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ABSTRACT: Two field experiments were conducted during 2020/2021 and 2021/2022, at the
Experimental Farm, Faculty of Agriculture, New Valley University, New Valley Governorate, Egypt
with aim of investigation of phosphorus (P) as soil fertilization and borax as foliar application on
growth, yield and chemical constituents of table beet. Four phosphorus levels, i.e., 30, 45, 60 and 75
kg/Feddan in the form of calcium phosphate were applied as soil application and four borax levels,
i.e., 0, 2, 4 and 6 g/L were applied as foliar application in the recently reclaimed areas, especially
governorate of New Valley as a promising area for agriculture expansion in Egypt. The results showed
that application of P at 60 kg/feddan improved the vegetative growth and root parameters, total sugar,
total carbohydrates, soluble solids content (SSC), phenolic, total betalains and mineral contents of
table beet. In addition, foliar application of borax at 4 g/L improved the above-mentioned traits
compared to other rates. In addition, the combination between P at 60 kg/feddan as soil application
and borax at 4 g/L as foliar application was the more effective for enhancing yield and root quality of
table beet.
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leukemia (Sreekanth et al., 2007). Phosphorus
is considered a primary nutrient for growth of

INTRODUCTION

Table beet (Beta vulgaris L.) is one of the
most important fresh vegetables belonging to the
Chenopodiaceae family. It is a winter crop
cultivated in Egypt for its root. Beetroot is a
good source of betalain pigments and exhibits
antioxidant, chemo-preventive activities and
anti-inflammatory (Raish et al., 2019). Several
investigations confirmed that beetroot ameliorates
multiple diseases such as atherosclerosis, type 2
diabetes, dementia and hypertension, and
(Winkler et al., 2005). Betanin pigments is
considered the primary molecules recognized
having anticancer effects (Ninfali and Angelino,
2013) as it works to make an interruption in the
metabolites exchange between tumor cell and
surrounding tissues (Reddy, 2005) to hinder the
tumor cells infiltration capacity. Moreover, it
has antiproliferative effect on human chronic
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plants (Hinsinger, 2001). It is needed to
optimum production and quality (Zapata and
Zaharah, 2002). Phosphorus is essential for
reproduction, cell division, and plant metabolism;
likewise, its role is related to the storage,
acquisition and use of energy (Epstein and Bloom
2004). Practically, phosphorus fertilizer resulted in
maximized the root and sugar content of sugar
beet (Marinkovic et al., 2008). Also, Seadh
(2012) found that application of 30 kg P per
feddan produced the highest values of vegetative
growth, root and sugar yield of sugar beet plants.

Micronutrients are essential elements for normal
growth and productivity of plant as they play
important roles in the photosynthesis, chlorophyll
formation,  meristematic  development  and
transpiration as well as development of phenolic
compound (Tripathi et al., 2015). One of the
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most important microelements for plant growth
and development of plant is boron (B). It has a
vital role in the division of cell, elongation of
root, metabolism of calcium, synthesis of auxin,
metabolism of sugar and synthesis of protein
(Camacho-Cristobal et al., 2018). In addition,
Subba et al. (2016) reported that boron
enhanced the productivity and root quality of
carrot. Furthermore, foliar application of boron
improved root yield and its components, white
and gross sugar percentages of sugar beet
(Mekdad, 2015).

The literature on the interaction between
phosphorus and boron in table beet plant is
limited. Therefore, the present study was to
investigate the effects of phosphorus fertilizer as
soil application and foliar application of boron
as well as their interaction on vegetative growth,
yield and chemical constituents of table beet.

MATERIALS AND METHODS

Plant Materials and Treatments

Tow field experiments were carried out at
Agricultural Research Farm of the Faculty of
Agriculture, New Valley University, New Valley
Governorate, Egypt during two consecutive
winter growing seasons 2020-2021 and 2021/
2022 in order to study the effect of phosphorus
as soil fertilization and borax as foliar application as
well as their interaction on vegetative growth,
yield, and chemical components of table beet
(Beta vulgaris L.) “cv. Detroit dark red”. P was
applied as calcium super phosphate (15.5%
P,0s) at level of 30, 45, 60, 75 kg P/fed. as soil
application Borax was applied at 0, 2, 4, 6 g/L as
foliar application. Phosphorus levels were
applied during soil preparation. Borax with three
drops of tween-twenty were sprayed 5 times.
The first borax treatment was applied at age 20
days after germination with 7days intervals on
the whole foliage in the morning (9-10 am).
According to the stage of plant development, the
sprayed solution volume ranged from 15 to 40
ml per plant each time by a manual pump. The
control plants were sprayed with the same
amount of distilled water plus ween-twenty.

