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Abstract: The experiment was conducted at Horticulture Farm, Bangladesh Agricultural University, Mymensingh during rabi season
of 2010-2011. Different levels of growth regulators viz. GA3 100 ppm, GA3 150 ppm, GA3 200 ppm, GA3 250 ppm, IAA 100 ppm, IAA
150 ppm, IAA 200 ppm and IAA 250 ppm were used to investigate the effects of growth regulators and to determine the appropriate
dose on fruit setting and seed yield of carrot.  Application of growth regulators had a profound influence on plant height, days to 50%
flowering, days required from flower to fruit set, number of primary and secondary umbels, seed yield plant -1 and ha-1, 1000-seed weight,
seed germination  % and seed vigour  index.  Among the treatments,  GA3 150 ppm was  the best to  influence the yield  and quality
contributing traits. GA3 150 ppm gave the highest seed yield (1283.07 kg ha -1) and superior quality of seed (germination 86.56% and
seed vigour index 12.34)  followed by 1228.53 kg ha-1 seed yield from growth regulators level of GA3 200 ppm.

Keywords: Growth regulators, carrot seed quality, yield 

Introduction
Carrot is one of the top-ten most economically important
vegetable  crops  in  the  world  in  terms  of  both  area  of
production  and  market  value  (Simon,  2000;  Fontes  and
Vilela,  2003).  Carrot  root  is  an  excellent  source  of
carotene  (8285  μg  /100  g  fresh  weight)  a  precursor  of
vitamin A.  It plays a vital role to protect the blindness of
children  providing  vitamin  A.  The  total  global  market
value  of  the  more  widely  traded  carrot  seed  has  been
estimated $100 million (Simon, 2000). There is no actual
statistics  about the annual  requirement  of  carrot  seed  in
Bangladesh. In 2011, different seed companies sold 5008
kg of seeds all  over  the country, market  price of  which
stands  2  crores  taka  and  all  of  its  was  imported  seeds
(Anonymous,  2012).  Plant  growth  regulators  are
considered  as  the  key  factors  in  vegetative  growth,
flowering,  fruit  setting  and  seed  production  in  plant.  It
revealed from the experiments conducted in various part
of the world that IAA, NAA, GA3, BA, 2,4-D, IBA and
ethrel at various concentrations have remarkable effect on
flower  initiation,  plant  height,  number  of  flowers  per
umbel, umbel size of carrot. Arun  et al.  (1997) observed
maximum plant  height  and  fruit  yield  per  plant  by  the
foliar  application  of  GA3 200  ppm  at  one  month  after
transplanting  in  brinjal.  In  Ghana,  GA3 is  reported  to
induce  flowering  in  cauliflower  (Norman,  1974).  The
application of growth regulator enhanced the yield as well
as quality of seed. The highest seed yield (520 kg ha-1) and
best  quality  (germination  80%)  of  onion  seeds  were
obtained from application of GA3 (Hossain  et al., 2002).
But,  a  few  experiments  were  carried  out  with  growth
regulators as influencing factors in carrot seed production
under  Bangladesh  conditions.  So,  the present  study was
undertaken to investigate the effect  of growth regulators
and appropriate  dose on fruit  setting and seed yield and
quality of carrot.  

Materials and Methods
The  experiment  was  carried  out  during  rabi  season  of
2010-2011 with a view to studying the effects of different
levels of growth regulators. The field experiment was laid
out in the randomized complete block design with three
replications.  Nine  levels  of  the  following  growth
regulators  consisting of  i)  Control  ii)  GA3 100 ppm iii)
GA3 150 ppm iv) GA3 200 ppm v) GA3 250 ppm vi) IAA
100 ppm vii)  IAA 150 ppm  viii)  IAA 200 ppm and ix)

