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Figurel- The geographical distribution of meteorological stations used in this study.
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Tablel- Meteorological stations characteristics
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Longitude (E) Latitude (N) Elevation (M)
oleds! “plar 51° 40 32° 37 1550
Isfahan Synoptic
oledel 50 “plar 51° 53 32° 40 1543
East of Isfahan Synoptic
ol Aden 51° 27 33° 59 982
Kashan Synoptic
by olid el 51° 37 32° 34 1580
Kabutarabad Climatology
s i ol 50° 17 33° 27 1800
Golpaygan Climatology
Lo et 51° 50 31° 59 1845
Shahreza Synoptic
i elid el 51° 54 33° 32 1684
Natanz Climatology
o) S 520 23 320 23 1252
Ardestan Synoptic
o i ol 53°5 32051 1549
Naein Climatology
obb S 50° 22 32° 58 2290
Daran Synoptic
Sollegy> olid el 55° 3 33° 47 850
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Table2- Thermal requirments of Saffron plant at the beginning of flowering
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Table 3- The estimated result of the probable occurrence of the last spring frost

£ Jboasl o >
Percent of probability occurrence
1 5 10 20 50 75 90 95 99

(Jlw) a5 0,9
Return period (year)

100 20 10 5 2 1.23 1.11 1.05 1.01

sk ol ook VY Kl ¥ Kl 4 Kawl VO awl YF Kawl Y8 000,80 009,80 Cudigud,ld

Natanz station 11Feb 27 Feb 22Feb 28Feb 17 Mar 17 Mar 8 April 14 April 25 April

o ol ot YA il A Ll VY Ll VY Lol YV Bawl VY e 30 g9 3V 00 8YF

Naein 18 Feb 27 Feb 3 Mar 8 Mar 20 Feb 20 Feb 2 April 6 April 15 April

ol ol ook A oo VY ool VY ol YA Ll VY Ll VY Lawlt' 299,80 O2y9,9VF

Kashan 28 Jan 6Feb 12Feb 18Feb 2 Mar 2 Mar 21 Mar 25 Mar 5 April

Shahreza 14 Mar  19Mar 21 Mar 23Mar 28 Mar 28 Mar 6 April 8 April 12 April

o Ol b oyl Mawl VY wawl Y- awl V¥ Lawl YA T IYSCE L VESYSCR. SNE Y  REUVRSPIC) A ARG TIVEY g
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Daran 23Mar 28 Mar 1 April 4 April 12 April 12 April 24 April 27 April 1 May

Sblugygs ol (g2 Y0 ete 5 oo VY Oy 14 Ll Y Ll Y Ll YV Lol YA 398 4
Khurobiabanak ~ 15Jan 26 Jan 1 Feb 8 Feb 21 Feb 21 Feb 13 Mar 19 Mar 29 Mar
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Probable occurence of fall frost
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Figure 2- Zoning of the date of probable occurrence of fall frost.
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Table 4- The estimated result of the probable occurrence of fall frost

959 Jloin! sy

Percent of probability occurrence

1 5 10 20 50 75 90 95 99
(JWw) cuis 5L 0,90
Return period (year)
100 20 10 5 2 1/23 1/11 1/05 1/01
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Kashan 210ct 280ct 1Nov 4Nov  1I1Nov 17Nov 23Nov 26Nov  1Dec
Loy 0lKtuns] e Y eV 2o £ e N 2o Ve e VY Ul e Ul A B2
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g ool b oSl b YA g ae e e eYA SME A U
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Table5- The estimated results of 5 ('C) probable threshold occurence

E989 Jboasl o >
Percent of probability occurrence
1 5 10 20 50 75 90 95 99

(Jo) cuis 5L 0,59
Return period (year)

s o oSl e VO yead YO Lees YY) e ¥ et e YA LI SWa oLy
Kabutarabad 6Sep 16Sep 22Sep  29Sep 110ct 210ct 310ct 270ct  14Nov

