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Abstract 
 
The main aim of this study was to determine the effect of different levels of mineral fertilizers and fertilization methods 
on the productivity of carrot seeds. The experiments were conducted with the Tushon variety. The seed plants were 
grown using standard technology through stecklings. Three levels of NPK were tested, as follows N0,50,70,90 kg/ha,      
P2O5 0,90,140,190 kg/ha and K2O 0,100,150,200 kg/ha, applied once and twice. The number of umbels per order, number of 
umbellate per umbels, diameter of umbels, weight of seeds per umbel and percentage of normally developed seeds as 
well as yield and part of different orders for yield formation for central umbel (king umbel) and umbels from I, II and 
III orders were studied. The highest yields were found to occur with a single application of N90P90K200 and double 
fertilization with N90P90K100. Seeds obtained from the first and second orders are characterized with the highest ration 
in yield formation, the average for tested variants is 50.61% and 30.57% respectively. The strongest positive 
correlation between yield and number of umbels and umbellate, umbel diameter and weight of seeds per umbel were 
established. 
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INTRODUCTION 

 
Seed production of many vegetable crops, 
including carrot seeds, is significantly 
suppressed in the absence of an optimal 
nutrient regime. Particularly important for 
normal seed production is the full satisfaction 
of the needs of plants with N, P, K and Ca 
(Harrington, 1990). The author emphasizes that 
nitrogen and phosphorus deficiency reduces the 
percentage of normally grown seeds.  
According to Amjad et al. (2005) carrot seed 
yield depends essentially on the proper 
combination of nitrogen and potassium 
fertilization. They obtained the highest seed 
productivity when fertilizing with N 75 kg.ha-1 
and K 90 kg.ha-1, and most yield is low when N 
225 kg.ha-1 and K 50 kg.ha-1 are applied. 
Similar are the conclusions formulated by 
Satyaveer et al. (1994), Singh and Singh (1996) 
and Rao and Maurya (1998). 
Black et al. (2008) and George (1999) describe 
the carrot seed plant, pointing out that the 
central or king umbel is developed firstly and 
subsequently the umbels of the first, second 
and so on order, which take place over a long 
period, and this affects both the seed setting 
and formation, and their yield and quality.  

According to Gray et al. (1983) the 
morphology of the carrot seed plant determines 
to a large extent the formation of the total yield, 
as the part of seeds obtained from first-order 
umbels occupying between 25% and 62%. 
Gray (1981) also estimates that the first-order 
umbels take a 60% part in total seed 
productivity of carrots.  
Gill et al. (1981) emphasized that the total 
productivity of carrots seeds is determined 
extremely by the number of umbels of the 
different orders. 
Mengistu and Yamoah (2010) report that the 
average seed yield between first, second and 
third-order branches are differs significantly. 
They found strong correlation relationships 
between yields with: number of branches per 
plant, plant height, umbel diameter, number of 
umbels per plant, number of umbellate per 
umbel and seed weight per umbel, with the 
strongest influence being the number of 
umbellate per umbel and umbel diameter. 
Similar trends of seed formation of this crop 
have been reported by El-Adgham et al. (1995). 
The main aim of this study was to determine 
the effect of different levels and ways of 
application of mineral fertilizers and on the 
productivity of carrot seeds. 
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MATERIALS AND METHODS  
  
