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Abstract Sugar beet (Beta vulgaris L.) is the second most
abundant sugar crop after sugarcane. Two field experi-
ments were conducted at the research farm of the Faculty
of Agriculture, Saba Basha, Alexandria, Egypt, to study the
effects of foliar application treatments and boron (B) fer-
tilizer applications on monogerm sugar beet plants (cultivar
classic) during the 2017/2018 and 2018/2019 seasons. The
treatments were replicated three times in a split-plot
design. Four foliar applications [fulvic acid (FvA), NPK
nanoparticles (NPK NPs), FvA + NPK NPs, and a control
(water)] were randomly allocated to the main plots.
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Different numbers of foliar spray applications of B [one
application at 120 days after sowing or two applications at
120 and 150 days after sowing, as well as a control (water)]
were assigned within the subplots. FvA + NPK NPs sig-
nificantly increased the root length, root diameter, root
weight, and root/shoot ratio of the sugar beet plants; the
greatest values were obtained by spraying FvA + NPK
NPs during both seasons. B significantly increased the root
yield, shoot yield, and biological yield, and two applica-
tions of B resulted in the greatest values of root yield, shoot
yield, biological yield, and quality of sugar beet. The
interaction between FvA or NPK NPs and B significantly
affected the yield and quality parameters of the sugar beet
plants. However, the greatest mean values of these traits
resulted from foliar applications of FvA + NPK NPs in
conjunction with applications of B under the conditions at
Alexandria, Egypt.

Keywords Sugar beet - Improvement - Nanofertilizer -
Yield - Quality

Introduction

Sugar is considered a strategic good that is an inexpensive
source of energy, and it is produced by two main crop
species, i.e., sugarcane and sugar beet (Beta vulgaris L.).
Sugar beet is the second most vital sugar crop species after
sugarcane. Sugar beet has become the main source of sugar
in Egypt. In Egypt, the total production of sugar from sugar
beet reached 56.61% (1.27 million tons), while the pro-
duction of sugarcane constituted 43.39% (0.931 million
tons) (Sayed and Omar 2018). Currently, nanotechnology
affects almost all aspects of agricultural production,
including fertilizers, insecticides, and pesticides (Biswas
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and Wu 2005; Abdelsalam et al. 2019). Therefore, the
application of nanoparticles to plants can be increased
growth because of their high absorbance and high reac-
tivity (Liu and Lal 2015). Studies conducted by Dewdar
et al. (2018) on sugar beet plants treated with 200 mg/L
nano-microelements + urea 1% revealed that this combi-
nation was the most effective in terms of the effects on root
length (cm), root diameter (cm), and yield, followed by the
160 mg/L + urea 1% combination; the former combina-
tion produced significantly increased yields, improved
sugar beet quality, and reduced plant requirements for
supplemental micronutrients and N. Additionally, foliar
application of nanofertilizers combined with mineral fer-
tilizers improved the total yield and various yield compo-
nents in many crop species, including maize, wheat, bean,
and sugar beet (Moghaddasi et al. 2013; Sabir et al. 2014;
Jakiené et al. 2015; Abdelsalam et al. 2019).

Fulvic acid (FvA) can help transport trace elements
through the cell membrane for release inside cells. Thus,
FvA can be considered appropriate for foliar application,
allowing micronutrients such as Cu, Fe, Mn, and Zn to be
better absorbed by leaves (El-Hassanin et al. 2016). FvA is
a subclass of various mixtures recognized as humic sub-
stances (Senesi and Loffredo 2018). Humic substances can
improve nutrient applications, improve chlorophyll pro-
duction, improve seed germination, and enhance fertilizers,
ultimately strengthening plants. Researchers have investi-
gated the use of foliar applications of FvA; for example,
Suh et al. (2014) reported that 0.8 g/LL FvA enhanced the
growth and yield of tomato plants. El-Hassanin et al.
(2016) studied sugar beet and reported that FvA improved
the contents of other humic substances as well as sucrose,
extractable sugars, and their purity. FvA also can increase
crop yield and quality. Justi et al. (2019) reported that
humic acid and FvA improved nutrient availability in and
uptake by coffee seedlings. Additionally, those authors
demonstrated the effects of soil applications of humic acid
and foliar applications FvA on plant growth.

B is a critical trace element necessary for the physio-
logical function of higher plants. B deficiency can cause
nutritional disorders that negatively affect plant metabo-
lism and growth, and B is among the essential nutrients
needed for the ideal growth, development, and yield quality
of several crop species (Brown et al. 2002). B promotes
vital functions in sugar beet, such as maintaining the bal-
ance between sugar and starch and K7' transport
(Kobayashi et al. 2004; Camacho-Cristobal and Gonzalez-
Fontes 2007). Adding B to sugar beet during the growth
stage had a great effect on sucrose concentration, root
yield, K*, Na*, and molasses sugar. Dewdar et al. (2018)
added B (0.25 g/L) via foliar spray twice (at 80 and
110 days after sowing) to sugar beet and detected signifi-
cant differences in root, shoot, and yield traits.

