 s
O Sl o (paad a5l s Jls L158 VY04

= JLs DI WY sa Glaly ol5e b9 58 peals
600 -

Al 2 201 oula il 201 B gda) yd 202 pula S bl 42202
4s 50 uS

112

oud (yisls g4l 30 Ju BPD yadld jaulse -A Jsud



VoY Jlo /¥ opleds YY sl / S g O il 4 i o glBlagl g (g yhmn cglila gl YYv¥

120 - 300 -

~90 - ~250 1

£ ém_

Z 60 - 3

- =

z 2 150 1

=30 4 <

a

= 2 100 |

= 2

Z . 2
50 -

-30 - 0 4 . . .

101 102 103 104 105 106 107 108 109 110 111 112 AR g a5l 201 e Sl s 201 B gda) 5 202 e ) 5k 202
a0 as 4 30 a8
(sthinle 3T o281 g dasl ki 5o NBPD (adlids yaalis -\ Jsub oudh yiusly ¢ ,130 ;9 NBPD jadld jualie—\+ Jsib

Iy ol 5 (Su5a8 (o502 5 LRalS (gldaadle

Te iy eila has)
A- }‘ :‘*.fu-.".l—;\-dg:)‘d-&‘ N ‘_).HLA-U“):I-*;~’JJ:\.€—.' Sl Cu i 5D 90 T § o L)“"'AJJ@JJ

G0 o b e slagealds (uinan 9 4e )50 oo
a8 gl 5o ol Gime golaml 5 (S5

O e Olad) bl o (Ksida S pole dua o
s ol L andilbge ol slashd okl wlbslu

S pae oy 4 pylhe (ol 5o Brme Ol aas } :
el aaa | HUBD) 56 aalS g 5la] e ol ““ff gloe 23 ol e el
Joall st a5 o sedla 3aind gl 31 sulited o9 gy o me B3 5 Olesil, s,
cusmae 0 aSEL G155 0las 6l ags LB aug 5 e b el sl uu)f ok ol s B2
2315 e 4550 (231 50 b cnlite 5 s g5kl Bt S e solel g s dpane (3
Gy J3S 5 4 o] Ol oSsla 4 saie

B3 gl 5o o)

@l el 5 pesmad o i ge (ol (28 S e
Al EALS L 5 59 0 e Jgemne w555
o9 adipe (231 5l 4 Sk okl OF Gee dasly
JoiS lal Jsle olsie 4 of glie cuoguss gl
Sy Ol bt AL £l5e S0k 59 ol B yas
Sae Pl L L s okl cusnse Jleel b

ouldicul g0 C.._nl.l.o

Abbasi F, Abbasi N and Tavakoli A, 2017. Water productivity in agriculture: (_:hallen?_es and perspectives.
Journal of Water and Sustainable Development 4(1): 141-144. (in Persian with English abstract)

Abbasi F, Joleini M, Khorramian M, Dehghanian SE, Moghbli Dameneh E, Nowroozi M, Uossef Gomrokchi
A, Taheri M, Zare-Mehrani E, Kiani A, Salamati N, Mousavi Fazl H, Ghadami-FirouzAbadi A, Bayat P
and Nasseri A, 2021. The role of modern irrigation systems on tomato applied irrigation water
management in Iran. Irrigation and Drainage Structures Engineering Research 22(82): 43-64. (in Persian
with English abstract)

Ahmadi K, EbadZadeh HR, Hatami F, AbdShah H and Kazemian A, 2019. Agricultural statistics of 2017-
2018. Ministry of Jihad for Agriculture, Deputy for Planning and Economy, Information and
Communication Technology Office. Volume 1, Crops. 166p. (in Persian with English abstract)

Akbari SMR, Mousavi SN and Rezaei A, 2009. Water crisis and the need to pay attention to water efficiency
in drought areas; case study: Seidan-Farooq plain. Second National Water Crisis Conference. 15-16
May, Isfahan. (in Persian with English abstract o

Al-Omran AM, Al-Harbi AR, Wahb-Allah MA, Nadeem M and Al-Eter A, 2010. Impact of irrigation water
quality, irrigation systems, irrigation rates and soil amendments on tomato production in sandy
calcareous soil. Turkish Journal of Agriculture and Forestry 34: 59-73.



