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ASSESSMENT OF MINERAL NUTRIENT IMPACT
ON METABOLITES ACCUMULATION IN KALE
(BRASSICA OLERACEA VAR. SABELLICA)

J.D. Anteh, O.A. Timofeeva, A.A. Mostyakova

Green leafy kale (Brassica oleracea var. sabellica) has huge scientific atten-
tion because of its health-promoting functionality. In the present study the impact
of NPK, energen, biostim and humate on flavonoid, phenolic compounds, vitamin
C, carotenoids, malondialdehyde (MDA), protein, proline and soluble sugar in
kale was investigated. The mineral nutrients mostly increased but in some cases
maintained the studied metabolites. The stimulatory effect of applied mineral nu-
trients on the phytochemicals analyzed varied with the different combinations of
macro and microelements. Lipid peroxidation was minimized in leaves treated with
mineral nutrients hence a reduction in MDA levels. Contrary to the correlation
between nitrogen deficiency and increase in polyphenol and vitamin C content in
plants, NPK and biostim did not reduce phenolic compound levels. The results of
this study showed that NPK maximized the synthesis of vitamin C and proline; ener-
gen - phenolic compounds, carotenoids and sugar, biostim — phenolic compounds,
proteins and sugar, humate — flavonoids and sugar in curly kale. Therefore, the
type of macronutrient and micronutrients combination increases phytochemicals in
differently. To enhance the synthesis of phenolic compounds and vitamins, the most
promising additives are those containing humic acids (humate and energen), and
biostim proved to be more effective for the synthesis of proteins.

Background. The understanding of how diet affects the incidence or treatment
of disease has led to a rise in consumer’s demand for functional foods as well as
created the market for natural sources of health benefitting compounds rather than
the synthetic sources. Curly kale has gained scientific attention as a functional food
because it contains higher levels of phytochemicals than most vegetables. These
phytochemicals have shown antioxidant, antimutagenic, cytotoxic, antifungal, and
antiviral activities. However, the content levels of these metabolites are influenced
by not only genetic but environmental factors. It was of interest to evaluate how
various mineral nutrients can elicit the accumulation of these compounds that
minimize the risk of chronic diseases or aid in their treatment.
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Purpose. Evaluate how the mineral nutrients, NPK, energen, biostim and humate
affect the content of metabolites (proteins, sugars, flavonoids, phenolic compounds, vi-
tamin C, carotenoids, MDA and proline) in curly kale (Brassica oleracea var. sabellica).

Materials and methods. Sprouts from kale seed kept wet in a Petri dish for 7
days were transferred to the field. At 6 weeks old four mineral nutrients (NPK, ener-
gen, humate and biostim) were added to the soil. Control variants were treated with
water. A week later, the leaves were harvested after which, the phenolic compound,
favonoid, protein, sugar, vitamin C, carotenoid, MDA and proline contents were
determined using spectrophotometric methods.

Results. It was shown that humate fertilizer elicited the highest accumulation
of flavonoids. Kale plants fertilized with energen were observed to have the highest
phenolic compound content. NPK, energen and humate caused a similarly positive
effect on vitamin C content in leaves, unlike biostim whose effect did not signifi-
cantly differ from control plants. Energen treated kale had the highest increment of
carotenoids. A varied reduction of MDA levels in plants treated with all four mineral
nutrients was observed in kale leaves. Plants fertilized with biostim accrued the
highest protein content in leaves. Proline content increased under the influence of
all fertilizers studied. Sugar levels for all kale plants treated with the studied mineral
nutrients were enhanced equally

Conclusion. Macro and microelements supplied by mineral nutrients differen-
tially boost the biosynthesis of health-promoting metabolites in curly kale, thereby
enhancing its quality.

