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Abstract

Data on seed productivity and peculiarities of reproduction of Schisandra chinensis under the conditions
of introduction at the M.M. Gryshko National Botanical Garden of the National Academy of Sciences of
Ukraine (NBG) are discussed. The study was carried out in 2016-2018 on experimental fields and in the NBG
laboratory using plants and seeds of Ukrainian selection S. chinensis ‘Sadovyi-1'. Sections were examined
with the microscope Carl Zeiss STEMI 2000-S. Qualitative and quantitative composition of higher fatty
acids has been identified by HP-6890 chromatograph. It was found that S. chinensis of local reproduction
have a much lower percentage of the seeds without embryo (about 10 %) compared to those of natural
origin (30-90 %). Because of long-term storage of S. chinensis seeds the biochemical transformations
take place: the content of fats and proteins decreased from 37.5 to 28.0%, and from 19.7 to 11.2 %,
respectively, the acid number of oil increased from 2.42 to 5.70 mg KOH/g, and its iodine value decreased
from 32.5t0 30.3 g1,/ 100 g after storage of seeds during ten months. Fatty oil of S. chinensis seeds has a
high linoleic acid content, which reaches 80-81.1 % of the total content of fatty acids. The storage of seeds
under different illumination and temperature conditions resulted in minor changes in the acid number of
the oil and the quantitative content of fatty acids. The optimal storage conditions of seeds (without access
to light and at the temperature of +4 °C) were determined. Such storage conditions reduce the intensity of
oxidative processes in the seeds, ensuring the highest germination rate. The optimal ways of S. chinensis
reproduction by seeds are the spring sowing of stratified seeds and autumn sowing of freshly reaped
seeds, which gain natural stratification. Using these ways resulted in 65 % and 63 % of seeds germination,
respectively.
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Introduction
nervous system exhaustion, neurasthenia,

Schisandra chinensis (Turcz.) Baill. is the
valuable fruity, medicine, and decorative
plant from the family Schisandraceae Blume
(Saunders, 1997; Szopa et al., 2016). Its fruits
are rich in bioactive compounds and are used
in food industry, medicine, and cosmetology
(Kolbasina et al., 2008; Nowak et al., 2019).
Since ancient times fruits of S. chinensis have
been used by Chinese and Tibetan physicians
as a tonic remedy for physical tiredness,
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hypotonia, and its seeds have been used
for phthisis, bronchial asthma, liver and
kidneys diseases, and dysentery treatment
(Kolbasina, 2000; Lebeda et al., 2006; Szopa
et al., 2016). The lipid complex of S. chinensis
seeds demonstrates the adaptogenic,
tonic, immunostimulation, antipyretic and
regenerative effects (Lebeda et al., 2006;
Skrypchenko et al., 2017). According to recent
investigations, compounds of S. chinensis also
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have an anti-cancer effect, inducing the cell
cycle interruption and apoptosis, inhibition
of invasions and line metastasizing of cancer
cells, as well as antimicrobial and antidiabetic
action (Nowak et al., 2019).

Schisandra chinensis is a Japanese-
Manchurian endemic. It is relict plant of
the Neogene. Medicinal raw materials of
S. chinensis were intensively harvested in
natural occurrence places, which led to a
significant reduction of its population. In this
regard and the regard of growing demands,
irregular fruiting, and yielding, this species
has been included in the Red Book of Sakhalin
Region (Kharkevich & Kachura, 1981).

Schisandra chinensis was introduced
in Ukraine more than 60 years ago. Plants
blossom and fruit abundantly, providing mass
reproduction by seeds. A perspective cultivar
‘Sadovyi-1" has been obtained, and perspective
form ‘1-1" with female flowers has been
selected at the M.M. Gryshko National Botanic
Garden of the National Academy of Sciences
of Ukraine (NBG) (Skrypchenko et al., 2017).
However, the introduction of S. chinensis
into gardening is restrained mostly due to
the difficulty of its reproduction. Schisandra
chinensis mostly reproduces vegetatively, and
seed-derived individuals are almost absent
in nature (Kolbasina, 2000). Along with this,
S. chinensis is mostly cultivated from seeds,
and selected forms are vegetatively fixed then
(Plekhanova, 1990).

