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ABSTRACT
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Sodium use combined with NPK fertilizers can potentially increase beetroot (Beta vulgaris L.) yield and quality. This

hypothesis was studied in three field experiments with beetroot in Western Transbaikalia throughout the seasons 2012-
2014. The effects of a combination of fertilizers and different Na amounts (10, 20, and 40 kg Na/ha) combined with
the chloride on beetroot yield, storage root quality, and sugar accumulation were estimated. As a result, Na application

increased beetroot yield by 13-22%, as compared to the mineral fertilizers along, and the highest Na dose contributed

to the maximum beetroot yield. The rising of the root mean weight was detected. Also, crude protein and vitamin C

were increased in beetroots, while crude fibre and nitrates were decreased. Along with increased sodium concentration,

potassium amount in dry matter of roots and tops were declined. Both roots and tops were found to have more efficient

P and N uptake.
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INTRODUCTION

Modern society must focus on increasing crop
yield and nutritional value while also maintaining soil
fertility to ensure the food security of the world's rising
population. Mineral fertilizers combined with a set of
basic plant nutrition elements are primarily capable of
solving these tasks. Still, it is necessary to consider the
biological features of crops to get a reasonable balance
between food quality and the economic efficiency of
agriculture. The halophytic sea beet (Beta vulgaris subsp.
Maritima (L.) Arcang.) is the wild ancestor of the cultivated
forms of beetroot (Beta vulgaris L.). Beetroot growth was
reinforced in saline soils, according to research (Yamada
et al., 2002). Watering plants with saline solution had
a positive influence on beetroot yield and quality. The
root crop contained more dry matter (DM), nitrogen (N),
and sodium (Na) than plants watered with freshwater
(Rumasz et al., 2002). Using water-soluble sodium
phosphate as part of NPK fertilizer for beetroot cultivars
ensured a positive yield response with the increase of
DM and nitrate reduction (Mashkin, 2004). The chemical

properties of sodium (Na) are very similar to potassium (K).
Na accumulates in vacuoles and compensates for K more
efficiently than other alkaline elements (Flowers, 2004;
Zang et al., 2010). Sodium can even replace 95% of the K
in some cultivars without decreasing the yield (Subbarao
et al., 1999). However, cultivating this crop in moderately
alkaline soils or applying Na as a fertilizer requires control
over the potassium level in plants. Its low level facilitates
Na absorption, increases the water content in leaves
and osmotic potential, but decreases the amount of
chlorophyll (Subbarao et al., 2000; Subbarao et al., 2003;
Kronzucker et al., 2013). Beetroot comprises about 10%
of all vegetable plantings and around 9% of the total yield
of field vegetables produced in the Republic of Buryatia
(Siberia, Russia). This crop is usually grown in the soils of
river valleys. The study aimed to see how applying sodium
chloride (NaCl) combined with mineral fertilizers affected
the yield and quality of beetroot cultivated on irrigated
fluvisols.
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MATERIALS AND METHODS
Experimental site and season

The study was carried out in 2012-2014 in the
Zaigrayevski district of the Republic of Buryatia (Western
Transbaikalia, Russian Federation; 51°56'N, 108°08'E).
In terms of atmospheric moisture and its dynamics, the
study area is unfavorable for plant cultivation. The long-
term average cumulative annual precipitation is 231
mm, with 201 mm for the months of May to September.
Throughout the research, precipitation for this period
totaled 152 mm (in 2012), 142 mm (in 2013), and 176
mm (in 2014). The mean annual temperature ranged from
-1.0°Cto 0.5 °C.

Experimental design

Univariate field experiments with four replicates were
performed in a randomized block design. The mid-early
beetroot (Beta vulgaris L.) cv "Bordo 237" was tested
for its response to increasing doses of sodium chloride
in combination with NPK complex fertilizers. Mineral
fertilizers with the amounts: N (120 kg N/ha), P (60
kg P/ha), K (150 kg K/ha) were added in spring before
sowing in the form of ammonium nitrate (34% N), triple
superphosphate (17.4% P), potassium chloride (52.7% K),
and sodium - in the chloride form in the doses of 10, 20
and 40 kg Na/ha.

The crop production method was traditional for
beetroot cultivation. Untreated beetroot seeds were
sown directly into the soil with a 45 cm x 10 cm plant
spacing and a 12 m? main plot area. The seeding time was
May 20th. The harvest time was September 10%. Since
the arid climate of the region predetermines vegetable
cultivation with the additional wetting, irrigation was
applied to all variants, including the control one. The field
moisture capacity of the soil during dry periods declined
to 12-13%. The experimental plots were irrigated 8-10
times per season with a 200 m3/ha water volume to keep
soil moisture within 65-70% of the field capacity. The
experimental design is shown in Table 1.