Keywords: Brassica, kale; mineral nutrients; proteins, sugar, proline; MDA,
favonoids, phenolic compounds; vitamin C; carotenoids
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OIEHKA BJIMSAHUA MUHEPAJIBHBIX BEIIIECTB
HA HAKOILUIEHUE METABOJIUTOB B KAITYCTE KEIT
(BRASSICA OLERACEA VAR. SABELLICA)

M. Anmex, O.A. Tumogheesa, A.A. Mocmsaxkosa

3enenas nucmosasn kanycma ke (Brassica oleracea var. sabellica) npusnexaem
02POMHOE HAYUHOe BHUMAHUE 01a200aps coell NONE3HOU 0/l 300P08bs (PYHKYUO-
Hanbrocmu. B nacmosiyem uccredosanuu uzyuaioce, kaxk NPK, snepeen, 6uocmum
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U 2ymam nusAOm Ha cooepiicanue pragoHoud08, PeHONbHBIX COCOUHEHUU, BUMAMUHA
C, kapomunoudos, ManoHoeo2o ouarvoecuda (MJ[A), 6erkos, nponuna u pacmsopu-
MbIX caxapos 6 kanycme keun. Munepanvhvie numamenvHule eujecmsea 6 0CHOBHOM
VBEMUUUTUCH, HO 8 HEKOMOPYIX CVUAAX COXPAMSIU COOEPIAHCAHUE UZVUEHHBIX Mema-
borumos. Cmumynupyioujee 0eticmeue npUMeHIeMblX MUHEPATLHbIX NUMAMeNbHbIX
6eujecms Ha aHaIU3Upyemvle GuUmMoXuMutecKue 6euwecmsed pasiuiHoe 8 3a6UCUMO-
M Om panudHbIX KOMOUHAYUL MAKPO- U MUKPOITeMenmog. [lepekuchoe okucaenue
JURUO0G OBINO c8e0eHO K MUHUMYMY 6 JUCbAX, 00PADOMANHbIX MUHEPATbHBIMU
NUMAamenbHLIMU 8eWeCmeamu, 4mo npugeno K crudicenuro ypoeua MIJA. Bonpexu
Koppensiyuu medxicoy 0epuyumom azoma u yeenudeHuem Co0eplIcanus NoIUpeHonios
u eumamuna C 6 pacmenusix, NPK u 6uocmum ne cHudicaiu yposens (eHonbHbIX
coedunenuil. Pezynomamoi s5moeo ucciedosanus noxkazanu, ymo NPK yeenuuuseaem
cunmes sumamuna C u nponuna; dHepeer — )eHoNbHbIX COeOUHEHU, KapOMUHOUOOS8
u caxapa, 6uOCmMuUM — PeHOTbHBIX COeOUHeHULl, DENK08 U caxapd, 2yMam — (piasoHo-
U008 U caxapa 8 Kyopseou kanycme ke, Takum oopazom, mun MakpoHympueHmos
U KOMOUHAYUS MUKDOHYIMPUEHINOG NO-PAZHOMY YEeIUYUBAen QumoxumuyecKue ge-
wecmea. [ns ycunenust cunmesa (heHOTbHbIX COCOUHEHUU U BUMAMUHOG Hauboaee
nepcnekmuenvl 000A6KuU, cooepiucaujue 2yMUHOBble KUCIOMbL (2yMam U SHepeeH,),
buocmum oxazancs oonee 3¢hPekmusHbvIM OJis CUHMEZA OENKO8.

Cocmosnnue gonpoca. [lupoko useecmno, kax ouema 6ausem na sabonesae-
MOCMb UAU JleyeHue 3a601es6anuil. Imo noHuManue npuseno K pocmy nompeou-
MenbeKo20 Cnpoca Ha QYHKYUOHATbHBIE NPOOYKMbL NUMAHUA, A MAKJice cO30a10
PBIHOK 07151 HAMYPATLHBIX UCTNOYHUKOS NONE3HBIX 0I5l 300P0Bbs COCOUHEHUT, a He
CUHMEMUYeCKux ucmouHukos. Kyopseas kanycma ket npueiexia GHUMAnue y4eHblx
KaK QyHKYUOHATbHAS NULYA, NOMOMY YMO OHA COOepacUm Ooee GbICOKULL YPOBeHb
umoxumuueckux eeujecms, 4em OONLUUHCINEO 060well. Dmu gumoxumudeckue
6eujecmea nposieIsIoNt AHMUOKCUOAHIHYIO, AHMUMYMALEHHYIO, YUMOMOKCUYECKYIO,
npoOMuUGoPUOKOBYIO U NPOMUBOGUPYCHYIO akmugHocmb. OOHAKo Ha YPoseHb cooep-
JHCANUSL IMUX MEMAOOIUTNOB GIUAIOM HEe MOTLKO 2eHemu4ecKue, HO U IKOIOSUUEeCKUe
gaxmopui. bvino unmepecto oyenumv, Kak paziuynble MUHEPATbHbIE NUMAMeTbHble
6eujecmea Mo2ym 6bl3bl8amb HAKONJIEHUE JMUX COCOUHEHULL, KOMOpble YMEeHbUUAIOM
PUCK XPOHUYECKUX 3A00]1e8aHULL UYL NOMO2AIOM 6 UX JIeYCHUU.