Additionally, El-Sherief et al. (2016) and Aly et al. (2017)
showed that foliar applications of B enhanced root char-
acteristics and sugar yields and also improved the per-
centages of sugar, total soluble solid (TSS), and purity.
Nemeata Alla (2017) revealed that increasing the concen-
tration of B in foliar sprays from 100 to 150 ppm resulted
in greater values of root characteristics and yield quality at
harvest. The greatest demand for B occurs during the stage
of intense leaf development, and B application resulted in
leaf surface areas that were greater for treated plants than
for control plants; in fact, compared with the control
treatment, two different B fertilization treatments (1 or
2 kg B/ha) caused significantly greater yield, sugar per-
centage, and pure sugar yield. Last, Rehab et al. (2019)
indicated that the increase in B fertilization from 0 to
960 g/ha to 1920 g/ha and 2880 g/ha  significantly
increased the growth and yield of sugar beet. In addition,
the greatest values were recorded in response to 2880 g/ha.
Therefore, the objective of the present work was to study
the effects of foliar applications of combinations of FvA
and NPK NPs and the number of B fertilizer applications
on sugar beet in the Alexandria region; additionally, we
investigated the effects of their interaction on both the
yield and quality of sugar beet.

Materials and Methods

Two experiments were performed at the agricultural farm
in the Abis region, Alexandria, Egypt, during the seasons
of 2017/2018 and 2017/2019. The experiments involved
the monogerm sugar beet (Beta vulgaris L.) cultivar
Classic, which was obtained from the Agricultural
Research Center of the Sugar Crop Research Institute. The
previous crop in both seasons was Zea mays L. The
physical and chemical properties of the soil before sowing
were analyzed by Fazal et al. (2016) and are listed in
Table 1. The treatments were established as part of a split-
plot system with three replicates. Four foliar application
treatments (FvA, NPK NPs, FvA + NPK NPs, and a
control) were allocated randomly to the main plots. The
number of foliar applications of B, in the form of boric acid
(control, one application at 120 days after sowing and two
applications at 120 and 150 days after sowing), was
assigned within the subplots. The experimental field was
first plowed, and calcium superphosphate (12.5% P,0s)
was applied during tillage at a rate of 840 kg/ha, and
potassium sulfate (48% K,O) was applied at a rate of
120 kg/ha (57.6 kg K,O/ha). N fertilizer was applied in the
form of urea (46% N) at a rate of 240 kg N/ha in two equal
doses: The first half was applied after thinning (before the
first irrigation), and the second half was applied before the
second irrigation. Seeds of the monogerm cultivar Classic

@ Springer



784

Sugar Tech (Sept-Oct 2020) 22(5):782-791

Table 1 Soil chemical and physical properties of the field sites in the 2017/2018 and 2018/2019 seasons

Season Clay (%) Silt (%) Sand (%) Organic matter (%) Texture class
Physical property analysis
2017/2018 234 21.2 52.2 0.78 Sandy clay loam
2018/2019 22.6 23.6 534 0.81
Season pH EC (dS/m) HCO; (%) CaCO; (%) Element availability (mg/kg)
N P K Fe B Zn Cu Mn
Chemical property analysis
2017/2018 8.0 2.1 12.2 24.8 28.2 7.4 199.1 53 0.9 0.75 1.2 4.5
2018/2019 8.1 2.0 11.7 24.4 25.7 6.5 186.9 42 0.8 0.96 2.5 5.6

Table 2 Analysis of nanofertilizer used

Element Nanopotassium fertilizer
(amino-mineral) (%)
K,O 3.0
Amino acids (AA) 5.0
Vitamins 1.0
Total N 8.0
Micronutrients (Br, Zn, Mn, Co, and Mo) 10.0
Seaweed extract 5.0

*Contents are available on the state website (www.bionano-
egypt.com)

were sown by hand on the 8th and 6th of October in the
2017/2018 and 2018/2019 seasons, respectively, at the rate
of 1 seed/hill on one side of the ridge of the hill, and the

Fig. 1 Transmission electron
micrograph (x 7500) of NPK
NPs
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seeds were spaced 20 cm apart. The basic experimental
unit was a 10.5 m? area and included five ridges each; the
width of each unit was 60 cm, and the length was 3.5 m.
FvA was applied at a rate of 10 mg/L, and NPK NPs were
applied at a rate of 4.8 L/ha; both were applied as foliar
sprays (Table 2). B was applied as Nutribor® (8% boric
acid), Compo Expert, Germany, at a rate of 3600 g/ha
(ha = 2.4 fed).

