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Abstract
This research was laid out to examine the effect of sowing dates and umbel pinching on seed
production of Daucas carota. The experiment was conducted in randomized complete block
design (RCBD) with split plot arrangement and replicated three times at Horticulture Nursery
of Agriculture University, Peshawar, Pakistan in 2016. Sowing dates (25th October, 9th and 24th
November) were assigned to main plot, while umbel pinching levels; secondary + tertiary +
quaternary (STQ), primary + tertiary + quaternary (PTQ) and tertiary and quaternary (TQ)
umbel pinching were allotted to sub plots. Maximum (p<0.05) days to flowering (111 days),
plant height (137.5 cm), days to seed setting (15.6 days), umbel diameter (14.6 cm), days to
maturity (151 days), variability in harvest time (34.8 days), seed yield umbel-1 (5.1 g), seed
yield plant-1 (34.2 g) and seed yield tha-1 (3.7 t ha-1) were recorded on 25th October sowing date.
Umbel pinching had significantly enhanced plant height (136.4cm), umbel diameter (17 cm),
and seed yield umbel-1 (5.7 g) by pinching of STQ umbels. While, maximum seed yield plant1
(46.9 g), seed yield t ha-1 (5 t ha-1) and variability in harvest time (34.1 days) were observed
in TQ umbel pinching. Interaction between sowing dates and umbel pinching (S x U) were
found significant in case of seed yield umbel-1, seed yield plant-1, seed yield t ha-1 and
variability in harvest time. Based on the present findings it is concluded that sowing on 25th
October with pinching of TQ umbels is recommended for maximum seed production in carrot.
Keywords: Carrot; Seed production; Sowing dates; Umbel pinching; Yield
while grows during winter in tropical and
Introduction
Carrot (Daucas carota L.) belongs to the
subtropical regions [2]. Carrot is a biennial
family Umbellifereae, cultivated mostly as
crop but in tropical regions it is cultivated
winter vegetable. It is originated in Asia
as an annual crop. An enlarged, high
and Mediterranean regions about 2000
nutritive and fleshy taproot is produced by
years ago but nowadays cultivated
carrot plant which is edible. Carrot is a rich
throughout the world [1]. Carrot is
source of antioxidants, minerals, vitamins,
considered as a temperate region crop that
and fibers, contains Vitamin A and βgrows during spring in temperate regions
carotene in large quantity [3].
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Daucus carota L. produces rosette of leaves
and taproot during the first growing season,
while in the second growing season it
develop flowers. Stored sugar provides
energy to the plant for flowering. Carrot
produces hermaphroditic and selfpollinated flowers but cross-pollination
also occurs more frequently because
stamens mature earlier than the pistils [4,
5]. At the blooming stage, carrot produces
an inflorescence on the tip of the stem
called primary umbel which upon division
makes the secondary, tertiary and
quaternary umbels. Carrot seed quality such
as size, vigor and germination changed as
umbel order changes. The increase in
umbel order decreased its size [1]. In carrot
seed production, different umbel orders
contribute differently. Primary umbel
contributes 11%, secondary umbel 58% and
tertiary 31% to the over-all seed
production. Increase in the order of umbel
causes decrease in the seed quality [6]. Seed
quality depends on umbel size and its
position [7]. Pinching is an important
practice for the successful production of
flowers. Pinching is actually the removal of
terminal portion of stem to inhabit apical
dominance. Pinching of growing shoot
apex terminates the apical dominance and
dry matter is diverted into side buds and
branches. The two important factors that
have great effect on carrot seed quality and
yield are umbel order and umbel pinching.
The purpose of umbel pinching is balancing
and inducing the nutrients and hormones.
When umbel pinching is done, the existing
umbels have less competition for nutrients
and hormones. Due to umbel pinching more
nutrients and hormones are transported to
the flowers which in turn grow healthy
seeds [8]. The transport of auxin from the
tissues
might
limit
cytokynin
concentrations as well as maintain apical
dominance through hormonal action.
Through pinching practice we can adjust
plant growth and improve its quality.
Apical control is a problem to the
commercial growers because it does not
allow the lateral buds to grow, which result

