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ABSTRACT
A field experiment was conducted to assess the quality of carrot variety T-29 by the application of 
potassium fertilizer. Potassium was applied @ 0, 40, 60, 80, 100 and 120 kg/ha and carrot was 
sown during the month of November of every year. The experiment was continued for consecutive 
three years i.e. 2016-17, 2017-18 and 2018-19 at research area of Biochemistry Section, Ayub 
Agricultural Research Institute, Pakistan. Yield data were collected and quality parameters pulp, 
juice, TSS, vitamin C, dry matter, total sugars and reducing sugars were determined. Results 
revealed that the application of K enhanced the yield and quality parameters. Root yield in 
various treatments ranged from 20.6 to 30.8 in 2017, 18.0 to 25.8 in 2018 and 17.5 to 27.8 t/
ha in 2019, minimum in control and maximum at treatment where K was applied @ 120 kg/ha. 
Quality parameters like pulp, juice, mineral matter and vitamin-C did not affect significantly by 
the application of K while the total sugars were increased from 4.0 to 5.6, 4.7 to 5.5 and 5.5 to 
6.8% (Minimum in control and maximum with 120 kg/ha K application) during the years 2016-17, 
2017-18 and 2018-19, respectively. Maximum antioxidant potential i.e. 75.2, 80.13 and 78.6 was 
found with potassium application of 120 kg/ha during all years. Pro vitamin A contents (3782 and 
3706 µg/100g) were analyzed during 2018 and 2019 respectively where 100 kg/ha potassium 
was applied. In short, potassium application could be effective for carrot optimum yield and 
quality enhancement.
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INTRODUCTION
Carrot (Daucus carota L.) is a very important vegetable 
of winter season. During the year 2014-15, it was 
cultivated on an area of 13381 ha with 227075 tones 
production in Punjab (Anonymous, 2014-15). Carrots 
are also consumed as fresh, after cooking and as salad 
also. Carrots are very nutritive vegetables. It contains 
protein, carbohydrates, fiber, pro vitamin A, potassium, 
sodium, thiamine and riboflavin (Ahmad et al., 2005; 
Hassan et al., 2005; Bahri and Rashidi, 2009; Rashidi 
et al., 2009a). Carrots are also high in sugar contents 
(Suojala, 2000). Productivity and quality of carrot 
root depends on cultivar, climatic condition, soil, and 
agronomic factors (Kaack et al., 2001, Subrahmanyam 
and Raju, 2000). Hochmuth et al. (2006) indicated 
that potassium (K) is required for successful 
carrot production. Potassium plays a prime role in 
translocation of carbohydrates, photosynthesis, water 
relations, resistance against insects and diseases and 
sustains balance between mono valent and divalent 
cations (Brar and Tiwari, 2004) and involved in several 

biochemical and physiological processes. Several 
researchers revealed the importance of potassium to 
achieve high carrot yield (Anjaiah and Padmaja, 2006; 
Bartaseviciene and Pekarskas, 2007) and quality of 
roots (Lyngdoh, 2001; Selvi et al., 2005). According to 
Kadar (2008), carrot is a potassium-demanding plant. 
Present study was aimed to explore the effect of K 
fertilization on the yield and some quality parameters 
of carrot.

MATERIALS AND METHODS

Field study
A field experiment was carried out at Biochemistry 
Section research area, Ayub Agricultural Research 
Institute, Faisalabad, Pakistan on carrot variety T-29 
during the years 2016-17, 2017-18 and 2018-19. Six 
levels of potassium fertilizer (0, 40, 60, 80,100 and 120 
kg/ha) were applied to carrot in the form of sulphate of 
potash (SOP). Carrots were sown during the month of 
November and harvested during the month of February 
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every year. Nitrogen and phosphorus were applied @ 
80-80 kg/ha to all the treatments. Experiment layout 
was randomized complete block design (RCBD) with 
three replications.  Soil was sandy clay loam with 120 
ppm K level. Fresh root yield of carrot was recorded 
and samples of carrot were collected for analysis.

Laboratory analysis
Pulp and juice was extracted by using juicer (Black & 
Decker) and expressed in terms of percentage. Fresh 
carrot juice was used to determine pH, sugars, vitamin 
C by adopting the methods described in AOAC (1997). 
Beta Carotene (Pro Vitamin A) was determined by 
spectrophotometer adopting the method described by 
Nagata and Yamashita (1992) using equation

β-carotene = 0.216A663- 1.22A645- 0.304A505+ 0.452A453

Where A is absorption at various wavelengths

Antioxidant potential (Redical scavenging activity on 
DPPH) was determined by the method described by 
Sanchez-Moreno et al. (1998). Total phenolic contents 
was determined by using folin-ciocalteau colorimetric 
method and expressed the results as gallic acid 
equivalents (GAE) following the method described by 
Singleton and Rossi (1965).