Seeds of S. chinensis vary in size, weight,
color, and embryo size (Kolotova & Nikolaeva,
1981). Some seeds have weak germination
capacity due to an underdeveloped (inert)
embryo that can not sprout even after extensive
preparation. From 30 to 90% of S. chinensis
seeds do not ripen due to lack or undeveloped
embryo, which is probably associated with
long cold spring and rainy summer (Tytlianov,
1959; Gurevich, 2012; Alekseichuk & Laman,
2005). The endosperm of such seeds has
crumbly and floury consistency. Hence, only
big and well-filled seeds can be used for
sowing (Plekhanova, 1990).

After fruit ripening, S. chinensis seeds go
to dormancy, as it happens in most plants.
Dormancy is followed by deep physical and
biochemical changes in seeds’ cells and
tissues. This is one of the most important
adaptive features reached in the process of
seed plants evolution, that promotes species
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preservation, providing the seed germination
only in conditions, which are favorable
for development (Footitt et al., 2013; Willis
et al., 2014; Soppe & Bentsink, 2016). Seeds
of S. chinensis have endogenic dormancy
caused by embryo underdevelopment and
its physiological state (Nikolaeva et al., 1985).
It germinates only after stratification, which
complicates the artificial seed reproduction of
this species.

Seeds of S. chinensis are rich in fatty oils
(up to 33%) and, hence, belong to the oil
type of seeds. Such seeds lose their viability
under uncontrolled conditions (Roberts,
1972). It is associated with oxidation of lipids
and other biochemical processes, which
lead to membrane destruction, including
those of mitochondria (McDonald, 1999).
Preservation of seeds with high oil content
is a challenging task, as they are affected by
different environmental factors during the
storage (mainly by temperature, humidity,
and light). Light mostly stimulates the seeds’
germination. However, its long effect usually
depresses it (Malov & Vigorskiy, 2002). This is
why this work aimed to determine the optimal
terms and conditions of S. chinensis seeds
storage.

Material and methods

The research was performed in 2016-2018 at
the NBG experimental fields and laboratory
using seeds and plants of S. chinensis
‘Sadovyi-T1.

The area’s climate, where the NBG is

located, is moderately continental with
an average annual temperature 9.4°C,
average temperature in January - -5.5°C,

and average temperature in June +20.4°C.
Periodic changes of Atlantic air masses soften
the winter in Kyiv. The frost-free period is
about 165-180 days. According to the long-
term data, the sum of active temperatures
in Kyiv is 2000-2500°C. The average annual
amount of precipitation is 550-650 mm, and
relative humidity is 73-76 % (Osadchyi et al.,
2010). The duration of frost-free period,
temperature, and rainfall during the active
growing season cause suitable conditions for
the successful cultivation of different fruit
plants from regions with similar and more
moderate climate conditions.
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Table 1. Biometric parameters of Schisandra chinensis ‘Sadovyi-1' fruits.

Indexes 2016 2017 2018
M+m Max Min CV,% Mz+m Max Min CV,% Mz+m Max Min CV,%

Fruit mass, g 96+21 165 6.6 213 107+29 140 45 279 10.5+3.2 157 5.8 297
Peduncle mass, g 1.0+04 17 05 392 0602 10 03 354 09+02 15 04 3938
Fruitlets number 24.3+0.6 350 13.0 253 302+29 34.0 26.0 9.6 28.3+43 340 210 152
Fruitlength,cm 107+17 14.8 74 161 6.5+14 88 46 212 69+19 108 54 282
Seed length, mm 35+02 40 3.0 6.3 34+02 38 29 75 34+03 39 29 95
Seed width, mm 28+02 32 23 6.9 27+01 31 22 71 27+01 32 23 14

Note. M+m - mean value and standard deviation; Max - maximal value; Min - minimal value; CV - coefficient

of variation.

Sections examination was performed
with a light microscope Carl Zeiss STEMI
2000S (Germany). Fatty acids were obtained
by the press method. Qualitative indicators,
namely iodine and an acid number of oil, were
determined following Gonchar (2000). The
qualitative and quantitative composition of the
higher fatty acids (HFA) was identified by HP-
6890 chromatograph using quartz columns of
0.35 mm diameter and an immobile phase of
5% sinilmethylsiloxan (Rivis & Fedoruk, 2010).
HFA were identified by comparing their methyl
ethers retention time and the retention time
of peaks of standard compounds. A He-Ne
laser with a 632.8 nm wavelength was used to
irradiate the seeds. Exposure time was about
20 seconds.

