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Abstract

The study examines the influence of humic and amino acid applications on the productivity
and nutritional value of white cabbage (Brassica oleracea L. var. capitata). Two cultivars,
‘Bagočiai’ and ‘Kamienna glowa’, were investigated at the Lithuanian Research Centre
for Agriculture and Forestry during the 2020–2021 period. The experiment was carried
out in the experimental field where four different combinations of humic and amino
acids were applied. Productivity and biochemical parameters were evaluated. It was
determined that the application of amino and humic acids influenced the productivity
of white cabbage. The obtained results showed that biostimulants enhanced the yield of
heads up to 25% for cultivar ‘Bagočiai’ and 35% for ‘Kamienna Głowa’ compared with the
control. The highest productivity, reaching 72.5–78.6 t ha−1 of cultivar ‘Kamienna Głowa’
and 74.9 t ha−1 to 76.2 t ha−1 of ‘Bagočiai’, was determined in the variants where amino
acids and a combination of humic + amino acid were applied. The amount of vitamin C
increased when plants were treated with an amino acid solution, while the highest crude
protein content was found when plants were treated with humic acid.

Keywords: amino acid; biostimulants; cultivar; humic acid; productivity; white cabbage

1. Introduction
The demand for applying eco-friendly technological tools in crop production, which

will ensure the sustainability of agricultural production systems in the mid and long
term, is increasing [1]. Biostimulants are of high importance in modern agriculture due
to their ability to enhance plant growth, development, and resilience without directly
being fertilizers or pesticides. They can be applied to complement the use of chemical
inputs, including the use of beneficial rhizosphere microbiomes as plant growth-promoting
rhizobacteria and advantageous fungi [2,3].

White cabbage (Brassica oleracea L. var. capitata) is a popular cruciferous vegetable,
known for its nutritional value and wide application in the production of various dishes.
Cabbage is a rich source of vitamin C, dietary protein, and fiber, which are valuable for the
digestive process [4–6]. Therefore, it is necessary to find innovative ways to increase the
productivity and nutritional quality of these plants.

The use of amino acids (AAs), humic acids (HAs), and their combinations as biostim-
ulants is an effective method for improving plant growth, yield, and quality parameters.
Plant biostimulants can act directly on plant physiology by improving soil conditions [7–9].
They have a positive effect on plant metabolism and increase plant tolerance to stress
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factors, especially under unfavorable growth conditions. AAs support stress tolerance
at the cellular level, while humic acids improve soil conditions and nutrient availability.
It has been observed that treatments with humic substances stimulate plant root growth
and development [9,10]. This is reflected in a better uptake of nutrients and water. AAs
play an important role in nitrogen (N) metabolism [11] and chlorophyll biosynthesis [12].
Therefore, greater benefits to plants can be achieved when they are combined in a bios-
timulant formulation. The study by Cerdán et al. [13] showed that plant-derived AAs
promote the growth of tomatoes and chlorophyll content under iron deficiency conditions.
Koleška et al. [14] stated that the application of a biostimulant product to tomato plants,
growing under reduced NPK nutrition, preserved lycopene and chlorophyll content. A sim-
ilar experiment was performed by Anjum et al. [15] on garlic plants grown with half of the
recommended dose of nutrients. Garlic growth and yield were positively affected by the
application of a biostimulant in combination with a low dose of macronutrients. Spraying
beans foliar with the nutritional products supplemented with AAs and microelements
increased the productivity of seeds and the number of pods per plant [16]. El Sheikha et al.
showed a highly positive effect on bean productivity and quality under the application of
biostimulant and micronutrient fertilizers [17]. The external application of an AA biostimu-
lant (Terra-Sorb® Foliar) on lettuce grown under different cold conditions influenced the
increase in plant fresh weight [18]. Parad̄iković et al. [19] tested four different biostimulant
products, including AAs, for their effects on yield and blossom end rot (BER) incidence
for pepper. The results obtained revealed that biostimulant applications helped reduce the
occurrence of BER, increase yield, and accumulate nutrients in fruits and leaves. These
experiments revealed that biostimulant products containing AAs and HAs can be useful
for reducing the use of mineral fertilizers, decreasing nutrient deficiencies, and enhancing
plant productivity and quality.

