


Assessment of Fruiting Behaviour, Quality Attributes and Stress Tolerance of Ber (Ziziphus mauritiana Lam.) Cultivars under Semi-Arid Conditions of Haryana 


Abstract
 Ber (Ziziphus mauritiana Lam.) is a vital agroforestry species, particularly suited for cultivation in semi-arid ecosystems, owing to its multifaceted economic, nutritional, and ecological significance. Haryana's semi-arid to arid climate offers an optimal environment for Ber cultivation, characterised by well-drained soils, moderate temperatures, and limited water availability. This study aims to assess the phenological, qualitative, and stress tolerance characteristics of diverse Ber cultivars under the semi-arid conditions of Haryana, India. A comprehensive evaluation was performed across multiple parameters, including fruit weight, fruit width, pulp-to-stone ratio, and stone dimensional characteristics. Narendra Ber Selection 1 emerged as the superior cultivar, with the highest values for fruit weight, fruit width, pulp weight, stone width, and stone weight, followed by the Umran cultivar. Gola exhibited early fruit maturity, while Umran was identified as a late-maturing cultivar. Regarding quality attributes, Chhuhara recorded the highest Total Soluble Solids (TSS) content and TSS/acid ratio, underscoring its potential for superior flavour profiles. From a phytopathological perspective, all cultivars, with the exception of Gola and Kaithli, demonstrated resistance to fruit fly (Carpomyia vesuviana) infestation, whereas Kaithli was found to be highly susceptible to powdery mildew (Oidium erysiphoides). Gola, Umran, and Chhuhara exhibited varying degrees of susceptibility to mildew, with Chhuhara being particularly vulnerable to frost injury during critical phenological phases. The differential response of these cultivars to abiotic stressors, such as frost, and biotic stressors, such as insect pests and fungal pathogens, provides essential insights for breeding programs aimed at enhancing resilience in semi-arid climates. The findings indicate that the Gola cultivar is best suited for early-season harvest, Narendra Ber Selection 1 excels in mid-season production, and Umran is optimal for late-season cultivation. These results offer a strategic framework for cultivar selection based on maturity timing and stress resistance, with broad implications for optimising Ber cultivation in semi-arid regions.
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Introduction
Ziziphus mauritiana Lam., commonly known as Ber, is a deciduous fruit tree from the Rhamnaceae family, widely cultivated for its highly nutritious and commercially significant fruits. They are a rich source of micronutrients (Fe) and macronutrients (Ca, K, P), including provitamin A, vitamin   C   and   B   complex. It can be widely cultivated and flourishes even in the most marginal subtropical and tropical ecosystems (Singh & Deen, 2022). The leaves are applied to treat sores, and the roots are employed to prevent and cure skin diseases (Nilofar et al., 2024). With a long history of cultivation, Ber has become an integral component of agroforestry systems, particularly thriving in arid and semi-arid regions where conventional agriculture often struggles due to water scarcity and climatic variability. India stands as the world’s largest producer of ber, with substantial cultivation areas in states such as Rajasthan, Gujarat, Madhya Pradesh, Uttar Pradesh, Maharashtra, and Haryana. Haryana's semi-arid to arid climate offers an optimal environment for Ber cultivation, characterised by well-drained soils, moderate temperatures, and limited water availability. The key districts of Bhiwani, Mahendergarh, Hisar, and Sirsa are notable hubs for ber production, playing a vital role in the state’s agricultural diversification. Ber's inherent drought tolerance, low water requirement, and ability to thrive in nutrient-poor soils make it a valuable crop for arid regions (Jain et al., 2024; Suri, 2025). In regions where water resources are limited and traditional crops face significant challenges, Ber serves as an invaluable crop, contributing to the resilience of rural economies and bolstering food security. Its adaptability to harsh environmental conditions positions it as a critical crop in the pursuit of sustainable agricultural practices, particularly in resource-constrained settings. This analysis highlights Ber’s robust adaptability, economic significance, and its potential to enhance food security and rural livelihoods in the face of increasing climate uncertainty. As such, it underscores the crop's importance in promoting sustainable agricultural development, particularly in the semi-arid landscapes of India, where it can provide both economic and environmental benefits.

