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INTRODUCTION

Carrot (Daucus carota L.) ranks among the top-ten most economically important vegetable crops in the
world, in terms of both area of production and market value (FAOSTAT, 2012; Fontes and Vilela, 2003).Carrot
is a highly nutritious root crop. It is used as raw as salad and also in making processed food like halua, polao,
sweets etc. It is a rich source of carotene, a precursor of vitamin A. Blindness or Xeropthalmia in children for
the severe vitamin A deficiency is a problem of public health in some countries particularly in the rice
dependent countries of Asia (Woolfe, 1989 and Rajasekaran, 2016). Carrot seeds are aromatic stimulant and
carminative. They are reported to be useful against the disease of kidney and dropsy (Chopra, 1993 and
Kirtikar, 1995). In Bangladesh the popularity of carrot is increasing day by day. But large scale production of
carrot is not increasing due to the lack of awareness regarding the appropriate production technology. The
world production of carrot is increasing day by day. In the year 2018, the total production of carrot and turnip
was 40 million tonnes (FAOSTAT, 2019). The yield of carrot is 25 tonnes/ha under Bangladeshi condition is
low compared to that of other developed countries like USA, China, UK, Switzerland, Canada and Denmark
where per hectare yield is quite high. Having many important values, carrot is cultivated in Bangladesh in a
very limited scale. This may be due to unawareness of our vegetable growers about the proper management
practices of the crop including proper planting time and selection of proper spacing. Yield of any crop can be
increased up to substantial quantity by using improved production technologies. Planting carrot from
November 15 to early December is reported to be the best time for increased yield (Rashid, 1993) whereas,
other authors reported that late planting gave low yield and enhanced disease infestation.

Planting spacing is also one of the important factors for the increased production of carrot. Mc collum et
al. (1986) reported that there is a positive correlation between the numbers of plant per unit area and yield of
carrot. Scientists reported different plant density or spacing for the marketable yield of carrot. The present
study was therefore undertaken with the aim of investigating the effects of planting time and spacing on the
growth and yield of carrot. It is hoped that the information from the results of this experiment would be helpful
to the growers to increase the production of carrot yield in Bangladesh by following optimum planting time and
spacing.

MATERIALS AND METHODS

The field experiment was conducted at the Horticulture Farm of the Bangladesh Institute of Nuclear
Agriculture (BINA), Mymensingh, Bangladesh during the period from November, 2018 to April, 2019 to study
the effects of planting time and spacing on the growth and yield of carrots under dry land condition at BINA,
Mymensingh. Five different planting times viz. November 10, November 20, November 30, December 10 and
December 20 and four different spacing’s of 25x 20 cm, 20x 20 cm, 15x 15 cm and 10x 10 cm were used .
This experiment was laid out in randomized complete block design with three replications. The whole
experimental plot was divided into 3 blocks. Each block was divided into twenty plots where 20 treatment
combinations were randomly distributed .The size of each unit plot was 1.2 x 1 m? .The distances between the
blocks and the unit plots were 0.5m and 0.3m respectively. The carrot variety was prime agroflora, imported
from Japan. The carrot variety (Prime agroflora) seeds were collected from the Alliums Project, Department of
Horticulture, Bangladesh Agricultural University, Mymensingh. Seeds were soaked in water for 12 hours to
remove surface before sowing to quicken the germination of the seeds .Seeds were used at the rate of 5 kg/ha
and were sown at 5 different times (November 10, November 20, November 30, December 10 and December
20).Shallow furrows with 1 cm depth were made along the rows at 20cm apart. Then cross furrows were made
in the same way by the maintaining different spacing as per treatment. The minimum 4-6 seeds were sown in
each location by hand. Immediately after placing the seeds, the furrows were covered with loose fine soil as
well as pressed lightly by hand, then covers sacks to preserve soil moisture. Seedling emergence was
completed within ten days after each seed sowing. Seedlings were thinned out two times.
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First thinning was done after 20days of sowing keepings two seedlings in each location. The second
thinning was done after 30 days of sowing and only one healthy seedling was allowed to grow in each
location. Intercultural operation (weeding, irrigation, plant protection etc.) were done as and when necessary.
The crop was harvested after 105 days of each sowing for data collection when the foliage turned pale yellow.
Randomly selected ten plants were harvested each time from each unit plot for per plant and together with rest
of entire plot per plot for data collection. Harvesting was done very carefully by spade. The soil and fibrous
roots adhering to the tap roots were then removed. Data were collected on plant height, no. of leaves per
plant, fresh weight of leaves per plant, dry weight of leaves per plant, root length per plant, root diameter per
plant, fresh weight of roots per plant, dry weight of roots per plant, percentage of root cracking, percentage of
root rotting, percentage of root branching, gross yield of roots per plant, marketable yield of roots per plot,
gross yield of roots per hectare, marketable yield of roots per hectare. The significance of differences between
pair of means was expressed in Least Significant Difference (LSD) test taking 5% and 1% probability as the
minimum and maximum units of significance, respectively.

