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ABSTRACT

Two field experiments were conducted on November, 2017/2018 and 2018/2019 at the Faculty of Agriculture, Ain Shams
University Farm, Shoubra El-Kheima, Egypt. Foliar applications of phosphoric acid (as P source at 1000 and 2000 ppm),
potassium (KOH as K source at 1000 and 2000 ppm), boric acid (as B source at 500 ppm) and their combinations were
designed in complete randomized block design with three replications and sprayed at 30, 55 and 75 days after sowing to
enhance the growth, yield and the biochemical constituents of carrot (Daucus carota L.) cv Kuroda orange. Data indicated
that spraying phosphoric acid, potassium, boric acid individually and in combination stimulated vegetative growth
characters, biochemical constituents and storage roots yield compared to control plants in both seasons. Foliar supply of the
individual phosphoric acid (2000 ppm) and the combined treatment of P (2000 ppm) plus K (2000 ppm) and B (500 ppm)
achieved higher significant improvements of most vegetative growth traits, macro and micronutrients, photosynthetic
pigments in carrot leaf at 90 days after sowing and storage roots yield, N, P, K, Mg, Ca, Fe, Mn, Zn, Cu, carotene, vitamin
C, total sugars concentrations and TSS in storage roots at 105 days after sowing compared to control plants.
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1. INTRODUCTION 2011; Malhotra et al., 2018). So, spraying P sources
such as phosphoric acid achieves higher positive
effects on growth and yield of faba bean Zewail et al.
(2011) and wheat (Peirce et al., 2019).

Potassium (K) is an essential macronutrient
has vital functions in osmotic adjustment, water use
efficiency and enzyme activation (Uchida, 2000; Guo
et al., 2013; Wang et al., 2013). Moreover, K controls
many physiological and biochemical processes
reflexed on crops growth, yield and quality
(Wang and Wu, 2013; Hasanuzzaman et al., 2018).
Consequently, many authors suggested that using K
sources as foliar application enhanced the vegetative
growth, yield and the biochemical composition of
fodder beet Kassab et al. (2012), potato Salim et al.
(2014), onion Behairy et al. (2015) and carrot by
(Abou El-Nasr and Ibrahim 2011; Omar and Ramadan
2018; Shaban et al. 2018).

Boron (B) is one of the essential micronutrient
which demands in cell walls formation, cell
elongation, enzyme activation, sugars transport,
carbohydrate metabolism, nucleic acid RNA formation
and metabolism (Marschner, 1995; Uchida, 2000;

The consumption of storage carrot roots
(Daucus carota L.) is important vegetable crop in the
world now during it is a great source of carotenes,
carbohydrates, flavonoids, vitamins, polyphenols,
minerals, and fibers (Nicolle et al., 2004; Sharma et
al., 2012; Silva Dias, 2014; Subba et al., 2016; Cielo
Char, 2017; Que et al., 2019). Additionally, carrot
leaves are favorite for human consumption food
products via its high content of fatty acids,
antioxidants and nutrients (Leite et al., 2011).
Therefore, quality properties of carrot root positively
influenced by nutrients supply (Singh et al., 2012).

All higher plants cannot grow without
phosphorus (P) supply. It is a major part of
membranes phospholipids, nucleic acids (DNA and
RNA) and plant energy compounds (adenosine di- and
triphosphate (ADP and ATP)) (Schachtman et al.,
1998; Uchida, 2000; Kow and Nabwami, 2015).
Nevertheless, shortage available phosphorus in soils
decreases P uptake and caused plant P deficiency, thus
limiting the growth and development (Shen et al.,

12



Salim B.B.M. et al., 2022

Broadley, et al.,, 2012). Therefore, B necessary
required for plants growth and biological processes
(Khalig et al., 2018). Furthermore, Day and Aasim
(2020) B promotes plant pigments and nutrients
uptake and translocation. Accordingly, Abou EL-
Yazied and Mady, 2012; El-Dissoky and Abdel-
Kadar, 2013; Salim et al. 2019 stated that, B foliar
applications increased the vegetative growth,
biochemical constituents and yield productivity of
different vegetable crops. Also, minerals, carotenes
and vitamin C concentrations of carrot root improved
by B supply (Singh et al., 2012).