Material and Methods
Quantitative parameters
1. Fruit Parameters: Twenty mature fruits per plant, with five collected from each quadrant, were assessed for various attributes. Fruit firmness was evaluated organoleptically by ten jury members using touch, pressure, and residual feel, classifying firmness as soft, medium, or hard. Specific gravity was determined by calculating fruit density using the water displacement method, dividing the average fruit weight by its volume, with water having a density of 1 g/cm³. Fruit length and width were measured with a digital vernier calliper; length was assessed by arranging five fruits end to end, while width was measured perpendicularly. Fruit weight was recorded using a digital electronic balance, and pulp weight was calculated similarly, with all values expressed in appropriate units (cm for length and width, g for weight). Specific Gravity: The volume of the fruits was determined through water displacement, and their density was calculated based on the density of water (1 g/cm³).
2. Stone parameters: The same fruits used for determining fruit weight were also employed to measure stone weight, with the adhered pulp carefully removed. Stone weight was recorded using an electronic balance, and the average was expressed in grams (g). Stone length was measured by aligning the stones from distal to proximal ends, and the total length was determined using a digital vernier calliper, with the average expressed in millimetres (mm). Similarly, stone width was measured by positioning the stones perpendicularly and using a calliper to estimate the average width in millimetres. The stone-to-pulp ratio was calculated by dividing the weight of the stone by the weight of the pulp, which had been separated from the fruit.
Qualitative Parameters:
1. The pulp's Total Soluble Solids (TSS) were measured using a Hand Refractometer, with the results expressed in degrees Brix (°B). Ascorbic acid content and Titratable acidity were determined using the procedure defined by A.O.A.C (2000). Ascorbic acid content through titration using 2,6-dichlorophenol indophenol dye, and the results were expressed as mg per 100 g of fruit pulp. Titratable acidity was assessed by titrating the juice with NaOH and expressed as a percentage of citric acid. Finally, the TSS/acid ratio was calculated by dividing the TSS by the titratable acidity.
2. Organoleptic Evaluation: Fruits were rated based on flavour, texture, and general acceptability by a panel of ten judges.
Biotic and Abiotic Stress Monitoring:
· Biotic Stress: Monitored for misshapen fruits, fruit fly infestations, and powdery mildew.
· Abiotic Stress: Observed for fruit cracking and frost injury.
Statistical Analysis:
· Data was analysed using methods defined by Panse and Sukhatme (1985), with critical differences calculated at a 5% significance level using Fisher’s formula.
This covers the methods for measuring fruit and stone characteristics, assessing quality and stress factors, and analysing the data statistically.
Results and Discussion
Fruit and stone parameters
The fruit and stone parameters among various ber cultivars displayed significant variation, indicating the genetic diversity and physiological differences in these cultivars. Fruit weight ranged from 16.90 g to 29.43 g, with the highest weight recorded in Narendra Ber Selection 1 (29.43 g), followed by Umran (24.06 g), while Thar Bhubhraj exhibited the lowest weight (16.90 g) (Table 1). Similarly, stone weight varied from 1.07 g to 2.48 g, with Narendra Ber Selection 1 showing the maximum (2.48 g) and Chhuhara the minimum (1.07 g). Pulp weight followed a similar trend, with Narendra Ber Selection 1 having the highest pulp weight (26.95 g) and Thar Bhubhraj the lowest (15.72 g). These variations align with the findings of Ahmad et al. (2016) and Sharif et al. (2019), who noted similar differences in ber cultivars. Larger fruit weights are often attributed to longer ripening periods, enhanced nutrient and water uptake, and more efficient translocation of photosynthates from source to sink (Patel et al., 1977). Climatic factors and the inherent characteristics of the germplasm further contribute to these differences (Saran, 2005), making fruit weight a critical trait in germplasm selection.
Fruit length ranged from 3.40 cm to 4.67 cm, with Chhuhara showing the maximum length (4.67 cm), statistically comparable to Umran, Kaithli, and Thar Sevika. Gola recorded the shortest fruit length (3.40 cm) (Table 1). Stone length also showed significant variation, ranging from 18.16 mm in Narendra Ber Selection 2 to 28.30 mm in Chhuhara. Fruit width varied between 2.63 cm (Thar Bhubhraj) and 3.69 cm (Narendra Ber Selection 1), while stone width ranged from 8 mm (Kaithli) to 12 mm (Narendra Ber Selection 1) (Table 2). These variations in fruit and stone dimensions are attributed to genetic factors, as well as environmental influences that can impact fruit development (Saran, 2005). The differential accumulation of nutrients within the fruit may explain the variations in both fruit and stone size (Kumar et al., 2016).
The pulp-to-stone ratio, which ranged from 7.54 to 18.77 across cultivars (Table 2), further illustrates the genetic diversity among ber cultivars. Narendra Ber Selection 2 recorded the lowest pulp-to-stone ratio (7.54), while Kaithli exhibited the highest (18.77), followed closely by Chhuhara (18.30). The pulp-to-stone ratio reflects the balance between pulp and stone weight, which is influenced by both the genetic makeup of the germplasm and the size of the fruit and stone (Navjot et al., 2010). A higher pulp-to-stone ratio generally indicates a greater accumulation of food material in the pulp, contributing to increased fruit weight, as the weight of the fruit is closely tied to pulp weight (Kumar et al., 2016). The hardness or softness of the pulp, which varies depending on the developmental stage and genetic traits of the fruit, also affects these ratios. The substantial variation in fruit and stone parameters across ber cultivars reflects the influence of genetic factors, environmental conditions, and physiological processes on fruit development. The interplay between fruit size, weight, and pulp-to-stone ratio highlights the complexity of selecting superior germplasm, with larger fruit weight, higher pulp content, and balanced stone dimensions being desirable traits for breeding programs.
Fruit firmness and Specific gravity
The firmness of ber fruits varied significantly across cultivars, categorised as soft, medium, or hard (Table 1). Cultivars such as Gola, Goma Kirti, Thar Sevika, Thar Bhubhraj, and Narendra Ber Selection 2 exhibited soft pulp, while Kaithli and Chhuhara displayed medium firmness. Umran and Narendra Ber Selection 1 were characterised by notably firm or hard pulp textures. This variation highlights the genetic diversity and physiological mechanisms influencing pulp texture, corroborating the findings of Saran (2005) and Krishna et al. (2016). Firmer fruits consistently showed higher firmness readings than softer ones.
Specific gravity also varied significantly among cultivars, ranging from 0.98 to 1.08 (Table 1). Narendra Ber Selection 1 recorded the highest specific gravity (1.08), statistically similar to Gola (1.06), Umran (1.04), and Kaithli (1.07), while Thar Sevika had the lowest (0.98). These variations reflect differences in fruit density and composition. Kumari et al. (2015) observed similar trends, with changes in specific gravity during ripening linked to decreased moisture content, increased ash content, or increased fresh weight (Kumar et al., 2016). The interplay between fruit firmness and specific gravity provides key insights into the physicochemical properties of ber cultivars.	
Table 1: Fruit parameters (Fruit length (cm), Fruit width (cm), Fruit weight (g), Pulp weight (g), Fruit firmness and specific gravity) of ber cultivars under semi-arid conditions of Haryana
	Cultivars
	Fruit length (cm)
	Fruit width (cm)
	Fruit weight (g)
	Pulp weight (g)
	Fruit firmness
	Specific gravity