The experiments were carried out during 2017-
2019 in the Experimental field of the 
Department of Horticulture at the Agricultural 
University - Plovdiv, Bulgaria with carrot 
Tushon variety. The standard, well-established 
technology for seed production of carrots in 
Bulgaria by steklings was applied. The seeds 
were sown at the end of June, the roots were 
harvested in the middle of November and 
stored in a pit. In mid-March, the steklings 
were planted in an 80 x 30 cm scheme. The 
experiments were arranged at four replicates, 
with a plot size of 7 m2 and a reported area of 6 
m2. The soil was prepared by deep plowing in 
the autumn and profiling the furrows in the 
spring.  
Two regimes of fertilization were investigated:  
1. By applying phosphorus and potassium 
fertilizers once in the autumn before deep 
plowing and nitrogen during planting;  
2. Twice fertilization - half of the phosphorus 
and potassium fertilizers were applied before 
the autumn deep plowing, the other half in 
spring in planting, and the nitrogen fertilizer - 
half during planting and the other part during the 
growing season at the beginning of flowering. 
The following variants with different fertilizer 
levels were studied: 
- once fertilization: 1. N0P0K0 - control; 2. 
N70P140K150 (recommended); 3. N50P90K100; 4. 
N50P90K200; 5. N50P190K100; 6. N50P190K200; 7. 
N90P90K100; 8. N90P90K200; 9. N90P190K100; 10. 
N90P190K200;  
 - twice fertilization: 11. N50P90K100; 12. 
N50P90K200; 13. N50P190K100; 14. N50P190K200; 
15. N90P90K100; 16. N90P90K200; 17. N90P190K100; 
18. N90P190K200.  
The different fertilization levels were 
determined based on the recommended 
fertilization for carrots seed production in 
Bulgaria - N70P140K150 (Murtazov et al., 1984). 
The following fertilizers were used: triple 
superphosphate (P2O5 46%), potassium sulfate 
(K2O 50%) and ammonium nitrate (N 34%). 
During the growing season, all agro-cultural 
practices about the normal development of seed 
plants were applied in the technology. Seeds 
were harvested in 60-70% of the ripe seeds and 
others in waxy maturity. Post-harvest 
maturation was implemented over ten days.  

The number of umbels, the number of 
umbellate in the umbel, the diameter of the 
umbels and the weight of seeds from one umbel 
were determined. The percentage of normally 
developed seeds for each order of branches in 
an average sample of 1.0 g was investigated, by 
as enumeration of fully developed seed and not 
well-developed, and the percentage of normal 
seed development was calculated. These 
studies were performed separately for the 
central umbels and the umbels of I, II and III 
order on five plants of each replicate. Seed 
extraction was performed individually for the 
umbels of the different orders and the total 
yield was determined. 
The data were subjected to dispersion and of 
correlation using the methods described by 
Fohel and Cohen (1992).  
Because the trends of the data during the three 
separate vegetation seasons are unidirectional 
presented results are average three-year values.  
 
RESULTS AND DISCUSSIONS 
 
The number of umbels per carrot seed plant 
(Table 1) varies both between the different 
branches and the fertilization applied. After a 
once fertilization with N50P90K100 and 
N90P90K100, the first-order umbels increase the 
most, compared to the control by 26.79% and 
25.86%, respectively. The second-order umbels 
are the most - 19.8 and 18.94, respectively for 
N90P90K200 and N90P190K200, i. e. for variants 
with the highest tested levels of nitrogen and 
potassium.  
Singh and Singh (1996) emphasize that 
nitrogen fertilization contributes to the 
formation of a greater number of umbels in the 
carrot seed plant. Again, the N90P90K200 
combination also causes the formation of the 
most tertiary order umbels, followed by 
N90P90K100. The total number umbels of 
different orders in once fertilizer is the highest - 
45 for N90P90K200 variant. 
In the twice application of fertilizers, the first 
umbels reach the highest value for N90P90K100 - 
13.97, followed by N90P90K200 - 11.7 numbers. 
As with once fertilization, the numbers of the 
second-order umbels are the highest, ranging 
from 16.24 for variant N50P190K200 to 24.72 for 
N50P190K100, followed by N90P90K100 with 23.52 
pcs, with differences to the control are with 
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statistically significance. In the tertiary order, 
the values are between 10.02 (N90P190K100) to 
14.59 (N50P190K100). In total, the umbels in this 
method of fertilization reach a maximum 
number of 50.64 when applying N90P90K100, 
and they are at least 33.38 pieces for 

N50P90K200. Mengistu and Yamoah (2010) point 
out that the numbers of umbels per carrot 
seeded plant, especially those of the first and 
second-order, are an essential element in carrot 
seed production. 

