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Table 1- Physical and chemical characteristics of the soil
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Figure 1- Daily meteorological data recorded during crop growing season in

the two years of the experiment
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Table 2- Description of experimental treatments
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regimes) Description
100V-100R ] ) (J“’K d)Lj) ) J>l)"° LfL“ ) @T )L’ Jopd Ve d)L.‘:.”l Jl“"‘] o ]
Irrigation applied 100% water requirement at the all growth stages (full irrigation)
el o ye 53 1 5l5 203 VO g gy A ye o T 5V o)l Jlesl
100V-75R Irrigation applied 100% water requirement at the vegetative stage and 75% water requirement at
the reproductive stage
il Al yo ) (ol b o3 00 g gy Alspe ) (ol s top Ve r gyl Jlacl
100V-50R Irrigation applied 100% water requirement at the vegetative stage and 50% water requirement at
the reproductive stage
halj Aoy 3 N5l Vee g g alo e 53 ol Sl 4o > VB (ylol Jlesl
75V-100R Irrigation applied 75% water requirement at the vegetative stage and 100% water requirement at
the reproductive stage
oty dloya > o Sl 203 VO 5 gy s ye p3 o S5 20 VO (5l Jlas!
75V-75R Irrigation applied 75% water requirement at the vegetative stage and 75% water requirement at the
reproductive stage
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75V-50R Irrigation applied 75% water requirement at the vegetative stage and 50% water requirement at the
reproductive stage
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50V-100R Irrigation applied 50% water requirement at the vegetative stage and 100% water requirement at
the reproductive stage
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50V-75R Irrigation applied 50% water requirement at the vegetative stage and 75% water requirement at the
reproductive stage
ol s po 33 T3l doyd Be g gy Al ye 3 ol 5bo oy B0 (oylol Jles!
50V-50R

Irrigation applied 50% water requirement at the vegetative stage and 50% water requirement at the

reproductive stage

1- Day After Transplanting (DAT)
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Table 4- Comparison between the default and calibrated parameter values contained in the AquaCrop files for Tomato at
field experiment

Salyly ol iwnly Rz sl
Parameter value Calibrated Default Unit
b sl 8 7 °oC
Base temperature
b Sl 35 28 °C

Upper temperature
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Plant density
(Ker) oF canguomo cigns bl )3 JolS by sl (LS 355 b
Maximum crop transpiration coefficient
(CCO) eyl 95 b,
Initial canopy cover
(CGC) LslS iy oo
Canopy growth coefficient
(CDC) (55 tals oy
Canopy decline coefficient
(CCx) ls Lty ST
Maximum canopy cover
el )yl b A g, 42
GDD to recovery after transplanting
sl hbgy Sl b ad) g, ax g
GDD to maximum canopy cover
S 0990 Eaxd B 4D, jo) 4y
GDD to start senescence
Sy B4 g 40
GDD to maturity
2 90 B L) o) 4 )
GDD to start flowering
2 093 Jsb
Length of the flowering
aly) e Bos Sl
Maximum effective rooting depth
ady) Fhe oe JSho
Minimum effective rooting depth
(WP¥)oss Joy ol 5590
Normalized water productivity
(Hlo) a2 ye cilyyy jaslis
Reference Harvest index
(Pupper) (295" s S slp SB (ol (55 G pd Yl o]
Upper threshold for canopy expansion
(Prower) (255 5y sy SB o 55 oo b ailiwl
Lower threshold for canopy expansion
oS (9l (578 sl SB ol A oy (Gmie JSS oo
Shape factor for stress coefficient for canopy expansion
(Pupper) loasjg; (45 dty (sl SB o] (5 oy (YL il
Upper threshold for stomal closer
o) (o s gl S ol 105 (gt S5 5
Shape factor for stress coefficient for stomal closer
(Pupper) (255 s slp S ol 25 SV il
Upper threshold for canopy senescence
@ S sl SB o 5 e JSS Gyl
Shape factor for stress coefficient for canopy senescence

2.7

1.25

0.53

10

0.38

91

70

1503

2490

2774

973

1657

0.25

18

41

0.02

0.30

0.5

0.38

34

0.45

14

3.3

1.10

0.67

11.8

0.40

0.75

43

1009

1553

1933

525

750

0.30

18

63

0.15

0.55

3.0

0.50

3.0

0.70

3.0

Plant/m

%
%
%
%
°C
°C
°C
°C
°C

°C

g/m2

%




VEer so st — 13 y0 ¥ 0yleds YOl (S g T 4,55 Yo F

B VL Ly (el cadsls as > cg) ) 0995 Jobo ples
5009 485 )15 ey bbb s Sl 5ol o8 (63)lge 0 .l
sy b gl 3 iy L5 el 4 Tooms sl (sl b
2 SE cogoy o S5 a0 B0l i bajles 2o o Loy
cle 4 Ol S Glo Wlgi e o U 09 03l o5 byl o
il jle )5 Ady &y g9 olS By Al olS ey dmwg pas
ol (55 9 o Gl b g ol oS el oad ol o
5 oboj i b (cowl oais ool i JSs) el callas
goid b SB 5l Ol Gls ( oplS Libe ySls 4 o,
59y Cusby (Sl ol 48y Sy SLS ) cogb,
Ol Gyao ials o a4 ady Jad BSlgl o g a il el
o]l 0138 )5 g5l 10 )bgd 53935 b ol Lo
IS8 4 g b el pl cd plosl codlS 1o o, WO 3 ()l
Slam 50, VFO) wdy et LL B Fu,l cpl 5l a8 24 0 osaliie ¥
S e by Jo3 Mol g9, S b, (cusls

alio wlwly sd b wlxe (glol (gl jad i 4 asg b
P SB Cosby lozme doyd odd (silwdnnd g slosalin yolie
sl Slaye Sile Jin b Jao b Jyi2) cai Jomd g3 Jgo
03545t 1) Jdo ol)lS oy YA/FD B A/FY o3ga5cs 50 0 Jloys
emobe )0 (Jed Jld cdy b /A0 L /YA odga ey
oly galpe 93 3 )3 Ay 0)93 Job 3 ST Cusb; (soime
Sg ol Wise oy pte 3 (Priwcows

2olie duslie 9O Jodo j0 oa i ody Ll ol & asgi b
D s oYU Byl mwous dlsye ;0 Jde slosnline
o sl el awloxe 5l odel cwd 4y polie 4y 4395 b
byl 2 4 bojlass il 3 (uiwly alsye 3 (0 Jsu>) (RE)
oA s solis 50V-75R 4 50V-100R . 1007-50R
aloye 3 g e (ABly palie I SLE b (dlgme
BOV- 5 75V-T5R (cllasi 3o 4 1o lasi dad )3 oo
sanlie 4 odd (jluwdnd pmilie yieS 35l 4 Jao ki 75R
Dy ylde ol

(st SI& Caploy (lgiona yolin anlin b (5 y5b 4
5 203 VY 3515 NRMSE L I los dan o (5 ,Soj13] g 01
A o LS Srwcous g (Sxiwlg Al e g3 ya 3 %e dgus R?
b 33 16 gl (lgima rite 9 Ve (bl e &5
(¥ JS) cudls (S5 e S 1y Jod

i, (Pi—0y)?

RMSE = (V)
n
S, (Pi-0)?
NRMSE =Y —" )
MBE - Zi (Pi_oi) (R)
n 2
_ 4 Z(Pi-0) .
EF =1-$20-0 R
_ g Zia(Pi-0p?
=1 Zi,(Pil-10iD ()
2 _ (EPi-P)(0;-0)?) (V)

Y(P;—P)? ¥ (0;-0)?
)1.)..&0 Oi ol !d)ud W) )I.\.O.c Pi ‘559 dLbd.l)Lwo »

Jolie 5:Sile 0 cordsigjlodasd yolie 3 Sle P eossspSojlui

RMSE o,Lol jlade .43l o lnodly sluss plpp N g 00 ¢ 5050l
e Cunl yigg 2Bl U35 Hio & da pp g 039 Cute o)lgen
e o) 99ST Jae a8 cl ol oaims Lo MBE o)l cuto
e 5 el 03,8 )05 (Bly o )t ] Jlainyse sl
e Hlainyge yiahly 3yl )3 Jus a8 ol ol Sl ite
ol 031y Cawd 4y (6,768

Jde 5l g ail o bodly i3l covs saiad i EF Jlude
Laosls JolS a3l olog 5 2 b 2l iy > ol e
o bl g a8 oyl SO U yio IR e el pitie
il o odld yips (53 edimd L Abl S5

S T 4l ge (5 jludands

5 o Ol &l (5,525 Sy 1B 3,Skac o STyesT
A8 o (65w Gilie )bl bl b > By me O lise
3ot bt e 4 oy ol sy ] e Sy
1y olS 555 g s sl )3 9 LS Ol gl lal Jg—ame
S o (5jlodnd

B SB cugby yliwe 00 (6550l g od i w i polde
& Lgeye SSiyitnsS 35y b b 3 s o Bl V0 ae
G g bl oad ooy L Y IS 0 Jdo (ouiwlg dls ye
Slgiome ¢ mwcous o (iwly Al ye D Jde el Cowds gl
lam) cov ([SojpaasS aby Juab Job 31, SB Ol g,
(B Jg2) 35 ity (255 Sl €83 b ()] il

u]).u;u Ol &5 1md o L Y JSS )0 Cusby il yus g,
2 Lp® o8 kel Jloss 53 092 3b5 SB (VL Gos 5 Cogh,



YoV K525 gai g adh) gilwannd (ol y50n g (559

S ylos )3 o gl 10 Bos U S Cugb, (glgizm (g5luamad j3 Jao CB3 (i (5151 (5 5l] e L 3l -0 Jouo
&bl Ao

Table 5- Statistical indices derived for evaluating the performance of AquaCrop model in predicting soil water
content till 15 cm depth in different irrigation treatments
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75V-100R 12.82 0.87 0.97 1.47 0.90 10.21 0.87 0.96 -6.44 0.95
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Figure 2- Comparison between measured and simulated values of soil water content of all water treatments for
calibration and validation
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Figure 3- Observed and simulated values of soil water content till 15 cm depth under different irrigation regimes during
growing season for calibration (2016)
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Table 6- Statistical indices derived for evaluating the performance of AquaCrop model for predicting canopy cover (%) in
different irrigation treatments

Je Uiyl g as s

al> 5o Sl sy Model evaluation indices
85w Irrigation SIS Slaye (Sle @ @l pasls e gl <
Simulation regimes s Sl o o lo i (sl Juo ) Oy ] Siwdse
RMSE NRMSE EF d R2 RE ME
100V-100R 45 6 0.97 0.99 0.99 1.73 0.97
100V-75R 7 15 0.64 0.93 0.92 7.40 0.63
100V-50R 7.1 17.8 0.61 0.92 0.88 -0.84 0.61
o 75V-100R 8.4 135 0.82 0.97 0.97 -1.64 0.82
T 75V-75R 6.6 14.7 0.75 0.95 0.93 -5.88 0.75
Calibration 75V-50R 6.6 20.7 0.77 0.94 0.88 -4.18 0.77
50V-100R 9.2 15.6 0.78 0.95 0.93 -3.17 0.78
50V-75R 75 18.1 0.72 0.93 0.87 0.33 0.71
50V-50R 6.3 24.9 0.77 0.93 0.90 11.80 0.76
oSk 7.02 16.25 0.78 0.92 092 062 0.75
Average
100V-100R 6.9 9.3 0.93 0.98 0.98 5.72 0.93
100V-75R 6.1 13.4 0.69 0.94 0.90 3.93 0.69
100V-50R 8.6 21.4 0.54 0.89 0.81 -4.44 0.53
o 75V-100R 6.6 10.6 0.88 0.98 0.97 2.55 0.88
S 75V-75R 2.9 6.2 0.95 0.99 0.98 -1.68 0.95
Validation 75V-50R 5.1 16.1 0.86 0.69 0.94 6.84 0.86
50V-100R 7.9 13 0.85 0.96 0.93 -2.33 0.85
50V-75R 5 121 0.86 0.96 0.95 6.64 0.86
50V-50R 3.8 13.7 0.91 0.97 0.97 8.35 0.91
ol 5.88 12.87 0.83 0.93 0.94 2.84 0.82

Average




VFeo yg9 st — 31030 F 0 )loud FO Wl (S g ol 4,25 VY

120 0

100V-1008 : -_mo\-'.uk p
100 4 : o0 4 - - ¢
®  (Catn ®  (Celn >
o84 CCOsm s0 CCslm 1 . . .
40 4
60 - . 14
30 A |
“Y 20 - e
0 10 4
0 - - - + -~ 0 r - - - -
0 S00 1000 1500 2000 2500 Jooo 0 500 100 1500 2000 2500 3000
0 o
g =y "]
®  CCobs mn
50 4 CCvim 60
40 9 30 4
3 4 40 4
20 4 09
20 9
10 4 10 4
0 - v v - T o v - - T -
0 00 1000 1500 2000 2500 3000 0 sho 000 1500 2000 2500 3000
] 00
—~—
-:x \° L . 50 4 -
< e  CCobw . |
g T 50 4 COviet i ‘
5 & 2
v > 40 -
» © 30 1 .
.s, “ 30 A = Ve
-
- o 20 1 29 1
3" - 10 1 10 1 ’
~— U 0 v v v (1] v v v v
0 200 1000 1500 2000 2500 e 0 S0 1000 1500 2000 2500 3000
70
. P
01 e o b ¢
70 CCrim S0 4 .
® .
6o 4 an 4 - L
S0 W .
40 4 30 4 i
30 4 20 A
20 4 .
10 4 1 )|
0 - v - 0 - v v - -
0 500 1800 1500 2000 2500 3000 0 S00 1000 1500 2000 2500 000
50
N1 o e o Jo
S 9 COum 9, 4
30 4
25 .
20 A I
1% 4 ?
10 .
59 L
0 . . - - .
0 she 1000 1500 000 1500 R

He2T Al g 43
Growth degree day
(YY) (oumly als po 45 B ylond 51 S 2 43 (CCobs) sunisaalive 5 (CCSIM) aui g jlwdmmsd (o193l5 inigy —0O JSW

Figure 5- Observed (CCobs) and simulated (CCsim) values of canopy cover under different irrigation regimes during
growing season for calibration (2016)
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Simulation of Growth and Development of Tomato
(Lycopersicon esculentum Mill.) under Drought Stress: 1- Simulation of Soil
Water Content, Evapotranspiration, and Green Canopy Cover
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Introduction: The modeling approach for the simulation of the growth and development of tomatoes in Iran
has been overlooked. Calibrated crop simulation models, therefore, are increasingly being used as an alternative
means for the rapid assessment of water-limited crop yield over a wide range of environmental and management
conditions. AquaCrop is a multi-crop model that simulates the water-limited yield of herbaceous crop types under
different biophysical and management conditions. It requires a relatively small number of explicit and mostly
intuitive parameters to be defined compared to other crop models and has been validated and applied successfully
for multiple crop types across a wide range of environmental and agronomic settings. This study was conducted
as a two-year field experiment with the aim of the simulation of soil water content, evapotranspiration, and green
canopy cover of tomato using AquaCrop model under different irrigation regimes at two growth stages in Mashhad
climate conditions.

Materials and Methods: A field experiment was conducted over two consecutive seasons (2016-2017) in the
experimental field of Ferdowsi University of Mashhad, located in Khorasan Razavi province, North East of Iran.
The experiment was laid out in a split-plot design with different irrigation regimes at the vegetative and at the
reproductive stage as the main and subplot factors, replicated thrice. In total, 27 plots of 4.5x3 m (13.5 m?) were
used at a planting density of 2.7 plants per m?. Seedlings were planted in a zigzag pattern into twin rows, with a
distance of 1.5 m between them, so there were four twin rows of three meters in each plot. The distance between
tomato plants within each twin-row was 0.5 meters. A buffer zone spacing of 3 and 1.5 m was provided between
the main plots and subplots, respectively. The following experimental factors were studied: three irrigation regimes
(100= 100% of water requirement, 75= 75% of water requirement, 50= 50% of water requirement) and two crop
growth stages (V= vegetative stage and R= Reproductive stage). The drip irrigation method was used for irrigation.
The tomato water requirement was calculated using CROPWAT 8.0 software. The irrigation water was supplied
based on total gross irrigation and obtained irrigation schedule of CROPWAT. Model accuracy was evaluated
using statistical measures, e.g., R?, normalized root means square error (NRMSE), model efficiency (E.F.), and d-
Willmott. The 2016 and 2017 measured soil and canopy data sets were used for calibration and validation of the
AquaCrop model, respectively.

Results and Discussion: For a water-driven model, such as AquaCrop, it is important to evaluate its
effectiveness in simulating soil water content. During calibration (2016), the model simulated the soil water
content with good accuracy. The simulated soil water content values were close to the observed values during
calibration (2016) for all treatments with R? ranging from 0.90 to 0.97, NRMSE in range of 8.47 to 17.96%, d
varying from 0.76 to 0.99, and M.E. ranging from 0.87 to 0.96. Validation results indicated the good performance
of the model in simulating soil water content for most of the treatments (0.79<R?<0.99, 10.04%<NRMSE<18.65%,
0.77<ME<0.92).

Appropriate parameterization of canopy cover curve is critical for the model to provide accurate estimates of
soil evaporation, crop transpiration, biomass, and yield. In general, the calibration results showed good agreement
between simulated and observed data for canopy cover development in all treatments with high R? values (>0.87),
good E.F. (>0.61), low estimation errors (RMSE, ranging from only 4.5 to 9.2) and high d values (>0.92).

Conclusion: The AquaCrop model (version 6.1) was calibrated and validated for modeling soil water content,
evapotranspiration, and green canopy cover for tomatoes under drought stress conditions. In general, soil water
content, evapotranspiration, and green canopy cover of tomato were simulated by AquaCrop model with
acceptable accuracy in both calibration and validation stages. However, the model performance was more accurate
in no and/or moderate stress conditions than in severe water stress environments. In conclusion, the AquaCrop
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model could be calibrated to simulate the growth and soil water content of tomatoes under temperate conditions
reasonably well and become a very useful tool to support the decision on when and how much irrigate.

For R?, values > 0.90 were considered very well, while values between 0.70 and 0.90 were considered good.
Values between 0.50 and 0.70 were considered moderately well, while values less than 0.50 were considered poor.
Root mean square error ranges from 0 to positive infinity and expresses in the units of the studied variable. An
RMSE approaching 0 indicates good model performance.