To identify the optimal terms of seeds
storage without losses of viability, the
comparative investigation of oil's properties
from freshly reaped seeds and seeds stored
under 15-25+1°C temperature for five and ten
months was performed. Statistical analysis
was performed using the MS Excel 2010

Results and discussion

Many years of research of S. chinensis
developmental biology under the NBG
conditions showed that these plants take the
full developmental cycle and have the annual
blossoming and abundant fruiting. The fruit
of S. chinensis is a juicy aggregate follicetum,
similar to cylindric raceme 4.6-14.8 cm in
length and bearing 13 to 34 red fruitlets
(Table 1). The mass of one fruit is 4.5-16.5 g,
and one plant (15-20 years old) gives up to
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2.5 kg of fruits in total. Each berry contains
one-two seeds, and generally, seeds represent
about 64 % of the fruitlet mass. The mass of
1000 seeds is 26.5£2.1 g.

The seeds of S. chinensis of local
reproduction are kidney-shaped with a
smooth, shiny surface and rough peel
Seed peel usually has many layers: external
epidermis, adjoining 4-6 rows of highly
lignified stony cells of the sclerenchyma,
under which the inner layer of the seed
coat is located, consisting of parenchymatic
thin-walled tissue. The main seed volume is
occupied by dense endosperm, containing
polyhedral cells with fatty oil drops and very
small aleurone cells 8-15 um in diameter. The
embryo is heart-shaped, slightly differentiated
(0.3-0.6 cm in length, diameter does not
exceed 0.2 cm). The embryo is located at the
narrow part of the seed. Seeds without an
embryo (Fig. 1) comprise about 10%.

A slightly higher content of fatty acid
(37.5%) comparing to the literature data (33 %)
has been detected during our investigations
(Kolbasina et al.,, 2008). Moreover, some
changes in its qualitative and quantitative
composition were identified during storage.
In particular, oil content in seeds decreases
under conditions of prolonged storage. Thus,
the mass ratio of oil in seeds was 37 and
28 % after five and ten months of storage,
respectively (Table 2). The acid number of
oil from freshly reaped seeds was 2.42, while
for the seeds stored five and ten months, it
was 2.82 and 5.70, respectively. The highest
acid number was noted for seeds with the
most extended storage term, indicating the
the oxidation of lipids. Protein content was
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Figure 1. Schisandra chinensis ‘Sadovyi-1": A - common view of the seed; B - seed without embryo; C - seed
section with the embryo; D - seed section after stratification.

the highest for freshly reaped seeds (19.7%
in terms of dry weight), while for the seeds
stored five and ten months, it was 15.6 and
11.2%, respectively.

The effect of different seeds’ storage regimes
(different temperature, with and without
light) on viability, germination, qualitative and
quantitative characteristics of the fatty acid

composition of S. chinensis seeds has been
evaluated (Fig. 2). Our research showed that
oil from S. chinensis seeds contains mostly
unsaturated fatty acid ethers with one (oleic
acid) and two (linoleic acid) double bonds that
are relatively unstable in storage and easily get
oxidized. Worth to note that linoleic acid was
dominant in the examined raw material (80.0—

Table 2. Chemical composition of Schisandra chinensis ‘Sadovyi-1' seeds and indexes of oil with different

storage terms.

Seeds
Indexes
freshly gathered stored five months stored ten months

Moisture, % 16.3 £1.8 12.7+1.3 9.8+1.0

Fat, % 375+25 37.0+2.8 28.0+2.3

Protein, % 19.7+13 15.6 £ 1.5 11.2+£10

0Oil acid number, mg KOH /g 24+0.2 2.8+0.2 57+0.3

Oil iodine number, g1, /100 g 325+29 325+28 30.3+2.8
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Figure 2. Fatty acid composition of Schisandra
chinensis ‘Sadovyi-1' seeds oil, %.

81.1%). Moreover, its content was five times
higher than another unsaturated acid - oleic
acid, the content of which was 14.6-15.7% only.