in less number of lateral flowers. one can
also increase the aesthetic value through
pinching because of pinching practice more
number of lateral flowers are produce [9].
Growth and yield of a crop are highly
affected by sowing dates. The appropriate
sowing time depends on cropping model
and current environment which is an
important factor for seed production of
carrot. Being a biennial crop carrot seeds
production is greatly affected by
temperature [10]. Large size seeds produce
heavier individual root weight and more
resultant yield [11-14]. Keeping in view the
importance of sowing dates and umbel
pinching, the present study was conducted
to test the hypothesis that sowing time,
umbel pinching and their interaction have
an influence on seed production in carrot.
Materials and methods
Experimental site
We conducted current experiment at
Ornamental Horticulture Nursery, The
University of Agriculture, Peshawar,
Pakistan in 2016, which is located at
71.5833 ° E longitude and 34.0167 ° N
latitude with altitude above sea level is 350m. The climatic conditions in this location
is semiarid, where maximum wind speed is
35 km/h, average annual rainfall is low (300
to 500 mm) 60–70% in summer while 30–
40% rainfall occurs in winter [15, 16].
Experimental design
The experiment was designed using RCBD
(randomized complete block design) with
split-plot arrangement having two factors
and replicated three times. Seeds of cultivar
“Shan”(collected
from
horticulture
nursery) was sowed on three different dates
i.e. 25th October, 09th November and 24th
November kept in main plot and different
pinching levels i.e. pinching STQ umbels
(secondary + tertiary + quaternary), PTQ
umbels (primary + tertiary + quaternary)
and TQ umbels (tertiary + quaternary) was
allotted in sub plot. Twelve treatment
combinations were kept, which were
replicated three times. Row to row and
plant to plant distance was kept 60 cm and
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20 cm, respectively. There were 36 sub
plots with plot size 1.4 m2 each.
Soil preparation
Soil was ploughed up thoroughly and was
leveled through cutter. One foot high ridges
were made. A soil sample was collected
before sowing and was send to soil
laboratory
for
chemical
analysis.
Fertilization was done in split doses.

Recommended NPK doses were applied @
of 100, 100 and 125 kg ha-1. Half dose of
Urea and a full dose of Potash and
Phosphorus were applied at sowing time
and the rest of the urea was applied after 30
days of sowing. Irrigation was done when
needed. Regular cultural practices i.e.
weeding, hoeing etc were carried out
throughout the experiment (Table 1).

Table 1. Soil analysis results
Physico-chemical Properties
Soil Texture
Bulk density
Practical density
pH (1:5 soil water extract)
EC (1:5 soil water extract)
Lime content
Organic matter content
Total Nitrogen
Soluble Calcium
Soluble Magnesium

Value
Silt loam
1.15
2.21
8.02
0.26
8.3
1.06
0.011
24.2
3.01

Parameters recorded
Data recorded on different growth and
productivity parameters during course of
the studies include; Days to flowering,
average plant height (cm) and umbel
diameter (cm) were recorded by randomly
selected five plants in each treatment per
replication and their average was
calculated. Days to seed setting were
counted from the appearance of flower
umbel to the date of seed setting, days to
maturity were counted from the date of
sowing to the seed harvesting maturity,
variability in harvest time was calculated by
subtracting the number of days to the
maturity of first umbel from the number of
days required for the maturity of last umbel
in each treatment in every replication and
their average was calculated. Seed yield per
umbel-1 (g) and seed yield plant-1 (g) was
taken by weighing the seed collected from
five plants randomly in all treatments in
each replication and their average was
noted [17] while seed yield (tons ha-1) was
calculated using following formula;
Seed yield (t ha−1 ) =