Experimental Desgin

The experiment was arranged in a split plot
in randomized complete block design with three
replications. The experiment comprised of 16
treatment combinations of 4 rates of phosphorus

and 4 levels of borax. Phosphorus rates
contributed as the main plot while, Borax levels
were in sub plot. Experimental plot had 4 rows
each row was 4 m long and 70 cm width. The
area of experimental unit (plot) was 11.2 m* and
contained 4 rows, with 0.7 m in width and 4 m
in length for each row. To protect against border
effects, a guard rows were left without planting
to separate the adjacent sub-plots.

Agricultural Practices

The experimental site was prepared by
adding 20 m® of chicken manure. The soil was
cleared, ploughed and harrowed, then divided
into plots. Seeds of table beet were planted by
hand on both sides of the row at a distance of 10
cm between plants under drip irrigation system.
Table beet seeds were sown on 23™ and 25
October in the 1% and 2™ seasons, respectively.
The agricultural practices during season (i.e.
irrigation and control of weed and pest) were
performed for the production of red beet
according to instructions of the Egyptian
Ministry of Agriculture.

Samples of soil were randomly taken at depth
of 0.0-40.0 cm before plantation and then collected
together to measure the physicochemical and
chemical properties of soil (Jackson, 1973). The
soil analysis of the experimental site is illustrated in
Table 1.

Measurements
Morphological and yield characters

Table beet plants were harvested after 80
days from germination and number of leaves per
plant, leaf area per plant (cm?),top fresh weight
(9), top dry weight (g), root length (cm), root
diameter(cm), root fresh weight (g), root dry
matter (%) and total root yield(ton/fed.) were
recorded.

Biochemical compounds

Total betalains was expressed as mg/100g of
fresh weight content was measured spectrophot-
ometrically at 536 nm and 476 nm, using a
spectrophotometer, according to Von Elbe
(2001).

Total sugars were expressed as mg/100g of
fresh weight and measured with phenol-sulfuric
acid reagents by a spectrophotometer (UNICO
UV/Visible 2100, USA) at 480 nm according to
Dubois et al. (1956).
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Table 1. Physical and chemical characteristics of the experimental site in growing seasons

Soil characteristics Season 2020/2021 Season 2021/2022
Silt (%) 12.76 12.53
Clay (%) 7.85 7.80
Sand (%) 79.39 79.67
Texture Sandy Sandy
PH 8.14 8.10
E.Cdsm 1.03 1.01
Organic matter (%) 0.52 0.54
CaCos (%) 5.02 5.05
Available N (mg/kg) 48.90 51.32
Available P (mg/kg) 5.17 521
Available K (mg/kg) 134.80 141.42
Soluble cations ((meqg/100g)
K* 0.23 0.26
Ca™ 0.98 0.95
Mg™ 0.66 0.40
Na* 3.14 3.21
Soluble anions (meq/100g)
COs~ - -
HCOy 112 1.10
cr 2.96 2.84
SO,” 0.93 0.88
Total phenolic content was determined in roots Nitrogen, phosphorus, potassium and

by  Folin-Ciocalteu method using a
spectrophotometer (UNICO UV/Visible 2100,
USA), according to Sadasivam and Manickam
(1991). The data were recorded as mg/100g of
root fresh weight.

Total carbohydrates (%) were determined by
method of Mazumdar and Majumder (2003).

Total sugars (%) of beet roots were determined
by using the phenol-sulphuric acid method
(Dubois et al., 1956).

Soluble solids content (SSC) (%) was
measured by a hand refractometer.

boron in leaves and roots

1- Total Nitrogen (mg/g dry weight) was estimated
using semi-micro-kjeldahl method as described
by Ling (1963)

2-Phosphorus (mg/g dry weight) was analyzed
by chlorostannus reduced molybdophosphoric
blue color method, in sulfuric acid system at
660 nm using a Spectro 22 spectrophotometer
as described by Jackson (1973).

3-Potassium concentrations (mg/g dry weight)
were determined using a Perkin-elmer, Flame
photometer (Page, 1982)

4-Boron (ppm) was measured according to
Dible et al. (1954).
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Statistical Analysis

Statistical analysis of data was carried out
using two-ways analysis of variance (ANOVA)
as applied in program of Co-Stat Software.
Means for phosphorus and borax treatments as
well as their interactions were compared
according to Duncan's multiple range test at a
significance level a of 5%.

RESULTS

Vegetative Growth of Table Beet

The presented data in Table 2 show the effect
of phosphorus and borax as well as their
interaction on number, fresh weight, dry weight
of leaves and leaf area during 2020/2021 and
2021/2022 seasons. These parameters were
significantly enhanced by phosphorus treatment
at 60 kg/fed as soil fertilization. Also, the results
showed that borax at 4 g/L as foliar application
resulted in a significant increase in these
parameters compared with the other rates. The
interaction between P at 60 kg/fed., With borax
at 4 g/L gave the highest number of leaves/plant,
leave fresh weight, leaves dry weight and leaf
area/plant compare with other interactions
treatment in both seasons.

