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The aim of this research is to identify potential areas for autumn sugar
beet cultivation in Golestan Province, Iran, based on temperature and
precipitation parameters. Temperature (daily) and precipitation
(annual) data from a 15-year statistical period (2006-2020) were
analyzed using methods such as thermal potential diagrams, deviation
from optimal conditions, phenology, and zoning of irrigation
requirements based on annual rainfall. The results of the temperature
evaluation using the thermal potential method, based on thermal
thresholds of 0°C, 4°C, and 10°C, revealed that Inche Brun station has
the highest cumulative thermal units, while Aliabad Katul station has
the lowest. Analysis of the probability of late spring frost at the 95%
confidence level showed that frost events occurring at the end of April
in the central, eastern, northern, northeastern, and western parts of
Golestan Province coincide with the phenological stages of root
bulking and sugar accumulation in sugar beet. Based on the deviation
from optimal conditions, Inche Brun station exhibited the lowest
deviation (-20.64), indicating more favorable conditions for sugar beet
cultivation. Phenological analysis identified Gonbadkavus, Bandar
Turkman, Kalaleh, Inche Brun, and Bandar Gaz as the most suitable
areas for autumn sugar beet cultivation in Golestan Province. Rainfall
evaluations using the annual rainfall zoning map of Golestan Province
indicated that, while there are no significant limitations in terms of
rainfall and water supply for autumn sugar beet cultivation, the recent
multi-year droughts necessitate additional irrigation to ensure optimal
growth. In conclusion, this study highlights the potential for autumn
sugar beet cultivation in specific areas of Golestan Province, taking
into account thermal conditions, frost risks, and rainfall patterns.
However, supplementary irrigation is recommended to address water
shortages caused by prolonged droughts.
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Introduction

Sugar beet (Beta vulgaris) is a dicotyledonous plant belonging to the Chenopodiaceae family
(Zicari et al., 2019). It is a versatile crop that can be integrated into agricultural rotation
systems to optimize land and resource utilization (Pelka et al., 2015). Sugar beet is known
for its adaptability to various environmental stresses, including water stress (Varucha et al.,
2018), frost resistance (Webster et al., 2016), and even salt stress (Mall et al., 2021). Iran is

one of the six countries globally where sugar beet can be cultivated in two distinct seasons:
spring (planted in spring and harvested in autumn) and autumn (planted in autumn and
harvested in spring) (Taleghani et al., 2016). Among these, autumn sugar beet cultivation
offers significant advantages, particularly in terms of water use efficiency. The most critical
factor that underscores the superiority of autumn sugar beet cultivation over spring
cultivation in Iran is the optimal utilization of rainfall during the growth period, which
enhances water consumption efficiency (Taleghani et al., 2016). This makes autumn
cultivation a more sustainable and economically viable option for farmers in regions with
specific climatic conditions.

Material and Methods

This study will employ Geographic Information System (GIS) software to examine the
impact of temperature and precipitation on the cultivation of autumn sugar beet in Golestan
province. A dataset spanning 15 years has been utilized to analyze the phenological stages
of autumn sugar beet, assess thermal units, evaluate the thermal potential of the region, and
determine deviations from optimal conditions along with the number of active growing days.
To investigate the agroclimatic conditions pertinent to autumn sugar beet cultivation in the
designated study areas, the required statistics and data from selected synoptic stations within
the comprehensive network of meteorological stations across Golestan province were
employed. This network includes eight synoptic stations: Hashemabad, Gonbadkavus,
Kalaleh, Marave Tepe, Aliabad Katul, Bandar Turkman, and Gorgan Airport.
Meteorological data collected during the statistical period from 2006 to 2020 were utilized
for this research. Figure 1 illustrates the locations of the synoptic stations within Golestan
province.

Results and Discussion

The results indicate that altitude is a significant factor influencing temperature and,
consequently, cumulative heat units in Golestan Province. Among the studied stations, Inche
Brun, with an elevation of 7 meters, recorded the highest cumulative thermal units for
temperature thresholds of 4°C and 10°C, at 53,515.5 and 49,447 units, respectively. In
contrast, Aliabad Katul station had the lowest cumulative thermal units for the same
thresholds, at 48,883.3 and 45,262.3 units, respectively. Based on these findings, Inche Brun
station exhibits the least deviation from optimal conditions and is the most suitable location

for autumn sugar beet cultivation in Golestan Province. This station outperforms others
during key phenological stages, including budding, eight-leaf formation, root bulking, sugar
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accumulation, and full ripening. Other stations in the province show higher deviations from
optimal conditions, making them less favorable for cultivation. In terms of phenological

suitability, areas receiving less than 2,000 degree days of growth are deemed unsuitable for
autumn sugar beet cultivation, as they would result in significantly lower yields. The optimal
planting period for autumn sugar beet in Golestan Province is from mid to late autumn,
before the onset of the first autumn frost. Specifically, the best planting times are early
November for low-altitude and central regions of the province, and mid-October for higher-
altitude areas. Favorable regions for autumn sugar beet cultivation in Golestan Province

include the central, eastern, northern, northeastern, and western areas. These regions are
well-suited for cultivation due to their environmental characteristics and alignment with the
biological requirements of the autumn sugar beet plant. Conversely, the southern and
southwestern parts of the province are unsuitable for this crop due to unfavorable climatic
and phenological conditions. In summary, this study highlights the importance of altitude

and thermal conditions in determining the suitability of regions for autumn sugar beet
cultivation. Inche Brun emerges as the most optimal location, while other areas require
careful consideration of planting times and environmental factors to achieve successful
cultivation.

Conclusion

Favorable areas for autumn sugar beet cultivation in Golestan Province include the central,
eastern, northern, northeastern, and western regions. These areas are well-suited for
cultivation due to their alignment with the environmental and biological requirements of the
autumn sugar beet plant. An analysis of rainfall patterns in Golestan Province, based on long-

term average annual rainfall zoning maps, indicates that there are no significant limitations
in terms of rainfall and water supply for autumn sugar beet cultivation. However, considering
the recent multi-year droughts, additional irrigation is necessary to ensure optimal growth
and yield of the crop. In summary, while Golestan Province generally has favorable

conditions for autumn sugar beet cultivation, the increasing frequency of droughts
necessitates supplementary irrigation to address water shortages and support sustainable
agricultural practices. This approach will help maximize the potential of autumn sugar beet
cultivation in the region.
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