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ABSTRACT 
 
 This study was conducted to investigate the effect of using different gibberellic acid (GA3) treatments on 
enforcing carrot plants (Daucus carota L.) to produce high quality seeds under Egyptian conditions and also to 
determine the effect of such procedure on produced seed yield and quality. In this experiment, different GA3 
solution concentrations were used as a dipping carrot stecklings (roots) for different duration before planting 
them for seed production. Seeds carrot cv. Chantenay Red Cored were sown and after 4 months, uniform and 
cleaned roots were selected and dipped in GA3 at 0, 200 and 400 ppm for 5, 20 and 40 seconds and air dried for 
5 minutes, then it was replanted directly for seed production. GA3 treatment induced flowering at all 
concentrations but 400 ppm for 5 seconds followed by GA3 at 200 ppm for 40 seconds were the best for seed 
production. Increasing GA3 concentration up to 400 ppm and decreasing application time to 5 seconds 
significantly reduced number of days to flowering and increased seed stalk height and gave the best values of 
umbel diameter, umbel weight and number of umbels per plant and also increased the seed yield per flowering 
orders and total seed yield per plant. This treatment also significantly increase seed quality parameters expressed 
as germination percentage and rate and also plumule and radical length, seedlings fresh and dry weight as 
compared with untreated plants (control) or higher GA3 concentrations(400 ppm) for a longer time (40seconds). 
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Introduction 
 
 Carrot is a biennial which flowers naturally following root vernalization. Carrot seeds vary greatly in 
maturity as a result of umbel order formation on the mother plants (El-balla and Cantliffe, 1997). Many plant 
species are induced to flower under non-inductive conditions by gibberellin (GA) applications (Baydar, 2002). 
Several reports indicated that foliar applications of GA replaced the low temperature requirement in carrots 
(Dickson and Peterson, 1960; Arafa et al., 1977). The foliar application of GA substitutes, the photoperiodic 
(Schwab and Neumann, 1975) and chilling (Globerson, 1972) requirements for flowering in carrot. Soaking 
unvernalized mature roots in a GA solution also induced flowering under temperature between 8 to15°C 
(Globerson, 1972). GA application to vernalized carrots hastened seed stalk height (Dickson and Peterson, 
1960). An increase in endogenous GA-like activity in the apical bud was found at low temperatures, (Hiller et 
al., 1979; Ghoname, 2000; Tokuji and Kuriyama, 2003). Furthermore, GA3 application following vernalization 
prevented the inhibitory effect of high temperature on seed stalk elongation (Hiller et al., 1979). 
 
Materials and Methods 
 
Plant Material and Experimental Conditions: 
 
 Carrot seeds cv. Chantenay red cored were sown in 1st of September in the two winter season of 2009 and 
2010 at a private farm located in Khatatba, Giza. The soil of the farm was sandy texture with pH 6.8. All 
agricultural practices required for carrot root production were followed as commonly used in the region. At 
harvesting  time (120 days from seed sowing) mature roots were harvested, the standard roots (15-17 cm long 
and 3-4 cm in diameter) were selected to be replanted for seed production. After harvesting, the green tops were 
cut about 5-7 cm above the crown and the roots were dipped in GA3 solutions for different durations and after 
air drying for 5 minutes, they were replanted directly at 25 cm apart.  
 
Treatments: 
 
 The experiment included 7 treatments which were as follows: 
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 Control (no dipping). 
 Root dipping in GA3 at 200 ppm for 5 seconds. 
 Root dipping in GA3 at 200 ppm for 20 seconds. 
 Root dipping in GA3 at 200 ppm for 40 seconds. 
 Root dipping in GA3 at 400 ppm for 5 seconds. 
 Root dipping in GA3 at 400 ppm for 20 seconds.  
 Root dipping in GA3 at 400 ppm for 40 seconds. 

 
Measured Parameters: 
 
1. Floral development parameters: Number of days to 50% of the primary umbels flowering was recorded. At 

the end of the growing season the seed stalk height was also determined.  
2. Umbel Parameters: All the plots were harvested when the seeds on the primary umbels were mature and 

starting to shatter. After harvest, total number of umbels in each umbel order was counted on five labelled 
plants per plot. Subsequently the seeds of the individual primary, secondary and tertiary umbels on each 
plant were removed and bulked as umbel order samples and the umbels weight and diameter for each order 
were recoded. The umbels were then placed in paper bags and air dried. Then the seeds were threshed, 
rubbed and cleaned by hand and the weight of cleaned seeds per umbel was recorded. 