Yield of Table Beet

The results in Table 3 show a significant
difference between the treatments during the
both seasons. Application of phosphorus as soil
fertilization at 60 kg/fed. recorded the highest
values of root diameter, root length, root fresh
weight, root dry matter and root yield compared
with the other rates during the both seasons.
Regarding the main effect of borax, the
significant highest diameter, length, fresh
weight, dry matter and yield of root were
observed with 4 g/L as foliar application.
However, there are no significant differences
between 4 g/L and 6 g/L for root length and root
dry matter in the both seasons. The interaction
effects between phosphorus and borax treatments
are presented in Table 3. Table beet plants which
were fertilized with 60 kg/fed., phosphorus and
were sprayed with 4 g/L borax had the highest
yield parameters and root yield compared with
other combinations. The increasing percentage

was approx. 41.34% and 41.23.1% for root
diameter, 46.55% and 44.03% for root length,
51.70% and 52.08% for root fresh weight,
74.83% and 83.92% root dry weight and 55.74%
and 56.51% root yield in the both seasons,
respectively, when table beet plants received 60
kg/fed., P and treated with 4 g/L borax in
comparison with 30 kg/fed P with 0 g/L borax.

Biochemical Compounds of Table Beet
Roots

The main effects of phosphorus and borax
treatments as well as their interaction on
biochemical compounds such as SSC, total
carbohydrates, total soluble sugars, total phenolics
and betalains of table beet roots during 2020/021
and 2021/2022 seasons are presented in Table 4.
With regard to the effect of phosphorus, the
application of phosphorus at 60 kg/fed. as soil
application gave the highest significant for all
parameters under study. With respect to the
effect of borax, spraying with 4 g/L of borax
gave the highest content of biochemical
compounds. Concerning the interaction effect,
the results showed that the roots of table beet
plants fertilized with phosphorus at a rate of 60
kg/fed., as soil application and spraying with 4
g/L borax gave the highest contents of
biochemical compounds in comparison with the
other interaction treatments.

Elements Content of Table Beet Leaves

The results shown in Table 5 indicated that
nitrogen, phosphorus, potassium and boron
concentration of table beet leaves were
significantly affected by phosphorus and borax
as well as their interaction during 2020/2021 and
2021/2022 seasons. The results illustrated that
the highest nitrogen content of leaves was
recorded with 60 kg/fad. P treatment but no
significant difference was observed between 60
kg/fad., and 75 kg/fad., in the both seasons.
Regarding to the effect of borax as foliar spray
on nitrogen content of leaves, spraying with 4
g/L of borax gave the highest content of
nitrogen, without significant differences with 6
g/L, while the control treatment gave the lowest
content. Concerning the interaction effects on
nitrogen content of leaves, sprayed plants
with borax at a rate of 4 g/L and fertilized with
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Table 2. Effect phosphorus, borax treatments and their interaction on leaves number, leaves
fresh weight, leaves dry weight and leaf area during 2020-2021 and 2021-2022 seasons

Phospho 2020/2021 season 2021/2022 season

rus (kg/ Borax (g/L) Borax (g/L)

Feddan) —3 2 4 6  Mean 0 2 4 6  Mean

No. of leaves/plant
30 1466h 15.33gh 1566fg 15.66fg 1533D 14.66i 15.66gh 16.00fg 16.00fg 15.58 D
45 1466h 16.33ef 17.00de 16.33ef 16.08C 15.00hi 16.66ef 17.00de 16.66ef 16.33C
60 l5.33gh 18.00bc 19.00a 18.66ab 17.75A 15.66gh 18.33bc 19.33a 18.66ab 18.00 A
75 5.00gh 17.00de 18.00bc 17.33cd 16.83B 15.66gh 17.66cd 18.00bc 17.66cd 17.25B
Mean 1491D 1666C 1741A 17.00B 1525C 17.08B 17.58 A 17.25 AB
Top fresh weight (g)
30 30.20j 34.48hi 39.92fg 36.63gh 3531D 30.90j 36.12hi 40.93fg 38.82gh 36.69 D
45 31.42ij 40.05fg 43.4lef 42.72ef 3940C 3253ij 41.17fg 46.95de 43.80ef 41.11C
60 34.39 hi 51.46 bc 55.33a 53.65ab 48.71 A 35.68hi 51.66bc 56.29a 55.45ab 49.77 A
75 32.731ij 46.35de 50.16bc 48.43cd 4441B 32.87ij 47.77cd 51.63bc 50.14cd 45.60B
Mean 32.18D 43.08C 47.20A 45.36B 3299D 44.18C 4895A 47.05B
Top dry weight (g)
30 407) 477hi 534fg 513gh 483C 4.14j 481hi 536gh 531gh 4.90D
45 427ij 561fy 6.22de 5.85ef 549B 4.29ij 564fy 6.27de 597ef 554C
60 457i) 711bc 7.65a 7.34ab 6.66 A 463ij 7.22bc 7.77a 7.39ab 6.75A
75 443ij 6.58cd 6.86bc 6.64cd 6.13AB 450ij 6.66cd 691bc 6.71cd 6.19B
Mean 433C 6.02B 6.52A 6.24B 439C 6.08B 658A 6.34AB
Leaf area/plant (cm?)