The characterization of the NPK NPs was confirmed by
transmission electron microscopy (TEM) (Hitachi, Japan)
according to the methods of Elavazhagan and Arunachalam
(2011), as shown in Fig. 1. Last, during harvest (180 days
after sowing), the plants were harvested and cleaned;
afterward, their leaves were removed, and then, the plants
were weighed. Various root characteristics were calculated,
such as biological yield (t/fed), sugar yield (t/fed), TSSs
(%), sucrose (%), and purity (%). Statistical analysis was
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carried out according to the methods of Steel and Torrie
(1981). The treatment means were compared by the least
significant difference (LSD) test at the 0.05 level of
probability, which was computed using the Ver CoStat
(2005) program.

Results and Discussion
The results shown in Table 3 show the effects of foliar

applications of NPK NPs and FvA, the effects of different
numbers of foliar applications of B, and their interaction

effects on the root length, root diameter, root weight, and
root/shoot ratio of sugar beet during the 2017/2018 and
2018/2019 seasons.

The foliar application of NPK NPs together with FvA
significantly increased the root parameters and root/shoot
ratio of sugar beet during both seasons; the maximum
values were obtained in response to FvA 4+ NPK NPs, with
no significant difference between this treatment and the
NPK NP treatment. The lowest mean values were obtained
for sugar beet plants under the control treatment (water
only) of B in both seasons (Table 3). The increase in these
traits was due to the function of NPK NPs in relation to cell

Table 3 Root characteristics of sugar beet plants treated with different combinations of foliar applications of nanofertilizer and fulvic acid and
different numbers of foliar applications of B and their interaction effects during both seasons

Traits

Foliar application treatments (A) Season 2017/2018

Season 2018/2019

Boron applications (B)

Average (A) Boron applications (B) Average (A)

Control Once  Twice Control Once  Twice
Root length (cm) FvA 18.3 22.3 25.7 22.1 19.0 25.3 28.0 24.1
NPK NPs 21.3 25.7 29.7 25.6 22.3 28.7 32.0 27.7
FvA + NPK NPs 23.7 27.7 27.7 26.4 26.0 26.7 30.3 27.7
Control (water only) 19.0 22.5 22.3 21.3 20.0 24.0 21.7 21.9
Average (C) 20.6 24.6 26.4 21.8 26.2 28.0
LSD at 0.05 A 1.1 14
B 1.3 13
A x B 2.2 2.7
Root diameter (cm)  FvA 20.1 27.0 27.0 24.7 19.7 25.3 27.7 24.2
NPK NPs 23.7 26.3 28.3 26.1 23.0 28.0 28.3 26.4
FvA + NPK NPs 25.0 26.0 31.3 27.4 243 24.0 30.0 26.1
Control (water only) 19.7 20.7 22.0 20.8 19.3 21.7 22.3 21.1
Average (C) 22.1 25.0 27.2 21.6 24.8 27.1
LSD at 0.05 A 1.6 1.2
B 1.3 1.0
A xB 2.7 1.9
Root weight (g)/plant FvA 1366.7 1620.0 1562.7 1516.5 1377.7 1636.7 15853 1533.2
NPK NPs 14957 17107 17163 1640.9 1502.0 16777 16923 1624.0
FvA + NPK NPs 1598.7 1621.7 17773 1665.9 15943 1707.0 1768.0 1689.8
Control (water only) 1403.7  1440.7 14447 1429.7 1384.7 14553 14553 1431.8
Average (C) 1466.2 1598.3 1625.3 1464.7 1619.2 1625.2
LSD at 0.05 A 49.2 80.3
B 493 46.8
A x B 98.6 39 93.7
Root/shoot ratio FvA 35 3.7 39 3.7 37 4.0 3.8 3.8
NPK NPs 39 37 37 3.8 37 4.0 39 39
FvA + NPK NPs 35 3.6 35 3.6 3.1 3.1 37 33
Control (water only) 3.7 3.6 3.6 3.8 34 4.0 3.7
Average (C) 3.7 3.7 3.8 3.6 3.6 39
LSD at 0.05 A 0.2 0.2
B 0.1 0.2
A x B 0.2 0.3
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division and growth, and as a soil amendment and organic
acid, FvA plays a vital role in root activation and can
reduce the high pH of soils. These results are in agreement
with those obtained by previous researchers (Liu and Lal
2015; Dewdar et al. 2018; Abdelsalam et al. 2019), who
showed that the applications of NPK NP fertilizer can
increase the yield and yield components of numerous crop
species. On the other hand, El-Hassanin et al. (2016)
indicated that foliar applications of FvA improved the
growth, yield, and yield components of several crop spe-
cies. The results in Table 3 show that increasing the
number of B fertilizer applications significantly improved
the parameters of sugar beet roots; the greatest values were
obtained in response to two applications of B. The lowest
values were recorded in the control (water only) treatment
during both seasons. These results are in agreement with
those obtained by previous researchers (El-Sherief et al.
2016; Aly et al. 2017; Rehab et al. 2019), who reported that
foliar applications of B improved the yield and yield
components of sugar beet.