The objective of this research was to study the
interrelationship between the foliar spray with the
phosphoric acid, potassium and boric acid on
photosynthetic  pigments, mineral composition,
vegetative growth, storage roots yield and quality of
carrot plant.

2. MATERIALS AND METHODS
2.1. Seeds sowing and experimental conditions

Two field Experiments were carried out of winter
seasons on 4 November of 2017/2018 and 2018/2019
in the Faculty of Agriculture, Ain Shams University
Farm, Shoubra EIl-Kheima, Egypt (30.114953 N,
31.247934 E) to study the effect of foliar spray with
phosphoric acid (Hs PO, 85 % P,0s), potassium
(KOH: 48 % K,0), boric acid (Hz BOs:17 % B) and
their combinations on the vegetative growth, yield and
the biochemical constituents of carrot plants (Daucus
carota L.) cv Kuroda orange. Carrot seeds cv. Kuroda
(orange), were sown on two sides of the row the
distance was 20 cm between plants under the
following soil conditions, pH 7.82, EC = 0.91 ds/m,
HCO; 0.60 meq /I, Na* 2.71 meq /1, Ca* 3.30 meq /I,
Mg*? 2.91 meq /I, K* 0.19 meq /I, CI" 5.00 meq /I and
SO,? 3.40 meq /I. This experiment included 8
treatments as follows:

Control (distill water)

Phosphoric acid (P) at 1000 ppm
Phosphoric acid (P) at 2000 ppm
Potassium (K) at 1000 ppm
Potassium (K) at 2000 ppm

Boric acid (B) at 500 ppm

P+ K+ B at 1000+1000 + 500 ppm

8. P+ K+ B at 2000 + 2000 + 500 ppm

These treatments arranged in a randomized
complete block design with three replications. Foliar
treatments were applied at 30, 55 and 75 days after
sowing. Ammonium sulfate 20.6 % N at rate 300 kg
(60 kg N/fed), calcium superphosphate 15.5 % P,Os at
rate 350 kg/fed (40 kg P,Os/fed) and potassium sulfate
48 % K,0O at rate 200 kg (50 kg K,0O) and other
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agricultural practices were used according to the
recommendations of the Egyptian Ministry of
Agriculture.

2.2.Growth and yield characteristics

Carrot growth parameters included plant
length (cm), number of leaves/plant, plant fresh and
dry weights (g/plant), shoot FW were determined at 90
days after sowing. Storage root length (cm), diameter,
root fresh weight (g/plant), and storage root yield/ fed
(ton) were measured at 105 days after sowing in two
seasons.

2.3.Biochemical composition measurements

Chlorophyll a, chlorophyll b, and carotenoids
concentrations of carrot leaf at 90 days after sowing
were extracted of 0.1 g leaf samples with 10 ml N, N-
dimethylformamide (Minocha et al., 2009) and
calculated according to Wellburn (1994). Leaf and
root samples of carrot plant at 90 and 105 days after
sowing respectively (main of two seasons) were dried
at 60 °C in air oven for 72 h and digested using H,SO,
and H,0, to determine N, P, K, Mg, Ca, Fe, Mn, Zn
and Cu Concentrations. Total N was determined using
micro-Kjeldahl method by Horneck and Miller (1998).
The molybdenum blue method used to determine total
P (Bernhart and Wreath, 1955). The K concentration
was measured by the flame photometer as described
by Horneck and Hanson (1998). Concentrations of Ca,
Mg, Zn, Fe, Mn and Cu were determined according to
Stefansson et al. (2007). Total carotene and vitamin C
concentrations (mg/ 100 g FW) in storage root were
determined according to Ellong et al. (2015). Total
sugars concentration was determined in storage root
using the method of (Dubois et al., 1956). TSS
measured by hand digital Refractometer.