Statistical analysis
Data recorded for various parameters were subjected 
to statistically analysis using Microsoft Excel software. 
Treatment differences were evaluated by using least 
significant difference (LSD) test (Steel et al., 1997).

RESULTS AND DISCUSSION

Carrot root yield
Results presented in Table 1 showed that carrot 
root yield significantly increased by the application 
of potassium (K) fertilizer. Yields obtained with the 
application of K fertilizer were statistically higher 
as compared to control but the increasing levels of 
K beyond 40 kg/ha did not show significant further 
increment in yield and yields obtained at 60, 80, 100 

and 120 kg/ha was found statistically at par during all 
the three years of study. It is clear from three years 
yield data that the response of K application towards 
yield became leveled off at 60 kg/ha K applications. 
Root yield varied from 20.6 to 30.8 during the year 
2016-17, 18.0 to 25.8 during the year 2017-18 and 
17.5 to 27.8 t/ha during the year 2018-19, respectively, 
lowest in control and highest in treatment where K 
was applied @ 120 kg ha-1 . Results of a many studies 
contradicted to present findings. Ali et al. (2003) found 
an incremental increase in carrot root yield with the 
application of K up to 200 kg/ha. Anjaiah and Padmaja 
(2006) found that root yield increased with increasing 
levels of potassium.

Juice and pulp
Results presented in Table 2 showed that the 
application of K fertilizer and its increasing levels did 
not effect the pulp and juice quantity in carrot and its 
effect was found non-significant during all the three 
years of study. The quantity of juice varied from 40.3 
to 42.0, 41.4 to 49.4 and 57.4 to 60.7% during the 
years 2016-17, 2017-18 and 2018-19, respectively. 
Similarly, the quantity of pulp obtained from the carrot 
grown by the application of various doses of potassium 
was varied from 57.8 to 59.6, 50.6 to 58.6 and 39.2 
to 43.0% during the year 2016-17, 2017-18 and 2018-
19, respectively.  In a study, Ahmad et al. (2014) found 
that maximum juice recovery (37.99%) was observed 
in T-29 than Oranza cultivar while the highest (46.53%) 
juice recovery among different treatments was found 
with the combine application of FYM and PM  applied 
on  nitrogen basis.

Dry matter and mineral matter
The effect of K application and its increasing levels (40-
120 kg/ha) on dry and mineral matter of carrot were 
found non-significant. A random variation was observed 
in dry matter and mineral matter contents without any 
increasing trend. It means that K application had no 
significant effect on its mineral dry matter content (Table 
2). The dry matter contents (%) found in carrot grown 
without K application (control) were 10.7% in 2017, 
9.9% in 2018 and 8.6% in 2019 while the dry matter 

Table 1. Fresh carrot yield and dry matter of carrot as influenced by K-application

K applied (kg/ha) Fresh carrot yield (t/ha) Dry matter (%)
2017 2018 2019 2017 2018 2019

0 20.6 c 18.0 c  17.50c 10.7 a 9.9 b 8.6 e
40 25.5 b 21.4 ab 22.7 b 8.9 c 8.5 c 9.4 c
60 28.3 ab 21.8 ab 22.7 b 9.6 b 7.5 d 9.7 b
80 28.3 ab 25.2 a 23.2 b 9.1 bc 7.1 d 9.9 a

100 30.0 ab 25.5 a 26.7 ab 9.4 dc 9.6 b 8.9 d
120 30.8 ab 25.8 a 27.8 a 8.0 d 10.6 a 8.4 f
LSD 4.59 3.37 4.17 0.75 0.62 0.10

*Comparison of the treatments within years and different letters (at 5 % probability level) showed the significance within year
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(%) obtained with the application of highest dose of K 
(120 kg/ha) was 8.0% in 2017, 10.6% in 2016 and 8.4% 
in 2019. Similar trend of K application response on 
mineral matter was observed (Table 3). Mineral matter 
ranged from 0.88 (control) to 0.99 % (120 kg/ha), 0.64 
(control) to 0.82 % (120 Kg/ha) and 0.68 (control) to 
0.70 % (120 kg/ha) during the years 2017-2018 and 
2019, respectively. Gopalan et al. (1991) found that 
total ash contents in carrot were 1.1%.  According 
to Teferra et al.  (2015) the ash contents varied from 
9.0 to 11.20% in blanched sliced (dehydrated) carrot. 
Application of NPK fertilizer increased the contents of 
dry matter and ash (Zdravkovic et al., 2007).