Six years ago, Juárez-Maldonado et al. (2019) [20] presented information on biostimu-
lant products, including nanoparticles and nanomaterials. Various experiments have been
conducted to assess the effects of growth season and postharvest conditions on a range
of bioactive compounds in cabbage, including glucosinolates, vitamins, phenols, and
flavonoids [21–26]. The results of variability in agronomic characteristics among several
cabbage genotypes and the influence of transplanting date on cabbage productivity were
presented [27,28]. Godlewska et al. [29] stated that plant-derived biostimulants enhanced
plant growth and increased the length of shoots and roots of cabbage seedlings. The dry
weight of the plant increases in photosynthetic pigments, and the content of vitamin C in
cabbage leaves was also reported [30]. Temperature is another important factor affecting
plant growth, nutrient uptake, and the synthesis of biochemical compounds. In white
cabbage, temperature significantly influences the accumulation of nitrogen, crude protein,
and fiber, factors that determine both yield and quality. They are highly adaptable to
different climates and soils. It grows well in cool and humid regions [29]. Lithuanian local
conditions are suitable for growing cabbage in the open fields and greenhouses. However,
the changes in local climate and the occurrence of extreme temperatures negatively affect
plant productivity and quality. Temperature is a factor more difficult to overcome. There-
fore, these factors must be taken into consideration before growing cabbage in the open
field and choosing optimal agrotechnical measures.

It was assumed that using biostimulants for environmentally friendly cabbage cultiva-
tion would increase productivity and improve the biochemical composition. The studies
aimed to investigate the influence of meteorological conditions and the effect of AAs and
HAs, and their combinations, on the productivity of white cabbage and the potential
enhancement of nutritional elements.
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2. Materials and Methods
2.1. Plant Material and Conditions of the Experiment

The two-year investigation was carried out in the experimental field of the Institute
of Horticulture, Lithuanian Research Centre for Agriculture and Forestry in 2020 and
2021 (Babtai, Kaunas district, Central Lithuania, 55◦09′ N, 23◦80′ E). The soil of the experi-
mental site is a Calcic Endogleyic Luvisol (LV-gl-n-cc) light loam [31]. Cabbages have been
grown in a neutral soil medium rich in potassium (K2O up to 447 mg kg−1 in both years of
investigation), phosphorus (P2O5 up to 1008 mg kg−1), and organic matter content reached
up to 2.5%.

Two white-headed cultivars, ‘Bagočiai’ and ‘Kamienna Głowa’, were tested (Table 1).

Table 1. Characterization of cabbage cultivars.

Cultivar Breeding Company/
Source Cabbage Group Vegetation Duration Head Weight, kg

‘Bagočiai’ ∗ LRCAF, Lithuania White-headed Average late 2.5–4
‘Kamienna Głowa’∗∗ Legutko, Poland White-headed Late 4–5

∗ State Plant Service under the Ministry of Agriculture in Lithuania. Descriptions of varieties listed in National
lists until year 2023 (last updated: 12 June 2024). Plant variety reference files—Valstybinė augalininkystės tarnyba
prie Žemės ūkio ministerijos. ∗∗ Seed company reference. Homepage—W. Legutko.

Cabbage seeds were sown in multi-pot plastic trays consisting of 45 pots (4 × 4 × 4 cm),
containing a mixture of neutral peat (produced by Durpeta, Profi 1, Panevėžys, Lithuania)
and sand (3:1 v/v) substrate in the third ten days of April. Plants were grown in the heated
greenhouse and watered when necessary. Seedlings with 3–4 leaves (BBCH13-14) were
planted in the open field at the end of May in both years. Beans (in 2020) and carrots (in
2021) were the preceding crops for cabbage.

2.2. Experimental Design

The distance between plants was 0.5 m and 0.7 m in inter-rows on a flat surface. The
accounted plot area was 6.3 m2. (3 × 2.1). The investigation was carried out in three repli-
cations undertaken in a systematic design. Six plants were estimated in a plot, respectively,
and 18 plants were evaluated in the treatment. Cabbage was grown under conventional
vegetable growing technology adopted by the Institute of Horticulture. These recommen-
dations apply 40 g m−2 of complete mineral fertilizers (YaraMila™, Yara International ASA,
Oslo, Norway) (N-12, P205-11, K2O-18) before planting every year. Watering of experi-
mental fields was used 6–15 days after transplanting. No diseases or pests were observed,
and plant protection was not used. Harvesting cabbage was performed on the third ten
days of August and early September when cabbages had completed head formation at the
optimum time for consumption.

2.3. Tested Treatments and the Scheme

The effect of two types of commercial biostimulants based on biologically active free
AAs obtained by enzymatic hydrolysis and HAs, and their combinations, was investigated
(Table 2). A control variant and four different foliar spray formulas of treatments were applied:

(1) C (control) spraying with water. Sprayed twice at the same time with the
tested products.