Lenv pabomot — oyenumo, Kak Munepaivhvie numamenvHule seujecmsa, NPK,
SHep2eH, OUOCIUM U 2YMAM GUAIOM HA COOePICaAHUe Memabonumos (6enxos, caxa-
P08, hrasoHoud08, (heronvbHwix coeounenutl, sumamuna C, kapomunouoos, MJA u
npoauna) 6 Kyopseot kanycme ketin (Brassica oleracea var. sabellica).

Mamepuan u memoowl. IIpopocmiu u3 cemsan Kanycmol, Gbl0epiHCannble G1aAlIC-
HbiMU 6 yauike [lempu 6 meuenue 7 OHell, Ovbliu nepeHecersl 6 noe. Ha 6-otl nedenu,
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6 N0Y8Y ObLIU 000ABIEHbI Yemblpe MUHEPATbHIX numamenvhvlx seujecmea (NPK,
energen, 2ymam u biostim). Koumponvusie sapuanmsi 06pabamsisanu 6000i. Yepes
Heoeno UCMbs COOUPATU U ONPeOesiiu COOEPIHCAHUE (PEeHONbHBIX COeOUHeHUI,
¢rnasonoudos, benka, caxapa, sumamuna C, kapomuroudos, M/A u nponuna cnex-
mpogomomempuiecKumu Memooami.

Pesynemamut. bvino nokasaro, 4umo cymam 6i3vl6ail HauboIbulee HaKonieHue
@rasonoudos. bvlio ommeneno, Umo pacmeHus Kanycmol Keiil, 0opabomanivle suep-
2CHOM, UMETU CAMOe 8bICOKOe cooepoicanue ghenonvvlx coedunenuti. NPK, snepeen u
2yMam aHaI02U4HO OKA3bIBAU NONONCUMETLHOE GIUAHUE HA COOEPICAHIUE BUINAMUHA
C 6 aucmowax, ¢ omauuue om duocmuma, Sghgexnm Komopozo cyuwecmgenHo He om-
JUYANCS OM KOHMPONLHBIX pacmeHuii. Y kanycmul Ketill, 00pabomaHHoU SHep2eHOM,
ObL camblil bICOKULL NPUPOCI COOEPIHCANUA KAPOMUHOUO08. B nucmusax xanycmor
Kelll Habroanoch paznudnoe cHudicerue yposus MIJA y pacmenuil, obpabomarntsix
6CeMU YeMbIPbMsL MUHEPATbHLIMU RUMAMETbHLIMU gewecmeamu. Pacmenus, yoo-
OpenHbie OUOCTUMOM, UMETU CAMOe 8bICOKOe cooepicanue benka 6 tucmosx. Cooep-
Jicanue nponuHa NOBLIUANIOCH NOO GIUAHUCM BCEX UZYYEHHBIX YOobpeHuil. Yposens
caxapa 07151 6cex pacmeHutl Kanycmul, 00padOMAaHHbIX U3YUEeHHBIMU MUHEPATbHLIMU
nUMAamenbHbIMU 6euecmeamil, ObLl 0OUHAKOBO NOGBIUUEH.

3aknrouenue. Maxpo- u Muxposnemenmsl, nOCmMagiaemMvle MUHEPAILHLIMIU
numamenvbHvlMu gewecmeamu, oupghepenyuposano noguiuaiom ouocunmes no-
JIe3HBIX OJis 300P08bsSL MEMAOOAUMO8 8 KYOpPABOL Kanycme, mem camblm NOGbIULAs
ee Kauecmeo.