Table 1. Experimental design

Mineral fertilizers dose,

Treatment NPK (kg/ha) Na (kg/ha)
A -
B N120 P60 K150
C N120 P60 K150 10
D N120 P60 K150 20
E N120 P60 K150 40
Quality analyses

After harvesting, roots were cleaned, air dried, and
a root weight was measured. Dry matter, crude protein
(CP), crude fibre (CF), crude ash (CA), and total sugar
(TS) contents were determined by standard laboratory
methods and procedures (EC No 152/2009) for beetroot
quality estimation. The iodate method (Samotus et.al.,
1982) was used for vitamin C (ascorbic acid) assessment,
and the spectrophotometric method (PN-92/A-75112)
for nitrates content. Macronutrients accumulated in roots
and shoots were estimated after samples mineralization:
P - with the photometric method, K and Na - with the
flame emission spectrophotometry, N - with the Kjeldahl
method.

Soil characteristic

The soils used in the experiment were classified as
fluvisols according to the IUSS Working Group WRB
(2015). The upper soil layers have a sandy loam texture,
while the underlying strata have a sand texture. pH of
the topsoil was slightly alkaline; organic carbon and total
N content were low. Available forms of nutrients, such
as nitrate (2-3 mg/kg), phosphorus (7-20 mg/kg), and
potassium (20-25 mg/kg) - were deficient (Table 2, 3).
Extent and forms of Na accumulation in the soil were
previously shown; water-extractable Na amount was low
and did not exceed 0.01-0.02% (Merkusheva et al., 2011).

The light texture of the soil and periodic irrigation
makes it possible to use sodium chloride as fertilizer.
The chloride ion does not accumulate in the soil and is

gradually washed, so it does not cause salinity.
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Table 2. Soil physical and chemical properties before setting of the experiments, mean values and standard deviation for three

years
. —— o
Horizon Soil depth (cm) oil particles’, mm (%) pHw? Organi(i/oc)arbon3
1-0.1 0-0.02 <0.002
Ah 0-25 797 185 3+1.0 7.1+0.1 0.76 £0.10
AC 25-60 74+ 6 21+5 5+20 7.5+04 0.48 £0.05
C 60-90 88+7 10+£3 2+0.8 74+0.3 0.06+ 0.03

! Laser diffraction analyzer Analysette 22 Wet Dispersion Unit
2(1:2.5 m/v ratio)
3 Skalar auto-analyser, Primacs SNC-100

Table 3. Some indicators of soil fertility before setting of the experiments, mean values and standard deviation for three years

N Na2 ps K3 N03'4
Horizon Soil depth (cm)
(%) (mg/kg)
Ah 0-25 0.11 £0.02 3.00+£04 20+ 4 25+ 9 3+x14
AC 25-60 0.08 +0.01 240+0.3 13+ 4 20t 6 3+x1.6
C 60-90 0.02+£0.01 2.80+04 7+3 135 2+0.9

tKjeldahl method

2 Flame photometry

3 Double lactate method, pH 3.6 (1:50 m/v ratio)

“ Nitrate electrode method (0.04M (NH,),SO, extraction)

Statistical analysis

The influence of research factors (year and treatment)
was evaluated using the two-way ANOVA (F-test). When
significant differences were detected, the means were
separated with Fisher's LSD (least significant difference)
test (P<0.05). Microsoft Excel and Statistica 12 software
were used for statistical data processing (StatSoft Inc.,
2013).

RESULTS AND DISCUSSIONS
Beetroot yield

In 2012, 2013 and 2014, the average beetroot yield
(BY) was low at 14.0, 12.6 and 19.2 t/ha, respectively
(Table 4). Our study confirmed the dominant effect of the
seasonal factor on the BY (F(2,60) = 159.2, p = 0.05). In
2014, more favorable natural moisture conditions were
noted, which led to a significant increase in BY with all
the experiment variants compared to the previous years.
The treatments had a less significant impact (F(19,60) =
23.9, p = 0.05).

Mineral fertilizers had a major effect on BY every year
throughout the study. The average BY over three years
was 38% higher than the control. In 2012 a notable effect
of Na addition was recorded in treatment D, in 2013 in
treatments D and E, in 2014 for all sets with Na treatment.
During the last two years, the highest Na (treatment E)
dose contributed to the maximum BY 23.4 and 33.9 t/ha,
respectively. In general, as compared to the background,
NaCl application increased BY by 13-22%. The low level
of available K can explain the high efficiency of Na in
studied soils. Such an outcome is in line with data reported
by Christenson and Draycott (2006). All treatments, on
average, increased BY significantly compared to control:
A(15.3)<B(21.1) < C(23.9) < D (24.7) < E(25.8).

