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This study was carried out in a field at Ibn Al-Baytar Vocational
Preparatory School in Kerbala/Al-Husayniyah District during the 2024-
2025 growing season. The research was focused on the impact of foliar
spraying with boron and sorbitol on enhancing some growth, yield, and
quality indicators of carrot plants (Daucus carota L.) cv. Nantes. The
experiment was set up based on a randomized complete block design
(RCBD) with a factorial arrangement and three replications. The first
factor included three levels of boron spraying (0, 50, and 100 mg L™"). The
second factor was four levels of sorbitol spraying (0, 20, 30, and 40 g ™).
There were significant differences between the concentrations of boron
sprays. The above-mentioned parameters were used to assess the
treatments. However, B> (100 mg L) performed better in all the
parameters mentioned above. On the other hand, there was a significant
difference between the treatments in terms of root diameter, where
treatment B: (50 mg L) was better (30.64 mm). For sorbitol spray
concentrations, similar results were observed, with treatment Ss (40 g L™)
outperforming the rest in all parameters: plant height (39.36 cm), leaf area
(23.80 dm?), chlorophyll concentration (3.43 mg g FW), root length
(18.17 cm), root diameter (33.22 mm), total yield (31.30 t ha™), beta-
carotene content (2.76 mg g FW), and root sugar content (2.07 mg g
FW). In regard to the interaction between factors, treatment B.S; was the
best, which proved the efficacy of the boron-sorbitol interaction in
enhancing carrot growth and yield. The lowest values for all the studied
traits, including the lowest chlorophyll content of 2.20 mg g' FW, were
recorded in the control treatment (BoSo)
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1-Introduction

The carrot (Daucus carota L.) is a member of
the family Apiaceae, which includes major
crops. This family comprises herbaceous plants
with inflorescences that are umbels of the
compound type [1]. The carrot ranks among the
top ten vegetable crops and is considered one of
the most economically important horticultural
crops internationally. Its global production is
about 42.8 million tons, according to the Food
and Agriculture Organization of the United
Nations [2].

The area cultivated with carrots in 2018 was
1,004 dunums with a total production of 2,441
tons. Limited production available compared to
local demand and a clear need to boost both
productivity and quality of carrot crops [3,4].

First grown as a medicine, then a food, carrots
are mainly produced for their fleshy taproots,
which are consumed fresh or cooked alone or
with other vegetables, fruits, and pickles [5,6].
They provide vital vitamins, carbohydrates,
proteins, and dietary fiber, and are known to be
one of the wvegetables with considerable
nutritional and health benefits in the world [7].

Plant nutrition stands as one of the major factors
that directly affect physiological growth and
productivity. Mostly, minerals are taken up by
roots from the soil; however, some can be
absorbed through the leaves after being sprayed
onto them. This has been a topic of concern
among vegetable specialists in several studies
[5,8]. Not only is this concern related to
macronutrients, in which large amounts are
required by plants like nitrogen, phosphorus,
and potassium, but also to the micronutrients
needed in small quantities. Among the
micronutrient elements, boron is one of the
most important essential elements because it is
needed by plants for the completion of many
vital physiological processes; it has a major role
in tissue growth and development [9].

Boron is also very important in the defense of
plasma membranes and the governance of
physiological and biochemical processes within
cells, so it is indispensable for normal
development and the continuance of metabolic
activity in plants. Boron deficiency is more
common as a nutritional deficiency that can
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limit the growth and development of many
horticultural crops. This has sparked many
research studies attempting to clarify its role in
the processes that determine cell wall
formation, symmetry, and structural integrity
[10].

Sugars and alcohols such as sorbitol are
synthetic compounds of carbohydrates; they
have high mobility due to hydroxyl groups
(OH) in their structure, thus easily moving in
different tissues of plants. These compounds
are stabilized and made more mobile within the
internal transport systems by the reduction of
the aldehyde group (CHO) to a hydroxyl group
(CH20H). In plants, sorbitol and mannitol are
the two major sugar alcohols. They perform
essential roles by allowing stable complexation
for the transport of boron and some other
essential micronutrients; for example, di-
sorbitol borate ester complex formed in the
phloem. This will, in turn, enhance boron
transport in plant tissues [12]. Therefore, the
present study was conducted to investigate the
effects of different combinations of foliar
application of boron and sorbitol and their
optimum concentrations on the growth and
quality attributes of the carrot plant.