2.4. Statistical analysis

Results of the vegetative growth, yield and
biochemical constituents of two seasons were arranged
and statistically analyzed using CoStat software
according to Gomez and Gomez (1984). One- way
analysis of variance was used to test for significant
differences at P < 0.05, followed by Duncan’s multiple
range test.

3. RESULTS AND DISCUSSION
3.1.The vegetative growth and storage roots
yield

Results recorded in Tables 1 and 2 reveal that
the plant length, plant fresh and dry weights, leaves
number per plant, fresh weights of shoot and storage
root, root length, root diameter and storage root yield
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Table 1. Influence of foliar spray with P, K and B on the vegetative growth of carrot at 90 days after sowing during 2017/2018 and 2018/2019
growing seasons.

Treatments Plant height (cm) Leaves number/ Plant FW (g) Plant DW (g) Shoot FW (g)
lant

Ses 1 Ses 2 Ses 1 . Ses 2 Ses 1 Ses 2 Ses 1 Ses 2 Ses 1 Ses 2
Control 42.00e  47.67b  9.33c 10.67b  60.00c 58.33¢c 8.83b  7.67c 28.00b  31.67a
P at 1000 ppm 49.00d  50.67ab  10.67bc 11.67ab 67.33bc  80.00a-c 9.00b  9.33bc  32.67b  36.67a
P at 2000 ppm 56.67a  56.00a  11.33ab 12.70a  115.00a 105.67a 16.17a 11.53a  48.33a  47.33a
K at 1000 ppm 53.00bc 52.67ab 11.00a-c 12.00ab 68.33bc  72.33bc  9.42b  9.45a-c 31.00b  31.33a
K at 2000 ppm 54.67ab 55.00a  11.67ab 12.33ab 80.00bc  81.67a-c 10.17b 9.83ab  33.33b  34.00a
B at 500 ppm 50.33d  52.33ab 12.67ab 12.00ab 85.00bc  81.67a-c 10.20b  10.58ab  38.67ab  35.00a
P+ K+ B at 1000 + 1000 + 500 ppm 51.33cd 52.00ab 12.00ab 12.67a  71.67bc  88.33a-c 9.50b  11.40ab 30.00b  41.67a
P+ K+ B at 2000 + 2000 + 500 ppm 55.33ab 55.00a  13.00a  13.33a  88.33b  96.67ab 11.33b 11.70ab 31.67b  38.33a

LSD 2.42 6.04 1.80 1.93 22.74 29.23 2.94 191 11.43 15.85

Means (£SD) followed by different letters are significantly different at P< 0.05 level; Duncan's Multiple Range Test. Where LSD = Least significant difference.

Table 2. Influence of foliar spray with P, K and B and their combinations on root yield characteristics of carrot at 105 days during 2017/2018
and 2018/2019 growing seasons.

Treatments Root length (cm) Root diameter (cm) Root FW (g) Storage roots yield
(ton/fed)
Ses1 Ses 2 Sesl Ses 2 Ses1 Ses 2 Ses1 Ses 2
Control 14.50c 15.00b 2.50b 2.80a 32.00c 26.67b 15.50d 14.83d
P at 1000 ppm 18.67ab  18.00ab 3.07a 3.00a 34.67c 43.33ab 18.25¢ 19.17c
P at 2000 ppm 20.67a 20.00a 3.07a 3.23a 66.67a 58.33a 23.73a 23.03a
K at 1000 ppm 18.00b 18.33ab 3.13a 3.33a 37.00bc  35.00b 19.16¢ 20.98b
K at 2000 ppm 17.33b 18.70ab 3.20a 3.03a 46.67a-c  47.67ab 21.20b 22.25a
B at 500 ppm 17.67b 19.33a 3.20a 3.00a 46.33a-c  47.00ab 19.33c 20.35bc
P+ K+ B at 1000 + 1000 +5 00 ppm 18.67ab  18.70ab 3.30a 3.27a 41.67bc  46.67ab 19.70c 20.50bc
P+ K+ B at 2000 + 2000 + 500 ppm 19.00ab  19.70a 3.57a 3.43a 56.67ab  58.33a 22.17b 22.70a
LSD 2.66 3.39 0.46 0.58 21.54 23.39 151 1.26

