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This study evaluated the climatic suitability of several almond cultivars that 

flower at different times: Sefied, which flowers early, Mamaei and Rabie, which 

flowers in the middle, and Shahroud 7 and 12, which flowers late. The 

phenological stages of almond trees were first identified using prior research and 

discussions with provincial horticultural experts. After gathering long-term 

climate data, the climate requirements of almond plants were compared with the 

regional climate factors. Subsequently, the climatic suitability classes were 

identified, and a corresponding map was created. The evaluation of climatic 

suitability for early-flowering cultivars revealed that the province's climate 

presents severe to very severe limitations for growing and cultivating this crop, 

with a large percentage of the province (roughly 53.3%) experiencing very severe 

limitations, meaning that the climate is unsuitable for these cultivars. The climate 

of the province for mid-flowering almond cultivars varies with regions 

categorized into severe limitations, very severe limitations (correctable), and non-

correctable very severe limitations. Nonetheless, the majority of the province's 

counties are classified as S3 suitability class (severe limitation) for cultivating and 

developing mid-flowering cultivars. For late-flowering cultivars, the climate of 

the province across all counties falls within the S3 suitability class. Therefore, the 

climatic suitability of a region varies not only for each plant but also for different 

cultivars of the same plant. Additionally, the most limiting climatic parameter is 

the average minimum temperature during the flowering stage. In order to 

maximize production and lessen climate-related constraints, the study emphasizes 

how crucial it is to choose suitable almond cultivars based on blooming timings 

and local climate conditions, especially the average minimum temperature during 

the flowering stage. 
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1. Introduction 

The yield of agricultural products is greatly influenced by a region's climate, so determining a 

region's climatic potential is an important part of planning and making decisions about the 

growth of orchards and which crops are best suited for cultivation there. Before doing 

additional research, such as a soil analysis, assessing a region's climatic potential for planting 

and growing orchards can help discover variables that limit productivity and help decision-

makers choose the right crop. Even while humans cannot totally control the climate, they can 

reduce the suffering caused by unsuitable food production conditions by researching certain 

climate factors and how they vary in a particular location. Because orchard crops need more 

time and money to produce a harvest than the field crops, this problem is especially 

significant for orchard crops. If the incorrect path is chosen, it may result in irreversible 

damage and hinder the development of orchards. 

According to Javadi et al. (2014), one of the most important prerequisites for agricultural 

productivity in developed nations is knowledge of weather conditions and annual variations in 

meteorological parameters, as well as their departures from normal values. Climatic 

characteristics are important and calculable not only for different time periods but also for 

various stages of a plant's phenology (Seyed Mohammadi et al., 2023). Agricultural 

climatology refers to the set of climatic conditions that enable the economic cultivation of 

plants from a climatic perspective (Ahmadi and Fallah, 2015). Thus, one of the ways to 

achieve sustainable development and food security is through zoning production areas based 

on agricultural climatology (Seyed Mohammadi et al., 2023). In addition to placing 

restrictions on agricultural cultivation, climate has a significant impact on crop production 

stability. Furthermore, in order to select and invest in the best cultivars suitable for the 

environment of each location, it is imperative to make decisions on the primary climatic 

parameters (Shojaei et al., 2019). 

Recent studies underscore the significance of integrating long-term climatic data into crop 

selection processes. For example, studies by Daccache et al. (2014) and Yan et al. (2020) 

highlight the potential of water-efficient practices and cultivar adaptation to mitigate risks 

associated with climatic variability.  

It is also important to keep in mind that while assessing cultivars and climatic conditions is 

the first step toward attaining sustainable development, subsequent stages require 

consideration of other factors including soil characteristics and topography. Niu et al. (2018) 

declared that climate and soil quality are the two most important factors influencing 

productivity. MaghamiMoghimi et al. (2013) state that if a region's climate—temperature, 

precipitation, etc.—is unsuitable, assessing other features—soil and topography—becomes 

unjustifiable. For rainfed agriculture, therefore, the assessment of climatic suitability takes 

precedence over other features. 

Bagheri Bodaghabadi et al. (2020) evaluated the land suitability for horticultural crops 

such as apricots, peaches, apples and almonds. Results showed that 86.87% of the whole land 

are suitable for apricots. For almonds, the land suitability classes were S2, S3 and N classes, 

in 21.90%, 65.57% and 90% of the area, respectively. The most important limitations were 

the soil depth, gravel, slope, and climatic constraints. 

