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ABSTRACT

The study was carried out during the winter (rabi) season of 2021 and 2022 at Sher-e-Kashmir University of 
Agricultural Sciences and Technology-Kashmir, Shalimar, Srinagar, Jammu and Kashmir to evaluate the quantitative 
and quality traits in diverse carrot (Daucus carota L.) genotypes and to identify high-performing inbred lines for 
breeding programmes. Fifty-two treatments comprising of 50 genotypes and 2 checks, procured from various sources 
were assessed for several quantitative and qualitative traits in augmented block design (ABD). The analysis of mean 
values revealed that no single genotype excelled in all the traits studied. However, certain genotypes demonstrated 
exceptional performance in specific economically significant traits. For instance, SKAU-C-5 showed superiority in 
plant height and petiole length, while SKAU-C-41 excelled in foliage length, root length, average root weight and root 
yield/ha. SKAU-C-48 stood out for traits such as the number of days to the first and last root harvest and SKAU-C-30 
was notable for its high total carotenoid and anthocyanin content. Since no genotype exhibited outstanding performance 
across all traits, genotypes with the highest number of desirable characteristics could be utilized in a carefully designed 
hybridization programme to develop superior lines in subsequent segregating generations.
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As one of the most significant cool-season vegetable 
crops of the family Apiaceae, carrot (Daucus carota L.) is 
grown worldwide. Afghanistan is considered the primary 
centre of carrot diversity, followed by Turkey as the second 
centre (Stolarczyk and Janick 2011). In India, carrot 
cultivation covers 110 thousand ha, yielding 1,910 thousand 
metric tonnes annually, with an average productivity of 17.36 
metric tonnes/ha. As per the 2024 report from the National 
Horticulture Board (NHB) and other sources, Haryana, West 
Bengal, Punjab, Uttar Pradesh, Madhya Pradesh and Bihar 
are the leading states in India for carrot cultivation. In the 
Union Territory of Jammu and Kashmir, carrot cultivation 
spans 1.86 thousand hectares, producing 32.32 thousand 
metric tonnes annually with an average productivity of 17.8 
metric tonnes/ha (NHB 2023).

Carrot roots contain 88.3% moisture, an energy value 

of 173.41 kJ/kcal and the following nutritional components 
per 100 g; 9.58 g carbohydrates, 2.80 g dietary fibre, 0.93 g 
protein, 4.74 g total sugars, including 3.59 g sucrose, 0.59 
g glucose and 0.55 g fructose. They also contain 835 µg 
vitamin A, 8280 µg β-carotene, and 3480 µg α-carotene 
(Bjarnadottir 2019, Mozumder et al. 2019). Carotenoid 
content varies from 3.2–170 mg/kg and vitamin C ranges 
from 21–775 mg/kg across cultivars (Ahmad et al. 2019, 
Lone et al. 2025). Carrots are abundant in phytochemicals 
such as phenolics, carotenoids, polyacetylenes and ascorbic 
acid, which contribute to lowering the risk of cancer and 
cardiovascular diseases by exhibiting antioxidant, anti-
inflammatory, lipid-modifying and anti-tumour properties 
(Ahmad et al. 2019).

The study aimed to evaluate carrot genotypes for 
traits such as plant height, root length, yield, carotenoid 
content, anthocyanin concentration and sugar composition. 
The selection of high-performing lines through tools like 
SPAD ensures stable, heritable traits, aligning with global 
trends to enhance nutritional and phytochemical profiles, 
addressing health-conscious consumer demands and 
supporting sustainable agricultural development (Santhi et 
al. 2015, Bjarnadottir 2019).
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superior for distinct quality traits.
Based on the overall performance (pooled mean) of 

1various carrot genotypes, SKAU-C-5 (57.83), followed 
by SKAU-C-1 (50.91) and SKAU-C-19 (49.20), were 
superior for plant height (cm). For leaf length (cm), 
SKAU-C-41 (31.89) was the best-performing genotype, 
followed by SKAU-C-40 (31.79) and SKAU-C-19 (31.02). 
SKAU-C-3 (21.22) emerged superior for leaf width (cm), 
followed by SKAU-C-14 (20.52) and SKAU-C-19 (20.42). 
Regarding petiole length (cm), SKAU-C-5 (30.56) was 
the top performer, followed by SKAU-C-1 (29.00) and 
SKAU-C-9 (27.80).

Root traits revealed significant differences, viz. 
SKAU-C-41 (29.88) was superior in root length (cm), 
followed by SKAU-C-44 (29.38) and SKAU-C-21 (29.35). 
For root diameter (cm), SKAU-C-31 (4.79), SKAU-C-45 
(4.72) and SKAU-C-11 (4.32) were the top genotypes. The 
average weight of roots (g) was highest in SKAU-C-41 
(97.50), followed by SKAU-C-42 (95.50) and SKAU-C-46 
(94.50).

The genotypes SKAU-C-27 (78.23 and 84.57) and 
SKAU-C-26 (79.57 and 85.91) demonstrated superior 
performance for days to first and last root harvest, 
respectively. The genotype SKAU-C-41 exhibited the highest 
root yield per hectare (406.25 q), followed by SKAU-C-42 
(397.92) and SKAU-C-44 (390.98) (Supplementary Fig. 1).

