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Table 1- Geographic charactrestics of selected cities and average of annual means, maximum and minimum temperature
for 20 years (1992-2012)
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Table 2- Chractristics of Iran's climates, wheat variety, and specific city of each climate
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Table 3- Slope (b), significancy (p) and coefficient of determination (R?) for regression line between annual maximum,

minimum and mean temprature and year, during 1992-2012 and average of annual temperature at base year (1992) for 18
selected cities
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b sles 0.145 0.001 0.687 30.9
Max. Temp.
2! Sl sles 0.08 0.001 0.784 243
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<! N 0.094 0.008 0.549 4.7
Arak Min. Temp.
o sled 0.116 0.004 0.598 11.1
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SOL‘“"“ MUF “’T‘Sl"’ 0.012 0.649 0.42 11.6
emnan in. Temp.
ok sled 0.076 0.007 0.558 16
Ave. Temp.
M;S “’T“S > 0.139 0.001 0.475 16.5
ax. Temp.
Tf;“ MUF “’T‘Sl"’ 0.064 0.055 0.399 6.1
abriz in. Temp.
SSile lo
ol o> 0.101 0.006 0.664 113

Ave. Temp.
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b sles 0.158 0.581 28
Max. Temp.
S Sl s 0.064 0.001 0.47 14.1
Zabol Min. Temp.
LSl e
o e 0.111 0.595 21
Ave. Temp.
b s 0.116 0.014 0.444 21.6
Max. Temp.
oo N 0.068 0.163 0.55 93
Esfahan Min. Temp.
ok sled 0.091 0.004 0.427 15.4
Ave. Temp.
b sles 0.101 0.377 0.64 242
Max. Temp.
e Sl sl -0.05 0.001 0.6 9.2
Shiraz Min. Temp.
e sl 0.068 0.024 0.59 16.7
Ave. Temp.

7AQ aaw (gl gxe P 0.01 JA0 maws 4> (5, ze < 0.05 %
p< 0.05: is significant in the level of 95%, p< 0.01: is significant in the level of 95%.
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Sglite Slaj 0yes cledy ol > B eyl Vi aizusl
OhlLSKen g BB yos 3 .l 035 035 odlat wl Ji o g9
aYlow sla J8ls adllas o 35 (Khoshakhlagh et al., 2011)
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(et al., 2006
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Table 4- Calibration coefficients for WOFOST in selected cities of climatic zones of Iran

Solyly (083) Y el (1) Y asl  (apuie) Val  (S1))) € 4l

Parameter  Zonel (Gorgan) Zone2 (Ahwaz) Zone3 (Mashhad) Zone4 (Arak)
TSUM; (°Cd) 2100 2500 1700 1750
TSUM, (°Cd) 900 750 750 800

Sty b 23 B 5l oyl an s gaazme TSUM: ¢ 25 S b Sjailes 5l @yl days gaeze :TTSUM,
TSUMI: Temperature sum from emergence to anthesis, TSUM,: temperature sum from anthesis to maturity

L) asiels )3 e e o (Swwy U gy 3lass 9 (235U e g aal o el o gl S 2l s
IERWE FUTCS WIS G NIV CI NS VRITIPIPW IUS ISR B Mo 39390 gl bl .l onds 311 & Jadn ;2%RMSE
ool 045 Sy S5elgi8 Jolye (glys (YORMSE) s lasye (655ke i

9 Sty U Clls 5 59, 3lani g (D35 U ClilS 51 39, dlani suud (g5lw dund g (2Blg rdlie dlw Cuid (puSile -0 Joua
Ol 5 G s o 45 (JRMSE) Uad Olay po (il duo yd (wlwl 53 WOFOST Jue jliis! o
Table 5- Means of eight years for observed and simulated data of days from planting to flowering and days from

planting to maturity and validation of WOFOST based on percentage of Root Mean Square Error (RMSE %) for
fourselected cities of Iran

(55) ) b (31521) Y o
Zone 1 (Gorgan) Zone 2 (Ahwaz)
U CullS 5, dlaas U Cuils 59, lany U Cuils 59, lany
)9)’ ] 29 u‘nﬁ b eusls 39 sl ] 29
s & ) Days planting to o
Days planting to Days planting to flowering Days planting to
flowering maturity maturity
oo sl (g3lwand oo sl (g 5lwand ouud sl & lwdms oo sl (g 5lwand
Observed  Simulated Observed  Simulated Observed Simulated Observed  Simulated
0Ss 201.7 201.6 201.7 201.6 156 153.5 194 192.1
Mean
%RMSE 4.22 6.9 9.19 7.8
(ageie) ¥ 42 (51,) € 4
Zone 3 (Mashhad) Zone 4 (Arak)
U CullS 5o, alaas U Cuwils 59, lany U Cuils 59, lany
)9)’ ] 29 u‘nﬁ b eusls 39 sl ] 29
s & ) Days planting to o
Days planting to Days planting to flowering Days planting to
flowering maturity maturity
oo sl (g3lwand oo sl (g 5lwand ouud sl & lwds oo sl (g 5lwanmd
Observed  Simulated Observed  Simulated Observed Simulated Observed  Simulated
0xSs 171.4 172.2 212.6 213.7 210.7 209.5 257.2 256.5
Mean
%RMSE 6.3 7.5 6.5 7.7
pAS Sieleid ole (gl ol e polie g Clialie oy 59 s g (25U 59, 2l 1 i g jlwdad guls duwlds
b mime MBI VY ks s b adlllas 3590 00 Jla 5o o aS ol oL tstudent (yg0)l gols 9 (adly polie b (S, b
.))IJJ oJ_wobl.)ua)l)g uy_w)f) ablze b oo 61)_))9“000)5