RESULTS AND DISCUSSION

Effect of Planting Time

Different yield contributing characters and yield of carrot were influenced by plating times at different days
after sowing. The tallest plant (54cm) and the maximum no. of leaves per plant(13.33) ,fresh weight of leaves
per plant (72.90g),dry weight of leaves per plant (10.59g), length of root per plant (17.40cm),diameters of root
per plant (5.12mm), fresh and dry weight of root per plant (129.99g and 15.399g respectively), gross yield per
plant (5.73kg) as well as minimum rotting, cracking and branching of root (3.76%,9.84%and 5.45%
respectively),were obtained in November 20 planting .The shortest plant was found in December 20 planting.
The minimum no. of leaves per plant (12.00) ,fresh weight of leaves per plant (33.483g),dry weight of leaves
per plant (5.85g), length of root per plant (13.90cm),diameters of root per plant (4.01cm), fresh and dry weight
of root per plant (83.24g and 9.81g respectively), gross yield per plant (3.89kg) as well as maximum rotting of
root (10.25%)were obtained in December 20 planting . The maximum cracking and branching of root (24.57%
and 14.49% respectively) were obtained in November 10 planting (Table 1). The highest gross yield of carrots
per plot (4.79kg) and the highest marketable yield per hectare (39.70t/ha) were found at November 20
planting. The lowest marketable yield (3.78kg) of carrots per plot and the highest gross yield (25.02kg) per
hectare were obtained from December 20 planting. These results are in agreement with Rashid and Sarker
(2015). llic (2017) reported that growth and yield of carrot have been found to be influenced more by weather
conditions than soil

Table 1. Effect of planting time on the plant height of carrot

Planting time (A) 45 DAS 75 DAS 90 DAS 105 DAS
Oct. 24 24 38 43 51

Nov. 8 25 36 49 53

Nov. 22 26 49 55 54

Dec. 5 23 39 52 51

Dec. 20 16 38 47 52

LSD (0.05) 2.88 0.45 0.10 0.79
(0.01) 3.80 0.56 0.15 1.23
Level of sign. *x xx *x *x
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Table 2. Main Effect of Planting Time on the Growth and Yield of Carrot

Planting | No. of Fresh Dry weight Length of | Diameter | Fresh Dry Cracking | Rotting | Branching | Gross Marketable | Marketable
time (A) | leaves/plant weight of of leaves / root/plant | of root/ weight of | weight of | % of root | % of of root yield/plot | yield/plot yield (t/ha)
leaves / plant (g) (cm) plant root/plant | root/plant root (kg) (kg)
plant (g) (cm) ()] ()]
Nov. 10 | 12.22 44.27 7.58 15.10 4.65 119.05 15.59 24.57 2.99 14.49 4.96 3.86 32.99
Nov. 20 | 13.33 72.90 10.59 17.40 5.12 129.91 15.39 9.84 3.76 5.79 5.73 4.79 39.70
Nov. 30 | 13.03 71.56 10.99 16.53 4.79 122.49 14.68 17.41 3.15 7.95 5.56 459 39.15
Dec. 10 | 12.48 40.12 7.52 15.44 4.2 99.97 12.29 13.36 7.71 6.29 4.79 3.98 32.38
Dec. 20 | 12.00 33.48 5.85 13.90 4.01 83.24 9.81 10.83 10.25 12.57 3.89 3.78 25.02
LSD 1.25 2.88 0.45 0.69 0.10 3.26 0.79 5.29 3.15 10.36 0.35 0.29 2.25
(0.05) 1.74 3.80 0.56 0.89 0.15 4.38 1.23 7.19 4.18 13.53 0.45 0.38 2.32
(0.01)
Level of | * o ey o o o o P P NS P Fm o
sign.