(2) T1—HAs (BLACKJAK®) 1 mL L−1 of water, sprayed twice.
(3) T2—AAs (Terra-Sorb® foliar) 1 mL L−1 of water, sprayed twice.
(4) T3—AAs 1 mL L−1 of water, 1st spraying + HAs 1 mL L−1 of water, 2nd spraying.
(5) T4—HAs 1 mL L−1 of water, 1st spraying + AAs 1 mL L−1 of water, 2nd spraying.
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Table 2. Biostimulant composition.

Biostimulant Composition

AAs for foliar spray Terra-Sorb® foliar
(Bioiberica SA, Spain)

Free AAs *—9.3% (w/w)
Total AAs—12% (w/w)
Total N—2.1% (w/w)
Organic N—2.1% (w/w)
Boron (B)—0.02% (w/w)
Manganese (Mn)—0.05% (w/w)
Zinc (Zn)—0.07% (w/w)
Organic matter—14.8% (w/w)

BLACKJAK® (Sipcam, U.K.) is a concentrated
suspension of Leonardite

Total humic extract—25.00% (w/w)
HAs—20.50% (w/w)
Fulvic acids—4.50% (w/w)

* The formula contains all biologically active free AAs: ASP, SER, GLU, GLY, HIS, ARG, THR, ALA, PRO, CIS,
TYR, VAL, MET, LYS, ILE, LEU, PHE, TRP. The biostimulant doses used in this study were selected based on
recommendations from producers.

The experimental trial’s scheme is presented in Figure 1. Treatments were applied
twice at the different plant phenological stages (BBCH). The spraying started when
4–6 leaves developed (1st spraying) at BBCH 16–17. The second spraying (2nd spray-
ing) was performed at the beginning of head formation, when the youngest leaves had
not unfolded at the BBCH 41 phenological stage. Spraying was performed manually using
a hand sprayer Di Martino Lithium 8, nozzle pressure 2.8–3.8 atm.
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Figure 1. Methodological development of the experimental trial, 2020–2021.

2.4. Estimation of Data and Analysis

After harvesting, the cabbage heads were divided into marketable and non-marketable,
and productivity was evaluated. Once harvested, conjugated samples (from three cabbage
heads) were immediately taken for analyses with three analytical replicates. The collected
samples were stored in a refrigerator at a temperature of 0 ± 2 ◦C. For biochemical analysis,
200–400 g of tissue from each sample was taken. The biochemical parameters, vitamin C,
nitrogen, crude protein, and crude fiber were analyzed for the fresh cabbage’s whole head
(F.W.) at the Laboratory of Agrochemical Research. The sample for analysis was randomly
selected from 3 heads of cabbage from each replicate. Vitamin C was estimated by titrating
the sample using 2,6-dichlorophenolindophenol sodium salt solution [32]. Ascorbic acid
was considered the standard, and the formula was used to calculate results.

The total nitrogen content in plants was determined using the Kjeldahl method (Kjel-
dahl mineralization and distillation system Kjeltec 2200, FOOS, Hillerød, Denmark). Ni-
trogen was obtained from the dried cabbage leaf material, which was dried at 105 ◦C to
a constant weight before analysis. The results were recalculated and presented in fresh
weight (F.W.). Multiplying the total nitrogen (N) content by 6.25 gives the crude protein
content (%CP (Dry Matter Basis) = %N (Dry Matter Basis) × 6.25).
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The dietary fiber content (%) was determined from 0.5 g pulverized samples based
on the detergent method described by Goering and Van Soest [33]. An automatic Fiber
Analyzer (ANKOM2000 Fiber Analyzer, ANKOM Technology, Macedon, NY, USA) was
used. Acid detergent fiber (ADF, Scharlab S.L., Barselona, Spain) fraction, which includes
cellulose and lignin, was used for the crude fiber determinations. This solution removes
soluble cell contents and hemicellulose, leaving behind the ADF fraction.

Effectiveness of biostimulators for yield. After the assessment of the yield, the biostim-
ulants’ effectiveness (Y) for yield was calculated using the following formula [34]:

Y =
b − a

a
·100 (%);

where b—yield of variant with biostimulants; a—yield of variant without biostimulants.