3. Seed Parameters: After collecting the seeds, total seed yield per plant was obtained. Three lots of 100 seeds 
from each order were weighted individually to determine mean seed weight (seed index). Additional 
samples of 400 seeds per each order of each treatment were germinated in four replicates of 100 seeds each 
by placing the seeds on moist filter paper in Petri dishes for germination tests. Seeds were germinated at 25 
± 5C° in the incubator and using the number of the germinated seeds, germination percentage was 
calculated. Seed germination percentage values were transformed to absolute number for statistical analysis 
as described by Fisher and Yates (1963).  

4. Seedling Quality Parameters: After 15 days from starting seed germination plumule and radical length 
(mm) were measured and seedling fresh and dry weight (mg) were obtained. 

 
Experimental Design and Statistical Analysis: 
 
 The experimental design used in the two successive seasons was complete randomized block design with 4 
replicates and analysis of variance was calculated using ANOVA and mean separation at 5% level was done 
using the LSD test according to the method described by Gomez and Gomez (1984). 
 
Results and Discussions 
 
 There is an increased need to produce carrot seed domestically and therefore, this work is looking into the 
effect of some treatments (namely GA3 dipping concentration and duration) in increasing the yield and quality 
of carrot seeds produced under Egyptian conditions. For all measured parameters, statistical analysis of the 
experimental data showed a similar trend in both seasons; thus a combined analysis for studied parameters in the 
two studied seasons was presented. 
 
The Effect on Floral Development Parameters: 
 
 Observations on floral development revealed that all GA3 treatments resulted in a significant decrease in 
number of days for plants to reach 50% flowering over control. Although dipping carrot roots in GA3 solution of 
400 ppm for 5 seconds was the best for seed production but it was not significant compared to other GA3 
treatments. (Fig. 1). Regarding seed stalk height, dipping in 400 ppm GA3 solution for 5 seconds resulted in a 
significantly higher seed stalk over control followed by dipping in 200 ppm for 40 seconds or 200 ppm for 20 
seconds or 400 ppm for 20 seconds with no significant differences among them (Fig. 2). Similar results were 
obtained by Globerson (1972), Arafa et al., (1977) Nieuwhof (1984) and Singh et al., (1995) who recorded that 
the maximum seed stalk height of onion was obtained with GA3 at 300 ppm. On the contrary, El-Balla and 
Cantliffe (1997) on carrot stated that GA3 at the rate of 1000 ppm had no significant effect on days required to 
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flowering. The positive effect of GA3 on promotion and inducing of early flowering may be due to that GA3 can 
replace the cold period needed for vernalization and inducing flowering (Suge and Rappaport, 1968).  
 

 
 
Fig. 1: Effect of carrot roots dipping duration in different gibberellic acid concentrations on days required to 

reach 50% flowering. Vertical bars present LSD value at p ≥ 5%. 
 

 
 
Fig. 2:  Effect of carrot roots dipping duration in different gibberellic acid concentrations on seed stalk height. 

Vertical bars present LSD value at p ≥ 5%. 
 
The Effect on Umbel Parameters: 
 
 As for umbel diameter, the obtained data showed that increasing GA3 concentration up to 400 ppm and 
decreasing application time to 5 seconds significantly gave the best values of umbel diameter of the three orders 
followed by GA3 at 200 ppm for 60 seconds compared with control (Table1).  
 Concerning number of umbels per order, GA3 concentration up to 400 ppm applied for 5 seconds 
significantly increased the number of umbels of 2nd and 3rd orders per plant compared with the control (Table 1). 
These results may be due to the important role of gibberellins in increasing the cell size and cell elongation and 
consequently, increased the number of umbels formed on the main seed stalks. These results were in accord with 
those obtained by Malash (1988) and Eid and Abo-Sedera (1992).  
 Similar results were obtained when umbel weight was measured where dipping carrot roots in GA3 solution 
of 400 ppm for 5 sec. resulted in the highest umbel weight in all of the 3 flower orders followed by dipping in 
400 ppm for 5 sec. followed by 400 ppm for 20 sec. with no significant difference in the case of 3rd order but it 
was significant in the 1st and 2nd orders where dipping in 200 ppm for 40 sec occupy the second place (Fig. 3). 
The significant increase in umbel weight is a direct result of increasing umbel diameter and the early flowering 
which give the umbel more time for growth and development. 
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Table 1: Effect of carrot roots treatment with different GA3 concentrations and dipping duration on umbel diameter, umbels no. /order, seed 
yield/order and weight of 100 seed (g). 