Knioueswie cnosa: Brassica; kanycma Keiin, Munepaivbhvie NUMamenbHvle ge-
wecmesa, denxu; caxap, nponun, MIA; ¢rasonoudvl, genonvuvie coeduneHus,
sumamur C; KapoOmuHouowl

Jnsa yumuposanus. Aumex /I.J1., Tumogheesa O.A., Mocmskosa A.A. Oyenka
GIUAHUS MUHEPATLHBIX NUMANETbHBIX 8eWeCE Ha HAKONTIeHUe MemadoIumos 6
xanycme ketin (Brassica oleracea var. sabellica) // Siberian Journal of Life Sciences
and Agriculture. 2021. T. 13, Ne 3. C. 208-224. DOI: 10.12731/2658-6649-2021-
13-3-208-224

Introduction

The rise in consumer’s demand for quantity and quality of natural sources
of health benefitting compounds due to concerns about the side effects of syn-
thetic drugs, fuels effort in increasing the quantity as well as the nutritional val-
ue of curly kale (Brassica oleracea var. sabellica). Improving crop cultivation
practices has gained unprecedented importance as one of the breakthroughs to
address this issue.
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Nutrients are primarily considered as food components that either cannot
be synthesized in the body or whose formation require some specific factors
that may in some situations be insufficient or absent. The different health ben-
efitting organic compounds are products of both primary and secondary me-
tabolism in plants.

Primary metabolites are found across all species within broad phylogenetic
groups and are produced using the same or similar biochemical pathways. Sec-
ondary metabolites determine the colour of vegetables, protect plants against
herbivores and microorganisms, attract pollinators and seed-dispersing animals,
and act as signal molecules under biotic and abiotic stress conditions [5].

It is widely recognized that other biochemical compounds in plants, such as
flavonoids, phenolic acids, and glucosinolates are associated with minimizing
the incidence of diseases. A large number of phytochemicals capable of anti-
oxidant, antimutagenic, cytotoxic, antifungal, and antiviral activities have been
identified in kale and other Brassica plants [14]. Curly kale (Brassica oleracea
var. sabellica), compared to other leafy vegetables, such as mustard greens and
collard greens, rocket salads, lettuce, etc. is more nutritionally and functionally
important for human health as it contains higher levels of metabolites that pre-
vent or minimize the risk of some chronic diseases [28].

Since the level of biochemical components of kale can be influenced by bi-
otic and abiotic factors, it was important to evaluate how the mineral nutrients,
NPK, energen, biostim and humate affect the content of metabolites (proteins,
sugars, flavonoids, phenolic compounds, vitamin C, carotenoids, MDA and
proline) in curly kale.

NPK as a mineral nutrient supplies nitrogen to promote leaf growth, phos-
phate for root, flower and fruit enhancement, and potassium for stem & root
growth in plants [25]. Humate supplies potassium humate and micronutrients
essential for plant growth and soil fertility enhancement [29]. Energen is made
up of potassium humate salts and trace elements which enhances plant growth
as well as other ranges of physiological functions [18, 21]. Biostim increases
plant’s resistance to drought and increases crop yield by supplying a balanced
composition of nitrogen, potassium, sulphate and amino acids [19].

Materials and Methods

Kale sprouts from seed which were moistened with water and kept in a Pe-
tri dish for 7 days, were planted in the fields at the Kazan Federal University
botanical garden in June 2020. A week after treating 6-weeks-old kale plants
with NPK 15-15-20 applied at 20kg/ha, energen (K salts of humic acids and
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trace elements, 80g/1), biostim (a mixture of macro - and microelements, 11/
ha), and humate (K- salts of humic acids and microelements, 80g/1), the leaves
were collected to determine the content level of vitamin C, MDA, flavonoids,
carotenoids, phenolic compound, proteins, proline and sugar. Control plants
were treated with water.

Using the aluminium chloride colourimetric method [23] with little modi-
fications, flavonoids (quercetin) were determined. Phenolic compounds were
determined by the modified Folina of Ciocalteu method [20]. Measurement was
done at 725 nm and results were expressed in gallic acid equivalent. Determi-
nation of Vitamin C was done by the summation of ascorbic acid and dehy-
droascorbic acid using potassium hexacyanoferrate solution at the absorbance
value of 680 nm [12]. The content of carotenoids was calculated using the mod-
ified spectrophotometric method of Costache et. al. [6]. The content of MDA
was evaluated by the accumulation level of the product formed from the reac-
tion of malondialdehyde and thiobarbituric acid [26]. By the modified Lowry
method, protein content was calculated [16]. Determination of sugar was done
by the modified anthrone method [10]. Proline content level was determined
by methods in the publication of [26].

Experiments were carried out in three biological repeats. The statistical
analysis was performed using the GraphPad prism program, v. 8.4. The sig-
nificance of the mean was determined using the one-way analysis of variance
method with subsequent unpaired t-test for pairwise comparison (significance
difference was estimated at P < 0.05).