30 196.04 k 650.22 ij 774.45 gh 699.07 hi 354.94 D 509.73 k 740.74 hi 890.25 g 817.74 gh739.61 D
45 518.22 k815.68 fg 958.90 e 900.90 ef 798.42 C 550.97 jk 937.60 fg .046.81 ef352.46 fg 871.96 C
60 186.48 jk 274.86 bc1473.91a 1315.16 b .162.60 A 675.37 ij .293.21 bcl555.82 a l422.57 b1236.74 A
75 169.37 jk1094.68 d 1226.86 bc 1193.11 ¢ .021.01 B 653.04 ij .110.08 de 237.64 ¢d.205.05c¢d1051.45 B
Mean »42.53 D 958.86 C 1108.53 A 1027.06 B 597.28 D 1020.41 CL182.63 A.099.45 B

Means with the same letters are not significantly differed at 5% according to Duncan's multiple range test.
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Table 3. Effect of phosphorus and borax treatments and their interaction on root diameter, root
length, root fresh weight, root dry matter and root yield during 2020/2021 and 2021/
2022 seasons

2020/2021 2021/2022
(ES/OEEEZL%S) Borax (g/L) Borax (g/L)
0 2 4 6 Mean 0 2 4 6 Mean

Root diameter (cm)
30 566j 6.10hi 6.50fg 6.30gh 6.14D 570j 6.40gh 6.56fg 6.46gh 6.28D
45 570j 6.53fg 6.80ef 6.70ef 6.43C 590ij 6.61fg 6.99de 6.86ef 6.59C
60 5.90ij 7.50bc 800a 7.63ab 7.25A 6.10hi 7.59bc 805a 7.71ab 7.36 A
75 5.80ij 7.00de 7.23cd 7.06de 6.77B 593ij 7.06de 7.33cd 7.21de 6.88B
Mean 576 C 6.78B 7.13A 6.92B 590C 6.91B 7.23A 7.06 AB

Root length (cm)

30 6.23k 6.93hi 731gh 7.28gh 694D 6.36j 6.96hi 7.36gh 7.30gh 7.00D
45 6.30k 750fg 7.86ef 7.66fg 7.33C 6.56ij 7.53fg 7.96ef 7.83ef 7.47C
60 6.86i) 856bc 9.13a 8.83ab 835A 6.93hi 870bc 9.16a 8.96ab 8.44A
75 6.53jk 8.06de 8.36cd 826cd 7.80B 6.60ij 8.16de 850cd 8.43cd 7.92B
Mean 648C 7.76B 817A 8.01A 6.61C 784B 825A 813A

Root fresh weight (g)
30 102.06 k112.76 ij 121.54 gh 116.86 hi 113.30 D 102.951 116.58 ij 124.89 ghL19.70 hi 116.03 D
45 05.50 jk125.41 fg 131.36 ef 127.06 fg 122.33 C 105.90 kl 128.65 fg 135.45 ef 133.82 ef 125.95 C
60 .10.55ijL46.02 bc 154.82 a 150.93 ab L40.58 A 112.20 jk L47.76 bc 156.57 a |52.88 ab142.35 A
75 06.37 jkl35.45 de 144.24 bc 140.08 c¢d 131.53 B 110.72 jk L37.17 del46.83 bcl43.56 cd 134.57 B
Mean 06.12 D129.91 C 137.99 A 133.73B 107.94 D 132.54 C 140.94 A 137.49B

Root dry matter (%0)
30 1446 h 17.18fg 18.10ef 17.45ef 16.80C 14.74i 17.38gh 18.39fg 17.73fg 17.06 D
45 1499 gh 18.73 ef 19.70de 19.26ef 18.17C 15.01i 18.81fg 20.94de 19.65ef 18.60 C
60 17.02fg 23.08 bc 25.28a 24.15ab 22.38 A 17.14gh 24.58bc 27.11a 25.66ab 23.62 A
75 5.18gh21.43cd 22.57bc 21.81cd 20.25B 15.41hi 21.74 de 23.00 cd 22.60 cd 20.69 B
Mean 1541 C 20.10B 2141 A 20.67 AB 1557C 20.63B 2236 A 21.41 AB

Root yield (ton/fed.)
30 10.10k 11.25ij 12.11gh 11.66hi 11.28D 10.141 11.53ij 12.34gh 11.83 hi 11.46 D
45 10.37k 12.68fg 13.34ef 13.00ef 12.35C 10.68kl 12.93fg 13.50ef 13.11ef 12.56C
60 11.11ij 14.98bc 15.73a 15.30ab 1428 A 11.39ij 15.02bc 15.87a 15.54ab 14.45A
75 10.80 jk 13.63de 14.61bc 14.30cd 13.33B 10.86 jk 13.76 de 14.86 bc 14.41cd 13.47B
Mean 10.60D 13.14C 1395A 13.56B 10.77D 1331C 1414A 13.72B