Unit
--g cm-3
g cm-3
--dS m-1
%
%
%
mg kg-1
mg kg-1

Statistical analysis
The data noted was subjected to Analysis of
Variance (ANOVA) technique appropriate
for RCBD split plot design with two factor
experiment. Means were compared by
using Least Significant Difference (LSD)
test at 5% level of significance. Statistical
software Statistix (8.1) was used for
calculating ANOVA and LSD value [18,
19].
Results and discussion
Days to flowering
The mean data regarding days to flowering
is presented in (Table 2). Statistical analysis
indicated that sowing dates and umbel
pinching had significant effect on days to
flowering, while their interaction was found
non-significant. Mean data showed that
delay in sowing dates significantly decrease
days to flowering. Maximum days to
flowering (111.0 days) were noted at 25th
October, whereas the minimum days to
flowering (81.3 days) were recorded at 24th
November. Mean data for umbel pinching
showed that days to flowering were
significantly affected by umbel pinching.
Maximum days to flowering (103.3 days)

Plot seed yield (kg) 10000
×
Plot area (m2 )
1000
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were observed in case of Pinching PTQ
umbels whereas minimum days to
flowering (97.1 days) were recorded in case
of control. Due to early planting, plants
obtained comparatively high temperature
also long growth period which results in
maximum vegetative growth and delay in
flowering. While the delay in sowing
eventually reduced the growth period also
resulted in early onset of flowering [20].
Similarly, planting time had a marked
influence on the number of days required
for 50% flowering in onion when planted
earlier, because onion bulbs planted in
relatively hot condition matured earlier
compared to those which were planted in
relatively cold season [17]. Pinching
delayed the flowering and delay was high
in case of sever pinching. The delay might
be due to the removal of apical portion.
When the apical bud is removed, the source
of IAA (indole acetic acid) is removed.
Since the IAA concentration is much lower,
and the lateral buds can grow due to the
elimination of apical dominance. The
lateral branches took longer time to become
physiologically mature for flowering. Our
findings are in line with the results obtained
by [21] in okra.
Plant height (cm)
The mean data concerning plant height is
given in (Table 2). Its statistical analysis
indicated that sowing dates and umbel
pinching had significant effect on plant
height while their interaction was found
non-significant. Data on sowing dates
showed that maximum plant height (137.5
cm) was recorded at 25th October sowing
whereas minimum plant height (118 cm)
was recorded at 24th November sowing.
Umbel pinching data showed that plant
height was significantly affected by umbel
pinching. Maximum plant height (136.4
cm) was observed in case of pinching STQ
umbels whereas minimum plant height
(124.1 cm) was noted in case of pinching
PTQ umbels.
Maximum plant height in case of early
sowing might be due to optimum time and
environmental
conditions
especially

temperature that promotes vegetative
growth [22]. Increased in plant height
might also be the fact that plant gets enough
time to complete its vegetative growth due
to early sowing and then switch towards
reproductive growth [23]. Moreover, [17]
reported that onion bulbs planted earlier
showed maximum plant height compared to
those planted later. The increase could be
due to early planting that might have
provided plants with relatively cooler
condition compared to the later. Thus
cooler period stimulates cytokine and
gibberellins accumulation in plants,
modifying their hormonal balance and
leading to increase plants development and
elongation of flowering stalk [24].
Maximum plant height was measured in
case of pinching STQ umbels because
apical buds produce IAA (indole acetic
acid) that inhabit the lateral buds growth
and promote the plant’s vertical growth.
The results are parallel with [25] they
observed that the decrease in plant height in
pinched plants is mainly due to elimination
of apical dominance. By the removal of the
apical portion of main branch, auxiliary
buds become free from correlative
inhibition of apical dominance thus
diverting plants metabolites from vertical
growth to horizontal and start their growth.
Moreover, [26], also observed reduction in
plant height by pinching in China aster
varieties.
Days to seed setting
Data pertaining days to seed setting is
presented in (Table 2). Statistical analysis
indicated that sowing dates and umbel
pinching had significant effect on days to
seed setting but have a non-significant
interaction. Mean data of sowing dates in
(Table 2) showed that delay in sowing dates
significantly reduce days to seed setting.
Maximum days to seed setting (15.6 days)
were noted at 25th October sowing whereas
minimum days to seed setting (11.1 days)
were noted at 24th November. Mean data for
umbel pinching showed that days to seed
setting was significantly affected by umbel
pinching. Maximum days to seed setting
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(15.3 days) were observed in case of
pinching PTQ umbels whereas minimum
days to seed setting (12.4) were recorded in
case of control.
The delay in sowing time results in early
flowering and early development of seed.
This might be due to the fact that delay in
sowing, plants did not get optimum
environmental conditions and sufficient
time to complete its vegetative growth thus
resulted in early flowering and seed setting
[22]. In pinched plants delay in flowering
and seed setting was observed. This delay