Means (£SD) followed by different letters are significantly different at P< 0.05 level; Duncan's Multiple Range Test. Where LSD = Least significant difference.
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per fed of carrot plant responded positively to foliar
treatments of phosphoric acid (1000, 2000 ppm),
potassium (1000, 2000 ppm), boron (500 ppm) and
their combinations comparing with control in both
seasons. These results may be due to increases in the
photosynthetic pigments and nutrients content caused
by P, K, and B treatments compared with control
plants (Tables, 3 and 4).

The individual foliar application of phosphoric
acid (2000 ppm) gave a significant increase in the
plant length, leaves number per plant, plant FW, plant
DW, root length, root FW and roots yield compared to
control plants in both seasons and the shoot FW and
root diameter values in the first season. In this regard,
the highest plant length, plant FW, plant DW, shoot
FW, root length, root FW and storage root yield were
produced by phosphoric acid (2000 ppm) treatment
comparing with other treatments and control plants in
both seasons.

These results are agree with Zewail et al.
(2011) who found that foliar spray with phosphoric
acid at 500 ppm increased the plant height, leaf
number, number of branches, total leaf area, shoot dry
weight and yield of faba bean. Also, Peirce et al.,
(2019) indicated that grains yield of wheat plants
sprayed with phosphoric acid increased by 12% more
than the control. In addition, spraying phosphoric acid
(3, 6 and 9 liters ha-1) significantly enhanced the dry
matter production, leaf area index and grains yield
characteristics of rice (Zayed et al., 2019). Therefore,
P stimulated the vegetative growth and yield of potato
(Soratto et al., 2019). Increase P supply increased
linearly the shoot and root dry matters, total and
commercial yields of carrot (Reis Goncalves et al.,
2019). Zewail et al. (2011) spraying faba bean with
phosphoric acid animates the photosynthesis and
assimilates and translocation of biochemical
constituents from sources to sink. Phosphorus is
essential for metabolic processes including growth,
photosynthesis, and respiration (Malhotra et al., 2018).

Therefore, spraying the high level of
potassium (2000 ppm) was more effective than K at
the low level (1000 ppm) on enhancing the vegetative
growth and yield comparing with control plants in
both seasons (Tables 1 and 2). These results are in
accordance with Zewail et al., (2011) on faba bean and
Salim et al. (2014) on potato. Also, the vegetative
growth and storage roots traits of carrot were
significantly increased by K foliar applications (El-
Abou EI-Nasr and Ibrahim, 2011; Omar and Ramadan,
2018; Shaban et al., 2018). Respecting the positive
effect of K foliar application in the present study may
be due to that potassium maintenance the cell
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membrane  stability, osmotic regulation, root
elongation and dry mass (Wang et al., 2013).
Moreover, K controls  enzyme  activation,

photosynthesis, organic compounds synthesis, cells
signaling and translocation of photosythates which
enhanced plant growth and yield (Marschner, 1995;
Uchida, 2000; Hasanuzzaman et al., 2018).

Regarding, enhanced the vegetative growth
and yield traits of carrot in the present study by using
boron foliar application at 500 ppm were similar with
results of Abou EL-Yazied and Mady, 2012 on broad
bean, EI-Dissoky and Abdel-Kadar, 2013 on potato,
Gondim et al., 2015 on beet and tomato plants and
Salim et al. 2019 on hot pepper. Synergistic effect of
B foliar spray which improved the plant growth and
yield may be due to increase the photosynthetic
pigments and endogenous auxins and cytokinins
(Abou EL-Yazied and Mady, 2012). Furthermore, Day
and Aasim (2020) reported that B promotes plant
pigments, nutrients uptake and translocation.
Additionally, boron is necessary in keeping plasma
membrane function, cell walls formation, cells
elongation, enzyme activation, sugars transportation
and carbohydrate metabolism (Uchida, 2000; Broadley
et al., 2012; Bubarai et al., 2017; Khaliq et al., 2018;
Sidhu et al., 2019).