2.5. Statistical Analysis

Head’s yield kg per plot was converted to t ha−1. Results were mathematically processed
using Microsoft Excel, 2010, Software Version 14.0 [35]. The reliability of the data was evaluated
using statistical software according to Duncan’s multiple range test for mean separation at
5% level and two-way ANOVA analysis. Similarities and differences in cabbage productivity
and nutritional value data depending on the effect of biostimulants in different years of study
were assessed using the analysis of principal coordinates PCA within SPSS (Statistical Package
for the Social Sciences, 2002) Software Version 11.5 (SPSS Inc. Chicago, IL, USA).

2.6. Meteorological Conditions

The average air temperature was similar at 16.2 and 16.4 ◦C during the cabbage
vegetation period from May to August in both research years. The amount of precipitation
was similar, reaching 75.0 and 78.8 mm, respectively (Figure 2). Differences occurred
in different vegetation stages. The average temperature reaching 11.3 ◦C during the
transplanting of cabbage seedlings in May 2020 and 2021 was lower than the multi-year
average air temperature. The amount of precipitation this month was observed to be up to
126.8 mm in 2021 and up to 78.4 mm in 2020, while the multiannual average is 52.7 mm.
The temperature in June was similar in both years. The highest temperature of 22.9 ◦C
during the vegetation was determined in July 2021, when cabbage heads began to form.
The temperature in June and July of 2020 reached 19.2 ◦C and 17.6 ◦C. The maximum
amount of precipitation was observed in June, up to 134.4 mm in 2020, and up to 136.8 mm
in August 2021 during the last phases of cabbage head growth.
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Figure 2. Meteorological conditions during the vegetation of cabbage (data of Babtai Agrometeoro-
logical Station, iMETOS® sm prognostication system).
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3. Results and Discussion
3.1. Effect of Meteorological Conditions on Cabbage Productivity and Nutritive
Elements Accumulation

Despite cabbage’s ability to adapt to various climatic and soil conditions, local climate
conditions greatly affect its production [36]. Cabbage is most often grown in the open field
from April to October in Lithuania. According to the literature sources, the optimum air
temperature for cabbage head formation varies from 17.0 to 22 ◦C [37–39]. According to
Červenski and Takač [40], the temperature that can cause heat stress and adversely affect
cabbage head formation and yield is above 25 ◦C, whereas Gvozdenović et al. [41] stated
a temperature above 19 ◦C, respectively. The average temperature during head formation
in July and August reached up to 18 ◦C in 2020 and 19.6 ◦C in 2021, respectively, in our
investigation. This could have been an important factor affecting cabbage productivity
parameters. Our results showed that cabbage yield for both cultivars ranged from 60.4 to
71.8 t ha−1, and the marketable yield output ranged from 77.5 to 82.2% in 2021 and
2020, respectively (Table 3). Cultivar ‘Kamienna Glowa’ produced a significantly higher
yield of 70.3 t ha−1 in 2020, when the air temperature during head formation was 1.6 ◦C
lower compared to 2021. Sufficient water is also essential for the cabbage’s absorption
of nutrients and productivity. On the other hand, drought can increase the amount of
nutrients in production due to reduced biomass, but this often leads to a total decrease in
yield and quality. In our study, the amount of precipitation during the cabbage growing
season (May–September) differed little between the two study years (348.8 mm in 2020 and
393.4 mm in 2021). But precipitation was higher in July 2020 compared to the same period in
2021. Therefore, this may also have influenced the increase in the yield of the cv. ‘Kamienna
Glowa’. Tiwari et al. [42] recommended that 400 mm of water is required for the average
seasonal water requirement of cabbage. They presented the yield data up to 106 t ha−1

when full water demand was compensated by a drip irrigation system. Weather conditions
almost did not influence the productivity of cv. ‘Bagočiai.’ The yield of cv. ‘Bagočiai’
was similar in both years of investigation. This proves that local plant cultivars are better
adapted to the climatic conditions of their place of origin [43–45].

Table 3. Productivity of cabbage.

Year Total Yield,
t ha−1

Output of
Marketable Yield, %

Mass of
a Head, kg

Total Yield,
t ha−1

Output of
Marketable Yield, %

Mass of
a Head, kg

‘Bagočiai’ ‘Kamienna Glowa’

2020 69.3 a 84.2 a 2.9 a 70.3 a 83.7 a 3.2 a
2021 70.4 a 80.2 a 3.0 a 50.5 b 71.3 b 2.1 b

Average 71.8 82.2 3.0 60.4 77.5 2.7
Means are presented as the average of the results. Means followed by the same letter do not differ significantly
within the column at p = 0.05 (Duncan’s multiple range test).