 
Table 1. Morphological characteristic of seed stalk and umbels 

№ 
order 

Number of umbels Number of umbellate Diameter of umbels (cm) 
I II III C I II III C I II III 

Once fertilization 
1 9.63 14.35 11.58 84.38 74.66 51.10 30.05 10.27 8.10 6.05 4.05 
2 10.31 18.31 12.78 95.44 79.66 55.44 28.22 10.49 8.66 6.44 4.38 
3 12.21 16.56 11.39 83.38 71.55 61.22 33.00 10.97 9.36 6.74 4.41 
4 10.51 15.18 11.16 101.55 92.33 61.00 32.22 10.66 9.66 6.72 4.83 
5 11.04 17.74 10.87 87.83 86.05 59.94 32.77 10.47 8.97 6.36 4.41 
6 11.38 16.59 11.70 87.99 76.22 57.55 32.66 10.05 8.61 6.16 4.33 
7 12.12 16.29 13.07 96.44 78.44 62.33 34.00 10.88 9.72 6.38 4.55 
8 11.41 19.80 13.79 112.88 97.77 64.77 36.33 11.30 9.38 7.00 4.49 
9 9.38 16.52 11.32 95.88 82.33 57.77 31.66 10.33 8.88 6.61 4.22 

10 7.45 18.94 11.75 108.44 84.55 59.22 35.38 10.99 9.05 6.60 4.60 
Twice fertilization 

11 11.29 17.86 11.83 100.72 88.16 59.05 33.49 11.41 9.99 6.99 5.24 
12 5.90 16.28 11.20 99.50 84.83 65.44 33.72 11.80 9.88 7.16 4.94 
13 10.98 24.72 14.59 98.22 89.44 61.16 38.38 11.63 9.47 6.88 4.55 
14 10.99 16.24 12.12 104.05 88.22 66.16 39.22 11.77 10.05 7.55 5.05 
15 13.97 23.52 13.15 115.44 91.11 67.44 36.83 12.11 10.13 7.11 4.88 
16 11.70 20.24 12.63 93.05 90.77 65.44 37.16 11.63 9.24 6.97 4.83 
17 11.59 17.87 10.02 103.55 83.99 61.27 35.83 11.27 10.05 7.22 4.85 
18 8.83 16.68 12.77 100.22 89.88 63.50 38.55 11.72 9.11 7.02 4.52 

LSD 
p=5% 2.82 5.93 4.99     1.41 1.01 0.83 0.70 

r* 0.81 0.76 0.64 0. 71 0.69 0.66 0.40 0.68 0.76 0.69 0.58 
r* with diameter 0.80 0.67 0.65 0.58  

r **. 0.78 0.66 0.68 
r* - correlation coefficient with yield of the respective umbel; 
r** - correlation coefficient with wild of the whole plants.   
 
In addition to the number of umbels for carrot 
seed productivity, the number of umbellate in 
one umbel is also important. For the central 
umbel in both fertilization methods, it is the 
highest, respectively, reaching in once to 112.8 
at N90P90K200, and at twice to 111.44 at 
N90P90K100. In most of the twice fertilization 
variants except N50P90K200, N90P90K200 and 
N90P190K200 it is higher than the respective 
variants in the once.  
A similar trend is observed in the number of 
umbellate in first and second-order umbels. 
Again, the N90P90K200 once fertilization variant 
and the N90P90K100 with twice one there was the 
highest number of umbellate, with an increase 
of 30.95% and 22.03%, respectively, for the 
non-fertilized plants. The number of umbellate 
decreases as the order of the branches 

