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Abstract

Introduction

Improving crop yields can meet the projected demand in developed and developing
countries as a key and promising solution. To increase dryland wheat production in arid
and semi-arid regions such as Iran, researchers and crop breeders need to understand the
drought pattern (in terms of time and intensity) occurring in wheat agro-systems because
depending on the time and intensity of drought stress, drought stress impacts on different
processes and genes of crops. To accurately study the drought pattern of dryland wheat and
different cultivars adapted to these conditions, researchers need to design multi-
environmental field experiments, which are time-consuming and costly. Under these
circumstances, some essential information is limited in the field experiments, especially
when done for only a few years, and basically does not indicate fluctuations in the target
environments. In contrast, the modeling and simulation approach is a useful method for
comprehensive environmental impact assessment.

Materials and Methods

This study was conducted to identify and study different drought patterns in 8 locations
including Ardebil, Khalkhal, Maragheh, Marand, Meshginshahr, Sarab, Tabriz, and Urmia in
the northwest of Iran. APSIM model was used to simulate the growth and development of
dryland wheat in the study locations. The long-term climatic included minimum and
maximum temperatures, rainfall, and radiation (1980 to 2016) collected from the
Meteorological Organization of Iran. These data were used as input to the crop growth
simulation model. Water supply and demand index was used to determine different drought
patterns. This index is obtained by dividing soil water content to plant water demand
(WSDR). After calculating the water supply and demand index for each year and region, the
CLARA clustering method was used to classify and group the index. The number of groups
obtained by CLARA method was equal to the type of drought patterns of dryland wheat.
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Results and Discussion

The results showed 4 different drought patterns during the dryland wheat growing season
in the study locations. Drought pattern 1 showed no drought stress or mild drought stress
throughout the growing season of dryland wheat. Under drought pattern 2, drought stress
started before flowering and ended during seed filling. For drought pattern 3, water stress
started from the time of germination but removed during the vegetative growth period.
Drought pattern 4 started in the early stages of growth and continued until the end of the
dryland wheat growing season. The frequency of occurrence of 1, 2, 3, and 4 drought
patterns was 27.8%, 26%, 8% and 38.2%, respectively. On average across locations,
transpiration was 160, 137.1, 31, and 86.7 mm for 1, 2, 3, and 4 drought patterns during the
wheat growing season. Also, a significant difference was observed among different drought
patterns in terms of biomass that biomass under drought patterns 1, 2, 3, and 4 was equal
to 13411, 10076, 2097 and, 6435 kg ha'l, respectively. Grain yield under drought pattern
types 1, 2, 3 and 4 were 3738.7, 2949.7, 694.6, and 1456.2 kg ha-1, respectively. The highest
percentage of light and mild drought patterns (1 and 2) was related to Marand region with
100% and Sarab region experienced more severe drought patterns (3 and 4) than other
regions (88.2%). Under different locations and drought patterns, on average across years,
the highest grain yield was simulated for Marand under drought pattern 1 (4759 kg ha-1)
and the lowest was recorded for Urmia under drought pattern 3 (208.8 kg ha'1).

Conclusion

In general, the simulation results showed that 4 different types of drought patterns were
observed during the dryland wheat growing period in the study locations. The frequency of
occurrence of 4 drought patterns was various in the study locations and the grain yield
varied under the drought patterns. However, the highest occurrence was related to drought
pattern 4, under which drought stress begun in the early stages of growth and lasted until
the end of the dryland wheat growing season. Accordingly, it is suggested to consider
various strategies such as using cultivars with short maturity period to avoid drought stress
at the end of the season and using cultivars with high resistance to drought stress
(especially in the flowering period).
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Table 1. Geographical, climatic, soil, and management properties of study locations.

Elevation Area under Sowing Soil Initial soil ~ Annual mean cu?nnurig:ilve
Location Longitude Latitude cultivation PAWC’ water temperature -
(m) date o rainfall
(ha) mm)  (om) ) ()
Ardebil 48.2 38.2 1351 16900 8-Oct 117 31 9.4 270
Sarab 47.4 379 1650 20000 30-Oct 138 23 8.7 243
Meshginshahr 47.8 38.6 1400 38500 13-Oct 128 27 11 395
Marand 45.7 38.6 1334 7800 6-Oct 182 38 12.4 383
Urmia 449 37.7 1332 35500 21-Oct 91.2 28 11.4 322
Tabriz 46.28 38.07 1351 4000 9-Oct 94.8 27 13.1 270
Maragheh 46.3 37.4 1477 31000 23-Oct 125 32 13.3 305
Khalkhal 48.4 374 1843 125000 11-Oct 94.8 30 8.4 367

"PAWC: plant available water capacity.
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Figure 1. Selected meteorological stations for the study locations (b) in northwest of Iran (a).
Table 2. Monthly mean temperature and cumulative rainfall of study locations during 1980-2016 years.
. Mean temperature (°C)
Location
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Ardebil -1.34 -0.10 415 1006 1340 1653 1841 1845 1558 1128 573 038
Sarab -5.03 -2.19 3.39 885 1323 1674 1992 1974 1610 1091 3.89 -1.87
Meshginshahr 10.36 14.57 1853 2091 2149 1796 13.02  6.61 2.57 039 136  4.64
Marand -1.70 0.81 6.44 1148 1641 2169 2543 2586 21.04 1431 653  -0.42
Urmia -1.82 0.27 531 1094 1538 20.18 23.58 23.01 1883 1294 636 0.74
Tabriz -1.09 1.21 6.03 1215 17.18 2289 2679 2655 2192 1487 729 119
Maragheh -0.34 1.43 635 1214 17.02 2265 2673 2633 21.81 1524 794 230
Khalkhal -3.99 -2.32 2.64 843 1236 1650 1942 1952 1547 999  3.63  -0.95
Cumulative rainfall (mm)
Ardebil 22.1 21.6 38.4 34.9 36.6 13.9 5.9 6.5 10.1 286 319 203
Sarab 15.1 13.8 246 477 417 13.7 16.4 10.4 9.5 249 206 126
Meshginshahr 54.2 64.0 36.5 20.5 14.8 22.8 28.1 33.9 20.8 183 273 413
Marand 31.7 31.3 55.1 569  40.1 25.6 14.3 8.3 10.8 281 431 314
Urmia 26.2 27.7 47.6 526 417 103 5.1 2.7 4.1 307 434 271
Tabriz 21.0 19.4 320 473 41.0 12.6 6.1 3.2 8.1 255 299 244
Maragheh 28.5 27.1 44.5 59.9 30.0 6.0 2.2 1.2 3.8 238 426 325
Khalkhal 30.5 42.1 46.4 64.9 55.6 20.8 13.4 5.4 8.2 293 478 314
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Table 3. Genetic parameters for rainfed wheat Azar-2
cultivar.

Parameter Value
Thermal time at the end of juvenile stage
cd) 380

Number of grain per gram of stem (Kernel/g

25
stem)
Thermal time at floral initiation stage (°Cd) 500
Maximum grain size (g) 0.041
Thermal time from start grain filling to 400
maturity (°Cd)
Photoperiod sensitivity 2.5
Vernalization sensitivity 2
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Figure 6. Grain yield for four drought patterns in the study locations.
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