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annual precipitation during the period 1985 to 201 Moghan region, Ardabil Iran
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temperature and precipitation)

054



\vag QM}/ﬁ)Le,? o)Le..i'; /M o)jo/b){.é Slagass (&g

Ql).ll R ‘Qlju adlhie yo calize clils L;lmwfl)s P lmé_l)l;‘ 4o YV ugl;k}iu,.u KUy e «5“)} Sl 0o (5ilwdd g 0ol (5 uSojlul polde u.,L.,I 2 Joe Ll S L;lmo)LoT o)jiﬁ -\ Jgox
Table 1. Estimating statistics of model validatimsed on the measured and simulated values afjiomomic traits for hybrid SC647 in different piag dates and
densities for Moghan region, Ardabil, Iran

(LS 5o (5) ails o Slee 235G 3, (Gay) als Gad 5 0)98 Jsbo So59990 58 (S, U 3,
Grain yield (ton/ha) Days to flowering Grain filling period (days) Days to maturity
cols @b o ”5?’3 Sloans sl Sloas sl Siloans S stk Sloans S stk
. DenSIIy ooy oo lie JM ol oddlive JM oo oo lie J\-\A oo oudlie J\-\A
Planting date (plant’ha) - opserved e i Observed = i Observed o ; Observed . ;
Simulated Relative Simulated Relative Simulated Relative Simulated Relative
error error error error
2002.5.1 \yAVYNY 74,000 10.20 10.92 7.05 67 67 0.00 40 42 5.00 123 125 1.63
2003.5.20 y¥AY/Y/I¥- 74,000 10.70 11.06 3.36 56 56 0.00 45 45 0.00 115 115 0.00
2004.5.24 \vAv¥/f 74,000 10.10 10.60 4.95 55 54 -1.82 43 45 4.65 112 113 0.89
2005.4.17 \yyAf/\IYA 70,000 10.30 10.13 -1.65 68 65 -4.41 42 43 2.38 125 121 -3.20
2005.4.6 \vAf/A/NY 70,000 9.60 9.39 -2.20 59 57 -3.39 45 47 4.44 118 112 -5.08
2005.5.28 \vAf/Y/Y 70,000 9.30 9.32 0.18 50 51 2.00 48 46 -4.17 112 108 -3.57
2005.4.17 yvAf/N/YA 100,000 7.97 8.91 11.77 68 65 -4.41 42 43 2.38 125 121 -3.20
2005.4.6 \vAf/\/AY 100,000 8.00 9.05 13.13 59 57 -3.39 45 47 4.44 118 112 -5.08
2005.5.28 yAf/¥/Y 100,000 7.47 8.34 11.65 50 51 2.00 48 46 -4.17 112 108 -3.57
2008.6.9 \yAv/¥IY- 74,000 9.49 9.71 2.32 49 50 2.04 49 48 -2.04 111 110 -0.90
/2008624 hvavrf 74000 870 899 331 v ° 426 60 .. 9 .67 121 19 1.65
RMSE 0.59 1.76 1.60 3.64
NRMSE 6.38 3.08 3.46 3.10
RE 4.90 -0.65 1.02 -2.16
d 0.90 0.98 0.97 0.89
t-value 0.987 0.178 0.170 1.066
Significant level 0.335 0.861 0.867 0.299
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Figure 3. Comparison of the measured and simulaikees of the agronomic traits for hybrid SC64 diifierent
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Table 2. The impact of simulated climate changekeuiwo general circulation model with differenesarios

and in different time periods on yield and phendalabtraits of maize compared to the current situmatin
2015) in planting date of May 15 in Moghan regiéngabil, Iran