	Gola
	3.40
	3.23
	17.79
	16.58
	Soft
	1.06

	Umran
	4.46
	3.46
	24.06
	22.60
	Hard
	1.04

	Kaithli
	4.39
	3.17
	21.35
	20.27
	Medium
	1.07

	Chhuhara
	4.67
	2.59
	20.60
	19.53
	Medium
	1.02

	Goma Kirti
	4.16
	2.90
	18.60
	17.33
	Soft
	0.99

	Thar Sevika
	4.40
	2.64
	18.50
	16.86
	Soft
	0.98

	Thar Bhubhraj
	4.21
	2.63
	16.90
	15.72
	Soft
	0.99

	Narendra Ber Selection 1
	4.17
	3.69
	29.43
	26.95
	Hard
	1.08

	Narendra Ber Selection 2
	3.59
	3.55
	17.58
	15.52
	Soft
	1.02

	Range
	3.40-4.67
	2.63-3.69
	16.90-29.43
	15.72-26.95
	--
	0.98-1.08

	CD (p=0.05)
	0.30
	0.45
	1.07
	0.98
	--
	0.05


Table 2: Stone characteristics of Ber cultivars under semi-arid conditions of Haryana
	Cultivars
	Stone weight (g)
	Stone length (mm)
	Stone width (mm)
	Pulp: Stone ratio

