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DYNAMICS OF CHANGES IN MORPHOMETRIC INDICATORS AND GROWTH
OF VEGETATIVE MASS OF MALVA SYLVESTRIS L. DEPENDING ON THE SOWING SCHEME

Actuality. Forest mallow (Malva sylvestris L.) is a valuable medicinal and honey plant with high ecological plasticity, a wide
distribution area in Ukraine, and a rich chemical composition. Thanks to this, the plant exhibits antioxidant, anti-inflammatory,
hepatoprotective, and other biological activities. Unlike previous scientific studies, which mainly focused on the chemical composition
and medicinal properties of the plant, our study was the first to cover the agrotechnical approach to optimizing the sowing scheme in
order to increase the amount of plant raw materials.

The aim of the study is to determine the effect of sowing method on the growth of mallow vegetative mass for obtaining high-quality
medicinal raw materials.

Materials and methods. The study was conducted in 2022—-2024 at the Botanical Garden of V. G. Korolenko National Pedagogical
University. Plants were sown without seedlings, using four variants: 45 x 20 cm, 45 x 30 cm, 60 x 20 cm, 60 x 30 cm. Morphometric
indicators (height, number of leaves, plant weight) were recorded during the main phases of vegetative mass accumulation by plants.
Field, laboratory, and statistical methods were used.
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Research results. In Malva sylvestris L., a significant dependence of plant growth dynamics on the sowing pattern was found.
The best results in terms of vegetative mass growth, height, and number of leaves were recorded with a 60 x 30 cm sowing pattern,
which provided optimal conditions for lighting, aeration, and nutrition. High indicators were also observed in the 45 x 30 cm variant,
confirming the effectiveness of medium sowing density. The lowest results were demonstrated by the 60 x 20 cm variant due to excessive
plant density in the row. The 60 * 30 cm pattern was determined to be optimal for biomass harvesting in the flowering phase.

Conclusions. The results of the study confirm the significant role of the sowing pattern in the formation of morphometric indicators and
provide practical recommendations for optimizing the agricultural technology of growing forest mallow for pharmaceutical needs. This opens
up new prospects for increasing the efficiency of medicinal raw material production, which was previously limited mainly to natural harvesting.

Key words: forest mallow, Malva sylvestris L., phenological phases, morphometric indicators, sowing pattern.
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ANHAMIKA 3MIH MOP®OMETPHYHUX MTOKA3SHUKIB TA HAPOCTAHHSI
BETETATUBHOI MACU MALVA SYLVESTRIS L. 3AJIEZKHO BIJI CXEMHA ITOCIBY

Axkmyanvuicme. Kanauuxu nicosi (Malva sylvestris L.) € yinHo10 J1iKapcbkoo ma MeooHOCHOI KYIbMypoio 3 GUCOKOIO eKONO2IU-
HOI NAACMUYHICTIIO, WUPOKUM apeanlom Nowupents 6 Ykpaini ma 6azamum XiMiuHuM CKaa0om. 3a805Ku ybomy poCIuHA NPOsBIse
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AHMUOKCUOAHMHY, NPOMUANATbHY, 2eNAMONPOMeKmopHy U iHuii 6ionoziyni akmusHocmi. Ha 6iominy 6i0 paniuie npogedeHux Hayko-
8UX 00CTIONHCEHb, AKI 30€DLIbUI020 30CEPEOAHCYBANUCI HA BUBUEHHT XIMIUHO20 CKIAOY MA JIKVEANbHUX 61ACMUBOCTEN POCIUHY, HAlle
Q0CTIOANCEHHS Bnepuie OXONULO AZPOMEXHIYHULL NIOXIO 00 ONMUMI3AYIT cxeMu NOCI8Y 3 MEMOI0 30UIbUEHHS KITbKOCME (DimoCcuposuHu.

Mema docnidscenna — euznauumu 6NaU8 CHOCOOY NOCIBY HA HAPOCMANHS 8e2eMAMUBHOT MACU MATbEU OISl OMPUMAHHS BUCOKOS1-
KICHOT IKAPCbKOIL CUpPOBUNU.

Mamepianu ma memoou. /locniodncenns nposoounu y 2022—-2024 pp. na 6aszi Bomaniunoeo cady ITHITY im. B. I Koponenxa. Poc-
JUHU BUCIBANU OE3PO3CAOHUM CHOCODOM, 8uKOpUCcmogyiouu yomupu eapianmu: 45 % 20 cm, 45 x 30 cm, 60 % 20 cm, 60 x 30 cm. Obnix
MOpgomempuuHuX NOKA3HUKIE (8UCOMA, KiNbKICMb IUCMKIE, MACA pOCIUNY) 30iUCHIO8ANU 8 OCHOBHI (Pa3U HAKONUYEHHS Ge2emamueHol
macu pocaunHamu. 3acmocoeano noibogi, 1ab0pamopHi ma CmamucmuiHi Memoou.