Keywords: AquaCrop model, CropWat, Deficit irrigation, Modelling, Soil water balance
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Figure 1- Study area and location of selected hydrometric stations
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4- Range of Variability Approach
5- Desktop Reserve Model
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2- Montana
3- Flow Duration Curve
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oL Cardy Recommended base flow regimens
(Description of flows) (percent of mean annual runoff)
ol =y o o sle — 551
Apr-Sep Oct-Mar
s b gy (g9 (Flushing or maximum) 200 200
40 0393 (Optimal range) 60-100 60-100
Jle ks (Outstanding) 60 40
e (Excellent) 50 30
oy (Good) 40 20
Jgd 16 (Fair or degrading) 30 10
i (PoOT) 10 10
cans b (Severe degradation) 10< 10<

Reference: Tennant, 1976

W tkes b L peliss v YLais] oo 33,5 oo 4l
AT AD Qv ¥ Ve DD eV o/ goby Jlaisl iy
&S WS o cymeuds bl ) g e d8)S Ll 5 (A2/3] A%/
als o 50 Ll oad ool gy (S H8 4y byl 0390 plad
g YL oS 9 0 Ly o5 ) St (gl oS cmy
Crl g3 cals walgd o wiaeagS] (65 5 bis Cue pde
oM ol 48 2,5 0 )], 03linl 350 (L pde WIS 0,
T 1C oIS Bl i Sl B udIS (gmbs Condg A
A oM 1Bl o a8l s Sliou )b 4 F WM g sl s
9 olw ol Oy JBlas b 03556 Cwd Cunidg S0y
355 MalS i wsSTF IS 53 48 s 5 el (laslisg,
23 Bg g (b oK €5 (o0 Lo ji g 00 Ol yos
Jo3 JB (upde i jl el cpl a8 asload JalS o 55
@ bgye (pte o6 5 (S5osS] sy JolS 58 il oo
o (VYY) Gl Dgn 50 calisee il j3 i Copde (gla WwMS
@ (ooye JUll odlaiwl b (b (b2 polts (Soxie ma 5 ]
cheun Gl ol (godie (Jloinl e Jsb 13 co Caow
Pl (ot y> JWl 98 co Ao (S pte WS 2 sl
Lo /A% p oS Sbs Jle ylp &S cwl line ol 4 by
Olgse Cald 3 w3 &) 20> AR 3 5T by e ) Blge
oo polis sl ot (b—dd oL glee S )b
355 b et ol Gl slagw 4]y Jaetun
pols (i JUl b9y 4 bgyye Cliuslons caalllas oyl 53 (V)

1avs wols sl

Qo) 22> A+ ol Jleinl b gl o @l jl o)k 5
Slo (b (B) cunl 3lg5 )90 w29y P> (b2 o lgie
248 28bee (603 Jghiie by plgs (a3Ls 55 (Qs0) slbale
lad ol el 5 (ol SUise ) cblis a5l (0350
ol 458,515 odlazul 3590 ol (69 (ladilBdg, (ol JElas

@ ol @bl slodl 35 cipe Ly gla pehis (o
(P) Jlost olie Jilie 3 by 398 w5 (J935 &9
3 pasde (03 e ol 5ol g g8y Jlatsl B 031> 1,8
bl o Cundty ) dal,

m
b= 0)

Oygme & 0dh o Gloj Sy )3 (23 A pe M ] 3 &S
ol Wodly lglyd ol SN g Jo3s

Oetlewl bugs gy cnl 1l ya pold (dode JUST (g,
ol > amac s gl 2ol ekt 4 (YY) wUiss g
w3y S0l pghts (gode JUl ol oa b (B yae wliy,
b (55 Candg 3 wldag; cbilix (dly (Sjglgrn
Sl oo ol als o jlox Joli (29 cul 2300 1))

)y =Y dgrge (Sfslgrten Satuadg (gjlwdnd )
P (sl gocie Mg Y ae ) (b e sLa S
chetj (b Sl sy Wy ¥ ameinj b
Sl

Bl 929 (V) e g2lie )3 b9y cnl oS Sy
ol 01 ST o ) Slaods 55 & s adllaa ol 5 oplples
253)90 laB3g) o)l 3 b (b polts (vt Jol als ye 5



VFor yg e — 010 p0 ¥ ojlous F'O wlr (S g T w25 YYY

U’l )| LL‘__.J')‘.)){ )]J.BA el ‘n)Y ‘.)).5@ O )9 A\ 9 \ ;i),h}f
LIS Jols o1 51 plie slaolSiu] shalin aul 4 &b
A 0313 o9 J>|).o FALY b 5! o .»)f 8Ls] s, 9 alf
I8 et O jl dle slse Alg5 o Jools (slaosls

XS

L;l.moli’i_wl J?us 5 Slale ub)> & LSLMJ]) )‘1 odlawl b

03945 5 dilddg, L D90 lareciuny ;.j Ol odd asuie
Ol dwle @IS T Jou sl oa b awlome Jlaiae

slacandy gy g Sl gy elulp ]y jlo 3900 e
Sl Jiio Job M5 oy (o s e ol e
@l 5 dmloxe 0 Mol Sl 5 ol by 93 4 (Jasrelun
59 ge o3bie 4 yobslo asl 015 &l ¥ S LB )3 ol
slp ol Jile I es allale (Lo JBlas 35 1 (S 5
2 A plcwl Jod BB Caxsg jd dilBag) piamwsST Lads
Cowl cpl cde b o odnline BB oy 4 LIS o] 3590
1 elug! pl cwdYh jd Aoy, (aub Ol byl ise &S
9 d9—dso Jilie Adg> l )l 4 SpsS Y 9N S5y 5k
D55 50385 b (ool M 4l Slhalie ¢ b ol ol plo
e BBy, 5l 3j5e (daeec i ol JBls bwgie
s (slmolSin] gl o1l cilis g ol gy ol
Al p oS jio Y/EY o YA sblcainy oS! o) cowl o)le
o) V/AY 4 £/A% zIS olKiag] S/ g 0/+F 2LIS ) oKius]
V10D (Soyas8 sla i o f o il 5 s ) 5
dog B S5 sl yy e o YVISY o VY sin) ol F/VY
Gl 0l Pl laugle plie wizpn &S Cl
Wl (85 4 Koo L.,)p.s ey 90 oyl 5l edlatel b oolpidun
3] oolo ) 52 93 ool by (glpi iy lalo ylais Lo
(SSyms8 6lg) 59y ) £ o] ol 2)1> S50 b (oL
4 SoyaS (Lo b o o ) 4 g 03 oL
5L Sl 0gis blod 6339, s o] )3 03gdxe oyl I 2,15
Conddy b s caas by ,d Sopngs ailiag, Jasrecou; o

Al e

ol 0 plosl GEFC l58le 5 3l asliml b (3l

2 G509y ol wsl godd JaoSS g (55wl
23 ol p3Y aildg) (b (Soiglerie w2y Jobd 3590
ol o Ve Gl gy Jilio 0ad oo (J 8 bl 51 S,
oS cl o ol ol e 5,5 )13 Jlos 5 )90 a5lsng, b
oo g )lol 0)95 8,5 Jaips b amd o Lt 00 ploxl il
ol S loyiell (59 s o sorldl ST cam 5
29590 Hlol Jobo 48" (63,150 10 (YO 5 V) Wb o LialS coa b &
odis Bl ybys w2 Slws] (sladnwg BT L wsls 31
okl =S98 (slagS 5l odlial bl (Jloj (s cail
ool 01ia8 (slaodls 359150 5 eSS (gl 295 s5lusjly
—ohb gladis sile cilise slaby) Sl g e steg )i
olatnl (as dSud g (Stused oy (Sge)S) bally; Uy,
g dbleciigy oKl (sloodly oSS clp psls anlllas 13 5903
9 095 ) (Fhuad oo (o) Jl 2l oKl (laodls yolas
P byl bayye ciloser sl o odlatwl uac 4
oK) sloodls oSS (gl (M 5 Q) Wb o D550 ilisee milie
CandV )d aBguwogS g iS5 (S ol 9 bl bl
ad)5 )18 ealiwl 590 )] Cand ol 53 die ) olKtn] g 0] )
6 sSde sla gy 5l ealar wl b bl oS cuyg o play !
olie b gols 9 03,3 3,90 sl i oKl oo ,d ailsg,
5 551 (1 o) s 3508 L e ot 3 1 a8y
A5 Ao ] ol ol sried ke

Qs = 1.51 + 0.86Q, + 1.39Q, R? =099
RMSE = 1.26 (v)

o] Joo 3 a5l5g) (05 w4 Qp 9 Qk U
(RMSE) s e ool Sy, 3 5 &t gasogs eoblceia,
555 215 o] Lol Liskss (gl bl o VY «3gb alas]y ol
aarly Calys 3 &S 13,8 oolitl o) 4 SIS0 olSE ) 43 ]
1S 50205 b i S5 5 €15 oK) (St
9 188 LIS g 28 oS! 93 (Siwsed oy D905 Jol>
sl 515 ko DIFY (RMSE) o ke
Ole Fuke a5 ek len taSug] sWodly (g5l b
o g o3zl | lanlons Sailarien cslats 9 e
lodal i Jlol el p3Y plply 3,5 o Oy aslsg,
U9y 3l pskate cnl lp g (oo 0dlatl 350 (Lm0l
2345 Ol e ol b (5lunplSine Slilllas )3 o5 55, Bl
P aSepl s dng b Lol il o odlatwl wad iy 35 (V)
Fig 93 ok Jl 4o Sl gl 4 ol Jiml (S5 g 0390

1- Global Environmental Flow Calculator
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Table 3- River environmental flow based on Tennant method

bbiw.\{) 45&59) &,a:,f 43‘&.)3) &).hgs 45&.:5) ‘39,15 451535)
ol Curdg (sbTcuigg blf&..f..gl) (suls3s blfu’b:m.ﬂ) (e¥ bml) (o ! b%‘)
(Description of flows) _BeheshAbad River Koohrang River Koohrang River Karun River
(BeheshtAbad Station)  (DezakAbad Station) (Kaj Station) (Armand Station)
Oct- Mar Apr-Sep  Oct- Mar  Apr- Sep Oct- Mar Apr- Sep Oct- Mar Apr- Sep
Ak g Spiscund 38.05 38.05 50.62 50.62 69.91 69.91 220.06 220.06

(Flushing or maximum)

%bbsm 11.42-19.03 11.42-19.03 15.18-25.31 15.18-25.31 20.97-34.95 20.97-34.95 66.02-110.03 66.02-110.03
(Optimal range)

sl

) 7.61 11.42 10.12 15.18 13.98 20.97 44.01 66.02
(Outstanding)
e 5.71 9.51 7.59 12.65 10.49 17.48 33.01 55.01
(Excellent)
Nl 3.81 7.61 5.06 10.12 6.99 13.98 22.01 44,01
(Good)
. o S8 . 1.90 5.71 2.53 7.59 3.50 10.49 11.00 33.01
(Fair or degrading)
e 1.90 1.90 2.53 2.53 3.50 3.50 11.00 11.00
(Poor)
el <190 <190 <2.53 <2.53 <350 <3.50 <11.00 <11.00

(Severe degradation)
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Figure 2- Minimum environmental flow based on Tennant method



VEer so st — 1350 ¥ 0yleds YOl (S g T 4,55 YYF

2 > 50)l6 Qos b sluis M Lol 5l (54 50 a5,
oot 3 10 45 S o oo lad sl 03 5108 o 5] (g3lge
Sl B8l 3)90 4829y Johi> by o3 Olgie & Qoo g2lye
9 4B8)S 9o (1) adg> )3 &S (A) s aslllas 5 (0)
@33 515wy 3y90 5 1y Ayl g 3LIS 5 wbleaigy (slaolKiw]
bailhsg) arecunw ol Jhe plyis 4 Qrs 5l Jolbs gl
salig, Jeecuw by J8las plpls fcwl aad Gl
035 5 (US55 olStnl) Koy (leniny olfi]) sl
— YVE) so39350 jd i 5 4y calisee (slaole ) (o)) ol &i—us])
Slaiiy 456 s caxSingio (YA — QAIY) 5 (V¥ — A/D) (1/YA
i Ly o)) g bleaipy oKl el ol el sl o0
ool San Slis ) 2l o pils aslllas 53 Qs 5l Jols mbs
390 5olel 0393 (A) pgai adlllao )3 &S 3l > ol 4y
0 bodld u )y o slaidy pzmen g el Jlw VY ool
A Sl g by 4 as g b Slodits (g5l aub dadsliog,

2l 5l ool cuwl 48,3 Cjas w350 039a5t0 )3 eSS
9035 (S Cygo & Gl &S Canl b g odimd i aSQ7s
Sl lgie 4 Qlsasl (gl wlodygs cwd (gL s b byl

sl gos cunlie yole adllae (o3letiy (arecun ) ol by

L2y syn 390 S0y Jobo 53 amd oo L ¥ Jou
5o Jblas 5 a8 wlsag, aslale yloys Lol jl 4oy
ool sl oKl > Jio (sl ccanl 03¢0 o) assecons
sy 3y90 Jlo YF 51 o )0 08 390 )0 oids Mol il i,
5L ) S oSl 3 shaal e oy sl ole o
Lol 0dgs JouB b Loyl jo ailbog, bais (ol Jameciin;
hoyd slieyy & Sl by Sy i ol b & g
WS oo s |y et O 5l @Yl (b b
19105 s caslia Juw SIS slmole 3 ooliiul (gl Jolas
3 it daole 9 o] (5ol sk st 30 cslo o 5]
S 5aly ol o1 ol ol by, 5 ol ilale by bausgte
il o el iy o cul S5 p5Y a0 Jools |,
W Ve V=Ye oA o o sl oais el G839, Jaecc
ooloolp) bwgio b cinis (JLuSis |y adlaio a5 0l o0
o33: 42lge (53 5 oo ool el b SDI L
Fom
ol gy (b polt (ovie Sl ls & Jouo
alie (hg) 4 lo(padld (pl duwlre Cunl 04 BLI ()0 3590
3 lodal o )by polie b o] 4 slie g caliseo slaole (ol
Ol gl o5 a3 o i (W JS8) (y 2 3)90 sl

(w0 53) €Ol (g, wlwly A3, drdwocams j jbs J8las ol pus —F Joua
Table 4- Failure to meet the minimum environmental water requirements based on Tennant method (percentage)

2 5unn! Y Ao bl B @3 ery Wl (39,8 Culigdyl B 55 B3 o e
(Station) (Method) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
ety <oz (Tennant) 176 00 00 00 00 0.0 0.0 59 47.1 735 882 912
(BeheshtAbad) eszMol cils (Modified Tennant) 0.0 00 0.0 0.0 00 0.0 5.9 8.8 59 29 88 88
NESS csbls (Tennant) 69.7 455 273 303 121 0.0 9.1 273 75.8 90.9 100.0 100.0
(DezakAbad) osizMol cils (Modified Tennant) 0.0 0.0 00 00 00 00 10.0 200 550 650 300 0.0
s csls (Tennant) 00 00 00 00 00 0.0 0.0 0.0 20.0 65.0 90.0 100.0
(Kaj) sxsgMeol il (Modified Tennant) 0.0 0.0 0.0 00 00 0.0 10.0 200 550 650 300 0.0
o) <z (Tennant) 00 00 00 00 00 0.0 0.0 0.0 24 214 310 333
(Armand)  sxizMol cils (Modified Tennant)  0.00 0.00 0.00 0.00 0.00 0.00 2.38 238 476 238 0.00 0.00
(M¥s) AWl L yo gl doxio b b Wi -0 Jguo
Table 5- Indicators of annual flow duration curve (m3/s)

oK | (Station) Qso Qo Qs Qg Qos

sblcuiy (BeheshtAbad) 9.969 4.975 4.360 2.342 1.960

sLis 5> (DezakAbad) 17.177 10.361 9.394 6.317 5.101

z% (Kaj) 23.971 15.640 13.200 9.413 8.320

26, (Armand) 82.945 56.296 52.097 37.799 30.620
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Figure 3- Comparison of average and minimum monthly flow with indicators of the flow duration curve

Lais (el oloiiy o Jlade | a8 wliogy b2 5T (sloels
a1 2ol 3l oolitwl 050 .Cunl 0393 C LS Cumdg 40 4B,
K] yogad 3 bl Cglate Wlgh o ddes Cuprde Bun 4
Wlgy e s ool pas YL do s e bl
oK) ] codls (gjlw anb s o)Ll 55 M oS jobolon
5 Spmss slabig ok 5l ol eVl o o ey ully
3 Slodnlie slosly Cﬁ‘)‘.t’. Al oo abe 5l b« ;._j Js!
5 &lBgy rub by ol b (ool BB o] ) Joro
b cou g abl s ool e 4 aliagy (b Hlde Ll jl
Jzl 15t cov jo die)l 5 g slaolSiun] (slaodly cowl 43,35 15
o S ol Sy Ll wlazs 5 )15 S pas sl g5 sk 51
5 aslingy g 151> 51,3 sLTS ) oK) cwd b ) baolSiiay)]
Sl 1268 g )l oy (23 gm0 bl 4 6,50 UL >

Lloas

3l Olgicee ol polss (oo JUal (b, 5l esliil |
O (e i Gla S (gl ) laailesy) aomeciay
ol o3l i ¥ IS 50 ey ol S )84 5l ol ol g0
Slale bwgio Jihis lade wblea g aldg) 3y90 55 .l
03945 1D &3y Cumdy (63)lge 5 &S Cunl pl Kby Slaslie
sl 4385 315 5ol 3 D Canndg 5l i dblein o8]
O Slaalio £ Jodo )3 iy g aglie s S el sl
94 4 C oM pulwly (ooleiiy et (b
olis Jgdo dlael .cwl a5 g0 diliag, (slodalie by
Ol lge Sl dmoyd Nz 53 (o 3j90 (S0 )93 )3 &S B3
GO S PYREN R FYC NG 51 S ISV SV DS P
2 Jle slp 09 o0 0ralie & Joio ot ol & 5k lon
3 b 5l ao > AA )3 ¢ oy 3y90 Jlao YF lablecing a5,



VFoo yo3 3o — 310 y0 (¥ 0)loud ¥ Wl (S g Of 4,25 YYA

- Lidls dale lauigs

45 60 :&\(rl'l monthly observation
40 O Sl el Plaa
30 Missmisn monthly obseryation
35
A 4 > \ o Clast A Clam 8
h s 30 SRR L / o=Chn C ~—=ChnuD
3" t - .' ;'g { B W —. -
13 20 S 18
is - 1s
g 4 3
= : - b
.. 5
$ === -
0 - =-—
S, P £ N &
FEF LSS S SF S
F & & W (3 : ! o
R < o
LA 3 sl DezakAbad Station) sleosg, o8 BeheshtAbad Station)
250 o4
o
7/ \ S0
200 Py
4) = .. * “»! > 4 v
= 150 / TE
3 C / 3=
- 2 — 2 3
1 E L2
1 3 100 )’ %
Z 5 20
X ;o=
- S 3
o 10 =
0 L
g A & Q@ » & g b S S P S @ $ S
f@‘é@‘@#ff\xf & REJE 3,&&:-“ ,3"6@0 *‘\’99 xg"’,f' & @ g o*‘?;,@dl
C";&'\’ﬁ. WoE v4¢ 0’.:-.5‘@'@\ X 3 ¥ 4

i) 12, (Armand Station) ¢l #(Kaj Station)

cshadmoCunny § Bl B WS 5l s @gld Jove JWS! gy (wlwlp dilddg, Jawweluns j b o —F JSG
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Table 6- Failure to meet the river environmental water requirements in different environmental management classes

(percentage)
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Environmental Flow Assessment of Karun River in Upstream and Downstream
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Introduction: The development of water resources in many cases has led to increased economic welfare,
improved living and health standards, food production, etc. However, in some cases due to the insufficient attention
to all aspects of these projects, the irreparable environmental effects and subsequent social and economic effects
have been imposed on society. Paying attention to environmental water requirements is one of the most important
issues in decision making in water resources development plans. The objective of this study is to assess river
environmental water requirements in upstream and downstream of Beheshtabad Dam. Beheshtabad Dam has
designed to build on the Karun River for water transfer from Karun to Zayanderood basin. But it has not been
implemented due to the various problems and challenges.