Means with the same letters are not significantly differed at 5% according to Duncan's multiple range test.
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Table 4. Effect of phosphorus, borax treatments and their interaction on chemical constituents
of table beet roots during 2020/2021 and 2021/2022 seasons

2020/2021 2021/2022
(Pkg?fig%?;) Borax (g/L) Borax (g/L)
0 2 4 6 Mean 0 2 4 6 Mean

Total betalains (mg/100g)
30 282.651 293.17 ij 298.51 gh295.08 hi292.35 D 284.35 | 294.68 ij 100.84 gh297.45 hi294.33 D
45 284.26 kI 300.59 fg 305.66 ef303.43 fg298.49 C286.59 kil 101.58 gh307.59 ef 305.57 fg300.33 C
60 290.17 ij 316.39 bc 322.27 a 318.85 ab311.92 A291.51 jk 117.49 bc322.61 a 319.90 ab312.88 A
75 288.19 jk 308.76 de 314.23 bc311.52 cd305.67 B289.38 kI 110.67 de}14.85 cd 312.11 de306.75 B
Mean 286.32 D 304.73C 310.17 A307.22B 287.96 D 306.10 C 311.47 A308.76 B

Total phenols (mg/100g)

30 121.201 128.76ij 132.44 ghl30.47 hil28.21 D 122.77 k 130.43 hil33.05 ghl31.99 gh129.56 D
45 123.76 kl 133.24 gh 136.92 ef134.90 fg132.20 C124.84 jk 134.46 fg138.85 del136.88 ef 133.76 C
60 127.33ij 144.24 bc 148.05 a 145.80 abl41.35 A 127.94 ij .45.58 bc149.95 a 148.49 ab142.99 A
75 125.85 jk 139.32 de 143.18 bcl41.25 ¢d137.40 B 126.34 jk .40.39 del44.92 bcl41.97 cd138.41 B
Mean 124.53 D 136.39 C 140.15 A138.10 B 125.47 D 137.71 C141.69 A 139.83 B

Total carbohydrate (mg/g)
30 844k 952hi 983gh 965hi 93.6D 87.2k 99.5hi 103.7gh 100.3 hi 97.7 D
45 88.2jk 102.6 fg 106.4ef 104.3ef 100.4C 91.4jk 107.3fg 110.9ef 108.6 fg 104.6 C
60 92.6ij 117.3bc 123.7a 120.3ab 113.5A 96.2ij 121.6bc 127.3a 125.5ab 117.6 A
75 89.6 jk 109.4de L145cd 112.4cd 106.4B 92.3jk 114.6de 1185cd 116.7cd 110.5B
Mean 88.7C 106.1B 110.7 A 108.3 AB 91.8C 110.8B 1151A L1128 AB

Total sugars (mg/g)

30 56.3k 62.4hi 65.9fg 64.8gh 623D 56.4k 62.8hi 66.0gh 65.6gh 62.7D
45 57.6jk  66.9fg 70.4de 68.9ef 659C 57.9jk 67.3fg 70.6ef 69.0fg 66.2C
60 60.8ij 74.9bc 80.l1a 77.5ab 73.3A 61.0ij 76.2bc 81.3a 79.0ab 74.3A
75 60.1ij 70.5de 74.4bc 73.4cd 69.6B 60.5ij 72.7de 75.5cd 74.5cd 70.8B
Mean 58.7C 68.7B 72.7A T71.1A 59.0C 69.7B 73.3A 72.0A

Soluble solids content (%)
30 6.32k 7.00hi 7.25gh 7.10hi 6.92D 6.341 7.06ij 7.44gh 7.25hi 7.02D
45 6.50jk 7.49fg 7.70ef 7.63ef 7.33C 6.56kl 7.60fg 7.94ef 7.64fg 7.43C
60 6.85ij 8.39bc 8.79a 852ab 814A 6.91ij 857bc 895a 877ab 830A
75 6.61jk 7.92de 83lbc 807cd 7.73B 6.72jk 8.09de 8.40cd 8.30cd 7.88B
Mean 6.57C 7.70B 8.01A 7.83B 6.63C 7.83B 818A 7.99B

Means with the same letters are not significantly differed at 5% according to Duncan's multiple range test.
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Table 5. Effect of phosphorus, borax treatments and their interaction on N, P, K and B contents
of table beet leaves during 2020/2021 and 2021/2022 seasons