2-Materials and Methods

2.1. Experimental Site and Design

The experiment was conducted in an open field
at Ibn Al-Baytar Vocational Preparatory
School, located in the Kerbala/Al-Husayniyah
District, during the 2024-2025 growing season
to study the effect of foliar application of boron
and sorbitol on some quality characteristics of
carrot plants (Daucus carota L.) cv. Nantes.
The treatments were replicated three times and
were laid out in a factorial arrangement within
a randomized complete block design. The first
treatment factor involved three levels of boron
(0, 50, and 100 mg L") denoted as Bo, B1, and
B2, respectively. The second factor was
comprised of four levels of sorbitol (0, 20, 30,
and 40 g L") denoted as So, Si, Sz, and Ss,
respectively.

2.2. Field Preparation and Planting
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Field soil was plowed using a moldboard plow,
then after plowing, the soil was leveled and
marked into three replicates. Each replicate
contained 12 experimental units, making a total
of 36 experimental units. Each unit measured 5
x 2.1 m, comprising four rows. Row spacing
was set at 25 cm while plant spacing within the
rows was 10 cm, resulting in a plant density of
266,666 plants ha™'. Buffer spaces were
included between plots to ease spraying without
interference. Soil samples were collected before
planting from different locations at a depth of
0-30 cm for the determination of soil physical
and chemical properties as indicated in Table 1.

2.3. Foliar Spraying Application

Sorbitol was sprayed three times during the
season, while boron was sprayed twice. The
first spraying was performed 40 days after
seedling emergence, the second spraying 21
days after the first, and the third spraying
(sorbitol only) 15 days after the second. To
prevent interference between the two
compounds, sorbitol and boron were applied 24
hours apart. All sprays were applied at sunset
until runoff using a 5-liter manual sprayer.
Plants were irrigated before spraying to
increase the absorption efficiency of the
sprayed materials. Routine agronomic practices
were carried out whenever necessary during the
growing season.

2.4. Measured Traits

2.4.1. Plant Height (cm)

The height of the plants was measured from the
soil surface to the top of emerging leaves using
a meter rule. Eight plants were randomly
selected from each experimental unit for the
measurement.

2.4.2. Leaf Area (cm?)

Eight plants were chosen randomly in each
experimental unit, and their leaf areas were
determined. The area of each leaf was
calculated with Image] software, and the
general average leaf area was determined
following Ferreira and Rasband (2011) [13].
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Total leaf area per plant was then found by
multiplying the average leaf area by the total
number of leaves.

2.4.3. Root Length (cm)

Diameter of the root (mm). The thickness of the
root was measured at the midpoint of the root,
using a slide caliper. Length was also taken
with a metal rule to ensure accuracy.

2.4.4. Root Diameter (mm)

Diameter of the root (mm). The thickness of the
root was measured at the middle part of the root,
using a slide caliper. To ensure accuracy, the
length of the root was taken with a metal rule.

In each experimental unit, eight roots were
taken, and their diameters were measured with
a Vernier caliper. Thereafter, the averages of
the readings were calculated.

2.4.5. Total Yield (tons ha™)

Total yield was calculated using the following
equation:

Total yield (tons ha™) = Average root weight
per plant (kg) X Number of plants per
hectare

The number of plants per hectare was
calculated based on the planting density
(266,666 plants ha™).

2.4.6. Beta-Carotene Content (mg g' fresh
weight)

Beta-carotene was estimated following the
same method as total leaf chlorophyll, with the
light absorption reading taken at a wavelength
of 444 nm according to Rodriguez-Amaya
(2001) [14]. The concentration was calculated
using the following equation:

p-Carotene (mg g FW) = (D44 X V x 1000) /
(W x 620)

where:

e Duss = absorbance at 444 nm
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eV =volume of extract (mL)
e W =sample weight (g)

e 620 = extinction coefficient (L g
cm™) for beta-carotene in the solvent
system used [14]

2.4.7. Root Sugar Concentration (mg g

fresh weight)

Root sugar concentration was determined using
the phenol-sulfuric acid method according to
Masuko et al. (2005) [15]. Briefly, the

absorbance of the reaction mixture was
measured at 490 nm using a microplate reader.