Using the high combined treatment of
phosphoric acid (2000 ppm) plus potassium (2000
ppm) and boron (500 ppm) significantly increased the
plant length, leaves number per plant, plant FW, root
length, root FW and storage root yield of carrot plants
compared to control plants in both seasons. The same
treatment produced the highest values of number of
leaves per plant, and root thickness (Tables 1 and 2).
The superiority of spraying the combination of P and
K and B at 2000 + 2000+ 500 related to it gave higher
leaf N, P, K, Mg, Ca, Fe, Mn, Zn, Cu concentrations
than check plants (Table 4). Results are supported
with El Nagy et al., (2020) who obtained that foliar
spray with K and P at 4 ml I-1 was the best treatment
increased the morphological characters, total and
marketable storage roots yields, roots fresh weight,
length and diameter of sweet potato.

3.2. Leaf pigments

Foliar application with phosphoric acid (1000
and 2000 ppm), potassium (1000 and 2000 ppm), and
boron (500 ppm) individually and in combination
improved chlorophylls a, b, a+ b and carotenoids
concentrations compared with control plants in both
seasons. Chlorophyll a, total chlorophylls and
carotenoids concentrations in leaf of carrot plants
significantly increased with foliar applications of
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phosphoric acid (1000, 2000 ppm), potassium (2000
ppm) comparing with control in both seasons. Foliar
spray with potassium (2000 ppm) recorded the highest
values of carotenoids in carrot leaf meanwhile, the

lowest concentrations of chlorophylls a, b, a+ b and
carotenoids were recorded in control plants in both
seasons (Table 3).

Table 3. Influence of foliar spray with P, K, B and their combinations on photosynthetic pigments
concentrations of carrot leaves at 90 days during 2017/2018 and 2018/2019 growing seasons.

Treatments Chlorophylla  Chlorophyll b Chlorophylls a+ Carotenoids
(mg/g FW) (mg/g FW) b (mg/g FW) (mg/g FW)
Sesl Ses2 Sesl Ses2  Sesl  Ses?2 Sesl Ses?2
Control 154c 1.05b 053¢ 060b 207b 1.65c 0.3le 0.22c
P at 1000 ppm 1.85ab 1.83a 0.8lab 0.65ab 2.66a 2.48ab  0.41cd 0.46b
P at 2000 ppm 199 1.79a 0.62bc 0.73ab 2.6la 2.52ab 0.53b 0.42b
K at 1000 ppm 1.72b 1.60ab 0.87a 0.89ab 2.59a 2.49ab 0.63a 0.56a
K at 2000 ppm 194a 1.70a 0.59bc 0.75ab 2.53a 2.45ab 0.63a 0.6la
B at 500 ppm 1.61c 159ab 0.56c 0.73ab 2.17b 2.32b 0.34de 0.29c
P+ K+ B at 1000 + 1000 + 500 ppm 1.64c 1.62ab 0.62bc 0.77ab 2.26b 2.39ab  0.54b  0.24c
P+ K+ B at 2000 + 2000 + 500 ppm 1.83ab 1.85a 0.72a-c 0.96a 2.55a 2.8la 0.45¢c 0.27c
LSD 0.1812 0.5966 0.222  0.3045 0.250 0.407 0.077 0.0638

Means (£SD) followed by different letters are significantly different at P< 0.05 level; Duncan's Multiple Range Test. Where

LSD = Least significant difference.