Materials and Methods: Protecting and restoring river flow regimes and hence, the ecosystems they support
by providing environmental flows has become a major aspect of river basin management. Environmental flows
describe the gquantity, timing, and quality of water flows required to sustain freshwater,estuarine ecosystems,the
human livelihoods, and well-being that depend on these ecosystems. Over 200 approaches for determining
environmental flows now exist and used or proposed for use in more than 50 countries worldwide. In the present
study, hydrological methods have been used. These methodes include Tennant and modified Tennant, Flow
Duration Curve (FDC) and FDC shifting (for different environmental management classes). For this purpose, four
hydrometric stations (three stations upstream and one station downstream of the dam) have been selected.

Results and Discussion: The results of the study showed that the river water flow had not been sufficient to
meet environmental water requirements in several cases, especially in years when the region was experiencing
mild to moderate drought conditions. According to the Tennant method, the minimum environmental flow
requirement averages based on Beheshtabad, DezakAbad, Kaj, and Armand stations data were 3.80, 5.06, 6.99,
22.01 m%/s, respectively. Using the mentioned stations data, , the minimum environmental flow requirement
averages were 3.62, 6.07, 7.91, 23.67 m%/s based on the modified Tennant method. According to the flow duration
curve method, minimum environmental flow requirements (Qgs) were 1.96, 5.1, 8.32, 30.62 m?/s, using data
collected from Beheshtabad, DezakAbad, Kaj, and Armand stations, respectively. The results of the flow duration
curve shifting method indicated that the river water flow did not meet the river environmental water requirements
in different environmental management classes in some months and years. Comparative results of different
methods revealed that the minimum environmental flow requirement of Beheshtabad River upstream of
Beheshtabad Dam was 1.22-16.75 m®/s from September to April (based on FDC shifting method, class C). The
estimated minimum environmental flow for Koohrang River was 3.69-16.81 m%/s from September to April. The
downstream of the dam, Karun River requires a minimum flow rate of 20.8-73.29 m®/s from September and
October to April (based on FDC shifting method, class E).

Conclusion: According to the results of various methods used in this study, the Karun River flow is not enough
to meet the minimum river environmental water requirements in some years and months. Therefore, decision-
makers must pay attention to the environmental water requirements in decisions related to the development plans
and water transfer from this river. It should be noted that the river environmental water requirements have not been
met completely when the region has experienced moderate or mild drought, which would be more acute in cases
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of more severe drought conditions. Therefore, the current surplus water of this basin may not be a sustainable
source to transfer to another basin.

Keywords: Beheshtabad dam, Environmental water requirement, Hydrological methods, Karun River, Water
transfer
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Table 1- Physical and chemical properties of farm soil
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Parameter Unit g’ %'(I) depths((c):_ng%
2l el Sl dsmt 043 0.45
Electrical conductivity
pH - 7.3 7.2
o oS % 0.09 0.11
Organic carbon
S ol % 0.1 0.15
Total nitrogen
Gl JB jaus .
. mg.kg* 6 13
Auvailable phosphorus g9
el BB ply i
: i mg.kg? 270 75
Available potassium 9.
Skl - sL sL
Soil texture
i % 10 9
Clay 0
s 0
- % 32 24
Silt ’
o % 58 67
Sand °
Moisture content at field capacity
Soyei dal )3 o> Cugb) % 10 11
Moisture content at wilting point
sl J5s gem?® 161 1.54

Bulk density
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1- Field Capacity
2- Time Domain Reflectometer
3- Permanent Wilting Point
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Figure 1- Soil water balance under the effect of crop evapotranspiration process
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Table 2- Analysis of variance of the evapotranspiration adjective in growth stage

85 qlie @33l Olayo (ke
Sources of variance Degree of freedom  Mean of squares
S 2 4542
Replication
ot gl 3 2117
Irrigation level
5 0092 3 58211%*
Growth stage
s 052 4] 9 300.9%*
Growth stagexIrrigation level
- 30 0.487
Error

2oy S Jlaisl o 55 6y ize g (60 gime p oy 1 g NS
ns and ==: Non significant and significant at a probability level of one percent, respectively.



¥

&bl liso pobaw 50 ol (i & )3 (5 - s Liad (1953 Comwlins gy (L) Gourw

= W,;
Development Middle

F ol = AL
Final

—~ Wl
£ 250 Initial
o B
'3 £ 200
25 E 100 i i
3R 2 :
2 50 % %
=12 _

12
<ol Tslaw
Irrigation levels

by Jalye 53 6 bl e ol il Cod )3 5,05 e palie -Y JSWS
Figure 2- Evapotranspiration of maize under the effect of different irrigation levels in the growth stages
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Figure 3- Changes in relative evapotranspiration of maize compared to different irrigation levels
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Table 3- Analysis of variance of the dry biomass yield adjective
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Sources of variance Degree of freedom  Mean of squares
)‘,’SJ . 2 0.09 ™
Replication
-(5)[.‘.:." C‘J‘“’ 3 6.34**
Irrigation level
ks 6 0.023
Error

oy S5 Jloss ! mlaws )3 (6)b xe g (6)b xS ik o NS
ns and =«: Non significant and significant at a probability level of one percent, respectively.
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Figure 4- Dry biomass yield of maize under different irrigation levels
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Figure 5- Changes in relative evapotranspiration of maize compared to different irrigation levels
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Table 4- Intra-seasonal sensitivity coefficients of maize to water stress, at different irrigation levels

O o 1 65l o l2 5, o syl g e
Stress coefficients 11 Irrigation level 12 Irrigation level I3 Irrigation level Average
M 0.479 0.393 0.391 0.421
Az 1.432 1.326 1.351 1.37
A3 0.28 0.242 0.301 0.274
Ay 0.3 0.044 0.055 0.133
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Figure 6- Evaluation of Jensen model at different irrigation levels
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Sy 5 ey oL i bha S5 0055 g by adgl dls o )> 0l
155 5 0LS G5 whe > 580 calplis A8l 003 S5l
el SLS maw i joes 4y g il ol 03¢5
s Lials pe ol i ond ials ol Ui bt .l 4l
D9 Fho B3 Gy s ety Galil g s9 e dla, e
DLSU9M&WL@9@TWUMLJ&LCSQ4§J“;[§W
Pl olel siyaelin ) g cuils gl gilodre 5 Joame 3,Ses
O3Bl olS (355 4 S S a1 s e oy (UL
D9 ).s;o °l.‘.§ ]a.wy ui d)m uloJJ‘) u@lf).s )K L)’l LY wb
1 loles Jlos! pEinay SB maws 13 @lo I o3kl ol plo

D35 (0 oy j5She 4B Jolye

By had g Cales Gulps Bl lagl 5

25l S o5 (slalass )3 iz Ja0 ) o LI 4 @)
IV U ol i (g I A) ps5he ol y cpSibeo b
Ao yo )3l pd Hlade 4 dsgr bl o /YT 5 < /YVE A/YY
o9l g 9 (LS laplsl (518 (loj 45 @3 45 ey
Sy Jyazme 2 ,Skoe (1alS o] (15 b bl o 035
ME RMSE EF R? (clooylol e ¢y o b)) 5 592
XY g o[ XS FINDY o [ARS o+ [RAA Ly il oy CRM
i Jde 0ot 3, Sles oaimd LS odel Cawday dlael s 34l
Jadsse po 53 culply D9 &5 Jpazme (s 3Sles (eSS )
(Cupe Cod) (Bl §yim s S (il Jlaiys L w)d A
Sl i oy e i (S8lial) Sy 555 &
9 o bl gl S5 5 3508 sl |y Jpame Bl
Y=69.935ET- (calal, yd 5y Shae 5 s ysiiss el
NWA PO P odal Cowddy s Gulel o ab ooy 5l 12281
0392 5L (3 5 Yoo WO 4 )3 0393Cunn j 35y (ydlg]

&l

1- Alinejadian Bidabadi A., Jorooni E., Barzegar A., and Maleki A. 2016. The effect of different irrigation levels on
water use efficiency on the basis of maize grain and soil moisture variations. Journal of Water and Irrigation
Management 6(1): 47-59. (In Persian with English abstract)

2- Allen R.G., Pereira L.S., Raes D., and Smith M. 1998. Crop evapotranspiration. Guidelines for computing crop
water requirements. FAO Irrigation Drainage Paper No.56: 1-326.

3- Akbari Nodehi D. 2018. Effect of water stress on different growth stages of yield and water use efficiency of
maize. Journal of Water and Irrigation Management 7(2): 305-318. (In Persian with English abstract)

4- Farre 1., and Faci J.M. 2009. Deficit irrigation in maize for reducing agricultural water use in a Mediterranean
environment. Journal of Agricultural Water Management 96: 383—-394.

5- Greaves G., and Wang Y. 2017. Yield response, water productivity, and seasonal water production functions for



VPor yo e — 010 p0 ¥ ojlous F'O alr (S g T w25 YFF

12-

13-
14-

15-

16-

maize under deficit irrigation water management in southern Taiwan. Journal of Plant Production Science 20(4):
353-365.

Hemmati R., Maghsoudi K., and Emam Y. 2014. Morpho-physiological responses of maize to drought stress at
different growth stages in northern semi-arid region of Fars. Journal of Crop Production and Processing 4(11): 67-
74. (In Persian)

Hooshmand A., Frutan M., and Boroomandnasab S. 2014.Evaluation of deficit irrigation and sown pattern on
yield and water use efficiency of maize (KSC-704). Journal of Irrigation Sciences and Engineering 37(3): 43-52.
(In Persian with English abstract)

Jarollahi R. 2001. Determination of readily available water in different stages of growth for grain corn in Karaj.
Journal of Soil and Water Sciences 15(2): 290-298. (In Persian with English abstract)

Jensen M.E. 1968. Water Consumption by Agricultural Plants. In: Kozlowski, T.T., (ed.) Plant Water
Consumption and Response. Water Deficits and Plant Growth, Academic Press, New York, 2: 1-22.

Jiang X., Zhao Y., Wang R., and Zhao S. 2019. Modeling the relationship of tomato yield parameters with deficit
irrigation at different growth stages. Journal of Hort Science 54(9): 1492-1500.

Kipkorir E.D., and Raes D. 2002. Transformation of yield response factor into Jensen’s sensitivity index. Journal
of Irrigation and Drainage Systems 16: 47-52.

Mohammadi Behmadi M., and Armin M. 2017. Effect of Drought Stress on Yield and Yield Components of
Different Maize Cultivars in Delayed Cultivation. Journal of Applied Research in Plant Ecophysiology 4(1): 17-
34. (In Persian)

Nielsen R.L. 2002. Drought and heat stress effects on corn pollination. Journal of Agry (Purdue) 196: 19-25.
Saeidi R., Sotoodehnia A., Ramezani Etedali H., Nazari B., and Kaviani A. 2018. Effect of water salinity and soil
nitrogen deficiency on Ks-coefficient and readily available water of maize. Journal of Water and Soil 32(5): 865-
878. (In Persian with English abstract)

Saeidi R., Sotoodehnia A., Ramezani Etedali H., Kaviani A., and Nazari B. 2019. Modeling of coefficients of
salinity and fertility stresses in estimation of actual evapotranspiration rate of maize. Ph.D. dissertation, Imam
Khomeini International University of Qazvin. (In Persian with English abstract)

Saeidinia M., Nasrolahi A.H., and Sharifipoor M. 2019. Investigating the Ability of Crop Water Stress Index for
Irrigation Scheduling and Estimating Corn Forage Yield. Iranian Journal of Soil and Water Research 50(3): 555-
565. (In Persian with English abstract)

Solimanifard A., and Naseri R. 2016. The Effects of irrigation regimes and planting patterns on seed yield and
some agronomic traits of maize (S.C. 604). Journal of Crop Eco physiology 1(37): 201-212. (In Persian).

Souza J.L.M., Gerstemberger E., Gurski B.C., and Oliveira R.A. 2015. Adjustment of water-crop production
models for ratoon sugarcane. Journal of Pesq. Agropec, 45(4): 426-433.

Trout T.J., and Dejonge K.C. 2017. Water productivity of maize in the US high plains. Journal of Irrigation
Science 35: 251-266.



Journal of Water and Soil _ (65798 @luo g pgle) SB g T 4y piai
Vol. 35, No. 3, Jul.-Agu. 2021, p. 335-348 AT A FYB-YFA .o AFer ya1 e — 310 p0 ¥ ook T ulsr

Investigation of the Intra-Seasonal Sensitivity of Maize Evapotranspiration to
Water Stress, at Different Irrigation Levels

R. Saeidi'*
Received: 25-01-2021
Accepted: 11-04-2021

Introduction: Adegiate water use in the agricultural sector requires accurate knowledge of crop sensitivity to
environmental stresses (such as water stress). The crop sensitivity to water stress may be different at different
growth stages and may have a different effect on the actual amount of crop evapotranspiration compared to the
standard conditions. At different levels of water stress, studying the sensitivity of crop evapotranspiration at
different growth stages can be provided management strategies for optimal water consumption. In the present
research, the intra-seasonal sensitivity coefficients of maize were modeled by using the Jensen model.
Materials and Methods: In this research, the effect of water stress levels and growth stage sensitivity on the
amount of maize (S.C 704) evapotranspiration was investigated. The experiment was performed as factorial
based on randomized complete block design. The treatments included four irrigation levels of 100 (lo), 80 (I1),
60 (I2), and 40 (Is) percent of the crop water requirement and four growth stages of initial, development, middle
and final. In between two irrigations, the amount of daily soil moisture was measured in the center of each plot
and the depth of the crop root zone. Therefore, the amount of evapotranspiration of crops per unit area was
estimated according to the soil water balance. Analysis of variance and mean data comparison of
evapotranspiration and dry biomass yield were performed by SPSS software and using Duncan's multiple tests.
By actual evapotranspiration and yield data, intra-seasonal sensitivity coefficients of maize to water stress (A1 t0
Aa) were determined by SPSS software.
Results and Discussion:
Evapotranspiration

The effect of irrigation water amount and growth stage on the maize evapotranspiration amount was
significant at the probability level of 1%. Evapotranspiration amounts at the initial, developmental, middle, and
final of maize growth stages were estimated equal to 79, 201.8, 123.8 and 14.6 mm (in I, treatment), 78.3, 196,
126.6 and 14.6 mm (in I, treatment), 72, 173.6, 99 and 11.7 mm (in |, treatment), 62.8, 147.5, 81.5 and 8.4 mm
(in I5 treatment), respectively. Reduction of evapotranspiration compared to control treatment (lo) in the initial,
developmental, middle, and final growth stages were estimated equal to 0.9, 2.8, 9, and 0 (in I; treatment), 8.8,
14, 20, and 19.8 (in I, treatment), 20.5, 26.9, 34.2 and 42.4 (in I3 treatment) percent, respectively. The results
showed that the slope of evapotranspiration reduction was not the same at different irrigation levels. Also, the
relative evapotranspiration of maize (in all growth seasons) at irrigation levels of Iy, I, and Is were estimated
equal to 95.6, 85, and 71.6 percent, respectively. Therefore, when applying water stress, the optimal
evapotranspiration rate can be adjusted by selecting the suitable growth stage.

Yield

The effect of irrigation levels on the dry biomass yield of maize was significant at the level of 1%
probability. The dry yield of maize in treatments of lo, I1, 12, and 13 were equal to 17.1, 15.8, 12.6, and 8.7 (tons
per hectare), respectively. The relative yield of maize at irrigation levels of I, I, and I3 were estimated to be
92.4,73.7, and 50.9 percent, respectively, in the Qazvin region. The reduction of soil available water affected the
water uptake by the crop and reduced the yield of maize.

Modeling of intra-seasonal sensitivity coefficients of water stress

At the initial, developmental, middle, and final growth stages of maize, stress sensitivity coefficients of As,
A2, A3, and A4 were estimated in water stress treatments. The mean of mentioned coefficients in stress treatments
was calculated to be 0.421, 1.37, 0.274, and 0.133, respectively. The results showed that during the development
stage of maize growth, the effect of water stress on yield reduction was more. The model efficiency for
estimating the amount of relative yield was evaluated. Evaluation statistics of R?, EF, RMSE, ME and CRM
were estimated to be 0.998, 0.986, 2.753, 0.026 and 0.021, respectively. The results showed that the Jensen
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model efficiency was good, and it can be used in planning the low irrigation for different growth stages of maize.

Yield-Evapotranspiration Function of Maize in all of the growth stages

Across different irrigation levels, a simple linear relationship of Y=69.935ET-12281 (with a correlation
coefficient of 0.999) was fitted between two parameters of evapotranspiration and dry biomass yield of maize.
Therefore, using the above equation in low irrigation management, the amount of maize yield can be estimated
based on the evapotranspiration amount. In this research, 175 mm evapotranspiration was needed for the
production of the initial unit of maize biomass. That is, the transpiration portion in the above amount was
negligible, and it was mostly allocated to the soil evaporation portion.
Conclusion: The crop sensitivity to water stress and different needs to transpiration at different growth stages
were the reasons for the different reduction of maize evapotranspiration. Reduction of soil available water
reduced the water uptake and transpiration, and crop biomass. The results showed that reducing the water stress
was effective in increase of maize evapotranspiration efficiency. In order to produce the maximum crop biomass,
the sensitivity of the maize growth stage and the water stress level must be considered.

Keywords: Cropyield, Growth stages, Jensen model, Low irrigation
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3- Elitist-Mutation Particle Swarm Optimization
(EMPSO)
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1- Linear Programming (LP)
2- Penalty Function
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6- Particle Swarm Optimization (PSO)

7- Seasonal Autoregressive Integrated Moving Average
(SARIMA)

8- Genetic Programming (GP)
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1- Constrained Optimization

2- Static Penalty

3- Dynamic Penalty

4- Classified Dynamics Penalty
5- Differential Evolutuion
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Figure 1- Geograpgical location of Silakhour plain in Lorestan province and Iran
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1- Number of Population
2- Mutation
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2- Determination Coefficient (DC)
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1- Root Mean Square Error (RMSE)
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Table 1- Evaluation and comparison of SARIMA and GP models

(Model) Jae RMSE DC
(Monthly) sale 444  0.71
SARIMA .
(Seasonal) Mad  77.2  0.52
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GP

(Seasonal) _lad 52 0.68

160

140

120

Jescssrsspon

100

Tittttasee.

(mm) o)k
Rainfall
[0
o

e
erril

20 UWL J

werrdtd
o

Ly
.
4 ey
T
fooeeeees

0 . il

I N N L L I LN AN AN LU N
(ole) oo
Time (month)

W

By Sloj g
Real time series

oad 53l Jao Sloj gy

Modeled time series

S (5525400 51 00lwl b o (g5l ire 5 (2Bly (1)l (Sloj (g -V UK
Figure 3- Real rainfall time series and modeled using GP
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Table 2- Forecasted rainfall using GP and groundwater recharge

oo o3l (Pl 585 i s, Wi o
Year Forecasted rainfall Recharge height Recharge volume
(mm) (mm) (MCM)
1399-1400 467 75.7 130.4
1400-1401 455 75.3 127
1401-1402 448 72.6 125
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Figure 4- The net income of farmers in proportion to water exploitation
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Figure 5- Optimal cropping pattern of agricultural products in 2021-2022
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Figure 7- Number of iterations of DE and PSO algorithms with three types of penalty functions for 2021-2022
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Introduction: The occurrence of successive droughts, along with increasing water needs and lack of proper
management of water resources has caused a water crisis that has various environmental and economic
consequences. In addition to the drought, the change in the cropping pattern towards water crops has also made
the water crisis the first critical phenomenon in recent years in the community, which has a direct impact on the
agricultural sector as the largest consumer of water. Therefore, optimizing the cropping pattern is one of the most
important factors in managing water resources and coping with water shortages. In this study, to determine the
optimal cropping pattern of major crops in Silakhor plain in the next three years using two approaches using Linear
Programming and Meta-Heuristic Algorithms.

