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2- Time series

3- Mankendal test

4- Inverse distance weighted

5- Kriging

6- Backward Elimination Step Wise/Regression
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Table 1- Physiographic of study locations

3, P Wl (o, il Job
Row City Latitude Longitude
1 et 3624'N 5982'E
Mashhad
2 o9k 3620'N 5§80 E
Nishabur
Q> Ca
3 Torbat 3544'N 5916'E
Heydarieh

o)Ll S rwd Sopm 0B )bl @i 5l &S Sloj slas s
Fob sl Gnda il gy ol il esliwl (Lilze 103 j1 900
20,5 o odbline Jloj slasmw | (S 0 &S Cunl i polio

lslao 5l nodly o390 Bolas oy (gl SIS e (y905] o
Dgd oo odlitwl ¥

_ 4y (F doleo)

n(n-1)
dl_mJl_w Jj s N ‘Jl.x;S o do)w T bz c}.’.‘ 2 &S
Al o Cawdds O ddlae g 15,5 o )8 o 5l am S

T
= n:
P Zi—l ' (0 dslee)

lbly g sho 5:Sbe b Jlo b @555 4 N>10 (4l o)0el ()
. 4n+10
oyl (g1 Yo ime iz jelaie dy Coled ) Cuwl o Er—

Do o 0dlitwl & doleo I T
T — b | NE10
T E8 ONIN—1)

s 2 10 eyl (sl Jlo JS 5las N ctlsleo 5] 55 o5
caliseo Vs (Tt (glp ool Cowday Slymo Hlade 4y an g b

(7 dolas)

100 odaline 43

Dgs oo e Jloj sla gy yd Cute Mgy il T>(T) S

sl i Ngy odidd L (sl T < (T)t 31

Ay dsSad b H(T)t>T>(T)taS Jysw g
At (Bola b g g g g sod 0Bl 6y jd oo

83l )8l 5 et gl Xlstat 58l 5 50 JAS” e (yg05]
Oyl azyd Sl Ol de ) slaosly (e b cue) Xy,
b > Log g paS 3, Shos 5 (Sl dlod Sl s alals ¢ Jol>
23,5 3158 odlisl 390 olKiagl ;5 (g)lel 0,90

o) slag yu
(1) olos b o (Y) sty Sblogs o 3loj (5 30T 5
A el ) ddlre dliwgdy
Y, = F(t) + et () asles)
2L (M) cylo; s 0 ) usio Jade Y i Iolre oyl jo 4 S
2 Y oyl sles € g ploj s 2 Y Sl 0aiS oy

Al Jlo

LB gy ¥ ey g L g0 g0 4 f(t) U
F() =by + by t (¥ dskeo)
F(t) =b; + byt + b3t2 (¥ ol

J9_lo 2 u_la> é—’b G ygody .))S.lo.c uLL.uy (t) su_‘a& P)'é 2
obe by gloj dsk 5 3)Sdas (ialS g 039y (o é (loj oo
VLR
Fas)ls 3529 (aste slahg) 3o L9y (i Gl S
¥ Al . ) . e. .
gy wbes silwlgen ¢ S oo (1Sle 4 (ol dle
A 488 Sy 5g by ddllas pl jd &S 5,8 o)Ll

IS s (9031
g 43l (150) s Loy bl JaiS e (52U 905
Slos sy S 3 Waosls 4y a1 (VD) * YIS Lausgs s
o 3 lod iS5 Jglhiite psboer (g nl (8l dnwg g Lo
i 2gdoe 485 54 (wlidlyn 5 (Soigle)in slags o B,
Sl ol 2L g cslio 4 Gy gy ol @58 LB

1- Moving average

2- Exponential smoothing
3- Winters method

4- Mann

5- Kendall
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Figure 1- a) Crop yield changes across 17 years, b) Yield seasonal changes by removing its trend and c) Crop yield trend
across 17 years
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Figure 4- Trend of bean yield and minimum temperature across 17 years
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Figure 13- Wheat yield in Khorasan Razavi province in 2009
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Figure 14- a) Rainfall, b) Maximum temperature, c) Minimum temperature and d) Average temperature in 2009
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Figure 15- Wheat yield in Khorasan Razavi province in 1999
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Figure 16- a) Rainfall, b) Maximum temperature, c) Minimum temperature and d) Average temperature in 1999
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Introduction

The impact of climate on crop yield is mediated through the interaction of temperature, carbon dioxide,
humidity, rainfall and the other factors. In general, temperature, solar radiation and precipitation are the most
important environmental parameters affecting growth and development of plants and their fluctuations will affect
crop yields.