Pezynomamu docnioycenns ma ix ob6zoeopenns. Y Malva sylvestris L. suseneno icmommy 3a1edcHicmes OUHAMIKU pOCHY pOC-
JUH 8i0 cxemu nocigy. Hatikpawi pesynomamu w000 npupocnty 6e2emamusHoi Macu, ucomu ma KilbKoCmi TUCMKI6 3aghikcosano 3a
cxemoro nocigy 60 x 30 cm, sKa 3a0e3neuyeana ONMUMAIbHi YMOGU OC8imienHs, aepayii ma sxcusienna. Bucoki noxasnuxu maxoc
cnocmepieanucsy y apianmi 45 x 30 cm, wo niomegepooicye eghexmugnicms cepednvoi eycmomu nocigy. Hatinuocui pezynvmamu npo-
Odemoncmpysas eapianm 60 % 20 cm uepe3 HAOMIPHY 3a2yujeHicms pociur y paoky. OnmumanvHoio 0as 3azomieni oiomacu y gasi
yeiminms susnaueno cxemy 60 x 30 cm.

Bucnoexu. Ompumani pezynomamu 0ocniodicenb niomeepoicyloms 8a2oMy poib cXeMu HoCigy vy Popmyeanui Mop@omempuaHux
NOKA3HUKIB | 3a0e3neuyioms npakmuyti pekomMeHoayii uo0o onmumizayii azpomexHonozii 6Upowy8anHs Maiveu 1icosoi 0 apma-
yesmuyHux nompeo. Lle 6iokpusae Hosi nepcnekmueu 015 NiO8UeHHS eheKMUBHOCMI 6UPOOHUYMBA NIKAPCLKOT CUPOBUNU, WO paniule

0V110 0OMedICeHe NEPEBAIICHO NPUPOOHOK 3A20MIBTEH.

Knruoei cnosa: manvea nicosa, Malva sylvesris L., gpenonociuni pasu, mopghomempuuni nokazHuxu, cxema nocisy.

Relevance. Common mallow (Malva sylvestris L.) is
a valuable medicinal and honey plant with a wide distri-
bution range and high ecological plasticity (Kulakivska,
Konechna, 2023). The wide distribution of mallow, par-
ticularly within Ukraine, indicates its high ecological
plasticity and ability to adapt to different climatic con-
ditions. The species grows on well-drained, light, and
nutritious soils with a neutral reaction, mainly in sunny
areas protected from the wind. Malva sylvestris achieves
its best development on loose sandy-loamy soils.

Malva sylvestris is used in folk medicine (Abdel-
Ghani et al., 2013; Paul et al., 2024; Tlgiin et al., 2024) in
the form of infusions, teas, and syrups for the treatment of
skin inflammation, bronchitis, and ulcers. Its biological
activity is due to its phytochemical composition, which
includes phenolic compounds, flavonoids, anthocyanins,
and other secondary metabolites (Mravcakova et al.,
2021; Villani et al., 2023; Kulakivska, Konechna, 2023;
Paul et al., 2024; Boutennoun et al., 2024; Moualek et
al., 2025; Altyar et al., 2025). These components deter-
mine the antioxidant, anti-inflammatory, antimicrobial,
hepatoprotective, and other pharmacological properties
of mallow plants (Sharifi-Rad et al., 2020; Batiha et
al., 2023; Moualek et al., 2025). The use of the plant
in phytotherapy is constantly expanding, particularly in
dermatology (Akbarnejad, 2024), veterinary medicine
(Dogan, 2023), and the pharmaceutical industry (Beley
et al., 2024).

Due to the increased demand (Sharifi-Rad et al.,
2020; Xu et al., 2022) for plant raw materials, the issue
of optimizing the technology for growing this crop in
the conditions of the modern farming system is quite
relevant.

The sowing pattern significantly affects the inten-
sity of vegetative mass growth and allows optimizing
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the production of high-quality medicinal raw materials,
namely the quantity and quality of extractive substances
in the raw materials (Joswig et al., 2021; Gavrilescu
2021; Kunakh et al., 2022; Beley et al., 2024; Rhimi et
al., 2025).