Materials and Methods: In the first step, in order to determine the optimal cropping pattern with the aim of

maximizing farmers' incomes in the next three years and the limited water and land available, the amount of rainfall
recharge is used as a criterion to determine the water exploitation interval and determine the minimum and
maximum exploitation each year. In order to forecast rainfall, SARIMA time series models and Genetic
Programming were used considering the data of the last 10 years in both seasonal and monthly modes, and
according to RMSE and D.C. criteria, a better model was selected. Then, for each crop year, 100 exploitation
scenarios were determined according to the amount of groundwater recharge caused by rainfall and the amount of
exploitation in previous years.

In the second step, Linear Programming was used to determine the optimal cropping pattern with the aim of
maximizing farmers' incomes and limitations of exploitable water in each scenario and arable land. The price of
each product is projected according to the average long-term inflation of the country, i.e., 20%, and the profit from
the cultivation of each product was calculated as a proportion of the price of the product in each year by examining
the previous years. Finally, the performance of three types of Static, Dynamic, and Classified Dynamics Penalty
Functions into two algorithms, Differential Evolution and PSO was investigated to achieve the results obtained
from Linear Programming. Static penalty functions use a constant value during the optimization process, whereas
in dynamic penalty functions, the fines are modified during the process and depend on the number of generations.
In the classified dynamics penalty, groups of violations are also determined, and the penalty of each response is
determined according to the amount of violation of the restrictions and the generation number.

Results and Discussion: The results show that with increasing groundwater exploitation, farmers' incomes
also increase; However, in the exploitation of more than 223.5, 222.2, and 225.1 million cubic meters for the
cropping years 2020-2021, 2021-2022, and 2022-2023, respectively, the limitation of the total arable land has
prevented the increase of the area under cultivation, and by increasing exploitation, farmers' incomes remain stable.
Also, in order to cultivate four crops of wheat, barley, rice, and corn with the current area under cultivation in
Silakhor plain, 142 million cubic meters of water is harvested annually from underground sources. By optimizing
the cropping pattern for the four crops studied, with the current water exploitation, the income of farmers in the
region will increase by 18%.

In general, the PSO algorithm answers this problem much faster. The average number of iterations of the PSO
algorithm to solve each scenario in this problem is 38% of the number of iterations of the Differential Evolution
algorithm. Overall, in solving this problem, the PSO algorithm has performed better in 84% of the scenarios. In
penalty functions, the best performance in both algorithms belongs to the classified dynamics, dynamic, and static
penalty functions, respectively. By changing the penalty function from static to classified dynamics penalty
function, the number of iterations of the Differential Evolution algorithm to achieve the Linear Programming
solution is reduced by an average of 11%; In contrast, the PSO algorithm did not react significantly to the change
in the penalty function, and its repetitions decreased by an average of only 3%.

1 and 2- M.Sc. Student and Associate Professor of Water Engineering and Hydraulic Structures, Ayatollah Boroujerdi
University, Boroujerd, Iran, respectively.
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Conclusion: The results show that the cropping pattern of the region is not optimal, and with the increase of
water exploitation, it will move towards the cultivation of water products. Also, by optimizing the cultivation
pattern of the region, farmers' incomes can be increased. Examination of Differential Evolution and PSO
algorithms with three types of penalty functions also show that using the classified dynamics penalty function in
the PSO algorithm can have good results.

Keywords: Groundwater, Linear Programming, Metaheuristic algorithms, Optimization, Silakhor plain
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Figure 2- Vertical Section of Rain simulator
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Figure 3- Sampling position of erosion different components using rain simulator

Uil 3 Calisee (sbradlgo | oolitul b ogwy (pesS Sg) ol pl
K sy Mo (g5law e o Kailey gyl5l lgie 4 Wilgr o

33 ol claojon 53 0 Joo Glgwy po (3:5d eSS
ol lolyd Cuonl (ol ol 2le oo sojeym 5l (o)l



¥4

bl b chlisko 5o al50 31 ooliiunl t igas craad S8 5 (lyskgs

il 8 Ao (5l adlge U D 45 lowdeo + /YD a5 Cigmy (4l ja0 dluily —Y Joa
Table 1- Relationship between sediment rate at intensity of 0.75 mm/min with erosion different components

&8 2el Gy (S0 S 5 b
Land use Obtained Models Regression coefficient
er Se =58.23 -0.126 In— 1.69 Th 0.67
Range
= Se=12.5-0.006 In+0.16 Th 0.25
Agriculture
&5 Ge=.797.9+0.169 In+ 176.6 Th 1
Residential

Ol g Oblyy il 958 T (6 pdois lje :IN Cllgy s RO Cgusy 5w 158 (g8 cupo R
R: Regression coefficient, Se: Sediment rate, Ro: Runoff rate, In: Infiltration rate, Th: Runoff and erosion threshold
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Table 2- Beta coefficient of sediment rate at intensity of 0.75 mm/min with erosion different components
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Erosion
components
S35 &y
Land use type
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Range land uses
S sixe aw
Significant level
s=hi el
Agiculture land
use
S xe o
Significant level
S5 g )8
Residential land
use
S re o
Significant level

In Th
082 -0.74
0.08 0.103

-0.145 0.17
0.81 0.78
233 23.1

0.000 0.000

el b g SUly) el £5,8 T (5353988 (lize N SUlyy lie RO G35 o R
R: Regression coefficient, Ro: Runoff rate, In: Infiltration rate, Th: Runoff and erosion threshold
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Table 3- Relationship between sediment rate at intensity of 1 mm/min with erosion different components

s pdel Cuwsy (5l J 0 S S ) o
Land use Obtained Models Regression coefficient
er Se=13.2-0.89 Th 0.23
Range
o< Se = 23.63—0.021 In 0.73
Agriculture
&5 5622920069 In—7.68 Th 1
Residential
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R: Regression coefficient, Se: Sediment rate, Ro: Runoff rate, In: Infiltration rate, Th: Runoff and erosion threshold
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Table 4- Beta coefficient of sediment rate at intensity of 1 mm/min with erosion different components
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Land use type

Ro
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Range land uses
S e o
Significant level
bl
Agiculture land
use
S e o
Significant level
S5 g p)8
Residential land
use
S e o

Significant level

In Th
- -0.32
- 0.397
-0.73 -
0.098 -
0.69 -0.77
0.000  0.000
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R: Regression coefficient, Ro: Runoff rate, In: Infiltration rate, Th: Runoff and erosion threshold
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Table 5- Relationship between sediment rate at intensity of 1.25 mm/min with erosion different components

s 2aal Cuway (5% S ) ) o
Land use Obtained Models Regression coefficient
er Se=19.83-0.74 Th 0.1
Range
i 5e=.624+0119In+587 Th 0.75
Agriculture
@95 Ge= 348040126 In+5.66 Th 1
Residential
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R: Regression coefficient, Se: Sediment rate, Ro: Runoff rate, In: Infiltration rate, Th: Runoff and erosion threshold
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Table 6- Beta coefficient of sediment rate at intensity of 1.25 mm/min with erosion different components
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Erosion
components
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Land use type
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Range land uses
S e o
Significant level
bl
Agiculture land
use
S e o
Significant level
S5 g p)8
Residential land
use
S e o

Significant level

In Th
- -0.1
- 0.79
2.2 2.2
0.145 0.148
0.64 0.7
0.000  0.000
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R: Regression coefficient, Ro: Runoff rate, In: Infiltration rate, Th: Runoff and erosion threshold
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Table 7- Comparison of simulated sediment and observational sediment in range land use

e Gl ool

S &y oyl Oad Standard oSSl 3y llian! glas S ore
Land use type Precipitation intensity deviati Standard Error Significant laevel
eviation
43 3 sake 075 175 0.58 0.815
0.75 mm/min
S S 6> 2 faghe 1 2.51 0.83 0.962
Range land use 1 mm/min
4 3 yae 1.25 7.36 2.45 0.988
1.25 mm/min
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Table 8- Comparison of simulated sediment and observational sediment in agricultural land use

. P Lze Sl il =. .. . .
S8 ey LT )Stan d;: RESISERE L Sl one haw
Land use type Precipitation intensity deviation Standard Error Significant laevel
4> )2 aishe 075 0.693 0.283 0.978
0.75 mm/min
SiasiS elS 46> o 1 0.691 0.282 0.705
Agriculture 1 mm/min
6> 2 nihe 125 176 0.71 0.988
1.25 mm/min
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Table 9- Comparison of simulated sediment and observational sediment in residential land use
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Land use type eclprte Standard deviation T Significant laevel
intensity Standard Error
4653 )3 ok 075 0.01 0.005 0.002 *
0.75 mm/min
R 46> 3 o 1 1.25 0.722 0.002 *
Residential land 1 mm/min
use 43 )3 ok 1.25 0.005 0.003 0.002 *
1.25 mm/min
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Sediment Estimation Using Different Erosion Components
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Introduction: Erosion and sediment production studies along with other natural resources studies in decision
making and success and efficiency of watershed plans are of great importance. In order to plan and be aware of the
destructive situation of the watershed, it is necessary to have erosion and sediment production from each watershed.
The information about sediment load of basins can show the prospect of erosion. Sediment scatter from the soil surface
by the impact of raindrops and shear force of runoff and is transported to downstream by spraying from raindrops and
mainly by runoff. Also, the stress characteristics of soil particles are important in the process of effective transport. In
recent decades, soil erosion has been intensified due to the human interference, inappropriate land management and
land use. This is much more important in developing countries, because soil erosion is a serious risk to sustainable
development in these countries. Soil erosion on farmland occurs due to the interaction between nature and human

activities that have been being intensified in recent years. Estimation of sedimentation in watersheds, dealing with

sediment accumulation risks in water structures and reservoirs of dams are the main objectives in water resources
management that leads to sustainable development. One of the most erodibility of Iran is the Gachsaran formation.
Gachsaran formation is about 1600 meters thick. A viewpoint of lithology is consisting of salt, anhydrite, colorful
lime, and some shale. Gachsaran formation age is lower Miocene.

Materials and Methods: In this study, in order to determine sediment estimation by using different erosion
components in different land uses of Gachsaran formation deposits, a part of Kuhe Gypsum watershed of Izeh city
with an area of 1202 hectares was selected. In this study, the relationship between produced sediment and different
erosion components such as runoff,soil permeability,runoff, and erosion threshold in different land uses of Gachsaran
formation was determined by multivariate regression. Then, sampling of erosion different components was done at 6
points with 3 replicates and at rainfall different intensities of 0.75, 1 and 1.25 mm/min in three land uses of rangeland,

residential area and agricultural using rain simulator. SPSS and EXCEL softwares were used for statistical analysis.
Results and Discussion: The results showed that sediment estimation using different erosion components

presents acceptable results and can be used for other watersheds. The results also showed that in sediment estimation
by erosion different components, runoff and erosion threshold had the most positive and negative effect and in eight
cases played a role in modeling. Then, soil permeability has the average effect of positive and negative and has played
a role in modeling in seven cases. In addition, runoff has not played a role in modeling in any of the three different
land uses and intensities of precipitation.

Conclusion: Sediment estimation by erosion different components, the runoff and erosion threshold had the
highest effect. Soil permeability had a moderate influence and runoff rate has not played a role in modeling in any of
different land uses and precipitation intensities, it indicated the much more important role of runoff and erosion
threshold and soil permeability in this modeling method in estimating sediment production. Finally, sediment
estimation method by using erosion different components showed that it could be more applicable in sediment
estimation in hard-to-reach watersheds in the future and be more effective in soil conservation and erosion reduction
with appropriate and rational estimates in more appropriate implementation of watershed projects.
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Table 1- Environmental characteristics of four sites under study
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Figure 1- Study area, geomorphic map, and location of the representative pedons
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Table 2- Selected morphological properties of studied pedons

o Color &, Consistency? s,lawb b i
@8 Depth 38155 Sid ogbpe S b il g Olrooxd
Horizon (€M) Boundariest Dry Moist Dry Moist  Structure® Effervescence* Concentrations®
Pedon 1 Playa (wet zone) 370m above sea level
Az 0-15 A, S 10YR7/2 10YRS5/2 MH FR 2m, sbk SL, H2 FDS, TOT
Bzn 15-30 C,S 10YR7/2 10YRS5/2 HA Fl 2m, sbk SL, H2 FDS, TOT
Btnzl 30-45 C,S 10YR7/2 10YR5/2 VH VFI 3m, cpr SL, H2 FDS, TOT
Btnz2  45-95 C,S 10YR7/2 10YR5/2 VH VFI 3m, cpr SL, H2 FDS, TOT
Bzngl 95-125 G,S 10YR7/2 10YR5/2 HA Fl m SL, H2 FDS, TOT
Bzng2 125-170 - 10YR7/2 10YR5/2 HA Fl m SL, H2 FDS, TOT
Pedon 2 Playa (fan delta) 378m above sea level
A 0-20 A 'S 10YR6/3 10YR4/3 SH VFR 1f, abk SL, H2 FDC, TOT
C1l 20-55 C,S 10YR6/2 10YR4/2 S L Sg SL, H2 FDC, TOT
C2 55-85 C,S 10YR7/3 10YR4/3 SH FR 2m, abk SL, H2 FDC, TOT
C3 85-130 C,S 10YR6/3 10YR4/3 SH VFR 1f, abk SL, H2 FDC, TOT
C4  130-160 - 10YR6/2 10YR4/2 S L sg SL, H2 FDC, TOT
Pedon 3 Playa (clay flat) 364m above sea level
A 0-20 A 'S 10YR7/3 10YR5/3 MH FR 1m, abk SL, H2 FDC, TOT
C 20-60 C,S 75YR6/2 7.5YR5/2 S L 1f, abk SL, H2 FDC, TOT
2Cz 60-90 C,S 10YR7/4 10YR 4/4 S L sg SL, H2 FDS, TOT
3Btnzbl 90-120 C,S 10YR7/4 10YR 4/4 HA VFI 3m, cpr SL, H2 FDS, TOT
3Btnzb2 120-150 - 10YR6/3 10YR4/3 HA VFI 2m, cpr SL, H2 FDS, TOT
Pedon 4 Playa (sodic clay flat) 368m above sea level
Az 0-15 A 'S 10YR5/4 10YR 4/4 SH VFR 1m, abk SL, H2 FDS, TOT
Btnz  15-35 C,S 10YR6/4 10YR 4/4 VH VFI 2m, sbk SL, H2 FDS, TOT
C 35-50 CS 10YR7/2 10YR5/2 S L sg SL, H2 FDS, TOT
2Bznl 50-75 C,S 10YR7/2 10YR5/2 HA VFI 1m, sbk SL, H2 FDS, TOT
2Bzn2 75-110 C,S 10YR6/3 10YR4/3 HA VFI 1m, sbk SL, H2 FDS, TOT
2C 110-145 - 10YR6/2 10YR4/2 S L Sg SL, H2 FDS, TOT
Pedon 5 Playa (clay flat) 366m above sea level
Az 0-30 A'S 10YR6/3 10YR5/3 VR R m SL, H2 FDS, TOT
Bzn 30-70 G, S 10YR6/2 10YR4/2 VR R m ST, H2 FDS, TOT
Bzngl 70-120 G, S 10YR6/2 10YR4/1 VR R m SL, H2 FDS, TOT
Bzng2 120-200 - 10YR6/2 10YRS5/1 VR R m SL, H2 FDS, TOT
Pedon 6 Playa (puffy ground clay flat) 374m above sea level
Azn 0-30 A 'S 10YR7/3 10YR5/3 MH VFI m SL, H2 m, 1, SAX, MAT
Bznl 30-60 G, S 10YR7/3 10YR5/3 HA Fl m SL, H2 m, 1, SAX, MAT
Bzn2  60-90 G, S 10YR7/3 10YR5/3 HA Fl m SL, H2 m, 1, SAX, MAT
Bzn3 90-135 G, S 10YR7/3 10YRS5/3 HA Fl m SL, H2 m, 1, SAX, MAT
Bzn4 135-155 - 10YR7/3 10YRS5/3 HA Fl m SL, H2 m, 1, SAX, MAT
Pedon 7 Playa (clay flat) 367m above sea level
Azn 0-30 A 'S 10YR7/3 10YR5/3 VFI 1m, abk SL, H2 m, 1, SAM, MAT
Bzn 30-60 C,S 10YR7/3 10YRS5/3 HA Fl 3m, abk SL, H2 m, 1, SAM, MAT
Btnz  60-90 C, S 10YR7/3 10YRS5/3 HA Fl 3m, sbk SL, H2 m, 1, SAM, MAT
Bznl 90-115 G, S 10YR7/3 10YRS5/3 HA Fl 3m, sbk SL, H2 m, 1, SAM, MAT
Bzn2 115-135 G, S 10YR7/3 10YRS5/3 HA Fl 3m, sbk ST, H2 m, 1, SAM, MAT
Bzn3 135-175 - 10YR7/3 10YRS5/3 HA Fl 3m, shk SL, H2 m, 1, SAM, MAT
Pedon 8 Playa (salt crust) 367m above sea level
Azn 0-30 A 'S 10YR7/3 10YRS5/3 MH VFI m ST, H2 m, 1, SAX, MAT
Bznl  30-60 G, S 10YR7/3 10YRS5/3 HA Fl m ST, H2 m, 1, SAX, MAT
Bzn2  60-90 G, S 10YR7/3 10YRS5/3 HA Fl m ST, H2 m, 1, SAX, MAT
Bzn3 90-120 G, S 10YR7/3 10YR5/3 HA Fl m ST, H2 m, 1, SAX, MAT
Bzn4 120-155 - 10YR7/3 10YRS5/3 HA Fl m ST, H2 m, 1, SAX, MAT
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Table 3- Selected physical and chemical properties of studied pedons

. . Lo . s e A CCE (y = 1 .
B S oy B el pH (G e s cEC
i ! Y (% Xt dSm?) <2 <0.002 ypsu mmol I'1)%5 (cmol kgt
Horizon " Ton (06) (%) (%) Qlass ( ) <2 mm < mm oy (%) ( )%° ( gt

Pedon 1 Playa (wet zone) 370m above sea level, USDA: Loamy, Mixed, Superactive, Hyperthermic Typic Aquisalids; WRB: Gleyic
Salic Solonetz (Cutanic, Differentic, Episiltic, Hypernatric, Loamic, Ochric)