increases. At least number is developed the 
tertiary order umbels, almost two times less 
than the umbellate of the first order umbels. In 
once fertilization, the most umbellate was also 
reported for N90P90K200, with 31.97% more 
than the non-fertilized control. Otherwise, these 
values are between 33.49 for N50P90K100 to 
39.22 for N50P190K200.  
Higher numbers of umbellate in the umbels of 
the first, second and tertiary order are also 
reported in twice fertilization, except for 
N50P90K200 and N90P90K200 for the first order 
and N50P90K100 for the second one. It can be 
argued that at higher fertilization rates, the 
values of this index are increasing.  
According to Ahmed and Tanki (1989), the 
combination of different levels of nitrogen, 
phosphorus, and potassium fertilizers have a 
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strong influence on the formation of umbels in 
a carrot seed plant. The number of umbellate 
depends essentially on the diameter of the 
umbel. This can be seen very clearly from the 
strong positive correlations found between 
these two signs. The highest correlation 
coefficient r = + 0.80 is the dependence for the 
central umbels followed by that for the first 
order umbels with r = + 67. 
An important feature of carrot seed production 
is the diameter of the umbel. Significant 
differences are observed between the different 
orders, with the largest size characterized by 
the central umbel. A similar point of view that 
the umbels from different orders differ in their 
size reported also Mengistu and Yamoah 
(2010). 
However, the differences between the umbels 
within the frame of one of the same order are 
smaller. At the same time for this sign, the 
twice fertilization causes a significantly 
stronger effect and the values are higher than 
the reciprocal variants of once fertilization. In 
most cases, a higher level contributed to the 
development of the larger umbel diameter.  
According to Ravinder and Kanwar (2002), the 
development of carrot seed plants including the 
umbels once and twice fertilization, there is a 
strong influence. In all variants, the diameter of 
the umbel is larger than that of the control. 
The diameter of the central umbels is the 
highest for once fertilization with N90P90K200 
and twice for N90P90K100, with an increase of 
10.02% and 17.91% respectively. In once 
fertilization, the largest umbel of the first order 
is found for variant N90P90K100, in the second it 
is observed for N90P90K200, and in the tertiary 
one for N50P90K200.  
The twice application contributes than the non-
fertilizing variant, to the largest increase in the 
diameter of the first order umbels in 
N90P90K100, by 25.06%, for the second by 
24.79% at N50P190K200, and for the tertiary of 
the lower levels, N50P90K100, by 29.38%. The 
statistical significance of the differences 
between these variants in comparison with the 
control has been established. 
The weight of the seeds from the individual 
umbels is one of the main elements in the 

formation of carrot seed yield (Anjum and 
Amjad, 2002). The weight of seeds from the 
central umbels and those from the first and 
second orders after a single application of 
N90P90K200 was the largest (Table 2), with 
6.04%, 13.65% and 9.77% more than the 
control, respectively. In variant N50P90K200, the 
weight of the umbels of tertiary branches it 
almost doubled that of the non-fertilized plants.  
More significant differences between the 
variants are observed in the tertiary order, 
which is possibly due to the uneven 
development of these umbels, associated with 
their occurrence at a later stage of the 
vegetation or the lack of sufficient time for 
their full formation. Their weight in 
comparison with the others is characterized by 
the lowest values. The strongest increase of 
twice fertilization in the first, second and 
tertiary order was found at N90P90K100, while 
for the central umbels it was established from 
fertilization with N90P190K200.  
The quantity of fully developed seeds is 
essential for successful seed production as well 
as for the quality of the obtained seeds. The 
differences between the separate variants are 
relatively small, and they are more significant 
depending on the sequence of the orders.  
The highest percentage of fully developed 
seeds is reported for those of central umbels. 
Sadhu (1993) also reported that most of the 
seeds in the central umbel, unlike the others, 
are very well and fully formed. In the cases of 
the once fertilization, the values are between 
78.65% for the control to 84.31% for the 
N90P90K200, this difference are statistically 
significant. In this variant, this percentage for 
the seeds from first, second and tertiary order is 
also the highest, although the differences are 
smaller.  
In most of the variants, the twice application of 
fertilizers helped to better seed development 
from the central umbel, with maximum values 
reported for N90P190K200 and N90P190K100. 
Although weak, compared to other variants in 
this way of fertilization with N90P90K200, the 
highest amount of normally formed seeds from 
first and second order was reported, while for 
tertiary this was observed in the N50P90K200.  
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Table 2. Specific behaviors of umbels development 