	Gola
	1.22
	18.23
	10.00
	13.62

	Umran
	1.46
	25.40
	11.00
	15.45

	Kaithli
	1.08
	22.61
	8.00
	18.77

	Chhuhara
	1.07
	28.30
	9.00
	18.30

	Goma Kirti
	1.27
	22.00
	10.0
	13.68

	Thar Sevika
	1.64
	21.15
	9.50
	10.28

	Thar Bhubhraj
	1.18
	20.42
	9.00
	13.36

	Narendra Ber Selection 1
	2.48
	21.35
	12.00
	10.88

	Narendra Ber Selection 2
	1.86
	18.16
	9.00
	7.54

	Range
	1.07-2.48
	18.16-28.30
	8.00-12.00
	7.54-18.77

	CD (p=0.05)
	0.16
	0.81
	0.63
	0.45



Evaluation of quality parameters of Ber cultivars
Total Soluble Solids (TSS) and Ascorbic Acid Content
The results (Table 3) show a wide range in TSS values across the cultivars, from 15.30°B to 20.72°B. Chhuhara exhibited the highest TSS at 20.72°B, indicating superior sugar content, followed by Narendra Ber Selection 1 at 18.97°B. On the lower end, Goma Kirti recorded the lowest TSS value at 15.30°B. These variations in TSS reflect intrinsic differences in sugar content and overall fruit quality, aligning with previous studies by Meena et al. (2019) and Sharif et al. (2019). The increase in TSS levels may be attributed to the breakdown of polysaccharides into simpler sugars and pectin into soluble solids (Kumar et al., 2016). Rainfall during fruit maturation could also dilute carbohydrate concentrations, lowering the TSS values.
In terms of ascorbic acid content, the cultivars exhibited a range between 88.7 and 94.7 mg/100g pulp. Gola displayed the highest ascorbic acid content (94.7 mg/100g), followed closely by Goma Kirti (92.6 mg/100g), Umran (92.3 mg/100g), and Chhuhara (91.5 mg/100g). Thar Sevika recorded the lowest ascorbic acid content (88.7 mg/100g). The variation in ascorbic acid content indicates nutritional differences among cultivars, which may be influenced by varietal characteristics and environmental factors (Kumar et al., 2021). These findings are consistent with those of Singh et al. (2015), who reported similar variations among ber cultivars.
Titratable Acidity and TSS/Acid Ratio
Titratable acidity among the cultivars varied significantly, ranging from 0.32% to 0.38%. Kaithli showed the highest titratable acidity (0.38%), statistically comparable to Narendra Ber Selection 1 (0.37%), Thar Bhubhraj (0.37%), Thar Sevika, and Goma Kirti (0.36%). Chhuhara exhibited the lowest titratable acidity at 0.32%. The variation in titratable acidity is likely linked to different stages of fruit ripening (Upadhyay and Tripathi, 1985), environmental factors like temperature and sunlight (Ram et al., 2008), and potentially the conversion of acids into sugars during the ripening process (Kumari et al., 2015).
The TSS/acid ratio, which reflects the balance between sweetness and acidity, ranged from 42.5 to 64.8 across the cultivars. Chhuhara recorded the highest TSS/acid ratio at 64.8, indicating a strong sweetness relative to acidity, while Goma Kirti exhibited the lowest TSS/acid ratio at 42.5. This variation may result from shifts in the concentration of TSS and titratable acidity. Previous studies by Kumari et al. (2015) observed TSS/acid ratios in a similar range, suggesting that differences in sweetness and acidity balance are characteristic of various germplasm. The observed variations in TSS, ascorbic acid content, titratable acidity, and TSS/acid ratio among the ber cultivars underscore the inherent diversity in their physico-chemical and nutritional attributes. This diversity presents significant opportunities for the selection and development of superior cultivars through breeding programs aimed at improving fruit quality. Future research could explore the environmental and genetic factors driving these variations to optimise cultivar performance in different agro-climatic conditions.
Table 3: Qualitative parameters (TSS, ascorbic acid, titratable acidity and TSS: acid ratio) of ber cultivars under semi-arid conditions of Haryana
	Cultivars
	Pulp TSS 
(°B)
	Ascorbic acid content (mg/100 g pulp)
	Titratable acidity (%)
	TSS: acid ratio

