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Poca P., ®panuyk K., 3aneBnu-baiikoBcbka A., Cionenpka [I., Xaiiko JI., PemimeBcskuii K., Iugis O.
Bupoounui edexTn BUKOpUCTAHHS GOPY IPU BHPOLIYBAHHI HuOy.1i 3BMYaiiHol

Hubyns (Allium cepa L.), mo Hanexutsb 10 cimelictBa Alliaceae, € onHI€I0 3 HAWBAXIIMBIIINX 1 HAUITOMYJISPHIIINX
OBOYEBHX Ta NPSHUX KYIbTYP, BUPOILYBAaHUX y BCbOMY CBiTi. IIpaBuibHe 3a0€3Me4eHHs POCIMH OOPOM MOXKE CIIPUATIMBO
BIUIMBATH HA pIiCT 1 Bpokail LuOyni, 10 Ha/JA3BHYAaiHO BAXKJIMBO Ha IpyHTaX, OinMHMX Ha ueil enemeHT. bpak Gopy
CIPUYMHIOE 6araTo aHaTOMIYHUX, (Pi310JI0riyHKX Ta 610IOrTYHUX MOPYLIEHb Y pociuH. Lle Moxe npu3BecTH, cepea iHIIoro,
JI0 3YNUHKY MOAUTY KIIITHH 1, OTXKe, IPUTHIYEHHS IIO10BXKEHHs KopeHiB. Lle ayxe moraHo uis nulysi, KOpEHEBOI CUCTEMHU
K0l B Oy/b-sIKOMY pas3i lyxe 0araTo, i BOJHOYAC 15l POCIUHA OTPeOye XOPOIIOro BOLONOCTAYaHHS.

[onboBuii excriepument O0yB npoBeneHuid y LlenTpanbHo-Cxinniit [Tonmbii, 3a 85 kM Ha cxig Bin Bapmasu, Ha
IPYHTI JyBicony. MeToro ocniikeHHs Oya0 BU3HAYUTH BIUIMB Pi3HUX J103 OOpY, 110 HAIXOIATh Y BUIVISAL [103aKOPEHEBOT
arutikauii HiTpary Kanslito 3 6opom (8,5 N-NO3, 17 CaO, 0,05 B), Ha BuXiJ Ta BMICT CyXOi PEYOBHHH 1 IyKOp y LUOYIII.
Bbop 3actocoByBanu onguH, ABa abo Tpu pa3u Ha crafisx po3Butky uubymn BBCH 16, BBCH 17 ta BBCH 41-45.
3acrocoByBaHi 1031 60py cranoBwiu 2,2, 4,5 Ta 6,71 * ra’.

3actocyBaHHs Oopy chpusulo 30UIblIeHHIO Bpoxatro LuOymi. Edext ypoxaiiHocTi OyB 0COOIMBO MOMITHHH Y
2019 poui, BiH XapakTepu3yBaBcs ripmuMu ymoBamu Bonorocti 3 2020 poky. 3acrocyBaHHs O00py CHPUSIIO 30UIBIIEHHIO
BpoXato mubymi. Haiikpauiuii ypoxaiinuii eekT oTpuMaIy miciis TphoX 3aCTOCYBaHb GOpY B 3araibHiil 103i 6,7 T « ra’.
KoMepuiitauii ypoxaii u6yimi Ha boMY 06’€KTi CTaHOBHB 72,5 T * T (y CepeHbOMY 33 POKH JIOCITIUKEHb) i OYB 3HAUHO
BHIIMM, HDXK y KOHTPOJI, a TAKOX IICIIsl OJJHOPA30BOro BHeCeHHs Oopy. Pa3zom i3 30inbLIeHHsIM 1031 OOpY NpONopuUiiiHO
3pociia yacTKa TOBapHOTO BpOkalro LMOy/l B 3arajJbHOMY BpoOXai, ajie BMICT CyXOi pPEeYOBHMHM B IIMOYJi 3MEHIIYBaBCH.
OpHaK 1o3aKopeHeBe MiKUBIICHHS O0OPOM He 3MiHHJIO 3arajbHOr0 BMICTY LIYKpY.