** = Significant at 1% level of probability; * = Significant at 5% level of probability; NS = Non Significant
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Effect of Plant Spacing

Different yield contributing characters and yield of carrot were influenced due to the variation of spacing at
different days after sowing. The tallest plant (54cm) and the maximum no. of leaves per plant(16.30), fresh
weight of leaves per plant (72.28g), dry weight of leaves per plant (12.29g), length of root per plant (16.62cm),
diameters of root per plant (4.56cm), fresh and dry weight of root per plant (144.13g and 17.33g respectively),
rotting, cracking and branching of root (8.99%, 15.44% and 7.99% respectively) were obtained in the widest
spacing of 25 x 20 cm. The shortest plant (21cm) and the minimum no. of leaves per plant (13.79), fresh
weight of leaves per plant (29.009), dry weight of leaves per plant (4.38g), length of root per plant (14.41cm),
diameters of root per plant (2.99cm), fresh and dry weight of root per plant (92.05g and 8.84g respectively),
rotting, cracking and branching of root (3.40%, 6.76% and 6.26% respectively) were obtained in the closest
spacing of 10 x 0 cm. The highest gross yield per plot (5.25kg), marketable yield of carrots per plot (4.17kg)
and the highest marketable yield per hectare (34.95t/ha) were found at the closest spacing of 10 x 0 cm. The
lowest gross yield per plot (3.33kg, marketable yield (3.38kg) of carrots per plot and the highest marketable
yield (28.75t/ha) per hectare were obtained from the widest spacing of 25 x 20 cm (Table 2).

Table 3. Effect of spacing on the plant height of carrot

Plant Plant Height (cm)

Spacing (A) 45 DAS 60 DAS 75 DAS 90 DAS 105 DAS
25x 20 cm 25 31 43 52 54

20x 20 cm 22 30 39 51 51

15x 15 cm 23 32 40 49 52

10x 10 cm 21 32 41 50 51

LSD (0.05) 1.15 2.58 0.39 0.59 0.07
(0.01) 1.49 3.39 0.52 0.79 0.16
Level of sign. *x *x *x *x *x

Combined Effects of Planting Time and Spacing

The data of the table revealed that most of the yield components at different DAS and yield were greatly
affected by the combined effect of planting time and spacing. The tallest plant (55.57cm) was found from the
closest spacing of 10 x 10 cm with December 20 planting and the lowest plant height (20.20cm) was recorded
from the widest spacing of 25 x 20 cm with December 10 planting. The maximum number of leaves per plant
(16.43), the highest fresh leaves weight (92.00g) and dry weight of leaves (12.879), length and diameter of
carrot root (15.67cm and4.01cm ), fresh root weight (160.03g) and dry weight of root per plant (18.83g) as well
as minimum rotting, cracking and branching of root (3.30%,29.17% and 7.70% respectively) were recorded
from the treatment combination of November 20 planting with the spacing of 25 x 20 cm. December 20
planting with the closest spacing of 10 x 10 cm produced the highest gross yield (6.52kg) per plot and
marketable yield (5.87kg) per plot. The lowest gross yield (4.35g) and marketable yield (3.98kg) per plot were
found in November 20 planting with the spacing of 25 x 20 cm. It was observed that marketable yield of roots
(41.39 t/ha) were obtained when the crop was planted on December 20 planting with the spacing of 10 x 10
cm. The minimum marketable yield of carrot roots (21.97 t/ha) were obtained from December 20 planting with
the spacing of 25 x 20 cm.
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Table 4. Main Effect of Spacing on the Growth and Yield of Carrot

Effect of planting time and spacing on growth and yield of Carrot

Plant No. of Fresh Dry weight Length of Diameter  Fresh Dry weight ~ Cracking Rotting  Branching Gross Marketable  Marketable
Spacing leaves/plant  weight of of root/plant  of weight of  of % of % of of root yield/plot  yield/plot yield (t/ha)
(A) leaves/plant leaves/plant (cm) root/plant  root/plant  root/plant root root (kg) (kg)

C)] C)] (cm) (9 (9
25x% 20 16.30 72.28 12.29 16.62 4.56 144.13 17.33 15.44 8.99 7.99 3.33 3.38 28.75
cm
20% 20 16.10 59.54 9.16 16.20 3.97 122.33 14.79 12.33 7.67 6.67 4.14 3.48 29.78
cm
15% 15 15.01 45.70 7.43 15.46 3.86 112.61 12.42 10.89 6.10 378 4.22 3.89 321.67
cm
10x 10 13.79 29.00 4.38 14.41 2.99 92.05 8.84 6.76 3.40 6.26 5.25 4.17 34.95
cm
LSD 1.15 2.58 0.39 0.59 0.07 2.89 0.71 4.77 3.75 6.39 0.28 0.28 1.99
(0.05) 1.49 3.39 0.52 0.79 0.16 3.88 0.96 6.38 4.68 7.21 0.35 0.36 2.66
(0.01)
Level Of *% *% *% *% *% *% *% *% *% N S *% *% *%
sign.