2020/2021 season 2021/2022 season
(Pkg?fgé%?;) Borax (g/L) Borax (g/L)
0 2 4 6 Mean 0 2 4 6 Mean
N (mg/g DW)
30 21.00i 22.67gh 23.67fg 23.37fg 22.68C 21.10i  22.73gh 23.77fg 23.67fg 22.82C
45 21.33hi  24.40ef 25.37de 25.33de 24.11B 21.63hi 24.47ef 25.57de 25.43de 24.28B
60 22.23ghi 27.13bc 29.00a 28.00ab 26.59A 22.60gh 27.17bc 29.07a 28.13ab 26.74A
75 22.87g 26.30cd 27.83ab27.23bc 26.06A 23.07g 26.20cd 27.73b 27.13bc 26.03A
Mean 21.86C 25.13B 26.47A 25.98A 22.10C 25.14B 26.53A 26.09A
P (mg/g DW)
30 273k 3.05hi 3.17gh 3.12gh 3.02D 280k 3.07hi 3.24fg 3.17gh 3.07D
45 2.82jk 324fg 3.42de 3.33ef 320C 2.86jk 3.27fg 3.44de 3.35ef 3.23C
60 2.92ij 345de 353cd 3.50cd 3.35B 298ij 35lcd 3.63bc 3.58cd 342B
75 294ij 359bc 4.0la 370b 356A 3.03hi 3.63bc 4.09a 377b 3.63A
Mean 285D 333C 353A 341B 292D 337C 3.60A 347B
K (mg/g DW)
30 353m 40.0ij 41.2hi 40.3hi 392D 359n 40.1jk 41.7hi 409ij 39.6D
45 36.6Im 419gh 442ef 429fg 414C 37.2mn 426gh 445ef 434fg 419C
60 386jk 47.3bc 498a 48.1b 459A 39.0klI 478bc 499a 484b 463A
75 372kl 446ef 46.4cd 456de 434B 38.0Im 454de 468cd 46.0de 44.0B
Mean 369C 434B 454A 442B 37.5C 440B 457A 447B
B (ppm)
30 491k 586hi 6.84ef 781lbc 6.35D 496k 593hi 6.86ef 7.78bc 6.38C
45 517jk 6.15gh 7.05de 7.97bc 658C 5.23jk 6.24gh 7.11de 8.03bc 6.65B
60 556ij 6.54fy 751cd 870a 7.08A 559ij 659fg 7.56cd 8.83a 7.14A
75 545ij 6.31gh 7.20de 8.23b 6.80B 548ij 6.35gh 7.24de 824b 6.82B
Mean 527D 6.21C 7.15B 8.18A 531D 6.28C 7.19B 8.22A

Means with the same letters are not significantly differed at 5% according to Duncan's multiple range test.
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phosphorus at a rate of 60 kg/fed gave the
highest nitrogen content compared the other
combinations. With respect to the effect of
phosphorus treatments on phosphorus content of
leaves, the results showed that phosphorus
content increased gradually by increasing the
phosphorus level from 30 up to 75 kg/fed as soil
application. Concerning borax effect, foliar
application of borax at 4 g/L recorded the
maximum content of phosphorus in table beet
leaves compared with the other rates. The
interaction between 75 kg/L phosphorus as soil
application and 4 g/L borax as foliar application
gave the highest phosphorus content of leaves
compared to the other combinations.

Concerning, potassium content of leaves, the
effect of phosphorus treatments revealed that the
plants received 60 kg/fad., recorded the maximum
potassium content of leaves, and sprayed with 4
g/L borax gave the highest potassium content of
leaves. The combination of P at 60 kg/fed with
borax at 4 g/L recorded the highest potassium
content of leaves in the both seasons. Regarding
the boron content in leaves, plants fertilized with
60 kg/fed of P recorded the highest concentration
of boron, and spraying with boron at 6 g/L gave
the highest value of B in leaves in the both
seasons. With respect to the interaction treatment,
fertilized plants with 60 kg/fed of P and sprayed
with 6 g/L increased boron content in leaves in
the both seasons.

Elements Content of Table Beet Roots

Nitrogen, phosphorus, potassium and boron
content of table beet roots were significantly
affected by phosphorus and boron as well as
their interaction during 2020/2021 and 2021/
2022 seasons (Table 6). Concerning the main
effect of phosphorus treatments, the highest N,
K and B content in roots were recorded by the
plants which fertilized with 60 kg/fad., of
phosphorus, while the highest P content of roots
was recorded in plants which fertilized with 75
kg/fad., in the both seasons. With respect to the
effect of borax treatments, the highest N, P and
K content of roots were found in the plants
which sprayed with 4 g/L while B in roots
increased gradually with increasing the borax
levels from O up to 6 g/L as foliar application in
the both seasons. Concerning the interaction
between phosphorus and borax treatments, the

highest N and K content of roots were recorded
with the interaction between P at 60 kg/fed and
borax at 4 g/L in the both seasons, while the
highest P content was found in the roots of
plants which fertilized with 75 kg/fad., of P and
sprayed with 4 g/L of borax. The interaction
between P at 60 kg/fad., as soil application and
borax at 6 g/L as foliar application achieved the
highest B content of roots.