Pro-vitamin A (Beta carotene)
Results Table 4 revealed that the K application @ 60 
kg/ha increased the pro-vitamin-A (Beta carotene) 
contents in carrot significantly during the study years 
2017, 2018 and 2019. Potassium application above 
60 kg/ha did further increase the pro-vitamin-A. The 
pro vitamin A observed at fertilizer dose of 80, 100 
and 120 kg/ha were statistically at par. Highest pro-
vitamin-A contents were found with the application of 
100 and 120 kg/ha K and the lowest in control. The 
pro-vitamin-A ranged between 2464 µg/100g to 3725 
µg/100g during the year 2017. During the year 2018, 
the highest pro-vitamin-A ranged from 2330 to 3782 
µg/100 g while during the year 2019 pro-vitamin-A 
ranged from 2646 to 3706 µg /100 g in treatments. 
Mustapha and Babura (2009) analyzed 3.03 µg/L beta 
carotene in carrots grown in Nigeria.

Antioxidant potential
Data regarding antioxidant potential are given in Table 

5 which revealed that antioxidant potential increased 
with increase in level of potassium fertilizer application 
in all the years. Maximum antioxidant potential (75.2, 
80.13, 78.6 % DPPH activity) was analyzed in 2017, 
2018 and 2019, respectively where potassium fertilizer 
was applied at the rate of 120 kg/ha. There was linear 
relationship between potassium fertilizer application 
with antioxidant potential. However, antioxidant 
potential in control (68.6 % DPPH activity) was 
statistically at par with 40, 60 and 80 kg/ha potassium 
fertilizer application in 2017.

Total phenolic contents
Data regarding total phenolic contents are given in 
Table 5 which revealed that maximum total phenolic 
contents (4.85 mg GAE/g) were observed in treatment 
where 60 kg/ha potassium fertilizer was applied while 
minimum (3.51 mg GAE/g) in control during 2017. 
During 2018, maximum total phenolic contents (4.87 
mg GAE/g) were observed in treatment where 100 kg/
ha potassium fertilizer was applied and during 2019, 
maximum total phenolic contents (4.73 mg GAE/g) 
were observed in treatment where 80 kg/ha potassium 
fertilizer was applied during 2019. However minimum 
total phenolic contents were analyzed in control during 
all the years.

TSS and vitamin-C
Potassium application significantly increased the TSS 
of carrot as compared to control (no K-application). 
Further, the application of K above 40 kg/ha had no 
significant incremental effect of the TSS of carrot 
(Table 3). All the tested doses of K (40, 60, 80,100 and 
120 kg/ha) were found statistically at par. Same results 

Table 2. Juice and pulp contents of carrot as influenced by K-application

K applied (kg/ha) Juice (%) Pulp (%)
2017 2018 2019 2017 2018 2019

0 40.4 41.4 57.4 59.5 58.6 43.0
40 42.0 47.5 60.7 57.8 52.5 39.2
60 40.3 43.8 58.8 59.6 56.2 41.2
80 41.1 46.1 58.8 58.9 53.9 41.1

100 41.8 49.4 58.1 58.2 50.6 41.8
120 41.9 48.4 57.8 58.1 51.6 42.2
LSD NS NS NS NS NS NS

*Comparison of the treatments within years and different letters (at 5 % probability level) showed the significance within year

Table 3. Mineral matter and TSS contents of carrot as influenced by K-application

K applied (kg/ha) Mineral matter (%) TSS (%)
2017 2018 2019 2017 2018 2019

0 0.88 b 0.64 0.68 c 6.1 b 8.3 6.4 b
40 0.94 ab 0.81 0.79 a 6.7 b 9.1ab 7.3 a
60 0.93 ab 0.69 0.76 ab 6.8 b 9.1 ab 7.0 ab
80 0.89 ab 0.76 0.80 a 6.8 b 9.6 a 7.1 ab

100 0.84  b 0.71 0.57 d 6.9 ab 10.1 a 7.5 a
120 0.99 a 0.82 0.70 bc 7.1 a 10.1a 7.3 ab
LSD 0.105 NS 0.07 0.29 1.56 0.51