2.5. Statistical Analysis

The data were statistically analyzed using
analysis of variance (ANOVA) appropriate for
a randomized complete block design (RCBD).
The least significant difference (LSD) test at a
probability level of 0.05 was used to compare
and separate the means [16]. All analyses were
performed using GenStat 12th edition statistical
software (VSN International, UK).

Table 1. Some physical and chemical properties of the soil used in the experiment.

Property Value Unit
pH 6.5
Electrical Conductivity (EC) 2.3 dS m™!
Organic Matter (OM) 1.24 %
Nitrogen (N) 0.137 mg kg
Phosphorus (P) 13.825 mg kg™
Potassium (K) 37.042 mg kg™
Soil Particle Size Distribution
Sand 7.01 gkg!
Silt 57.10 gkg!
Clay 35.89 gkg!
Soil Texture Loam ---
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3-Results

Growth Indicators

Plant Height (cm)

The results (Table 2) showed a significant
effect of boron spray concentrations on average
plant height. Treatment B> (100 mg L)
resulted in the highest average height of 38.40

cm, compared to the control treatment (Bo),
which resulted in the lowest average height of
34.36 cm. The same table also showed that
sorbitol spraying had a significant effect on this
trait, with treatment S; (40 g L") recording the
highest average height of 39.36 cm, while the
control treatment (So) recorded the lowest
average height of 34.13 cm. The results also
demonstrated a significant interaction between
the factors, with treatment B.Ss; showing the
highest interaction at 41.75 cm, while the
control treatment (BoSo) showed the lowest
interaction at 32.09 cm.

Table 2. Effect of boron and sorbitol spraying and their interaction on plant height (cm) of carrot cv. Nantes.

Boron (mg L) Se(0gL™) Si(20gL™) S:(30gL™) S;(40gL™) Mean
Bo (0) 32.09 33.88 34.79 36.69 34.36
Bi: (50) 34.55 35.92 37.21 39.63 36.83
B2 (100) 35.75 37.13 38.79 41.75 38.40
Mean 34.13 35.70 36.93 39.36
LSD (0.05) B=0.29 S=0.33 B xS=0.58
the highest average at 23.80 dm? not
Leaf Area (dm’) significantly different from treatment Sz, which

The results (Table 3) showed a significant
effect of boron spray concentrations on average
leaf area. Treatment B: recorded the highest
average at 26.51 dm?, compared to the control
treatment (Bo), which yielded the lowest
average at 17.03 dm2 The same table also
showed that sorbitol spraying had a significant
effect on leaf area, with treatment Ss recording

recorded an average of 22.87 dm?. The control
treatment (So) recorded the lowest average at
19.24 dm?2 Furthermore, the interaction
between the factors showed significant
differences, with treatment B.Ss recording the
highest average at 29.06 dm?, while the control
treatment (BoSo) recorded the lowest at 15.66
dm?.

Table 3. Effect of boron and sorbitol spraying and their interaction on leaf area (dm?) of carrot cv. Nantes.

Boron (mg L) So(0gL™) Si(20gL™M)

S:(30 g L)

S;(40gL™) Mean

Bo (0) 15.66 16.84
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Boron (mg L) Se(0gL™) Si(20gL™) S:(30gL™) S;(40gL™) Mean
B: (50) 19.82 21.66 22.33 24.26 22.01
B2 (100) 22.26 25.98 28.75 29.06 26.51
Mean 19.24 21.49 22.87 23.80
LSD (0.05) B=1.12 S=1.80 BxS=3.10

Total Chlorophyll in Leaves (mg g' FW)

The results (Table 4) showed a significant
effect of boron spray concentrations on total
leaf chlorophyll content. Treatment B2 (100 mg
L") showed the highest average content of 3.36
mg g' FW, compared to the control treatment
(Bo), which showed the lowest average content
of 2.48 mg g™ FW. The same table also showed
that sorbitol spraying had a significant effect on

this trait. Treatment Ss; recorded the highest
average content of 3.43 mg g' FW, while the
control treatment (So) recorded the lowest
average content of 248 mg g' FW.
Furthermore, the interaction between the
factors showed significant differences.
Treatment B:Ss recorded the highest average
content of 4.03 mg g' FW, while the control
treatment (BoSo) recorded the lowest interaction
content of 2.20 mg g' FW.