DISCUSSION

Plants need essential macro and micro-
elements for normal growth,development and
formation of fruits and seeds.Phosphorus is an
essential macro-element plays a vital role in the
physiological processes of plants such as nucleic
acid synthesis, energy generation, photosynthesis,
carbohydrate metabolism, respiration, glycolysis
and nitrogen fixation (Kabir et al.,, 2013).
Boron is an essential micronutrient, plays a role
in the metabolism and function of membrane
and involved in the reactions of enzymes as well
as ions transport, hormones and metabolites, so
the deficiency of boron affects the capacity of
photosynthetic and photosynthetic products
transport. Also, boron deficiency inhibits root
elongation by cell division cessation in the
apical meristem (Brdar-Jokanovic, 2020).
Also, Ahmad et al. (2009) reviewed that B
deficiency impairs cell wall structure and
synthesis, membrane integrity, carbohydrate
metabolism, sugar transport, respiration, phenol
metabolism, indole acetic acid metabolism, and
RNA metabolism. In our study, the significant
effects of P and borax application were observed
regarding number of leaves, leaves fresh weight,
leaves dry weight, leaf area and yield of table
beet. The application of phosphorus at a rate 60
kg/fed as soil fertilization enhanced the
vegetative growth parameters and improved the
yield. These results are agreement with Silva et
al. (2019), who found that the fertilization of
phosphorus promoted the growth and yield of
four table beet cultivars. The increase in
vegetative growth by P might be due to enhance
the rate of photosynthetic (Irfan et al., 2019).
The results revealed that the concentration of 4
g/L of boraxwas more effective in improving the
vegetative growth and yield of table beet. In the
same context, borax foliar application improved
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Table 6. Effect of phosphorus, borax treatments and their interaction on N, P, K and B contents
of table beet roots during 2020/2021 and 2021/2022 seasons

2020/2021 season 2021/2022 season
(ke Feddan Mean
0 2 4 6 Mean 0 2 4 6 Mean

N (mg/g DW)
30 153k 17.8hi 19.0gh 186gh 17.7D 1551 18.1ij 19.2hi 188hi 179D
45 159jk 19.8fg 21.1de 20.6ef 194C 162kl 199¢gh 21.2ef 20.7fg 195C
60 17.0ij 234bc 25.0a 243ab 224A 174jk 238bc 252a 246ab 227A
75 16.6ij 21.6de 23.1bc 222cd 209B 16.7kl 21.9ef 23.2cd 223de 21.0B
Mean 162D 206C 221A 214B 164D 209C 222A 216B

P (mg/g DW)
30 201k 241hi 258gh 254gh 238D 209k 243hi 262fg 255gh 242D
45 211jk 265fg 2.8lef 2.70fy 257C 2.14jk 271fg 2.89de 2.78ef 2.63C
60 219jk 294de 3.09cd 3.03cd 2.81B 223jk 295de 3.13bc 3.05cd 2.84B
75 2.26ij 3.18bc 347a 3.28b 3.05A 229ij 3.23bc 349a 331b 3.08A
Mean 214D 279C 299A 289B 219D 283C 3.03A 292B

K (mg/g DW)
30 27.01 31.5ij 339gh 33.1hi 314D 276k 322hi 341gh 33.2hi 318D
45 28.6 kI 351gh 375ef 36.0fg 343C 288jk 357fg 376ef 364fg 346C
60 29.8jk 426bc 454a 431b 402A 31.0ij 427bc 457a 433b 40.7A
75 29.1kl 39.0de 415bc 405cd 375B 29.6jk 39.2de 41.7bc 40.8cd 37.8B
Mean 286C 370B 395A 38.2B 292C 375B 398A 384B

B (ppm)

30 3.531 433ij 523fg 6.03cd 478C 3.65j 4.35hi 527ef 6.04cd 4.83C
45 365kl 454ij 552ef 6.30bc 5.00BC 3.68j 4.67gh 557de 6.40bc 5.08 BC
60 408jk 5.03gh 582de 6.97a 547A 4.09ij 507fg 595cd 6.99a 552A
75 384kl 474hi 572de 6.51b 520B 3.87ij 4.77gh 5.73de 6.52b 5.22B
Mean 377D 466C 557B 6.45A 382D 4.72C 563B 6.49A

Means with the same letters are not significantly differed at 5% according to Duncan's multiple range test.
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the sugar beet yield (Armin and Asgharipour,
2012). This could be attributed to the role of
boron in cell division and elongation thereby
encouraging the vegetative growth and root
yield (Camacho-Cristébal et al., 2015).The
interactions between phosphorus and borax had
a significant effect on vegetative growth and
roots yield. Interestingly, in the previous studies,
the combination of P and B enhanced the
metabolic function of plants (Muhlbachova et
al.,, 2017), and a synergistic relationship
between P and B was found (Irfan et al., 2019).
The current study suggested that 60 kg/fed., of
phosphorus and 4 g/L of borax is the best
combination for improving the vegetative
growth and root yield parameters.