*Comparison of the treatments within years and different letters (at 5 % probability level) showed the significance within year
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were observed during all the study years 2017, 2018 
and 2019. Highest TSS (7.1, 10.1 and 7.5% during 
the years 2017, 2018 and 2019 respectively) were 
found with the application of 120 kg/ha K and theses 
values were at par with 60, 80,100 and 120 kg/ha of 
K application. Lowest TSS (6.1, 8.3 and 6.4% during 
the years 2017, 2018 and 2019, respectively) were 
observed in control treatment where no K was applied. 
It was evident from the results that the TSS responded 
the K application but the higher doses of K above 40 
kg/ha was not found beneficial to increase in TSS. 
Umuhoza et al. (2014) reported highest (10.26%) and 
lowest TSS (9.98%) in treatments where no FYM and 
FYM @ 20 kg/ha, respectively, were applied to carrot. 
They found that fertilizer application did not increase 
the TSS in carrot. Stefan (2013) found that the average 
total soluble solids ranged between 7.9 ± 0.5% brix in 
carrot.
Results (Table 4) revealed that the K application 
increased the vitamin-C contents in carrot significantly 
during the study years 2017 and 2018 but the results 
obtained during the year 2019 were not significant. 
Potassium application above 40 kg/ha did increase the 

vitamin - C but the higher doses of K did not cause 
an incremental increase in vitamin - C. The highest 
vitamin-C contents were found with the application of 
120 kg/ha K and the lowest in control. The vitamin C 
ranged between 6.2 mg/100ml in control to 9.3 mg/100ml 
in treatment where120 kg/ha K was applied during the 
year 2017. During the year 2018, the highest vitamin 
C (8.0 mg/100 ml) was observed in treatment where 
120 kg/ha K was applied and the lowest (5.7 mg/100 
ml) was found in control. The results for the year 2019 
remained non-significant and vitamin c ranged from 
6.5 to 7.52 mg/100 ml of juice. The results of Umuhoza  
et al. (2014) are in line with the results of this study who 
found that FYM increased significantly the vitamin C in 
carrots but increasing levels of FYM (5 to 20 t/ha ) did 
not further increase the vitamin C. The highest vitamin 
C content (7.98 g/100 g) was obtained in carrots that 
received highest FYM level (20 t/ha) while the lowest 
vitamin C (7.38 g/100 g) were obtained in carrots that 
did not receive any fertilizer. Matejkova and Petrova 
(2010) also reported that vitamin C in carrots was 12%. 
Holland et al. (1991) found vitamin C as 4 mg/ 100g in 
carrot. According to Leahu et al. (2013) the vitamin C 

Table 4. Pro-vitamin A (Beta carotene) and vitamin-C of carrot as influenced by K-application

K applied (Kg/ha) Pro -Vitamin A (µg/100g) Vitamin-C (mg/100 ml)
2017 2018 2019 2017 2018 2019

0 2464 c 2330 c 2646 c 6.2 c 5.7 e 6.93
40 3021 b 2919 b 2826 c 6.8 c 6.1d 6.91
60 3457 a 3341 ab 3255 b 6.9 c 6.7 c 6.91
80 3634 a 3522 a 3471 ab 7.7 b 6.8 c 6.50

100 3582 a 3782 a 3706 a 8.1 b 7.5 b 7.52
120 3725 a 3679 a 3589 a 9.3 a 8.0 a 7.32
LSD 271 555 329 0.76 0.39 NS

*Comparison of the treatments within years and different letters (at 5 % probability level) showed the significance within year

Table 5. Antioxidant potential and total phenolic contents of carrot as influenced by K-application

K applied (kg/ha)
Antioxidant potential % DPPH 

activity
Total phenol contents 

(mg GAE/g)
2017 2018 2019 2017 2018 2019

0 68.6 b 67.2 d 68.1 c 3.51 c 4.11 c 3.35 c
40 70.47 ab 69.3 cd 71.5 bc 3.70  bc 4.58 ab 3.82 bc
60 72.23 ab 73.3 bc 71.83 bc 4.85 a 4.15 bc 3.97 b
80 73.97 ab 74.6 b 74.13 ab 4.45 a 4.12 c 4.73 a

100 75.1 a 74.9 b 76.3 ab 4.78 a 4.87 a 4.15 ab
120 75.2 a 80.13 a 78.6 a 3.98 b 4.47 abc 4.66 a
LSD 5.68 4.02 5.50 0.41 0.44 0.61

*Comparison of the treatments within years and different letters (at 5 % probability level) showed the significance within year

Table 6. Total, reducing and non-reducing contents of carrot as influenced by K-application