IAA 250 ppm were used. The selected land was medium
high  and  the  texture  of  soil  was  clay  loam.  The
experimental plot was prepared by good tillage. The entire
amounts  of  fertilizers  were  mixed  with  the  soil  as  per
recommended dose of BARC (2005). Urea and MoP were
used in the same plot in three equal installments viz. one
as basal dose during plot preparation and another two dose
as top dressing at  15 and 40 days  after  transplanting of
steckling.  The  seed  of  carrot  variety  Brasilia  Agroflora
was  collected  from  USDA-Alliums’  project,  BAU,
Mymensingh.  All  intercultural  operations  were  done  as
and when needed. Seeds were sown uniformly in rows on
20 October, 2010. When the plants were 75-day old, they
were  transplanted  at  main  field.  Powder  form  of  GA3

(99%)  at  first  mixed  with  2ml  ethanol  and  then  add
distilled water as per required treatments in a measuring
cylinder  prior  to  spray.  IAA direct  mixed  with  distilled
water and then prepared as per required dose. Plant growth
regulators was sprayed  two times after 25 and 40 days of
transplanting of steckling as foliar spray during growth by
hand sprayer. The control plot was sprayed with tap water.
The umbels of carrot turned yellow to light gray showing
the  sign  of  drying  and  were  ready for  harvesting.  Data
were  recorded  on  plant  growth  and  flowering  behavior,
yield  and  quality  contributing  traits  of  carrot from five
randomly selected plants of each plot. The collected data
were statistically analyzed and the mean differences were
tested using the Least Significant Difference test taking the
probability level 5% as the minimum unit of significance
(Gomez and Gomez, 1984). 

Results
Effect  of  different levels  of  growth regulators  on the
yield and quality of  carrot seed:  The plant height  had
highly  significant  difference  among  the  different
treatments  of  growth  regulators  (Table  1).  The  tallest
(174.62 cm) plants were obtained from the application of
GA3 150 ppm, which was  statistically similar  with GA3

200 ppm and GA3 100  ppm.  Height  of  plant  increased
from control to the application of GA3 150 ppm days after
transplanting and then decline up to IAA 250 ppm. The
lowest height of plant (113.97 cm) was found in control.
The  lowest  (54.39  days)  days  to  50%  flowering  was
observed from the application of GA3 150 ppm, while the
highest (65.02 days) days were recorded from control. The
shortest days required from 50% flowering to 50% fruit set
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(11.04 days) was recorded from GA3 150 ppm, which was
statistically similar to that produced from the treatments of

GA3 200 ppm and GA3 100 ppm whereas, the longest days
(16.27 days) was recorded from control. 

Table 1. Effect of different levels of growth regulators on growth, yield components and quality of carrot seed 

Concentration
(ppm)

Plant height
at harvest

(cm)

Days to 50%
flowering

Days required
flower to fruit set

No. of primary
umbels plant-1

No. of secondary
umbels plant-1

Seed yield
primary umbels

plant-1 (g)
Control 113.97 65.02 16.27 6.77 9.97 3.56
GA3 100 153.92 55.92 12.50 10.71 15.51 5.65
GA3 150 174.62 54.39 11.04 11.26 17.24 5.93
GA3 200 171.26 54.86 11.89 10.64 16.45 5.82
GA3 250 140.79 61.62 13.19 8.51 13.25 4.93
IAA 100 149.64 57.28 13.09 10.11 14.34 5.32
IAA 150 146.05 59.89 13.48 9.37 13.27 5.11
IAA 200 131.79 62.72 13.70 8.13 11.35 4.52
IAA 250 119.52 63.49 13.82 7.44 10.97 4.17
LSD 5% 16.66 4.678 2.504 1.950 2.382 1.385
LSD 1% 22.53 6.324 - 2.636 3.221 -
Level of sign. ** ** * ** ** *
CV (%) 6.87 4.69 11.29 12.61 10.44 16.50

Table 1. Continued 
Concentration
(ppm)

Seed yield secondary
umbels plant-1 (g)