YYo d)‘“d)ﬁ°}'@(}"(ﬁ)l‘°"w)""\"’)’|

Amini A, Porhemmat J and Sedri H, 2020. Investigating the physical and economic efficiency of water in
major crops in the Talvar watershed, Kurdistan, Iran. Watershed Engineering and Management 12(2):
481- 491. (in Persian with English abstract)

Amiri E and Rostami A#rloo A, 2018. Assessment the effect of deficit irrigation on yield, quality and water
productivity of different cultivars of tomato in Moghan plain. Iranian Journal of Soil and Water
Research 49?2 : 261-268. (in Persian with English abstract) o ) )

Asadzadeh Sharafeh H and Raoof M, 2018. Comparison of water use efficiency in sprinkler and hydroflume
irrigation systems (case study: Ardabil plain). Water and Irrigation Management 8(1): 55-68. (in Persian
with English abstract?vI

Bahrami M, Khalilain S, Mortazavi SS and Asaadi MA, 2019. Evaluation of physical productivity of water
agricultural in selected provinces in Iran (Case study: wheat crop). Iranian Journal of Irrigation and

~ Drainage 12(6): 1511-1518. (in Persian with English abstract) S )

Biswas SK, Akanda AR, Rahman MS and Hossain MA, 2015. Effect of drip irrigation and mulching on
yield, water-use efficiency and economics of tomato. Plant, Soil and Environment 61(3): 97-102.

Campos HN, Trejo C, Pena-Valdivia CB, Ayala CR and Garcia PS, 2009. Effect of partial root zone drying

_on growth, %as exchange and yield of tomato. Scientia Horticulturae 120(4): 493-499.

Cetin O and Bilgel L, 2002. Effects of different irrigation methods on shedding and yield of cotton.
Agricultural Water Management 5481): 1-15. ) )

Dehgan H, Alizadeh A, Esmaely K and Nematy SH, 2015. Root growth, yield and yield components of
t%mato )under drought stress. Water Research in Agriculture 29(2): 169-179. (in Persian with English
abstract

Eshraghi F and Ghasemian S, 2012. I_Evaluatin% economic productivity of water use (case study: Golestan
province). Water Research in Agriculture 26(3): 317-322. (in Persian with English abstract) =~

Eskandaripour R, Khorsand A, Rezaverdinejad V, Zeinalzadeh K and Norjoo A, 2020. Investigation of
polyethylene mulch on improvement of tomato water use efficiency using aquacrop model. Plant
Ecophsiology 11(39): 71-85. (in Persian with English abstract)

Fan', Wann?1 C and Nan Z, 2014. Comparative evaluation of crop water use efficiency, economic analysis
%2% net household profit simulation in arid Northwest China. Agricultural Water Management 146: 335-

Favati F, Lovelli S, Galgano F, Miccolis V, Di Tommaso T and Candido V, 2009. Processing tomato quality
as affected by irrigation scheduling. Scientia Horticulturae 122: 562-571.

Foster T, Brozovi¢ N, Butler AP, Neale CMU, Raes D, Steduto P and Hsiao TC, 2017. AquaCrop-OS: An
ggen source version of FAO's crop water productivity model. Agricultural Water Management 181: 18-

Ghadami Firouzabadi A and Seyedan SM, 2019. Evaluation of irrigation water productivity and economic
analysis of alfalfa production in sprinkler and surface irrigation systems. Journal of Irrigation and Water
Engineering 10(37): 136-149. (in Persian with English abstract) o )

Ghadami Firouzabadi A, 2012. Technical evaluation of low pressure irrigation pipe (hydro flume) and
comparison with traditional and sprinkler irrigation systems. International Journal of Agriculture and
Crop Sciences 4(3): 108-113.

Gholami Z, Ebrahimian H and Noory H, 2015. Investigation of irrigation water productivity in sprinkler and
surface irrigation systems (case study: Gazvin plain). Journal of Irrigation Sciences and Engineerin
41(1): 17-30. (in Persian with English abstract) ) -

Golkar F, Farahmand AR and Fardad H, 2008. Response of yield and water use efficiency of early urbana
tomato to different levels of Irrigation. Water Ené;meermg 1(1): 13-19. (in Persian with Engllsh abstract)

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

Heydari N, 2014. Water productivity in agriculture: challenges in concepts, termsand values. Irrigation and
Drainage 63(1): 22—28.