№ Weight of seeds in umbels (g) Normal developed seeds (%) 
order C I II III C I II III 

 Once fertilization 
1 2.67 5.59 2.89 0.61 78.65 71.39 67.95 61.96 
2 3.08 8.38 2.92 0.62 79.12 77.39 69.12 62.15 
3 3.04 6.59 2.42 0.87 80.06 77.49 72.98 63.01 
4 2.76 7.91 3.75 1.40 80.65 76.97 72.62 63.39 
5 2.68 8.44 2.79 0.55 79.75 74.96 73.95 64.78 
6 3.31 8.86 4.50 0.63 83.19 76.39 71.31 64.77 
7 2.89 7.86 3.04 0.71 81.34 77.09 72.59 66.56 
8 3.51 10.07 4.94 1.16 84.31 77.88 75.79 68.70 
9 3.44 9.25 3.82 0.65 82.75 75.53 73.12 64.71 

10 2.87 7.63 2.25 0.92 80.75 75.39 69.92 65.30 
 Twice fertilization 

11 2.66 5.64 2.22 0.66 81.21 76.12 73.21 64.86 
12 3.37 9.61 3.54 1.22 82.00 74.55 70.96 67.50 
13 3.53 7.89 2.78 0.89 81.36 76.13 70.47 65.98 
14 2.52 5.14 3.07 0.53 79.92 71.76 67.64 64.72 
15 2.82 12.05 3.75 1.32 82.44 75.36 71.12 66.10 
16 3.30 6.66 3.08 0.99 83.27 76.67 71.62 65.24 
17 2.92 7.59 2.33 0.84 83.45 75.48 71.15 65.64 
18 3.59 7.69 2.73 0.65 83.48 73.94 69.27 63.63 

LSD p=5%    3.65 3.43 2.65 3.97 
r* 0.72 0.78 0.67 0.67 0.68 0.72 0.52 0.44 

r ** 0.71 0.61 
r* - correlation coefficient with yield of the respective umbel; 
r** - correlation coefficient with wild of the whole plants.   
 
Seed yield (Table 3) is significantly influenced 
by the different levels and types of fertilization. 
In all variants, it is higher than the non-
fertilized control. At the same time, twice 
fertilization improves productivity compared to 
reciprocal combinations of once fertilizer 
applications. An exception is observed when 
higher levels are applied, i. e. for N90P90K200 
and N90P190K100, the increase being the highest 
for combinations N50P90K100 and N90P90K100, 
respectively by 13.49% and 22.26%, compared 
to the same levels, but on a once application.  
In the first method of application of mineral 
fertilizers, the highest yield was reported in 
variant N90P90K200 - 746.46 kg.ha-1 or by 
29.68% above the control. Next are N90P190K100 
and N50P190K100 with 19% over the seeds, 
obtained from the non-fertilized plants. These 
three variants also account for a relatively 
higher number of umbels, especially from first-
order, as well as a high umbellate number.  
The correlation between yield and these two 
traits is strongly positive with coefficient r = 
0.78 and r = 0.66 for the whole plant. The 

correlation coefficients for the separate orders 
are also high, except for the umbellate number 
for the tertiary order, as it is the strongest and 
positive correlation with the number of umbels 
in the first and second orders with r = 0.81 and 
r = 0.76, respectively, followed by this for the 
umbellate counted in the central umbels (r = 
0.71) and first-order (r = 0.69). The correlation 
of productivity with the weight of seeds per 
umbel (r = 0.71) is high and positive and it is 
the highest for the umbels of the first order (r = 
0.78) and the central umbels (r = 0.72). Similar 
strong correlations for carrot seed productivity 
have been found by Mengistu and Yamoah 
(2010). Elballa and Cantliffe (1997) also point 
out that seed yield varies greatly depending on 
the sequence of umbels development on the 
mother plant and emphasized that the yields 
mainly formed by the seeds of first and second-
order umbels. Similar are the conclusions of 
Amjad et al. (2005), as they reported that seed 
yields for carrots are determined very much by 
the number of first-order umbels.  
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Table 3. Productivity (kg.ha-1) and contribution of different orders in yield formation (%) 