Seyed Mohammadi et al. (2023) stated that for most orchard crops, average temperature is 

the most important and, in a sense, the most limiting climatic factor, though its importance 

varies across different phenological stages. Yarahmadi et al. (2023) also mentioned that 

insufficient attention to the limitation of high relative humidity during different stages of 

pollination and fruit growth has hindered the development of pistachio orchards in Ardabil 
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Province. Kumar et al. (2021) demonstrated that soil suitability maps of fruit crops are helpful 

in developing strategies for proper soil and water conservation measures, and in adoption of 

best management practices.The integration of climatic indices, as shown by Hansen (2002), 

further improves the precision of assessing land suitability for perennial crops like 

almonds.The almond tree (Prunus dulcis Mill.), belonging to the Rosaceae family, is native to 

regions ranging from western Asia to the Mediterranean basin. Fars, Chaharmahal and 

Bakhtiari, East Azerbaijan, and North Khorasan are the nation's top producing provinces for 

almonds. Almonds grow best at temperatures between 14°C and 27°C, and they need to be 

chilled for 200–700 hours at temperatures lower than 7°C (ZeynaldiniMimand et al., 2019). 

Almond blossoms are highly sensitive to late spring frosts. Early warnings and creating 

conditions to adapt agricultural activities to climatic variables help reduce the level and extent 

of risks. Climate feasibility studies for orchard development are crucial because of the 

scarcity of water resources, the risks posed by climate change, and the growth of orchards on 

sloped terrain. Because of its distinct topography and geography, Chaharmahal and Bakhtiari 

Province has a wide range of climates. Almonds are a crop with significant economic value, 

thus it's critical to cultivate them as best as possible given the local climate. Therefore, to 

maximize the climatic potential of the area, knowing its constraints and coming up with 

workable solutions should make it easier to grow and develop rainfed orchards in this 

province. The purpose of this study was to determine whether the province's climate is 

suitable for growing almond types with varying flowering dates in rainfed environments. 

 

2. Materials and Methods 

2.1. Study area 

Chaharmahal and Bakhtiari Province, covering an area of 1,633,677 hectares, is located 

between coordinates 49°30' to 51°26' E longitude and 31°9' to 32°38' N latitude. According to 

the Köppen climate classification, this province has two climatic zones: humid steppe and 

humid. Based on the Emberger method, it features three climates: cold semi-arid, semi-humid, 

and high-altitude regions. According to the De Martonne classification, the province 

encompasses four climates: semi-arid, semi-humid, Mediterranean, and very humid. 

 

2.2. Climatic suitability 

Almond phenology, mainly flowering and fruit set stages, are key process for yield as the 

occurrence of hazardous weather conditions during those critical stages has a major impact 

(Lorite et al., 2020). Given that climatic feasibility assessments and the alignment of climatic 

parameters with the specific needs of each plant depend on various growth stages and 

phenological periods, the phenological stages of almond trees for three different varieties—

early-flowering (Sefied), mid-flowering (Mamaei and Rabie), and late-flowering (Shahroud 7 

and 12)—were determined based on prior research and consultations with provincial 

horticulture experts. Subsequently, a database was created using meteorological, 

climatological, and agricultural statistics from synoptic stations in the province for the 20-

year period ending in 2021 (Table 1).  

The almond crop has clear climatic requirements that must be considered for the cultivar 

and location selection (Pope et al., 2014). The climatic requirements of the almond (Table 2) 

were compared with the climatic factors of the area, accounting for the timing of each 

phenological stage, to determine the climatic index. The parametric method was used to 

determine the scores for each feature. In this method, each feature under the categories of 

precipitation, temperature, relative humidity, and sun radiation is given a numerical rating 
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between 0 and 100 using tables that explain the climatic needs for each crop. For the sake of 

further computations, the feature with the lowest score among those available in each climatic 

category is deemed representative of that group (ZeynaldiniMimand et al., 2019). 