could be due to the removal of apical
portion which results in the inhibition of
apical dominance and therefore took more
time to get mature for flowering and seed
setting. The above findings are in line with
previous findings of [27] in pinching
carnation. Days to seed setting in pinched
plant were more because of the delay in
shoots for bearing flowers, delay pinching
practice and slow growth of auxiliary shoot.
Similar results are also in accordance with
the findings of [28] in pinching African
marigold.

Table 2. Days to flowering, Plant height, Days to seed setting, Umbel diameter and Days
to maturity of carrot as affected by sowing dates and umbel pinching
Days to
flowering

Plant height
(cm)

Control
Pinching STQ
Pinching PTQ
Pinching TQ
LSD (0.05)

97.1c
100.5b
103.3a
100.7b
0.9

127.6c
136.4a
124.1d
133.2b
0.9

25th Oct
9th Nov
24th Nov
LSD (0.05)

111.0a
109.0b
81.3c
1.1

137.5a
135.5b
118c
0.8

U×S
LSD (0.05)

NS
NS

NS
NS

Characters
Treatments

Days to seed
setting
Umbel
pinching (U)
12.4d
13.5c
15.3a
14.2b
0.3
Sowing
dates (S)
15.6a
14.8a
11.1b
0.9
Interaction
NS
NS

Umbel
diameter (cm)

Days to
maturity

12.3c
17.a
10.3d
13.8b
0.3

129.9d
133.5c
137.4a
134.7b
1

14.6a
13.6b
11.9c
0.5

151a
148.3b
102.4c
0.9

NS
NS

NS
NS

*Mean values tag with heterogeneous letters are not similar statistically at p≤0.05 according to LSD Test. NS
stands for Non-significant

diameter was significantly affected by
umbel pinching. Maximum umbel diameter
(17.0 cm) was observed in case of pinching
STQ umbels whereas minimum umbel
diameter (10.3 cm) was noted in case of
PTQ umbels pinching.
Due to early planting, long day length and
high temperature add towards the yield
contributing characters, while on the other
hand slow vegetative growth period results
in minimum umbel diameter because of
lower temperature and short day length.
Our findings agree with that of [29]
investigations who reported that umbel

Umbel diameter (cm)
In (Table 2), mean data related to umbel
diameter of carrot is presented. Statistical
analysis of umbel diameter declared that
sowing dates and umbel pinching had
significant effect on average umbel
diameter and their interaction was found to
be non-significant. Mean data table on
sowing dates showed that maximum
average umbel diameter (14.6 cm) was
recorded at 25th October sowing whereas
the minimum umbel diameter (11.9 cm)
was recorded at 24th November. Mean data
table of umbel pinching showed that umbel
1775
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diameter in onion is affected by delay in
planting. Early planting increased umbel
diameter in onion compared to late planted
onions. This might be attributed due to the
climatic variability in growing environment
[30]. Through umbel pinching practice,
nutrients and hormones get balanced and
diverted toward the remaining umbels
giving a higher umbel size, more numbers
of umbellate per umbel and ultimately
produces higher yield. Pinching breaks
apical dominance and diverts more energy
to the production of more number of
branches, flowers and ultimately more yield
[28]. [31] studied that pinching of tomatoes
promoted plant growth, total yield and
quality fruit production.
Days to maturity
The data on days to maturity is presented in
(Table 2). Its statistical analysis showed
that sowing dates and umbel pinching had
significant effect on days to maturity while
their interaction was found non-significant.
Mean data of sowing dates showed that
sowing dates had significant effect on days
to maturity. Maximum days to maturity
(151 days) were observed at 25th October
whereas minimum days to maturity (102.4
days) were noted at 24th November. Mean
data of umbel pinching showed that days to
maturity were significantly affected by
umbel pinching. Maximum days to
maturity (137.4 days) were observed in
case of pinching PTQ umbels whereas
minimum days to maturity (129.9 days)
were recorded in case of control.
When planting is done earlier, plants
receive comparatively high temperature and
long day length which might extend
vegetative growth period ultimately
resulted in delayed seed maturity while, in
delayed planting due to short day length and
low temperature result in early seed
maturity [20]. Maximum days taken to
flowering and seed maturity in pinched
plant were due to the formation of mature
shoots for bearing flowers which took more
days. More number of days required to bud
appearance due to pinching were observed
in Chrysanthemum by [32-34]. [25] also