Kurouosi cioBa: Allium cepa L., 6op, mo3akopeHeBe MiKUBIICHHs, YPOXKAHHICTb, CyXa Maca, 3araJlbHUH 1yKOp.
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boron foliar application on onion yield

A member of the Alliaceae family, onion (Allium cepa L.) is one of the most important and popular vegetable and
spice crops grown worldwide. Boron is one of the most important micronutrients necessary for cell division, nitrogen and
carbohydrate metabolism and water balance in plants. A sufficient supply of boron, especially to soils poor in this element,
can be beneficial for plants growth and the yield. Boron deficiency causes many anatomical, physiological and biological
disorders in plants. Its shortage can, among others, stop cell division and, consequently, inhibit root elongation. This affects
the growth of onion, the root system of which is very shallow and poorly developed so this plant needs an adequate water
supply. Large deficiencies of boron cause that the tip of the roots may even wither away and die. The field experiment was
carried out in east-central Poland, 85 km east of Warsaw, on Luvisol soil. The purpose of the research was to study the
effect of foliar application of different doses of boron on the yield of onion and its dry matter and sugar content. Boron was
applied one, two or three times in 2.2, 4.5 and 6.7 g ha™" doses at the onion development stages of BBCH 16, BBCH 17 and
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BBCH 41-45. The use of boron affected the onion yield. The effect was particularly visible in 2019, which was
characterized by worse humidity conditions than 2020. The highest yield was recorded when boron was applied three times,
at a total dose of 6.7 g ha'. The marketable onion yield in that plot was 72.5 t ha”, and was significantly higher than in
control or after a single boron application. As the dose increased, the share of the marketable onion yield to the total yield
increased proportionally, but dry matter content decreased. On the other hand, foliar boron treatment did not change total
sugar content. Foliar treatment of onion with calcium nitrate containing boron contributed to an increase in the yield. Foliar
feeding of onion with boron did not alter the total sugar content of plants.
Key words: Allium cepa L., boron, dry matter, foliar fertilization, yielding, total sugars.

Problem setting. Onion (A/lium cepa L.) is
one of the most important commercial crops not only
in Poland but also in the world. According to the Food
and Agriculture Organization (FAO), it is the third
most cultivated vegetable in the world by production
quantity after tomato and watermelon, with a total of
99.9 million tons produced in 2019. In the European
Union 5.9 million tons of onions were produced,
about 535 thousand tonnes of which in Poland [11]. In
the EU, Poland ranks third in the production of this
vegetable [10]. In Ukraine, the production of onions
in 2019 was about 998 thousand tones [11].

One of the most important micronutrients
necessary for cell division, nitrogen and carbohydrate
metabolism and water balance in plants is boron [4].
Deficiency of this element causes a lot of anatomical,
physiological and biological disorders in plants. It can
lead to a halt in cell division in the root apical
meristem, which, consequently, leads to the inhibition
of root lengthening. With very large deficiencies, the
tip of the roots may even wither away and die. Boron
deficiency also affects photosynthesis and transport of
its products. It can also decrease stomatal conductance
and CO, absorption, with an increase in starch
assimilation and a decrease in sucrose assimilation [6].

Analysis of recent research and publications.
Boron natural content depends mainly on the type of
the soil and the parent rock from which it has
developed. Unlike sandy soils, where boron can be
found in small amounts, clay soils are generally rich
in this element. Its concentration in soils varies from 2
to 200 mgkg', but its forms available to plants
represent less than 5 to 10 % [5]. In Poland, sandy
soils dominate, and the content of this element is
insufficient, which makes it necessary to supplement
its deficiency with mineral fertilizers applied both to
the soil and in the form of foliar spraying [23]. The
uptake of boron by plants depends, among others, on
soil pH and water content, as well as on the presence
of other ions in the soil solution [5]. Low boron
content in the soil is also due to continuous use of
mineral fertilizers and manure. Increasing mineral
fertilizer doses are associated with a build-up of
negative boron balance [16].
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According to Smriti et al. [22] and Dake et al.
[7], foliar or to-the-soil boron treatment in onion
cultivation can have a beneficial effect on the growth
and yield of these plants. Its positive effects in the
cultivation of other vegetables has been confirmed by
many authors, like Islam et al. [17], Meena et al. [16],
Sultana et al. [23] and Franczuk et al. [12].

Problem statement. Thus, it is necessary to
supply boron to plant leaves or to the soil. The
experiment dealt with the effects of boron foliar
application on the onion yield and the content of dry
matter and total sugars.