Table 1. Climatic data of synoptic stations in the province for the 20-year period ending in 2021 

Climate station 
Precipitation 

(mm) 

Mean temperature 

(°C) 

Minimum temperature 

(°C) 
Relative humidity 

(%) 

Ardal 536.4 15.8 9.1 38 

Boldaji 402.4 10.6 2.3 45 

Broujen 259.3 11.5 3.7 36 

Dezak 471.8 11.7 3.0 41 

Emamghaeis 621.3 11.4 4.2 45 

Farokhshahr 245.8 12.9 4.0 41 

Farsan 506.4 12.4 4.8 42 

Kohrang 1328 10.0 3.1 43 

Lordegan 563.8 15.9 7.5 51 

Malkhalifeh 594.4 15.4 6.9 41 

Saman 338.1 13.5 6.6 36 

Shahrekord 320.9 11.3 1.8 42 

 

Table 2. Climate requirements of Almond 

Climatic 

characteristics 

Class and rating scale of limitation 

S1 S2 S3 N1 N2 

100 95 85 60 40 25 

Mean annual 

precipitation (mm) 
900-800 800-600 600-400 400-250 - 250> 

Mean temp. of bud 

development (°C) 
14-16 14-19 19-22 22-25 - 25< 

 14-12 12-10 10-7 7-4 - 4> 

       

Mean min. temp. of 

flowering stage (°C) 

20-25 25-27 27-29 29-32 - 32< 

20-18 18-15 15-10 10-0 - 0> 

       

Relative humidity of 

flowering stage (%) 

40-60 60-65 65-70 >70 - - 

40-30 30-25 25-20 <20 - - 

       

Mean temp. of 

growing cycle (°C) 

20-25 25-27 27-29 29-35 - - 

20-17 17-14 14-12 12-10 - - 

       

Mean temp.of  fruit 

formation and 

ripening Stage (°C) 

23-22 22-20 20-17 17-15 - 15> 

23-24 24-25 25-30 30-35 - 35< 

 

 

https://climate-adapt.eea.europa.eu/en/metadata/indicators/minimum-temperature
https://climate-adapt.eea.europa.eu/en/metadata/indicators/minimum-temperature
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The square root approach (Equation 1) was used to generate the climatic index, which was 

subsequently transformed into a climatic appropriateness grade using mathematical formulas 

(ZeynaldiniMimand et al., 2019). Equation 2 is used to compute the climatic grade in cases 

where the climatic index is less than 25. Equation 3 is used to determine the climatic grade 

when the climatic index is more than or equal to 25 but less than 92.5. 

Table 3. Climatic class, climatic index and limitation level 

Climatic class Climatic index Limitation level 

S0 87.5-100 Without limitation 

S1 75-87.5 With low limitation 

S2 50-75 With medium limitation 

S3 25-50 With  severe limitations 

N1 12.5-25 With very severe surmountable limitations 

N2 0-12.5 With  very severe permanently limitations 

 

.....
100100100min

CBARCI   (1) 

𝐶𝑅 = 1.6 × 𝐶𝐼 (2) 

𝐶𝑅 = 16.67 + 0.9 × 𝐶𝐼 (3) 

In this formula, A, B, C, etc., represent the suitability scores for each of the climatic variables, 

and R_min represents the minimum suitability score. Additionally, CI refers to the climatic 

index, and CR represents the climatic suitability grade. Based on the calculated climatic index, 

the information was classified into six climatic suitability classes: S0, S1, S2, S3, N1, and N2, 

which correspond to no limitation, slight limitation, moderate limitation, severe limitation, very 

severe limitation (modifiable), and very severe limitation (non-modifiable), respectively (Table 

3). Finally, a climatic suitability map was created for almond trees for the three different varieties 

(early-flowering, mid-flowering, and late-flowering) at the provincial level. 

 

2.3. Determination of the Growing Season 

Given that the purpose of this study is to evaluate the climate appropriateness for rainfed 

almonds, meteorological data from multiple weather stations around the province was used to 

establish the growing season in the study area. Data on potential evapotranspiration, half of 

the potential evapotranspiration, and monthly rainfall were used in a graphical way to do this. 

According to FAO (1983), the growing season is the time of year when temperature and 

moisture levels permit agricultural production. The growing season, whose duration is 

determined by the weather, is a period of time when the temperature and moisture content are 

suitable for agricultural output. Four sub-periods make up a typical growing season, as 

defined by the FAO in 1983: 

1. Start of the growing season: Rainfall is less than potential evapotranspiration but more 

than half of it. 

2. Wet period: Rainfall exceeds potential evapotranspiration. 

3. End of the rainy season: Rainfall falls between the total potential evapotranspiration 

and half of it. 

4. Storage period or end of the growing season: Rainfall is less than half of the potential 

evapotranspiration, and the plant relies on stored soil moisture. 
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Four categories of growing seasons are defined by the FAO (1983): Normal growing 

season: This season includes the four sub-periods mentioned earlier. 

1. Intermediate growing season: In this scenario, the wet sub-period is absent, leading to 

no water storage in the soil, which results in plants facing water shortages. 