** = Significant at 1% level of probability; * = Significant at 5% level of probability; NS = Non Significant
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Table 5. Combined Effect of Planting Time and Spacing on the Growth and Yield of Carrot

Treatr-nen.t Plant height (cm) Number of Fresh weight of  Dry weight of
combination
(AxB) 45 DAS 60 DAS 75 DAS 90 DAS 105 DAS leaves/plant leaves/plant (g) leaves/plant ()
T1% S1 24.93 32.76 39.69 48.42 49.10 16.83 63.70 8.25
T1ix S 23.38 29.12 35.63 42.30 49.20 15.03 52.07 6.85
T1%x S3 24.10 29.56 35.28 39.20 49.35 13.73 37.47 5.03
T1x Sa 20.20 27.92 39.15 42.40 49.99 12.93 23.83 4.19
Tox S1 24.62 29.87 36.75 43.23 47.55 16.17 92.00 12.84
Tox Sy 25.35 32.14 36.31 49.70 49.88 15.17 87.27 10.07
Tox S3 25.43 32.62 36.94 49.19 51.57 15.00 56.82 7.51
Tax Sq4 25.45 32.83 36.96 52.47 53.97 12.10 53.50 8.57
T3x Sp 24.67 29.48 49.83 49.99 52.07 15.43 91.00 10.87
T3x Sy 24.63 27.79 49.79 53.35 53.83 16.30 86.80 11.55
T3x S3 25.57 32.47 49.30 54.67 53.23 14.07 64.46 9.73
Tax Sa 25.93 33.92 49.99 53.83 53.63 13.53 45.33 7.22
Tax Sq 15.33 29.39 39.69 55.10 47.83 15.73 62.00 7.85
Tax Sy 14.20 29.79 36.99 48.33 48.50 14.47 44.70 6.69
Tax Sz 15.70 33.18 42.30 46.33 49.67 15.10 35.50 551
Tax Sa 16.30 32.53 38.97 49.30 49.88 13.73 26.27 4.33
Tsx Sy 22.53 32.25 39.29 43.23 45.83 14.53 53.43 8.30
Tsx S 22.97 27.76 36.42 49.70 49.88 13.20 34.50 4.80
Tsx S3 23.80 29.28 37.88 46.37 54.70 14.17 35.23 4.30
Tsx Sa 24.80 31.17 38.29 47.73 55.57 12.00 9.89 1.65
LSD (0.05) 3.59 4.59 4.99 4.59 4.99 2.49 5.98 0.80
(0.01) 4.78 6.18 6.59 6.26 6.69 3.29 7.96 1.11

DAS = Days after Sowing S1-25x 20 cm, S»-20% 20 cm, S3=-15% 15 cm and S4-10x 10 cm;T1= Nov. 10, T»=, Tz= Nov. 30, T4= Dec. 10 and Ts= Dec. 20
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Table 5. Combined Effect of Planting Time and Spacing on the Growth and Yield of Carrot (Contd.)

Length of . . .
I:)?l;nggn root? rDc::tTpT;irt of E;?(S):tygla;?:tﬂ onr)r/oV(\)Ite}EIZL i Cracking Rotting Branching of Qross Marketable Marketable

