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Understanding the climatic potentials of the regions is very important for the diversity
and talent of agricultural products. Barberry, one of the products of Iran, suffers from
climate change and anomalies. In the present study, the phonological stages of barberry
tree without any basis of field observations in Ghaen synoptic meteorological station were
determined. To measure the accumulation of cooling needs based on the cold clock model
and the Utah unit, the statistics of 18 valid meteorological stations from 1987 to 2017 on
an hourly and daily time scale were used. The results showed that barberry needs six
phonological stages to complete the growth period from early April to late November.
The highest temperature requirement occurs in the ripening stage until fruit development.
The cooling requirement of barberry tree in different stations varies from 1050 to 1960
hours depending on climatic conditions. Field observations showed that seedless barberry
does not take on a full and commercial color if it does not meet the need for sufficient
cooling. The study area was zoned according to the models of the cold clock and the Utah
unit, based on which Ghaen and Zahedan stations have the highest cooling needs. Based
on the validation indices of different models estimating the need for cooling, the root
mean square criterion was used and the results show that the cold hour (CH) model has a
higher performance due to the fact that the root mean square (RMSE) is less than the other
model.
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Extended Abstract

Introduction

Agriculture, as one of the most important economic sectors of the country, plays an important role in achieving
sustainable development (Bastan et al., 2018). In order to achieve the maximum production capacity and reduce
the overhead costs, it is necessary to cultivate any plant in the optimal range of its tolerance to environmental and
climatic factors in order to bear the minimum environmental stresses and strains (Alegbeleye et al., 2018). The
production efficiency of agricultural products is largely related to climatic conditions (Cotterman et al., 2018).
Investigating the effects of climatic conditions on the production of agricultural products can be an effective help
in choosing the most suitable plant species for crop cultivation (Etesami & Maheshwari, 2018). One of the most
important effective factors in choosing suitable areas for growing different garden crops is paying attention to the
cold accumulation of each area based on climatic conditions. In order to get out of the dormant state, trees must
be exposed to predetermined amounts of cold temperatures, this process is called winter cold or spring dormancy
(Ahmadi, 2016). In the fruit trees of the storage areas, the knowledge of the climatic conditions and cold
accumulation can help the fruit growers of different regions in the direction of higher productivity. One of the
most important aspects of the effects of climate change on orchards is the reduction in cold accumulation through
mild winters (Alburquerque et al., 2008). Barberry trees should be exposed to predetermined values of cold
temperatures in order to get out of hibernation. Insufficient cold demand can cause irregular growth and little
germination, poor fruit development, small size and non-uniform ripening times of barberry fruit. With the arrival
of autumn, the growth of barberry trees stops. Their leaves fall and they are resistant to winter cold. Finally, with
the end of winter, stagnation in plants is naturally broken by winter cold, the amount of cold required depends on
the plant species and variety. The minimum time required for chilling a barberry variety during the stagnation
season, which causes it to resume its natural growth in the growing season, is called the chilling requirement of
that variety (Sabzi Pervar and Valashdi, 2015). The optimal temperature range for cold accumulation and
elimination of cold demand is between 1 and 7 degrees Celsius (Rezaei, 2018). No comprehensive research has
been done about barberry shrub in Iran. The purpose of this research is to investigate the phenology stages of the
seedless barberry tree and the changes in the accumulation of its cold requirement in Iran.

Data and Method

The research area of areas susceptible to barberry cultivation in Iran is 356858.1 square kilometers, equivalent to
1/22, and the eastern regions of the country include the provinces of South Khorasan (Qaen, Birjand), Fars (Shiraz
and Abadeh), Hamedan, Arak, Isfahan, Shahrekord and Kerman is the best place to grow this product. Also, part
of the northwestern provinces of Iran, along with Zahedan and the southern provinces of Razavi and Western
Khorasan provinces (Sagez, Sanandaj, Kermanshah and Khorram Abad) are relatively suitable for barberry
cultivation. In the field section, to identify the occurrence time of the phenology stages and temperature thresholds,
a series of visits and daily and weekly notes were taken consecutively in the growing season of the barberry tree
in the field. For this purpose, a private and fertile commercial garden with a suitable cultivated area of seedless
barberry trees was selected. The BBCH coding system was used to record barberry tree phenology stages. This
scale has a 100-part table in the form of codes from 0 to 99 and is designed for different phases (Rezaei, 1400).
CH and Utah models were used to check the cold demand for barberry trees.

Results and Discussion

Based on the statistics of Qaen satellite station, the minimum and maximum temperature, effective and active
growth degree days, day length and heat requirement in the form of GDD growth degree days are specified in
Table 1. The barberry tree needs 200 days to complete its development from flowering to fruit harvesting. The
growing season lasts 230 days in the form of vegetative and reproductive growth in this variety. The shortest time
in the phenology stages occurs in the first and second phenology stages, i.e. bud development and leaf
development, and the longest time in the phenology stages occurs in the fruit development stage. Based on the
Qaen observation station in the statistical period (1987-2017), the amount of cold accumulation is 1824 hours
based on the cold hour's model (Figure 3) and 1580 cold units based on the Utah model (Figure 4). Based on the
results of the cold hour's model under the conditions of Hamdid Qaen station, the months of November, December,
February, March, and January are considered to be the main providers of winter cold for barberry trees (Table 2).
In January and March, less cooling occurs. The structure of the Utah model has caused temperatures between 1.4
and 10 degrees Celsius to be weighted, and in fact, mild temperatures are also effective as a cold value in the
cumulative accumulation of cold.

Conclusion
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The results showed that the barberry tree needs six phenology stages to complete its growth period. The growth
period according to climatic conditions and topography lasts from the beginning of April to the end of November.
The cooling requirement of the barberry tree in different stations varies from 1050 to 1960 hours according to the
climatic conditions. Field observations showed that seedless barberry does not get full and commercial color if it
does not meet the cold requirement. The studied area was zoned according to the cooling clock models and the
Utah unit, and based on this, Qaen and Zahedan stations have the highest cooling needs. Based on the results of
the cold hour's model and Utah in the stations of Kermanshah, Saqqez, Sanandaj, Tabriz, Zanjan, Hamedan,
Khorramabad, Abadeh and Shahr Kurd, the months of November, December, February, March and January
provide the main winter cold for Barberry trees are considered. Yazd, Zahedan and Isfahan stations have their
main cooling needs in December, February, January, March and November. The main cooling needs of Fasa and
Shiraz stations are met in December, February, January, November and March. The months of November,
December, January, February and March in Birjand station supply the cold needs of the barberry tree.
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