The mass of a head was similar and reached 2.7 kg for cv. ‘Bagočiai’ and 3.0 kg cv.
‘Kamienna Glowa’ in both years of investigation. A Polish researcher stated the mass of
cv. ‘Kamienna Glowa’ head reached up to 2.7 kg, while the harvesting was performed in
mid-October [46].

Meteorological conditions during different plant development stages play an impor-
tant role in the accumulation of nutritive elements, including vitamins, minerals, and
secondary metabolites in plants [47]. Cabbage is a good source of vitamin C. Its con-
tent ranges from 5 to 23 mg g−1 (F.W.) [48,49]. Cooler growing temperatures, particularly
during the final stages before harvest, enhance the accumulation of vitamin C in white
cabbage [6,50,51]. This agrees with our results. Significantly higher vitamin C content reach-
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ing up to 15.10 mg g−1 for cv. ‘Bagočiai’ and up to 13.50 mg g−1 for cv. ‘Kamienna Glowa’
was observed in 2021 when the air temperature during the cabbages’ last vegetation months
(August–September) was 5.6 ◦C lower compared to 2020 (Table 4). Excessive rainfall can
leach nutrients and reduce the mineral content of cabbage heads. Lončcarić et al. [48]
reported that, after evaluating four different cultivars, the vitamin C content ranged from
13.45 to 18.52 mg g-1. According to Croatian research, a change in vitamin C from 5.7 to
23.5 mg g−1 was observed in eighteen cultivars [52]. The minimum vitamin C content was
recorded in the cv. ‘Golden Acre’ (5.8 mg g−1), which has a shorter growing season than
the other cultivars we studied. This indicates a significant effect of genotype on vitamin
C accumulation. Optimal temperatures (15–20 ◦C) enhance enzymatic activity, which is
involved in N metabolism. At higher temperatures (>25 ◦C), N assimilation can be reduced
due to enzyme denaturation or increased respiratory losses.

Table 4. Biochemical composition of cabbage (F.W.).

Year Vitamin C,
mg g−1

Nitrogen,
%

Crude
Protein, %

Crude
Fiber, %

Vitamin C,
mg g−1

Nitrogen,
%

Crude
Protein, %

Crude
Fiber, %

‘Bagočiai’ ‘Kamienna Glowa’

2020 14.60 b 0.21 a 1.81 a 0.42 b 12.70 b 0.20 a 1.22 a 0.53 a
2021 15.10 a 0.25 a 1.11 b 0.79 a 13.50 a 0.24 a 1.48 a 0.64 a

Average 14.85 0.23 1.46 0.46 13.15 0.22 1.35 0.59
Means are presented as the average of the results. Means followed by the same letter do not differ significantly
within the column at p = 0.05 (Duncan’s multiple range test).

Cabbage absorbs N most actively around the early head formation stage and
more slowly in the head fill stage [49]. Our results showed that the N amount up to
0.20–0.25% was similar in both years of investigation for both cultivars (Table 4).

Crude protein content in cabbage is a function of N assimilation [53]. Low to moderate
temperatures favor protein synthesis by supporting enzymatic activity and reducing protein
degradation. In contrast, higher temperatures can lead to protein denaturation and reduced
N use efficiency, a decrease in crude protein content [54]. The studied cultivars showed
different capabilities for crude protein accumulation. Cultivar ‘Bagočiai’ accumulated
a higher amount of crude protein up to 1.81% in 2020, significantly, when the air temperature
during the vegetation was 2 ◦C lower compared to 2021. Air temperature had a lesser effect
on the accumulation of crude protein in cv. ‘Kamienna Glowa’ cabbage, and no significant
differences were found in different years of study.

Fiber is a complex of heterogeneous substances of cell walls, indigestible in the human
alimentary tract [55]. Higher temperatures tend to increase crude fiber content. In contrast,
cooler temperatures often lead to more tender tissues with lower fiber concentrations [55].
Adequate rainfall ensures optimal cell expansion and reduces the need for excessive struc-
tural reinforcement, thus maintaining lower fiber content. Drought conditions, however,
promote lignification as a protective response, thereby increasing the accumulation of crude
fiber. Our result showed that the amount of crude fiber ranged from 0.42 to 0.79% in the
cabbage heads of cv ‘Bagočiai’, in 2020 and 2021, respectively. The amount of crude fiber
was significantly higher in 2021, when the rainfall amount during the plant vegetation
was 12% higher compared to 2020. Meanwhile, no significant differences were found in
different years in cv. ‘Kamienna Glowa’.