The interaction of NPK NPs or FvA and B foliar
applications significantly influenced the root length, root
diameter, root weight, and root/shoot ratio of sugar beet
during both seasons (Table 3). The maximum root length
values were obtained in response to foliar application of
NPK NPs combined with two applications of B fertilizer.
The greatest root diameter and root weight values were
obtained in response to FvA + NPK NPs combined with
two B foliar applications. However, FvA with two B
applications yielded the greatest root/shoot ratio. On the
other hand, the lowest values were obtained in response to
the control (water only) and two factors (foliar + B fer-
tilizer) in the two seasons. These results demonstrated that
the NPK NPs and FvA treatments and the number of B
applications acted independently on root yield. The results
in Table 3 show the effects of foliar applications of NPK
NPs and FvA, the effects of the number of foliar applica-
tions of B, and their interaction on the root yield, shoot
yield, and biological yield of sugar beet during the two
seasons.

Table 4 Yield characteristics of sugar beet plants treated with different combinations of foliar applications of nanofertilizer and fulvic acid and
different numbers of foliar applications of B and their interaction during the 2017/2018 and 2018/2019 seasons

Traits

Foliar application treatments (A) Season 2017/2018

Season 2018/2019

Boron applications (B)

Average (A) Boron applications (B) Average (A)

Control Once Twice Control Once Twice
Root yield (t/fed) FvA 19.1 219 214 20.8 18.8 219 217 20.8
NPK NPs 20.0 229 234 22.1 21.8 183 218 20.6
FvA + NPK NPs 20.6 223 246 22.5 20.3 225 232 22.0
Control (water only) 19.2 20.1 199 19.7 18.3 214 212 20.3
Average (C) 19.725 21.8 223 19.8 21.0 22.0
LSD at 0.05 A 0.8 0.7
B 0.6 0.6
A x B 1.2 1.3
Top yield (t/fed) FvA 54 5.7 5.8 5.6 5.0 5.5 5.9 5.5
NPK NPs 5.1 5.9 6.3 5.8 5.2 5.7 6.3 5.7
FvA + NPK NPs 5.8 6.1 6.9 6.3 5.8 6.1 7.2 6.4
Control (water only) 5.1 5.7 5.5 54 5.3 5.7 5.8 5.6
Average (C) 54 5.9 6.1 53 5.8 6.3
A 0.3 04
LSD at 0.05 B 0.2 0.3
A xB 0.4 0.6
Biological yield (t/fed) FvA 24.5 276 272 26.4 23.8 274  27.6 26.3
NPK NPs 25.1 28.8 29.7 27.9 27.6 243 28.1 26.4
FvA + NPK NPs 26.4 284 315 28.8 26.1 28.6 304 28.4
Control (water only) 24.3 258 254 25.2 23.6 27.1  27.0 259
Average (C) 25.1 2777 285 25.1 26.8 28.3
A 1.0 0.9
LSD at 0.05 B 0.7 0.8
A xB 1.5 1.7
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Foliar applications of NPK NPs and FvA significantly
increased the root yield, shoot yield, and biological yield of
sugar beet. The maximum mean values of root yield (22.5
and 22.0 t/fed), shoot yield (6.3 and 6.4 t/fed), and bio-
logical yield (28.8 and 28.4 t/fed) were obtained in
response to the application of FvA 4 NPK NPs in the first
and second seasons, respectively. On the other hand, the
lowest mean values of root yield (19.7 and 20.3 t/fed),
shoot yield (5.4 and 5.6 t/fed), and biological yield (25.2
and 25.9 t/fed) were obtained by growing sugar beet plants
under the control treatment (water only) in both seasons,
respectively (Table 4). As an organic acid, FvA plays a
vital role in root activation and can be used as a soil
amendment. The current results agree with those obtained
by previous researchers (Dewdar et al. 2018; Abdelsalam
et al. 2019) who showed that the use of NPK NPs increased
the yield, and yield components of many crop species. In
contrast, El-Hassanin et al. (2016) indicated that the
application of FvA increased the growth, yield and yield
components of many crop species.