	Gola
	18.37
	94.7
	0.35
	52.5

	Umran
	17.80
	92.3
	0.33
	54.0

	Kaithli
	16.53
	91.5
	0.38
	43.5

	Chhuhara
	20.72
	91.5
	0.32
	64.8

	Goma Kirti
	15.30
	92.6
	0.36
	42.5

	Thar Sevika
	18.40
	88.7
	0.36
	51.1

	Thar Bhubhraj
	17.40
	89.1
	0.37
	47.0

	Narendra Ber Selection 1
	18.97
	91.3
	0.37
	51.3

	Narendra Ber Selection 2
	18.85
	90.6
	0.35
	53.9

	Range
	15.30-20.72
	88.7-94.7
	0.32-0.38
	42.5-64.8

	CD (p=0.05)
	0.63
	3.2
	0.02
	2.4



Organoleptic evaluation
The evaluations regarding flavour, texture, mature fruit color and overall acceptability have been documented in Table 4. Among the cultivars, Gola, Umran, Narendra Ber Selection 1 and Narendra Ber Selection 2 garnered the maximum level of acceptance, each receiving a score of 8. Subsequently, Chhuhara, Goma Kirti, Thar Sevika and Thar Bhubhraj followed suit with a rating of 6. However, Kaithli was perceived as the least accepted cultivar, receiving a score of 5. This assessment of cultivar acceptance underscores the preferences among evaluators, reflecting the nuances in flavour, texture, mature fruit color and overall desirability within the context of these different ber cultivars.
Table 4: Organoleptic evaluation (flavour, texture, mature fruit colour and general acceptability) of ber cultivars under semi-arid conditions of Haryana
	Cultivars
	Flavour
	Texture
	Mature fruit colour
	General acceptability

	Gola
	Good
	Soft
	Yellowish
	8

	Umran
	Good
	Hard
	Yellowish green
	8

	Kaithli
	Good
	Medium
	Greenish yellow
	5

	Chhuhara
	Appealing
	Medium
	Greenish yellow
	6

	Goma Kirti
	Fair
	Soft
	Greenish yellow
	6

	Thar Sevika
	Fair
	Soft
	Greenish yellow
	6

	Thar Bhubhraj
	Good
	Soft
	Greenish yellow
	6

	Narendra Ber Selection 1
	Pleasant
	Hard
	Greenish yellow
	8

	Narendra Ber Selection 2
	Pleasant
	Soft
	Yellowish
	8



Evaluation of abiotic and biotic stress
The results of biotic and abiotic stress with respect to various cultivars are presented in Table 5 and described under different heads:
Abiotic stress
Chhuhara displayed susceptibility to frost injury, whereas Gola, Umran, Kaithli, Goma Kirti, Thar Sevika, Thar Bhubhraj, Narendra Ber Selection 1 and Narendra Ber Selection 2 exhibited resistance (Table 5). Regarding fruit cracking, Gola and Narendra Ber Selection 1 showed instances of cracking, while Umran, Kaithli, Chhuhara, Goma Kirti, Thar Sevika, Thar Bhubhraj and Narendra Ber Selection 2 did not exhibit such cracking (Table 5).
Biotic stress
Cultivars displayed varying susceptibility to infestations and diseases. Gola and Kaithli were susceptible to fruit fly infestation, while Umran, Chhuhara, Goma Kirti, Thar Sevika, Thar Bhubhraj, Narendra Ber Selection 1 and Narendra Ber Selection 2 demonstrated resistance (Table 5). Regarding powdery mildew incidence, Kaithli exhibited the highest susceptibility, with Gola, Umran and Chhuhara also affected. However, Goma Kirti, Thar Sevika, Thar Bhubhraj, Narendra Ber Selection 1 and Narendra Ber Selection 2 showcased resistance against powdery mildew (Table 5). Baloda et al. (2012) and Yadav et al. (2018) also observed the same results in their cultivars. The variation in morphology and chemical composition of fruits might be associated with the varietal characters and prevailing edaphic factors.
Table 5: Biotic and abiotic stress of ber cultivars under semi-arid conditions of Haryana
	Cultivars
	Infestation of fruit fly
	Incidence of powdery mildew
	Frost injury
	Fruit cracking

