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Introduction

One of the main challenges of modern agriculture in ensuring food security is development of strategies to
deal with potential negative impacts and adapt to climate change. To address this challenge, it is crucial to
investigate the effects of climatic factors on agricultural production at a spatiotemporal dimension, develop and
utilize crop management decision-support tools, and support targeted agronomic research and policy. These
endeavors necessitate the availability of accurate and standardized meteorological data.

Studying growth degree days and wheat phenology can significantly enhance our understanding of how
wheat growth responds to climate change and aid farmers in adapting to and effectively mitigating its influence.

Materials and Methods

To determine the environmental and management factors affecting the yield of irrigated and rainfed wheat in
different regions of North Khorasan province, we investigated the trend of yield changes from 1980 to 2009.
Subsequently, we simulated the wheat plant growth stages using the DSSAT model and analyzed the impact of
temperature and rainfall changes on yield through panel data analysis. Panel data analysis is a widely used
statistical method in social science, epidemiology, and econometrics for analyzing two-dimensional (typically
cross-sectional and longitudinal) panel data. This method involves collecting data over time from the same
individuals and conducting regression analysis across these two dimensions.

Results and Discussion

According to the results of this study, 63% of the changes in irrigated wheat yield between the years 1980-
2009 can be attributed to environmental factors (temperature and precipitation), while 37% can be attributed to
management factors. When comparing environmental parameters, it was observed that the number of
temperatures above 30°C (N30TMAX), mean temperature (GSTMEAN), interaction of amount and frequency of
precipitation (TPRAT * NPRAT) significantly affect yield (p < 0.05). Bojnord, Shirvan, and Esfarayen regions
exhibited significant positive cross-sectional effects in terms of environmental parameters, whereas Farooj, Raz-
Jargalan, Maneh Semelghan, and Jajarm regions displayed negative cross-sectional fixed effects.

A study examining the critical stages of wheat growth during good years (with high wheat grain yield) and
poor years (with low wheat grain yield) revealed that in all weak years, the minimum temperatures fell below the
critical level (-11°C). The occurrence of very low temperatures during the early stages of growth and primary
leaf production, which is the plant establishment stage, resulted in reduced photosynthesis levels and
subsequently severe yield reduction.

In all regions and for 100% of the studied years, irrigated wheat in the grain-filling stage experienced
temperatures above 30°C, leading to negative cross-sectional effects in Farooj, Raz-Jargalan, Maneh-Semelghan,
and Jajarm. The frequency of temperatures above 30°C during the hard dough stage of irrigated wheat was
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higher than that during the soft dough stage in all regions. Therefore, delaying the planting date from October
(the common planting date in the studied areas) would result in conflicts with high temperatures during the soft
dough stage and negative temperatures during the primary leaf production stage and plant establishment at the
beginning of the growing season, severely reducing yield.

Conclusion

In general, the results of this study demonstrated that implementing effective management methods,
particularly selecting the appropriate planting date, can lead to better adaptation of wheat's phenological stages to
environmental conditions. This, in turn, has the potential to enhance wheat yield.
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Figure 2- Comparison of observed and predicted average yield of irrigated wheat in Bojnord
The bold line and dotted line represent the 1:1 line and the regression line, respectively.
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Figure 3- The trend of changes in the average yield of irrigated wheat in Bojnord during the years 1980-2017
Bold and dotted lines indicate the annual average and regression line, respectively.
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Figure 4- Changes in environmental variable (the growing season length, a; maximum temperature, b; precipitation, c;
harvest index, d; minimum temperature, e; mean temperature, f) of irrigated wheat in Bojnord, Grid 109) during the years

1980-2017
Bold and dotted lines indicate the annual average and regression line, respectively.
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Table 1- Comparison of environmental variables affecting wheat yield in Bojnord (Grid 109) in the good (2002) and the weak

(2007) years about grain yield during 1980-2017

Environmental variable/ wheat growth characteristics

2002 (Good)

2007 (Weak)