ab o Sas 5w U 59, o5 s 099 dsk e dob oo, B, el ae)s
52 b - °)3_° (LS yo o) Oy Days t:)j) 2o 5 als oo S99 5,Slos
Scenario Period Grainyield Days to flowering Flowering Grainfilling Daysto  Grain yield
(t/ha) emergence duration period maturity reduction (%)
2015 10.145 6 56 10 49 115 -
HadCMS,? o5es 0,5 Jowe
""""""" 2025 9548 6 54 10 47 111 59
AlB 2055 7.588 5 49 9 44 102 -25.2
2085 7.846 5 48 9 42 99 -22.7
""""""" 2025 933% 6 54 10 46 110  -80
A2 2055 7.717 6 50 9 44 103 -23.9
2085 7.359 5 46 9 41 96 -27.5
""""""" 2025 9278 6 53 10 47 110 -85
Bl 2055 7.856 6 50 9 45 104 -22.6
2085 7.731 5 50 9 42 101 -23.8
""""""""""""""""""""""""""""""" IPCM4 3> ogae o085 Joa
""""""" 2025 9697 6 54 10 48 112 44
AlB 2055 7.772 5 50 9 44 104 -23.4
2085 8.337 5 48 9 43 100 -17.8
""""""" 2025 9604 6 54 10 47 111 53
A2 2055 8.845 6 51 10 44 105 -12.8
2085 7.094 5 48 9 42 99 -30.1
""""""" 2025 9556 6 54 10 47 111 58
Bl 2055 8.864 6 54 10 45 109 -12.6
2085 7.597 5 51 9 43 103 -25.1
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Table 4. Simulation of phonological traits and grgield of maize and reducing the negative efféthe
probable future climate change by changing thetplgrdate for 2025

SolS ass s ke Sl el

G55 Jae .. L e N a0 Shae )l oS | ol
e 59 513} Oy O G 5sy ails 3, Slas e .

e, RS SJ Cayals Seidemé  Grain ol Sl & _—

General seenario /2NN B e S® (Gg) alls 22075 'olg  Crainyield  Reducing the

circulation date aysto Daysto Gran Daysto Y reduction  negative impact
model emergenceflowering filing ~ maturity  (N&)  5hared toof climate change

period current time by Changing

(%) planting date
HadCM3 Al1B April 30 8 61 46 8 9.393 -7.2 -1.6
HadCM3 Al1B April 15 8 68 47 8 9.693 -4.3 1.5
HadCM3 AlB March 31 14 78 46 14 9.594 -5.2 0.5
IPCM4 AlB April 30 8 61 47 8 9.445 -6.7 -2.6
IPCM4 AlB April 15 7 68 46 7 9.886 -2.4 1.9
IPCM4 AlB March 31 13 79 46 13 9.84 -2.8 15
HadCM3 A2 April 30 8 61 46 8 9.294 -8.2 -0.4
HadCM3 A2 April 15 8 68 46 8 9.663 -4.6 35
HadCM3 A2 March 31 14 78 46 14 9.55 -5.7 2.3
IPCM4 A2 April 30 8 61 47 8 9.401 -7.1 -2.1
IPCM4 A2 April 15 8 68 46 8 9.73 -3.9 1.3
IPCM4 A2 March 31 14 79 46 14 9.612 5.1 0.1
HadCM3 B1 April 30 8 61 46 8 9.252 -8.6 -0.3
HadCM3 B1 April 15 7 67 47 7 9.679 -4.4 4.3
HadCM3 B1 March 31 13 78 46 13 9.634 -4.8 3.8
IPCM4 B1 April 30 8 61 47 8 9.368 -7.5 -2.0
IPCM4 B1 April 15 8 68 46 8 9.663 -4.6 1.1
IPCM4 B1 March 31 14 79 46 14 9.546 5.7 -0.1
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Table 4. Simulation of phonological traits and grgield of maize and reducing the negative efféthe
probable future climate change by changing thetplgrdate for 2055
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General gcenario " 12nting B e o)) ¢ 'olg  Crainyield  Reducing the
circulation date aysto Daysto Grain Daysto Y reduction negative impact
model emergenceflowering  fjlling ~ maturity (Uha) compared toof climate change
period current time by Changing
(%) planting date
HadCM3 A1B April 30 6 54 44 108 8.736 -13.7 15.1
HadCM3 A1B  April 15 8 60 44 114 9.3939 -7.2 23.8
HadCM3 A1B March 31 12 69 45 124 9.589 -5.3 26.4
IPCM4 Al1B April 30 6 55 44 109 8.939 -11.7 15.0
IPCM4 Al1B April 15 8 60 45 115 9.569 -5.5 23.1
IPCM4 AlB March 31 12 70 46 126 9.722 -4.0 25.1
HadCM3 A2 April 30 6 55 43 108 8.805 -13.0 14.1
HadCM3 A2 April 15 8 60 45 115 9.47 -6.5 22.7
HadCM3 A2 March 31 12 71 44 125 9.624 -4.9 24.7
IPCM4 A2 April 30 7 56 45 111 9.187 -9.3 3.9
IPCM4 A2 April 15 8 62 44 117 9.741 -3.8 10.1
IPCM4 A2 March 31 14 72 45 128 9.725 -3.9 9.9
HadCM3 B1 April 30 6 55 44 109 8.91 -12.0 13.4
HadCM3 B1 April 15 8 61 44 116 9.454 -6.6 20.3
HadCM3 B1 March 31 12 71 44 126 9.689 -4.3 23.3
IPCM4 B1 April 30 7 59 46 115 9.637 -4.8 8.7
IPCM4 B1 April 15 9 66 46 122 9.967 -1.6 12.4
IPCM4 Bl March 31 12 75 46 132 10.09 -0.3 13.8
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Table 5. Simulation of phonological traits and grgield of maize and reducing the negative efféthe
probable future climate change by changing thetlgrdate for 2085
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S G 39, G 35, O Oy B 39, als o ,Sles b s
PaiCal o Y L R ¥ s e . &'9_] .. Grain Sl —
General g . Planting O™ B Gyl Sl G |q CGrainyield  Reducing the
circulation —oom2M0 - date Daysto Daysto Grain Daysto ytllﬁ reduction negative impact
model emergenceflowering  fjlling ~ maturity (Uha) compared toof climate change
period current time by Changing
(%) planting date
HadCM3 A1B April 30 6 52 42 103 8.96 -11.5 14.2
HadCM3 A1B  April 15 8 58 42 110 9.294 -8.2 18.5
HadCM3 A1B March 31 8 66 43 119 9.806 -3.1 25.0
IPCM4 Al1B April 30 6 52 42 104 9.015 -11.0 8.1
IPCM4 Al1B April 15 7 57 43 110 9.533 -5.8 14.3
IPCM4 Al1B March 31 10 64 44 119 9.757 -3.6 17.0
HadCM3 A2 April 30 5 50 41 100 8.527 -15.8 15.9
HadCM3 A2 April 15 7 56 40 106 9.156 -9.6 24.4
HadCM3 A2 March 31 8 63 42 115 9.568 -5.5 30.0
IPCM4 A2 April 30 6 52 41 103 8.079 -20.2 13.9
IPCM4 A2 April 15 7 58 43 110 9.361 -7.5 32.0
IPCM4 A2 March 31 9 67 43 120 9.73 -3.9 37.2
HadCM3 B1 April 30 6 53 43 106 8.046 -20.5 4.1
HadCM3 B1 April 15 8 61 43 113 9.173 9.4 18.7
HadCM3 B1 March 31 10 69 44 123 9.514 -6.0 23.1
IPCM4 B1 April 30 6 55 43 108 8.243 -18.6 8.5
IPCM4 B1 April 15 9 63 43 116 9.207 -9.1 21.2
IPCM4 Bl March 31 12 72 44 126 9.535 -5.8 25.5
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Abstract