100 20 10 5 2 1/23 1/11 1/05 1/01
o ol e Y e VO e Ve BT ARV INA R ST S Sy
Natanz 90ct 170ct 220ct  270ct  7Nov  15Nov 22Nov 22Nov  5Dec
ol oKy e Ve e YA e VY oo YY oLy olive Uiy oy ¥
Naien 20ct 100ct 140ct 190ct 29Sep 6Nov  13Nov 11Nov 25Nov
Ll oSt e T ol s AR TR SN R RN H AR
Kashan 210ct 280ct 1Nov 4Nov  1INov 17Nov 23Nov 22Nov  1Dec
Ly oSz YOS PN ¢ 2o 5 RV Y e ¥ UlY oty ouls
Sahreza 17Sep 24Sep 28Sep 30ct  120ct 190ct 260ct 230ct  7Nov
o Ol Gy olSiusl S YA pe ¥ Re A R e YV e YA UlY oWy ouie
§ o East of Isfahan ~ 19Sep 26Sep 10ct 40ct  130ct 200ct 260ct 230ct  6Nov
E & SIS ol JIPL) 5o V8 e e WY LY A LY LY LYY
=) @._— Golpaygan 10ct 80ct 110ct  150ct 230ct 300ct 5Nov  3Nov  15Nov
g :
@D

gl oSty e ¥ e TN R VO ¥ oUIA UTYE LYY LTy Ny
Isfahan 60ct 130ct 170ct  220ct  300ct 7Nov  13Nov 11Nov 24Nov
O, ol&iu] obia LI DAY AN R SRR R Nls Ny Sy
Avrdestan 310ct 5Nov 7Nov  11Nov 17Nov 22Nov 27Nov 23Nov  4Dec
oyl ol 2R M e s VY e b YV el e\ e YT e ¥ e ¥ LI
Daran 10Sep 18Sep 22Sep  27Sep  60ct  140ct 210ct 170ct  2Nov
Sillogyss ol e Y5 Ul ¥ OLTA RN SRR SN Sy R Siha

Khurobiabanak  17Nov 260ct 300ct 4Nov  13Nov 21Nov 28Nov 22NOv 10Dec

Legend

Probable occurence threshold of 5 (C)

*  Stations

&7 Province boundary

5 Last decade of October
First decade of November

Second decade of November

> First decade of December 0 37 75 150 225 300
—-—— Km

T T T T T T
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Figure 3- Zoning of the date of probable occurrence threshold of 5 ('C).
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Table 6- The result of probable occurrence date of minimum temperature 10 ('C) at night and maximum temperature 22 ('C)

in day
&Py Jloial o
Percent of probability occurrence
1 5 10 20 50 75 90 95 99
(Jw) cuiS 5L 0490
Return period (year)

100 20 10 5 2 1/23 1/11 1/05 1/01

JS AN e 2o ¥ e A e W e Y e Y oy ouia Y oA
Natanz 24Sep 10ct 50ct 90ct 180ct 240ct 310ct 3Nov  10Nov

b ol JYTIVI-L USYVIvY. 1 VRN I | SRRV A BV e VY oWy WA sl
Naien 31Aug 9Sep 15Sep 22Sep 50ct 150ct 250ct 300ct  10Nov

Sl olSiay] JYRORAL eV e W e WY e Y ol s WY GUA LYY
Kashan 21Sep 29Sep 30ct 90ct 190ct 28Sep 50ct 100ct  190ct

Lo e olSiuny] DRAST nAS A e W e i W e b VY e b YE e pdTY ge ¥ Ao A
Shahreza 25Agu 30Agu 2Sep 5Sep 12Sep 17Sep 22Sep 25Sep  30Sep

o Oldol §pd olal B Y e Y Hed V0 e SN el VY RV Ae A e W) R W
§ ~ East of Isfahan 29Agu 3Sep 6Sep 10Sep 18Sep 24Sep 30Sep 30ct 90ct
§ NI C A NGO RSV Y SIS ARRETYITY-S 1 NEYVINY. S L SIS 4 e WY e YA 2o YV e YA
2 Cf_ (?Jolpaygan 6Sep 12Sep 16Sep 20Sep 28Sep 50ct 100ct 140ct  200ct
g U oS ol eed ¥ el Ve ead WY yeRd ) jaRd Y jned Y pef Aeh e Y
@® Kabutarabad 26Agu 1Sep 3Sep 7Sep 15Sep 21Sep 26Sep  30Sep 40ct