	Gola
	Susceptible
	Susceptible
	Resistant
	Present

	Umran
	Resistant
	Susceptible
	Resistant
	Absent

	Kaithli
	Susceptible
	Highly Susceptible
	Resistant
	Absent

	Chhuhara
	Resistant
	Susceptible
	Susceptible
	Absent

	Goma Kirti
	Resistant
	Resistant
	Resistant
	Absent

	Thar Sevika
	Resistant
	Resistant
	Resistant
	Absent

	Thar Bhubhraj
	Resistant
	Resistant
	Resistant
	Absent

	Narendra Ber Selection 1
	Resistant
	Resistant
	Resistant
	Present

	Narendra Ber Selection 2
	Resistant
	Resistant
	Resistant
	Absent



Summary
In this comprehensive study, various cultivars of ber (Ziziphus mauritiana Lamk.) were evaluated for a range of morphological, physical, and biochemical characteristics. The cultivars investigated included Kaithli, Chhuhara, Goma Kirti, Thar Sevika, Thar Bhubhraj, Narendra Ber Selection 1, Gola, and Narendra Ber Selection 2, each exhibiting distinct attributes.
1. Fruit Characteristics:
· Fruit colour was variable, with Kaithli, Chhuhara, Goma Kirti, Thar Sevika, Thar Bhubhraj, and Narendra Ber Selection 1 displayed a greenish-yellow hue, while Gola and Narendra Ber Selection 2 exhibited a yellowish color. Umran fruits were noted for their yellowish-green tint.
· Chhuhara confirmed the maximum fruit length (4.67 cm), whereas Narendra Ber Selection 1 surpassed in fruit width (3.69 cm), fruit weight (29.43 g), and pulp weight (26.95 g). Gola and Thar Bhubhraj had the minimum fruit length (3.40 cm) and fruit width (2.63 cm), respectively. Thar Bhubhraj recorded the lowest fruit weight (16.90 g) and pulp weight (15.72 g).
· Specific gravity varied across cultivars, with Narendra Ber Selection 1 recording the maximum (1.08) and Thar Sevika the minimum (0.98).
· Chhuhara had the longest stone (28.30 mm), while Narendra Ber Selection 2 had the shortest (18.16 mm). Narendra Ber Selection 1 exhibited the maximum stone width and weight.
2. Pulp: Stone Ratio and Texture:
· The pulp: stone ratio ranged from 7.54 in Narendra Ber Selection 2 to 18.77 in Kaithli.
· Fruit pulp texture varied, with Gola, Goma Kirti, Thar Sevika, Thar Bhubhraj, and Narendra Ber Selection 2 having soft pulp, Kaithli and Chhuhara with medium pulp, and Umran and Narendra Ber Selection 1 with hard pulp.
3.  Biochemical Characteristics:
· Chhuhara exhibited the highest TSS (20.72 °B) and TSS/acid ratio (64.8), while Goma Kirti had the lowest TSS (15.30 °B) and TSS/acid ratio (42.5).
· Titratable acidity was maximum (0.38%) in Kaithli and minimum (0.32%) in Chhuhara. Ascorbic acid content ranged from 88.65 mg/100 g pulp in Thar Sevika to 94.70 mg/100 g pulp in Gola.
4. Pest and Disease Resistance:
· Fruit fly infestation was observed in Gola and Kaithli, while other cultivars exhibited resistance.
· Kaithli was highly susceptible to powdery mildew, and Chhuhara showed susceptibility. Gola, Umran, and Chhuhara were susceptible to frost injury, whereas other cultivars demonstrated resistance. Fruit cracking was noted in Gola and Narendra Ber Selection 1.
Conclusion
This study aimed to assess the phenological, qualitative, and stress tolerance characteristics of diverse Ber cultivars under the semi-arid conditions of Haryana, India. Chhuhara confirmed the maximum fruit length (4.67 cm), whereas Narendra Ber Selection 1 surpassed in fruit width (3.69 cm), fruit weight (29.43 g), and pulp weight (26.95 g). Narendra Ber Selection 1 exhibited the maximum stone width and weight. This study offers a strategic framework for cultivar selection based on maturity timing and stress resistance, with broad implications for optimising Ber cultivation in semi-arid regions and provides valuable insights into the diverse characteristics of Ber cultivars, offering a foundation for informed cultivation practices and selection based on specific desired traits. 
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