For quality traits, SKAU-C-30 recorded the highest 
total carotenoid content (79.32 mg/100g), followed 
by SKAU-C-16 (79.12) and SKAU-C-18 (77.68). The 
β-carotene and vitamin A content (mg/100g) were highest 
in SKAU-C-10 (28.59 and 47.66), followed by SKAU-C-48 
(28.00 and 46.66) and SKAU-C-12 (27.97 and 46.62) 
(Fig. 1). Anthocyanin content (mg/100g) was maximum in 

MATERIALS AND METHODS
The study was carried out during the winter (rabi) 

season of 2021 and 2022 at Sher-e-Kashmir University of 
Agricultural Sciences and Technology-Kashmir, Shalimar 
(34°0.14′N, 74°0.86′E; 1685 m amsl), Srinagar, Jammu 
and Kashmir. The region experiences a temperate climate 
characterized by mild summers and harsh winters. A total 
of 52 treatments, consisting of 50 genotypes and 2 check 
varieties selected from 297 germplasm lines obtained 
from Sher-e-Kashmir University of Agricultural Sciences 
and Technology-Kashmir; different regions of Jammu and 
Kashmir (local germplasm); ICAR-National Bureau of Plant 
Genetic Resources, New Delhi; Indian Institute of Vegetable 
Research, Varanasi, Uttar Pradesh and the Nordic Genetic 
Resource Centre in Sweden were evaluated for a range of 
quantitative and qualitative traits using an augmented block 
design. The seeds of these selected lines were planted with 
a spacing of 45 cm between ridges and 15 cm between 
plants along the ridges. Field maintenance and harvesting 
were conducted following the standard agricultural practices 
recommended by Sher-e-Kashmir University of Agricultural 
Sciences and Technology-Kashmir, Jammu and Kashmir.

Data was recorded for 10 quantitative traits, including 
plant height (cm), leaf length (cm), leaf width (cm), root 
length (cm), root diameter (cm), petiole length (cm), 
average root weight (g), days to first root harvest, days 
to last root harvest and root yield/ha (q). Additionally, 
observations were made on seven quality traits, including 
total carotenoids (mg/100  g), β-carotene content (mg/100  g), 
vitamin A content (mg/100  g), anthocyanin concentration 
(mg/100  g), reducing sugars (%), non-reducing sugars 
(%) and total soluble sugars (%). The mean values for all 
traits were calculated, and the collected data was analyzed 
using the statistical package 
for augmented design (SPAD) 
software,  developed by 
ICAR-Indian Agricultural 
Statistics Research Institute, 
New Delhi.

RESULTS AND 
DISCUSSION

A w i d e  r a n g e  o f 
variability was demonstrated 
by all the carrot genotypes 
involved in this study, for 
most of the quantitative and 
quality attributes (Table 1 
and 2 and Supplementary 
Table  1) across both seasons, 
in individual and pooled 
data over seasons. The mean 
value estimations discovered 
that none of the genotype 
excelled in all the evaluated 
traits. Nevertheless, different 
genotypes were found to be 

EVALUATION OF QUANTITATIVE AND QUALITY TRAITS IN DIVERSE CARROT GENOTYPES

Fig. 1	Fifty-two diverse carrot genotypes for β-carotene content and vitamin A content (Pooled mean 
values).
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Table 2  Comparative mean performance of different carrot genotypes for various quality traits

S.No. Genotype Total carotenoids 
(mg/100 g)

β-carotene 
(mg/100 g)

Vitamin A 
(mg/100 g)

Anthocyanin 
(mg/100 g)

Total sugars 
(%)

Reducing 
sugars (%)

Non-reducing 
sugars (%)