P ) (S [ e ke op Jw dprd Jlo
Amount of precipitation (mm) during booting to the end of grain milk stage 36.1 13
£ Sed bl b bt )55 o 5l (S ke '
Number of precipitations during booting to the end of grain milk stage 5 3
Py Syt bl b dliw pyg loj 51 (Sl cleds dlass
Amount of precipitation in the flowering phase (mm) 0 0
2556 5 (SNl ol
Number of precipitation s during the growing season 59 49
Ay Juad Jobo 53 (S85,b ggecme
Amount of precipitation during the growing season (mm) 359.4 ey
2y Jad Jobo > (S5 ggexe ' '
Maximum temperature in flowering phase ("C) 1 21
2l als o o Sl glod 89 '
Minimum temperature during the growing season ("C)
. . -15.1 -21.29
by Jad Job jd JBls sles
Average temperature during the growing season ('C) 584 582
Wby Jad Job jd 5:0ke (glod ’ ’
The number of occurrences of temperatures above 30 °c during the growing season g8 sluss 1 3
Ay ad Jobo j0 0l)S ol ax Ve 5l 5YL clales
Maximum temperature during the growing season (°C) 33.9 307
a3y Jab Jsb 5o ks oo ' '
growth season (day)
. . 295 269
13y Jab g
Harvest index (%)
Y s 0.68 0.39
Cawld ua>Lu
The average yield of the grid (kg ha™
gey grid (kg ha") 3537 2082
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Figure 5- Changes in maximum temperature and growing degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 109) in the good year (2002) and in the weak year (2007)
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Figure 6- Changes in minimum temperature growth degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 109) in the good year (2002) and in the weak year (2007)
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Figure 7- Changes in precipitation growth degree days of developmental stages during the growing season of irrigated wheat
in Bojnord (Grid 109) in the good year (2002) and in the weak year (2007)
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Table 2- Comparison of environmental variables affecting wheat yield in Bojnord (Grid 110) in good (2002) and weak (2007)
years about grain yield during 1980-2017

Environmental variable / wheat growth characeristics 2002 (Good) 2007 (Weak)
P by Sy [ e piie o Jlw s Sl
Amount of precipitation (mm) during booting to the end of grain milk stage

. e . 46.1 15.39
PP e bl b aliw pysi ploj 5l (S5,b Jlade
Number of precipitations during booting to the end of grain milk stage .
£ e bl b diw py58 (o 5l (Sl lds slas 3
Amount of precipitation in the flowering phase (mm) 0 0
BB Sk e
Number of precipitation s during the growing season 61 48
Ay Jad Jsb > (Sl ggecne
Amount of precipitation during the growing season (mm)
. . ... 335.5 178.4
Ady Jad Jobo )5 (Sa)k ggecme
Maximum temperature in flowering phase ('C) ” 8.6
25 dls o > Sl glod ’
Minimum temperature during the growing season (‘C) 12.8 196
by Jad Job > JBlas gled ' '
Average temperature during the growing season ('C) 6.76 6.5
25y Juad Jgb 5 xSils sl ' '
The number of occurrences of temperatures above 30 °c during the growing season 18 1
Ly Juad Jobo 5o ol)S Bl as > Yo 5l YL claled £484 olass
Maximum temperature during the growing season ('C) 2 32
by Jad Job p> y3Slas gled
Growth season (day) 284 250
Ay Jad Jobo
Harvest index (%)
SR 056 0.37
il 3)4. ua>L.:
The average yield of the grid (kg ha™
gey orid (kg ) 4369 2460
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Figure 8- Changes in maximum temperature and growing degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 110) in the good year (2002) and in the weak year (2007)
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Figure 9- Changes in minimum temperature and growing degree days of developmental stages during the growing season of
irrigated wheat in Bojnord (Grid 110) in the good year (2002) and in the weak year (2007)
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Figure 10- Changes in precipitation and growth degree days of developmental stages during the growing season of irrigated
wheat in Bojnord (Grid 110) in the good year (2002) and in the weak year (2007)
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Figure 11- Coefficient of mechanization across north Khorasan province during 2005-2019
Bold and dotted lines indicate the annual averaged and regression, respectively.
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