Red beet root is a natural source for biochemical
compounds such as betalain pigments, which is
permitted as a food ingredient (Kujala et al.,
2002). Red beet consumption improving and
maintaining the human health and helping in the
treatment and prevention of leukaemia,
malignancies and the consequences of radiation
exposure as well as the regulation of blood
pressure, cholesterol and triglycerides (Bobek et
al., 2000). One of the goals of our study is
improvement of the biochemical contents of red
beet, the total carbohydrate and total soluble
sugar content of roots were enhanced by
phosphorus fertilization. This result may be
attributed to the role of phosphorus in the
bioactivities inside the plants such as energy
transformation, where it is a key constituent of
adenosine triphosphate (ATP) (Kabir et al.,
2013). Another factor helps in increasing total
carbohydrates and total soluble sugars content of
red beet root is boron element, it has a positive
role in carbohydrates transportation from source
to sink (Rashid et al., 2004). Related the
interaction between phosphorus and borax on
sugars content, the results indicated that the
combination of 60 kg/fed P and 4 g/L borax was
more effectiveness in increasing the sugar
contents in table beet root. Concerning SSC, in
the present study, SSC of table beet root was
improved, this attributed to increase the total
sugars by phosphorus and borax treatments.

Phenolic compounds had a vital role in
human health, such as anti-inflammatory, anti-
aging, anti-proliferative and antioxidant activities
(Lin et al., 2016). In our study, total phenolic

increased in beetroot by phosphorus application.
This may be attributed to the appropriate
conditions for growing table beet. In addition,
phosphorus is involved in regulating the
phenolic compounds synthesis, although its
mechanism is not completely clear, study
suggests that phosphorus is a part of the
structure of nucleic acid and thus playing an
important role in the balancing of synthesis of
plant hormones (Attarzadeh et al., 2020). In
contrast, Pontigo et al. (2018) found that
phenolic increased under P deficiency. This may
be due to the difference plant species or growth
conditions. Borax treatments enhanced the total
phenolic compounds of table beet, this result
indicated that boron have a role in phenolic
metabolism, where B induced the activity of
phenylalanine ammonia-tyase (PAL), and also
phenolics are complexed with B, thereby
unavailable for oxidation (Ruiz et al., 1998). In
dependent on the above, the interaction between
phosphorus and boraximproved the phenolics
content in table beet root by the good synergistic
effect between phosphorus and boron.

Increasing phosphorus levels resulted in
significant increase in betalains content of table
beet roots.This increase could be attributed to
the photosynthesis process activity (Silva et al.,
2019). Betalain pigments are maximized by
borax treatments, this result may be due to the
role of boron in the physiological processes such
as sugars transport and stimulation or inhibition
of specific metabolism pathways (Ahmad et al.,
2009).

Phosphorus and borax treatments resulted in
increasing N P K and B content of table beet.
This study shows that phosphorus fertilization
improved status of nutrient, which can explain
the higher effect on table beet growth. This may
be attributed to the role of phosphorus
fertilization in encouraging the plants to take up
more nutrients (e.g., N, P, K and B) from the
soil (Graciano et al., 2006). Borax treatments as
foliar application resulted in improving N, P, K
and B contents in table beet. These results are in
agreement with Lopez-Lefebre et al. (2002)
who found that boron fertilization enhanced the
N and K contents of tobacco leaves. Also, the
application of boron doses caused an increase in
N P K and B content of tomato (Gundes and
Sonmez, 2021). The interaction between P and
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borax treatments had a positive effect on N, P, K
and B content of table beet plants. These results
are in harmony with those reported bySinha et
al. (2003) and Gundes and Sonmez (2021).

In general, Synergism was observed between
phosphorus and boron when several characteristics
were measured. These results are supported by
many reports which demonstrated that the
reduction in DNA and RNA concentration under
phosphorus deficiency became more marked
when both phosphorus and boron were deficient
together. This may be due to phosphorus is a
part of nucleotides, while boron is required for
the synthesis of some component of nucleotides
(Bould 1983). Nucleic acids reduction under
phosphorus and boron deficiency probably
produces a chain reaction. RNA depression
causes a depression in protein which leads to
impairs growth and reduces dry weight
(Chatterjee et al., 1990). In addition, Long and
Peng (2023), reviewed that the absorption of B
by Brassica napus plants was promoted by an
appropriate  phosphorus amount, perhaps
because phosphorus can improve absorption of
water by plants and boost their transpiration and
growth, thereby enhance absorption of boron by
improving these physiological processes. Also,
phosphorus can influence the biochemical
properties of plant rhizosphere, and hence
enhance boron availability in soil.

Collectively all these results indicated that
phosphorus at rate of 60 kg/fed as top-dressing
and borax at rate of 4 g/L as foliar application
promoted the vegetative growth, enhanced root
yield and improved the biochemical compound
and minerals contents of table beet plants.
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