ool ol SRS YN B YV e TN 2 ¥ e W 2o WY e VY e V5 obih

Isfahan 130ct 190ct 22Sep 26Sep 30ct 90ct 140ct 180ct  230ct

Olid ) ol e R WY e Y e VY ouly oLl LT 2 PN O
Ardestan 28Sep 50ct 90ct 150ct 240ct 1Nov 8Nov 1INov  20Nov

ol ol DRSO RS S Ve e d W e d VS VY ju ATV el pe ¥
Daran 27Agu 31Agu 1Sep 4Sep 10Sep 14Sep 18Sep 20Sep  25Agu

Sblugyes oKty e O e Y e Y e VY Uiy BIAR AR SRR R
Khurobiabanak ~ 27Sep 40ct 90ct 150ct 24Nov 1Nov 8Nov  12Nov  12Nov

Legend

Probable occurence date
of daily threshold

*  Stations

&7 Province boundary
2 First half of October

Second half of October
First half of November

2 Second half of November
0 37 75 150 225 300

-—— Km
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Figure 4- Zonaing of probable occurrence date of daily threshold.



IAE g o) olas ¥ alo oyl e ) gy9bd g cacly; ag i OA

e (B Sl (5 JeeSS 3 8 Conge () dew el
Sl B angr Cun sy dy dngy b .ol oids ddlals I yisy opl )
D9 g0 03028 olo (bl 4y olo yae | (2AIS lo 30 4 oyt

okl ol s

CiSy g (2l oliss 2l b el o)l )b
Ay (25 )Ll e jledd joy cuiS p atan 4w B Y L g, ¥V
doss I andllae 3y90 adhaio ;> ()bl Fo,b .ol sls astie cis
Gblio )3 U gl b (8 yrd s g i po (3olio 53 )52,065 pod
Sy bl )b pelsln a8 (gy5b 4y wil oo e (55
oS5 Gblio > o cupind g b ddlaie > )lel Gloj 05295
obes GLSe g (A Jga) wmae &) LB 5 SSbly g 505
il G A 8 ) &S amd e ot (FUS) bl o)l
L (a5 51 bl gloj oo (alidl g glis) ol b ulize
Ol (Byd g 25 do olio e Bl e 3T 4 ole LT Lyl
2,03 3639 ookl loj yd olds ole G o]

Agriculture organization of )e. i e ol
Ol y3 olyaej 0 Jgi g cuS (Isfahan province, 2013
ABlige (b desd g S35 50 () dew Bblie 4 dgu0e (ladl
S5 pae Ty e > Slas ialS saae Y3 51 (S ol
550 G9d bl pll g ol cutS (gl orldl Cns |
Sy cgol8l Ll 5 ol o> Slasls 55

ol (¥ JS) sannaigy poblyy bl (ul slsy Gl 358

5 bl ol alis ) ey 1 Cglss Crge glasyl Jole a5 smd 0
ool 2 8ly 3o cwl oa s adlllas D90 ddlaio )0 Fyb 4 e
wloe Sloj (cojb g5 ;5 alwl ol sy loj (B ge5 Lol yis
sl olopll g ()8 de SliwnsS g aisye 3blio (gl olo e
0358 Sllas & 4255 b 1030 &) (B dest £l oS L
b ) Oyl sy ¢l as 4o (Khozegaran etal., 2011) |5
LS blio 5 05 aalgs all gy JS 2has 1e J3, A4k iy
ol sl gy (2alS Jlaisl bl e ol ol 0 095 )l a2
B o) g w300 &) 395 el il (2)8 Ao )3 Ll
-0 oWl sble S 5l 505 50l Jlol o Loy cdl b cuslite 5