3.3.Leaf and root mineral composition

Table 4 shows that, N, Mg, Ca, Fe, Mn, Zn
and Cu concentrations in carrot leaf increased
significantly with foliar applications of phosphoric
acid, potassium and boron individually or in
combination treatments compared to control plants.
Foliar sprays of phosphoric acid at 2000 ppm,
potassium at 2000 ppm, boron at 500 ppm and their
combinations achieved significant increases in P and
K concentrations than control plants. However, there
were no significant differences in the P and K
concentrations when using the low levels of
phosphoric acid (1000 ppm) or potassium (1000 ppm)
treatments compared to control.

Spraying phosphoric acid at 1000, 2000 ppm,
potassium at 1000, 2000 ppm and boron at 500 ppm
individually or in combinations gave a significant
increase in P, Ca, Fe, Mn, Zn and Cu concentrations in
carrot root. All foliar treatments led to a significant
increase in N, K and Mg concentrations than control
plants except using the phosphoric acid (1000 ppm)
were no significant differences (Table 5). In this
context, spraying the combined of phosphoric acid
(2000 ppm) and potassium (2000 ppm) and boron (500
ppm) treatment recorded the highest N, P, K, Mg, Ca,
Fe, Mn, Zn and Cu concentrations of carrot leaf and
roots (Tables 4 and 5).

3.4.Storage root quality

Application of phosphoric acid, potassium and boron
individually or in combination treatments caused a
significant increase in carotene, vitamin C, total sugars
concentrations, and TSS in carrot roots compared to
control plants at 105 days after sowing during two
seasons (Table 6). Using mixture of phosphoric acid
(2000 ppm) and potassium (2000 ppm) and boron (500
ppm) recorded the highest concentrations of carotene,
vitamin C, total sugars and TSS compared to the other
foliar treatments and control plants in both seasons
however, the lowest concentrations were recorded in
control plants in both seasons. These data may be due
to that same mixture treatment recorded the highest N,
P, K, Mg, Ca, Fe, Mn, Zn, and Cu concentrations of
carrot leaf and root as compared with the check plants
(Tables 4 and 5).

The positive impacts of the individual foliar
spray with phosphoric acid (1000 or 2000 ppm) on the
biochemical constituents of carrot compared to control
(Tables, 3- 6) are similar with Zewail et al. (2011)
who showed that, chlorophyll forms, carotenoids, N,
P, K, Fe and Zn, and total carbohydrate concentrations
increased in faba bean sprayed with phosphoric acid
(500 ppm). In addition, chlorophyll content of rice
gradually positively responded to increase the level of
sprayed phosphoric acid rates up to 9 liters ha-1,

16



Salim B.B.M. et al., 2022

Table 4. Influence of foliar spray with P, K, B and their combinations on some macro and micronutrients concentrations of carrot leaves at 90
days during 2017 and 2018 growing seasons (main of two seasons).

Macronutrients (%0)

Micronutrients (mg/ kg DW)

Treatments N P K Mg Ca Fe Mn Zn Cu
Control 250d  030d  2.72d 0.22¢ 0.32¢ 30833d  113.00f 3433  25.00e
P at 1000 ppm 272¢  036cd  308cd  0.25d 0.35d 334.00c 11933  41.33d  30.67d
P at 2000 ppm 288ac 038  358ac  026cd  037cd  350.33a  12500d  46.00c  33.00cd
K at 1000 ppm 287ac  037cd  3.18-d  027bc  0.36d 335.33bc  132.00c  50.00b  34.67hc
K at 2000 ppm 300ab  043bc  342bc  0.29b 037b-d  346.33ab 138.00b  5267ab  36.00a-c
B at 500 ppm 282bc  039c  365ab  027bc  0.3% 351.00a  136.00bc 5L00b  37.67ab
P+ K+ B at 1000+ 1000 +500 ppm 2.93ab  0.47b  3.68ab  028bc  0.38a-c  354.00a  140.67ab 53.67ab  38.00ab
P+ K+ B at 2000 + 2000 +500 ppm 3.03a  0.58a  3.93a 0.31a 0.3% 357.33a  14333a 56.67a  39.33a
LSD 01731 00726 04664 00194 0017 11686 49338 39502  3.7392

Means (£SD) followed by different letters are significantly different at P< 0.05 level; Duncan's Multiple Range Test. Where LSD = Least significant difference.