2. Wet growing season: All year long, there is more rainfall thanevapotranspiration. 

3. Dry growing season: Rainfall falls below half of the annual potential 

evapotranspiration during this time. 

4. In areas where such conditions prevail, there is no growing season in terms of 

moisture, and rainfed agriculture is not feasible. 

 

3. Results and Discussion 
The growth curves based on data from the weather stations in Shahrekord, Kuhrang, Lordegan, 

and Borujen are presented in Figure 1 (due to the similarity of growth curves in other stations, 

those graphs have not been included). According to the data extracted from these graphs, the 

moisture growing season is as follows: in Shahrekord, it lasts from 6ndNovember to 2ndJune; in 

Kuhrang, from 20ndOctober to 12ndJuly; in Lordegan, from 2ndNovember to 18ndJune; and in 

Borujen, from 14ndNovember to 8ndJune.The analyzed stations display both a wet phase and the 

conclusion of the rainy season, as illustrated in Figure 1, suggesting that the growth season is of 

the typical type. However, the short wet season in some places, including Shahrekord and 

Borujen, presents difficulties for rainfed agriculture there. 

  

  

Fig. 1. The growth curve based on data from different climatic stations in Chaharmahal and Bakhtiari 

Province (ab1: beginning of the growth period, b1b2: wet period, b2c: the end of the rainy season, cd: 

the end of the growth period)  
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Table 4 shows the area and percentage of climatic appropriateness classes for several 

rainfed almond types. The climate of the region poses severe to very severe limitations for the 

cultivation and development of this variety, according to the results of the climatic suitability 

assessment for early-flowering varieties. Over 53.3% of the province is classified as having 

very severe limitations, meaning it is not suitable for planting this type of variety. Therefore, 

it can be said that climatic condition should be considered for site selection to avoid flowering 

failure and flowering damage associated with un-favorable weather conditions during this 

sensitive stage. The main limiting environmental factor that results in this variety's incorrect 

classification is the average minimum temperature during the flowering stage. Temperature is 

one of the most important climatic factors, as it greatly affects whether a location is ideal for 

growing a certain plant or not. The absolute minimum and maximum temperatures, the 

average number of frost days, and other temperature-related information are examples of 

temperature parameters. These plant-dependent characteristics are measured over the course 

of the year or for a designated length of time during the growth season (ZeynaldiniMimand et 

al., 2019). Among all the meteorological variables affecting the development of agricultural 

crops, temperature is probably the most important since its variations at any scale set the 

boundaries of all stages of plant development (Serrano-Notivoli et al., 2020). 

Figure 2 displays the province's climatic suitability map for early-flowering almond types. 

According to this map, most districts in the province, including Shahrekord, Borujen, and 

parts of Kiar, Farsan, and Kuhrang, fall under the suitability class N2. The other districts in 

the province exhibit severe limitations for the cultivation and development of this tree. In 

these districts, the average minimum temperature during the flowering stage continues to be a 

limiting factor for the climatic suitability of this variety, although its impact is less 

pronounced compared to other districts. Numerous studies have indicated the sensitivity of 

the almond crop to temperatures during the flowering stage (Miranda et al., 2005; Kodad et 

al., 2010). 

It is crucial to note that considering the annual rainfall and its uneven distribution 

throughout the year, cultivation of this product as rainfed in districts classified as S3 should 

be undertaken cautiously. The planting arrangement of trees (density of trees per hectare) 

must be determined with care. If this product is grown as rainfed, supplemental irrigation or 

the use of rainwater harvesting techniques will be essential due to the length of the rainfall 

period. Otherwise, the crop will face water shortages, leading to a significant reduction in 

yield. 

Table 4. Area and percent of climatic suitability class for different cultivars of rainfed Almond 

Cultivar type Suitability class Area (ha) Percent  

Early-flowering 

(Sefied) 

With severe limitations (S3) 762314.4 46.7 

With very severe permanently limitations (N2) 871362.6 53.3 

    

Mid-flowering 

(Mamaei and Rabie) 

With severe limitations (S3) 934135.7 57.2 

With very severe surmountable limitations (N1) 372074.5 22.8 

With very severe permanently limitations (N2) 327466.8 20 

    