Az 0-15 24 7456 23.04 0 SiL 73 782 15.0 0.25 0.4 0.5 189.5 15.8
Bzn 15-30 8.4 7056 21.04 0 SiL 75 573 16.0 ng 1.2 0.4 120.4 14.3
Btnz1 30-45 8.4 6056 31.04 0 SiCL 75 571 155 ng 1.3 0.5 118.7 18.5
Btnz2 45-95 0.0 70.96 29.04 O SiCL 8.2 433 155 ng 0.6 0.4 179.3 17.6
Bzngl 95-125 6.4 68.56 25.04 O SiL 8.4 327 15.7 ng 0.6 0.3 151.7 13.7
Bzng2 125-170 30.4 48.56 21.04 0 L 81 302 17.0 ng 0.5 0.3 7.7 141
Pedon 2 Playa (fan delta) 378m above sea level, USDA: Loamy, Mixed, Superactive, Hyperthermic Typic Torrifluvents; WRB:
Calcaric Orthofluvic Fluvisols (Pantoloamic, Aridic, Ochric)
A 0-20 324 46.56 21.04 O L 7.5 18 13.0 0.25 ng 0.2 4.0 114
C1 20-55 62.4 26.56 11.04 O SL 7.9 0.5 14.0 ng ng 0.1 2.7 9.2
C2 55-85 24 6056 37.04 0 SiCL 83 1.2 16.7 ng ng 0.1 8.5 19.6
C3 85-130 28.4 5456 17.04 0 SiL 8.5 1.3 16.2 ng ng 0.1 11.6 10.3
C4 130-160 50.4 36.56 13.04 0 L 8.4 1.0 14.7 ng ng 0.2 7.3 9.7

Pedon 3 Playa (clay flat) 364m above sea level; USDA: Loamy, Mixed, Superactive, Hyperthermic Typic Torriorthents; WRB:
Calcaric Regosols (Amphisiltic, Aridic, Epiloamic, Ochric, Raptic) Over Salic Solonetz (Clayic, Cutanic, Differentic, Ochric)

A 0-20 84 6456 27.04 0 SiCL 83 3.2 16.2 0.5 ng 0.3 14.0 16.7
C 20-60 204 7056 9.04 O SiL 77 111 165 ng ng 0.1 44.4 6.5
2Cz 60-90 0.0 76.24 23.76 0 SiL 76 236 167 ng ng 0.2 69.8 13.9
3Btnzbl 90-120 1.7 50.0 483 O SiC 76 272 147 ng ng 0.2 75.7 26.7
3Btnzbh2 120-150 9.68 42.56 47.76 0 SiC 77 321 140 ng ng 0.2 1015 25.6
Pedon 4 Playa (sodic clay flat) 368m above sea level; USDA: Fine, Mixed, Active, Hyperthermic Typic Haplosalids; WRB: Salic
Solonetz (Cutanic, Differentic, Epiclayic, Loamic, Ochric)
Az 0-15 3.68 60.56 35.76 0 SiCL 7.3 2020 127 ng 1.1 0.1 359.9 19.2
Btnz 15-35 0.0 46.24 53.76 0 SiC 70 1081 132 ng 0.6 0.4 1175 30.2
C 35-50 0.0 84.24 1576 0 SiL 72 602 175 ng 0.2 0.2 62.0 10.8
2Bznl 50-75 1.68 6856 29.76 0 SiCL 7.1 874 162 ng 0.4 0.2 121.2 17.6
2Bzn2 75-110 13.68 60.56 25.76 0 SiL 75 581 165 ng 0.3 0.2 130.2 14.9
2C 110-145 9.68 78.56 11.76 0 SiL 79 245 182 ng ng 0.1 111.9 7.2
Pedon 5 Playa (clay flat) 366m above sea level; USDA: Very fine, Mixed, Active, Hyperthermic Typic Aquisalids; WRB: Sodic
Gleyic Solonchak (Calcaric, Chloridic, Gypsiric, Hypersalic, Ochric, Pantoclayic)
Az 0-30 1.28 30.0 68.72 0 C 7.8 1430 140 ng 0.4 0.5 21338 36.2
Bzn 30-70 9.28 20.0 70.72 0 C 77 2240 230 ng 35 0.7 376.1 37.9
Bzngl 70-120 11.28 18.72 700 O C 8.0 1200 16.0 ng 0.7 0.3 207.2 36.0
Bzng2 120-200 7.28 16.0 76.72 0 C 79 1010 130 ng 3.4 0.5 315.1 40.2
Pedon 6 Playa (puffy ground clay flat) 374m above sea level; USDA: Fine, Mixed, Active, Hyperthermic Typic Haplosalids; WRB:
Sodic Solonchak (Anoclayic, Calcaric, Chloridic, Gypsiric, Hypersalic, Ochric, Puffic)
Az 0-30 04 473 523 0 SiC 83 927 115 ng 4.8 0.2 813.1 23.4
Bznl 30-60 44 453 503 O SiC 82 706 117 ng 4.3 0.2 485.6 27.3
Bzn2 60-90 0.0 677 323 0 SiCL 82 994 110 ng 1.7 0.3 704.2 234
Bzn3 90-135 0.4 593 403 0 SiC 83 698 130 ng 0.5 0.3 493.8 22.6
Bzn4 135-155 144 513 343 0 SiCL 82 495 130 ng ng 0.2 318.6 20.0
Pedon 7 Playa (clay flat) 367m above sea level; USDA: Fine, Mixed, Active, Hyperthermic Typic Haplosalids; WRB: Salic
Solonetz (Cutanic, Differentic, Endoclayic, Loamic, Ochric)
Az 0-30 00 642 358 0 SiCL 7.2 927 135 ng 0.1 0.4 146.0 19.8
Bzn 30-60 00 622 378 0 SiCL 73 638 110 ng 0.5 0.3 45.7 20.9
Btnz 60-90 0.0 56.2 438 0 SiC 76 487 112 ng 0.3 0.3 92.1 24.2
Bznl 90-115 0.0 582 418 0 SiC 77 435 140 ng 0.3 0.3 121.9 23.1
Bzn2 115-135 1.1 686 303 O SiCL 84 343 150 ng 0.1 0.1 170.4 18.4
Bzn3 135-175 3.1 606 363 O SiCL 84 318 132 ng 1.3 0.1 162.5 20.3
Pedon 8 Playa (salt crust) 367m above sea level; USDA: Fine, Mixed, Superactive, Hyperthermic Typic Haplosalids; WRB: Sodic
Solonchak (Calcaric, Chloridic, Gypsiric, Hypersalic, Ochric, Pantoloamic)
Az 0-30 38 646 316 O SiCL 81 2222 172 0.25 2.2 0.4 385.1 19.2
Bznl 30-60 18 606 376 O SiCL 82 1384 18.0 ng 0.9 0.2 261.0 228
Bzn2 60-90 58 586 356 O SiCL 80 781 155 ng 2.0 0.3 204.4 216
Bzn3 90-120 158 486 356 O SiCL 80 514 155 ng 1.7 0.1 181.1 20.3
Bzn4 120-155 17.8 52.6 296 O SiCL 80 356 150 ng 2.3 0.1 163.0 18.6

{(sodium adsorption ratio) s e cuws :SAR ¢(calcium carbonate equivalent) Jslee pelS ol s :CCE ¢(rock fragments) c.us s «l,> :RF
(electrical conductivity of soil saturated paste) l.sl Sk S xSl colun ECe ¢(cation exchange capacity) seslS sl cud b :CEC

(32b) negligible :ng *
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Figure 2- Thin sections of a and b) clay coatings in Btnz2 horizon, pedon 1 (XPL and PPL), c) lenticular forms of gypsum
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Introduction: Playa, as an important geomorphic position in arid areas, covers about 1% of the continents and
has attracted attention of soil scientists and geomorphologists. Soil genetic processes related to landforms and
geomorphic processes are of great importance. Micromorphology is among necessary techniques in soil studies
which has been used by several researchers. Micromorphological features together with other soil characteristics
provide invaluable data for reconstructing soil genetic processes. Moreover, classification and identifying
characteristics of soils are pre-requisites for the optimum use and management of soil resources. Soil Taxonomy
and World Reference Base (WRB) is among the most extensively used classification systems worldwide.

Since no data about soils of the Jazmoorian Playa is available, the present research was performed with the
following objectives: 1) studying physical, chemical, and micromorphological properties of soils in the Jazmoorian
Playa related to different geomorphic surfaces, and 2) classifying soils of the region by Soil Taxonomy (2014) and
WRB (2015) systems.

Materials and Methods: The Jazmoorian playa is located in Kerman and Sistan Baloochestan provinces. The
Jazmoorian Playa is a continental depression of late Pliocene. The playa is about 360 m above sea level with about
65 km length and 45 km width located between 58° to 60° longitudes and 27° to 28° latitudes. The area extends
to the igneous Bazman Mountains to the northeast, the igneous Jebalbarez Mountains (granodiorite, andesite,
granite) to the north and northwest, the Beshagard Ophiolite Mountains of Cretaceous and Paleocene to the south,
and the colored Mélanges to the Oman Sea. Soil moisture and temperature regimes of the area were aridic (and
aquic in limited areas) and hyper thermic, respectively. Wet zone, fan delta, clay flat, puffy ground clay flat, sodic
clay flat, and salt crust were among the geomorphic surfaces investigated in the playa. In order to study the
maximum soil variations in the area, eight representative pedons were described and sampled. Collected soil
samples were air dried, grounded, and passed through a 2 mm sieve, and routine physical and chemical soil
properties were then analyzed. Undisturbed soil samples were used for micromorphological observations. The
soils were classified according to Soil Taxonomy (33) and WRB (11) systems.

Results and Discussion: Results showed that EC contents of the saturated extracts ranged from 0.5 (fan delta)
to 222.2 (salt crust) dS/m. The soils of the playa in Kerman Province affected by the Halilrood River had less
salinity compared to the soils on playa surfaces in Sistan Baloochestan Province under influence of the Bampoor
River. In addition, salt crust was only formed in parts of the playa located in Sistan Baloochestan Province. Clay
coating and lenticular gypsum crystals were among the micromorphological features observed in the Jazmoorian
Playa’s soils. The clay coating was formed due to high Na content. However, lenticular gypsum was formed due
to small volume pore spaces as well as high salinity of the area. High soluble salts (Table 3) caused a salt coating
around pore spaces to be formed due to evaporation of saline water table. WRB system could better classify soils
into Solonchak and Solonetz RSGs compared to Soil Taxonomy system which classifies all soils as the Salids sub
order. Natric Aquisalids, Typic Natrisalids, Natric Haplosalids, and Puffic Haplosalids sub groups and Natrisalids
great group are recommended to be added to Soil Taxonomy system for more harmonization between the two
classification systems. Furthermore, the definition of salic horizon in WRB system (EC of at least 15 dS/m and
the EC multiplied by thickness of at least 450) is recommended to be included in Soil Taxonomy, because of
limitations induced by salts and for a better correlation of the two systems.

Conclusion: Results of physicochemical properties clearly showed that electrical conductivity of soil saturated
extracts was in the range of 0.5 to 222.2 dS/m. The part of the playa located in Sistan Baloochestan Province is
more saline than the part in Kerman Province. More salinity of playa in Sistan Baloochestan Province was
attributed to the Bampoor River which passes through evaporative formations located in east and southeast of the
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area. Micromorphological observations showed clay coatings and lenticular gypsum crystals as pedogenic features.
The soils of the area were classified as Aridisols and Entisols (according to Soil Taxonomy system) and Solonetz,
Solonchaks, Fluvisols, and Regosols Reference Soil Groups based on WRB classification system. Moreover, WRB
system was capable of separating saline from saline-sodic soils, however, Soil Taxonomy classifies both soils as

Salids suborder. Therefore, WRB system is better suited for classification of the soils of our study area as compared
with Soil Taxonomy.

Keywords: Clay coating, Geomorphology, Saline soils, Soil Taxonomy, WRB
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Table 1- Descriptive statistics of soil properties and yield

ESP KaVa. PaVa. - -
ocC ” b -1 1y Sand Clay Silt  Gravel Yield
Caco.cypum o) pH ECESMY 0 Geee) TeE) 0 0 o8 9 (gha?
T Yo A - SIS SR RS OV
S Oy P
M
;ﬂ 333 354 089 7.8 54 107 224 216 609 262 128 234 249013
Median
" 330 270 0827.78 505 90 2315 1805 600 25501100 240 24125
Mode
N 270 270 027 7.80 600 4.0 225 1400 500 3.00 1500 0.00 32500
std.
Deviation 10.8 2.66 0.65 0.40 3.48 6.79 61.9 964 225 15.96 8.32 15.0 14470.4
Slme Bl
Variance
. 11675707 042016 1208 4622 38359 0303 507.2 2549 69.18 225.1 209303707
K
Si"ﬁv?fss 05 142 123038 0611 085 -0249 062 -032 0019 1.4 0050 0.428
Kj;fis 76 135 229 0.66 0431 17 0507 -0.698 -0.66 -1.410 216 -0.99 -1.095
Range
T 450 1164 348217 1250 2630 2600 3790 860 540 37.50 550 49650
i
'Tﬂ“m 100 036 005663 061 170 1000 800 100 20 1.00 000 6350
Wy
a::”m 550 12.0 353 8.80 1320 280 3600 4590 96.0 56.0 3850 55.00 56000
cv
u.,. 324 75147303512 644 634 276 446 369 609 65 651 581

Sosle dio > 1Siko gy puiiio Ao > Y/OY b +/+0 5| aslllas
2id ol (a5l S S sdas dmd o yLits 45 39y +/AQ
B39 S5l (Sig dw @S g JopyS doyd «SB STy s
B oliy T g S8l ccyuSilen ikl oS ST, diels &S
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Table 2- Pearson correlation results between independent variables and yield

ESP % Kava. Pava.
CaCO; Gypsum oC pH Ecr1 oy (mgkgl)  (mg.kg?) Sand Clay Silt Gravel YIEId,l
PRI (@sm’) BB ey B aes B 6 (%) (%) (kgha?)
> " - KW 1 Cande 4 ? . . . &
& Sl Sy ™ R A o oV S 83w 3 Sles
LY Wy oW D
Cii% 1 0.868** -0.349* 0.557** 0.898** 0.904*  -0.887* -0.865** 0.459** -0.556* -0.173 0.862* -0.842*
Gypsum . . . . » . . » .
_ 0.868" 1 -0.242** 0.498* 0.921~ 0.916~ -0.874" -0.738* 0.310** -0.395* -0.081 0.826°* -0.752""
OC(%) o o . o .
~0.349*-0.242*> 1 -0557* -0.168 -0.202 0.156 0.126  -0.444* 0.490* 0.262* -0.188° (.143
Sl
Sk sy 0.557** 0.498* -0.557 1 0.494 0.520 -0.403 -0.335 0.651* -0.686**- 0.443** 0.386** - 0.346
EC (ds.m™) o o
0.898>* 0.921* -0.168 0.494 1 0.967 -0.924 -0.841 0.326** -0.394** -0.126 0.889*° - 0.855
S
ESP(%) ao v " " " » .
0.904* 0.916* -0.202° 0.520** 0.967 1 -0.868 -0.813* 0.430** -0.497*°-0.207° 0.821* -0.795*"
S e Lo
Kav (Mg.kg™) o o . o
; -0.887"-0.874** 0156 -0.403" -0.924** -0.868" 1 0.870* -0.225° 0.296* (.041 -0.955* 0.938*
9> BB lty
-1
Pava(mg.lfg' ). -0.865"-0.738"" (0,126 -0.335" -0.841** -0.813*  0.870*" 1 -0.212° 0.324** -0.048 - 0.881° 0.900*"
ooy JB jiud
Sand(%) v v , X ..
A 0.459** 0.310* -0.444** 0.651 0.326 0.430 -0.225* -0.212 1 -0.963"-0.857" 0.167 -0.197°
k’)“)
Clay(%) o o o o v o
-0.556""-0.395** 0.490** -0.686" -0.394** -0.497 0.296 0.324 -0.963 1 0.688* -0.254* 0.274
[59]
silt(%) v .
el -0.173 -0.081 0.262** -0.443* -0.126 -0.207 0.041 -0.048 -0.857* 0.688 1 0.035 0.006
gravel e e . u a o -
S 0.862*" 0.826* -0.188* 0.386* 0.889* 0.821*"  -0.955" -0.881* 0.167 -0.254" 0.035 1 -0.961"
3

: 1
yieldkg-na™) o g45ee 0752+ 143 0346 _0.855 0795 0938 0900~ 0197 0.274" 0006 0.961° 1

S

**Correlation is significant at the 0.01 level.
*Correlation is significant at the 0.05 level.
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Table 3- Analysis of variance of multivariate regression relationship between yield and independent variables

Model Sum of Squares Df Mean Square F i
. i . ig.
Jua Olayye ggone 313l s Sibo gy g
Regression
g c 23385990180 7 3340855740 330.162  0.0001
09 )S )
Residual
o 1113073643 110 10118851.300
oileBly
Total
24499063820 117
]
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Table 4- The extracted equations with the highest coefficient of determination between soil and land propertiesand yield

Equation

Independent variable type (R?) Equation Significance level
NERRER FRAPIE sl (S Nosime s
sl e . 0.76 Yield = 117990e-0-052x 0.0001
CaCOs3 Exponential
& @b 0.77 Yield = 45930x0.7%3 0.0001
Gypsum Exponential
oS Sy 0.05 Yield = 22046x01602 0.014
ocC Power
S ik 0.19 Yield = -15181x2 + 227070x - 820069 0.0001
pH Quadratic
SE G P <20 0.85 Yield = -34.175x3 + 1054.5x2 - 11990x + 59279 0.0001
EC Cubic
Ll P 20 0.78 Yield = -6.0253x? + 357.76x2 — 7453.2x + 65221 0.0001
ESP Cubic
el P <2 0.96 Yield = -0.0077x3 + 5.8724x2 — 1171.8x + 75985 0.0001
K. ava. Cubic
St Sy 0.84 Yield = 396.64x13278 0.0001
P ava. Power
o P 20 0.64 Yield = -0.038x3 — 13.794x? + 1882.7x - 19523 0.0001
Sand Cubic
o Py 2 0.62 Yield = -0.7214x3 + 4.7959x2 + 1792.3x — 799.39 0.0001
Clay Cubic
— P <2 0.40 Yield = 0.6736x3 — 129.15x2 + 3956x + 554.45 0.0001
Silt Cubic
2R Py 422 0.96 Yield = 0.236x2 — 6.3781x2 — 1128.4x + 49461 0.0001
Gravel Cubic

*In above equations, X is the independent variable and Yield is the yield of citrus.