Appropriate planning and making strategies to iaseecrop adaptation to possible future climate
change requires a good understanding of the treclthtate factors and response of the crops toatkm
changes. Therefore, this study was conducted talatemthe climate change effects on phenological
stages and grain yield of maize hybrid SC 647 argkplore the possibility of employing planting esit
as mitigating options to decrease the climate chamgacts on maize production in Moghan region,
Ardabil, Iran. LARS-WG model was used to simuldte ¢tlimatic parameters as one stochastic growing
season under two types of General Circulation Mod@Inited Kingdom Met. Office Hadley Center:
HadCM3) and (Institute Pierre Simon Laplace: IPCM#)d three scenarios (A1B, A2 and B1) for three
periods including 2025, 2055 and 2085. Aqua croglehavas used to simulate maize growth. The
results of model evaluation showed that LARS-WG &pgropriate prediction for climatic parameters
and simulation of stochastic growing season inrtuttlimate change conditions. The simulation of
phenological stages by AguaCrop model showed tmatperiod from planting to emergence and
flowering, grain filling period and maturity wereduced in majority of scenarios under climate clkang
The results indicated that the grain yield of marmey be reduced 4.4% to 30% as affected by climate
change based on common planting date in baselingrdeer to reduce the negative impact of climate
change, the strategy of changing planting dateusad. The results of simulation showed that earlier
planting date near 15 April (earlier than the corqglanting date, the second ten days of May) @huse
higher yield compared with other planting dates Ag0il and 31 March) in 2025. In 2055 and 2085,
However, the planting date of 31 March and 15 Aprilterms of climate change will be more
appropriate. It seems that management of plantatgsdcan be regarded as appropriate approach to
reduce adverse effects of climate change on the gield of maize.
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