The average weight of one root crop was 70-80 g.
This value was taken as a control. The average weight
reached 90-140 g in the background and 100-170 g in
C-E treatments.
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Table 4. Beet yield depending on fertilization and Na dose (t/ha)

Treatment 2012 2013 2014 Means Over control (%) Over background (%)
Beet roots

A 14.0¢ 12.6° 19.2¢ 15.3¢ -

B 18.5° 17.3° 27.4b 21.1b 38

C 19.92 20.1% 31.5° 23.9% 56 13
D 21.52 21.12 31.42 24.72 61 17
E 20.1%® 23.4° 33.9° 25.8° 69 22

Beet tops, dry phytomass

A 1.47¢ 1.22¢ 1.84¢ 1.51¢ -

B 2.18° 2.06° 3.43° 2.56° 69

C 2.22° 2.145 3.57° 2.64° 75 3
D 2.10° 2.31%® 4,09 2.83° 87 10
E 2.87° 2.70° 4532 3.372 123 32

Different letters (in columns) indicate statistically significant differences between treatments at P<0.05

After harvesting, beet top phytomass (BT) varied
according to moisture availability, mineral nutrition, and
NaCl doses (Table 4). The annual effect of NPK fertilizers
on BT was significant. In comparison to the control, BT
enhanced by 1.7 bolds on average over three years. Only
with Na 40 (treatment E), NaCl substantially contributed
to BT over the years of the experiment. The highest value
was recorded in 2014. A weight roots/ tops ratio (in dry
matter) was: in the variant A - 1:1.7; B - 1:1.9; in variants
C, D, E - 1:1.8; 1:1.9; 1:2.2 respectively. These findings
verified the highest efficiency of the maximum Na dose
for BT.

Beet quality

The quality of the beetroot is known to depend on
several factors, including plant genotype (the cultivar) and
growing conditions, such as precipitation and temperature
during the vegetative season, and plant mineral nutrition
(Akula and Ravishankar, 2011; Szopinska and Gaweda,
2013; Petek et al., 2016). Beetroots can store a lot of
sugar, which determines their nutritional value (Tretyakov,
2000; D'Egidio et al., 2019). The content of protein and

non-protein nitrogen compounds, vitamins, macro-and
micronutrients, and antioxidant activity all affect the
quality of edible roots (Petek et al., 2017; Petek et al.,
2019).

The optimal Na dose was determined through
biochemical characterization of storage roots. Such
analysis allows for the production of macronutrient-
dense vegetables and optimization of crop productivity
and quality while avoiding the use of excessive fertilizers.
The beetroot cultivar had a relatively high content of
DM, CP, TS, and low nitrate level (maximum permissible
concentration of nitrate is 1400 mg/kg (Customs Union...,
2011)) (Table 5).

accumulation of dry matter, sugars, fibre and vitamin C

Mineral fertilizers decreased the
in storage roots. However, they increased protein and, in
particular, nitrates by 2.2 bold. Compared to the fertilizers
alone, adding sodium to the basic minerals resulted in a
considerable reduction in nitrates and a crude fibre with
D and E treatments. The changes in DM were positive
but not statistically significant. The presence of Na did
not affect CP content; it remained in the background.
With the minimum sodium dose (10 kg/ha), vitamin C
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Table 5. Beetroot quality depending on NPK fertilization and Na dose (3-year average 2012-2014)

Dry matter Total sugar Crude protein Crude fibre Vitamin C Nitrates
Treatment
% mg/kg
A 171 12.12 1.9 1.052 12.92 520¢
B 15.7 9.9v 2.42 0.80° 10.1° 11372
C 16.1 10.7% 2.1 0.86° 13.12 10062
D 16.4 11.1%® 2.5° 0.63¢ 13.6? 840°
E 16.9 12.42 2.6 0.60¢ 13.42 788°

Different letters (in columns) indicate statistically significant differences between treatments at P < 0.05

levels increased relative to the control level. It is the most
sensitive indicator of Na application among all quality
indexes used in this work.

In the control plots, root crops accumulated an average
of 1.85 t/ha of TS. The use of mineral fertilizers (B) had a
negative effect on this indicator (Table 5). With Na 40, TS
content in beetroots was restored to the control level. A
positive correlation was discovered between the amount
of Na applied and the number of carbohydrates present
(R2=0.40, P < 0.05, n = 12) (Figure 1). As a result, adding
Na to mineral fertilizers is a viable option for improving
beetroot quality. According to Wakeel et al. (2011),
sodium improved water balance, allowing beet shoots
to maintain turgor in dry weather and promoting plant
metabolic processes.