Ve

Ol (A8 diags )18

Bl g5y il il go8y o)l (58,5 s o b
aage G (25 lej 5 Sl 5)90 gy 42y Jlade o ()lyae
B E)b S a3 oo (LS gls (wyp ) pasuie (BAS
b cuslize b1 3151 B olojge Jgl de 51 laduol il 53 lyie s
B a ey il ey e &) adhaie el 5 (SBlSg5 Ll )l
(VJgsz) 3> 3 olo Sy 25 loj gl bl

JS5) o plosil gannaing wlulyy (2 )b S @iy
Obej allas 3)90 adlaio 5,8 )8l eaS 30 (L5 (0

1 e sles LialS sl o 3l 4 LT 315l b auls

iliey oyl yd Jlol g ()l laailin] 4 angi b (A dinge 0,0 2,905 — ¥ Jgua
Table 7- The estimated result of optimum flowering date based on thermal thresholds and daily temperature statistics

ol |
Station
x m
~ = 2h >, o 9. &% 2.
o C gh(} 3:? a; QUJC' mg: .55 Q“’g mZ,(z 5 . E-E‘
s & :r‘g. ~g it g 3= 3% 2 z - @& EE
5 EU By B2 5¢ 21 g% Fe 3¢ RY gy
=% > 5 gt B
5 5 (=%
o) (25 a6
Optimum flowering date of Saffron
20 29 25 23 1 5 25 13 18 15 10
ot e ot ot e e R e ol ol e
1INov  100ct 16Nov  240ct  23Sep  27Sep  29Sep  23Sep 9Nov 6Nov 20Sep
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Legend

Flowering date of Saffron
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Figure 5- Zoning of optimum flowering date of saffron.
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Table 8- The optimum irrigation date based on subtraction of backward growing degree days

ol |
Station
m ey
Z c g’ e 2c EBZ z £ Zc E b =
a c < = o ? z 2 & 5 ¢ O . S .© c.
= o° ) = . D ¢ 2 Q C. s 2
=f v 22 2L EBR% B¥ =% 2F §5¢ E8f %%
5 & g'_ \f’\ % g\ o G = I~ S " % < = 8‘ o 2 [~}
D 5 3 %. o 5 %
=% 5 2
ol slp ol die )6
Optimum date of Saffron irrigation
29 21 5 25 29 10 15 3 11 6 1
IR st e 252 R 1 2o 29 oul 25 R oul ol
20Sep  12Sep 27Sep 16Sep 210ct 20ct 6Sep 250ct 2Sep 280ct 230ct
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Ol 5 1,5 0565 51 Jas 4y (Behdani et al., 2008) ., Kon
Sy>e Joole J8las o)l > as 5 «(Kouzegaran et al., 2011)
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Figure 6- Zoning of irrigation date before flowering.
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1-Crop Coefficients
2-Reference Plant Evapotranspiration
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Figure 7- Zoning of total evapotranspiration ETo in mm during saffron growing months.

3-Water Requirement
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Table 9- Saffron crop coefficient, Kc (Alizadeh et al., 1999)

olo
Month
Mo ULI )ST ©d Croke Aol C00)y9,8 %3)\
Oct Nov Dec Jan Feb Mar Apr May
2L o

Crop Coefficient
045 050 065 0.75 0.75 0.75 0.75 0.60

Ol M) Sldle )3 yio (o coms 2 ETO (3,85 9 o glime =Y+ Joa
Table 10- The amount of evapotranspiration ETo in mm during saffron growing months

R ol B e gy Whwl u3j058  Culgmd)l g9t

Oct Nov Dec Jan Feb Mar Apr May Total
Olee! 973 69 481 389 543 94 119.4 148.8 669
Isfahan
oS
856 475 549 432 39.9 53.3 98.4 100.7 523
Kashan
J"u” 909 91.2 605 406 384 50.6 87.6 126.1 164.6 662
Khorobiabanak
ol 84.3 50.8 325 26.3 31.2 53.9 85.9 1159 418
Daran
b)) 159.3 86.1 441 5029 7123 1112 164.4 218.9 905
Ardestan
Loy 119.9 644 454 437 525 942 135.7 186.4 743
Shahreza
s 713 40 462 354 451 723 100.9 140.7 551
Natanz
u“l‘ 1377 883 73 518 733 104 142.2 180.7 856
Naein
ol 55 1085 68.9 467 436 629 94 131.2 162.2 711
Shargh Isfahan
ol 102.7 667 403 332 473 742 1116 139.7 615
Golpaygan
2Llygs 80.1 50.2 338 331 52.1 80.5 106.9 135.8 571
Kabutarabad
£ 300 2804 26476
£ I
= 250 - 228/6
2 %0 20800 2081 — 223
£ 200
s 169/2 1512 168/2 167/8
& 150 117/6
£ 100
=
50
0
& & X > S A% v X S & &
& & ¢ F S
o S 2 N
s° &> @
& 2
Station