The main materials and methods. The field
experiment was carried out between 2019 and 2020 in
east-central Poland (52°14'N, 22°10'E) on Luvisol
soil. The average organic carbon concentration of the
soil was 1.3 %, with pH in H,O of 6.7 and hums layer
30-40 cm deep. Total macronutrient content in 1 dm’
of the soil was as follows: 13 mg of NO;-N; 30 mg of
NH4-N; 65 mg of P; 150 mg of K; 1219 mg of Ca;
60 mg of Mg; 1,5 mg of B (average of 2019-2020).
The “Spirit’ cv. of onion (Bejo Zaden) was used in the
experiment founded in three replications, in a
randomised block design.

The soil was prepared at the end of March in
accordance with agricultural recommendations for this
crop species. Mineral fertilizers (for each
experimental combination) were applied up to the
optimal level for onion: 180 kg N, 70 kg P,0Os, and
145 kg K,O per ha. The seeds of onion were dressed
(Zaprawa Nasienna T and Biosept 33 SL) and sown at
a seeding rate of 6 kg-ha™ on 5 April (2019) and 28
March (2020) with 30 cm spacing. After sowing, the
experimental plots were sprayed with the Stomp 330
EC herbicide. Another herbicide, Goal 480, was
applied just after the plants emerged and two-three
weeks later. In the later stages of the onion growing
season weeding was done mechanically. If necessary,
other treatments were performed on the basis of an
up-to-date integrated onion protection program.

Experimental factors and treatments are
presented in Table 1. Calcium nitrate 8.5 N (8.5 % N-
NO3s, 17 % CaO) and calcium nitrate 8.5 N with boron
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(8.5% N-NOs, 17 % CaO, 0.05 % B) were used at
doses of 31ha' + 2501ha” H,0. Spraying was
carried out during the following onion developmental
stages: BBCH 16, BBCH 17 and BBCH 41-45. In
2019, plants reached those stages on 11 and 25 June
and 31 July, respectively, and in 2020 on 18 June, and
7 and 30 July.

Onion was harvested by hand on 29 August in
2019 and on 25 August in 2020. The area of each plot
to be harvested was 4.8 m”. The total and marketable
yields of bulbs (tha') were determined after the
harvest. From each plot, a sample of bulbs was
collected (about 1 kg) to determine dry matter content
by drying them to constant weight at 105°C. Total
sugars content was measured by the Luff-Schoorl
method [9].

The results were statistically processed with
ANOVA (one-way) for the randomized block design.
The significance of differences between means was
determined with Tukey’s test at the significance level
of p <0.05. All the calculations were performed with
the Statistica software (version 13, Statsoft, USA).

Meteorological data provided by the IMGW-
PIB Hydrological and Meteorological Station in
Siedlce in 2019-2020 confirmed climate change and
the dynamism of weather conditions in this part of
Europe (Table 2). The average monthly air

temperatures recorded in April, June and August 2019
were higher by 1.4-5.3°C than the average multi-
annual values for the same months. In 2020, monthly
temperatures in the spring were close to average ones,
while in June and August they exceeded multi-annual
values by 2.5°C and 1.6°C, respectively. The average
air temperature for the entire onion growing period
was 1.4°C higher in 2019 and 0.3°C higher in 2020
than for the 1981-2010 multi-annual period.

Moisture conditions in 2020 were significantly
better for onion growth and development than in
2019. Total rainfall during the onion growing season
in 2019 was 263.8 mm, which was 28.8 mm lower
than the average for the 1981-2010 period. In 2020,
total rainfall in the April-August period exceeded the
multi-annual average by 99.9 mm. In both years of the
research, immediately after sowing onion seeds, the
amount of precipitation was very small (April), which
prolonged the process of their germination. In May,
both in 2019 and in 2020, an above-average amount
of precipitation was recorded, which allowed
refreshing moisture reserves in the soil after very dry
April. June 2019 was also very dry (28.6 mm of
precipitation) and very wet in 2020 (169.6 mm). In
both years of the research, less rain than the multi-
annual average was recorded in July, while the
amount of precipitation in August was average.

Table 1

Treatments detail combination

Notation Treatment

Doses of nitrogen, calcium and boron
(g-ha™) supplied via foliar application:

N-NO; CaO B

Control 1
Cl
PzOs, 145 kg KzO)

no treatment (only soil fertilization: 180 kg N, 70 kg

Control 2
C2
nitrate 8.5N (3 1'ha™)

without boron but with pre-seeding mineral fertilizer
application to the soil and three foliar doses of calcium

1125 2250

One dose of boron

Bl

pre-seeding mineral fertilizer application to the soil, one
foliar dose of calcium nitrate 8.5N with boron (3 I'ha™)
and two foliar doses of calcium nitrate 8.5N (3 I'ha”™")