Table 5. Influence of foliar spray with P, K, B and their combinations on some macro and micronutrients concentrations of carrot roots at 105
days during 2017 and 2018 growing seasons (main of two seasons).

Treatments

Macronutrients (%0)

Micronutrients (mg/ kg DW)

N P K Mg Ca Fe Mn Zn Cu
Control 0.80e 0.11d 1.67d 0.17d 0.27c 36.67d 26.67e 21.67e 11.00f
P at 1000 ppm 0.95de 0.18c 2.10cd 0.19d 0.34b 43.00bc 30.33d 26.00d 15.67e
P at 2000 ppm 1.04cd 0.24b 2.57bc 0.21c 0.40ab 44.33bc 33.67c 30.33c 18.33d
K at 1000 ppm 1.32b 0.23bc 2.73ab 0.24b 0.37ab 42.00c 34.67bc 30.00c 19.33cd
K at 2000 ppm 1.18bc 0.27ab 2.62ab 0.25ab 0.38ab 46.67ab 36.33ab 32.33bc 21.33bc
B at 500 ppm 1.62a 0.26ab 2.83ab 0.24b 0.35b 46.00a-c ~ 35.00a-c  33.00ab 20.67c
P+ K+ B at 1000 + 1000 + 500 ppm  1.55a 0.29ab 2.92ab 0.25ab 0.38ab 47.33ab 36.00a-c  34.00ab 23.00ab
P+ K+ B at 2000 + 2000 + 500 ppm  1.73a 0.31a 3.13a 0.27a 0.42a 49.00a 37.33a 35.00a 24.33a
LSD 0.2137 0.0558 0.4723 0.0203 0.0645 4.1656 2.2898 2.2898 1.9352

Means (£SD) followed by different letters are significantly different at P< 0.05 level; Duncan’'s Multiple Range Test. Where LSD = Least significant difference.
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Table 6. Influence of foliar spray with P, K, B and their combinations on quality of carrot roots at 105
days during 2017/2018 and 2018/2019 growing seasons

Treatments Carotene (mg/100 g Vitamin C Total sugars TSS %
FW) (mg/100 g FW) (mg/100 g FW)

Sesl Ses 2 Sesl Ses2  Sesl Ses 2 Sesl Ses 2
Control 148.33c  155.00d  3.20f  3.60d  9.00d 9.67d 6.00d 7.33f
P at 1000 ppm 169.67b  166.67bc 3.80e  4.33c  11.67c 12.33c  8.00c 9.00e
P at 2000 ppm 170.00b  175.00a-c 4.17de 4.83bc 13.00bc  14.00bc  9.00bc 10.00c-e
K at 1000 ppm 168.00b  170.00bc 4.73cd 5.08ab 12.67bc 13.67bc  8.67bc 9.67de
K at 2000 ppm 176.67ab 176.67ab 5.50ab 5.25ab 14.67ab 15.00b  9.33bc 11.00cd
B at 500 ppm 168.33b  165.00c  4.83c  4.75bc 14.33ab 14.67b  10.00a-c  11.33bc
P+ K+ B at 173.33ab 175.00a-c 5.00bc 5.50ab 14.00a-c 15.00b  10.67ab  12.67ab
1000 + 1000 + 500 ppm
P+ K+ B at 181.67a 185.00a 5.83a 5.67a 16.00a 17.00a  11.50a 13.00a
2000 + 2000 + 500 ppm
LSD 8.55 9.51 0.58 0.71 2.32 1.66 1.97 1.41

Means (£SD) followed by different letters are significantly different at P< 0.05 level; Duncan's Multiple Range Test. Where

LSD = Least significant difference.

(Zayed et al., 2019). Phosphorus has essential function
in phospholipids, ADP and ATP, photosynthesis
carbohydrate ester, phosphorylated sugars, proteins
and plant metabolism (Araujo and Machado 2006;
Malhotra et al., 2018; Reis Gongalves et al., 2019).