ol 2 S5 & e 5 A 55 e —A JS5
Figure 8- The amount of saffron water requirement for each station.
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Table 11- Evapotranspiration ETo, crop coefficient Kc, and water requirements WR, mm per day

Sy dl> o
Growth Stages
. . &y
adql e |
£3 axwg) e w2l WR (Growth
Initial Development Mid season Late-season Stages) mm
ETo Kc WR ETo Kc WR ETo Kc WR ETo Kc WR
IS‘;:‘;;\ 851 048 399 588 0.65 38 766 080 613 1341 0.52 69.7 208.9
. 665 048 319 512 065 332 587 0.80 47 995 052 571 169.2
Kashan
SO Lug)e>
: 758 048 364 505 0.65 328 756 080 605 1453 0.52 755 205.1
Khorobiabanak
D‘;‘;zn 675 048 324 416 0.65 27 493 0.80 394 1009 052 524 151.2
o) 1222 048 585 651 065 423 929 080 794 1916 052 99.6 280.1
Ardestan
Loxd 921 048 441 549 048 356 815 080 652 161 052 837 228.6
Shahreza
e 55.6 048 26.7 432 065 28 635 0.80 507 1208 052 62.8 168.2
Natanz
N‘;’:;n 113 048 542 806 065 523 928 080 742 1614 052 839 264.6
ohael 0 88.7 048 425 587 065 381 892 0.80 663 146.7 052 76.2 223.1
Shargh Isfahan
oL 847 048 406 533 0.65 347 665 080 532 753 052 399 167.8
Golpaygan
b7 65.1 048 312 42 0.65 273 671 080 545 1213 052 631 117.6
Kabutarabad
Fake & o U Egexe 438.7 362 651.7 7633 22157

Total WR (mm)

WR mm

| — & Initial

-- Development

Mid season —e— Late-season
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Q& o >
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Figure 9- The saffron water requirement in the growth stages.
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Figure 10- Zoning of water requirement in the Saffron growth quadruplet.
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Abstract

In this research, the statistics of daily temperature of meteorology stations for estimating
the probable occurrence of the first and last frost temperature, the phonological thresholds of
saffron and its flowering and irrigation dates were explored. Furthermore, by applying
different methods, the probabilities of the attained dates in different probability levels were fit
in Smada software. The estimated probability level of 95 percent, as the optimum date, was
donated for the entire Isfahan province in ArcGIS9/3 software environment using the
interpolation method of Cokriging. The time of occurrence of minimum temperatures is under
the influence of the geographical and height condition of each region and the first fall season
frost occurs in high regions of the eastern half of Isfahan province at the beginning of
November and in the low-lying eastern regions in the late December. The occurrence of daily
temperature is changeable from the first half of October and the second half of November.
From the west to the east of Isfahan, the time of occurrence of this threshold has a delay of
about one month. The optimum flowering date of saffron, based on climatic conditions, is
from the first half of October to the late of November. By considering the flowering date and
daily temperature requirement of saffron, the irrigation date prior to flowering continues from
the second half of September in the western parts and the beginning of November in the
eastern regions. From the perspective of thermal condition, the western, central, northern and
eastern parts of Isfahan province are more suited to the cultivation and development of saffron
product. The amount of water requirement in the study area based on evapotranspiration and
crop coefficients of saffron occurred in the mid-season, late season and Initial.

Keywords: Climate condition, Growth degree days, Minimum temperature, Saffron, Water
requirement