1- Normalized root mean square error
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Figure 1-Exponential equation between citrus yield and soil lime
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Figure 2- Cubic equation between citrus yield and soil EC
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Table 5- Soil and land requirements for citrus (orange)

Characteristics

Class, degree of limitation and rating scale

Slisdyd diald g Codgdzne dyd ¢ S

Olwogas S1 S2 S3 N1 N2
0 1 2 3 4
100 95 85 60 40 25 0
Topography (t)
SS9y
Slope (%)
o 0-3 3-5 5-9 9-15 15-18 >18
Wetness (w)
Flooding FO F1 F2 F3 F4
xS o
Drainage Imperfect, Poor and Poor but Poor not Drainable,
S Well, Good i Moderate Aeric Drainable Very Poor
Physical soil
Characteristics ()
S (K58 Slogad
“Texture / Structure L, SiL, SL, CL, Si, SCL, LS, SC, SiCm, C-60v,
azslufcdl, sicL LfS S, SiCs S, Co, C-60s C+60s Cm, C+60v
Coarse Fragment (%)
R 0-5 5-15 15-35 35-55 55 - 65 > 65
Caw yd u).)
Soil Depth (cm)
S s >150 150 - 110 110-90 90-70 <70
OA-C
CaCO;3 (%)
o 0-5 5-20 20-35 35-50 50 - 55 > 55
Gypsum (%
ypsum (%) 0-2 2-5 5-8 8-12 >12
=
Soil fertility
characteristics (f)
S gusdol Ologas
pH (H0) 6.5-7.2 72-78 7.8-83 8.3-85 - >8.5
S ussl 6.5-5.8 58-55 55-5.2 52-5 <5 -
Organic Carbon (%) 15 151 1.08 06
J oS ' ' ' '
Salinity & Alkalinity (n)
Cotlld 5 (5598
EC (dSm?)
) 0-1.7 17-26 26-45 45-65 6.5-8 >8
Srge
ESP (%)
0-36 3.6-52 52-85 8.5-125 125-16 > 16

5 e doyd

*Cm: massive clay o>pid jledlo b )
SiCm: massive silty clay o>yi8 ledlo b o ()
C+60v: very fine clay, vertisol structure o Jsw 5ys cleidbo oy (L )
C+60s: very fine clay, blocky structure _aSe olasbo 3y LS )
C-60v: clay, vertisol structure s Jguw )5 loidlo ¢ )
C-60s: clay, blocky structure oSo ladlo ()
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Table 6- Permissible or critical limits of some soil parameters for citrus

Soil and land

Critical production

. Unit  Permissible threshold / critical limit . .
properties o o 35/ sloce ailine] I PE TN Y
SK gyed ] 2.4: jlxe s>
dS.m? 8
EC m Permissible threshold: 2.4
cLis _ 5 1jlre u> 12
ESP Permissible threshold:5.0
& y 1.5 :jlre 2> 9
Gypsum ’ Permissible threshold:1.5
Sal s 20 :jlxo 3> 40
CaCOs; ) Permissible threshold:20
SK Ges 110 : s >
70
Soil depth om Critical limit:110
Pava. Critical limit:22
e e gk 280 sl 2> -
Kava. Critical limit:280
Geeins o Gos m > ;
Groundwater depth
60000
L 2
50000 ’ L 4
o~ 40000 *
© R2=0.7978 ®
5 30000 e
g3 *
S 2 20000 :
2 / 2
> 10000 S 34
b
0 20 40 60 80
Soil Index
SB Ladld
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Figure 3- Relationship between soil index and yield of 20 orange orchards (validation set)
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Effect of Soil Characteristics on Yield and Preparing the Crop Requirements
Table of Oranges in Selected Areas of Iran
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Introduction: Iran is one of the most important countries in citrus (oranges) production. Citrus fruits are grown
in different soils with a wide range of physical, chemical and fertility properties in the country, although some
restrictions in the cultivated lands cause yield loss. In this regard, the present study was conducted to investigate
the effect of physical, chemical and soil fertility characteristics on citrus yield in important areas under cultivation,
the regression relationships of characteristics with yield, and the rating of soil and land parameters.

Materials and Methods: The 138 oranges orchards (118 orchards for rating and 20 orchards for validation)
were selected in Fars, Mazanderan, Kerman and Guilan provinces. In each garden, a questionnaire was completed,
a soil pedon was studied and soil samples were taken to carry out the appropriate physicochemical analyses. The
selected soil and land characteristics were soil salinity (EC), exchangeable sodium percentage (ESP), pH, gypsum
content, soil calcium carbonate (TNV), organic carbon (OC), clay, sand, silt, gravel, and soil available phosphorus
and potassium contents. From the whole obtained data, 20 data were considered for validation purpose and the
remaining data were used for modeling based on stepwise multivariate and simple regression methods. In these
equations, the relationship between yield, as dependent variable, with soil and land characteristics, as independent
variables, was investigated. Finally, land characteristics rating was obtained by the FAO method and the proposed
crop requirements table was evaluated using the validation dataset.

Results and Discussion: The results of descriptive statistics analysis showed that the variance values for
available potassium, sand, clay, gravel and TNV were high and for pH and OC and gypsum were negligible.
Therefore, most soil properties have a wide range of variation which could be related to the fact that oranges are
grown in a wide range of soil types. The value of TNV varied between 10 and 33.3%. The presence of carbonate
in soil reduces the availability of macro- and micronutrient elements in direct and indirect manners. The average
of EC in the studied orchards was 5.4 dS.m. Minimum, maximum and average of ESP were 1.7, 28 and 10.7,
respectively. The lowest and highest salinity and sodicity were observed in Mazandaran and Kerman soils,
respectively. Maximum, minimum and average percentage of gypsum were 12, 0.36 and 3.54%, respectively. The
highest amount of gypsum was observed in Bam and Shahdad regions of Kerman province and the lowest gypsum
content was observed in Mazandaran and Guilan provinces. The soil pH varied from 6.63 to 8.8 with the average
of 7.8. The soil OC values were between 0.05 and 3.53% and its average was 0.89%, showing the fact that the
most studied soils were poor in organic matters. The average of soil available phosphorus and potassium in the
studied orchards for citrus was less than the critical level. The average, minimum and maximum of available
potassium were 224, 100 and 360 mg.kg, respectively. The mean, minimum and maximum amounts of available
phosphorus were 21.6, 8 and 45.9 mg.kg™, respectively. According to the multivariate regression model, among
soil properties, EC, ESP, TNV, gypsum, gravel, available phosphorus and potassium were selected by the model.
The determination coefficient of the model was 0.95, indicating that these properties have the greatest effect on
citrus yield. Simple regression equations demonstrated that TNV, gypsum, EC, ESP, sand, clay, gravel, available
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potassium and phosphorous had the highest correlation (R? > 0.6); and soil OC and pH had the lowest correlation
(R?<0.2) with yield. The equations also revealed that soil EC, ESP, gypsum, TNV and gravel percentage had the
greatest effect in yield loss, and soil organic carbon, absorbed phosphorus and potassium had the greatest effect
on increasing citrus yield. As stated in equations, reported permissible and critical thresholds for effective soil
properties on citrus yield, were 2.4 dS.m for EC, 5 for ESP, 1.5% for gypsum, 20% for TNV, 22 mg.kg* for
available phosphorus, 280 mg.kg™ for available potassium, 110 cm for soil depth, and >2 m for groundwater level.
Finally, evaluating the proposed crop requirements table with validation dataset fitted between citrus yield and soil
index, resulted in the determination coefficient value of 0.79, denoting the acceptable accuracy of proposed table.

Conclusion: Overall results showed that the main land limiting characteristics for orange production were soil
salinity and sodicity, high amount of soil calcium carbonate and gypsum. Among unsuitable physical and fertility
properties of soil, salinity and sodicity are the most effective factors affecting yield reduction. Consequently,
proper management practices such as introducing cultivars compatible with these soil conditions, soil remediation
and leaching operations to reduce soil salinity and sodicity are necessary. Furthermore, in most areas under orange
cultivation such as Fars and Kerman provinces, the soil calcium carbonate content is more than the critical level
for plant growth. In addition, the averages of soil available phosphorus and potassium were less than the critical
levels, which should be considered for nutrient management of orchards. The proposed table of crop requirements
seems to be accurate enough to conduct land suitability studies for orange varieties, especially cultivars grown in
the north and south of the country.

Keywords: Crop requirement, Cropping pattern, Citrus, Land suitability



Journal of Water and Soil

Vol. 35, No. 3, Jul.-Agu. 2021, p. 409-425 AT FeA-FYD .o AFer y91 e — 315 yo ¥ o,locs ¥ s

SeKis laaasiio Ol uis 5 L, sleesls Gl g mw cnSs L5
(STl s nss slasgd g2, andlas)
Yé}w éu oeo -VM‘_;J.GL..A M‘ﬁ‘ -\‘5_95}.9 0 ) g0

VWAV A 128l 5

ALERVAR VAR ‘-):Jﬂv\i @)U

($5r9LisS @sbus g pole) SIS g O &y i

2SS

g Led ( Su5)b ades 5l wlislon calise (L o amd o &) (Slod g Ol bl caon 10 a5 Cunl Louldl o ble S JluSiss
2 S oloul g (GKeals o e lg e Sl Gle)S g paldl o )l JLuSUiS pgli5 5 Cud 58y ) (cokn G (ciugh
oy oibos opl ol Bus 0gd  JluSis hdnasuin )0 (Slus cuw Slg o (Kedl Cpl 2gd wlidlon cbajsio Sloj gy slroald
VAP I NRBY (5l 0193 Jgo 53 Spgiom ol 53105 > pulidlgh JLuSES 1 fgm i ke s it Sl 6y (550
Sloi Loy oyl om il o Sl daii w9 S5 Gloogd 3 JluSiid graasuio Clyudl (o) g 5948 e bl )
ooll o JLuSiis Cundg ol )3 gy 0p 5 aisl oo canss dla (gl)ls ST g 5,5 (loolKiiu] b 4 15,5 jasuie a5Vl j5,L polds
Glie p JLSis sladastie § il Consls dads jl am g 8 (50590 93 ;0 H5Sde slelSiw] > @RDI 4 RDI SPEI SPI o j25Ls
et 508 ] Sl 5 5,5 e oy 5358 (st JLaSi slaogs (o Sy ripe 5 B Jleinl e 5 S o 0255 oo
sLoyd pols Sl 5 bausgio S ] (e al gl 093 b dulio 13 pgd 093 1> (JUStS & Cend (5 ppicaml (A5 iy 5 (6l linel
A Gy pgd 0y8d ) JSiis slranasuin olod aoMd jobdy .l o iy Jol 0580 4 G pad 093 ;3 D)lse (gdon ;3 o JluSis
ST B 080 dy Cand CannsSlls 3l my 090 30 (JluSiid sladasuiio Ol s gl (IS jobdy diws 55V Jlold g e« gl Jol 090
3 deols s olal g o oy 43l Jiits I3 A5 b g sl 5= s RIS ot 3 5 Sl ale 51 (o3 Wlgi o
OlFiee 5500 Gole &l 0id i Sid oS oyt ls o 4y Cund ugby baslyd ¢ Sloj wlie 55 2 13 g oKiusl 93 o ;3 ERDI (23l
Ol L litio 090 e Slainidiy (ol 4Bl Bl w2 3590 0)93 adgl (gla Sl Cond 3T Sl Lo 3 S0 ()l (93905 b e 390 e
ol Sy a5 1 9 Slea Giale)S BB osd ol bl o (GYsb (g)lel 093 Gyl & )5S Sipsines (sloolSiugl dam 3)90 15 Limgl,
Db Fobles Jlusis g48g 2 Lod g

5ol Gblio (sa0m )3 5 o ool 1> Cglito 4y 45 sl ol
5 St 5blio )5 xps oybbe oyl slol Lo i o 25 oo
SIS g ol > 4 ] Bblio 1 A5le (S dag
3 La Jlw el (S o] Sl l g 039 ol bl ol oL
2 4S loyed olgie a4y JSiis sl ausly palys o JlSis
i ol asl el dilaie Jloy Lol b 4 Cond ()b ]
S 9 Gy Oygo 93 do lg e (JLSES (b e
FUSiS oy g3 (505 G, Jl Bdes 0jgpel 45355 )50
O s dl)_g o sla ot 05.2513 g 0 oalaiwl

dodbo

Sllog pdl lir Gise g lgn 9 o oapty S Jluslas

o jlase g (ab wlie 03l (g )b pusul Wiyl i IS assgel yails -
Spudio (w3 olSuiily
Apdio Lr"ﬁ'))é o Kisly “5)')9Lil\f 00l “,j (eWARe g P?‘l‘c og)f skl -V
(Email: mosaedi@um.ac.ir 2 e 0 a5 — )
u‘).eé <"J).3‘ «_)T é_:L.A Copdo C,S)M: “TJT (ewdikeo g f’?l'c d);'f.) -y

DOI: 10.22067/jsw.2021.14899.0



http://dx.doi.org/10.22067/jsw.2021.14899.0

VPee 599 50— 10 y0 ¥ oylod ¥ b (S gl 4,25 Yo

VA (5l 0)95 (gl 31 4" Wisasy o cpl 4o (30 08 (slod
A il Jg dlosd odalin @ledd 4 cuwss bl sl (Wle b
Ty =8 0y90 L dunlie o (gl ixe Sl alads day 4y VAA-
ool b 30,5 s 3 Si Sllwg b o) g Cuwl 00l

s i disee Sloj (glmoyed 0 JSis slhdasuio puw
15 (V) sLSan 5 mosho 45 (gldsisS asy il o ooy 5
L a8 il 3 eSS iy i il 0 b oy
Aoni ) &4 S o oy (3l Jae 5 RDI il J olic
i 3 a Jlog 0)93 gk Cundg Joli Jlts] &S N,
395 4 |y dopd (0 e st LS 3 4 9 03 ealie
sl WS 58y lold aopd in e Cunl 00y ol
Ll 5t ol Sl pdS &y Cond St oAb (i
(V) ohlSen 5 w5 RDI as s glgly8 5,)L8 4 4z
ol Loyl CablB Sauts yskaie 4 1, (ERDI) o0 Mol sl
Sl 5,9l (sla Juslis ogasay o JLukits 3 a5l
L s o) cowl y i a8 ol slpady )55 <yjle 4 L1000
3j90 lie Sloj slapwlaie g 0ud (n3Sola (0)b ggeoxe
gLt oy 1a3 )50 Clial s dngi b Bhe (o)l 08 | )8 solatul
(89S JLuSiis p aSb @ aag b Ghmggy cnl )3 9 Lo
015 S gy Lial33l cage Bl o a5 Canl ] o pslito
OblLSen 9 (gaslue 3,5 )13 (659l SV guazee o3litul 3)50 4
g RDI as b (bl JLaSiis sla Shy (o)p 4 (YY)
39S Sty g 0] Cadid 039350 3 Loy Jlosis] @l puis
uadli palie Sloj (6w odel Cunds ol Lolul a3y
il e S glyls 720 g > WolSig] dan 5 JuSis
il e JLaSits IS Lyld e o el odind olts S
JSie b byl 3 gedge ol ol cde & siloi o ol i
2 (FV) ghbSen 5 (o)) bl wall s 9 Sl Giule)S
L 3328 Segiaa oSl VY olidlyn sLmosls | ingy
S WY L AYSY Lo Jlu > olgn g of cailise byl s
b 4 459 b .d5e5 oolzwl €RDI g RDI gla jad s apoloxe
Lyl b ool 3 eRDI 5 RDI jy3lis duglis ool casly
9 RDI (slapad L oy ST (I3l 1 g pously a5l gl yo
byly 6 b ool ) Lol g I xe doyd O maw > €RDI
Ot Sl ol g 05 oS oleply il Sisl8 g Sis
Caolodgy 5 sz 1o yd O xdaw 1> €RDI 4RDI

Clydd A9y Cunndy (y yshaieds (VW) oo o SL)5
wlaodly jl el oLl a gy » wlile JSid wus
5 3053ga5 o3lissl s Yo (6Lal 0)93 b SPEI Slas 45
b Sl 59y 32 B9y b b g K9y Ll slagyge]
Ao ASdges (gaaigy GIS buse 3 1) b)) ols o Ial )]

L e Sl 48 Lanpas L o) ol oas asl) JLuSizs
Sl 3)50 (sl )S I S poboay il 5o JluSis gony
oLl g 908 o) e Jold Jlusias il padls S
LS 0y (s g (JUSUiS g4 9 b e (JluSizS
— e — iy pasLs (SPI) Yess 3lulil 5l asls

"RDI) JLuSiis plolis (asls (SPEI) Tors 5lxlul 5y
2 Lulyd 4 ae g b (€RDI) T Jlusiis 530 ololis jasls 4
S JLSis (Y 5 ) Y5 ARV XY A5 Q) Sy sl 4
(st Casb) 93 5 lod ( (Sl g Mdbise 0 pitediy S0l
72 Sblug pizen 25y ol pglt 5 ©AS g5y )3 et B
LS Ly il 3l s 515 o ol 5 (s (slopeitie ] K
92 B 5 9 AL 0,5 oy ol Claogad plo b b
bl oo (olibln la JuSiis (b sly (6i902 5 waen e
bl dlse (B 53 9 Sl pinle)S @]y o2 (blae
U_:Lo) Sy dl!bo.)‘.) 5 L;io.mb 39y Guw ‘stl...ﬁé‘? dL&sole
b simgi )3 (8) ghlsen 5 555k Cunl 0ad (oulidlyn (gl it
oS LgL,aJ LngYLM: wi)L.m L;:LA) dlﬁ’d)*’ ‘_5.5@ s
2 aS aoaby ol S s ded oSl Y8 5L g a
9 )a_w N ¢ Jile G)9m§ U).C JLo.w 9 t_:).f- dL&’ole
As Sials g ookl glasl o)l (slaosld po (ceuldl Kenl olisle S
9 p2ole Grizes Cowl 03 &) ()L (St e VO b
S g oo (oS! j3 a8 Lol )l 0 (YR) o,
bagie )Ly (S =000 S5y (903l 2,8 b )9S 1y Sl
09 4oy S (VAAF=Y 1Y) pod 09 ;0 Loyl 418" w5Vl
L (W) ohhen g S8 ol asl jzals” (1AVYY-1320) Lue
slaJlo Job 3 SPEI JLuSiis asli cla gy sy
olee sl Joad jo aS s lis olpl 0yius ;5 o WWFA-VTAY
Wlodg s Cansld Jd gmo yusd Al (gl ¢y 350 (Bl
i b gy JSiss jasls a5 sblge yui 55 4SSl yeus
Olgb AR o UL»; |) oals Sy D Mgy 3 JL\Q.{OA 09")'1 Canl
2 S bl jasuis flee cod dneh 5o (A) o) Sen o

1- Standardized Precipitation Index (SPI)

2- Standardized Precipitation Evapotranspiration Index
(SPEI)

3- Reconnaissance Drought Index (RDI)

4- Reconnaissance Drought Index Effective (eRDI)
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Table 1- Different clasess of drought intencity based on SPI, SPEI, RDI and eRDI indices (21, 35, 33 & 32)

Hsis dib
Drought clasess

ol gdas lade
Index value

Extreme wet i jluw Jloy
Severe wet sus  Jls s
Moderate wet Luwgio Jloys
Normal Jl s
Moderate drought Lugie Jlusis
Severe drought wus JlSas
Extreme drought.yis b Jlsis

Index > 2.0
1.5<Index < 2.0
1.0<Index <1.5

—0.99 < Index <0.99
—1.5<Index<-1.0
—2.0<Index <-1.5

Index <-2.0

9 L)“’Liﬁ) ]a_.wy RDI L)”L", Al.w:sdu d))glms Jw b)JsdJ
ol (53503l o)L wilale yiolie jl eolatwl (sl> & oS 4 b 0
ol uadli ol 33 05 o odlitwl (Pe) S50 5L polds
o g 03 0)4..>.) Sk » J.:Iyga &S U")b )l u.w}U )49A
ol B3l i e Gl @y 3 298 ST Cughy Gl
USDA- (g, 5l oo )L 29l 0 sl pigly ol > 2l
Cawl 0 0dlatnl (ol Siddog 9 Sis bl Cuslio 45 SCS

ool 0 03,91 )] Lalg, aalyl y o

_ P(125-0.2P) ()
¢ 125
for P <250mm
P, = (0.1 xP)+ 125 (v)
for P> 250
lale S )0 Py aslale 550 5)0Pe o3b Ll
W T