Oil from seeds stored wunder the
temperature of +4+2°C and without light has
an acid number 2.3 and was the highest in
the content of oleic, linolenic, and linoleic
acids. While the oil from seeds stored under
the temperature range +20+2°C and light
access has less of these acids - the acid
number of this oil was 2.42. This indicates that
storage conditions affect the intensity of the
biochemical changes occurring in the seeds.
The highest percentage of germination had
the seeds stored under decreased temperature
+4+2°C and without light.

Seed ground germination depends on pre-
sowing preparation such as stratification,
scarification, thermal and chemical processing
(Nikolaeva et al., 1985). Therefore we examined
different pre-sowing preparations and sowing
terms of S. chinensis seeds (Fig. 3).

The highest index of ground germination
(65%) has been obtained for stratified seeds
with the spring sowing (10-20™ of April).
Autumn sowing, during which the natural
stratification occurs, resulted in slightly lower
germination - 63 %.

Seeds of S. chinensis showed a different
dormancy level, 19% of seeds germinated just
after heat stratification.

Laser irradiation has a stimulating effect
on germination energy, yield, and stability
of cereals, vegetables, and fodder plants
(Inyushin, 1981; Malov & Vigorskiy, 2002).
Similarly, our investigations showed that pre-
sowing He-Ne laser irradiation of the long-
term stored seeds of S. chinensis increased
their germination up to 50 %.

The germination of the sown seeds began in
the middle of May irrespectively to pre-sowing
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Figure 3. Germination of Schisandra chinensis
‘Sadovyi-1" seeds after different pre-sowing
preparation techniques applied, in %: 1 - autumn
sowing of freshly picked seeds; spring sowing:
2 - after stratification; 3 - unstratified; 4 - after
thermal stratification; 5 - unstratified long-term
(16 months) storage; 6 - unstratified long-term
storage with He-Ne laser irradiation.

preparation. S. chinensis has above-ground
germination of the seeds, characterized first
by appearing of hooked hypocotyl, which
straightens in ten days. After leaving the seed
coat, two seminal leaves open become green.
Sprouts’ epicotyl is anthocyanine-reddish,
up to 3 mm in length and about 1.5 mm in
diameter. One-year-old sprouts of S. chinensis
by the end of vegetative period reach up to
5 cm in height, have 5-14 leaves, and root
system with weakly developed main root and
20-25 lateral roots of the first and second
orders (Fig. 4, Table 3).

Table 3. Morphological characteristics of the one-
year seedlings of Schisandra chinensis ‘Sadovyi-1'.

Indexes M+ m Max Min CV,%
Height, cm 116+17 147 95 149
Main root length,cm 92+28 145 6.5 309
Number of lateral 40+13 250 20 323
roots

Number of leaves 10.0+2.8 14.0 5.0 291
Number of buds 13.0£2.0 170 1.0 151

Note. M+m - mean value and standard deviation;
Max - maximal value; Min - minimal value;
CV - coefficient of variation.
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Figure 4. Sprouts with seed coat (A) and one-year seedlings (B) of Schisandra chinensis ‘Sadovyi-1'.

Conclusions

The seeds of S. chinensis ‘Sadovyi-1' of the
local reproduction have a high content of the
fatty oils (37.5%) that mostly contains such
unsaturated fatty acids as oleic (80.0-81.1%)
and linoleic (14.6-15.7%). Therefore they are
very unstable in storage and quickly become
oxidized. The storage of seeds increases the
acidity of fatty oils, decreases their content,
and changes individual fatty acids’ content.

The optimal storage conditions for
S. chinensis ‘Sadovyi-1" seeds were without
light access and with decreased temperature
(+4°C), which inhibited oxidative and other
biochemical processes.