GA3 Treatments  
Umbel diameter (cm) Umbels No. / order Seed yield/order (g) Weight of 100 seed (g) 

1st  
order 

2nd  
order 

3rd  
order 

2nd  
order 

3rd  
order 

1st  
order 

2nd 
order 

3rd  
order 

1st  
order 

2nd 
order 

3rd  
order 

Control  12.20 9.35 5.00 5.05 8.15 5.59 8.38 5.10 0.115 0.075 0.045 
GA 200 ppm 5 
Sec. 13.30 10.75 7.60 7.15 10.75 10.28 14.08 10.26 0.185 0.155 0.085 
GA 200 ppm 20 
Sec. 16.15 11.60 6.85 7.35 11.85 11.45 14.93 10.30 0.200 0.160 0.050 
GA 200 ppm 40 
Sec. 19.75 13.05 6.05 7.95 12.75 12.76 16.00 10.34 0.235 0.175 0.115 
GA 400 ppm 5 
Sec. 20.95 13.75 8.35 8.95 13.80 14.01 16.39 11.79 0.265 0.205 0.135 
GA 400 ppm 20 
Sec. 16.90 11.35 7.45 7.75 12.85 12.71 15.31 10.29 0.185 0.155 0.115 
GA 400 ppm 40 
Sec. 14.35 10.35 7.20 6.85 12.05 11.43 15.25 9.72 0.170 0.140 0.095 
LSD at 5% level 0.56 0.33 0.25 1.03 2.04 0.85 1.09 0.95 0.035 0.020 0.025 

 

 
 
 

 
 
 

 
 
Fig. 3: Effect of carrot roots dipping duration in different gibberellic acid concentrations on umbel weight (g). 

Vertical bars present LSD value at p ≥ 5%. 
 
The Effect on Seed Parameters: 
 
 Data obtained from this experiment show that increasing of GA3 concentration significantly increased the 
seed yield per orders (Table1) and total seed yield/plant (Fig. 4) compared with the control. The highest values 
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were obtained by root dipping in GA3 at 400 ppm applied for 5 seconds followed by GA3 at 200 ppm applied for 
20 seconds (Table 1 and Fig. 4). These results agree with those reported by Galmarini et al., (1995) and it may 
be attributed to the role of GA3 in increasing the length of seed stalks (Fig. 2) which got more chance for 
pollination by insects and consequently gave a higher seed set percentage (Rizk and El-Habbasha, 1996). 
Moreover, Lone et al., (2005) reported that more number of chilli fruits per plant was observed in GA3 at 250 
ppm compared to GA3 at 100 ppm. 
 

 
 
Fig. 4: Effect of carrot roots dipping duration in different gibberellic acid concentrations on total seed yield per 

plant (g). Vertical bars present LSD value at p ≥ 5%. 
 