1. SKAU-C-1 37.60 24.05 40.09 219.35 6.71 2.10 4.61

2. SKAU-C-2 26.52 21.89 36.49 15.68 8.53 2.41 6.12

3. SKAU-C-3 8.72 6.21 10.34 144.09 8.54 2.75 5.79

4. SKAU-C-4 10.92 9.68 16.13 32.69 8.50 2.72 5.79

5. SKAU-C-5 13.40 11.67 19.44 15.68 8.55 2.41 6.15

6. SKAU-C-6 28.72 21.22 35.37 27.29 5.22 2.57 2.66

7. SKAU-C-7 9.40 2.76 4.59 54.18 7.56 2.03 5.54

8. SKAU-C-8 4.52 2.04 3.39 89.00 4.09 0.75 3.33

9. SKAU-C-9 9.60 9.48 15.80 104.89 8.57 2.75 5.82

10. SKAU-C-10 14.24 28.59 47.66 40.12 7.75 1.72 6.03

11. SKAU-C-11 8.52 3.03 5.05 247.76 8.49 1.80 6.68

12. SKAU-C-12 10.00 27.97 46.62 21.18 6.54 2.18 4.36

13. SKAU-C-13 18.44 3.33 5.54 161.10 8.54 2.42 6.12

14. SKAU-C-14 16.96 2.66 4.43 26.58 8.37 2.57 5.80

15. SKAU-C-15 4.96 1.61 2.69 129.23 8.48 2.41 6.07

16. SKAU-C-16 79.12 9.33 15.55 21.18 6.51 2.19 4.32

17. SKAU-C-17 5.08 5.01 8.36 254.89 6.30 2.25 4.05

18. SKAU-C-18 77.68 6.58 10.96 250.92 7.32 1.74 5.58

19. SKAU-C-19 10.12 8.14 13.57 13.04 4.57 2.71 1.86

20. SKAU-C-20 19.96 18.05 30.08 108.35 7.26 1.82 5.44

21. SKAU-C-21 14.24 12.66 21.10 86.05 7.88 2.73 5.15

22. SKAU-C-22 8.04 6.80 11.34 90.94 8.57 2.74 5.83

23. SKAU-C-23 12.68 2.06 3.43 139.00 8.50 2.72 5.78

24. SKAU-C-24 13.04 5.63 9.39 54.99 7.88 2.74 5.13

25. SKAU-C-25 11.56 2.41 4.01 244.50 7.91 2.74 5.17

26. SKAU-C-26 8.16 5.63 9.39 32.18 8.21 2.65 5.56

27. SKAU-C-27 3.56 2.58 4.30 32.28 7.89 2.71 5.19

28. SKAU-C-28 77.52 2.93 4.88 56.01 6.50 2.22 4.28

29. SKAU-C-29 5.72 4.27 7.12 88.90 7.01 2.36 4.64

30. SKAU-C-30 79.32 3.92 6.54 255.91 6.67 1.70 4.97

31. SKAU-C-31 28.32 27.68 46.13 146.44 7.21 2.13 5.08

32. SKAU-C-32 13.72 11.89 19.82 128.21 8.20 2.08 6.12

33. SKAU-C-33 10.60 7.17 11.96 69.65 7.12 2.07 5.05

34. SKAU-C-34 20.76 17.77 29.62 44.81 7.23 0.51 6.72

35. SKAU-C-35 23.44 20.68 34.46 112.02 7.50 2.03 5.47

36. SKAU-C-36 19.08 16.48 27.47 81.37 6.99 2.09 4.90

37. SKAU-C-37 10.28 8.36 13.94 70.37 7.43 0.93 6.51

38. SKAU-C-38 22.56 21.02 35.04 156.52 7.45 2.15 5.30

39. SKAU-C-39 22.52 20.40 34.01 37.98 7.55 2.06 5.49

40. SKAU-C-40 17.68 4.91 8.19 180.86 7.21 1.86 5.35

Contd.
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Table 2	(Concluded)

S.No. Genotype Total carotenoids 
(mg/100 g)

β-carotene 
(mg/100 g)

Vitamin A 
(mg/100 g)

Anthocyanin 
(mg/100 g)

Total sugars 
(%)

Reducing 
sugars (%)

Non-reducing 
sugars (%)

41. SKAU-C-41 33.68 12.09 20.15 247.25 6.37 2.24 4.13

42. SKAU-C-42 10.08 10.00 16.67 251.63 7.79 1.72 6.08

43. SKAU-C-43 14.24 13.45 22.42 59.47 7.12 1.65 5.47

44. SKAU-C-44 12.28 11.42 19.03 87.98 7.25 1.96 5.29

45. SKAU-C-45 25.12 23.13 38.56 149.49 7.50 1.08 6.42

46. SKAU-C-46 10.96 2.16 3.60 41.55 6.78 2.07 4.71

47. SKAU-C-47 12.56 27.90 46.50 48.17 4.92 2.34 2.57

48. SKAU-C-48 17.12 28.00 46.66 49.39 6.47 2.22 4.26

49. SKAU-C-49 30.08 27.43 45.71 61.10 4.55 2.07 2.49

50. SKAU-C-50 11.84 4.82 8.03 95.52 7.20 1.97 5.23

51. CHECK-1 24.04 21.42 35.70 61.81 7.37 0.74 6.63

52. CHECK-2 10.72 8.69 14.48 115.07 7.18 1.62 5.56

  Mean 20.19 11.91 19.84 102.97 7.27 2.10 5.17

  SEM 0.380 0.262 0.349 2.128 0.120 0.032 0.124

  CD (P=0.05) 1.067 0.734 0.978 5.968 0.336 0.089 0.349

  CD (P=0.01) 1.411 0.971 1.294 7.898 0.444 0.118 0.462

showed superior performance for some economically 
significant traits, including SKAU-C-5 for plant height and 
petiole length, SKAU-C-41 for leaf length, root length, 
average weight of roots and root yield/ha; SKAU-C-48 for 
days to first root harvest and days to last root harvest and 
SKAU-C-30 for total carotenoid content and anthocyanin 
content. The genotype with the greatest number of 
positive traits might be employed in a carefully designed 
hybridization program to choose higher performing lines in 
the succeeding segregating lines since no genotype could be 
found to have superior performance for all the characters.
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