Seed yield plant-

1 (g)
Seed yield plot-1

(g)
1000-seed
weight (g)

Seed germination
(%)

Seed vigour
index

Control 2.50 6.86 86.13 1.05 73.32 9.97
GA3 100 3.76 8.85 122.40 1.27 85.17 12.16
GA3 150 4.95 9.93 128.49 1.45 86.56 12.34
GA3 200 4.63 9.64 127.07 1.39 87.37 12.59
GA3 250 3.20 8.01 101.56 1.18 81.89 11.04
IAA 100 3.65 8.92 117.90 1.22 82.86 11.99
IAA 150 3.51 8.70 109.83 1.17 83.34 11.55
IAA 200 3.01 8.02 102.59 1.15 78.86 10.96
IAA 250 2.71 7.61 92.72 1.06 74.83 10.60
LSD 5% 1.127 1.565 13.16 0.106 6.376 0.993
LSD 1% 1.524 2.116 17.79 0.144 - 1.342
Level of sign. ** ** ** ** * **
CV (%) 18.93 10.97 7.14 5.07 4.66 5.16

*, ** indicates significant at 5 and 1% levels of probability, respectively; CV = Coefficient of variation

It  is  clear  from the Table 1 that  the number of  primary
umbels  (11.26)  per  plant  was  recorded  from  the
application of GA3 150 ppm, which was closely followed
by GA3 200 ppm and GA3 100 ppm. On the contrary, the
lowest  (6.77)  number  of  primary  umbels  per  plant  was
observed from the control plot. The highest (17.24) number
of  secondary  umbels  per  plant  was  obtained  from  the
treatment  GA3 150 ppm and the lowest (9.97) number of
primary umbels per plant was observed from the control.
The seed yield in primary umbels ranged from 3.56 g to
5.93 g. The application of GA3 150 ppm gave maximum
(5.93 g) seed yield in primary umbels, which was identical
to  the  treatment  of  GA3 200  ppm.  On  the  other  hand,
minimum seed yield in primary umbels (3.56 g) was found
in control. Individual seed yield in secondary umbels was
recorded maximum (4.95 g) from the application of GA3

150  ppm  whereas,  the  lowest  seed  yield  in  secondary
umbels (2.50 g) was observed in control plot. The pattern
of higher seed yield plant-1 was observed as the application
of  GA3 150  ppm>GA3 200  ppm>IAA  100  ppm.
Considerably,  maximum seed  yield  plant-1 (9.93  g)  was
observed in the application of GA3 150 ppm and minimum
seed yield plant-1 (6.86 g) was produced in plants grown
with control treatment. The highest yield plot-1(128.49 g)
was recorded from the application of GA3 150 ppm, which
was  statistically  similar  to  GA3 200  ppm and  GA3 100

ppm. Significantly,  the lowest  yield  plot-1  (86.13 g)  was
recorded in control  plot. No significant differences were
observed among the treatments of GA3 150 ppm, GA3 200
ppm  and  GA3  100  ppm.  The  seed  yield  ha-1 of  carrot
showed  exactly  similar  pattern  of  variations  among  the
different  production  systems as  yield  plot-1.  The  highest
yield (1283.07 kg ha-1) was recorded from the application
of GA3 150 ppm, followed by GA3 200 ppm (1228.53 kg
ha-1),  and  GA3 100  ppm (1224.43  kg  ha-1).  The  lowest
yield was observed from IAA 250 ppm treatment (846.11
kg ha-1) (Fig. 1). The highest weight of 1000 seeds (1.45 g)
was recorded from the treatment the application of GA3 150
ppm followed by GA3 200 ppm (1.39 g) and GA3 100 ppm
(1.27 g) and the lowest (1.05 g) was found from control. 
The germination per cent of seeds ranged from 73.32% to
87.37%.  The  application  of  GA3  200  ppm  gave  the
maximum (87.37%) germination per cent of seeds, which
was identical to the treatment GA3 150 ppm and GA3 100
ppm.  On  the  other  hand,  the  minimum  germination
percentage of seeds (73.32%) was found from control. It is
clear  from  the  Table  1  that  the  vigour  index  of  seeds
(12.59)  was  recorded  from  the  application  of  GA3 200
ppm, which was closely followed by GA3 150 ppm (12.34)
and  GA3 100 ppm  (12.16).  On  the  contrary,  the  lowest
vigour index of seeds (9.97) was observed from control
plot.
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Correlation  Matrix:  Correlation  studies  were  made  in
order to find out the relationships among yield and quality
contributing traits. From the correlation matrix (Table 2) it