JUEE Jladal s yile § S ,le 0,32
2 bdyglp 8l ot (gloj Sy laajgly cailob 3 e i
03755 Jie (10) ol S Lo g5 51 sl B sl S5 sl le;
Sl S 5le 0y Jio S (P bel Sl 4 e Sl
Slej G So il el jlie Jgl adpe iS)lo 0 i 29 o0
cdb ay s Nt ol 3] cdb ey Jbys i) o dins
Gl Oeine St (Y] 3 (Saam 1 gloj 31 ol 51 S5
1y aS)le 0,0y (gl o S Cumdy pil ((JuSiS i
g9y Jlainl cwdls ol o cunl (aubo lodly 148 aolazul 590
Dl (K 393 5 8 0lej o 53 ol oy 5y 4 oy
Sl 55 Gyl B wilg o S lo 0005 Jdo Y lois !
Jlenl s ile) S )le 05285 Cundg i G ile & &S Kigd
Byno ey Cundy sl ple Sy > Aot oo (JUis

(SPEI) oudds o yfuslical § y2i- padsi- o )b paili

Yoye Jle » ohlSen 5 gl pw—dtinn g bawss SPEI jaslis
Jde Bb st p8 )3 SPEI [adlis duwlxe (gly (VF) L 1)
o3l 4o Sy Byl Sl e 295 5910 0lo 2 )3 3ya=
Jrdlty 5= e e g (P) (S, jlde o oglis O (DM
5255 Jloinl 30lde ¢ duwlxe (Di=Pi -PETi) i slo (¢l (PET)
J> 4) (GEV) bl mness s3> pdlie @5 (bl 3250 51 Di
ol s g (ol o o b duslio 3 o1 20 o35l
yiio S SPEI a3 s 33,5 o 3590y o 3 lilil Jloys
5 OSe ;3 SPEI polie ,S50 b wilgs o (ol plis ccunl oas 3kl
psplao 5l SPEI asli dewgi )3 095 duwlio ,50 slaloj
i slad il yolie (oplply (ol ouds oolawl SPI a3 ls
oadls 3 oas 4l claaib b alie bl > Jlsiis s
03 Jsi2) 2bise (V) olSed 5 (S Ko b SPI

(RDI) Jusiid alealich yodlis
sl JLusias a S ol ol L (YY) oh)len 5 ST
By e Gl ol s 4 g oo Rl L e gailae
Llgs i ol 4o (01 p e gl jadld 5 sin ol e
lolis asls wisl gble ol ) Jlsis claogas Sl
& Gk s 3 SPI G315 peslie sl 1 (RDI) s
ol Sl (8,5 Jlai > 9 JLSis (il (gl 5 s
Cond i &S canl 5 RDI aslis (> adgl (5,8 .10l slgaiv
Lol aiS oo 59 Jlops S S5 @l 5l g5 & (051
2 80lg o LS m5e5 @b aS” Wloaly lis o yiaeds 5l (S0 golo

(V) 28 s o ol 2 sy OBl BbLe Sl Ay

(eRDI) JluSitid 3o oaleulih yadlis
FLasid o)l 5l ool @l dgme pslaie 4 (adls ol



VFor g e — 010 p0 ¥ ojlous F'O wlr (S g 0T w25 FAY

Ol s

Sl ol 98 (Jlsis Jbs Jglie cla b S
ol i ol JLuSis wao dasiiio dw (6595 oyl 51 odlizul |
o=l g iy yw g o |y (JluSiid ladd i g (S5 eond
Xi sbol it glys Xo bl aws (8,5 515 55 s st
' JlSiis pgls b oyes Jobo b9y ol el lons eoly Lt
5 ol e Jladie e b g oS canl Sloj alols il (DL)
gs-eme Ly -l (DS) T i w0l S Sl o
€929 009 3 3183 )90 (Sl e ) ol e (slasgeeS
oSl glod 45 (DM) T JLusiis: (55 a8l oo JluSits
29> Jg-b 4 (DS) LadgeaS’ ggaome Coni b ol ol badgeaS
Sy 3 (DN) T Jlsis @by slaw cawl (DL) JluSis
4wl 03l Gl (glol 0,95 SO Job > JluSis oS
Slasis jasls jlude a8 cuwl Sledd oliw 5l ajle 505 ol
5 om 8 (e J) 58 Sloe) Jlas lial s 51 ol

9 Wyl slasuls (Sle) (5 e oSl dlally oy 3 i
Loa
5 oL loodls Sloj sy 3 Cunsid dali (g jolaio &
g Slin U wslii sanels o)kl Jloy (sl ygesl 5l Lo
aS 00,5 o Al b pxe Cunsd dai (6)lge 43 030,85 o0ldiu]
@ dngi b eoplply sl s e canslls alais g0l dw ,d sl
3 o 9 STl slaoliunl y3 (o)l (slaosls osel Caws 4 gl
s i (glyfs YL 5 oS 15 090 Sloj csla poliie
ooyt AShoi )Y gt 5V S 3 o] gl S sl oo
dl_mu»Lna dl).g R oK b u.?Loj Sy CanSs dlads
VA=Y 5 VARY-AY el JLs iy ablS 45 0y90 5 4V
I sine 210y A% s )3 (S oS L pasede ge3l oz
by gols ST S g oK) gl a8 conl Jbs 5 opl .39
2)9> 9 AVl sl polide (sl bawgio glod (Sloj (w0 ol
=il ¥ ym 4D ol astie cusls ki a5 ol L oLS A,
Sl g 0 Lo A mew o aS a Sl 0 V=AY e
Cansls dldads 13U awyp d dobdl jo ool o Lo bl ol Jlo bixe

1- Duration length

2- Drought severity
3- Drought magnitude
4- Drought number

ool dallas jo aiwn j cdl By so o ygiw o0 el
aS W oalatwl by ylo (sl g ¥ g ylow ¥ olis b o Slo
oy o (/A L =/ ey palie) Jloys d(=+/2% 5 i
S il (g Basle t Jols JLuSiid cLnd asuie
Ot oy o jlie )b Sl 55 diolisebl g o pdyeniS
0oy L hasye plie ) joi mnlio cpl aShl 4 drgi b3S
a3y Loyl 51 o Bime 4 Slons adlis e Jlusiis
D9 50
o3 sl (g pdyeal (B Sloj 0)90 gy Cundg
oo d).’.\_’pu_»j d)_»fo)l.\.»‘ d]).s L] PSSP L;Lb:uwg.w
4SS ol Rin Jlo plois 4 0gd iy LU OHlud G jasls
ooy g Jloy Cundg jhiul (o) Cumdg ollas Lailys
s JSis cunsg Jisl flgie 4 Wile o ad (e ls sl
&5-39 Jloinl ggoome ;K05 ©)lue 4y 395 iy Sl 0ils
Sl Olod () 3)90 SaLE oluly o Jlusiis
G| SPVIPCIWRITCINA 51 PR PUN VS Y SR VTGV A SV P9 S
(s pinolinebl) Hluabl cubl ol casls S5l L cllas
Shoj 3 i | gy 0o 50 (Sl &S ol Jlexs! o
Olo Gl S5 )0 e CenSd Jlain | 48" bl o Sy pogo
2> Jols U ply luabl cublB (oo ojle & ] (ot
I Sm o ploly 0obye g Jloy sladls g5-39 Jloil
b oiamm 1 jekaie 35 bl o .l adllas 550 (sla sl
9 Jley slacundy (susb) Candy cip 4 Cuwsid 5 glhae
SPI slojadls) (o) 3y90 sloadls plie (i 5l
Obisebl chB g g paanl lajlas STyl g 555 olSan)]
Oosloci b cunsy pois Jlain] o yilo yolie s Aol canday
s Jslj el 4 i cdbs jlgeSie slajasls oS Slds slaws
JLasl Jleis] s plo poolie s 5 s oA dewlrs caslon S
>8> @ly polie oSl & cagi b )l 3)90 (Sloj sloolide
Iy (8 Carmsg lod 1) (4,800 Jlois! ¢y yplo opl Lol
055 O S phicedS g Jlusiis



VO L Il gaasin Ol i 5 )l GWools Sloj g pw Consls il (o) Kod 9 59938

Olis ¥ JSS p3 ol Ay 09 9 a5Vl wlido 83 0 STyl g oy
Eoetro ;D &S Dgui o odalie IS Cpl 4 dn g bl oad 02l
(Sloj wlido 93 o 10 5 olKiunl 90 & 0 BRDI [23ls wlwl p
Q@ Gl 0dd J S o5 et li ple 4 Cuns gy byl
sbadlo 3 Hge ()l (6393 b oS 3905 ol lgis ;503 ©)le
Wl bl (EalS w390 090 sl slo Jlo 4y s i3]

4 3)lge (ghod > (g pliSy bdal) 0V JSS 4 g
15 5 Y0 ol 1> SPEI Lasls Lol 55,5 oSzl 15 235
Ay )95 Lyolsdie 15 SPI Lt oLl S olS_ws]
ol 03 a8 Jgl 093 4y Cuad g3 093 (i CniS
o g3 0)9 13 3)lge (Sdad 3 55 (Sl 5§y linelol
O pieS ol 03 3T s § ST e Jgl 093 4
039 4y Cunad P9 059 (S el (305 ke 5 Sy liab]
iS4 sl bl sloany St Lialsél 5 S ol
Al o Jlo 5 (S 3l sloans )3 oldl o 5 e

Arak S

e Precipitation &

e
e femprature . 1

1 0
4 £
L .
s 7
& 10 ‘&
- K
-

100 4 £

Titne (Yent) [ ) Je

Arak &

L
i n ¢
| r
1
] |* :!
-
i
= 1o g
J
| >
1100 )

: HPEsds T ELE
3 o " EIE TR % o4 4t
\ )
Time (Crowth Perfod) 2) I

A 90 ol 3 Jlasid sladiasuino Olypss 5 5)L slaodls
b disly g

e (Glej (6w ()l Cunsll dlai (13 jaseie Sl s
AVl wlds 93 53 0ud S5 ol o JluSis sl yedls
2)93 9 (CansSd aba I J:8) Jol 093 Jolid 0)93 93 41 0y 093
el Lo Sy s 0,5 1o (CunSls abail jl am) g
5 el (s pipplinebl (opinedsil Jols Jlsiss
s Jold (s 6395 s 2 JUSis sl Shg 9 )58l
P il (gugby S ulide 1w (S g S gl daoygd
285 )15 (o 3590 Bl Sl s § (S 09 90

Soimplaabl Sl S5 g O pmadd oy 1 il
3 amaa g S 0590 99 53 (§ iyl g (55O 4
CreaSeds dladly
Slasis gl jasls Slej gy polie clleg Jxie
LnelSiyl )3 (ERDI 5 RDI SPEI SPI cla jasli oli)

.
<00 <
] 200 =
¥ c
= ) ~
= =
5 300
3
- - - - . -
= Feisszascsts -
- L — W - ‘ : -
: - = ~ -
e (Yeurjl ) e
e Tabriz w» :
& n
—Precipitation _3 J
00 +% &
" s femprature . > \x
y w 0 5
- ~
< -
300 4 15 E
g E
= 20 10 E
3 =
a0 100 3
)
( 0

Teme (Growth Period) (<, « 1) U=

oLS Wy 0590 9 a¥lw s wldo )3 STyl g 5 S g (S0 10 Lod 9 (wi,b 3l (Sloj (g o =) JSUS
Figure 1- Time series of mean annual precipitation and temprature values at Tabriz and Arak stations in two annual and
plant growth period scales
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Table 2- Results of breakpoint tests in precipitation data time series
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Figure 2- Time series of SPI, SPEI, RDI and eRDI indices values, at Tabriz and Arak stations for two annual and plant
growth period scales
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Figure 3- The probability values of vulnerability, reliability and reversibility characteristics in two periods before (1) and

after (2) from the break point of precipitation data at two stations of Tabriz and Arak for both annual and plant growth
peroid scales
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Table 3- Probability values of stationary for drought, normal and wet conditions before (1) and after (2) break point of
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Table 4- Properties of drought periods based on Run theory in two periods before (1) and after (2) from the break point of
precipitation data at two stations in Tabriz and Arak at two annual scales and plant growth period
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Table 5- Properties of non-drought periods based on Run theory in two periods before (1) and after (2) from the break point
of precipitation data at two stations in Tabriz and Arak for two annual and plant growth period scales
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Introduction: Drought is a climatic phenomenon and an integral part of climate fluctuations that occurs
periodically and intermittently throughout the world and across all climates. However, the magnitude of this
natural hazard in arid and semi-arid regions, such as most parts of Iran, is more acute due to the high sensitivity
and weakness of these areas, and its effects may persist for years after the occurrence of drought. Drought is a
multifaceted phenomenon as precipitation, temperature, evaporation, wind and relative humidity play important
roles in the drought characteristics such as occurrence, severity, and magnitude. Climate change and global
warming, and in some cases displacement of meteorological stations cause heterogeneity in time series of
meteorological data. Therefore, the purpose of this study was to investigate the homogeneity and break point in
precipitation time series data and the effects of a break point in drought characteristics in some synoptic stations
in Iran.

Materials and Methods: In this study, homogeneity of rainfall time series data at two time scales of annual
(water year) and plant growth periods in some selected synoptic stations of Iran with different climatic
conditions was investigated. For this purpose, four tests including Standardized Normal Homogeneity test
(SNH), Buishand’s Range test (BHR), Buishand’s U test (BUR) and Petite’s test were applied and the break
points were determined. Then, at the stations with break points in the precipitation data series, the drought
severity values were determined using four indices of SPI, SPEI, RDI and eRDI, for two periods, (before and
after of the break points). Then drought characteristics based on Markov Chain Model and Transition probability
matrix including vulnerability, reliability, reversibility and stationary of three condition of droughts (dry, normal
and/or wet condition) were determined for the two time scales periods (annual and plant growth periods). Then,
the differences between the characteristics for the two periods were investigated. Also, the characteristics of
drought-free time intervals for the two periods based on Run’s theory were determined and compared.

Results and Discussion: Based on the homogeneity tests, precipitation data of Arak and Tabriz stations for
two scales of annual and plant growth periods have break points. According to the results, in the most cases, the
second period's reversibility was lower than the first period. Reliability and vulnerability also decreased and
increased in all cases in the second period, respectively, compared with the first period. In most cases, there was
an increase in stationary of drought in the second period relative to the first period. The rate of change in the
probability of survival of the normal and wet condition in both periods was increasing and in some cases
decreasing. Regarding the results of Run’s theory at the growth periods scale, the average and maximum
duration of drought periods increased in all cases in the second period. The minimum, average and maximum
severity of drought periods also increased in most cases in the second period. The minimum, average, and
maximum values increased in most cases in the second period. On an annual basis, the number of drought
periods in most cases has increased in the second period. The average and maximum duration of drought periods
increased in all cases in the second period. The minimum, average, and maximum severity of drought periods
also increased almost in all cases in the second period. Minimum, average, and maximum of drought magnitude
values increased in most cases in the second period with respect to the first one. The minimum, average and
maximum values of the drought-free durations (interval time without drought conditions) in most cases were
lower in the second period. At the annual scale, the minimum duration of drought was one year in all cases and
no change was found between the time slices. The average duration in most cases was lower in the second
period.

Conclusion: The results show that the rainfall data of Arak and Tabriz stations have break points in the time
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scales of plant growth period and annual periods. The reliability was decreasing while the vulnerability of
drought was increasing in the second period, indicating an increase in drought occurrence in recent decades.
Moreover, the probability of drought stability (stationary) in the second period increased in most cases. The
average and maximum duration of drought periods also increased in the second period. The minimum, average,
and maximum drought severity, and the minimum, average, and maximum of magnitude of drought periods were
higher during the second period. In most cases, the minimum, average, and maximum of severity and magnitude
of drought-free time intervals were lower in the second period. In general, difference in the characteristics of
drought before and after of precipitation break point can be due to increased evapotranspiration, as a result of
global warming, intensifying the effects of drought. Moreover, based on the results of the eRDI index, the
climatic conditions became drier in both stations and time periods. In other words, it can be stated that the
effective rainfall has decreased to some extent in recent years compared to the early years of the study period.
Further studies are needed to assess the changes in drought characteristics in all synoptic stations in the country
having long-term data.

Keywords: Breakpoint, eRDI index, RUN theory, Stationary, Transition probability matrix
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Table 1- Name and number of Coastal cluster stations 1987-2016 (Farzandi, 2011)
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Station number Station name Station number  Station name  Station number Station name
1 bl ) 1ol 3 PRSP
Abadan Astara Omidiye aghajari
4 Jg85 o o 5 JUR 6 5,0 ol8dg,3
Safi abad Dezful Bandar Daier Lamerd airport
7 oole o 8 45,40 9 Replo)
Bandar Abbas Bandar Lenge Bandar Mahshahr
Behbahan Bostan Ramsar
13 JlaogS ey 14 Ol 15 Jeéi
Coastal Bushehr Dehloran Dezful
Qara Kheil Bandar Anzali Gonbad kavus
19 Jee 20 Sl 21 S o
Manyjil Jask Qeshm Island
29 il 23 wsesl 03> 24 S 003>
Babolsar Abu Musa Siri Island
25 E?‘:‘QS _ 26 uL-“’ 27 O\S)S
Kahnooj Minab Gorgan
28 4 "5‘)"° 29 )‘Q(“’?’ 30 )‘)‘Q("I)
Marave tappe Noshahr Ramhormoz
Pars Abad Rasht Bushehr
34 o 35 Flyd 36 L
Ahvaz Shooshtar Sarakhs
37 oS oy 38 Qs 39 S
Kish Island Zabol Zahak
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Table 2- Name and number of Mountainous cluster stations 1987-2016 (Farzandi, 2011)
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East Esfahan Torbate Heydariyeh North of Tehran
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55 N 56 eyl 57 ot
Takab Yasuj Shiraz
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Shahre Babak Zarrineh
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Table 3- Name and number of Desert and semi-desert cluster stations 1987-2016 (Farzandi, 2011)
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Figure 1- Clustering of Iran based on partitioning around methods (Farzandi, 2011)
(1- Coastal, 2- Mountainous, 3- Desert and semi-desert)
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Table 4- Specifications of the First, Second and Third cluster sample stations
oo Jsb

o), o K] o 81| B! Ol e Vit s (m) gls !
Row Station name Station climate State o il a o _’”‘* Elevation
Latitude Longitude
1 bl o ol oS 38.36 48.85 211
Astara Coastal climate Gilan
e o ol Sy 2721 56.37 9.8
Bandar Abbas Coastal Climate Hormozgan
3 sl o ol ohite 36.90 50.68 -20
Ramsar Coastal Climate Mazandaran
S ol sl oS 37.47 49.46 -23.6
Bandar Anzali Coastal Climate Gilan
5 bt b b ol 36.72 52,65 21
Babolsar Coastal Climate Mazandaran
b5 b b oels 36.90 54.41 0
Gorgan Coastal Climate Golestan
7 <) b b oS 37.32 49.62 86
Rasht Coastal Climate Gilan
olie s usS il ol s 34.35 47.15 1318
Kermanshah Mountnal Climate Kermanshah
9 4n3) sS ol it ol 37.65 45.05 1328
Urmia Mountnal Climate West Azarbaijan
10 e PtsS el oler 29.46 55.68 1739
Sirjan Mountnal Climate Kerman
. ©lse g Jbro o
1 AR (stinsS ol Chaharmahal va 32.29 50.84 2048
Shahrekord Mountnal Climate L
Bakhtiari
12 o tsS el o 36.66 4852 1659
Zanjan Mountnal Climate Zanjan
" Siiddog 9 Suis wal8l b
13 Arid and Semi Arid il 28.89 53.72 1268
Fasa Climate Fars
.»U).g(ablfs,)é Siiddoy g Suid wl8l s
14 Mehrabad Arid and Semi Arid ol 35.69 5131 1191
. . Tehran
Airport Climate
. Seiddag g Sld 8l .
15 Qjm Arid and Semi Arid Q“:m 34.77 50.85 879
Climate
5 Siiddog 9 Suis w18l Ny
16 ” Arid and Semi Arid ? 31.90 54.28 1230
Yazd - Yazd
Climate
sl i i g g b
17 oY i i Ari OISR S OB 29.47 60.90 1370
Zahedan Arid and Semi Arid Systan va Baluchestan