Fig. 2 Root and shoot yield of

—~e- Water only

Table 4 shows that increasing the number of B fertilizer
applications significantly increased the root yield, shoot
yield, and biological yield of the sugar beet plants.
Specifically, two foliar applications of B resulted in the
greatest mean values of root yield (22.3 and 22.0 t/fed),
shoot yield (6.1 and 6.3), and biological yield (28.5 and
28.3 t/fed) of sugar beet. The lowest values were obtained
in response to the water (control) treatment in both seasons.
These results are in agreement with those of previous
researchers (El-Sherief et al. 2016; Rehab et al. 2019) who
indicated that foliar applications of B improved yield and
yield components. The results in Table 4 and Fig. 2 show
the interaction effects between foliar applications of NPK
NPs, FvA, and B; there were significant interaction effects
on the root yield, shoot yield, and biological yield of sugar
beet during both seasons. The maximum mean values of
root yield (24.6 and 23.2 t/fed), shoot yield (6.9 and 7.2
t/fed), and biological yield (31.5 and 30.4 t/fed) of sugar
beet were obtained in response to foliar application of NPK
NPs combined with two applications of B fertilizer. The
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Table 5 Sugar yield and percentages of sucrose, TSSs, and purity of sugar beet plants treated with different combinations of foliar applications
of nanofertilizer and fulvic acid and different numbers of foliar applications of B and their interaction effects during both seasons

Traits Foliar application treatments (A)

Season 2017/2018

Season 2018/2019

Boron applications (B)

Average (A) Boron applications (B) Average (A)

Control Once Twice Control Once Twice
Sugar yield (t/fed) FvA 32 4.0 39 3.7 32 3.8 39 3.6
NPK NPs 35 44 4.7 42 3.6 43 4.6 4.2
FvA + NPK NPs 38 4.2 4.9 4.3 4.0 34 4.1 3.8
Control (water only) 34 3.5 3.7 3.5 3.8 34 4.2 3.8
Average (C) 3.5 4.0 4.3 3.7 3.7 4.2
LSD at 0.05 A 0.2 0.3
B 0.1 0.1
A xB 0.3 0.3
Sucrose (%) FvA 17.0 18.3 18.3 17.9 17.3 17.3 18.3 17.6
NPK NPs 18.3 18.7 19.7 18.9 18.3 18.6 19.3 18.7
FvA + NPK NPs 17.7 19.0 20.0 18.9 17.7 19.3 19.6 18.9
Control (water only) 17.8 174 18.8 18.0 18.1 17.4 18.9 18.1
Average (C) 17.7 18.4 19.2 17.9 18.2 19.0
LSD at 0.05 A 0.4 1.1
B 0.6 0.6
A x B 1.2 1.3
TSS (%) FvA 20.8 255 254 23.9 21.0 269 258 24.6
NPK NPs 22.2 212 28.0 23.8 21.9 20.7 282 23.6
FvA + NPK NPs 233 245 264 24.7 23.7 245 270 25.1
Control (water only) 19.7 22.0 22.0 21.2 20.0 22.8 21.0 21.3
Average (C) 21.5 233 255 21.7 23.7 255
LSD at 0.05 A 1.9 2.0
B 1.0 1.2
A xB 2.0 2.5
Purity (%) FvA 79.7 80.7 82.5 81.0 79.2 81.8 829 81.3
NPK NPs 79.8 81.5 83.0 81.4 79.9 81.7  83.0 81.5
FvA + NPK NPs 80.1 82.8 855 82.8 80.8 83.0 86.3 83.4
Control (water only) 79.5 79.9  80.7 80.0 81.4 804  80.6 80.8
Average (C) 79.8 812 829 80.3 81.7 832
LSD at 0.05 A 1.3 1.4
B 0.8 0.8
A x B 1.7 1.7

lowest values were obtained under the control treatment
(water only) and two factors (foliar 4+ B fertilizer) in both
seasons. These results indicate a significant interaction
effect between and NPK NPs and FvA, and the number of
times B was sprayed in this study. Overall, the results
showed that NPK NP, FvA, and B acted dependently on the
shoot yield, biological yield, and sugar yield of sugar beet
plants. In addition, the results in Table 4 demonstrate the
effects of foliar applications of NPK NPs and FvA and
foliar applications of B and their interaction on sugar yield

@ Springer

as well as the percentages of sugar, TSSs, and purity of
sugar beet during both seasons.