Table 4. Effect of boron and sorbitol spraying and their interaction on total chlorophyll content (mg g™' FW) of
carrot cv. Nantes.

Boron (mg L) Soe(0gL™) S:i(20gL™) S:(30gL™) S; (40 gL™) Mean
Bo (0) 2.20 2.38 2.44 291 2.48
B (50) 2.54 2.79 3.05 3.36 2.93
B2 (100) 2.70 3.06 3.67 4.03 3.36
Mean 2.48 2.74 3.05 3.34
LSD (0.05) B=0.12 S=0.14 BxS=0.24
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Yield Indicators

Root Length (cm)

The results (Table 5) showed a significant
effect of boron spray concentrations on average
root length. Treatment B: resulted in the highest
average length of 18.09 c¢cm, compared to the
control treatment (Bo), which resulted in the

lowest average length of 15.33 ¢cm. The same
table also showed that sorbitol spraying had a
significant effect on this trait, with treatment Ss
recording the highest average length of 18.17
cm, while the control treatment (So) recorded
the lowest average length of 15.75 cm.
Furthermore, the interaction between the
factors showed significant differences.
Treatment B.Ss recorded the highest interaction
length of 19.67 cm, while the control treatment
(BoSo) recorded the lowest of 14.26 cm.

Table 5. Effect of boron and sorbitol spraying and their interaction on root length (cm) of carrot cv. Nantes.

Boron (mgL™")  So(0gL')  Si(20gL")  S:(30gL’)  S;(40gL')  Mean
Bo (0) 14.26 14.77 15.45 16.83 15.33
B: (50) 16.03 16.40 17.98 18.02 17.11
B2 (100) 16.96 17.48 18.27 19.67 18.09
Mean 15.75 16.22 17.23 18.17
LSD (0.05) B=0.14 S=0.16 BxS=0.29

Root Diameter (mm)

The results (Table 6) showed a significant
effect of boron spray concentrations on average
root diameter. Treatment B: (50 mg L™) yielded
the highest average of 30.64 mm, compared to
the control treatment (Bo), which yielded the
lowest average of 26.02 mm. The same table
also showed that sorbitol spraying had a

significant effect on this trait, with treatment Ss
recording the highest average of 33.22 mm,
while the control treatment (So) recorded the
lowest average of 23.45 mm. Furthermore, the
interaction between the factors showed
significant differences, with treatment B:Ss
recording the highest interaction of 35.61 mm,
while the control treatment (BoSo) recorded the
lowest of 20.26 mm.

Table 6. Effect of boron and sorbitol spraying and their interaction on root diameter (mm) of carrot cv. Nantes.

Boron (mg L) Soe(0gL™) S:(20gL™) S2(30gL™) S; (40 gL™) Mean
Bo (0) 20.26 25.54 27.28 30.99 26.02
B:1 (50) 26.32 28.84 31.81 35.61 30.64
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Boron (mg L) Se(0gL™) Si(20gL™) S:(30gL™) S;(40gL™) Mean
B2 (100) 23.76 26.18 29.79 33.05 28.20
Mean 23.45 26.85 29.63 33.22
LSD (0.05) B=043 S=0.50 B xS=0.87

Carrot Yield (ton ha™)

The results (Table 7) showed a significant
effect of boron spray concentrations on average
carrot yield. Treatment B2 was superior, giving
the highest average of 30.56 tons ha’,
compared to the control treatment (Bo), which
gave the lowest average of 22.38 tons ha™'. The
same table also showed that spraying with

sorbitol had a significant effect on yield, as
treatment Ss recorded the highest average of
31.61 tons ha™', while the control treatment (So)
recorded the lowest average of 23.09 tons ha™.
The interaction between the factors also showed
significant differences, as treatment B.S;
recorded the highest interaction of 36.99 tons
ha™, while the control treatment (BoSo)
recorded the lowest of 21.30 tons ha™'.