1125 2250 2.2

Two doses of boron

B2

pre-seeding mineral fertilizer application to the soil, two
foliar doses of calcium nitrate 8.5N with boron (3 1-ha-1)
and one foliar dose of calcium nitrate 8.5N (3 I'ha™)

1125 2250 4.5

Three doses of boron

B3

I'ha™)

pre-seeding mineral fertilizer application to the soil and
three foliar doses of calcium nitrate 8.5N with boron (3

1125 2250 6.7
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Table 2
Weather condition in the experiment area, 2019-2020
(Siedlce Meteorological Station, Poland)
Month Mean / Sum
Years
v | v | vt | vo | v IV-VIII I-XII
Air temperature (°C)
2019 9.4 13.0 21.5 18.0 19.3 16.2 9.9
2020 7.9 11.1 18.7 18.4 19.3 15.1 9.7
1981-2010 8.0 13.6 16.2 18.4 17.7 14.8 7.8
Precipitation (mm)
2019 8.9 113.9 28.6 40.3 72.1 263.8 475.9
2020 6.9 111.4 169.6 39.2 65.4 3925 666.2
1981-2010 32.1 56.9 70.9 65.6 67.1 2926 526.5

Results and discussion. The average total and
marketable yields of onion were 59.2 and 57.2 t ha™
in 2019 and 72.3 and 69.3 tha” in 2020 (Table 3).
The yield recorded in 2020 was significantly higher
than in 2019. Undoubtedly, this was due to more
favourable weather conditions for onion growth in the
second year of research.

The average onion trade yield in 2019 was
significantly higher than the average yields in Poland
(21.6 tha™) and the EU (34.7 tha™) [10; 15]. High
yields resulted from good growing conditions and the
high-yielding onion variety tested in the experiment.
According to its breeder, ‘Spirit’ is a very high-
yielding variety, better than many others available on
the market. The field experiment was carried out in an
area with favourable conditions for horticultural
production. It is located in the valley of the River
Liwiec, with very good soil, favourable microclimate
and a long tradition of growing vegetables.

Statistical analysis of the results showed a
significant effect of foliar boron application on the
yield. The C2 and B1-B3 treatment combinations i.e.
those with calcium nitrate applied three times to the
leaves, resulted in higher onion yields compared to
those with fertilizers applied to the soil (Cl1).
However, differences in yields were not always
statistically significant. In 2019, spraying onions with
boron two or three times at a total dose of 4.5 and
6.7 gha', respectively, resulted in a significant
increase in the total yield compared to control 1 (with
no foliar feeding). In addition, three doses of boron-
enriched calcium nitrate also resulted in a significant
increase in the marketable yield in relation to plot Bl
(treated with one dose of calcium nitrate with boron
and two doses of calcium nitrate). However, in 2020
three doses of boron contributed to a significant
increase in the marketable onion yield only in relation
to C1 control. As an average for two experimental
years, application of two or three doses of boron-
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enriched calcium nitrate increased the onion yield
compared to the CI control plot in a statistically
significant way. The marketable yield of onion treated
three times with boron was also significantly higher
than in control C2 (treated with three doses of calcium
nitrate, without boron) and in Bl (treated with one
dose of boron-enriched calcium nitrate and two doses
of calcium nitrate).

According to Goldbach and Wimmer [13] and
Miwa et al. [20], boron increases the growth and yield
of plants because it stimulates division and elongation
of the cell and development of its walls. Boron plays
an important role in the metabolism of carbohydrates
and proteins. It is also crucial for development of the
nitrogen-fixing cyanobacteria [1; 2]. Pramanik and
Tripathy [13] reported an increase in the yield of
Allium cepa L., compared to control with no
treatment, after spraying plants twice with Borax
solution (2x0.25 %). The authors also found that
foliar spraying had a better yield effect than soil
application of this fertilizer. Manna and Maity [19]
reported a significant increase, referring to the control,
in the onion yield after two foliar doses of 0.5 %
boron solution. Increasing the dose of boron resulted
in a proportional increase in the yield of onion. Smriti
et al. [22] achieved similar results. Biswas et al. [8]
also reported a significant increase in the yield of
marketable onion, as compared to the control, after
two doses of Borax at a concentration of 0.25 %.