Unlike previous scientific studies, which mainly
focused on the chemical composition and medicinal
properties of the plant, our study was the first to take an
agronomic approach to optimizing the sowing pattern in
order to increase the amount of plant material.

The aim of the study is to determine the effect of
sowing method on the growth of mallow vegetative
mass for obtaining high-quality medicinal raw materials.

Materials and methods. The research results were
obtained at the Botanical Garden of V. G. Korolenko
Poltava National Pedagogical University between 2022
and 2024. Malva sylvestris L. seeds were sown in the
first ten days of April using a non-seedling method, fol-
lowed by the formation of sowing density in accordance
with the experimental design. Observations of vege-
tative mass growth were carried out from the first leaf
phase to the flowering phase throughout the years of the
experiment.

Materials and methods. Determination of morpho-
metric indicators; laboratory methods — determination
of plant vegetative mass; statistical methods — identifi-
cation of correlations between morphometric indicators
and sowing patterns. The results obtained for 20222024
were averaged for statistical processing and analysis of
plant mass growth depending on the sowing pattern.

Experiment setup. Option 1: 45 x 20 cm; option 2:
45 x 30 cm; option 3: 60 x 20 cm; option 4: 60 x 30 cm.

Research results. Studies show that Malva sylves-
tris is characterized by high ecological plasticity, unpre-
tentiousness, and productivity in the process of accumu-
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lating phytomaterial. Its high growth rate and ability to
form significant green mass make it particularly cost-ef-
fective for use in the pharmaceutical and food indus-
tries. The most active growth of mallow vegetative mass
occurs during its active growth period — from the begin-
ning of spring regrowth to flowering. At this time, there
is an intensive growth of leaves and stems and prepara-
tion for flowering.

The use of mallow for medicinal purposes is most
effective during periods when its biologically active
components, which have therapeutic and prophylactic
properties, are activated. One such phase is the flowering
phase — this period is the best for harvesting the plant, as
it contains the maximum amount of biologically active
substances, such as flavonoids, ascorbic acid, and other
healing components. Harvesting during the flowering
phase allows you to obtain the highest quality and most
effective medicinal material.

The results of observations in the first true leaf phase
(April 18-22) (Table 1) of Malva sylvestris L. indicate
the effectiveness of option 4 — 60 x 30. Analysis of the
data obtained indicates that the 60 x 30 sowing pat-
tern has the most favorable effect on plant parameters
compared to other patterns. The increased plant height
of up to 31.05 cm contributes to better photosynthesis
and greater accumulation of nutrients, while the num-
ber of leaves (7.0) is optimal for ensuring maximum
photosynthetic surface area and green mass growth,

contributing to more intensive formation and storage of
biologically active substances. The leaf weight of 8.66 g
indicates a high level of accumulation of nutrients and
carbohydrates, which is important for the formation
of high-quality phytomass. The stem weight of 2.33 g
ensures a strong and stable plant, reducing the risk of
lodging and damage during the growing season. Over-
all, the plant weight of 10.66 g indicates a high level
of biomass, which is an important factor in yield. The
results obtained indicate the optimal spatial arrange-
ment of plants and optimal nutritional conditions, which
contribute not only to high productivity but also to the
stability and adaptability of the crop under production
conditions.

Analysis of the results during the active stem growth
and bud formation phase shows that the 60 x 20 sow-
ing pattern resulted in the lowest plant development and
productivity indicators compared to other options. The
plant height was 79.33 cm, which is quite low, the num-
ber of leaves was 10.66, which is insufficient to ensure
sufficient photosynthetic potential, and the leaf weight
was only 0.91 g, indicating a decrease in the amount of
nutrients and biochemical value. The stem weight was
11.66 g, which is also significantly below optimal val-
ues and negatively affects the stability and resistance
of plants to mechanical damage and lodging. The total
plant weight was only 16.01 g, which is a low biomass
indicator that negatively affects crop yield and produc-