Table 7. Effect of boron and sorbitol spraying and their interaction on carrot yield (ton ha™") of carrot cv.

Nantes.
Boron (mg L) Se(0gL™) Si(20gL™) S:(30gL™) S;(40gL™) Mean
Bo (0) 21.30 22.31 22.82 23.11 22.38
B: (50) 23.81 26.34 31.65 34.73 29.13
B2 (100) 24.18 28.95 32.15 36.99 30.56
Mean 23.09 28.86 28.87 31.61
LSD (0.05) B=10.54 S=0.62 B xS=1.08

Qualitative Indicators

Beta-Carotene Content (mg g' FW)
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The results (Table 8) showed that boron spray
concentrations significantly affected the beta-
carotene content of the roots. Treatment Bz (100
mg L) recorded the highest average at 2.67 mg
g FW, while the control treatment (Bo)
recorded the lowest average at 1.53 mg g ' FW.
The results also showed that sorbitol spraying
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significantly affected this trait, with treatment
Ss achieving the highest average of 2.76 mg g™
FW, while the control treatment (So) recorded
the lowest average of 1.35 mg g' FW.
Furthermore, the interaction between the

factors significantly increased beta-carotene
content. Treatment B:Ss recorded the highest
average of 3.29 mg g' FW, while the control
treatment (BoSo) recorded the lowest average of
0.82 mg g ' FW.

Table 8. Effect of boron and sorbitol spraying and their interaction on beta-carotene content (mg g' FW) of
carrot cv. Nantes.

Boron (mg L) Se(0gL™) Si(20gL™) S:(30gL™) S;(40gL™) Mean
Bo (0) 0.82 1.34 1.86 2.10 1.53
B: (50) 1.41 2.07 2.25 2.90 2.15
B2 (100) 1.84 2.55 3.02 3.29 2.67
Mean 1.35 1.98 2.37 2.76
LSD (0.05) B =10.04 S=0.05 B xS=0.08

Total Sugars (mg g™ FW)

The results (Table 9) showed a significant
effect of boron spray concentrations on the total
sugar content in the roots. Treatment B2 (100
mg L") showed the highest average content of
1.93 mg g!' FW, compared to the control
treatment (Bo), which showed the lowest
average content of 1.54 mg g' FW. The same
table also showed that sorbitol spray

concentrations significantly affected this trait.
Treatment Ss recorded the highest average
content of 2.07 mg g' FW, while the control
treatment (So) recorded the lowest average
content of 1.22 mg g FW. The interaction
between the factors also showed significant
differences in total sugar content of the roots,
with treatment B.S; recording the highest
interaction of 2.18 mg g™' FW, while the control
treatment (BoSo) recorded the lowest interaction
of 0.98 mg g! FW.

Table 9. Effect of boron and sorbitol spraying and their interaction on total sugars content (mg g™' FW) of carrot

cv. Nantes.
Boron (mg L) So(0gL™) Si(20gL™) S2(30gL™) S;(40gL™) Mean
Bo (0) 0.98 1.43 1.80 1.96 1.54
B: (50) 1.12 1.89 1.97 2.02 1.76
B2 (100) 1.57 1.98 2.01 2.18 1.93
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Boron (mg L) Se(0gL™) Si(20gL™) S:(30gL™) S;(40gL™) Mean
Mean 1.22 1.76 1.92 2.07
LSD (0.05) B=0.05 S=0.06 BxS=0.11

4-Discussion

Tables 2—-9 of this research indicated that boron
foliar application had a significant effect on the
physiological and productive responses of
carrot plants. This increase was noticed in both
plant height and leaf area because boron plays a
key role in the regulation of cell division and
elongation by stabilizing components in the cell
wall to increase tissue responsiveness to
hormonal regulators [16]. Vascular tissue was
made better by boron so that it is more effective
in the translocation of water and nutrients to the
leaves; this also resulted in  Dbetter
photosynthesis and enhanced photosynthetic
efficiency and chlorophyll content by
maintaining the structural integrity of the
thylakoid membranes and reducing degradation
of photosynthetic pigments [17-19]. Boron also
assisted in the translocation of photoassimilates
to the storage roots via the phloem; it enhanced
the length and diameter of the root by
promoting the cambial meristematic activity
and elasticity of the cell wall, and it supported
metabolic processes of the development of
storage tissue [20,21].