It was found that the foliar application of boron
increased the share of the marketable onion yield in
the total yield (Fig. 1). This share increased with an
increase in the number of boron doses. In the control
plot, with no treatment, the share of marketable yield
to the total yield was on average 93 %. With three
doses of calcium nitrate, it increased to 94.5 %. One
dose of boron increased this share to 95.5 %, and two
and three doses resulted in 97.1 % and 98.4 % shares
of the marketable yield in the total yield.
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Table 3
Onion yield
Total yield Marketable yield
Treatment (t'ha'l) (t'ha'l)
2019 2020 Mean 2019 2020 Mean
Cl 50.1a 66.0 a 58.0a 46.6 a 6l.6a 54.1a
C2 56.9 ab 73.6a 65.2 abc 54.3 abc 69.9 ab 62.1 ab
Bl 55.8 ab 67.6a 61.7 ab 53.9ab 64.6 ab 59.2 ab
B2 64.6b 75.8a 70.2 be 63.4 bc 73.2 ab 68.3 be
B3 68.7b 78.5a 73.6¢ 67.5¢ 77.4b 72.5¢
Mean 592 A 72.3B 65.8 572 A 69.3B 63.2
Year Treatmen
ANOVA (i?)s ea(lFtF ) ent Y x T Y(e;a(l;s Trea(lFtrr;lent Y x T
F-value 42.07 42.52 41.87 31.31 40.36 31.22
)4 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
LSDy o5 4.2 9.4 13.4 4.1 9.3 13.2
" Means followed by different lowercase letters in columns and different uppercase letters in rows differ
significantly at p < 0.05
05.0
08.0
07.0
06.0
05.0
o 94.0
03.0
02.0
01.0
90.0
89.0

EZE 2019

EEE 2020

—&— average for research years

Fig. 1. The share of marketable yield in the total yield.

The onion dry matter content was on average
11.45 % (Table 4). In 2019, foliar treatment did not
result in its significant changes. In 2020, onion
sprayed once with boron-enriched calcium nitrate and
twice with calcium nitrate without boron (B1)
contained significantly more dry matter than plants
fed three times with calcium nitrate enriched with
boron (B3). In both years, increasing the number of
boron doses resulted in a decrease in onion dry matter
content as compared to plots treated three times with
calcium nitrate without boron. Onion from the plot B3
contained significantly less dry matter than plants
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from plots C2 and Bl. The opposing results were
obtained by Manna and Maity [19], when they found
that as the number of boron doses increased, onion
dry matter content increased. After foliar application
of boron at a concentration of 0.5 %, plants contained
significantly more dry matter than those grown in
control without boron. Gurjar et al. [14] also reported
an increase in dry matter content in onion fertilized
with boron. After soil application at doses of 1.0 and
2.0kgha”, it contained significantly more dry
matter than control plants and those treated with
0.5 kg ha'B.
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Table 4
The content of dry matter and total sugars in onion
Dry matter Total sugars
Treatment (%) (g:100g” F.M.)
2019 2020 Mean 2019 2020 Mean
Cl1 11.17 a 11.65 ab 11.41 ab 4.89a 4.52a 470 a
C2 11.80a 11.91 ab 11.86b 512a 5.14a 513a
B1 1142 a 12.08 b 11.75b 495a 524a 5.10a
B2 11.33a 11.71 ab 11.52 ab 451a 4.86a 4.69 a
B3 11.16 a 11.28a 11.22a 4.87a 448 a 4.68 a
Mean 11.38A 11.72B 11.55 4.87 A 4.85A 4.86
ANOVA Y(i?; s Treatment (T) Y xT Y(i?; s Treatment (T) Y xT
F-value 12.64 25.77 12.64 0.06 1.26 0.06
p 0.002 <0.001 <0.001 >0.05 >0.05 >0.05
LSDy,0s 0.20 0.46 0.65 ns~ ns ns
" Means followed by different lowercase letters in columns and different uppercase letters in rows differ
significantly at p < 0.05

™ Not significant
FM - fresh matter

Treatment combinations applied to onion
grown in 2019 and 2020 resulted in total sugars
content ranging from 4.48 to 5.24 ¢100 g’ FM.
Statistical analysis of the results did not show a
significant effect of treatment or weather conditions
during the experimental years on this parameter.

Conclusions. Foliar treatment of onion with
calcium nitrate containing boron contributed to an
increase in the yield. The highest yield was recorded
after spraying plants three times with a total dose of
6.7 gha of boron. As the dose increased from 2.2 to
6.7 gha', the share of the marketable onion yield in
the total yield increased, but dry matter content
decreased. Foliar feeding of onion with boron did not
alter the total sugar content of plants.
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