Materials and Methods

In this research, three cities located in Khorasan-e Razavi province were studied. 17-years interval data (77-
82) of wheat and bean yields and climate parameters was collected from agriculture (Jahad-e Keshavarzi) and
meteorological (IRIMO) organizations of Iran, respectively. To investigate temporal variation of wheat and bean
yields, time series method and Mankendal test was used. In case of spatial variation of yields, two methods
consist of inverse distance weighted (IDW) and Kriging was utilized. To investigate yield correlation among
different regions, the thirteen-year climatic variables including monthly rainfall and minimum, maximum and
optimum temperatures was obtained from whether center of Khorasan-e Razavi province. The correlation
between yield and climatic variables was evaluated via simple and multivariate regression.

Results and Discussion

The trend of yield changes over 17 years across Mashhad city showed that yield reduction was 2900, 2200
and 1900 kg during 1374, 1378 and 1386, respectively, and the highest wheat yield was recorded 4100 kg during
1387. In Mashhad city, the highest correlation between wheat yield and climatic variables was obtained in
January minimum temperature, so that 40% of wheat yield changes in Mashhad can be described by this
variable. The 17-year trend of wheat yield showed a linear increase. Over 17 years, the low yield was 1700, 1400
and 1500 kg in 1372, 1378 and 1386, respectively, and the highest yield was recorded 3749 kg in 1387. In
Nishabour county, wheat yield showed the highest correlation, among climatic variables, with March rain and
April maximum temperature (r=70.0). Yield was reduced to 2181 kg ha™ in 1999 and in 2009 the highest yield
was 4050 kg ha™. Torbat-e-heydarieh was stable in the final model after regression analysis between yield and
climate variables maximum and minimum temperatures in May and March respectively. There was no
relationship between climate variables and yield in bean for Neyshabur and Torbat-e-heydarieh. Variations in
bean yield may be due to non-climatic factors such as soil, management, pest and disease, weed and etc. In
general, according to Mankendal test, minimum temperatures had a more increasing rate compared to maximum
temperatures. Among 17 years of wheat yield in three research sites, the least yield was obtained in the year
1999 , therefore this year was compared with 2009; the last year of research. Wheat yield was high in many
Khorasan-e Razavi province cities in 2009, because rainfall and minimum temperatures were lower during 2009.
In the other words, the wheat performance of Khorasan Razavi in 2009 was between 2200 and 4200 kgha™ and
rainfall lay in the range of 100-400 mm and the minimum temperature varied from 5 to 13.5°C, while the wheat
performance in 1999 ranged from 1200 to 2200 kg ha™ and rainfall varied from 110 to 340 mm (rainfall was less
than 160 mm in most cities) and the minimum temperature was within the range of 5-13°C (the minimum
temperature was less than 7°C in most cities). Consequently, the wheat performance in 2009 was nearly two
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times higher than that in 1999. Bean had the best performance (1900 kg ha™) in Mashhad in 1999. At the same
time, it had the best performance (1500 kg ha™) in Torbat Heidrieh in 2009, because in 1999, the maximum and
minimum temperatures in Torbat Heidarieh were 20.4 and 7.3°C, respectively which were less than the
maximum (22°C) and minimum (8.4°C) temperatures in Mashhad. Therefore, the performance of Torbat
Heidarieh was less than that of Mashhad in 1999. In 2009, the minimum temperature of Mashhad (9.5°C) was
higher than that of Torbat Heidarieh (8.5°C); as a result, the bean performance of Mashhad was less than that of
Torbat Heidarieh in 2009. The kriging method showed the best results in terms of spatial accuracy.

Conclusions

In this study, wheat and bean yields in three locations in Khorasan-e Razavi province were studied over a
period of 17 years. The impact of rainfall compared with monthly temperature as irrigation, has been very low
and insignificant. There was a meaningful relationship between bean yield changes and climatic variables only in
Mashhad station. . From the view point of spatial variation, in year 2010, wheat yield decreased from East to the
West and bean yield showed the maximum amount in the center of Khorasan province (Torbat Heydaryieh).
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