K applied (kg/ha) Total sugar (%) Reducing sugars (%) Non-reducing sugars (%)
2017 2018 2019 2017 2018 2019 2017 2018 2019

0 4.0 d 4.7 5.5 c 2.9 c 3.3 c 3.0 c 1.2 ab 1.8 a 2.78 a
40 4.5 cd 5.1 6.5 ab 3.1 c 3.6 bc 3.6 b 1.3 a 1.5 a 2.76 ab
60 4.2 d 5.3 6.3 ab 3.3 c 3.6 bc 5.0 a 0.9 abc 1.6 a 1.27 d
80 4.7 c 5.4 5.8 c 3.3 c 4.0 bc 3.6 b 1.3 a 1.4 a 2.10 ab

100 5.2 b 5.5 6.1 
abc 4.4 b 4.2 ab 3.9 b 0.8 bc 1.3 ab 2.09 bc

120 5.6 a 5.5 6.8 a 5.2 a 4.9 a 4.0 b 0.4 c 0.6 b 2.59 ab
LSD 0.35 NS 0.66 0.54 0.84 0.47 0.47 0.82 0.69

*Comparison of the treatments within years and different letters (at 5 % probability level) showed the significance within year
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values for carrot was found 3.1mg/100g.
Total and reducing sugars
Application of K increased the total and reducing sugars 
in carrot but its doses higher than 40 kg/ha caused no 
further increase in sugar contents. Total sugars ranged 
from 4.0 to 5.6% with K application @ 120 kg/ha during 
the study year 2017, 4.7 to 5.5% with non-significant 
differences among treatments during the study year 
2018 and 5.5% in control to 6.8% with 120 kg/ha K 
application during the last year of study 2015. Similarly, 
reducing sugars during the year 2017 ranged from 
2.9 to 5.2%, 3.3 to 4.9% during 2018 and 3.0 to 5.0% 
during 2019, highest with the application of 120 kg/ha 
K and the lowest in control. Holland et al. (1991) found 
total sugars contents in carrot as 5.6%. The enzyme 
responsible for synthesis of starch (starch synthetase) 
is activated by K. Thus, with inadequate K, the level 
of starch declines while soluble carbohydrates and N 
compounds accumulate. Photosynthetic activity also 
affects the rate of sugar formation for ultimate starch 
production. Under high K levels, starch is efficiently 
moved from sites of production to storage organs (Patil, 
2011). Bartaseviciene and Pekarskas (2007) indicated 
that potassium fertilizers significantly influenced the 
sugar content of the carrots and decreased the quantity 
of the nitrates. Anjaiah and Padmaja (2006) found that 
root yield and quality parameters (total carotenes, 
total soluble solids and total sugars) increased with 
increasing levels of potassium. Zakir et al. (2012) 
reported that the highest Total Soluble Sugars (TSS) in 
carrot was 10.51%. Anjaiah and Padmaja (2006) found 
that root yield and quality parameters (total carotenes, 
total soluble solids and total sugars) increased with 
increasing levels of potassium.

Non reducing sugar
Potassium application and its increasing levels were 
found non-significant results on the non-reducing 
sugar of carrots. Random variation was observed in 
non-reducing sugar contents of carrots without any 
increasing/decreasing trend. Non reducing sugar (%) 
ranged from 0.4 to 1.3% during the year 2017, 0.6 to 
1.8% during the year 2018. In 2019 non reducing sugar 
ranged from 1.27 to 2.78. Highest non reducing sugar 
1.8 and 2.78% were found in control during the year 
2017 to 19. Ali et al. (2003) reported that unfertilized 
treatment had a tendency to yield high glucose and 
fructose and thus also sugar content than did the 
fertilized treatments.

CONCLUSION
Application of potassium enhanced the yield and 
quality parameters. Maximum root yield 30.8 t/ha in 

2017, 25.8 t/ha in 2018 and 27.8 t/ha in 2019 were 
obtained by applying K @ 120 kg/ha. Total sugars were 
increased from 4.0 to 5.6, 4.7 to 5.5 and 5.5 to 6.8% 
(Minimum in control and maximum with 120 kg/ha K 
application) during the years 2016-17, 2017-18 and 
2018-19, respectively. Maximum antioxidant potential 
(75.2, 80.13 and 78.6%) was found with potassium 
application of 120 kg/ha during all the years. Pro 
vitamin A contents (3782 and 3706 µg/100g) were 
analyzed during 2018 and 2019 respectively where 
100 kg/ha potassium were applied.
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