For improved the biochemical constituents
and some quality factors of carrot using K foliar spray
(1000 or 2000 ppm) compared with control plants are
compatible with Abou EI-Nasr and lbrahim (2011)
who showed that, N, P and K concentrations in leaves
and carotenoids concentration and TSS in roots of
carrot significantly increased by potassium foliar
application. Also, Salim et al. (2014) found that, K
sources foliar supply enhanced chlorophylls, N, P, K,
Mg, Zn, Mn and Fe concentrations of potato leaves.
Likewise, K gave markedly increased in N, P, K, and
total carbohydrate concentrations of faba bean and
onion plants (Zewail et al., 2011; Behairy et al. 2015),
respectively. Potassium enhancements the osmotic
adjustment, establishing cell turgor, enzyme
activation, carbohydrate metabolism and translocation
of sugars from sinks to sources which improves crops
quality (Guo et al., 2013; Kow and Nabwami, 2015;
Ahmad et al., 2018; Hasanuzzaman et al., 2018). Also,
K has a prominent role in translocation of photo
assimilates, sugars and other soluble solids which are
responsible for increased TSS (Kumar et al., 2015).

Improved the biochemical constituents of
carrot plants by B foliar supply (500 ppm) compared
with control plants in the present study are harmony
with Abou EL-Yazied and Mady (2012) who observed
that using B at 50 ppm increased leaf N, P, K and
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photosynthetic pigments concentrations of broad bean.
Therefore, adding B increased the P, K, Mg, carotenes
and vitamin C concentrations in storage roots of carrot
(Singh et al., 2012). Also, foliar spray with boric acid
at levels 200 or 400 ppm increased concentrations of
N, P, and K in the leaf and carotenoids and vitamin C
of hot pepper fruit (Salim et al., 2019). Furthermore,
Day and Aasim (2020) reported that, B has synergistic
impacts on photosynthetic pigments, P, N, K, Zn, Fe,
and Cu uptake and translocation in plants. In this
connection, boron associate in keeping plasma
membrane function, enzyme activation, nutrients,
metabolic pathways, sugars transportation and
carbohydrates metabolism (Uchida, 2000; Broadley et
al., 2012; Bubarai et al., 2017; Khaliq et al., 2018;
Sidhu et al., 2019).

Respecting the simulative impacts of spraying
the combinations of P+ K+ B on most of the
biochemical changes and quality characteristics of
storage roots as compared with control treatment
(Tables 3- 6). Spraying the mixture of P plus K plus B
(2000+ 2000+ 500 ppm) produced the highest N, P, K,
Mg, Ca, Fe, Mn, Zn, Cu, carotene, vitamin C, total
sugars concentrations and TSS (Tables 4- 6). These
data are harmony with results obtained by EI Nagy et
al. (2020) who found that using the mixture of K and P
at 4 ml I"* as foliar spray was the best treatment which
produced the maximum concentration of carotene,
starch, N, P and K of sweet potato roots. As well, the
application of K and B significantly increased
carotene, ascorbic acid and total sugar concentrations
of carrot storage roots (Subba et al., 2016). In
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addition, Karam et al. (2009) reported that enhanced
sugar concentration may be related to the role of K
and B in biosynthesis and transfer of sugars.

4. CONCLUSION

From the foregoing results, it could be concluded
that the foliar supply with phosphoric acid (1000 or
2000 ppm), potassium (1000 or 2000 ppm), boric acid
(500 ppm) individually and in combinations
improving the vegetative growth, yield and quality
characteristics of carrot plant. Using the high level of
phosphoric acid at 2000 ppm or potassium at 2000
ppm was more effective than its low levels (1000
ppm). The best foliar application gave the highest
values of the vegetative growth, storage roots yield
and biochemical constituents of carrot were
phosphoric acid at 2000 ppm and the mixture
application of P plus K plus B at 2000+ 2000 + 500

ppm.
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