 Also carrot stecklings (roots) dipped in GA3 at 400 ppm for 5 seconds resulted in a significance increment 
in all seed quality parameters where increasing of GA3 concentration significantly increased the mean weight of 
100 seeds in all of the three flowering orders (Table1). The highest values were obtained by root dipping in GA3 
at 400 ppm applied for 5 seconds followed by GA3 at 200 ppm applied for 40 sec. (Table 1). Whereas, the 
lowest values of mean weight of 100 seeds were obtained by the control plants. This increment in seed weight 
may be due to the effect of GA3 in enhancing flowering, which in turn gave a relatively long period for seed 
growth and ripening. Results reported by Malash (1988) and Eid and Abo Sedera (1992) are in harmony with 
those obtained in the recent study. Furthermore, results of Nadaf (2007) indicated that, the increase in seed yield 
and seed yield parameters with GA3 spraying was due to better crops growth, more leaves which increased the 
number of umbels per plant and ultimately increased the seed yield. He added that, the sprayed plants remained 
physiologically more active and built up sufficient food reserves for developing flowers.  
 Concerning seed germination percentage, it is obvious from data presented in Fig. 5 that GA3 application 
gave a significant increment in seed germination percentage (about 45 to 50% increase) in all of the three orders 
over the control seeds. The highest germination percentage was obtained by root dipping in GA3 at 400 ppm 
applied for 5 seconds followed by 200 ppm applied for 40 seconds. These results may be due to the role of GA3 
in enhancing flowering of carrot (Fig. 1) and high mean seed weight (Table 1) and consequently gave a high 
seed germination percentage and rate. This work results was in agreement with the results reported by Eid and 
Abo-Sedera (1992) but was in a disagreement with the results of Galmarini et al., (1995) and El-Balla and 
Cantliffe (1997) who reported that GA3 treatment had no significant effect on germination percentage of carrot 
seeds.  
 
The Effect on Seedling Parameters: 
 
 Concerning the effect of GA3 application on seedlings quality expressed as plumule and radical length as 
well as seedlings fresh and dry weight, it is obvious from the data shown in (Table 2) that GA3 application gave 
a significant increment in seedlings quality of seeds produced from the three studied orders. The best seedling 
quality was obtained by root dipping in GA3 at 400 ppm applied for 5 seconds followed by GA3 at 200 ppm 
applied for 40 seconds compared with untreated plants (control) or high concentrations (400 ppm) for a long 
time (40 seconds). These results may be due to the role of GA3 in enhancing carrot plant flowering (Fig. 1) and 
high mean seed weight (Table 2) which consequently resulted in a higher seedling quality as expressed as 
plumule and radical length and seedlings fresh and dry weight. 
 It could be concluded form this study that dipping carrot roots in 400 ppm GA3 solution for 5 sec. and 
replanting was very beneficial in increasing both yield and quality of the seeds obtained from these roots and 
also increased the quality of the seedlings obtained form this seed and could be recommended to carrot seed 
producers under Egyptian conditions. 
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Fig. 5: Effect of carrot roots dipping duration in different gibberellic acid concentrations on germination 

percentage of seeds obtained from these roots. Vertical bars present LSD value at p ≥ 5%. 
 
Table 2: Effect of GA3 concentrations and root soaking durations on seed quality expressed as plumule and radical length (mm) as well as 

fresh and dry weight (mg) of carrot seedling of the obtained seeds. 

GA3 Treatments  
Plumule length (mm) Radical length (mm) Seedling fresh weight (mg) Seedling dry weight (mg) 

1st 
order 

2nd 
order 

3rd 
order 

1st 
order 

2nd 
order 

3rd 
order 

1st 
order 

2nd 
order 

3rd 
order 

1st 
order 

2nd 
order 

3rd 
order 

Control  25.65 22.10 18.85 51.70 46.70 38.90 12.85 10.95 9.15 4.35 3.55 2.95 

GA 200 ppm 5 
Sec. 

42.95 39.00 33.80 61.90 53.80 47.80 18.20 15.90 14.10 6.00 5.30 4.70 

GA 200 ppm 20 
Sec. 

46.95 39.95 35.25 68.95 57.85 51.75 20.90 19.30 17.30 6.90 6.35 5.65 

GA 200 ppm 40 
Sec. 

49.60 45.00 37.90 73.90 60.50 55.80 23.75 21.40 20.95 7.75 7.10 6.85 

GA 400 ppm 5 
Sec. 

51.70 48.95 41.85 80.35 63.35 59.15 26.85 24.30 22.05 8.90 7.90 7.35 

GA 400 ppm 20 
Sec. 

47.95 42.80 35.80 71.15 56.80 52.30 21.20 20.50 18.15 6.95 6.80 5.95 

GA 400 ppm 40 
Sec. 

45.30 40.70 34.40 65.05 52.80 48.90 19.55 17.80 15.95 6.55 5.80 5.30 

LSD at 5% level 2.84 2.62 2.42 5.04 4.74 4.61 1.61 1.38 1.15 0.71 0.63 0.44 
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