The optimal is a spring sowing of stratified
seeds and an autumn sowing of freshly reaped
seeds, followed by its natural stratification.
Under such conditions, the ground
germination of S. chinensis seeds is the highest
and reaches up to 65% and 63 %, respectively.
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HaciHHEBa NpPOAYKTMBHICTL Ta 0CO6AMBOCTI PO3MHOXEHHA Schisandra chinensis B
ymoBax HauioHanbHoro 6otaHiuHoro cagy imeHi M.M. INpuwika HAH YkpaiHu

Hagais CkpmnnueHko *, FannHa Cntocap

HauioHanbHWI 60TaHiYHUA cag imeHi M.M. Tpuwka HAH YkpaiHu, Byn. Tumipasescbka, 1, Knis, 01014,
YkpaiHa; * actinadiia@gmail.com

BuknazeHo BiAOMOCTI MpoO 0COBMBOCTI HACiIHHEBOT MPOAYKTUBHOCTI Ta PO3MHOXEHHS Schisandra chinensis
3a YMOB iHTpOAyKLii y HauioHanbHOMYy 60TaHiuHOMY cady imeHi M.M. Ipuiwika HauioHanbHOI akagemil
HayK Ykpaiun (HBC). JocnigkeHHs BuKOHaHO y 2016-2018 pokax Ha eKkcrnepmMeHTanbHUX AingHKax
i B nabopaTtopii HBC 3 3acTocyBaHHAM pOCAUH Ta HaciHHA S. chinensis copTy ‘CagoBuin-1' cenekuii HBC.
BuBUeHHs 3pi3iB 3gilicHeHO 3a gonomMoroto Mikpockona Carl Zeiss STEMI 2000-S. AKiCHWIA i KinbKiCHWIA
CKNaA BULLNX XUPHUX KNCAOT BM3HAYEHO 3a gornomorot xpomatorpada HP-6890. BcraHoBAeHO, Lo
HaCiHHA NMMOHHMKa MiCLIeBOT PenpoayKuil BUPI3HAETLCA 3HAYHO HUXKYUM BifCOTKOM HEBUMOBHEHOMO
HaciHHA (10 %) NopiBHAHO 3 HacCiHHAM 3 NpupoaHoro apeany (30-90 %). Mig yac TpmBanoro 36epiraHHs
B HaCiHHiI IMMOHHMKA crocTepirannca 6ioxiMiuHi NnepeTBopeHHs. 3okpema, Micas 36epiraHHsa HaciHHSA
NPOTAroM AeCATU MiCALiB BMICT XUMpiB Ta 6inkiB 3meHWwMBCcs 337,54028,0% 123 19,7 o 11,2 % BignosigHo,
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KUCNIOTHICTL onii 3pocna 3 2,42 Ao 5,7 mr KOH/T, a il hoaHe 3HaueHHs 3Hm3nnoca 332,540 30,311, /100T.
Y XWPpHI oniil HaCiHHA NMMOHHMKA BUABNEHO BUCOKWI BMICT IHONEBOI KNCIOTKY, WO CTaHOBUTbL 80-
81,1 % Bif 3arafibHOro BMICTY XUPHUX KUCNOT. BU3HaYeHO AKICHWI | KiNbKICHUI cKNag, XXUPHUX KNCNOT
HaciHHA S. chinensis y pa3i 36epiraHHA 3a pi3HMX YMOB OCBIT/IEHHSA Ta TeMnepaTypu, KU CBigYNTb
Npo X HeCcyTTEBMIA BMAMB Ha KWUCIOTHE YMUCNO Ol Ta KiNbKICHUI BMICT XUPHUX KNCAOT. BusHaveHo
onTMManbHi yMOBW 36epiraHHs HaciHHSA (6e3 gocTyny cBiTAa Ta 3a Temnepatypu +4 °C), Wo cnpuse
3HWXKEHHIO IHTEHCUBHOCTI OKUCNHOBANIbHMX MpPOLIeCiB Y HaCiHHI Ta 3abe3nedye HaBULLMIA MOKAa3HUK
Noro NpopocTaHHA. ONTUMaNbHNUMM CNOCO6aMMN PO3MHOXEHHS HACiHHS JIMMOHHWKA € BECHAHWIA NOCIB
CTpaTniKOBAHOIO HACiHHS Ta OCIHHI MOCIB CBIXXO3IBPaHOro HacCiHHS, WO NPOXoAUTb cTpaTudikaLito B
NPUPOAHNX YMOBAaX, siKi 3a6e3neuyytoTb CXOXICTb HaCiHHSA 65 Ta 63 % BigNOBIAHO.

Kntouosi cnoBa: Schisandra chinensis, HaCiHHS, TepMiH 36epiraHHs, 0CO6MBOCTI PO3MHOXEHHS, 6iOXIMIYHWIA cknag

46 Plant Introduction + 87/88