3.2. Effect of Biostimulants on Productivity Enhancement

Amino and humic acids can improve fertilizer assimilation, nutrients, water uptake,
and photosynthesis of various vegetable plants [11–17]. The summarized two-year pro-
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ductivity results showed that the productivity of both cultivars was very similar and did
not differ significantly, while biostimulants significantly enhanced the yield of cabbage
heads (up to 23%) compared with the control (Table 5). The effects of biostimulants and
their combinations, except T4 variant (HAs, first spraying + AAs, second spraying), were
similar, but the highest productivity, reaching 74.4–76.8 t ha−1, was determined in the
variants where HAs+ AAs (T3) and AAs (T2) were applied. In our previous investigations
with hybrid ‘Socrates’ H, the highest marketable yield (80.5 t ha−1) of white cabbages
was obtained by applying granular poultry manure fertilizer in the autumn and mineral
fertilizer in the spring [56].

Table 5. Effect of biostimulants on the productivity of the cabbage, t ha−1, 2020–2021 mean values.

Total Yield, t ha−1 Output of Marketable Yield, %

Cultivar (C) (Factor A)

‘Bagočiai’ 68.7 82.2
‘Kamienna Glowa’ 68.8 78.9

Biostimulants (Bio) (Factor B)

C 57.5 77.2
T1 70.9 81.5
T2 76.8 81.2
T3 74.4 81.2
T4 66.7 81.8

ANOVA (p = 0.05)

C (A) ns **
Bio (B) ** **

CxBio (AxB) * **
*, ** represent significant differences; ns represents non-significant.

The studied cultivars differed significantly in the formation of marketable yield. The
marketable yield output of cv. ‘Bagočiai’ reached up to 82.2% and up to 78.9% of cv.
‘Kamienna Głowa’, respectively. Biostimulants also significantly increased marketable
yield output.

A two-year study and evaluation of cabbage yields showed that meteorological condi-
tions, genotype, and the combination of biostimulants had an impact on plant productivity
and quality. Principal component analysis (PCA), an unsupervised pattern recognition
technique, is an effective tool for visualizing similarities and dissimilarities in multivariate
data [57,58]. This analysis was used to comprehensively evaluate the nutritional quality
of the studied cabbage cultivars depending on growth conditions. The scatter plot of
PCA displayed a wide range of cabbage productivity depending on genotype and ap-
plied biostimulant treatment in different years of investigation. According to the PCA
results of the cabbage productivity, including total and marketable yield, it is possible
to classify the investigated samples into several groups. The variants of both cultivars,
which were treated with biostimulants and their combinations (12—‘Kamienna Głowa’ T1,
2020; 13—‘Kamienna Głowa’ T2, 2020; 14—‘Kamienna Głowa’ T3, 2020; 15—‘Kamienna
Głowa’ T4, 2020; and 8—‘Bagočiai’ T2, 2021), characterized by the highest productivity,
were scattered in one group on the area of the PC scatter plot (Figure 3). Cultivar ‘Kamienna
Głowa’ samples (variants T2, T3, T4 in 2021), with the lowest productivity, were in another
group at the front side of the scatter plot.
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Figure 3. Scatter plot of cabbage productivity applying different AAs and HAs, and their com-
binations in different study years. 1—‘Bagočiai’ C, 2020; 2—‘Bagočiai’ T1, 2020; 3—‘Bagočiai’ T2,
2020; 4—‘Bagočiai’ T3, 2020; 5—‘Bagočiai’ T4, 2020; 6—‘Bagočiai’ C, 2021; 7—‘Bagočiai’ T1, 2021;
8—‘Bagočiai’ T2, 2021; 9—‘Bagočiai’ T3, 2021; 10—‘Bagočiai’ T4, 2021; 11—‘Kamienna Głowa’ C, 2020;
12—‘Kamienna Głowa’ T1, 2020; 13—‘Kamienna Głowa’ T2, 2020; 14—‘Kamienna Głowa’ T3, 2020;
15—‘Kamienna Głowa’ T4, 2020; 16—‘Kamienna Głowa’ C, 2021; 17—‘Kamienna Głowa’ T1, 2021;
18—‘Kamienna Głowa’ T2, 2021; 19—‘Kamienna Głowa’ T3, 2021; 20—‘Kamienna Głowa’ T4, 2021.