Hooshmand M, Boroomand Nasab S, Albaji M and Alamzadeh Ansari N, 2019. Effect of different methods
of irrigation management on Yyield, yield components and water use efficiency of tomatoes in
hydroponic culture. Iranian Water Research Journal 13(3): 85-94. (in Persian with English abstract)

Hosseini SP, Golestani Kermani S, Qaderi K and Sayari N, 2022. Effects of superabsorbent and deficit
irrigation on yield, water productivity and production function of cherry tomato. Journal of Crops
Improvement 24(2): 659-672. gin Persian with English abstract)

Howell TA, Evtt SR and Tolk JA, 2001. Irrigation systems and management to meet future food/fiber needs
and to enhance water use efficiency. In proceedings of the INIFAP-ARS joint meeting; a frame work for
cooperation. Pp. 10-14. Rio Bravo. Tamaulipas, Mexico and Weslaco, Texas, USA.

Jafari MM, Ojaghlou H and Zare M, 2020. Groundwater level fluctuation simulation using support vector
machines and adaptive neuro fuzzy inference system (case study: Maragheh plain). Iranian Journal of
Irrigation and Drainage 3(14): 942-956. éin Persian with English abstract%

Jolaini M, 2011. Investigation the effect of different water and plastic mulch levels on yield and water use
efficiency of tomato in surface and subsurface drip irrigation method. Journal of Water and Soil 25(5):

-1025-1032. (in Persian with English abstract) ) ) o o

Karimi B, Karimi N, Shiri J and Sanikhani H, 2022. Modeling moisture redistribution of drip irrigation
systems by soil and system parameters: regression-based approaches. Stochastic Environmental
Research and Risk Assessment 36: 157-172.



VoY Jlo /¥ opleds YY sl / S g O il 4 i o glBlagl g (g yhmn cglila gl YYs

Karimi M and Jolaini M, 2017. Evaluation of agricultural water productivity indices in major field crops in
Mashhad plain ﬁtechnlcal note). Journal of Water and Sustainable Development 4(1): 133-138. (in
Persian with English abstract)

Keshavarz A and Dehghanisanije H, 2012. Water productivity index and solutions for future agricultural
activities in Iran. Economic Stratrgy 1(1): 199-233. (in Persian with English abstract)

Khazaei Sh, 1999. Agricultural water productivity in Iran. Selected articles on agricultural productivity,
pgbllcat)lons of the Institute of Agricultural Planning and Economic Research. (in Persian with English
abstract

Liu J, Zehnder AJB and Yang H, 2008. Drops for crops: modelling crop water productivity on a global scale.
Global Nest Journal 10 I:): 295-300.

Meidanshahi M, Mousavi SF, Mostafazadeh-Fard B and Landi E, 2013. Effect of PRD deficit-irrigation
method and sodium salicylate on yield, yield components and water use efficiency of tomato. Journal of
Soil and Plant Interactions 4(1): 1-14. (in Persian with English abstract) o )

Mohammadi F, O%aghlou H and Ghorbanian M, 2021. Effect of water resources utilization methods on olive
water use efficiency. Journal of Water and Irrigation Management 11(3): 643-658. (in Persian with

En?_l||sh abstract)

Molavi H, Mohammadi M and Liaghat A, 2011. Effect of full irrigation and alternative furrow irrigation on
yield, yield components and water use efficiency of tomato (super strain B). Journal of Water and Soil
Science 21(3): 115-126. gn Persian with English abstract) o )

Naroua |, Rodriguez L and Calvo RS, 2014. Water use efficiency and water productivity in the Spanish
igilgation district “Rio Adaja”. International Journal of Agricultural Policy and Research 2(12): 484-

Nazari B, Liaghat A, Akbari MR and Keshavarz M, 2018. Irrigation water management in Iran: Implications

 for water use efficiency improvement. Agricultural water management 208: 7-18.

Ojaghlou H, Ojaghlou F, Ghorbanian M, Misaghi F, Nazari B and Karami Dehkordi E, 2022. Water use
efficiency in onion production and assessment of improvement strategies. Journal of Water and
Irrigation Management. (in Persian with English abstract)

Ojaghlou H, Sohrabr T, Abbasi F and Javani H, 2020. Development and evaluation of a water flow and
solute transport model for furrow fertigation with surge flow. Irrigation and Drainage 69: 682-695.