№ Productivity Part of different orders in yield formation 
order Central I II III 

Once fertilization 
1 575.60 10.69 49.37 33.39 6.10 
2 618.41 10.48 52.09 30.78 6.58 
3 648.30 11.48 53.39 25.83 7.49 
4 666.08 16.24 45.26 30.63 7.85 
5 684.26 10.20 52.12 31.26 6.40 
6 673.98 9.59 44.53 37.30 8.55 
7 643.03 12.59 53.47 26.43 7.47 
8 746.46 13.09 48.47 31.68 6.97 
9 686.12 13.42 51.31 29.21 6.03 
10 653.86 11.84 49.22 28.06 8.37 

Twice fertilization 
11 735.81 8.27 52.61 31.68 5.98 
12 662.60 15.67 40.50 33.86 9.95 
13 728.42 8.28 52.39 33.00 5.19 
14 688.16 11.08 52.89 27.42 8.58 
15 786.19 9.43 56.77 28.44 5.33 
16 710.26 10.20 47.71 34.51 7.56 
17 677.58 11.14 59.10 23.73 6.02 
18 702.85 10.33 49.81 33.13 5.21 

LSD p=5% 58.3 6.45 12.9 7.90 4.61 
 
The maximum yield of twice fertilization was 
established after the application of N90P90K100 - 
786.19 kg.ha-1, with 36.58% above the control. 
This is the highest productivity among all the 
tested variants. In this case of fertilization, the 
numbers of umbels and the individual 
constituent parts, as well as the diameter, are 
the highest. High productivity of this type of 
fertilization also was observed in N50P90K100 
and N50P190K100. Statistical proof of differences 
was found in all variants except N70P140K150. 
The specific morphology of the carrot seed 
plant also determines the different involvement 
of the individual umbels in the formation of the 
yield. On average for all tested variants, the 
proportion of the first order is 50.61%, 
followed by second-order with 30.57%. This is 
due to the larger number of umbels that they 
develop.  
The tertiary umbels and the central umbels are 
with the least involved. Mengistu and Yamoah 
(2010) point out that, although the central 
umbel is the largest and with the highest weight 
of seeds, first-order umbels have a major 
proportion in the yield, which is related to their 
large number. The participation of the central 
umbel in productivity is the highest both once 
and twice fertilization in N50P90K200 
combination of 16.24% and 15.67%, 
respectively.  

The proportion of first umbels increases the 
most after application of N90P90K100 (once) and 
N90P190K100 (twice). The second and third 
umbels have the strongest involvement in the 
yield formation in once fertilization with 
N50P190K200 and twice - with N90P90K200 and 
N50P90K200, respectively.  
 
CONCLUSIONS 
 
The way of fertilizer application significantly 
influenced the formation of the carrot seed 
plant and stronger development of the main 
attributes responsible for productivity is 
established by twice fertilization of mineral 
fertilizers. 
The highest number of umbels is developed in 
the first and second-order branches, while 
about the number of umbellate this is in the 
central umbel and in those of the first order. 
The values of these signs are most strongly 
affected by once fertilization with N90P90K200 
and twice one with N90P90K100. A similar trend 
is observed for the diameter of the umbels and 
the weight of seeds per umbel.  
The percentage of normally developed seed is 
the highest for central umbels at variant 
N90P90K200 for once fertilization and at variant 
N90P190K100 for twice one. 
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The highest productivity of carrot seeds is 
established in once fertilization with N90P90K200 
- 746.46 kg.ha-1, and in twice fertilization with 
N90P90K100 - 786.19 kg.ha-1. The yield is 
determinated mainly from the seeds obtained 
from the first order and their largest partici-
pation is after fertilization with N90P90K100, and 
at twice it is for N90P190K100, followed by the 
quota of the second-order umbels. Twice 
fertilization of mineral fertilizers contributes to 
higher yields than the corresponding levels but 
in once fertilization.   
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