OowySy b s b oS Cunl me Gl ol il 034y JouB L
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Fig. 1- Validation of model for days to flowering (Right) and days to maturity (Left) for four selected cities of Iran
Cawl 0ad 03b iles Vi) s (gl alade LS g oSy s gl pg s
Solid line represent regression lines and dash line represent 1:1 line.
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Fig. 2- Validation of Model for simulation wheat grain yield for four selected cities of Iran,
Cawl 0ad 03b iles Vi) s (gl alade LS g oSy s gl g S
Solid lines represent regression line and dash line represent 1:1 line.
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Fig. 3- Trends of grain filling period (right) and grain yield (left) of wheat related to anuual mean temperature rise of Gorgan
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Table 6- Slop of regression line between simulated grain filling period and temprature rise (day.°C™'), grain yield and

temprature rise (kg.°C™") and grain yield and grian filling period (kg.day™) for Parsabad moghan (Northern Warm and
Humid climate) during 1992-2012

8393 Jgb (g5 ) bd
Lod (pial381 L &ild o 5

358es o (yga S 5 oS e
Lod (pa 1381 b 1> b (g3 Lwenund

S5l 3,8 ot g )5 ) IS
&I oyl 3 890 Job b Aild ol

City Slop of regression line Slop of regression line between Slop of regression line between
between grain filling period simulated grain yield and Simulated grain yield and grian filling
and temprature rise temprature rise period
oo stk
Parsabad 34 322.0 124.4

Moghan
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Fig. 4- Trends of grain filling period (right) and grain yield (left) related to anuual mean temperature rise of Ahwaz
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Fig. 5- Trends of wheat grain yield related to changes in grain filling period in Ahwaz
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Table 7- Slop of regression line between simulated grain filling period and temprature rise (day.°C'1), grain yield and

temprature rise (kg.°C™") and grain yield and grian filling period (kg.day™) for Shiraz, Zabol and Birjand (Southern
Warm and Dry climate) during 1992-2012
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City Slop of regression line Slop of regression line between Slop of regression line between
between grain filling period simulated grain yield and Simulated grain yield and grian filling
and temprature rise temprature rise period

et 025 §8.54 152.42
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i -0.38 -268.59 54.72
Zabol
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Introduction

It is accepted that the global annual average temperature has been increased during recent decades. The
climate of Iran is also affected by this global warming. Some studies indicated the increasing of mean annual
temperature of Iran between 3.5-4.5°C by 2050. Crop phenology is directly related to temperature, so climate
change could significantly change the phenology and yield of crops. Modelling phenology is a way to simulate
the timing of phenological stages based on climatic factors. Amongst models, WOFOST is known as a powerful
model for simulation of phenological stages and yield of wheat. In this study climate warming of Iran was
evidenced. Based on this fact, trends of potential grain yield and time of flowering and maturity of wheat were
studied in different climatic zones of Iran during 1992-2012. It is expected that understanding the thermal
induced of phenological changes, can lead us to better field management decision making.

Materials and Methods

Weather data of 18 cities from 4 climatic zones of Iran (northern warm and humid (Zone 1), southern warm
and dry (Zone 2), temperate (Zone 3) and cold and high elevation (Zone 4)) were analyzed during 1992-2012
and the long-term trends of air temperature were detected by linear regression. The crop growth simulation
model WOFOST, was used to simulate the time of flowering and maturity and also the potential grain yield of
winter wheat. Calibration and validation of model was conducted in 4 selected cities from each zone using
statistical measures. The consequences of temperature on duration of grain filling period and also yield of wheat
were determined.

Results and Discussion

Results indicated that the mean annual air temperature was significantly increased in all cities during 1992-
2012. The highest increasing rate (regression line slope) belonged to Ardabil (0.159°C.y!) and the lowest rate
was observed in Pars Abad Moghan (0.06°C.y™"). Validation of WOFOST in 4 selected cities from each climatic
zone, showed the perfect ability of model in simulating the flowering and maturity time of wheat. Regression
analysis showed that the grain filling period was increased in accordance with temperature rise in zone 1 and 4
whereas it was shortened in zone 2 and 3. Grain yield showed the same trends predicted for grain filling period
in different climates. Slop of linear regression between temperature and yield was significant except in Gorgan
(Zone 1). In all cities the relation between grain filling period and yield was direct and positive.

Conclusion

Although temperature has increased in all climatic zones of Iran, flowering and maturity time and grain yield
of wheat has showed different responses. There was a nonsignificant slope of regression line in the north humid
climate, which means that the humidity of northern part of Iran (south of Caspian Sea) enhanced stability for this
area. Annual mean temperature in southern warm and dry zone of Iran ranged between 24.3-27.9 °C that could
be stressful for wheat, and hence resulted in shorter grain filling period and less grain yield. It seems that in
temperate zones (such as Mashhad) increasing temperature caused yield reduction due to faster GDD
accumulation and lack of time to complete remobilization of photosynthetic materials. On the other hand, in cold
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areas increasing temperature could reduce the risk of cold stress in flowering time, resulting in longer grain
filling period and higher grain yield. According to WOFOST simulation results, during 20 years study (1992-
2012), mean potential yield of wheat increased 6.25 and 11.42 percent in northern warm and humid (Zone 1) and
cold and high elevation (Zone 4), respectively and decreased 12.17 and 13.11 percent in southern warm and dry
(Zone 2) and temperate (Zone 3), respectively. Total mean potential yield of wheat, by consideration of
proportion of each zone in total wheat production of Iran, showed reduction of 1.8% and 3.28% during 1992-
2001 period (10 years) and 1992-2012 period (20 years), respectively.
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