An assessment of the effect of biostimulants on cabbage productivity showed that
their overall effectiveness ranged from 11 to 40% (Table 6). Foliar spraying with the
AAs (T2) and AAs + HAs (T3) provided maximum efficiency on both tested cultivars.
The highest effectiveness of biostimulators for yield was observed for the cv. ‘Kamienna
Głowa’ in the T2 variant when the plants were sprayed with AAs. When spraying cabbage
with AAs + HAs solution, a biostimulant efficiency of 29% was observed in both cultivars
(T3 variant).

Table 6. Biostimulants’ effectiveness on the productivity of cabbage, 2020–2021.

Cultivar
Effectiveness of Biostimulants, %

T1 T2 T3 T4

‘Bagočiai’ 27 27 29 11
‘Kamienna Głowa’ 23 40 29 22

C (control) spraying with water; T1—HAs, sprayed twice; T2—AAs, sprayed twice; T3—AAs, 1st spraying + HAs,
2nd spraying; T4—HAs, 1st spraying + AAs, 2nd spraying.

3.3. Effect of Biostimulants for the Accumulation of Nutritive Elements

Beyond productivity, the influence of AAs and HAs extends to the nutritional quality
of white cabbage. Research suggests that these biostimulants may enhance the synthesis of
phytochemicals and antioxidants in plants [59,60]. Haghighi et al. [59] demonstrated that
the exogenous application of AAs enhances the nutritional profile of cabbage, including
increased levels of phenols, total protein, and vitamins. The effect of biostimulants on
vitamin C, N, crude protein, and fiber accumulations is presented in Figure 4.

Cabbage is a good source of vitamin C, a major antioxidant in Brassica spp. The amount
of vitamin C, from 6.7 to 18.8 mg g−1, was determined in our investigation (Figure 4a).
Cultivar ‘Kamienna Głowa’ had the highest level of vitamin C, where plants were treated
with AAs twice (T2). Cultivar ‘Bagočiai’ accumulated the highest amount of vitamin C,
reaching 15.9 and 16.3 mg g−1 when the plants were treated with HA (T1) and HA+AA
(T4) solutions, respectively. Lončaric et al. [48] investigated four different cultivars of
cabbage in Croatia and presented results when vitamin C content ranged between 13.5 and
18.5 mg g−1. Kavaliauskaitė et al. [56] have stated the amount 7.80 mg g−1 of vitamin C
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by applying the granular poultry manure fertilizer in the autumn and mineral fertilizer in
the spring.

 

  

  

cd b

d

bc
b

c

b
a

e

b

0

5

10

15

20

25

C T1 T2 T3 T4

 'Bagočiai'  'Kamienna Głowa'

A
m

o
u

n
t 

o
f 

v
it

am
in

 C
 m

g
 g

-1

a

LSD05 (between cultivars) 3.7

a

a

b ab
a

ab ab
b

a

bc

0

0.1

0.2

0.3

C T1 T2 T3 T4
 'Bagočiai'  'Kamienna Glowa'

A
m

o
u

n
t 

o
f 

n
it

ro
g

en
, %

b

LSD05 (between cultivars) 0.05

b

a

b ab
ab

b
b

bc

ab

c

0

0.5

1

1.5

2

C T1 T2 T3 T4
 'Bagočiai'  'Kamienna Głowa'

A
m

o
u

n
t 

o
f 

cr
u

d
e

p
ro

te
in

, %

c

LSD05 (between cultivars) 0.03

b b
a a

b

a a

b b
a

0

0.2

0.4

0.6

0.8

C T1 T2 T3 T4
 'Bagočiai'  'Kamienna Głowa'

A
m

o
u

n
t 

o
f 

cr
u

d
e

fi
b

er
, %

d

LSD05 (between cultivars) 0.02

Figure 4. Effect of biostimulants on the quantitative parameters of nutritive elements ((a)—vitamin C,
(b)—N, (c)—crude protein, (d)—crude fiber) of the cabbage, 2020—2021 mean values. C (control)-
spraying with water; T1-HAs, sprayed twice; T2-AAs, sprayed twice; T3-AAs, 1st spraying + HAs,
2nd spraying; T4-HAs, 1st spraying + AAs, 2nd spraying. Means followed by the same letter do not
differ significantly within the column at p = 0.05 (Duncan’s multiple range test).

Analyses of N showed that N accumulation was similar up to 0.22 and 0.27% in all
variants, except T2, where AAs were applied (Figure 4b). Both cultivars in this variant
accumulated at least an amount of N.