Late-flowering 
With severe limitations (S3) 1427299.7 87.4 

With very severe permanently limitations (N2) 206377.9 12.6 
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The results of the climatic suitability assessment for rainfed almond trees (mid-flowering 

varieties) using the parametric method in Chaharmahal and Bakhtiari province indicate that the 

region's climate exhibits diversity for the cultivation and development of mid-flowering almond 

varieties. This includes classes with severe limitations, very severe limitations that are 

amendable, and very severe limitations that are not amendable. According to the results 

obtained, 57.2% of the province's lands fall under the climatic suitability class S3 for this type 

of variety (Table 4). The average minimum temperature during the flowering stage is identified 

as the most limiting climatic parameter for planting this variety in the province. The majority of 

the province's districts are categorized as S3 for the development and cultivation of mid-

flowering types, according to the climatic suitability maps that were produced. Although there 

are extremely severe climate constraints in Borujen and sections of Kuhrang, these limitations 

are amendable. In contrast, some areas of Shahrekord and Kiar are categorized as N2. It is 

feasible to raise the climatic adaptability class to S3 in these districts by implementing frost 

mitigation techniques and using proper management practices (Figure 3). 

 

Fig. 2. Climatic suitability map for rainfed Almond- early-flowering cultivar 
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The results of the climatic suitability assessment for rainfed almond trees (late-flowering 

varieties) using the parametric method in Chaharmahal and Bakhtiari province indicate that 

the region's climate poses severe limitations for the cultivation and development of rainfed 

almond trees (late-flowering varieties) (Table 4 and Figure 4). The findings reveal that a 

significant portion of the province (87.4%) falls under the suitability class S3 for the planting 

and development of this crop (Figure 4). The minimum temperature during the flowering 

stage is identified as the most critical limiting climatic parameter. 

 

Fig. 3. Climatic suitability map for rainfed Almond- mid-flowering cultivar 

 

The climate of each region, particularly factors such as minimum temperature and rainfall 

distribution, can have varying effects on plant growth, and these effects are especially 

pronounced for different almond varieties. The occurrence of late spring frost, as one of the 

most significant limiting factors for the production of this crop, underscores the importance of 

carefully managing the selection of varieties and implementing climate-oriented strategies. As 
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the results indicated, late-flowering varieties, due to their better timing in dealing with cold, 

can help mitigate damage caused by frost. This is particularly crucial in areas with unstable 

temperatures during the spring. Martínez-Gómez et al. (2017) explained that the development 

of cultivars with late flowering achieved delayed flowering dates (around 15 days compared 

to traditional Spanish cultivars), can reduce damage caused by frost and improved agronomic 

performance.  

 

Fig. 4. Climatic suitability map for rainfed Almond- late-flowering cultivar 

 

In addition to temperature management, the overlap between the plant growth period and 

the region's climatic cycle also plays a vital role in the final product yield. The findings of this 

study reveal that the growth cycle of almonds does not fully align with the climatic growth 

periods of the region, and this mismatch is exacerbated under conditions of irregular and 

uneven rainfall. This issue highlights that in many regions, rainfed almond cultivation without 

effective water resource management, such as using rainwater harvesting techniques or 

surface water storage, may face failure. In such circumstances, insufficient access to water 
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during critical growth periods can lead to a significant decrease in yield, resulting in reduced 

economic returns from almond cultivation. 

 

4. Conclusion 
The finding of this study make it abundantly evident how cultivar type affects almond crop 

production. As a result, a region’s climate and appropriateness vary not only for individual 

plants but also for different cultivars of the same plant. In every part of the province, late 

spring frost is a limiting factor for this plant's growth. A comparison of the obtained maps 

indicates that this problem can be significantly controlled and production reduction can be 

avoided by using late-flowering varieties. In the province, the minimum temperature during 

the flowering stage is a very determining and limiting factor for this product. With regard to 

late-flowering cultivars, it should be mentioned that a 40% yield drop in comparison to 

optimum conditions should be taken into consideration in different parts of the province based 

on the meteorological conditions. 

The results also indicate that the share of unsuitable classes in late-flowering cultivars 

decreases by 17.8% and 16.8%, respectively, compared to early-flowering and medium-

flowering cultivars. Additionally, based on the phenology of the almond tree, it can be 

inferred that the growth cycle of these crops does not completely overlap with the climatic 

growth periods of the region. Therefore, considering annual rainfall, the uneven distribution 

of rainfall throughout the year, and the incomplete overlap of the growth periods with the 

growth cycles of these crops, complete dryland cultivation of these products is not 

recommended. If this product is cultivated in dryland conditions, the use of rainwater 

harvesting methods for meeting water requirements becomes essential. Otherwise, the crop 

will face water shortages, leading to a significant reduction in yield. 
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