The results in Table 5 show that the foliar application
treatments significantly increased the sugar yield as well as
the percentages of sucrose, TSSs, and purity of the sugar
beet plants during both seasons. However, the maximum
mean values of these traits were obtained in response to
treating sugar beet plants with foliar applications of
FvA + NPK NPs in both seasons. The lowest mean values
of these traits were obtained in the control treatment (water
only). These results exhibit the same trend as did the results
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Fig. 3 Sugar yield and sucrose
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obtained by previous researchers (Liu and Lal 2015;
Dewdar et al. 2018; Abdelsalam et al. 2019) who showed
that the use of NPK NPs increased the yield and yield
components in many crop species. Moreover, El-Hassanin
et al. (2016) reported that FvA improved the growth, yield,
and yield components of many crop species. Foliar appli-
cation of B significantly increased the sugar yield and the
percentages of sucrose, TSSs, and purity of the sugar beet
plants in both seasons, as shown in Table 5. The greatest
mean values were obtained when B was applied twice. The
lowest mean values were obtained under the control
treatment (water only) during both seasons. However, there
was no significant effect between foliar applications of
FvA + NPK NPs and NPK NPs alone on the mean values
of these traits in either season. However, the greatest sugar
yield was obtained in response to spraying only NPK NPs
in the second season. These results are in agreement with
those obtained by previous researchers (El-Sherief et al.
2016; Rehab et al. 2019) who indicated that foliar appli-
cations of B increased the yield and yield components of
sugar beet.

The data in Table 5 and Fig. 3 show that the interaction
between foliar application of NPK NPs and FvA and foliar
applications of B significantly affected the sugar yield and
the percentages of sucrose, TSSs, and purity of the sugar
beet plants in the two seasons. These results showed that
FvA + two applications of B acted dependently on the
sugar yield and the percentages of sucrose, TSSs, and
purity of the sugar beet plants in this study. The greatest

mean values of these traits were obtained in response to
foliar application of FvA + NPK NPs or foliar application
of NPK NPs combined with two applications of B in both
seasons. The lowest values in both seasons were obtained
in the control treatment (water only). Increases in the
parameters of sugar beet plants in response to foliar
applications of FvA and soil-based applications of NPK
NPs can be affected by salinity. FvA may have a greater
agronomic efficacy as foliar spray than as a soil amend-
ment (Geilfus 2019; Wang et al. 2019). Moreover, FvA
regulates hormone levels and contributes to the generation
of secondary metabolites in plants and microalgae (Che
et al. 2016). Wang et al. (2019) showed the importance of
the effects of FvA on growth properties. FvA also plays an
important role in cell signal transduction (Canellas et al.
2015; Liu and Lal 2015; Jarosova et al. 2016). The growth
of sugar beet in the field is affected by salinity; as such, the
present study investigated the use of foliar applications of
B to increase yield, yield components, and quality, and the
increases were indeed due to B, which is involved in
numerous physiological and biochemical processes in
plants (Kabu and Akosman 2013). Additionally, P and K
alone or combined was an important factor influencing the
availability of B. In fact, B adsorption occurs best in soils
whose pH ranges from 3 to 9, but the adsorption decreases
as the pH continues to increase (Goldberg et al. 2008). On
the basis of previous results, we recommend applying
different combinations of NPK NPs and FvA as well as
applying two foliar sprays of B to increase sugar beet yield
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and quality. Additionally, the present results agree with
those of previous researchers who studied the effects of
foliar applications of Ca and Si on sugar beet plants.

Conclusion

According to the results of the present study, foliar appli-
cation of NPK NPs with FvA significantly increased the
root characteristics of sugar beet plants in two seasons, and
the greatest values were obtained by spraying FvA + NPK
NPs, with no significant difference between the plants in
this treatment and those treated with foliar application of
NPK NPs alone. In contrast, the lowest mean values were
obtained under the control treatment (water only) in both
seasons. The interaction caused by the foliar application of
NPK NPs or FvA and foliar application of B significantly
affected the root length, root diameter, root weight, and
root/shoot ratio of the sugar beet plants in both seasons.
Additionally, foliar application of NPK NPs and FvA sig-
nificantly increased the root yield, shoot yield, and bio-
logical yield of sugar beet; the greatest mean values of root
yield were obtained in response to the application of the
FvA + NPK NPs in both seasons. Moreover, the results
revealed that increasing the number of B applications sig-
nificantly increased the root yield, shoot yield, and bio-
logical yield of sugar beet. The greatest mean values of
root yield were obtained in response to two B applications,
while the lowest values were obtained under the control
treatment (water only) in both seasons. These results mean
that there were significant responses to NPK NPs and FvA
and the number of B applications. These results showed
that the shoot yield, biological yield, and sugar yield of the
sugar beet plants were dependent on the NPK NPs, FvA,
and B fertilizer in this study. In addition, the results showed
the effects of foliar applications, the effects of the number
of B applications, and their interaction on the sugar yield
and the percentages of sucrose, TSSs, and purity of the
sugar beet plants in both seasons. Moreover, the data
demonstrated that the interaction between foliar applica-
tions of NPK NPs and FvA and foliar applications of B
significantly affected the sugar yield and the percentages of
sucrose, TSSs, and purity of the sugar beet plants in the two
seasons. In conclusion, sugar beet treated with the foliar
applications of NPK NPs with FvA and two applications of
B increased the productivity of sugar beet. This treatment
also increased the root and sugar yield and the sugar quality
of the plants under the conditions of the Alexandria region
and similar regions.