Patané C, Tringali S and Sortino O, 2011. Effects of deficit irrigation on biomass, yield, water productivity
and fruit quality of processing tomato under semi-arid Mediterranean climate conditions. Scientia
Horticulturae 129(4): 590-596.

Piri H and Mobarki M, 2021. Investigating water footprints and water consumption efficiency of crops of
potatoes, sugar beets, tomatoes and forage corn in different climates of Iran. Journal of Water and Soil
_Conservation 27(6): 103-120. (in Persian with English abstract) o

Raei Jadidi M, Homayounifar M, Sabuhi Sabuni M and Kheradmand V, 2010. Determination of energy use
efficiency and productivity in tomato production (case stu_dK: Marand reglong. Journal of Agricultural
_Economics and Development 24(3): 363-370. (in Persian with English abstract

Rahimian MH and zabihi HR, 2018. The effect of different compost and super absorbent polymers
combination on yield and water use efficiency for tomato in greenhouse condition. Water Research in
Agriculture 31(4): 547-558. (in Persian with English abstract) ) )

Rezvani Moghaddam P, Norozpoor GH, Nabati J and Mohammad Abadi AA, 2005. Effects of different
irrigation intervals and plant density on morphological characteristics, grain and oil yields of sesame
(%esamt;m indicum). Iranian Journal of Field Crops Research 3(1): 57-68. (in Persian with English
abstract

Sadreghaen SH, Akbari M, Afshar H and Nakhjavani Moghaddam MM, 2010. Effect of three methods of
micro-irrigation and irrigation levels on yield of tomato. Journal of Water and Soil 24(3): 574-582. (in
Persian with English abstract)

Salehi Y, Zarehaghi D, Dabbagh Mohammadi Nasab A and Neyshabouri MR, 2018. The effect of
intercropping and deficit irrigation on the water use efficiency and ?/ield of tomato (Lycopersicon
esculentum Mill) and basil (Ocimum basilicum). Journal of Agricultural Science and Sustainable
Production 28(3): 209-220. (in Persian with English abstract) o ]

Salvador R, Martinez-Cob A, Cavero J and Playan E, 2011. Seasonal on-farm irrigation performance in the
ebroBasin (Spain): crops and irrigation systems. Agricultural Water Management 98(4): 577-587.

Sepahvand M, 2009. Comparing water need, water productivity and its economic productivity for wheat and
canola in western Iran for rainy years. Iranian Journal of Water Research 3(4): 63-68. (in Persian with
English abstract)

Shahien MM, Abuarab MA and Hassan AM, 2012. Effects of regulated deficit irrigation and phosphorus
fertilizers on water use efficiency, yield and total soluble of tomato. American-Eurasian Journal of

Agi(ricultural and Environmental Sciences 12(10): 1295-1304.

Shahrokhnia MA and Rahimi H, 2017. Economic analysis of deficit irrigation for transplanted tomato
cultivars. Water Research in Agriculture 30%): 483-495. (in Persian with English abstract)

Shrivastava PK, Parikh MM, Sawani NG and Raman S, 1994. Effect of drip irrigation and mulching on
tomato yield. Agricultural Water Management 25(2): 179-184. ) )

Torknejad A, Aghael Sarbarzeh M, Jafari H, Shirvani AR, Roeintan R, Nemati A and Shahbazi KH, 2006.
Study and economic evaluation of drip (tape) irrigation method on wheat compared to surface irrigation



YYY d)md)schd)b]wafl

in water limited areas. Pajohesh-Va-Sazanegi IN Agronomy and Horticulture 19(3): 36-44. (in Persian
with English abstract)

Zamani O, Mortazavi SA and Balali H, 2015. Economical water productivity of agricultural products in
bghar plain, Hamadan. Journal of Water Research in Agriculture 28(1): 51-62. (in Persian with English
abstract

Zibayi M, 2007. Factors affecting continuity in using sprinkler irrigation systems in Fars province,
comparison of logistic regression and discriminant analysis. Iranian Journal of Agricultural Economics
1(2): 183-194. (in Persian with English abstract)

Zolfi Bavariani M, Rashidi N, Nowrouzi M and Bayat P, 2019. Interaction effects of nitrogen and irrigation
water on yield and water and nitrogen use efficiency of tomato in Bushehr province. Journal of
Irrigation and Water Engineering 9(3): 168-181. (in Persian with English abstract)