Vegetables, except legumes, nuts, and seeds, are not a rich source of protein. But
people have started following a healthy diet and paying more attention to vegetarian food.
So, they expect to receive good-quality vegetable protein. Our results showed that HA and
AA applications increased protein concentration in the cabbage heads. The highest amount
of crude protein, reaching 1.69% was determined in the cv. ‘Bagočiai’ in the T1 variant,
in which HAs were sprayed twice (Figure 4c). Significantly, the crude protein increases
were observed in the cv. ‘Kamienna Głowa’ when the plant foliar was sprayed with
HAs (T1 variant) and AA+HA combination (T3 variant) compared to the untreated plants
(C variant).

Song et al. [61] stated similar results when conventional plant growing conditions
were applied. The crude protein content of 35 Chinese cabbage materials in their experi-
ment was 1.06–1.69%. The results obtained showed that the use of biostimulants did not
affect the accumulation of crude fiber in cabbage. The amount of crude fiber when using
biostimulants in both tested varieties was similar and averaged up to 0.61% in cv. ‘Bagočiai’
and up to 0.60% in the cv. ‘Kamienna Głowa’, while in the control variant, the amount of
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crude fiber in these cultivars was 0.59 and 0.69%, respectively (Figure 4d). It was presented
that the amount of crude fiber reached up to 0.53% in Chinese cabbage growing under
conventional conditions [61].

The nutritional quality of cabbage is determined by the content and distribution ratio
of nutrients, likely vitamin C, crude protein, fiber, organic acids, and mineral elements. Our
PCA results showed similar locations of nutritive element parameters depending on the
genotype and applied biostimulants in different years of investigation, except for a few
results of cv. ‘Kamienna Glowa’ in 2021. Samples of the cv. ‘Kamienna Glowa’ (18,19,20)
treated with AAs (T2), AAs+HAs (T3), and HAs+AAs (T4) were located at the individual
point on the PC scatter plot (Figure 5). The plants of these samples had accumulated
a high amount of N up to 0.19–0.26%, crude protein up to 1.3–1.6%, and crude fiber up to
0.65–0.88%.
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Figure 5. Scatter plot of cabbage nutritive elements (vitamin C, N, crude protein, crude fiber)
applying different AAs and HAs and their combinations in different study years. 1—‘Bagočiai’
C, 2020; 2—‘Bagočiai’ T1, 2020; 3—‘Bagočiai’ T2, 2020; 4—‘Bagočiai’ T3, 2020; 5—‘Bagočiai’ T4,
2020; 6—‘Bagočiai’ C, 2021; 7—‘Bagočiai’ T1, 2021; 8—‘Bagočiai’ T2, 2021; 9—‘Bagočiai’ T3,
2021; 10—‘Bagočiai’ T4, 2021; 11—‘Kamienna Głowa’ C, 2020; 12—‘Kamienna Głowa’ T1, 2020;
13—‘Kamienna Głowa’ T2, 2020; 14—‘Kamienna Głowa’ T3, 2020; 15—‘Kamienna Głowa’ T4, 2020;
16—‘Kamienna Głowa’ C, 2021; 17—‘Kamienna Głowa’ T1, 2021; 18—‘Kamienna Głowa’ T2, 2021;
19—‘Kamienna Głowa’ T3, 2021; 20—‘Kamienna Głowa’ T4, 2021.

4. Conclusions
The study highlights the influence of genotype and humic and amino acids on the

productivity and nutritional value of white cabbage. Biostimulants are an important tool
for reducing the use of chemical fertilizers. Spraying the cabbages’ foliage with nutritional
products supplemented with humic and amino acids increased the productivity of heads
to 23%. The highest effectiveness of biostimulators for yield was observed for the cultivar
‘Kamienna Głowa’ when the amino acid was applied. When using biostimulants, the
cultivar ‘Bagočiai’ is distinguished for its highest marketable yield. The amount of vitamin
C increased when plants were treated with the amino acid solution, while the highest crude
protein content was found when plants were treated with humic acid.

Meteorological conditions also had an impact on productivity and nutritional value.
Higher yields and crude protein content were observed when the growing season was cooler
and more precipitation in July. A higher amount of precipitation during the vegetation
period promoted crude fiber accumulation in cultivar ‘Bagočiai’ heads.
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45. Juškevičienė, D.; Karklelienė, R.; Radzevičius, A. Biodiversity and productivity of potato onions (Allium cepa var. Aggregatum g.
Don). Acta Hortic. 2019, 1251, 91–96. [CrossRef]
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