Acknowledgements The authors gratefully acknowledge the
Researchers Supporting Project (Number RSP-2019/123) of King
Saud University, Riyadh, Saudi Arabia.

@ Springer

Authors’ Contributions EEK and NRA were involved in supervi-
sion, methodology, formal analysis, and resources, wrote original
draft, the paper, and manuscript, and suggested the idea; AAA was
involved in data curation and methodology; HMA and MHS revised
the manuscript and funding acquisition.

Funding This research was funded by King Saud University,
Researchers Supporting Project number (RSP-2019/123), King Saud
University, Riyadh, Saudi Arabia.

Availability of Data and Material The data used to support the
findings of this study are included within the article.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Code Availability The coding of the data is available from the
corresponding author upon reasonable request.

References

Abdelsalam, Nader R., Moustafa M.G. Fouda, Ahmed Abdel-
Megeed, Jamaan Ajarem, Ahmed A. Allam, and Mehrez E. El-
Naggar. 2019. Assessment of silver nanoparticles decorated
starch and commercial zinc nanoparticles with respect to their
genotoxicity on onion. International Journal of Biological
Macromolecules 133: 1008-1018.

Aly, Ehsan F.A., Soha R. Khalil, and Eman M. Abdel Fattah. 2017.
Effect of boron, potassium and calcium on growth, yield and
quality of two sugar beet varieties under sandy soil conditions.
Journal of Plant Production 8: 699-704.

Biswas, Pratim, and Wu Chang-Yu. 2005. Nanoparticles and the
environment. Journal of the Air and Waste Management
Association 55: 708-746.

Brown, Patrick H., N. Bellaloui, Monika Wimmer, Elias S. Bassil, J.
Ruiz, H. Hu, H. Pfeffer, F. Dannel, and V. Romheld. 2002.
Boron in plant biology. Plant Biology 4: 205-223.

Camacho-Cristobal, Juan J., and Agustin Gonzalez-Fontes. 2007.
Boron deficiency decreases plasmalemma H+--ATPase expres-
sion and nitrate uptake, and promotes ammonium assimilation
into asparagine in tobacco roots. Planta 226: 443-451.

Canellas, Luciano P., Fabio L. Olivares, Natdlia O. Aguiar, Davey L.
Jones, Antonio Nebbioso, Pierluigi Mazzei, and Alessandro
Piccolo. 2015. Humic and fulvic acids as biostimulants in
horticulture. Scientia Horticulturae 196: 15-27.

Che, Raogiong, Ke Ding, Li Huang, Peng Zhao, Jun W. Xu, Tao Li,
Huixian Ma, and Yu. Xuya. 2016. Enhancing biomass and oil
accumulation of Monoraphidium sp. FXY-10 by combined
fulvic acid and two-step cultivation. Journal of the Taiwan
Institute of Chemical Engineers 67: 161-165.

Dewdar, Mohamed D.H., Mohamed S. Abbas, Adel S. El-Hassanin,
and Hamdy A.Abd El-Aleem. 2018. Effect of nano micronutri-
ents and nitrogen foliar applications on sugar beet (Beta vulgaris
L.) of quantity and quality traits in marginal soils in Egypt.
International Journal of Current Microbiology and Applied
Sciences T: 4490-4498.

El-Hassanin, Adel S., Madlyne R. Samak, A.M. Nadia Moustafa,
N.Khalifa Shafika, and M. Ibrahim Inas. 2016. Effect of foliar
application with humic acid substances under nitrogen fertiliza-
tion levels on quality and yields of sugar beet plant. International



Sugar Tech (Sept-Oct 2020) 22(5):782-791

791

Journal of Current Microbiology and Applied Sciences 5:
668—680.

El-Sherief, M., Sahar Moustafa, and Shahrzad Neana. 2016. Response
of sugar beet yield and quality to some micronutrients under
sandy soil. Journal of Soil Sciences and Agricultural Engineer-
ing 7: 97-106.

Elavazhagan, Tamizhamudu, and Kantha D. Arunachalam. 2011.
Memecylon edule leaf extract mediated green synthesis of silver
and gold nanoparticles. International Journal of Nanomedicine
6: 1265-1278.

Fazal, Tanzeela, Bushra Ismail, Asad M. Khan, Rafagat A. Khan,
Syed A.A.S. Naqvi, Farrukh S. Hamid, Muhammad A. Sabir,
Faridullah Faridullah, and Abdur R. Khan. 2016. Comparative
studies on the use of binary and ternary combinations of various
acidifying agents for the reduction of soil pH. Communications
in Soil Science and Plant Analysis 47: 11-18.