Table 1
Morphometric indicators of Malva sylvestris L. plants depending on the sowing pattern
(phase of formation of the first true leaves)
Years | Plant height, cm. | Number of sheets, pcs. | Leaf mass, g | Stem mass, g | Weight of the plant, g
45 %20
2022 25.5 5 7 2 9
2023 25 6 5 2 7
2024 18 6 5 1 6
Average 22.83 5.66 5.66 1.66 7.33
45 %30
2022 22 5 4 1 5
2023 22 8 7 2 9
2024 34.6 8 8 3 11
Average 26.2 7.0 6.33 2.0 8.33
60 x 20
2022 21 5 3 1 4
2023 16.5 4 2 1 3
2024 17 7 2 1 3
Average 18.16 5.33 2.33 1.0 3.33
60 x 30
2022 24.7 6 9 2 11
2023 34.6 8 8 3 11
2024 27.5 7 9 2 10
Average 31.05 7.0 8.66 2.33 10.66
. 148 ®dirtotepanis. Yaconuc Ne 4, 2025
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tivity. Thus, this sowing pattern yielded the worst results
in all key parameters, which is associated with insuffi-
cient plant density, low biomass yield, and poor plant
development in general, reducing the productivity and
economic efficiency of cultivation.

The 60 x 30 sowing pattern contributed to optimal
plant development and high productivity. The plant
height under this pattern was 80.16 cm, which indicates
active growth and an effective photosynthesis process
sufficient for the formation of high biomass. The num-
ber of leaves was 13.66, and the leaf weight was 9.54 g,
which increases the ability to accumulate valuable bio-
chemical compounds. The stem weight was 27.59 g,
which demonstrates a high level of vegetative mass for-
mation, which is important for maintaining plant stabil-
ity and further crop formation. The total plant weight
of 53.11 g indicates a high level of biomass formation,
which ensures maximum crop yield and productivity
under these conditions. Thus, this sowing pattern is most
favorable for achieving high agronomic and economic
efficiency of cultivation (Table 2).

Analysis of the results obtained during the flowering
phase shows that the 60 % 30 sowing pattern has the most
favorable effect on plant development and productivity
indicators compared to other patterns. In particular, the
plant height is 106.0 cm, and the number of leaves is
15.66, which is a high indicator and contributes to an
increase in the photosynthetic surface, which in turn has

a positive effect on biomass formation. The leaf weight
is the highest of all the study options — 2.53 g, which
indicates a good ability to accumulate nutrients.

Analysis of the results shows that the 60 x 20 sow-
ing pattern resulted in the lowest plant development and
productivity indicators compared to other options. The
plant height was 79.33 c¢cm, which is quite low and indi-
cates insufficient growth and photosynthesis intensity.
The number of leaves (10.66) is insufficient to ensure
optimal photosynthetic potential, and the leaf weight
(only 0.91 g) reflects their low nutritional and biochem-
ical value. The total weight of the plant is only 16.01 g,
which is the lowest biomass indicator of all research
options and negatively affects the yield and productivity
of the crop (Table 3).

The morphometric indicators of Malva sylvestris L.
plants in the flowering phase varied significantly
depending on the sowing pattern. The lowest aver-
age plant weight gain was observed in the 60 x 20 cm
pattern — only 16.01 g, which is taken as the baseline
(0%). The highest plant mass (38.49 g on average) was
observed with the 60 x 30 cm sowing pattern, which
is 140.5% more than with the least productive pattern.
This indicates that optimizing the feeding area signifi-
cantly affects plant biomass during the flowering phase.
The 45 x 20 and 45 x 30 cm schemes also showed a
moderate increase in mass (+49.5% and +76.9%, respec-
tively), but were inferior to the 60 x 30 scheme. Thus,

Table 2
Morphometric indicators of Malva sylvestris L. plants depending on the sowing pattern
(phase of active stem growth and bud formation)
Years | Plant height, cm. | Number of sheets, pcs. | Leaf mass, g | Stem mass, g | Weight of the plant, g
45 x 20
2022 88.6 8 7.32 21.69 33.01
2023 63.4 6 1.23 8.97 13.48
2024 84.8 9 3,42 21.34 33.46
Average 78.93 7.66 3.99 17.33 26.65
45 x 30
2022 57 3 0.36 6.23 11.19
2023 72 8 6.86 10.15 21.57
2024 81 6 4.16 14.86 26.36
Average 70 5.66 3.79 10.41 19.71
60 x 20
2022 69 3 0.87 12.27 22.4
2023 81.2 6 3.67 13.18 21.62
2024 47.8 6 2.42 4.86 10.2
Average 66 5 2.32 10.1 18.07
60 x 30
2022 80.3 16 10.14 29.24 59.97
2023 81.6 10 8.16 24.86 46.36
2024 78.6 15 10.32 28.69 53.01
Average 80.16 13.66 9.54 27.59 53.11
®dirotepanis. Yaconuc Ne 4, 2025 149 =
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the highest plant biomass in the vegetative mass harvest-
ing phase is achieved when using the 60 x 30 cm sowing
scheme, which indicates the positive effect of increas-
ing the feeding area on the growth and development of
Malva sylvestris L. for obtaining phytomaterial (Fig. 1).