would be clear that most of all the studied parameters were
significantly  associated  among  themselves.  It  was
observed  that  plant  height  showed  significant positive
correlations  with  the  number  of  primary  and  secondary
umbels  plant-1,  seed  yield  in  primary  and  secondary
umbels  plant-1,  seed  yield  plant-1 and  plot-1,  1000-seed
weight and germination per cent of carrot seed. Regarding
correlation between seed yield  plant-1 and plot-1,  it  gave
highly significant and positive correlation; that means with
increasing of yield plant-1 increasing yield plot-1. The results
also revealed that the yield and quality contributing traits
viz,  plant  height,  number  of  primary  and  secondary
umbels  plant-1,  seed  yield  in  primary  and  secondary
umbels  plant-1,  seed  yield  plant-1 and  plot-1,  1000-seed
weight  and  germination  per  cent  had  affirmative
associations with the seed yield and quality. 

Table 2. Correlation coefficient among yield and quality contributing traits in carrot seed
 

Traits 1 2 3 4 5 6 7 8 9 10
1. Plant height (cm) -
2. Days to 50% flowering -0.454* -
3. No. of primary umbels 
plant-1

0.809** -0.355 -

4. No. of secondary umbels 
plant-1

0.672** -
0.822** 0.534** -

5. Seed yield primary umbels 
plant-1 (g)

0.654**
-

0.670** 0.629** 0.735** -

6. Seed yield secondary 
umbels plant-1 (g)

0.742** -
0.618** 0.698** 0.648** 0.596** -

7. Seed yield plant-1 (g) 0.647** -0.364 0.601** 0.298 0.532** 0.548** -
8. 1000-seed weight (g) 0.692** -0.335 0.788** 0.388* 0.585** 0.558** 0.853** -
9.Germination % 0.623** -0.127 0.616** 0.282 0.430* 0.406* 0.681** 0.576** -

10. Seed yield plot-1 (g) 0.703** -
0.582** 0.751** 0.548** 0.718** 0.700** 0.814** 0.838** 0.576** -

*, ** indicates significant at 5 and 1% levels of probability, respectively

Table 3. Path coefficients of different yield and quality contributing characters on seed yield per plot in carrot

Characters 1 2 3 4 5 6 7 8 9 10
1. Plant height (cm) -.091 .122 .136 -.077 .104 .097 .155 .220 .037 .703
2. Days to 50% flowering .041 -.270 -.059 .095 -.106 -.080 -.087 -.107 -.008 -.582
3. No. of primary umbels 
plant-1 -.074 .096 .168 -.062 .099 .091 .144 .251 .037 .751

4. No. of secondary umbels

plant-1
-.061 .222 .089 -.115 .116 .084 .072 .124 .017 .548

5. Seed yield in primary 

umbels plant-1 (g)
-.059 .181 .105 -.085 .158 .078 .128 .186 .026 .718

6. Seed yield in secondary 

umbels plant-1 (g)
-.068 .167 .117 -.075 .094 .130 .132 .178 .024 .700

7. Seed yield plant-1 (g) -.059 .098 .101 -.034 .084 .071 .240 .272 .406 .814
8. 1000-seed weight (g) -.063 .091 .132 -.045 .093 .073 .205 .319 .034 .838
9. Germination % -.057 .034 .103 -.033 .068 .053 .164 .183 .059 .576