The amount of ash in the dry matter of beet leaves and
roots differed significantly. The CA ratio of tops to roots
ranged from 2.8 in control to 3.6 in treatment C (Table 6).
K accumulation in roots was 3 - 4 higher compared to the
level in the leaves. Na amount in roots consisted of 3.5%
for the control. On average, beetroot plants grown with
sodium application had substantially higher Na content
in their storage roots than those grown without sodium.
When Na 20 and Na 40 were applied, the highest values
were recorded. Na content in beet tops was found to
be 2.2-2.9 times higher than in roots. K was negatively
correlated with Na in the beetroot mineral composition in
roots (R? = -0.94, P < 0.05, n = 12) and tops (R? = -0.92,

P < 0.05, n = 12) in all treatments excluding the control
one, K to Na ratio is an indicator of plant salt metabolism.
The optimal value ranges from 7 to 1, showing the salinity
tolerance mechanism (Bgatov, 1999). The root and top
ratios for the beets without any treatments were 6.8 and
5.5, respectively. K input with mineral fertilizers shifted
the ratio to the higher values - 9.9 and 6.6. On the other
hand, sodium had a negative effect on this indicator,
reducing it to 6.0 and 4.7 with Na 40 dose in the roots
and tops, respectively.

A
X @
b4

@
‘ y = 0.0579x + 10.05
R?=0.4016

Total sugars, %

Na dose, kg/ha

Figure 1. Total sugars content in beetroots as a function of Na
dose applied

The amounts of nitrogen, phosphorus, potassium,
and sodium that had accumulated were estimated (Table
6). The intake coefficients of mineral fertilizers and Na
were determined. Combined treatments significantly
raised P and N intake coefficients by both roots and tops,
decreased the intake coefficients of K and Na fertilizers
by roots and increased by tops.
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Table 6. Content and removal of N, P, K, and Na by roots and tops of beetroots, in dry matter (3-year average 2012-2014)

Ash N P K Na N P(P,0.) K (K,0) Na
Treatment
Content (%) Removal (kg/ha)

Beet roots
A 6.79 1.76¢ 0.27° 1.63¢ 0.24° 45.9¢ 7.0¢  (16.0) 42.5° (51.2) 6.3¢
B 7.77 2.42° 0.38° 2.87° 0.292 80.1° 12.6° (28.9) 95.0° (114.5) 9.6°
C 6.77 2.11° 0.31 2.58» 0.292 81.0° 11.9° (27.3)  99.1% (119.4) 11.1%
D 6.95 2.442 0.32% 2.32° 0.312 97.12 12.7° (29.1) 92.3°(111.2) 12.3°
E 7.28 2.492 0.33° 1.92° 0.322 108.6° 1572 (36.0) 83.72 (100.9) 13.92

Beet tops
A 19.01° 1.62° 0.18° 1.55° 0.28¢ 24.5¢ 2.7°(6.2) 23.4¢ (28.2) 4.2¢
B 23.872 2,182 0.21° 2.242 0.34° 55.8° 5.4°(12.4) 57.3° (69.0) 8.7°
C 24.382 2.172 0.222 2.20° 0.36° 57.3° 5.8 (13.3) 58.1° (70.0) 9.5
D 23.072 2.287 0.232 2.10° 0.36° 64.5° 6.5 (14.9) 59.4° (71.6) 10.2°
E 21477 2.407 0.23° 1.99° 0.422 80.92 7.82(17.9) 67.12(80.9) 14.12

Different letters (in columns) indicate statistically significant differences between treatments at P<0.05
CONCLUSIONS ACKNOWLEDGEMENTS

According to this study, beetroot cultivation on
fluvisols with low fertility levels under irrigation did not
result in high root yield without the addition of nutrients.
NPK fertilizers increased the average beetroot yield
by 1.4. The addition of sodium to essential nutrients
increased beetroot yield. It affected the increase of one
root mean weight to the standard. NaCl combined with
the minerals had a positive effect on beetroot quality: i.e.
total sugars, crude protein, and vitamin C were increased
with the concurrent reduction of nitrates and fibre.
Meanwhile, a relatively high nutrient accumulation was
registered. Although the maximal sodium dose had the
most significant impact on beetroot yield and root quality,
there was no significant difference between treatments
D and E. As a result, the dose of Na 20 combined with
basic minerals can be recognized as the most effective for

achieving our research objectives.
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