Fig. 1. Vegetative mass growth of Malva sylvestris L.
depending on the sowing scheme

During the study (Fig. 2), a correlation analysis was
performed between the main morphometric indicators
of plants. Statistical calculations included mean values,
standard deviations, and pairwise correlation coefficients
between the following variables: plant height (cm), num-
ber of leaves (pcs.), leaf weight (g), stem weight (g), and
total plant weight (g). Significant correlations (p < 0.05
highlighted) were found for the following biometric indi-

cators: plant height has a strong positive correlation with
stem weight (r = 0.8059); a strong positive correlation with
total plant weight (r = 0.8256); a moderate correlation with
number of leaves (r = 0.5706); a weak correlation with leaf
weight (r = 0.2643). The number of leaves has weak corre-
lations with all other variables, the highest being with plant
mass (r=0.2905), but it is not statistically significant. Leaf
mass has a moderate positive correlation with stem mass
(r = 0.4905); it has a moderate positive correlation with
total plant mass (r = 0.5494). Stem mass has a very strong
positive correlation with total plant mass (r = 0.9718) — the
highest coefficient among all pairs of variables.

Scatterplot: Plant height, cm. vs. Weight of the plant, g (Casewise MD deletion)
Weight of the plant, g =-26,33 + 57942 * Plant height, cm.
Correlaton: r = 82559
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Fig. 2. Correlation dependence of the total mass
of Malva sylvestris L.

Table 3

Morphometric indicators of Malva sylvestris L. plants depending on the sowing pattern (flowering phase)

Years | Plant height, cm. | Number of sheets, pcs. | Leaf mass, g | Stem mass, g | Weight of the plant, g
45 x 20
2022 84 13 3.01 18 27.57
2023 79 12 06.4 4.12 11.81
2024 97 11 3.17 23 32.42
Average 86.66 12.0 2.27 15.04 23.93
45 x 30
2022 82 12 2.56 10 21.26
2023 88 4 0.72 23 32.9
2024 112 22 0.87 20 30.78
Average 94.0 12.66 1.38 17.66 28.31
60 x 20
2022 95 14 0.92 16 19.8
2023 68 7 0.95 8 11.46
2024 75 11 0.87 11 16.79
Average 79.33 10.66 0.91 11.66 16.01
60 x 30
2022 110 27 2.03 28 39.28
2023 109 8 2.12 25 37.78
2024 99 12 3.45 27 38.42
Average 106.0 15.66 2.53 26.66 38.49
== 150 ®dirtotepanis. Yaconuc Ne 4, 2025
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The total mass of the plant depends most on the
mass of the stem (r = 0.9718) and the height of the plant
(r = 0.8256), which indicates the dominant role of these
morphometric indicators in the formation of biomass. The
number of leaves has no significant effect on the over-
all morphometric characteristics of plants, as evidenced
by low correlation values. Leaf mass shows moderate
correlations with stem mass and total plant mass, but is
less influential than stem height and mass. The strong-
est and statistically significant correlations are observed
between: stem weight and total plant weight (r = 0.9718);
plant height and total weight (r = 0.8256); plant height
and stem weight (r = 0.8059). According to the results of
the correlation analysis, a relationship was established
between the following indicators: plant height, number of
leaves, leaf and stem weight, which affect the total weight
of the plant. A 60 x 30 cm sowing pattern promotes better
growth and accumulation of vegetative mass.

Conclusion. During the phases of vegetative
mass accumulation in Malva sylvestris L., a signifi-

cant dependence of growth dynamics on the plant-
ing pattern was observed. The best results in terms
of vegetative mass growth, height, and number of
leaves were recorded with a 60 x 30 cm planting pat-
tern, which provided optimal conditions for light-
ing, aeration, and nutrition. High indicators were
also observed in the 45x30 cm variant, confirming
the effectiveness of medium planting density. The
lowest results were demonstrated by the 60 x 20 cm
variant due to excessive plant density in the row.
The 60 % 30 cm pattern was determined to be opti-
mal for biomass harvesting in the flowering phase.
The results of the study confirm the significant role
of the sowing pattern in the formation of morpho-
metric indicators and provide practical recommen-
dations for optimizing the agricultural technology
of growing forest mallow for pharmaceutical needs.
This opens up new prospects for increasing the effi-
ciency of medicinal raw material production, which
was previously limited mainly to natural harvesting.
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