Results and discussion

Curly kale is perceived to be a very promising leafy green food product,
which promotes health due to its high phytochemical composition. In this study,
the possibility of increasing the content of health-enhancing biochemical com-
pounds in curly kale was observed.

Quercetin one of the most ubiquitous flavonoids in kale that is a potent free
radical scavenger, and is thus considered to protect humans against several types
of cancer and cardiovascular diseases [7]. NPK, energen and humate increased
the content of flavonoids. Humate had the greatest effect on the content of fla-
vonoids (Fig. 1). Flavonoid levels in biostim treated plants did not significantly
differ from the controls.

It was important to assess the effect of the studied mineral nutrients on phe-
nolic compound content as it is one of the major antioxidants in Brassica vege-
tables which accounts for more than 70% of their total antioxidant capacity[17].



214 Siberian Journal of Life Sciences and Agriculture, Vol. 13, Ne3, 2021

According to our results the mineral fertilizers, especially energen increased the
phenolic compound levels (Fig. 2).
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Fig. 1. The influence of various mineral nutrients on flavonoids in kale Brassica
oleracea var. sabellica (L.). Error bars signify 95% confidence intervals. Pairwise
comparison was conducted using student’s t-test. ns, ****symbolize P > 0.05
and P <0.0001, respectively. Source: «Compiled by the authors.
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Fig. 2. The influence of various mineral nutrients on phenolic compounds in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ****_ symbolizes
P <0.0001, respectively. Source: «Compiled by the authors».
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Ascorbic acid is a major nutrient and antioxidant in vegetables. Cruciferous
vegetables, especially kale, are a good source of ascorbic acid for the diet [4].
NPK, energen and humate approximately had an equally positive effect on vi-
tamin C content, while biostim’s effect did not cause a rise (Fig. 3).
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Fig. 3. The influence of various mineral nutrients on vitamin C in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ns, and **** symbolize

P <0.0001, respectively. Source: «Compiled by the authors».

Carotenoid content, 1g/dry weight

Control NPK Energen Biostim Humate

Fig. 4. The influence of various mineral nutrients on carotenoids in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ****_ symbolizes
P <0.0001, respectively. Source: «Compiled by the authorsy.
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Carotenoids, as accessory pigments in the light-harvesting steps of pho-
tosynthesis, play an important role in the human diet by virtue of their me-
tabolism to vitamin A. It exhibits high antioxidant properties and is one of
the major classes of phytochemicals found in kale [2]. As observed in Fig. 4,
carotenoids increased variably for all fertilized plants with energen treated
kale having the highest level of pro-vitamin A (Fig. 4).

Malondialdehyde (MDA) is a reliable biomarker of lipid peroxidation and
membrane damage [8]. NPK, energen, biostim and humate effectively reduced
this product of biomembrane deterioration in curly kale (Fig. 5).
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Fig. 5. The influence of various mineral nutrients on malondialdehyde in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ****_ symbolizes
P <0.0001, respectively. Source: «Compiled by the authorsy.

Characterized as a protein-rich green matrix, kale has a beneficial nu-
tritional composition and potential health benefits [3]. With the exception
of energen treated plants whose protein content did not differ from the
controls, NPK, biostim and humate had a rising effect on kale’s protein
level (Fig. 6).

Proline enhances plants’ adaptability to environmental stress via osmotic
adjustment. An increase in proline content is beneficial to plants’ resistance
to stress [9]. According to our data, proline content increased under the im-
pact of all fertilizers studied (Fig. 7).
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Protein content mkg/g dry weight

Control NPK Energen Biostim Humate
Fig. 6. The influence of various mineral nutrients on proteins in kale
Brassica oleracea var. sabellica (L.). Error bars signify 95% confidence intervals.
Pairwise comparison was conducted using student’s t-test. ns, * and ****_ symbolize
P>0.05, P<0.05 and P < 0.0001, respectively. Source: «Compiled by the authors».
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Fig. 7. The influence of various mineral nutrients on proline content in kale Brassica
oleracea var. sabellica (L.). Error bars signify 95% confidence intervals. Pairwise
comparison was conducted using student’s t-test. ns, *, ¥**_ *¥** gympolize P > 0.05,
P <0.05,P<0.001, and P <0.0001, respectively. Source: «Compiled by the authors».