reported that pinched flowers needed
maximum days to start reproductive growth
and hence delayed in seed maturity in
chrysanthemum.
Variability in harvest time
The data regarding variability in harvest
time is presented in figure I. Statistical
analysis indicates that sowing dates, umbel
pinching and their interaction had
significant effect on variability in harvest
time. The interaction between sowing dates
and umbel pinching (Fig. 1) indicated that
maximum (36.6 days) variability in harvest
time was recorded at 25th October sowing
with pinching TQ whereas the minimum
(25.7 days) variability in harvest time was
observed at sowing on 24th November in
case of control.
Variability in harvest time may be due to
variability in seed maturity. Due to early
planting, plants received high temperature
and long day length which might have
extended vegetative growth period
ultimately resulted in delayed seed maturity
while, in delayed planting due to short day
length and low temperature result in early
seed maturity [20]. The reason of greater
variability in harvest time might be due to
the fact that primary umbel matures first
because it appears first and located on the
top of the flowering stock. The removal of
tertiary and quaternary inflorescence
diverted the Photosynthate towards the
primary and secondary inflorescence which
increases their vegetative growth and the
umbels remain green for longer time period.
Our findings are in line with [35] who
obtained similar results in training carrot.
Seed yield umbel-1(g)
The data regarding seed yield umbel-1 is
presented in figure 2. Statistical analysis
indicated that sowing dates and umbel
pinching had significant effect on seed
yield umbel-1 and their interaction was also
found significant. The interaction between
sowing dates and umbel pinching (Fig. 2)
indicated that highest seed yield umbel-1
(6.9 g) was noted at 25th October sowing in
pinching STQ whereas the lowest seed
yield umbel-1 (2.2 g) was recorded at 24th
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November sowing date with pinching PTQ
umbels.
At early planting seed yield was found
maximum because of high light intensity,
temperature and long day length preparing
more photosynthesis for the plant which
add toward more seed yield. Favorable
atmospheric conditions could have also
promoted vegetative and reproductive
growth such as less flower abortion,
optimum temperature, efficient pollinators
and nutrients availability for all florets in
the umbel [36]. Our findings agreed with
that of [29] reported that yield of different
varieties of onion is influenced by delay in
planting. On the other hand, Pinching STQ
umbels resulted in maximum seed yield
umbel-1. This might be due to the fact that
through umbel pinching nutrients and
hormones are diverted towards the
remaining umbels. Because of pinching the
umbels face less competition for nutrients
and hormones. More nutrients and
hormones are transported to the flowers and
they produce bigger, heavier and healthy
seeds. Our results are in line with [37] who
reported that higher umbel size, number of
flower umbel-1, number of seeds/umbel and
highest quality of seed was exhibited in
only primary umbels.
Seed yield plant-1(g)
The data regarding seed yield plant-1 is
presented in figure III. Statistical analysis
showed that sowing dates, umbel pinching
and their interaction had significant effect
on seed yield plant-1. The interaction
between sowing dates and umbel pinching
(Fig. 3) indicated that maximum seed yield
plant-1 (50.1 g) was recorded at 25th October
sowing with pinching TQ whereas the
minimum seed yield plant-1 (15.2 g) was
recorded at 24th November in case of
pinching STQ.
Early planting time resulted in higher seed
yield per plant in carrot could be the
availability of favorable cool temperature
for flower development. While, high
atmospheric temperature causes early
maturity of bulbs before attaining sufficient
growth of plant, thereby resulting in low