Climate
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Table 5- An example of relative humidity irrelevant data in Ramsar station of the first cluster

Jw ol

°_“ 2l pU 9% RHO RH3 RH6 RH9 RHI2 RHI15 RH18 RH21 RHO0
Station name Year Month Day
sy 1988 3 19 94 17 82 80 77 84 91 94 93
Ramsar
sy 1992 2 5 92 89 87 75 72 88 42 88 4
Ramsar
el 1993 10 13 89 86 40 1 31 68 78 76 71
Ramsar
el 2000 1 25 96 100 96 16 16 18 19 24 25
Ramsar
sy 2006 3 8 100 100 92 87 89 87 87 11 16
Ramsar

JUsE 51 ot Jgl digd 51 ol y 8] (o Caagby & gy (g03I> -5 Joua
Table 6- An example of relative humidity irrelevant data in Ramsar station of the first cluster after screening the data

°l5_'“‘”’“ el Ju ole % RHO RH3 RH6 RH9 RH12 RHI15 RH18 RH21 RHO0
Stationname  Year Month Day

|

e 1988 3 19 94 89 8 80 77 84 91 94 93
Ramsar

el 1992 2 5 92 89 87 75 72 88 88 88 90
Ramsar

el 1993 10 13 89 8 71 10 68 68 78 76 71
Ramsar

|

s 2000 1 25 96 100 96

Ramsar

el 2006 3 8 100 100 92 87 89 87 87 91 94
Ramsar
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4 (1 abyly) Jol s (sl o Cagh) 3590 3 S sl

Gl Sygo ol
RHavyg = 10.372 + 0.309 RH3 + 0.255RH9 + ()
0.324RH15
(V%)

RHayg = 0.269 RH3 + 0.328RH9 + 0.403RH15

Wl gt gy S5y 05 o -
MR py5 3 o5 & pl bgy & S8y (b3 s S (555l
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(st Cagh) (slajesito g gy e plgis b (RHavg) 4iljg) (oo
@ VAR o VWi Si) o )5 00 A ¥ 3 bl celiw au
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Figure 2- Matrix dispersion characteristics of the behavior of input variables in the first cluster pattern against each other

Jloinl 311 9 1Ll (gl aigh o Cusby (sLogRl Calpd Jgo -V Jgo
Table 7- The coefficients relative humidity patterns of the first cluster, t values and probability values

bl 3, ilinw] oy

2 3,k gl g

o1 _ > ! p-value

Model Unstandardized coefficients Standard coefficient t

B Std.Error Beta

1(Constant) 40.118 0.072 558.351 0.000
RH9 0.577 0.001 0.901 564.684 0.000
2(Constant) 26.972 0.065 417.360 0.000
RH9 0.340 0.001 0.531 327.111 0.000
RH15 0.380 0.001 0.492 303.060  0.000
3(Constant) 10.372 0.054 192.667 0.000
RH9 0.255 0.001 0.398 419.325  0.000
RH15 0.324 0.001 0.419 459.802 0.000
RH3 0.309 0.001 0.309 411.000  0.000
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Table 8- The residual of the third relative humidity pattern in the first cluster
oo peSl ool SNyl
Minimum Maximum Mean Std. Deviation
Residual -4.9682 4.9638 0.000 1.6561
Std. Residual ~ -3.000 2.997 0.000 1.000

Ol (o Cagb ) idamntly ydie

Dependent Variable: RHavg

o 3,luiliw! osile BL
Regression Standardized Residual

a

Regression Standardized Predicted Value

o0 3 lailian] Bawd (g v (sWONL Bl

Jol adigd i Cagby waar (5o 00l 3 luibiw! glrosilo Bl (iiSTy Y Hldged
Chart 2- Standardized residuals distribution of the third relative humidity pattern in the first cluster
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Table 9- Final estimating daily average of relative humidity patterns for the first cluster and each sample station

Ailje) o Cuagby (1uNbe (2 (55! R Std Durbin- c p-
Final daily average of relative humidity pattern Err Watson valu
Jol adgs
First RHavg=10.372+0.309RH, +0.255RH, +0.324RH,.  0.975 1.825 1.825 945891.4 .000
cluster
A')L;“‘ RHavg =14.463+0.265RH, + 0.265RH, +0.314RH,. 0964 1765 1853 955850 .00
Stara
oobe o
Bandar  RHavg =7.451+0.298RH, +0.290RH, +0.332RH . 0960 1.894  1.782 849213 .00
Abbas
R)‘“"') RHavg = 9.238+0.269RH , + 0.299RH, +0.334RH,. 0962 1938 1921 904123 .00
amsar
A
Bandar RHavg=10.519+0.271RH, +0.271RH, +0.346RH .  0.971 1954  1.845 118917.8 000
Anzali
. ﬁ‘* RHavg =13.271+0.278RH , +0.251RH, +0.328RH,, 0955  1.887 1.769 770642 000
abolsar
GO“ RHavg =11.904+0.341RH , +0.246RH, +0.285RH,, 0976  1.986 1.826 1448304 000
organ
“%  RHavg=17.095+0.283RH, +0.247RH, +0.290RH,. 0978 2132 1952 1574839 .00

Rasht
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Table 10- Final estimating daily average of relative humidity patterns for the second cluster and each sample station

Ailj9; o Cugby (Sle (2 led (55! Ry O Durbin- . P-
Final daily average of relative humidity pattern Err Watson valu
pyd ddg>
Second RHavg =2.085+0.416RH, +0.219RH, +0.361RH,;  0.985 25 1.815 1121839.8 .000
cluster
ol S
Kermansha RHavg=0.964+0.431RH, +0.193RH, +0.385RH,;  0.992 2.0 2.125 410948.4 .000
h
Uw”_l RHavg =6.806 +0.356RH ; +0.232RH, +0.347RH,;  0.972 26 1.845 123989.3 000
rmia
25 A RHavg =4.488 + 0.383RH; + 0.234RH, + 0.346RH,, 0.976 27 1.876 144342.4 .000
Shahrekord
;B’“’ RHavg =1.221+0.386RH ; +0.220RH, +0.407RH,,  0.987 1.8 2.011 276019.8 000
irjan
ZO"-?)‘ RHavg = 4.646 + 0.381RH, + 0.229RH, +0.349RH . 0975 26 1978 1390197 000
anjan

Wigod GLolRim! I Sy b 5 pom duigh (gl diljo) (omnd Cusby (Nl 3915 (2led 9N Jgsa - Jgo
Table 11- Final estimating daily average of relative humidity patterns for the third cluster and each sample station

Wlj9) (o Cugby (1Nibe (oS 59N R2 Std Durbin- . P-
Final daily average of relative humidity pattern Err Watson valu
R
Third RHavg =1.336+0.404RH ; + 0.158RH, +0.438RH,,  0.992 1.7 1.868 2193991.6 000
cluster
FL“S RHavg =1.821+0.426RH, + 0.156RH, +0.412RH,,  0.992 1.8 1.927 418147.3 .000
asa
bb’l).e(e
Mehrabad RHavg = 2.416+0.334RH ; +0.223RH, +0.425RH,;,  0.991 1.7 1.943 369299.1 .000
Airport
Qﬁ,s RHavg =1.848 + 0.411RH, + 0.176RH, + 0.408RH,. 0991 1.9 2.100 4103737 .000
om
Y“'ﬂd RHavg = 0.777+0.369RH , +0.184RH, +0.461RH,, 0994 13 2.058 615705.2 000
az
z:rlzj; _ RHavg=1283+0.372RH, +0.181RH, + 0.461RH,, 0992 15 1824 1076269 000

powye S9N L dsgerme pj diged slapeed Jl G o g adys o
9 (639)5 Jlme .l o odly L VF 9 W AY ol o
4 MSE;  MSE; ..l oo (MSE) bllas 150 Sl lnsS
slagsll g &l (o 658 (gl Uad mye (e i
SFx gl 3 03 &)l mlis ol Sl gy (oloii
4 G g a8 gl 5 i Cagb (laiiy sl
Ut lasyo (3 Silko 1o JUte (gl aiiS o ol |y (1) 55
poye S5 g (dolo @il (ool (s Cagh) 565 o
esS) & bgsyo s oy 208 oS 1l oo (Vo5 5 OVE) sy

el adgd onl sl (Ol (s Sl

P93 SWadgd (o Cagh) (Fgmmws5 5 (SLagNl Sl -

Soadys &ljg) (i Cusby (:Ske (g )S) gl o9 g
037 9 bt JolS' g5 b 25l Jol ass Gillae po g p9d
Wgd (o Cagly (S90S slagSll Jelos iz )5 lngSdl )l
sbdieds jogad 1 dazwe gl plply ol sad &3l ol
Al BLEVY 9 Ve Jglas 0 bt .l odd (650395 pouws g pgd
0SSk slagSI (sYL ey g e8> (e S -

S 82590 el a (gl (oleiitin Ailjg) (s Cugh
Slarye 5:0ke jlne Billas pgye gL LagSl cpl aslia
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Table 12- Comparison of average relative humidity in the first cluster using the conventional method and the proposed
method in this paper by criterioning MSE

st Cagb Joladigd 1k vl yi mely Pl il oS Cudy
Relative First Astara Bandar Ramsar Bandar  Babolsar Gorgan Rasht
humidity cluster Abbas Anzali
MSE1 10.61 9.5 13.49 4.51 4.1 8.1 21.20 13.25
MSE2 5.34 3.83 6.6 2.66 2.38 2.30 3.76 2.52

MSE jlimo b dlio (21 55 (55 (99 9 Jgore (hg; &1 095 duigh cmad Cughy (15Sle A lie VY Jgo
Table 13- Comparison of average relative humidity in the first cluster using the conventional method and the proposed
method in this paper by criterioning MSE

i Cugb P93 duigs sLiile,S  dwg)l DS pla g obs;

Relative humidity Second cluster Kermanshah Urmia Shahrekord  Sirjan Zanjan
MSE:1 22.37 17.62 27.59 5.28 8.2 15.13
MSE2 6.78 5.92 6.65 0.00 0.00 0.00

MSE jlime b dlio (2] 55 (55 (99 9 Jgore o9y &1 pomw digh (o Cagh) (ke dmlio -1 F Joo
Table 14- Comparison of average relative humidity in the first cluster using the conventional method and the proposed
method in this paper by criterioning MSE

(s Cagb, pow adigh  Lud oo o S5 ol
Relative humidity Third cluster Fasa Mehrabad Qom Yazd Zahedan
MSE: 15.51 9.23 8.36 16.44 8.57 12.48
MSE: 4.77 0.00 0.00 3.95 4.00 3.71
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Modeling Average Relative Humidity of Sunrise to Sunset Using Values
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Introduction: The behavior of daily changes of relative humidity is quite variable. We first draw the curve of
this variable on a normal day. And it can be seen that the distribution of this variable is not normal. The curve of
this variable is a skewed curve to the right. Therefore, the equal coefficients could be used only as an approximation
for estimating the daily average of relative humidity. Climatic conditions of the meteorological stations are also
another parameter to be considered. This research presents a new method for estimating the daily average of
relative humidity in three climatic regions of Iran. The patterns for the sample stations in each climatic region were
presented separately.

Materials and Methods: E. Eccel (2012) developed an algorithm to simulate the relative humidity of the
minimum daily temperature in 23 weather stations in the ALP region of Italy. In this research, the base pattern was
calibrated by temperature and precipitation measurement. Ephrath, et al. (1996) developed a method for the

calculation of diurnal patterns of air temperature, wind speed, global radiation, and relative humidity from
available daily data. During the day, the air temperature was calculated by:

Ta :Tmin +(Tmax _Tmin )S(t) 1)
 t-LsH +% .

Where S(t): Dimensionless function of time, DL: Day Length h, LSH: the time of maximum solar high h, t,:
current air temperature, P: the delay in air Tmax with respect to LSH h. Farzandi, et al. (2012) presented more
accurate patterns for estimating daily relative humidity from the humidity of Iranian local standard hours and daily
precipitation variables, the minimum, maximum, and average daily temperature in coastal regions. The purpose
was to present linear and nonlinear patterns of daily relative humidity separately for different months (12 patterns)
and annually in coastal regions (the Caspian Sea, the Persian Gulf, and the Oman Sea).Mirkamandar, et al. (2020)
modified new patterns of diurnal temperature based on climatically clustering in Iran. The final pattern has an
interception and new coefficients to estimate the daily average of temperature. Rezaee-Pazhand, et al. (2008)
introduced new patterns for estimating the daily average temperature in arid and semiarid regions of Iran. The final
pattern has an interception and new coefficients to estimate the daily average of temperature.

T =—1.132 + 0.417T,;, + 0.591T,,, 3)

Veleva, et al. (1996) showed that the atmospheric temperature-humidity complex (T-HC) of sites located in a
tropical humid climate cannot be well characterized by annual average values. Better information is given by the
systematic study of daily changes of temperature (T) and relative humidity (RH), which can be modeled by linear
and parabolic functions. Farzandi et al. (2011) divided Iran into three climatic clusters. Which were used in the
present work. First, a classification that provides climatological clustering. This clustering was used the data of
annual relative humidity, temperature, precipitation, altitude, range of temperature, evaporation, and three indices
of Demartonne, lvanov, and Thornthwaite. Iran was partitioned into three clusters i.e. coastal areas, mountainous
range, arid and semi-arid zone. Several clustering methods were used and the around method was found to be the
best. Cophenetic correlation coefficient and Silhouette width were validation indices. Homogeneity and
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Heterogeneity tests for each cluster were done by L-moments. The “R”, software packages were used for clustering
and validation tests. Finally, a clustering map of Iran was prepared using “GIS”. The data of 149 synoptic stations
were used for this analysis. Systematic sampling was done to select sample stations. The linear regression model
was fitted after screening and data preparation. A model was presented for estimating the daily average temperature
in each climatic region and sampling stations in each cluster. The best models were presented by reviewing the
required statistics and analyzing the residuals. The calibration and comparison of the presented patterns in this
paper with commonly applied models were undertaken to calculate the mean squared error. “SPSS.22” software
was used for analysis.

Results and Discussion: The coefficient of determination (R?) and the Fisher statistics showed that the patterns
had a good ability to estimate the daily average of relative humidity. The daily average of relative humidity patterns
confirmed an interception in the equations. Standardized coefficients showed that predictor variables were not

weighted in all of the patterns. The mean squares errors were a measure of the applicability of patterns. The

accuracy of the estimating daily average of relative humidity recommended models in three climates was
confirmed by calculating the mean squared errors. The proposed patterns of this study had less error than the
common patterns.

Conclusion: The relative humidity at 3 pm was more effective in estimating the daily average. The independent
assumption of the residual was confirmed with the acceptable value of Durbin-Watson statistics. The averages of

the residuals in each pattern was zero. According to the graphs, stabilization of variance can be seen based on the
residual on each pattern in each cluster. Proposed patterns were calculated according to mathematical principles.
But the common patterns did not observe these mathematical principles. The mean squares errors (MSE) of
proposed patterns were less than common patterns. Therefore, the patterns presented in this study are more
powerful than common patterns.

Keywords: Climatic regions, Regression patterns, Relative humidity, Systematic sampling
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Figure 2- The dendrogram of different harmonics of precipitation in the Iranian coast of Caspian Sea
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Table 1- Concepts of seasonal index values
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Figure 3- Spatial distribution of the average annual precipitation in the Caspian region during the statistical period of 1966-
2016
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Figure 5- Spatial distribution of average monthly precipitation and its coefficient of variation during Summer and autumn
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Table 2- Percentage of the area of different precipitation regimes in the Caspian region based on the seasonal index during

the study period
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Rather seasonal with a short drier season  Equable with a definite wetter season ~ Very equable
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Introduction: Precipitation is one of the most important climatic variables playing a decisive role for different
purposes. Temporal changes in precipitation affect many climatic and environmental phenomena (such as runoff,
floods, air temperature, and humidity) as well as many human activities (such as agriculture and housing). The
precipitation regime includes all characteristics and statistics of precipitation in relation to its distribution
throughout the year, and the temporal distribution of precipitation according to the months or seasons of the year
is called the "Precipitation Regime."

Materials and Methods: The daily data of 385 stations were obtained from Iran Meteorological Organization
and the Ministry of Energy for the period of 2016-1966 (51 years). The hidden aspects of precipitation and
precipitation regime of the Iranian coast of Caspian Sea were studied. At first, these stations were used in order to
create maps with a spatial resolution of 3 x 3 km, and the general specifications of the monthly and annual
precipitation were presented. Sinusoidal behaviors of monthly precipitation in each pixels were then investigated.
Accordingly, first to sixth harmonics were extracted. Finally, the cluster analysis method was used based on the
Euclidean distance and the "Ward" method of linkage to identify the spatial patterns of precipitation based on the
contribution of different periodic and its zoning. Then, the homogeneity and seasonal index of precipitation was
estimated.

Results and Discussion: The results show that the mean annual precipitation is higher on the coastline,
especially in the southwest of the Caspian Sea, and decreases as it passes from the coast. In the southwest parts of
the Caspian Sea, maximum precipitation occurs in the autumn. At the Alborz highlands, the maximum and
minimum precipitation fall during winter and summer, respectively. The monthly precipitation coefficient of
variation indicates that with seasonal changes from winter to spring, precipitation changes in the Caspian region
are declining, and with changes in seasonal precipitation from summer to autumn, precipitation changes are in the
ascendant. The largest variability coefficient of the month to month of the precipitation (60 to 70 percent) was
calculated at the coastline of the Caspian Sea. This shows notable month to month precipitation changes and
seasonal instability in these areas. The coefficient of variation is gradually reduced by distance from the coastline.
The lowest coefficient of variation was obtained in the southern parts of the Caspian Sea (the Alborz altitudes)
between 15% and 30%. This suggests a small difference in rainfall over the course of the months. In other words,
they indicate the activity of various rainy systems, or at least the continuity of rainy systems in these areas, and
the stability of the precipitation season. The homogeneity index indicates that the precipitation distribution is more
concentrated in the coastal areas of the Caspian Sea, and it becomes more uniform with the advance towards the
southern parts of the area (part of the Alborz heights). The seasonal precipitation index of the Caspian Sea region
indicates three types of precipitation regime. The lowest spatial extent (6.28%) is related to the uniform
precipitation regime, found in small parts of the Alborz heights. The most abundant regime has a wetter season.
This precipitation regime, which includes 76.13% of the Iranian coast of Caspian Sea, is observed in the eastern
and western regions of the Caspian Sea. The third regime (13.25% of the study area), which is mainly seasonal
with a short dry season, covers the Caspian Sea coastline, parts of the Talesh heights, and a small part of the eastern
region.

Conclusion: The results revealed that the precipitation classes obtained based on the seasonal index were closer
to the reality due to the similarity of these classes with the average monthly and annual precipitation. Therefore,
this index seems to be the most optimal tool for determining precipitation regimes in the Caspian region. According
to this precipitation regime classification, there are three classes of precipitation regime in the Caspian region. The
existence of these three classes indicates the presence and activity of different synoptic and local systems in the
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Caspian region.
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