(Residual effect, R = 0.02) The bold and diagonal figures are the direct effects and those off-diagonals are indirect effects of yield

Path  coefficient analysis:  Yield  is  a  complex  character
influenced  by  many  components  and  contributing  traits
both  in  positive  and  negative  directions.  The  complex
relationship between yield and it contributing characters is
simplified  by  analysis  of  path  coefficients.  The  path
coefficient  analysis  was  performed  using  simple
correlation to determine direct and indirect influences of

different yield contributing characters on seed yield and it
was presented in the Table 3. The path coefficient analysis
through  coefficient  revealed  that  number  of  primary
umbels  plant-1,  seed  yield  in  primary  and  secondary
umbels  plant-1,  seed  yield  plant-1,  1000-seed  weight  and
germination % showed positive direct effects on the seed
yield and quality. On the other hand, plant height, days to
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50% flowering and  number of  secondary umbels  plant-1

exhibited  negative  direct  effect  on  the  seed  yield  and
quality. 
This information and results of the present study indicate
that  number  of  primary  umbels  plant-1,  seed  yield  in
primary umbels plant-1,  seed yield  plant-1 and 1000-seed
weight were the most important characters that contributed
directly  to  seed  yield  and  quality  in  plot.  Out  of  them,
number of primary umbels plant-1,  seed yield in primary
umbels  plant-1 and  seed  yield  plant-1 are  the  yield
components and 1000-seed weight is the important quality
contributing  traits  to  seed  yield  in  carrot.  Selection  for
these characters would give better response to seed yield
in carrot. 

Discussion
From the results it revealed that the yield and quality of
carrot seed showed increasing trend due to the application
of growth regulators GA3 and IAA. The treatment GA3 150
ppm gave the superior results in case of all the mentioned
parameters.  The  earliest  days  to  50%  flowering  (54.39
days) and shortest days to 50% fruit set (64.83 days) were
observed  from  the  application  of  GA3 150  ppm.
Application of GA3 might be changed some physiology of
plant. So, it  was response for early flowering as well as
fruit  setting.  In  Bangladesh,  carrot  seed  production  is
limited by short growing season and high temperature at
the end of growing winter season. So it is very essential to
create  early  flowering  and  fruit  setting  techniques  to
manipulate the crop physiology for accommodate the life
span of crop in short favourable growing season. Leopold
and Criedman (1980) stated that plant growth regulators
are  widely  used  to  alter  physiological  activity  of  many
plants. The highest seed yield ha-1 was recorded from the
application of GA3 150 ppm. GA3 200 ppm gave maximum
(87.37%) germination per cent of seeds. It  might be the
effect of spraying proper dose of GA3. Application of GA3

might be done an increase photosynthetic activity, efficient
translocation  and  utilization  of  photosynthates  causing
rapid cell elongation and cell division in actively growing
region  of  the  plant  leading  to  stimulation  of  growth,
besides increasing the uptake of nutrients (Dicks, 1980).
Similarly, Mahabir and Rajodia (1989) also reported that
foliar spray of GA3 45 ppm recorded higher plant height,
number of leaves per plant, leaf length and fresh weight of
leaves in radish. Growth regulators  are very effective in
increasing yield and yield attributes compared to organics

and micronutrients in carrot. Several research workers also
noticed that foliar application of GA3 increased bulb yield
(Deore  and  Bharud,  1991  and  Sharma  et  al.,  1988)  in
onion. In conclusion it can be said that foliar application of
150 ppm GA3 is an appropriate and recommended dose for
early fruit setting, better yield and quality of carrot seed.
GA3 which response better to the plant are very essential
for  good harvest  of  crop.  It  is  possibly due to  properly
manipulate  the  physiology  of  plant.  So,  all  the  growth,
yield and quality parameters became the best. 
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