seed yield in onion [30]. The increased in
seed yield per plant might be due to the
more number of seed per umbel, cool
temperature for flower development in
early planting or following favorable
temperature that may have increased the
seed yield per plant [36]. Similarly, our
results are in line with [38] who stated that
early planting is always important to obtain
higher seed yield and bulb size because
yield is significantly reduced with delay in
planting. Due to pinching, hormones and
nutrients can be balanced. As umbel
pinching causes less competition for
nutrients and hormones thus more nutrients
and hormones are transported to the flowers
for healthy seed production and have higher
germination percentage. Our results are
closely related with [37] who reported that
due to umbel pinching the existing umbels
are of higher size, produce more number of
flowers per umbel, higher number of seeds
per umbel and highest quality of seed.
Seed yield (t ha-1)
The data regarding seed yield (t ha-1) is
shown in (Fig. 4. Statistical analysis
indicated that sowing dates and umbel
pinching had significant effect on seed
yield t ha-1and their interaction was also
found significant. The interaction between
sowing dates and umbel pinching (Fig. 4)
indicated that maximum seed yield (5.4 t
ha-1) was found on 25th October sowing
with pinching of TQ umbel. While
minimum seed yield (1.6 t ha-1) was noted
in case of 24th November sowing with
pinching of STQ umbel.
Maximum seed yield (t ha-1) was observed
at early planting which might be due
highest seed yield per umbel and seed yield
plant-1. Other reason could be the combined
contribution of the yield contributing
characters affected by comparatively lower
atmospheric temperature and short day
length. On the other hand, slow vegetative
and reproductive growth and minimum
yield were observed at late planting because
of high temperature and long day length.
These findings coincided with that of [39]
concluded that seed yield of onion cultivars
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was maximum due to early sowing. Due to
umbel pinching, nutrients and hormones are
balanced and influenced as a result the
existing umbels which face less
competition for nutrients and hormones.
More nutrients and hormones are
transported to the existing umbels which
produce bigger, heavier and healthier seeds
and have higher germination percentage

and vigor index. Seeds become more
vigorous and viable. Pinching gathers
additional photosynthates which are used
for more flowers production. Pinching
checked apical dominance and diverted
extra energy in to the production of more
numbers of branches, flowers and seeds
[28].

Figure 1. Interaction effect of sowing dates and umbel pinching of carrot as affected by
variability in harvest time

Figure 2. Interaction effect of sowing dates and umbel pinching of carrot as affected by
seed yield umbel-1(g)
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Figure 3. Interaction effect of sowing dates and umbel pinching of carrot as affected by
seed yield plant-1(g)

Figure 4. Interaction effect of sowing dates and umbel pinching of carrot as affected by
seed yield (t ha-1)
reagents/ materials/ analysis tools: G Ayub
& I Ahmad, Wrote the paper: K Shah, U
Shahid & H Shah.
References
1. Amjad M & Anjum MA (2001). Effect
of root size, plant spacing and umbel
order on the quality of carrot seed. Inter
J of Agri and Biol 3(2): 239-242.
2. Shilpi V (2010). Biochemical alterations
caused by Alternaria alternata in
Raphanus sativus L. var. (Mino
Early). Inter J of Plant Protec 3(1): 151153.
3. Butt MS, Tahir-Nadeem M & Shahid M
(2007). Vitamin A: Deficiency and foodbased combating strategies in Pakistan

Conclusion
It is concluded that among different sowing
dates, sowing on 25th October provided
increased seed yield of carrot. Pinching of
TQ (tertiary and quaternary) umbels of
carrot improved seed production and its
quality. Therefore, carrot should be sown
on 25th October and pinched its TQ (tertiary
+ quaternary) umbels for the improved seed
production.
Authors’ contributions
Conceived and designed the experiments:
H Shah, U Shahid & K Shah, Performed the
experiments: H Shah, G Ara, U Litaf & B
Zainub, Analyzed the data: K Shah, U
Shahid, G Ara & H Shah, Contributed