Boron spraying enhanced soluble sugar and
beta-carotene contents in the roots by
improving carbon allocation and flux efficiency
and by regulating enzyme activities that take
part in carbohydrate metabolism and carotenoid
biosynthesis pathways. It also reduced
oxidative stress from reactive oxygen species,
thus helping to keep plastid function. These
results are in line with the improvement of both
quantitative and qualitative traits related to
carrot yield.
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Another parameter that may be responsible for
the improvement in growth and yield
components of carrot plants after foliar
application of sorbitol (Tables 2-9) is its status
as a translocatable carbohydrate and
physiological regulator of metabolic activities
in a plant. It increases translocation of
carbohydrates and nutrients in the phloem
toward developing tissues and storage organs
(mainly roots), thereby increasing
photosynthate translocation and raising sink
strength of roots for nutrient uptake. The
physiological activity of sorbitol in the plant
may be important to maintain cellular osmotic
balance since it allows effective cell elongation
and division under conditions of growth and
development in shoot and root tissues [24]; this
is where most of the cellular structures and
organelles are active. This combined function
leads to improved vegetative growth, which
includes increased height of the plant, expanded
area of the leaf, and higher chlorophyll content
in the leaves due to enhanced photosynthesizing
capacity and increased nutrient uptake [25]. In
other words, the improved efficiency of the
roots delivered and  stored  more
photoassimilates in roots, and that led to their
growth [26].

Also, increased flow of photoassimilates to the
roots, which sorbitol promotes, would mean
more significant carbon and energy supplies as
well as metabolic substrates for the carotenoid
biosynthetic pathway, including beta-carotene
synthesized in chromoplasts. The additional
transportable sugars enhance isoprenoid
metabolism via the mevalonate pathway and
allow a higher rate of carbon precursor
production for carotenoid biosynthesis. Sorbitol
also takes part in the process of translocation of
sugars and their subsequent accumulation in
storage tissues, which raises total carbohydrate
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content in the roots and improves quality
attributes in carrots. This eventually improves
the overall yield of carrots in quality and total
productivity per area. Results are in agreement
with the works of Ruan (2014) and Al-Taie and
Al-Shammari (2022). [27,28].

5-Conclusions

Foliar application of boron and sorbitol
significantly enhanced the growth, yield, and
quality characteristics of Nantes carrot plants
(Daucus carota 1.). The most -effective
treatment was that of 100 mg L' boron (as Bz),
which resulted in the best performance for most
parameters studied: plant height, leaf area,
chlorophyll content, length of the taproot, total
yield, beta-carotene, and total sugars. The level
for root diameter was optimum at 50 mg L™
(B1). All other levels of study had their best
results with the highest level of 40 g L™ sorbitol
(as Ss3). The interaction B2Ss resulted in the best
performance for most parameters studied,
indicating that micronutrients and sugar
alcohols are complementary in improving
photosynthetic efficiency and translocation of
nutrients and assimilates to storage roots. This
proves the synergistic effect of boron and
sorbitol, that is, they are most effective when
used together than when each is used alone.
Based on these results, the foliar application of
100 mg L' of boron and 40 g L of sorbitol is
recommended for optimum growth and quality
of carrots by farmers and horticulturists under
similar agro-climatic conditions. A subsequent
study could be on the long-term effects of this
treatment on soil health and its performance in
different environmental stresses, for example,
drought or salinity. Another area of research is
on the molecular mechanisms that underlie the
interaction of boron with sorbitol in boosting
carotenoid biosynthesis.
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