Sugar does not only enhance the taste of kale but helps reduce the cell’s
osmotic potential, thereby minimizing water loss [11]. Sugar levels for all kale
plants treated with the studied mineral nutrients were enhanced equally.
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Fig. 8. The influence of various mineral nutrients on sugar content in kale Brassica
oleracea var. sabellica (L.). Error bars signify 95% confidence intervals. Pairwise
comparison was conducted using student’s t-test. **, *** and **** gymbolize
P<0.01,P<0.001, and P <0.0001, respectively. Source: «Compiled by the authors».

The biosynthesis of polyphenols (phenolic compounds and flavonoids) in
plants from phenylalanine/tyrosine in a shikimate pathway is greatly influenced
by the availability of macronutrients and micronutrient supply. Expression of
chalcone synthase (CHS) the primary enzyme that produces an intermediate
used in flavonoid synthesis is triggered by the macro and microelements in the
fertilizers applied to our sample of the study. Some scientific researches show
that polyphenols’ content increases in response to phosphorus and nitrogen de-
ficiency in plants[15]. However, the positive effect of nitrogen deficiency on
phenol levels in plants accompanied by an increase in phenylalanine ammo-
nia-lyase activity happens only in the case of prolonged nitrogen depletion due
to inhibition of primary metabolism. In the fields, lack or excess of nitrogen
may be assuaged or accentuated by climate conditions. For these reasons, dif-
ferent authors will observe varied effect of nitrogen on the accrual of phenolic
compounds content [22]. This could account for the reason why in our research,
we observed an increase in the content of flavonoids and soluble phenolic com-
pounds when kale was treated with the mineral nutrient NPK as well as Biostim
increasing phenolic compound content.
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Some works reveal that nitrogen fertilizers decrease vitamin C levels in leafy
vegetables. At the same time, other experiments on Brassica plants have shown
that depending on the plant type, a decrease, an increase, or no effect in vitamin
C levels occurs with nitrogen increase. In the case of kale, the optimal dose for
the highest amounts of vitamin C was from 0.6 to 1.2 g N per dm?[13]. The
nitrogen content of our fertilizer corresponds to 0.6 g/ dm, which is consistent
with the literature data. In light of this connection, it seems that a stimulating
effect of this supplement on the content of vitamin C was observed. Potassium
actively participates in cellular and physiological processes such as osmotic
adjustment, enzyme functioning, cation-anion balance, detoxification of ROS
and protein synthesis. The presence of potassium in NPK, humate energen and
biostim may have synergetically induced the variable rise in carotenoid, protein
and proline content in curly kale. Wang et. al [27] in their research explain that
potassium helps in regulating the amounts of chlorophyll levels by preventing
its decomposition. Protein synthesis is triggered by potassium treatment. A sim-
ilar increase in proline levels in Brassica juncea by potassium treatment was
observed by Yousuf et al [30].

During our study, all mineral nutrient treatments lowered MDA content,
signifying their involvement in the accumulation of ROS scavenging mole-
cules that limit membrane damage associated with lipid peroxidation. Our re-
sults agree with the findings of Ahmad et. al [1] who observed reduced levels
of MDA in broad bean under the effect of potassium.

The positive effect of humate, energen, and biostim which contain several
trace elements is probably associated with the activation of enzymes involved
in the synthesis of the studied compounds.

In our experiment, soluble sugar content in kale fertilized with the studied
mineral nutrients slightly increased. This is coherent with the observation by
Sung et. al [24] in a research that soluble sugar in nitrogen, phosphorous, or
potassium deficient plants was present at concentrations several times higher
compared to NPK sufficiency.

The type of macronutrients and micronutrient combination differentially in-
creases the phytochemicals. To enhance the synthesis of phenolic compounds
and vitamins, additives containing humic acids (humate and energen) are most
promising. At the same time, energen exerted a stronger influence, in compari-
son with humate, on the formation of these compounds, possibly due to silicon.
Biostim proved to be more efficient for protein synthesis. Therefore, it is as-
sumed that the type of mineral processing used in growing kale will determine
its nutritional value.
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Conclusions

Our data establish that mineral nutrients supply macro and microelements
which differentially enhance the synthesis of health-promoting metabolites in
curly kale (Brassica oleracea var. sabellica) thus improving its quality and
medicinal value.
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