1779

Shah et al.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

and other developing countries. Food
reviews international 23(3): 281-302.
Ou CG, Mao JH, Liu LJ, Li CJ, Ren HF,
Zhao ZW & Zhuang FY (2017).
Characterizing genes associated with
flowering time in carrot (Daucus carota
L.) using transcriptome analysis. Plant
Biol 19(2): 286-297.
Vuts J, Woodcock CM, Caulfield JC,
Powers SJ, Pickett JA & Birkett MA
(2018). Isolation and identification of
floral attractants from a nectar plant for
the dried bean beetle, Acanthoscelides
obtectus (Coleoptera: Chrysomelidae,
Bruchinae). Pest Manag Sci 74(9):
2069-2075.
Nascimento WM (1991). Effect of
umbel order on production and quality of
carrot seeds. Revista Brasileira de
Sementes (Brazil).
Gill SS, Singh H & Singh J (1981).
Carrot seed production. II. Spacing and
umbel order on seed yield. Vegetable
science.
Pereira RS, Nascimento WM & Vieira
JV (2008). Carrot seed germination and
vigor in response to temperature and
umbel orders. Scientia Agricola 65(2):
145-150.
Satyaveer S, Nehra BK, Malik YS &
Singh S (1994). Carrot seed yield and
quality as influenced by different order
umbels under varying nitrogen, plant
density and geometry. Crop Res Hisar 3:
543-548.
Bose TK & Som MG (1986). Vegetable
crops in India.
Austin RB & Longden PC (1967). Some
effects of seed size and maturity on the
yield of carrot crops. J of Horticul Sci
42(4): 339-353.
TeKrony DM & Egli DB (1991).
Relationship of seed vigor to crop yield:
a review. Crop Science 31(3): 816-822.
D’Hooghe P, Diaz D, Brunel-Muguet, S,
Davy M, Vial F, Dubois J & Kauffmann
F (2018). Spatial variation of root yield
within cultivated carrot fields is strongly
impacted by plant spacing. Scientia
Horticul 241: 29-40.
Kumar A, Afroza B, Jabeen N &
Mushtaq N (2017). Manipulation of

15.

16.

17.

18.

19.

20.

21.

22.

1780

Plant Spacing and Steckling Size to
Increase Growth and Seed Yield in
Carrot (Daucus Carota L.) Under
Temperate
Conditions
of
Kashmir. Vegetos
30:
4.
doi:
10.4172/2229, 4473.
Shah K, Amin N, Ahmad I, Shah S, &
Hussain K (2017). Dust particles induce
stress, reduce various photosynthetic
pigments and their derivatives in Ficus
benjamina: a landscape plant. Inter J
Agric Biol 19: 1469-1474.
Shah K, ul Amin N, Ahmad I & Ara G
(2018). Impact assessment of leaf
pigments in selected landscape plants
exposed to roadside dust. Environ Sci
and Pollution Res 25(23): 23055-23073.
Tesfaye M, Belew D, Dessalegn Y &
Shumye G (2018). Effect of planting
time on growth, yield components, seed
yield and quality of onion (Allium cepa
L.) at Tehuledere district, northeastern
Ethiopia. Agriculture & Food Security
7(1): 28.
Basit A, Shah K, Rahman MU, Xing L,
Zuo X, Han M & Khalid MA (2018). 15.
Salicylic acid an emerging growth and
flower inducing hormone in marigold
(Tagetes sp. L.). Pure and Appl Biol
7(4): 1301-1308.
Gilani SAQ, Shah K, Ahmed I, Basit, A,
Sajid, M, Bano, AS & Shahid U (2019).
Influence of indole butyric acid (IBA)
concentrations on air layerage in guava
(Psidium guajava L.) cv. Sufeda. Pure
and Applied Biology (PAB) 8(1): 355362.
Ahmad SU & Munshi SK (1995). Effect
of different dates and methods of
planting on the growth, bulb yield and
storage of onion. Progress. Agric 6(2):
109-116.
Arora SK, Kumar N & Sharma BR
(1991). Effect of nitrogen and
phosphorus fertilization on growth and
yield components in okra (Abelmoschus
esculentus L Moench). Haryana J Hort
Sci 20(3-4): 261-266.
Kabir A, Ali A, Waliullah MH, Rahamn
MMM & Rashid A (2013). Effect of
spacing and sowing time on growth and

Pure Appl. Biol., 8(2): 1771-1781, June, 2019
http://dx.doi.org/10.19045/bspab.2019.80120

23.