Geilfus, Christoph-Martin. 2019. Microbial and plant-based biostim-
ulants. In Controlled environment horticulture: Improving
quality of vegetables and medicinal plants, ed. Christoph-Martin
Geilfus, 131-143. Cham: Springer.

Goldberg, Sabine, Donald L. Suarez, and Peter J. Shouse. 2008.
Influence of soil solution salinity on boron adsorption by soils.
Soil Science 173: 368-374.

Jakiené, Elena, Vidmantas Spruogis, Kestutis Romaneckas, Anzelika
Dautarté, and Dovilé Avizienyté. 2015. The bio-organic nano
fertilizer improves sugar beet photosynthesis process and
productivity. Agriculture 102: 141-146.

Jarosova, Markéta, Botivoj Klejdus, Jozef Kovacik, Petr Babula, and
Josef Hedbavny. 2016. Humic acid protects barley against
salinity. Acta Physiologiae Plantarum 38: 161.

Justi, Marina, Everton G. Morais, and Carlos A. Silva. 2019. Fulvic
acid in foliar spray is more effective than humic acid via soil in
improving coffee seedlings growth. Archives of Agronomy and
Soil Science 65: 1969-1983.

Kabu, Mustafa, and Murat S. Akosman. 2013. Biological effects of
boron. In Reviews of environmental contamination and toxicol-
ogy, ed. David M. Whitacre, 57-75. New York, NY: Springer.

Kobayashi, Masaru, Takashi Mutoh, and Toru Matoh. 2004. Boron
nutrition of cultured tobacco BY-2 cells. IV. Genes induced
under low boron supply. Journal of Experimental Botany 55:
1441-1443.

Liu, Ruiqiang, and Rattan Lal. 2015. Potentials of engineered
nanoparticles as fertilizers for increasing agronomic productions.
Science of the Total Environment 514: 131-139.

Sayed, Makram, and Sarah Omar. 2018. For the most important
performance indicators of sugar industry. Faiyum: Fayoum
University.

Moghaddasi, S., Amir H. Khoshgoftarmanesh, Fathallah Karimzadeh,
and Rufus L. Chaney. 2013. Preparation of nano-particles from
waste tire rubber and evaluation of their effectiveness as zinc
source for cucumber in nutrient solution culture. Scientia
Horticulturae 160: 398-403.

Nemeata Alla, H.E.A. 2017. Effect of boron level and time of
application on yield and quality of sugar beet. Journal of Plant
Production 8: 1071-1075.

Rehab, Ibrahim F., Samia S. El Maghraby, E.E. Kandil, and Nahed Y.
Ibrahim. 2019. Productivity and quality of sugar beet in relation
to humic acid and boron fertilization under nubaria conditions.
Alexandria Science Exchange Journal 40: 115-126.

Sabir, Ali, Kevser Yazar, Ferhan Sabir, M. Zeki Kara, Atilla Yazici,
and Nihal Goksu. 2014. Vine growth, yield, berry quality
attributes and leaf nutrient content of grapevines as influenced by
seaweed extract (Ascophyllum nodosum) and nanosize fertilizer
pulverizations. Scientia Horticulturae 175: 1-8.

Senesi, Nicola, and Elisabetta Loffredo. 2018. The chemistry of soil
organic matter. In Soil physical chemistry, ed. Donald L. Sparks,
239-370. Boca Raton: CRC Press.

Steel, R.G.D. and Torrie, J.H., 1981. Analysis of variance in factorial
experiments. In Principles and procedure of statistics, 336-375.
New York: McGraw-Hill Book Company.

Suh, Hye Y., Kil S. Yoo, and Sang G. Suh. 2014. Effect of foliar
application of fulvic acid on plant growth and fruit quality of
tomato (Lycopersicon esculentum L.). Horticulture, Environ-
ment, and Biotechnology 55: 455-461.

Ver, CoStat. 6.311. 2005. Cohort software798 light house Ave.
PMB320, Monterey, CA 93940, and USA. email: info@cohort.-
com and website: http://www.cohort.com/DownloadCoStat
Part2.html.

Wang, Yanmei, Ruixi Yang, Jiaying Zheng, Zhenguo Shen, and Xu
Xiaoming. 2019. Exogenous foliar application of fulvic acid
alleviate cadmium toxicity in lettuce (Lactuca sativa L.).
Ecotoxicology and Environmental Safety 167: 10-19.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://www.cohort.com/DownloadCoStatPart2.html
http://www.cohort.com/DownloadCoStatPart2.html

	Efficacy of Nanofertilizer, Fulvic Acid and Boron Fertilizer on Sugar Beet (Beta vulgaris L.) Yield and Quality
	Abstract
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion
	Authors’ Contributions
	Availability of Data and Material
	References