plant % of root % of root root yield/plot (kg) yield/plot (kg) yield (t/ha)
(AxB) (cm) (cm) (@) (@)
T1x Sy 14.15 3.00 153.78 14.57 15.89 4.23 22.29 4.85 3.98 21.97
Ti1xS; 13.96 3.70 132.37 14.91 10.67 4.13 15.11 4.75 3.68 30.98
T1x S 13.53 3.40 99.86 11.20 12.67 1.60 8.80 4.80 3.88 32.98
T1x Sy 13.12 3.04 88.20 8.68 9.44 1.39 7.70 5.23 3.98 32.59
Tox Sy 15.67 4.01 160.03 18.85 29.17 3.30 7.70 2.25 1.86 15.97
Tox Sy 15.22 4.00 132.07 15.60 20.88 5.80 5.50 2.75 2.18 17.59
Tax S3 15.12 3.00 1121.93 11.99 20.56 2.20 3.33 2.95 2.37 19.79
Tax Sy 14.10 2.05 69.90 8.27 10.67 4.11 2.20 3.45 2.78 22.99
Tsx S 16.70 4.05 163.02 19.31 4.10 2.60 6.10 6.95 5.96 41.39
Tsx Sy 15.24 4.04 149.48 17.82 11.67 3.30 5.00 5.55 4.70 39.93
T3x S 14.97 3.90 119.97 10.27 8.89 3.33 10.00 5.75 4.78 39.97
Tsx Sy 13.68 3.01 89.17 0.98 7.78 1.60 1.67 6.55 5.68 46.69
Tax Sy 14.53 3.90 119.03 14.82 11.11 7.70 4.40 3.50 2.78 22.99
Tax S, 14.41 3.02 78.00 10.51 8.30 10.22 7.52 3.58 2.98 24.59
Tax S3 12.05 3.70 99.77 11.10 7.50 6.62 3.32 3.55 3.82 25.93
Tax Sy 10.63 1.90 88.07 7.70 4.40 6.32 1.12 3.95 3.88 27.96
Tsx Sy 14.03 3.60 119.80 12.07 14.44 17.72 4.42 4.55 3.78 31.79
Tsx Sy 13.20 3.50 93.73 10.08 11.60 10.02 10.02 4.50 3.88 32.29
Tsx S3 12.63 3.01 83.53 8.50 7.78 11.62 3.23 5.85 5.87 40.95
Tsx Sy 12.53 3.01 36.90 4.50 5.40 1.42 28.52 6.52 5.87 42.29
LSD (0.05) 1.32 0.18 6.45 1.54 10.50 6.22 18.22 0.65 0.55 4.49

(0.01) 144 0.23 8.63 2.00 14.10 8.22 25.27 0.85 0.78 5.99

DAS = Days after Sowing S;-25x 20 cm, S,-20x 20 cm, S3-15% 15 cm and S,-10x 10 cm;T,= Nov. 10, T,=, Ts= Nov. 30, T,= Dec. 10 and Ts= Dec. 20
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DISCUSSION

As the growth progressed from sowing dates on all the mentioned parameters were increased in all
plantings. This present study demonstrated that under the climatic condition of Bangladesh where most carrot
cultivars do not produce flower, the roots continue to grow in size until harvest. Yield of carrots was increased
with the increase in length of the growing period (Mac, 1979 and Nascimento et al., 2018). The time of
harvesting of the crop should, therefore be determined by economic factors. For getting higher yield, the crop
should be planted as early as possible and harvested at late when high carotene and softness of root is found.
November 20 planting plants produced the highest dry weight of root (10.99g) and December 20 gave the
lowest dry root weight (5.85g). This result is in agreement with the results of Ali, 1994. The highest percentage
of root cracking (24.57) was found in October 20 planting and the lowest (10.83) in December 20 planting. The
highest rotting percentage of roots (10.25), the highest branching of root (12.57%) was observed in December
20. November 20 planting produced maximum yield (39.57 kg) per plot and the lowest yield (3.83 kg) was
found in December 20 planting. The mid-season planting (November 30 and December 10) was found to be
favorable for igher vegetative growth of carrot plant. The temperature prevailing during that time was perhaps
favorable for maximum vegetative growth of the plant and maximum vegetative growth can ultimately influence
the maximum yield.

The trend of increase in the number of leaves with the increase in plant spacing was perhaps due to the
fact that plants grown at higher spacing received more nutrients, water, light and air. The decrease in weight of
leaves with the decrease in plant spacing might be due to overcrowding of vegetative parts of plants in closer
spacing facing high inter-plant competition for nutrients, water, light and air. Root length and diameter was
also gradually decreased with the decrease in plant spacing. Increased fresh weight of root might be caused
due to accumulation of higher amount of photosynthesis as produced by the higher vegetative parts. The
higher percentage of root cracking in the wider spacing was probably due to more fluctuation of available solil
moisture as absorbed by the plants. The highest marketable yield (34.75 t/ha) was obtained when the plants
were grown at the closest spacing (10 x 10 cm) and the lowest marketable yield of roots (28.75 t/ha) was
obtained from the widest spacing of 20 x 20 cm. November 20 planting and wider spacing promoted
vegetative growth and increased root length of carrot but planting at closer spacing of 10cm x 10cm resulted in
higher total and marketable yields. The above result clearly indicates that the increase in yield from the closest
spacing was due to the increase in number of plants per unit area. The result of the present experiment is in
full agreement with that of kepta et al. (1978); Mccolluni et al. (1986), Salter et al. (1979)and Lana et al.
(2017);

CONCLUSION

Planting time and spacing are one of the most important factors for the increased production of carrot.
November 20 planting and wider spacing promoted vegetative growth and increased root length of carrot but
planting at closer spacing of 10cm x 10cm resulted in higher total and marketable yields and also increased
income and profit under BINA condition
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