24.

25.

26.

27.

28.

29.

30.

31.

yield of carrot (Daucus carota L.). Inter
J of Sustainable Agric 5(1): 29-36.
Mehri S, Forodi BR & Kashi AK (2015).
Influence of planting date on some
morphological characteristic and seed
production in onion (Allium cepa L.)
cultivars. Agric Sci Dev 4(2): 19-21.
Rakhimbaev IR & Ol'shanskaia R
(1976). Dynamics of endogenous
gibberellins during transition of garlic
bulbs from dormancy to active
growth. Fiziol Rast Mosk.
Ona AF, Taufique T, Roni MZK, Jui NJ
& Jamal Uddin AFM (2015). Influence
of Pinching on Growth and Yield of
Snowball Chrysanthemum. Inter J Bus
Soc Sci Res 3(3): 174-178.
Sailaja SM & Panchbhai DM (2014).
Effect of pinching on growth and quality
characters of China aster varieties. Asian
J of Horticul 9(1): 36-39.
Chavan SK (2003). Assessment of
Pinching methods for cultivation of
carnation
under
polyhouse
conditions (Doctoral
dissertation,
Mahatma phule krishi vidyapeeth,
rahuri-413 722, distt. Ahmednagar,
Maharashtra state (India).
Pushkar NC & Singh AK (2012). Effect
of pinching and growth retardants on
flowering and yield of African marigold
(Tagetes erecta L.) var. Pusa Narangi
Gainda. Inter J of Horticul 2.
Singh L, Chauhan KPS, Singh JB &
Singh L (1991). Response of different
onion varieties for delayed planting
under Karnal condition. NewsletterAssoc Agric Dev Found 11(4): 1-9.
Mollah MRA, Ali MA, Ahmad M,
Hassan MK & Alam MJ (2015). Effect
of planting dates on the yield and quality
of true seeds of onion. Inter J of Appl Sci
and Biotechnol 3(1): 67-72.
Arin L & Ankara S (2001). Effect of
low-tunnel, mulch and pruning on the

32.

33.

34.

35.

36.

37.

38.

39.

1781

yield and earliness of tomato in unheated
glasshouse. J Appl Hort 3(1): 23-27.
Ahmad I, Ziaf K, Qasim M & Tariq M
(2007). Comparative evaluation of
different pinching approaches on
vegetative and reproductive growth of
carnation (Dianthus caryophyllus). Pak
J Agri. Sci 44(4): 563-570.
Gautam SK (2003). Effect of plant
growth regulators on growth, Flowering
and
Yield
of
chrysanthemum
(Chrysanthemum morifolium Ram.)
cv.'Nilima (Doctoral
dissertation,
Mpuat, Udaipur).
Reiss-Bubenheim D & Lewis AJ (1986).
Pre-plant application of growth
retardants to pinched and unpinched
chrysanthemum
cuttings. Scientia
Horticul 28(1-2): 159-164.
Shinohara S (1984). Vegetable seed
production technology of Japan
elucidated with respective variety
development histories, particulars Vol 1.
Ashagrie T, Belew D, Alamerew S &
Getachew Y (2014). Effects of planting
time and mother bulb size on onion
(Allium cepa L.) seed yield and quality
at
Kobo
Woreda,
Northern
Ethiopia. Inter J Agric Res 9(5): 231241.
Malek MA, Mohammed D, Sikdar M &
Rahman MS (2012). Effects of variety
and growing condition on yield and
quality of carrot seed. J of Environ Sci
and Nat Resou 5(2): 301-306.
Ud-Deen MM (2008). Effect of mother
bulb size and planting time on growth,
bulb
and
seed
yield
of
onion. Bangladesh J of Agri Res 33(4):
531-537.
Lisbão RS, Fornasier JB, Igue T & Cury
AP (1985). Evaluation of onion (Allium
cepa L.) cultivars, at different sowing
times, in Monte Alegre do Sul, State of
São Paulo, Brazil. Bragantia 44(1): 441450.

